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Summary. Hemiboreal pine and pine-birch (Pinus sylvestris, Betula pubescens var. litwinowii) forests from the
North-Western Caucasus were classified as two associations and four variants — Bistorto carneae—Pinetum sylvestris
ass. nov. (var. Rhododendron luteum, var. Avenella flexuosa), Aconito nasuti-Pinetum sylvestris ass. nov. (var. Centaurea
phrygia subsp. abbreviata, var. Geranim robertianum). They were included in the alliance Asyneumo campanuloides-
Pinion sylvestris all. nov. and order Alchemillo sericatae-Pinetalia sylvestris Ermakov, Abdurakhmanova et Plugatar
2020 after cluster analysis performed. A new concept of the position of these Caucasian birch and pine-birch grass
forests in the system of the European-Siberian class Brachypodio pinnati-Betuletea pendulae Ermakov et al. 1991 was
proposed. All described associations belong to a special type of zonal small-leaved and light-coniferous hemiboreal
forests of Northern Eurasia. It is confirmed by the distinct diagnostic species group of the class Brachypodio pinnati-
Betuletea pendulae and their common ecological properties, floristic compositions and physiognomy. The North Cau-
casian hemiboreal forests together with analogous small-leaved and coniferous-small-leaved forests occurring in the
upper part of the forest belt in the mountain ranges of Europe and Asia Minor may be considered as relic communities
related by origin with the climate of the cold and dry periods of the Pleistocene.
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letea.

Annomauus. B pesynbraTe IpoBeféHHOM KIacCU(UKALUM COCHOBBIX U COCHOBO-0epé3oBbix (Pinus sylvestris,
Betula pubescens var. litwinowii) reMn60opeanbHbIX 1eCOB 13 ceBepo-3amafgHoro KaBkasa ommcaHo aBe acconmanum
U deTbIpe BapuaHta — Bistorto carneae-Pinetum sylvestris ass. nov. (var. Rhododendron luteum, var. Avenella flexuo-
sa), Aconito nasuti-Pinetum sylvestris ass. nov. (var. Centaurea phrygia subsp. abbreviata, var. Geranim robertianum).
Iy emMHULIBI BKTIOYEHBI B COCTaB coto3a Asyneumo campanuloides-Pinion sylvestris all. nov. u nopsnxa Alchemi-
llo sericatae-Pinetalia sylvestris Ermakov, Abdurakhmanova et Plugatar 2020 o pesynpraTaM KIacTepPHOTO aHajM3a.
[IpennoxeHa HOBas KOHIIEMIUsS IONOXKeHMss KaBKa3CKMX COCHOBBIX M COCHOBO-0epE30BBIX TPaBSHBIX JIECOB B
crcTeMe eBpocmbupckoro kmacca Brachypodio pinnati-Betuletea pendulae Ermakov et al. 1991. Bce ommcanHsbie
accoLMaIyy MpUHAMIEXAT 0COOOMY TUIY 30HATbHBIX METIKOTVMCTBEHHBIX ¥ CBETTOXBOIHBIX IeMMOOpeasbHbIX
necos CeBepHoit EBpasun. 1o moaTBep>kgaeTcss 4ETKOI IPYIIION AUarHOCTUYECKUX BUOB Kimacca Brachypodio pin-
nati-Betuletea pendulae n vx oOMmUMN 9KOIOTMYECKNMM, QIOPUCTUYECKUMI U CTPYKTYPHO-(DUTOLEHOTUIECKUMMU
npusHakamu. CeBepoKaBKascKie reMnbopeanbHble leca BMECTe C aHAJTOTMYHBIMU MEIKOMMCTBEHHBIMI 1 XBOIHO-
ME/IKO/IUCTBEHHBIMY JIeCaMI, IIPOMU3PACTAIOIIVIMU B BEPXHE!l 4acTy JIECHOTO I0sCa TOPHBIX Xpe6ToB EBporb
ITepenneit A3uy, MOTyT pacCMaTPMBATLC KAaK PENMKTOBbIE COOOIIECTBA, CBSI3AHHBIE CBOMM MPOUCXOX/EHMEM C

K/IMMaTOM CyXMX M XOJIOJHbIX Iepuopos IIneiicTonena.

Introduction

The Western Caucasus is known as one of the
centers of phytodiversity in Northern Eurasia
formed as a result of a unique combination of various
paleo-geographic and geological processes since
Paleocene. The location of this mountain system
between the 42-45 geographical latitudes has led to
the predominance of thermophilous broad-leaved
forests occupying a wide range of altitudes from
2-4 m to 2200 m. The first researchers already noted
the ecological and plant-geographical originality
of the mountain forest vegetation here and, first of
all, the nemoral forests with the participation of
endemic species of evergreens considered as relic
Tertiary subtropical floristic elements (Kuznetsov,
1909). Subsequently, Maleev (1941) proposed the
concept of two peculiar ecological and historical
types of the modern Western Caucasian forests
originating from different bioclimatic categories of
ancient Paleocene vegetation: moist Arcto-Tertiary
Colchis forest and hemi-xerophilous Mediterranean
one. However, some peculiar communities in the
Western Caucasus are still poorly studied. Pine (Pinus
sylvestris var. hamata Steven) forests occurring in the
upper part of the forest and subalpine belts represent
one of these objects. Their massifs are found in the
moderately cold and drier ecotopes in the areas close
to the Main Caucasian Ridge, where they replace
beech, beech-hornbeam and dark-coniferous forests
prevailing in the Western Caucasus.

The study of the forest types in the Western Cau-
casus is mainly associated with the most widespread
thermophilous broad-leaved communities (Grud-

zinskaya, 1953; Orlov, 1953; Gulisashvili et al., 1975;
Bebiya, 2022). Some brief descriptions of pine forests
from the North-Western Caucasus were published
by Sosnin (1939), Ostapenko (1967), Gulisashvili et
al. (1975), Mahatadze, Urushadze (1972), Gigauri et
al. (1987).

In recent years, the forests diversity of the West-
ern Caucasus was studied using the Braun-Blanquet
approach (Grebenshchikov et al., 1990; Frantsuzov,
2006; Sokolova, 2012; Ermakov et al., 2022; 2023).
As for the pine (Pinus sylvestris var. hamata) forests,
then the results of their classification were published
only for the Eastern Caucasus (Ermakov et al., 2019,
2020). The syntaxonomic system of plant communi-
ties dominated by another pine taxon - Pinus brutia
var. ptyusa (Gordon & Glend.) Silba ex Farjon from
the Western Transcaucasia was developed by Litvin-
skaya, Postarnak (2002) and Ermakov et al. (2024).
All these plant communities were differentiated into
two higher categories — the sub-Mediterranean Eri-
co-Pinetea forests and the Mediterranean Junipero-
Pinetea sylvestris forests. The new data obtained after
our studies of Pinus sylvestris var. hamata forests in
the North-Western Caucasus in 2016-2023 demon-
strated their unique ecological and floristic features
which are important for further development of
pine forests classification for the North Caucasus as
a whole.

The purpose of this study is to classify the pine
(Pinus sylvestris var. hamata) forests of the North-
Western Caucasus and analyze their position in the
system of higher syntaxonomic units of Northern
Eurasia.
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Study area

The study area is located within two large
mountain systems: the Lagonakskoye upland and
the Skirda-Yatirgvarta massif (the western part
of the Greater Caucasus) (Fig. 1). The relief of the
Lagonakskoye upland consists of a number of
local mountain ridges (Nagoy-Chuk, Azish-Tau,
Lagonaksky, etc.) and lower plateaus. The altitudes
of the area range from 1500 to 2300 m a. s. 1. On
the southern side, the Lagonakskoye highland is
bordered by three large massifs — Fisht (2867 m),
Oshten (2804 m) and Pshekha-su (2744 m). The
Skirda-Yatyrgvarta mountain massif with the Trew
peak (2395 m) resembles the Lagonakskoye upland
but is smaller in area. A significant part of the study
area is composed mainly of Jurassic and Cretaceous
sedimentary limestone rocks, as well as sandstones,
clay shale and conglomerates (Lozovoy, 1984).

The first frontal mountain ridges of the Western
Caucasus are barriers to humid air masses coming
from the west of the Black Sea. Therefore, the eastern
part of the Lagonakskoye upland and Skirda-
Yatyrgvarta mountain ridge, especially in areas of
pine forests occurrence, are located in the so-called
“Rain shadow”. Climatic conditions change from
the east (Skirda-Yatyrgvarta Ridge) to the west (the
Fisht Mountain) from a drier continental to a humid
temperate. According to the data of the Dzhuga
meteorological station (eastern part of the study
area, 2041 m a. s. L.), the mean annual temperature
in the subalpine and adjacent forest belts is +3.7 °C,
the warmest month (July) is +23 °C, the coldest
(January) is -19 °C. The duration of the frost-free
period is 134 days. The mean annual precipitation is
1320 mm. Stable snow cover (height of 53-106 cm)
persists for 153 days (Rodimtsev, Zhivotov, 2018).
In the western part of the study area, according to
the Fisht meteorological station (the western slope
of Fisht, 1770 m a. s. l.), the mean temperature of
the coldest month (January) in the Lagonakskoye
upland reaches -6.4 °C, the warmest (July) +15.5 °C,
the mean annual temperature +4.6 °C, the mean
annual precipitation is 1955 mm (Morozov, 2020).
The height of the snow cover in the forest belt is
about 400 cm. The mean duration of snow cover is
215 days (Pogorelov et al., 2019). Pine forests are
found throughout the region, but their maximum
concentration is observed in the Malaya Laba River
basin. They occupy mainly the southern slopes on
gravelly, rocky and rocky outcrops near the upper
limit of the forests at altitudes of 1200-2400 m
(Golgofskaya, 2003). Some communities are
secondary after fires (Sosnin, 1939).

