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face a des problemes qui ne sont sans doute pas tout a fait nouveaux
“mais qui paraissent infiniment plus graves que dans le passe prlmaute
de latechnique, spécialisation, pénurie de matiéres premiéres, d’énergie
et d’espace, crise de I’environnement..
11 se développe ainsi des problémes specufiques divers pour lesquels il
est nécessaire de trouver des réponses nouvelles. Les chercheurs sont
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' d’apporter une contribution appréciable a la solution de ces problemes.
La tradition phytosociologique dans ce contexte constitue une base
essentielle. La conception typologique de la végétation et la clarté du
systeme qui en découle, ’'habitude des chercheurs de vivre en contact
7étroit avec la végétation, les recherches basées sur I'observation
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_ques de la phytosociologie.
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INTRODUCTION

Contemporary vegetation science
and ecology are connected with such
general problems as global changes of
climate and the conservation of bio-
diversity. Therefore, elaboration of
vegetation classifications at the conti-
nental scale and understanding the
relationship of syntaxonomic units to
environmental factors is critical. A
system of classification of vegetation by
the Braun-Blanquet method is a highly
developed approach for the study of
diversity and laws of vegetation forma-
tion. However, this method is as yet
rarely applied for solving problems of
global ecology and estimating biodiver-
sity on a continental scale. The majority
of developed schemes of zonal types of
vegetation, small scale geobotanical
maps and forecast models are based on
ecological-physiognomical and domi-
nant units of vegetation (Box, 1981;
PRENTICE et al., 1992; MONSERUD et al.,
1993; TcHEBAKOVA et al., 1994; Naz1-
MovA, Poricarrov, 1996). One of the
mainreasons for this is the unavailability
of a developed system of classification
of the vegetation by the Braun-Blanquet
method of both Eurasia as a whole and
particular transcontinental zonal types.

A monographic review of higher
syntaxonomic units is one of the
important lines of activity of the Working
Group of the International Association
for Vegetation Science devoted to the
European Vegetation Survey (MuciNA
et al., 1993; RopweLL, 1995; MucCINA,
1997). An intensive implementation of
the Braun-Blanquet method in the vast
territory of Eastern Europe within the
framework of this Working Group is
desirable for gaining an overview of
some higher syntaxonomic units and
certain zonal types of Eurasian vegeta-
tion. The latter is the more pressing as it
allows identification of a variety of
higher syntaxonomic units whichreflect
differentiation of sectors of vegetation
within a concrete transcontinental zone.
Such units are of great interest for
syntaxonomy and geography of vegeta-
tion as they are based on two global
geographic factors: zonality and
oceanity/continentality. One of the first
and the most prominent examples of
such a sector differentiation is found in
two classes of forests of the temperate
zone (MEUSEL et al., 1965, 1978): the
class Querco-Fagetea Br.-Bl. et Vlieger
in Vlieger 1937 which unites broad-
leaved and coniferous-broad-leaved
forests of Europe and the class Fagetea
crenatae Miyawaki, Ohba et Murase
1964 which unites those temperate

forests of East Asia, which are their
zonal analogues. The forests of these
vicarious classes were formed under the
influence of oceanic and suboceanic
types of climate controlled by the two
world oceans.

The goal of the present work is a
review of the classification and the
ecological-geographical basis of higher
syntaxonomical units of the zonal
continental hemiboreal forests of North
Asia. These forests, in consequence of
an increased continentality of climate
replace sub-atlantic and sub-pacific
broad-leaved forests in the south of the
forest zone and in the forest-steppe zone
of Siberia and Mongolia (fig. 1).
Between the longitudes 57-130° E
continental hemiboreal forests, like their
broad-leaved counterparts, present a
remarkable example of sectoral diffe-
rences connected with sub-latitudinal
differentiation of Eurasian climate and
with floras and vegetation of varying
origin.

A complete system of classification
of the forests based on both a reassess-
ment of an earlier regional classification
and an analysis of new data is presented.

ZONAL FEATURES OF HEMIBO-
REAL FORESTS

Hemiboreal forests in North Eura-
sia are the intermediate zonal type
between true boreal forests (taiga) and
temperate broad-leaved forests as well
as between the boreal and the forest-
steppe zones in the relatively narrow
geographical subzone between the
latitudes 52° and 58°N.

The term “hemiboreal forest” has
been taken from AHTI et al. (1968) who
classified the European forests of the
southern part of the boreal zone as a
peculiar geographic type. Later, HAMET-
Anti (1981), singled out a subzone of
circum-hemiboreal forests in the territory
of both centinents of the North Hemi-
sphere. Similarly, in the works of Russian
geobotanists, forests of the southern part
of the forest zone are seen as belonging
to a special subtaiga subzone (Buks et
al., 1977; SocHava, 1979; GriBovA and
IsATcHENKO, 1979).