Data and methods

The field research was carried out in 2016-2023.
We sampled 43 relevés of 100 m* in two mountain
systems of the Western Caucasus: the Lagonakskoye
upland (the westernmost part of the Greater Cauca-
sian Ridge) and in the Skyrda-Yatyrguarta mountain
ridge at altitudes of 1650-2180 m (Fig. 1). Within
each relevé, the percentage cover of the tree, shrub,
herb and moss layers was estimated and the cover
of particular species in each layer was assessed. Per-
centage data of each species were converted in the
seven-degree Braun-Blanquet (old) cover-abun-
dance scale and constancy species was represented
with five-degree scale (I - 1-20 %, II - 21-40 %, III -
41-60 %, IV - 61-80 %, V — 81-100 %) in final clas-
sification table. Geographical coordinates (WGS 84)
and the altitude of relevés were recorded using a por-
table GPS device GPS map 60CSx. All relevés were
input in database using the software TURBOVEG
(Hennekens, Schaminée, 2001). The quantitative
classification of the entire set of relevés was carried
out using cluster analysis (Ward's method, Euclid-
ian distance) implemented in Statistica 6.0. The
quantitative floristic comparison of the lower-rank
syntaxa (associations, subassociations, variants) was
carried out using cluster analysis (Median method,
Jaccard distance) implemented in PS-ORD - 4. The
finalization of the classification table was done in the
software Juice 7.0 (Tichy, 2002). The forest classifica-
tion was carried out based on the Braun-Blanquet
method (Westhoff, van der Maarel, 1973). The clas-
sification of pine (P. sylvestris var. hamata) forests is
presented in a species-by-site table, in which diag-
nostic species were determined for each vegetation
unit. Species with an indicator value higher than 40
were considered diagnostic. Results of comparative
syntaxonomic analysis are represented in the synop-
tic table with five-degree scale for constancy of spe-
cies. The syntaxa names were given in accordance
with the International Code of Phytosociological
Nomenclature (Theurillat et al., 2021). Taxonomy:
Plants of the World Online (http://www.powo.sci-
ence.kew.org) (for higher vascular plants) and Igna-
tov et al. (2006) (for bryophytes).

Results and discussion

The cluster analysis of the entire set of 43 relevés
of pine grass forests showed their division at the
highest hierarchical level of clustering into two
groups A and B, each of which was also divided
into two sub-clusters (Al, A2, B1, B2) (diagram
in Fig. 2). A comparative floristic analysis of two
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categories (Al and A2) of pine forests identified by the dendrogram (Fig. 2) were assigned to variants
clustering results showed important ecological and of the associations. Based on the results of cluster
floristic differences allowing their interpretation analysis, a table of units of pine grass forests with
as associations in the Braun-Blanquet system. demonstration of their characteristics was built
Accordingly, four categories (Al, A2, B1, B2) of (Table1).

pine forests identified at a lower hierarchical level on
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Fig. 1. Geographical locations of described associations and syntaxa used for the syntaxonomic analysis: 1 — associa-
tion Aconito nasuti-Pinetum sylvestris; 2 — association Bistorto carneae-Pinetum sylvestris; 3 — alliance Bupleuro poly-
phylli-Pinion sylvestris (associations Carici albae—Pinetum sylvestris, Ranunculo caucasicae—Pinetum sylvestris, Viburno
lanatae-Pinetum sylvestris, Calamagrostio caucasicae-Pinetum sylvestris); 4 — alliance Onobrychido cornutae-Pinion
sylvestris (association Onobrychido cornutae-Pinetum sylvestris).
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Fig. 2. Results of cluster analysis (Word’s method, Euclidian distance) of 43 relevés of pine and pine birch (Pinus sylves-
tris var. hamata, Betula pubescens var. litwinowii) forests from the North-Western Caucasus. Associations: A — Bistorto
carneae-Pinetum sylvestris (Al — var. Rhododendron luteum; A2 - var. Avenella flexuosa); B — Aconito nasuti-Pinetum
sylvestris (B1 — var. Centaurea phrygia subsp. abbreviata; B2 — var. Geranim robertianum).
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Association Bistorto carneae-Pinetum sylvestris
ass. nov. (relevés 1-22 in Table 1, syntaxa 5, 6 in
Table 2).

Holotypus - relevé 3 (field nr. 49NE18) in Table 1.

Diagnostic species: Aconitum cymbulatum,
Anthoxanthum  odoratum, Anthriscus schmal-
hausenii, Bistorta carnea, Cruciata laevipes,
Campanula lactiflora, Luzula multiflora, Pimpinella
rhodantha, Poa longifolia, Ptarmica biserrata, Py-
rola rotundifolia, Vaccinium myrtillus.

These are mesophilous pine grass forests
occurring at the upper part of the forest belt of the
Skirda-Yatyrgvarta mountain ridge (the Laba River
basin) at altitudes of 1830-1950 m. Small areas of
these communities are found on well-insulated
southern steep slopes with rocky soils.

The tree layer dominated by pine (Pinus sylvestris
var. hamata) has a cover of 40-60 % and a height
of 23-26 m. Birch (Betula pubescens var. litwinowii)
occurs in the second sub-layer. Dark coniferous
species (Abies nordmanniana, Picea orientalis) are
typical for the undergrowth, however these trees are
ecologically depressed.

The main floristic peculiarity of the association
is determined by the high constancy of light-
demanding cold-tolerant mesophilous subalpine-
forest plants included in the diagnostic combination.
High constancy of boreal species - Vaccinium
myrtillus, Pyrola rotundifolia, Orthilia secunda is
observed here as well. The moss layer is poorly
developed (3-5 % coverage).

The association is represented by two variants
(var.). The var. Rhododendron luteum (syntaxon
nr. 5 in Table. 2) includes communities with a well-
developed shrub layer and a significant participation
of moderately mesophilous herbs (Brachypodium
pinnatum, Psephellus dealbatus, Dianthus caucaseus,
Fragaria vesca, Tragopogon reticulatus, Trifolium
canescens, Vicia cracca). The var. Avenella flexuosa
(syntaxon nr. 6 in Table. 2) is characterized by a
high constancy of subalpine-forest mesophytes —
Aquilegia olympica, Astrantia maxima, Campanula
collina, Vicia balansae.

Association Aconito nasuti-Pinetum sylvestris
ass. nov. (relevés 23-43 in Table 1, syntaxa 7, 8 in
Table 2).

Holotypus - relevé 25 (field nr. 758/444) in
Table 1.

Diagnostic species: Aconitum nasutum, Aconitum
orientale, Daphne mezereum, Dryopteris filix-mas,
Euphorbia macroceras, Juniperus communis, Lonicera
caucasica subsp. orientalis, Swertia iberica.

These are mesophilous birch-pine and birch
(Betula pubescens var. litwinowii, Pinus sylvestris

var. hamata) grass forests found near the upper
boundary of the forest belt in the extreme north-
western part of the Main Caucasian Ridge (the
Lagonakskoye upland, Fisht-Oshtenskiy mountain
ridge) at altitudes of 1700-1900 m. They occupy
the driest sites - mountain slopes of the southern
(south-western and south-eastern) aspects, with an
inclination of 5-48° and loamy, rocky, well-drained
soils.

The tree layer is usually birch-pine (Pinus
sylvestris var. hamata, Betula pubescens var.
litwinowii) mixed. Its coverage is 30-70 % and the
mean height is 10-24 m (depending on the age of
the trees). Fir (Abies nordmanniana) sometimes
forms an admixture to birch and pine, but it is
more common in the lower sublayer since it is
characterized by low vitality. The shrub layer
is dominated by Daphne mezereum, Juniperus
communis, Lonicera caucasica subsp. orientalis,
Viburnum lantana. The main floristic peculiarity
of the well-developed grass layer is the significant
participation of subalpine tall-forb species -
Aconitum orientale, A. nasutum, Astrantia pontica,
Euphorbia macroceras, E. oblongifolia, Lapsana
communis subsp. grandiflora, Linum hypericifolium.
In addition, unlike the previous association, there
are few boreal species here. The moss layer is poorly
developed or absent.

The association includes two variants. The var.
Centaurea phrygia subsp. abbreviata (syntaxon 8
in Table 2) contains more subalpine species (Linum
hypericifolium, Thymus nummularius, Centaurea
phrygia subsp. abbreviata, Lomatocarum alpinum,
Viburnum  lantana,  Euphorbia  oblongifolia,
Alchemilla orthotricha, Asplenium viride) while the
var. Geranium robertianum (syntaxon 7 in Table 2)
includes more forest plants (Cardamine bulbifera,
Geranium robertianum, Hesperis matronalis, Oxalis
acetosella, Urtica dioica).

The floristic originality of the described two
new associations (and four variants) in comparison
with other syntaxa of pine grass forests from the
Caucasian mountain system is demonstrated
on the dendrogram created using the Jaccard
coefficient (Median method) (Fig. 3). Cluster A
(Fig. 3) represents pine and birch-pine moderately
mesophilous forests of the alliance Bupleuro
polyphylli-Pinion sylvestris Ermakov et al. 2020.
It includes three East Caucasian associations —
Carici albae-Pinetum sylvestris Ermakov et al.
2019 (cluster Al), Ranunculo caucasicae-Pinetum
sylvestris Ermakov et al. 2020 (cluster A2) and
Viburno lanatae-Pinetum sylvestris Ermakov et al.
2019 (cluster A3).
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Table 1. Syntaxa of the Brachypodio-Betuletea in the Western Caucasus
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Linum hypericifolium (hl)
Thymus nummularius (hl)

Centaurea phrygia subsp.
abbreviata (hl)

Lomatocarum alpinum (hl)
Viburnum lantana (s1)
Euphorbia oblongifolia (hl)
Alchemilla orthotricha (hl)
Asplenium viride (hl)

Geranium robertianum
(hD)

Lapsana communis subsp.
grandiflora (hl)

Urtica dioica (hl)
Gentiana asclepiadea (hl)
Hesperis matronalis (hl)
Alchemilla retinervis (hl)
Arafoe aromatica (hl)
Oxalis acetosella (hl)
Cardamine bulbifera (hl)

Asyneuma campanuloides
(hl)

Phedimus stoloniferus (hl)
Sorbus aucuparia (12)
Sorbus aucuparia (s1)
Hieracium prenanthoides
subsp. hypoglaucum (hl)
Hieracium lachenalii
subsp. lachenalii (hl)
Selinum physospermifolium
(hI)

Cirsium obvallatum (hl)

Acer heldreichii subsp.
trautvetteri (s1)

Aquilegia olympica (hl)
Lilium monadelphum (hl)
Vicia balansae (hl)
Campanula latifolia (hl)

Astrantia maxima (hl)
Astrantia pontica (hl)
Chaerophyllum aureum

(hI)
Polygonatum verticillatum

(hD)
Ranunculus caucasicus (hl)

Var. Centaurea phrygia subsp. abbreviate

Table 1 (continued)
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Valeriana tiliifolia (hl)
Campanula collina (hl)
Cephalaria gigantea (hl)
Betonica macrantha (hl)
Galium valantioides (hl)

Cruciata laevipes (hl)

Pinus sylvestris var. hamata
(t1)

Pinus sylvestris var. hamata
(t2)

Pinus sylvestris var. hamata
(s1)

Betula pubescens var.
litwinowii (t1)

Betula pubescens var.
litwinowii (t2)

Betula pubescens var.
litwinowii (s1)
Calamagrostis arundinacea
(hl)

Fragaria vesca (hl)
Geranium sylvaticum (hl)
Pulmonaria mollis (hl)
Brachypodium pinnatum
(hl)

Solidago virgaurea (hl)
Senecio propinquus (hl)
Vicia cracca (hl)
Heracleum asperum (hl)
Rubus saxatilis (hl)
Thalictrum minus (hl)

Anemonastrum
fasciculatum (hl)

Angelica sylvestris (hl)
Crepis sibirica (hl)
Primula veris subsp.
macrocalyx (hl)

Salix caprea (t2)

Salix caprea (s1)
[Tpoune BupbL:

Abies nordmanniana (t1)
Abies nordmanniana (t2)
Abies nordmanniana (s1)
Abies nordmanniana (hl)
Fagus orientalis (t2)
Fagus orientalis (s1)

Picea orientalis (t2)

Picea orientalis (s1)

Table 1 (continued)
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Poa nemoralis (hl)
Plagiomnium affine (ml)
Brachythecium reflexum
(ml)

Rubus idaeus (s1)

Silene vulgaris (hl)
Rhytidiadelphus triquetrus
(ml)

Luzula forsteri (hl)
Galium odoratum (hl)
Stellaria holostea (hl)
Bromopsis variegatus (hl)

Thymus praecox subsp.
caucasicus (hl)

Dolichorrhiza renifolia (hl)
Veratrum lobelianum (hl)
Ranunculus cappadocicus
(hl)

Chamaenerion
angustifolium (hl)

Salix caucasica (s1)
Alchemilla persica (hl)
Pojarkovia pojarkovae (hl)
Euonymus leiophloeus (s1)
Festuca drymeja (hl)
Cotoneaster integerrimus
(s1)

Carex digitata (hl)

Eleutherospermum
cicutarium (hl)

Tortella tortuosa (ml)
Homalothecium
philippeanum (ml)
Galium album (hl)
Cicerbita racemosa (hl)
Poa tanfiljewii (hl)
Polystichum lonchitis (hl)
Lophiolepis czerkessica (hl)
Geranium pratense (hl)
Dactylis glomerata (hl)
Chiastophyllum
oppositifolium (hl)

Ribes biebersteinii (s1)
Carex sylvatica (hl)
Epilobium montanum (hl)
Clinopodium grandiflorum

(h1)
Asperula taurina (hl)

++.+. 1. ++++122111112.2{...1. +++. . ++ L+ 2
1.+.+1 . )1+1..1...++.|....... T N
1 N I S [
+.11. . .++.|.+1+1.+. ... .| +.+ .41, 2. .+ +4+ .+
N i T + +4+4+. ... +H+ ... . r ++ +
2. .. .. 1.r|. .. .. 0 1
+ L.+ o+ L+ B i
A+ T+ 2 e + .23 +
B T o [T IV R + 1+
e 20 e e
) T e
..... +. .+ lr+ . o+ | o0
.......... + LT + L ++ ... + r+. .+ .+
.......... + ...+ o I P T
+ ..+ + ..+ . S P [ I, 1.......
.......... + Lt oo
....................... ++r1 T |
...................... + I r.rji. .. ... .00 ...
......................... r+1+ ++ . ..1 ... ..
...................... S I e A | rl
...................... + .. .+ r B
....... + oo Lt B
....................... 1. r++ .. .. ......1+.
...................... 1..1 T
...................... 1..1 R
...... + . T .+ .+ T
...................... oo 20 o+
........................... ++4. + o+ +
........................ rr.r ... ... r+ r++
.......................... + .4+ .+ + ... ...
...................... 1+ .+ B G
............................. + .+ .1 + ... ...
................................... 2.+.1
.............................. +4+ ... .+ +
....................... + . ... + .4+ .+ 00
e o O O rr. ... ... rrr
............................. r..+. r + +
............................. + L2 0+ +

Table 1 (continued)
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Table 1 (continued)

Polygonatum multiflorum
P O  EEEIRIE .

Symphytum asperum (hl) . ... . ... .. B T [ O U D I+. . +. ..
Geumrivale(hl) |, ... .o e R T I
Festuca valesiaca (hl) |, . .. . . . .. ... ... ... 1. .. ... ... +
Vaccinium vitis-idaea (hl) |. 2. . . . . . oo oo oo e
Pleurozium schreberi (ml) |. . . . . . . .. ... .. .... ) I
Goodyerarepens (hl) |, .. ..o R TR +

Dicranum scoparium (ml) |. ... . ... ... ... + ... B e 1.1......