The reason for the classification of
these forests as a boreal type of
vegetation is the dominance in the woody
layer of few but widespread boreal
coniferous and small-leaved deciduous
species. They form physiognomically
similar communities in the vast area of
North Eurasia, causing an impression of
syntaxonomic uniformity of the forests
of this region. Nevertheless, there are

significant phytosociological and
floristic distinctions between hemiboreal
forests and typical boreal (taiga)
communities. The former are characte-
rised by aleading phytosociological role
of species typical of the vegetation of
temperate zone in the composition of
herbaceous layer. This peculiarity was
shown in the scheme of plant-
geographical zones of Eurasia (MEUSEL
et al., 1965, 1978). According to this
scheme, the subzone of hemiboreal
forests was included in the temperate
transcontinantal zone.

The difficulty of estimating the
zonal location of the hemiboreal forests
reflects their transitional character, as
well as floristic dissimilarity over the
vast Eurasian area with its different
sectoral geographical types. Within the
subatlantic European part of the area
extending to the Urals, they are a
transitional zonal type between broad-
leaved and coniferous taiga communi-
ties. Similarly, in the sub-Pacific part of
the area, hemiboreal (and orohemibo-
real) forests also form a kind of subzone
between broad-leaved and coniferous
taiga forests. Completely different laws
of distribution and floristic peculiarities
are observed in hemiboreal forests in the
continental part of Eurasia, from the
Urals in the west to the Greater Khingan
Mountains (Da Hinggan Ling) in the
east. Here, they form a southern
peripheral forest zone in contact with
steppe as well as being a component of
the temperate forest-steppe zone. In the
latter case, they represent zonal ana-
logues of broad-leaved forests, replacing
them in conditions of increased climatic
continentality of Central Eurasia at the
same latitudes. Similarly, in the moun-
tain systems of South Siberia and North
Mongolia, orohemiboreal forests are a
component of the lower part of the forest
belt and that of mountain forest-steppe.
Continental hemiboreal forests in the
main part of their vast range extend
across the largest mountain systems of
North Eurasia: the South Urals, Altai,
Sayani, Transbaical mountains,
Khangai, Khentei, Grater Khingan and
low mountains of Middle Siberian
Plateau (fig. 1). These mountain systems
determine variation in the macro- and
meso-climates in their different sectors
as well as large geographical and
plant-geographical boundaries of Eura-
sia - between Europe and Asia, North
and Central Asia, North and East Asia.
The majority of the orohemiboreal
forests found as components of the
mountain forest-steppe occur ata varying
range of altitudes: 250-1200 m in
semi-humid temperate-continental
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Fig. I — Extent of hemiboreal forests and locations of relevés. / - Plains and lowlands (altitudes of 10-200 m); 2 - Lower plateaus and
elevated plains (altitudes of 200-800 m); 3 - Plateaus and mountains (altitudes of 800-4000 m); 4 - Extent of continental hemiboreal
forests; 5 - Location of all relevés of hemiboreal forests.

climate and 1400-2600 m in semi-arid
ultra-continental one. There they inhabit
the mesic sites of shaded slopes and are
replaced by steppes on the more xeric
southern slopes. The only exceptions
are the orohemiboreal small-leaved-

coniferous mixed forests of the hyper-—

humid sectors of Altai and Sayani, which
dominate in the lower part of the forest
belt on the slopes of different aspects.
Continental hemiboreal forests show one
common ecological peculiarity over their
vast area: everywhere they occupy the
warmest sites in landscapes which are
available for supporting the forest
vegetation types.

Distribution of hemiboreal forests
is not limited by particular soil characte-
ristics. They grow both on rich loamy
soils and poor sandy, stony soils
developed from chloride slates, carbon-
ates, sandstones, granites as well as allu-
vial and fluvio-glacial parent materials.

Continental hemiboreal forests
form a relatively continuous geogra-
phical subzone only in the territory of
the West Siberian Plain between latitudes
of 49°50° N and 52°17’ N. There they
occur in flat drained watersheds on
widespread zonal grey loamy soils or on
knolls of the boggy areas. Southwards,
in the forest-steppe zone of the West-
Siberian Plain, the hemiboreal forests
are replaced by meadow-steppes in the
flat and convex parts of watersheds.
There they occupy the numerous moist
and moderately moist small shallow
depressions and are a component of the
special type of so-named “West-Siberian
kolok forest-steppe”. The southern most
hemiboreal forests occur in the zone of
dry steppes of North Kazakhstan. These
are azonal psammophilous and petrophi-
lous pine forests forming isolated forest
areas on the sandy river terraces,
fluvio-glacial deposits and lower granite

mountains.

The moderately cold continental
climate in the central part of Eurasia
promotes the formation of substantial
ecological, phytosociological and
floristic distinctions between continental
small-leaved, coniferous and mixed
hemiboreal forests and their suboceanic
analogues.