Rare species: Acer heldreichii subsp. trautvetteri (t1) — 32(r), 39(+), A. heldreichii subsp. trautvetteri (t2) — 38(2),
40(+), A. platanoides (s1) - 24(r), 34(+), A. pseudoplatanus (s1) — 42(r), A. pseudoplatanus (t2) — 7(+), 9(+), 37(+),
Aconitum anthora (hl) - 30(r), Alchemilla caucasica (hl) - 43(+), Xanthogalium tatianae (hl) — 35(r), Cota melan-
oloma (hl) - 27(+), 32(+), Anthyllis vulneraruia subsp. boisseri (hl) - 23(r), Arabis nordmanniana (hl) - 37(1), 38(+),
Argyrolobium biebersteinii (hl) - 5(+), 7(+), 9(+), Aruncus vulgaris (hl) - 37(+), 40(r), Asplenium adiantum-nigrum
(hl) - 38(x), A. ruta-muraria (hl) - 34(r), A. scolopendrium (hl) - 37(+), A. trichomanes (hl) - 34(+), 37(+), Astragalus
glycyphyllos (hl) — 33(1), 36(r), Berberis vulgaris (s1) — 35(+), Betula pubescens var. litwinowii (hl) - 2(+), Briza media
(hl) - 23(+), Bupleurum polyphyllum (hl) - 7(+), 20(+), 23(+), 27(+), 38(r), Campanula sp. (hl) - 2(+), 3(+), C. triden-
tata (hl) - 30(+), Cardamine pectinata (hl) - 27(r), Carduus adpressus (hl) - 24(+), 27(+), 30(r), Caucasalia pontica
(hl) - 12(+), 30(+), 41(+), Cephalaria calcerea (hl) - 1(+), 3(+), 9(+), Chaerophyllum rubellum (hl) - 27(r), 41(r), Ci-
cerbita prenanthoides (hl) - 40(+), Cirsium vulgare (hl) — 31(+), Clinopodium vulgare (hl) — 25(r), 33(r), 37(+), Crepis
caucasica (hl) — 30(+), 39(+), Cystopteris fragilis (hl) — 26(r), 29(r), 40(+), Daphne glomerata (s1) - 27(r), D. mezereum
(hl) - 7(+), 16(x), Delphinium speciosum (hl) — 27(+), Dryopteris carthusiana (hl) - 33(+), D. expansa (hl) - 9(+), 12(+),
17(+), Epipactis helleborine (hl) — 24(r), Erysimum aureum (hl) - 38(+), 43(+), Eurhynchium angustirete (ml) — 30(1),
Festuca altissima (hl) - 33(1), E gigantea (hl) - 36(r), Geranium gracile (hl) - 37(+), G. rotundifolium (hl) - 42(x),
Geum latilobum (hl) - 38(+), 40(+), Grimmia sp. (ml) - 23(1), Gymnadenia conopsea (hl) - 23(r), Hypericum hirsutum
(hl) - 36(r), Hypnum cupressiforme (ml) - 23(1), 26(1), H. pallescens (ml) - 4(+), 8(+), 9(+), 12(1), Jacobaea othonnae
(hl) - 40(r), Juniperus sabina (s1) - 43(r), Kemulariella caucasica (hl) - 23(+), 39(+), 40(+), Knautia arvensis (hl) -
4(+), 30(+), Koeleria cristata (hl) — 30(r), 37(2), Lactuca muralis (hl) - 32(1), Lamium album (hl) - 38(+), Lathyrus
aureus (hl) - 24(1), L. pratensis (hl) — 27(+), 36(r), Lescuraea incurvata (ml) — 37(1), 40(1), L. saxicola (ml) - 23(1),
Libanotis pyrenaica subsp. pyrenaica (hl) — 23(r), 37(r), Lotus corniculatus (hl) - 23(r), 37(r), Mnium spinosum (ml) -
40(1), 41(1), M. thomsonii (ml) — 41(1), Moneses uniflora (hl) - 42(+), Myosotis sylvatica (hl) - 27(r), 40(2), Neottia
nidus-avis (hl) - 22(r), 33(r), Oxyrrhynchium hians (ml) - 40(1), Pedicularis atropurpurea (hl) — 39(+), Pentanema
orientale (hl) - 10(+), 12(+), 21(+), Petasites albus (hl) - 13(+), 31(+), Phleum pratense (hl) - 23(r), Picea orientalis
(t1) - 19(2), Pimpinella saxifraga (hl) - 24(r), Picea orientalis (hl) - 3(+), 7(+), 9(+), Platanthera chlorantha (hl) -
8(+), 17(1), Poa alpina (hl) - 23(+), 25(+), 28(r), Polygonatum odoratum (hl) — 43(+), Polypodium vulgare (hl) -
38(+), 43(1), Populus tremula (t1) - 26(+), P. tremula (s1) - 12(+), 26(1), Potentilla micrantha (hl) - 7(+), 9(+),
15(+), 16(1), Prunella vulgaris (hl) — 35(+), 36(+), Prunus laurocerasus (s1) — 26(1), 37(1), Pyrola chlorantha (hl) -
41(r), Ranunculus oreophilus (hl) - 23(+), Rhododendron caucasicum (s1) — 40(1), Rhytidium rugosum (ml) — 5(+),
9(+), Ribes alpinum (s1) - 26(+), 30(r), 38(+), Rosa canina (s1) - 34(+), R. oxyodon (s1) — 33(1), R. pulverulenta
(s1) = 37(r), Rosa sp. (s1) - 27(+), 29(+), 36(+), Rubus caucasicus (s1) — 42(+), R. hirtus (s1) — 43(+), R. serpens (s1) -
36(+), Rumex acetosa (hl) - 39(+), 40(+), R. alpestris (hl) — 27(r), 31(+), 41(+), R. alpinus (hl) - 36(r), 37(r), Sabu-
lina biebersteinii (hl) — 43(+), Salvia glutinosa (hl) - 34(+), Saxifraga rotundifolia subsp. rotundifolia (hl) - 38(+),
39(+), 40(+), Scabiosa bipinnata (hl) — 38(+), Sciuro-hypnum reflexum (ml) - 40(1), Scrophularia scopolii (hl) -
30(r), Selinum alatum (hl) — 30(r), 36(+), Trifolium polyphyllum (hl) - 30(r), Tschulaktavia saxatilis (hl) - 5(+), 8(+),
Silene saxatilis (hl) — 25(+), 37(x), 43(+), Sorbus aucuparia (t1) - 38(1), 48 (+), 41(r), S. torminalis (t2) — 33(+), Stachys
balansae (hl) - 24(+), Syntrichia calcicola (ml) — 23(1), Taxus baccata (s1) - 29(+), Tephroseris cladobotrys (hl) — 40(+),
Thalictrum simplex (hl) - 32(+), T. triternatum (hl) — 41(+), Tilia dasystyla subsp. caucasica (t2) - 37(+), Ulmus glabra
(s1) - 38(+), Vaccinium arctostaphylos (s1) — 1(+), 10(+), 23(1), Valeriana colchica (hl) - 12(2), 15(r), 39(+), Veronica
filiformis (hl) - 30(x), V. gentianoides (hl) - 27(x), V. officinalis (hl) - 2(+), 9(+), 13(+), Vicia cassubica (hl) - 1(+), 3(+),
Viola alba (hl) - 2(1), 8(+), 9(+), V. reichenbachiana (hl) - 42(r).

Notes: The relevés no. 1-22 were performed by N. Ermakov in the Krasnodarskiy kray, the Laba river basine. The
relevés no. 23-43 were performed by Ju. Akatova in the Republic of Adygeya, the Belaya river basin. Dates: relevés no.
1-4 -30 VI 2018; 5,6, 11,16-19 - 01 VII 2018; 7-10 — 12 VII 2018; 12-15, 20-23 - 02 VII 2018; 23-20 VII 2023; 24,
25, 26, 27, 29-08 1X 2022; 28, 35 - 3 X 2023; 30-25 VIII 2022; 31, 37, 41, 42 — 29 VII 2023; 32, 34 — 26 VII 2023; 33,
38 - 24 VII 2023; 36-19 VII 2023; 39, 40 — 2 1X 2023; 43-15 VIII 2023.

Field numbers of relevés: 1 - 47NE18,2 - 48NE18,3 - 49NE18,4 - 51NE18,5 - 53NE18,6 - 54NE18,7 - 127NE18,
8 — 128NE18, 9 — 129NE18, 10 — 130NE1S8, 11 - 59NE18, 12 - 66NE18, 13 - 62NE18, 14 - 60NE18, 15 — 65NE18,
16 - 58NE18, 17 - 55NE18, 18 - 57NE18, 19 - 56NE18, 20 - 63NE18, 21 - 64NE18, 22 — 61NE18, 23 - 760/485, 24 -
773/446, 25 — 758/444, 26 — 771/528, 27 — 759/445, 28 — 780/533, 29 — 757/443, 30 — 756/432, 31 - 769/504, 32 -
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763/491, 33 - 762/490, 34 - 764/492, 35 - 779/532, 36 — 774/482, 37 - 775/495, 38 - 761/489, 39 - 778/530, 40 -
7771529, 41 - 776/503, 42 — 767/496, 43 — 770/506.

Localities: the Skirda-Yatyrgvarta mountain ridge — 1 - 22, coordinates: 1 - 43°52'39.1"N, 40°40'15.7"E; 2 -
43°52'40.2"N, 40°40'17"E; 3 - 43°52'41.4" N, 40°40'18.8"E; 4 — 43°524'2.3"N, 40°40'27.8"E; 5 — 43°52'40"N, 40°40'30.7"E;
6 - 43°52'39"N, 40°40'32.6"E; 7 - 43°51'21.7"N, 40°35'26.1"E; 8 — 43°52'40.2"N, 40°40'34.1"E; 9 - 43°52'39.8"N,
40°40'31.9"E; 10 - 43°52'36.5"N, 40°40'32.1"E; 11 - 43°5123.8"N, 40°35'29.9"E; 12 - 43°5120.2"N, 40°3524.7"E;
13 - 43°51'17.1"N, 40°35'45.7"E; 14 - 43°51'15.5"N, 40°35'41.8"E; 15 — 43°51'19.7"N, 40°35'30.2"E; 16 — 43°51'22.5"N,
40°35'31.9"E; 17 - 43°51'25.8"N, 40°3529.6"E; 18 — 43°51'25.4"N, 40°35'36.8"E; 19 - 43°51'24.5"N, 40°35'32.5"E; 20 -
43°51'16.4"N, 40°35'48.3"E; 21 — 43°51'16.7"N, 40°35'48.4"E; 22 - 43°51'16.7"N, 40°35'43.1"E; the Lagonakskoye upland:
23 - 43°5829"N, 39°57'5"E; 24 - 44°3'32"N, 40°1'20"E; 25 - 44°3'34"N, 40°1'19.7"E; 26 - 44°3'32.01"N, 40°1'07.95"E;
27 - 44°1'30"N, 39°55'9"E; 28 - 44°3'32.8"N, 40°1'18.2"E; 29 - 44°03'29.52"N, 40°01'19.49"E; 30 - 44°1'51.1"N,
39°55'18.1"E; 31 - 44°1'30"N, 39°55'9"E; 32 — 44°2'31"N, 39°55'0.17"E; 33 - 44°4'58"N, 40°0'22"E; 34 - 44°2'28.79"N,
39°55'2.53"E; 35 - 44°3'03.02"N, 40°1'38.15"E; 36 — 43°5624"N, 39°5526"E; 37 — 44°2'47"N, 39°55'9"E; 38 — 44°4'42"N,
40°0'38"E; 39 - 44°3'33.72"N, 40°1'00.06"E; 40 — 44°3'31.528"N, 40°1'03.22"E; 41 — 44°1'35"N, 39°55'12"E; 42 — 44°2'48"N,
39°55'8"E; 43 — 44°04'52.1"N, 40°01'1.27"E.

Designations: t1 - tree layer, higher sublayer; t2 - tree layer, lower sublayer; s1 — shrub layer; hl — grass layer;
ml - moss layer.

Table 2. Synoptic table of pine (Pinus sylvestris var. hamata) forest syntaxa from the Northern Caucasus

Syntaxon No. 1]2]3]4]5]6]7]8]9] |Syntaxon No. 1]2]3]4]5]6]|7]8]9
D. S. (Diagnostic species) Var. Rhododendron luteum_
Ass. Viburno lanatae-Pinetum sylvestris Psephellus dealbatus A 4 S Y
Taxus baccata vi. . . . . . 1. Rhododendron luteum A 10Y
Oxalis acetosella vi. . . I 11 . . Tragopogon reticulatus | . . . . |IV
Daphne glomerata vy, .. . . T 0. Cephalaria calcarea S 101
Asplenium ruta-muraria \IV| . 1 . . . I . III| |Thymus praecox subsp. I
Asplenium trichomanes |IV| 1 I . . . I . 1I caucasicus
Euonymus verrucosus  [IV{II T . . . . . . Viola alba R L0
Carex caryophyllea . oo Var. Avenella flexuosa
D.S. Ass. Carici albae—Pinetum sylvestris Avenella flexuosa ‘ N | .
Carex alba AV oo oo D. S. Ass. Aconito nasuti-Pinetum sylvestris
Tanacetum akinfiewii B 100 Aconitum nasutum N 1A
Briza media N 1001 I B Aconitum orientale A N 1A
Cefzt‘amjea phrygia subsp. ol Lo‘nicen? caucasica subsp. rr1 . vy
salicifolia - orientalis
D.S. Ass. Ranunculo caucasicae—Pinetum sylvestris Lapsana communis V 11
Rosa spinosissima Imafvim . . . . .| |subsp.grandiflora
Galium rubioides mofvy. . . ... Daphne mezereum .. . T IIvVIV
Psephellus czirkejensis L mpvyp. . . . . . Dryopteris filix-mas r . 1 . . II|IVIV
Gentiana cruciata 1. . . . .. Euphorbia macroceras .. . . . o via
Origanum vulgare SR 1001 B | Var. Geranium robertianum
D. S. Ass. Calamagrostio caucasicae=Pinetum sylvestris Geranium robertianum |11 1 I . . . [IV].
Bromopsis variegatus Loorgyvyio oo Arafoe aromatic T 001 ¢
Galium verum I ruyvy. . . . . Urtica dioica e | T 1001
Campanula stevenii R G 117 P Var. Centaurea phrygia subsp. abbreviata __
Senecio lapsanoides O 1111 Centaurea phrygia subsp. olv
D. S. Ass. Bistorto carneae-Pinetum sylvestris abbreviata T
Pimpinella rhodantha .o ofvv]n oL Swertia iberica R A
Bistorta carnea R O 1020 D Lomatocarum alpinum e U
Campanula lactiflora N 1A' 011 R Thymus nummularius R & A4
Luzula multiflora Lo.oormg . .. Festuca drymeja R L et
Anthriscus Polystichum lonchitis .. . . . . Iojmo
schmalhausenii SRR LU B! R Pojarkovia pojarkovae B T 11011
Aconitum cymbulatum | . . . . |IIII| T .
Ptarmica biserrata N Bt
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Table 2 (continued)
Syntaxon No. ‘1|2|3|4|5|6|7|8|9 Syntaxon No. 1|2|3|4 5|6|7|8|9
D. S. Ass. Onobrychido cornutae-Pinetum sylvestris, Thalictrum foetidum morim vy. . . .V
All. Onobrychido cornutae-Pinion sylvestris, Ranunculus oreophilus [TV IT TIT . |. . . I .
Cl. Erico-Pinetea sylvestris | Trifolium ambiguum I vviig. . . .1
Onobrychis cornuta Co |V |Filipendula vulgaris mmm .. . . LI
Teucrium chamaedrys II 11 1II Vv Viola mirabilis iviar .. . . .1
Helianthemum I I v Galium aparine II I
nummularium ' ' Anthriscus sylvestris L Ivir . .o
Androsace villosa subsp. v Peucedanum ruthenicum | . OILIIT . | . . . . IV
koso-poljanskii D. S. All. Asyneumo campanuloidis-Pinion sylvestris
Cota truimfetti subsp v| |Asyneumacampanuloides . 1 . . |IV V IVIII
truimfetti Sorbus aucuparia I . . |JVVIVIV
Asperula taurina I I I II I Vv ieraci ;
Feftuca o - v Hieracium prenanthoides 0 VIV
: subsp. hypoglaucum
Gypsophila tenuifolia [T V| | Hieracium lachenalii IV V I II
Pentanema britannica I . \Y% subsp. lachenalii
Salvia canescens . 1 I \% Vicia balansae I . 1 VIVV
Galium brachyphyll m. . . Vv i
@ fum Dracypryus Selinum IV II 111 111
Pulsatilla albana oI . V| | physospermifolium
Scutellaria helenae . \% Lilium monadelphum IT II IIT I
Yhym.us dagh.estamcus I V| | Acer heldre'zchzz subsp. I I 101 100
Teucrium polium e IV| |trautvetteri
Berberis vulgaris v im. . . 1 .|iv| |Aquilegiaolympica - LIV
Cotoneaster integerrimus |III IV IV| II 1 1|wv| | Cirsium obvallatum <. . | T IO
Salvia verticillata I I I v| | Campanula latifolia SRR S (116
A . D. S. Ord. Alchemillo sericatae-Pinetalia sylvestris
stragalus fissuralis oo I\Y% : i
Astragalus buschiorum I 1 v As;nmtm maxima IVIVIVVIIIV VYV
Linum tenuifolium . v| | Pobgonatum IVIII . IVIVV V
o verticillatum
Euphorbia virgata I IO v
) Chaerophyllum aureum |1 II'IV . IIII V V| .
Rhamnus erythroxyloides ] o
: I IVl | Galium valantioides IVVIVIIV. IIV|I
subsp. erythroxyloides
. . Ranunculus caucasicus |11 T IV II III IV II III
Vincetoxicum funebre v
S . . Valeriana tiliifolia HOIIVIIIV V VIV
atureja intermedia v ) ]
Potentilla recta o v Phedn.ﬂus spurius oI 1 1Ir . IV III II 11
Muscari pallens I 1 v Betonica ;.nac'mntha I I IIT IOT 11T 1T
Seseli alexeenkoi ‘ v| | Cephalaria gzgafltea II 1I NI Iriv v
Lomelosa gumbetica I v| | Campanula collina IO I I VI II
D Cruciata laevipes II IITIIL IT T I
racocephalum I = -
austriacum 4 D.S. CL B‘mchypodzo pinnati-Betuletea pendulae
Carex humilis oI 1 mi| | Pinus sylvestris var. VVVVVVIVVIV
Spiraea hypericifolia I I my| | hamata
Psephellus boissieri I . . 111 fetbfl“ p Lf.bescens var. IVV I . HIHIIVV
Selaginella helvetica I T 1 I 1tul/m0w11 )
Jurinea ruprechtii | | Calamagrostis LIV VV VY
o arundinacea
Scorzonera filifolia I ,
) . Fragaria vesca Ivirivia v I 1IvIV|I
Stipa caucasica III ] .
) Brachypodium pinnatum |11 . 1II . V I I
Helianthemum ’ ]
d : I I} | Geranium sylvaticum OIIII . IVVIOI
agestanicurm Rub tili I III IV III 1T Ir v
Viola somchetica R G o | u. uslsaxa l " b
D. S. All. Bupleuro polyphylli-Pinion sylvestris Primu alverzs SUbSp- HIVIIIV I 1 I
Bupleurum polyphyllum IV V IVIII| I I I I 1 r\;zgfrocay x 000V I I
Alchemilla sericata IVVIVV IV ’1711Clla' ctmcca ) I O I 011
Leontodon hispidus IVIV II Arctrum, minus
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Table 2 (continued)
Syntaxon No. 1/2]3]4]5]6]7]8]9] |Syntaxon No. 1/2]3]4]5]6]7]8]9
Heracleum asperum 0 L HOIII vV IV Senecio propinquus . LIVVIITIIO
Solidago virgaurea I vV I1IVV Salix caprea II1I III 11
Anemonastrum [ VV IV Ange.lzca. s?/l}/estrzs .o oI
fasciculatum Crepis sibirica B | B
Pulmonaria mollis V VI Betula pendula 1T 111
1 I I
A
B
B2
Al A2 A3 B1
1 2 3 4 S 6 7 8 9

Fig. 3. Dendrogram of 7 associations and higher units of pine and pine-birch (Pinus sylvestris var. hamata, Betula
pubescens var. litwinowii) forests from the North-Western and Eastern Caucasus.