The woody layers of the continental
hemiboreal forests are often monodomi-
nant or formed of few species with a
large ecological amplitude which can
survive in extreme climates: Pinus
sylvestris, Betula pendula, B. platy-
phylla, Larix sibirica, L. gmelinii. North
Asian Betula pendula and Pinus sylve-
stris forests, unlike their European
analogues are primary zonal communi-
ties and grow on zonal grey and
dark-grey loamy soils.
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High fertility of the soils and good
light penetration due to poor closure of
the canopy promote a luxuriant develop-
ment of the herbaceous layer. It charac-
teristically has 60-90% cover, height up
to 1.5-1.8 m, rich assemblages of 40-90
species per 200 m? and a structural
subdivision into several sublayers. This
distinct phytocoenotic feature provides
the basis for the Russian synonym of the
term “hemiboreal forest” — namely,
“grass forest”. It points to the key
physiognomic difference between the
Siberian grass forests and widespread
typical coniferous taiga.

The principal peculiarity of the
herbaceous layer of the widespread types
of continental hemiboreal forests lies in
the factthatitis formed mainly of species
which are not true forest plants. They
are, in fact, light-demanding, mesophil-
ous and meso-xerophilous species of
meadows, steppes, forest edges, sub-
alpine meadows, high mountains, as well
as species without definite phytosocio-
logical adaptation to particular habitats
(forest-grassland, forest-steppe,
meadow-steppe species). Typical shade
taiga species do not play any significant
partin the composition of the vegetation.

Thermophilous nemoral species are
not characteristic either for most of the
communities of continental hemiboreal
forests. In the territory of Southern
Siberia, these species are relic plants
with disjunctive ranges. Concentration
of nemoral species (including single
broad-leaved tree species like Tilia
cordata subsp. sibirica)is shown only in
Siberian relic small-leaved dark-
coniferous subnemoral forests which are
locally widespread in the warmest part
in Siberia - the hyper-humid foothills of
the Altai and Sayani.

A further important phytocoenotic
peculiarity of the majority of continental
hemiboreal forests is the absence of moss
and lichen layers. The exception is
provided by communities of ultra-
continental larch forests of Mongolia
(“pseudotaiga forests””). What they have
in common is a layer of xerophilous
moss species which do not play a
significant role in the communities of
the true taiga, but nevertheless charac-
terize some physiognomic similarity of
this zonal forest type.

SYNTAXONOMIC STUDIES

The first studies on the classi-
fication of Asian hemiboreal forests with
the using the Braun-Blanquet method
were carried out in the territory of
Mongolia (HiLBIG, KNaPP, 1983; PACINA,

1986; MIRKIN et al., 1988; HiLBIG, 1990,
1996). The authors did not set themselves
the task of developing a complete forest
classification. They simply restricted
themselves to singling out associations
and smaller units and to an analysis of
the peculiarities of their floristic
composition and ecology. Nevertheless,
in these first works it was already noted
that Mongolian larch grass forests
differed significantly from the wide-
spread coniferous taiga forests of the
Vaccinio-Piceetea Br.-Bl., Siss. et
Vlieger 1939 and did not have any
analogues among the higher vegetation
units of Europe. Later syntaxonomic
studies of hemiboreal forests were
conducted in certain regions of South
Siberia and the Urals. Denisova (in ILiNA
et al., 1988), described 4 associations
and an alliance of flood-plain grass
forests of the Irtysh river. Dymina (1989),
described the associations of birch and
pine-birch forests of the south-eastern
part of the West Siberian Plain. Fyo-
porov (1991), described pine grass
forests as an alliance of the South Urals.
The authors of these works emphasized
a high degree of distictiveness among
the they syntaxa described, but actually
placed theminthe class Querco-Fagetea
on the basis of the presence of a single
diagnostic species of this class and of
common widespread European-Siberian
species.

At the next stage of the develop-
ment of the syntaxonomy of Siberian
forests, there were various attempts to
reflect the phytosociological peculiari-
ties of these forests at the level of higher
units of vegetation of Eurasia.

The first attempt to describe a
separate class Irido-Laricetea sibiricae
Zhitlukhina et Mirkin 1987 nom. nud. of
hemiboreal forests was made in an
invalidly published work of ZHITLU-
KHINA, MIRKIN (1987), dedicated to larch
forests of the Sayano-Shushensky Nature
Reserve (West Sayan). When describing
this class, the authors followed the
concept whereby higher syntaxonomic
units could be singled out by physiogno-
mic features of vegetation, without
detailed determination and analysis of
the floristic composition. As aresult, the
associations described by them, includ-
ing listed types, turned out to be
transitional variants of taiga forests of
the class Vaccinio-Piceetea. Incomplete
floristic composition and wrong determi-
nation of important diagnostic taxamade
an identification of their exact syntaxo-
nomic position difficult in subsequent
analysis.