I - Mesopilous pine and pine birch (Pinus sylvestris var. hamata, Betula pubescens var. litwinowii) hemiboreal forests
of the order Alchemillo sericatae-Pinetalia sylvestris (class Brachypodio pinnati-Betuletea pendulae); A - the alliance
Bupleuro polyphylli-Pinion sylvestris (Al — association Carici albae-Pinetum sylvestris; A2 — association Ranunculo
caucasicae-Pinetum sylvestris; A3 - association Viburno lanatae-Pinetum sylvestris); B — the alliance Asyneumo
campanuloidis-Pinion sylvestris (B1 — association Bistorto carneae—Pinetum sylvestris; B2 — association Aconito nasuti-
Pinetum sylvestris).

IT - Transitional association Calamagrostio caucasicae-Pinetum sylvestris placed between the classes Brachypodio
pinnati-Betuletea pendulae (cluster I) and Erico-Pinetea (cluster III).

III - Hemi-xerophilous pine (Pinus sylvestris var. hamata) sub-Mediterranian forests of the class Erico-Pinetea (the al-

liance Onobrychido cornutae-Pinion sylvestris, association Onobrychido cornutae-Pinetum sylvestris).

The cluster B includes two associations described
in this paper - Bistorto carneae-Pinetum sylvestris
(cluster B1) and Aconito nasuti-Pinetum sylvestris
(cluster B2) united in the new alliance Asyneumo
campanuloidis-Pinion sylvestrisall. nov. representing
the mesophilous pine and pine-birch grass forests
of the humid cyclonic climatic sector in the North-
Western Caucasus. The diagnostic species group of
the alliance includes dominantly subalpine plants:
Campanula latifolia, Cirsium obvallatum, Hieracium
prenanthoides subsp. hypoglaucum, H. lachenalii
subsp. lachenalii, ~Selinum  physospermifolium,
Asyneuma campanuloides, Lilium monadelphum,
Vicia balansae, Sorbus aucuparia, Acer heldreichii
subsp.  trautvetteri, Aquilegia olympica. The
nomenclature type (holotypus) of the alliance
Asyneumo campanuloidis-Pinion sylvestris is the

association Aconito nasuti-Pinetum sylvestris ass.
nov. (described in this paper).

Clusters A and B are merged in one cluster I at the
highest hierarchical level on the dendrogram (Fig. 3).
It corresponds to the order Alchemillo sericatae-
Pinetalia sylvestris Ermakov, Abdurakhmanova et
Plugatar 2020 nom. corr. representing mesophilous
birch and birch-pine grass forests of the North-
Western and Eastern Caucasus.

Cluster II separated at the highest level of the
dendrogram includes floristically very peculiar hemi-
xerophilous pine forests from Central Dagestan
(Eastern Caucasus) - the alliance Omnobrychido
cornutae—Pinion sylvestris Ermakov et al. 2020 nom.
corr. (with single association Onobrychido cornutae-
Pinetum sylvestris Ermakov et al. 2020 nom. corr.).
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One association Calamagrostio caucasicae-
Pinetum sylvestris Ermakov et al. 2019 (cluster III)
located between clusters I and II keeps the
transitional features between mesophilous and
hemi-xerophilous forests. It was included in the
alliance Bupleuro polyphylli-Pinion sylvestris because
of predominance of diagnostic features of the latter.
A synoptic table of all Caucasian pine and pine-birch
grass forests syntaxa is represented in Table 2.

The results of the classification of mesophilous
pine and pine-birch (Pinus sylvestris var. hamata,
Betula pubescens var. litwinowii) grass forests of the
North-Western Caucasus allow us to propose a new
concept of their position in the system of higher
syntaxonomic units. All described associations
belong to a special type of zonal small-leaved and
light-coniferous hemiboreal forests of Northern
Eurasia (Hamet-Achti, 1981). It is confirmed
by their common ecological properties, floristic
compositions and physiognomy. The mesic habitats
and light canopies of these communities resulting
in the well-developed grass layer from a number
of light-demanding and moderately cold-tolerant
subalpine-forest and meadow species (Ermakov,
2003). At the same time, the alliance Asyneumo
campanuloidis-Pinion sylvestris contains a distinct
diagnostic species group of European-Siberian
hemiboreal forests of the class Brachypodio pinnati-
Betuletea pendulae: Pinus sylvestris var. hamata,
Betula pendula, B. pubescens subsp. litwinowii,
Angelica  sylvestris,  Brachypodium  pinnatum,
Calamagrostis  arundinacea,  Crepis  sibirica,
Fragaria vesca, Geranium sylvaticum, Primula veris
subsp. macrocalyx, Rubus saxatilis, Salix caprea,
Solidago virgaurea, Pulmonaria mollis, Vicia cracca,
Thalictrum minus. These species are strongly related
to pine and pine-birch (Pinus sylvestris var. hamata,
Betula pubescens var. litwinowii) grass forests and
only some of them are rarely found in other types of
forest vegetation in the Caucasus. This species group
includes also Caucasian taxa with systematically and
ecologically similar vicarious species occurring in
Southern Siberia: Heraculum asperum (H. dissec-
tum), Anemonastrum fasciculatum (A. crinitum)
and Senecio propinquus (Senecio nemorensis). Based
on the results of the cluster analysis (Fig. 3) and
characteristics listed above, we include the order
Alchemillo sericatae-Pinetalia sylvestris (and two
alliances Asyneumo campanuloidis—Pinion sylvestris
and Bupleuro polyphylli-Pinion sylvestris) in the
class Brachypodio pinnati-Betuletea pendulae. The
order represents the hemiboreal forests found at the
upper limit of the forest belt in the North-Western

and Eastern Caucasus. The corrected group of
diagnostic species includes subalpine-forest and
subalpine mesophilous plants, most of which are
Caucasian endemics: Astrantia maxima, A. pontica,
A. trifida, Chaerophyllum aureum, Polygonatum
verticillatum, Galium valantioides, Ranunculus
caucasicus, Valeriana tiliifolia, Phedimus spurius,
Betonica macrantha, Cephalaria gigantea, Linum
hypericifolium, Cruciata laevipes.

The East Caucasian hemi-xerophilous pine
forests of the alliance Omnobrychido cornutae-
Pinion sylvestris (with the association Onobrychido
cornutae-Pinetum sylvestris) were left in the sub-
Mediterranean class Erico-Pinetea (Ermakov et
al., 2020) since drought-resistant species being
diagnostic for this class (Mucina et al., 2016):
Leontodonhispidus, Rosaspinosissima, Helianthemum
nummularium, Teucrium chamaedrys, T. polium,
Salvia verticillata, Berberis vulgaris, Cotoneaster
integerrimus predominate in floristic composition
(Table 2). However, the position of this alliance in
the class system remains unclear and additional data
are needed.

The main range of the Brachypodio pinnati-
Betuletea pendulae covers the southern Urals
and Southern Siberia (Ermakov, 2003). However,
recently several associations of hemiboreal forests
of this class have been described in the mountain
systems of Europe (Mucina et al., 2016; Willner et
al., 2016) and Asia Minor (Ketenoglu et al., 2010;
Bergmeier et al., 2019). They are found at the upper
parts of the mountain ranges and are considered
Pleistocene relic communities. Similarly, the North
Caucasian hemiboreal forests occurring in the upper
part of the forest belt and in the subalpine belt at
altitudes of 1600-2300 m in a cool humid climate
are isolated from the main range of zonal hemiboreal
forests in Northern Eurasia and their origin may
also be associated with the climate of the cold and
dry periods of the Pleistocene.

Prodromus of pine forests
of the Northern Caucasus

Cl Brachypodio pinnati-Betuletea pendulae Er-
makov, Korolyuk et Lashchinsky 1991

Ord. Alchemillo sericatae-Pinetalia sylvestris Er-
makov, Abdurakhmanova et Plugatar 2020 nom.
corr. (Alchemillo sericaceae-Pinetalia sylvestris Er-
makov, Abdurakhmanova et Plugatar 2020 [Art. 41,
ICPN]).

All. Bupleuro polyphylli-Pinion sylvestris Erma-
kov, Abdurakhmanova et Plugatar 2020
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Association Carici albae-Pinetum sylvestris Er-
makov, Abdurakhmanova et Potapenko 2019

Association Ranunculo caucasicae-Pinetum syl-
vestris Ermakov, Abdurakhmanova et Plugatar 2020

Association Viburno lanatae-Pinetum sylvestris
Ermakov, Abdurakhmanova et Potapenko 2019

Association Calamagrostio caucasicae-Pinetum
sylvestris Ermakov, Abdurakhmanova et Potapenko
2019

All. Asyneumo campanuloidis-Pinion sylvestris
all. nov.

Ass. Bistorto carneae-Pinetum sylvestris ass. nov.

Var. Rhododendron luteum

Var. Avenella flexuosa

Ass. Aconito nasuti-Pinetum sylvestris ass. nov.

Var. Centaurea phrygia subsp. abbreviata

Class Erico-Pinetea Horvat 1959

Order ?

Alliance Onobrychido cornutae-Pinion sylvestris
Ermakov, Abdurakhmanova, Plugatar 2020 nom.
corr. (Onobrichido cornutae-Pinion sylvestris Er-
makov, Abdurakhmanova, Plugatar 2020 [Art. 41,
ICPN]).

Association Onobrychido cornutae-Pinetum syl-
vestris Ermakov, Abdurakhmanova, Plugatar 2020
nom. corr. (Onobrichido cornutae-Pinetum sylvestris
Ermakov, Abdurakhmanova, Plugatar 2020 [Art. 41,
ICPN]).

Acknowledgements
The study was supported by the grant of the Rus-
sian Science Foundation No. 24-24-00077, https://

Var. Geranium robertianum rscf.ru/project/24-24-00077/

REFERENCES / TUTEPATYPA

Bebiya S. M. 2022. Lesa Abkhazii [Forests of Abkhasia]. Sukhum: Akademiya. 589 pp. [In Russian] (Be6us C. M.
Jleca Abxasum. Cyxym: Akagemusi, 2022. 589 c.).

Bergmeier E., Walentowski H., Giingoroglu C. 2019. Turkish Forest Habitat Types - An Annotated Conspectus
Based on the EU Habitats Directive with Suggestions for an Upgrade. In: Practicability of EU Natura 2000. Concept in
the Forested Areas of Turkey. Ankara: Civil Society Dialogue. Pp. 134-292.

Ermakov N. B. 2003. Raznoobraziye borealnoy rastitelnosti Severnoy Azii. Kontinentalnyye gemiborealnyye lesa.
Klassifikatsiya i ordinatsiya [Diversity of boreal vegetation in Northern Asia. Continental hemiboreal forests. Classifica-
tion and ordination]. Novosibirsk: Publishers of Siberian Branch of Russian Academy of Sciences. 232 pp. [In Russian]
(Epmaxoe H. b. Pasnoob6pasue 6opeanbHoii pactutenpHoctu CeBepHoit Asun. KoHTHHeHTanbHble reMu6opeanbHbie
neca. Knaccuduxanus n opraunsa. HoBocubupck: Vsg-so CO PAH, 2003. 232 c.).

Ermakov N. B., Abdurakhmanova Z. A., Plugatar Yu. V. 2020. Pine forests of the class Erico-Pinetea Horvat 1959
from Dagestan (Northern Caucasus). Ekosistemy 24: 27-42. [In Russian] (Epmaxos H. B., A60ypaxmanosa 3. A.,
IInyzamape 0. . CocHoBble neca knacca Erico—Pinetea Horvat 1959 B [larectane (CesepHbiit KaBkas) // Dxocucre-
Mbl1, 2020. Boim. 24. C. 27-42). https://doi.org/10.37279/2414-4738-2020-24-27-42

Ermakov N. B., Abdurakhmanova Z. A., Potapenko I. L. 2019. To the problem of syntaxonomy of pine forests
(Pinus sylvestris var. hamata) with the participation of boreal floristic elements in Dagestan (North Caucasus). Tur-
czaninowia 22, 4: 154-171. [In Russian] (Epmaxose H. b., A6oypaxmanoea 3. I., Ilomanenxo JI. JI. K npobreme
CUHTaKCOHOMMY COCHOBBIX 1ecoB (Pinus sylvestris var. hamata) ¢ yuactueMm 60peasibHbIX GIOPUCTIIECKUX STTeMEHTOB
B [larectane (CeepHbit KaBkas) // Turczaninowia, 2019. T. 22, Ne 4. C. 154-171). https://doi.org/10.14258/turcza-
ninowia.22.4.16

Ermakov N. B., Plugatar Yu. V., Leiba V. D. 2022. Abies nordmanniana and Picea orientalis forests from the
Colchic region (Western Caucasus) and new concept of Euxine dark coniferous forests classification in the Braun-
Blanquet system. Botanica Pacifica. A journal of plant science and conservation 11(2): 45-55. https://doi.org/10.17581/
bp.2022.11210

Ermakov N. B., Plugatar Yu. V., Leiba V. D. 2023. Classification of beech (Fagus orientalis) forests of the Western
Caucasus. Vegetation of Russia 47: 112-132. [In Russian] (Epmaxosé H.B., IInyzamapv IO. B., /leii6a B. [I. Knaccudu-
Ka1usi OykoBbIx (Fagus orientalis) mecos 3amagnoro Kaskasa // Pactutenprocts Poccuy, 2023, Boim. 47. C. 112-132).
https://doi.org/10.31111/vegrus/2023.47.112

Ermakov N. B., Plugatar Yu. V., Leiba V. D., Bganba E. Z., Trusheva N. A., Polyakova M. A., Ermakova E. V.
2024. Classification of pine (Pinus brutia subsp. pityusa) forests of Colchis. Vegetation of Russia 49: 75-87. [In Russian]
(Epmaxos H. b., IInyzamapv IO. B., Jleii6a B. [I., bzanba 3. 3., Tpyweea H. A., Ilonaxoéa M. A., Epmakoea E. B.
Knaccudukanus cocnosbix (Pinus brutia subsp. pityusa) necos Komxupsr // PacturensrHocts Poccnu, 2024. Ne 49.
C. 75-87). https://doi.org/10.31111/vegrus/2024.49.75

Frantsuzov A. A. 2006. Floristic classification of forests with Fagus orientalis Lypsky and Abies nordmanniana
(Stev.) Spach in the Belaya River basin (Western Caucasus). Vegetation of Russia 9: 76-85. [In Russian] (®panuyysos
A. A. Onopuctuyeckas knaccudukaiys necos ¢ Fagus orientalis Lypsky u Abies nordmanniana (Stev.) Spach B 6ac-



Turczaninowia 28, 2: 62-78 (2025) 77

citHe peku Benoit (3anmapubiit KaBkas) // PacturensHocts Poccun, 2006. Beim. 9. C. 76-85). https://doi.org/10.31111/
vegrus/2006.09.76

Gigauri G. N., Makhatadze L. B., Urushadze T. F. 1987. Sosnovyye lesa Kavkaza [Pine forests of the Caucasus]
Thilisi: Sabchota Sakartvelo. 189 pp. [In Russian] (Iueaypu I. H., Maxamaod3ze /1. B., Ypywaose T. @. CocHoBble neca
Kaskasa. Toumucu: Cabuora Caxkaptserno, 1987. 189 c.).

Golgofskaya K. Yu. 2003. The essay of vegetation of forest belt and its classification. Trudy Kavkazskogo gosudarst-
vennogo prirodnogo biosfernogo zapovednika [Works of the Caucasian State Biosphere Nature Reserve] 17: 173-194. [In
Russian] (Torrzogpckas K. FO. Ouepk pacTUTENbHOCTH JIECHOTO Mosica 1 ee Knaccudukarys // Tpyner KaBkasckoro
TOCYHapCTBEHHOTO IPUPORHOTo 6nocdepHoro 3amosegHmka, 2003. Boim. 17. C. 173-194).

Grebenshchikov O. S., Shanina A. A., Belonovskaya E. A. 1990. Forests of the extreme western part of the Greater
Caucasus. In: Biota of the Greater Caucasus ecosystems. Moscow: Nauka. Pp. 63-84. [In Russian] (Ipe6enuuros O. C.,
Illanuna A. A., benonosckas E. A. Jleca xpaiiseit sanajjHoit yactu bonbimoro Kaskasa // buora skocucrem bombio-
ro KaBkasa. M.: Hayka, 1990. C. 63-84).

Grudzinskaya I. A. 1953. Broad-leaved forests of the foothills of the North-Western Caucasus. In: Shirokolistvennyye
lesa Severo-Zapadnogo Kavkaza [Broad-leaved forests of the North-Western Caucasus]. Moscow: Publishers of Academy
of Sciences of USSR. Pp. 5-186. [In Russian] (Ipydsunckas V. A. llupoxonuctsenHsle neca npepropuit Cesepo-3a-
nayHoro Kaskasa // lllupokonucrBennsie teca CeBepo-3amagnoro Kaskasa. M.: M3g-so AH CCCP, 1953. C. 5-186).

Gulisashvili V. Z., Makhatadze L. B., Prilipko L. I. 1975. Rastitelnost Kavkaza [ Vegetation of Caucasus]. Moscow:
Nauka. 233 pp. [In Russian] (Iyrucameunu B. 3., Maxamadse /1. B., IIpununxo JI. V. PactutensHocTb KaBkasa. M.:
Hayxka, 1985. 233 c.).

Hamet-Achti L. 1981. The boreal zone and its biotic subdivision. Fennia 159(1): 69-75. URL: https://fennia.journal.
fi/article/view/9130

Hennekens S. M., Schaminée J. H. J. 2001. TURBOVEG, a comprehensive data base management system for
vegetation data. Journal of Vegetation Science 12: 589-591. https://doi.org/10.2307/3237010

Ignatov M. S., Afonina O. M., Ignatova E. A., Abolina A., Akatova T. V., Baisheva E. Z., et al. 2006. Check-list of
mosses of East Europe and North Asia. Arctoa 15: 1-130. https://doi.org/10.15298/arctoa.15.01

Ketenoglu O., Tug G., Bingol U., Geven F., Kurt L., Guney K. 2010. Synopsis of syntaxonomy of Turkish forests.
Journal of Environmental Biology 31: 71-80.

Kuznetsov N. 1. 1909. Printsypy deleniya Kavkaza na botaniko-geograficheskiye provintsii [The principles of divid-
ing the Caucasus into plant-geographical provinces]. St. Petersburg. 174 pp. [In Russian] (Kysueyos H. JI. ITpuniumne:
menenus KaBkasa Ha 6otannko-reorpadumueckre nposuuiyn. CII6., 1909. 174 c.).

Litvinskaya S. A., Postarnak Yu. A. 2002. Syntaxonomy of the pithyusan pine forests of the North-Western Cauca-
sus. In: Y. D. Kleopov ta suchasna botanichna nauka: Materiali chitan, prisvyachenikh 100-richchyu z dnya narodzheniya
Y. D. Kleopova (Kyiv, 10-13 listopada 2002) [Yu. D. Kleopov and modern botanical science. Materials of the lectures dedi-
cated to 100 birthday of Yu. D. Kleopov (Kyiv, 10-13 November 2002)]. Kyis. Pp. 245-258. [In Russian] (Iumeunckas
C. A, Ilocmapnax F0. A. CHTaKCOHOMM JIeCOB 113 COCHBI IMIIYHACKOI Ha ceBepo-3anagHoM Kaskase // 10. [I. Kie-
OIIOB Ta cy4acHa 6oTaHiYHa Hayka: MaTepiamn untanp, npucssueHnx 100-puyio 3 gus Hapomxenns 0. 1. Kineornosa
(Kuis, 13 nmucromama 2002 r.). Kuis, 2002. C. 245-258).

Lozovoy S. P. 1984. Lagonakskoye nagorye [Lagonakskoye upland]. Krasnodar: Krasodarskoye knizhnoye izdatel-
stvo. 160 pp. [In Russian] (JIezosoii C. II. JlaroHakckoe Haropbe. KpacHopmap: KpacHomapckoe KHIDKHOe U37i-Bo, 1984.
160 c.).

Makhatadze L. B., Urushdze T. F. 1972. Subalpiyskiye lesa Kavkaza [Subalpine forests of the Caucasus]. Moscow:
Lesnaya promyshlennost. 112 pp. [In Russian] (Maxamaose /1. B., Ypywaose T. @. Cy6anvmitckue neca Kaskasa.
M.: JlecHast IpOMBIIITIEHHOCTD, 1972. 112 ¢.).

Maleev V. P. 1941. Tertiary relicts in the flora of Western Caucasus and the principal stages of the quaternary his-
tory of its vegetation. In: Materialy po istorii flory i rastitelnosti SSSR [Materials on the history of the flora and vegeta-
tion of the USSR]. Iss. 1. Moscow; Leningrad: Publishers of Academy of Sciences of USSR. Pp. 143-181. [In Russian]
(Manees B. II. TpetudHsle penukThl Bo drope 3amagHoro KaBkasa 11 OCHOBHbIE 3TAIbl Y€TBEPTUIHOI MCTOPUY €T0
¢ropsr 1 pacturensrocTy // Matepuaist o uctopun ¢ropst u pacturensHoctu CCCP. B 1. M. -J1.: Viag-so AH
CCCP, 1941. C. 143-181).

Morozov G. L. 2020. Climate of the Caucasus mountainous country. Climate characteristics of the Fisht-Oshten
mountain group and the Lagonaki plateau. Hydrosphere. Hazard processes and phenomena 2(2): 196-213. [In Rus-
sian] (Mopos3oe I. JI. Knumar ropHoii crpanst KaBkas. Knmumatndeckne xapakrepuctnky Ouint-OurTeHCKoi TopHOii
rpymnsl u maro Jlaronaku // Tugpocdepa. OmacHsie nporeccst u siaerst, 2020. T. 2, o 2. C. 196-213). https://
doi.org/10.34753/HS.2019.2.2.196

Mucina L., Biiltmann H., DierfSen K., Theurillat J.-P., Raus T., Carni A., et al. 2016. Vegetation of Europe: Hier-
archical floristic classification system of vascular plant, bryophyte, lichen, and algal communities. Applied Vegetation
Science 19(1): 3-264. https://doi.org/10.1111/avsc.12257



78 Ermakov N. B., Akatova Ju. S.
A new concept of pine (Pinus sylvestris var. hamata) hemiboreal forests classification...

Orlov A. Ya. 1953. Beech forests of the North-Western Caucasus. In: Shirokolistvennyye lesa Severo-Zapadnogo Kav-
kaza [Broad-leaved forests of the North-Western Caucasus]. Moscow: Publishers of Academy of Sciences of USSR. Pp.
244-391. [In Russian] (Opnos A. . Bykosbie neca CeBepo-3anannoro Kaskasa // IllupoxonncreenHsie neca CeBepo-
3amagnoro Kaskasa. M.: Msp-so AH CCCP, 1953. C. 244-391).

Ostapenko B. F. 1967. Tipologiya lesov severnogo sklona Bolshogo Kavkaza [ Typology of forests on the northern slope
of the Greater Caucasus]. Abstract for the degree Doctor of Agricultural Sciences. Kharkov. 63 pp. [In Russian] (Ocma-
nenxo B. @. Tumnosnorus mecos ceBepHoro cknoHa bonbiroro KaBkasa: ABroped. fucc. ... -pa C.-X. HayK. XapbKOB,
1967. 63 c.).

Pogorelov A. V., Boyko E. S., Netrebin P. B. 2019. Snow cover of the Lagonaki Highlands (the Western Caucasus).
Scientific journal Dagestan State Pedagogical University. Journal. Natural and Exact Sciences 13(1): 86-97. [In Russian]
(ITozopenoe A. B., Boiixo E. C., Hempe6un II. B. CrexxHblit TOKpoB JlaroHakckoro Haropbst (3anmagusiit KaBkas) //
M3BecTnsa JJarecTaHCKOTO TOCYAAPCTBEHHOTO Mefjarornieckoro yuusepcuteTa. Cepus «EcTecTBeHHBIE 11 TOUHbIE Ha-
ykm», 2019. T. 13, Ne 1. C. 86-97). https://doi.org/10.31161/1995-0675-2019-13-1-86-97

Rodimtsev P. G., Zhivotov A. D. 2018. Dynamic of meteorological parameters in the Western Caucasus. Trudy
Kavkazskogo gosudarstvennogo prirodnogo biosfernogo zapovednika [Works of the Caucasian State Biosphere Nature
Reserve] 23: 16-25. [In Russian] (Podumuyes II. I., )Kusomos A. []. [lunamnka MeTEOPOTOrMYECKIX ITApaMeTPOB Ha
3amagnoM Kaskase // Tpynbr KaBkasckoro rocyapcTBeHHOro npupogHoro 6uocdepHoro sanosennuka, 2018. Baim.
23.C. 16-25).

Sokolova T. A. 2012. Floristic classification of forests from the Belaya river basin. In: Sotsialno-gumanitarnyye i
ekologicheskiye problemy razvitiya sovremennoy Adygei [Socio-humanitarian and environmental problems of the devel-
opment of modern Adygea]. Rostov-on-Don, Maykop: Southern Scientific Center RAS. Pp. 112-123. [In Russian] (Co-
xonosa T. A. Onopuctudeckas knaccuduxanus necos bacceitHa peku bemoit // ConnanpHO-ryMaHUTAPHBIE M 9KOTIO-
ridecKie mpobmeMbl pasBUTHUS coBpeMeHHOI Afbiren. Poctos H/]l., Maitkom: sg-so IOHII PAH, 2012. C. 112-123).

Sosnin L. I. 1939. Forest types of Caucasian State Biosphere Nature Reserve. Trudy Kavkazskogo goszapovednika
[ Works of the Caucasian State Biosphere Nature Reserve] 2: 5-82. [In Russian] (Cocnun JI. 1. Tumet necos KaBkasckoro
rocsanoBenHuka // Tp. KaBkasckoro rocsanosennnka, 1939. Boin. 2. C. 5-82).

Theurillat J.-P., Willner W., Ferndndez-Gonzdlez F., Biiltmann H., Carni A., Gigante G., Mucina L., Weber H.
2020. International Code of Phytosociological Nomenclature. 4th edition. App. Veg. Sci. 24(2): 1-62. https://doi.
org/10.1111/avsc.12491

Tichy L. 2002. JUICE, software for vegetation classification. Journal of Vegetation Science 13: 451-453. https://doi.
org/10.1111/j.1654-1103.2002.tb02069.x

Westhoff V., van der Maarel E. 1973. The Braun-Blanquet Approach. In: R. H. Whittaker (ed.). Ordination and
classification of communities. Dordrecht: Dr. W. Junk. Pp. 617-626.

Willner W., Solomeshch A., Carni A., Bergmeier E., Ermakov N., Mucina L. 2016. Description and validation of
some European forest syntaxa — a supplement to the EuroVegChecklist. Hacquetia 15(1): 15-25.