Altaian small-leaved dark-
coniferous subnemoral relic forests were

alsoincluded in the class Milio-Abietetea
sibiricae Zhitlukhina 1988 with its single
order Milio-Abietetalia Zhitlukhina 1988
and alliance Milio-Abietion Zhitlukhina
1988. The main reasons for the descrip-
tion of this new class were the physiogno-
mic peculiarities of these communities:

- the predominance of Siberian
dark-coniferous species (Abies sibirica
and Pinus sibirica);

- the absence of broad-leaved trees in
the canopies and of characteristic species
of the class Vaccinio-Piceetea in
composition of grass and moss layers;

- the essential phytocoenotic role of
tall herb subalpine-forest species.

At the same time, the important
feature of Altaian subnemoral forests,
namely the essential phytosociological
role of European-Siberian Fagetalia
species was not taken into account. In
the subsequent studies of MIRKIN et al.
(1989) and ERmakov (1995), the alliance
Milio-Abietion was transferred to the
order Fagetalia sylvaticae (class
Querco-Fagetea). Later, this alliance
was included in the special suborder
Abietenalia sibiricae Ermakov 1995 of
the order Fagetalia.

Further studies of the syntaxonomy
of hemiboreal forests of North Asia were
carried out by various Siberian phytoso-
ciologists ERmMaKoV et al. (1991, 1992,
1997); LASHCHINSKY, REVYAKINA (1992),
KoroLyYUk (1993), TARAN (1993), ERMA-
kov (1994, 1995a, 1995b, 1996a,
1996b,1997); KoroTkov, ERMAKOV
(1999). A distinguishing feature of these
studies was the use of data from extensive
geographical areas for classification.

The basis for syntaxonomic study
was a detailed floristic analysis and
plant-geographical comparisons. As a
result, a concept of new three classes of
hemiboreal forests of North Asia was
developed: Brachypodio pinnati-
Betuletea pendulae Ermakov, Korolyuk
et Lashchinsky 1991, Querco mongo-
licae-Betuletea davuricae Ermakov et
Petelin 1997, Rhytidio rugosi-Laricetea
sibiricae K. Korotkov et Ermakov 1999.
These classes and widespread European-
Siberian ones: Querco-Fagetea and
Pulsatillo-Pinetea include all diversity
of the hemiboreal forests in the inner
continental part of North Eurasia.

DATA AND METHODS

The work for this study was done in
three phases.

1. Creation of a hemiboreal forest
data base. 2. Classification of forests
using the Braun-Blanquet approach in
conjunction with the program TWIN-
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SPAN (HiLt, 1979). 3. Identification of
the plant communities in relation to
formal phytosociological syntaxa.

Data assembly

The basis for the analysis was 1580
relevés of hemiboreal forests of the South
Urals, West Siberian Plain, Middle-
Siberian Plateau, the Altai-Sayani,
Transbaikal, Khangai and Khentei
(Hentiyn Nuruu) mountain systems
(North Mongolia) and the Daurianregion
(fig. 1).

The relevés form a continuous data
series being from all geographical sectors
of the region covering the vast area of
the hemiboreal zone of Siberia and
Mongolia. Since 1984, most of the
relevéés have been collected by the lead
author (N. Ermakov) during expeditions
organized by the Central Siberian
Botanical Garden of the Russian
Academy of Sciences. Other relevés
were collected by E. Lapshina, Yu.
Maskayev, G. Pavlova, N. Vodo-
pyanova, A. Kuminova, I. Korotkov, A.
Korolyuk, T. Maltseva, N. Makunina or
were already in the Central Siberian
Botanical Gardern database. Additional
information was included in the study
from various publications (KAMENET-
SKAYA et al., 1963; PaciNa, 1986;
ZHITLUKHINA, MIRKIN, 1987; ILiNA et al.,
1988; Dymina, 1989; HiLBiG, 1990, 1996;
FaLinski, 1990, 1995a, 1995b; ERmakOv
et al., 1991, 1992; Feporov, 1991;
SOLOMESHCH et al., 1993).

All relevés were input into a
database using the TURBOVEG soft-
ware (HENNEKENS, 1996).

Species names follow the list of
vascular plants of the former USSR
(CHEREPANOV, 1995) and the check-list
of mosses of the former USSR (IGNATOV
and AFONINA, 1992).

Classification of the hemiboreal
forests was refined out using the
Braun-Blanquet approach according to
WESTHOFF and VAN DER MAAREL, 1973
and Code of phytosociological nomen-
clature (BARKMAN et al., 1986). Units of
hemiboreal forests were singled out on
the basis of leading criteria - floristic and
phytocoenotic - the former criterion
having a decisive role as it reflects the
most substantial vegetation characteris-
tics.

Classification

The use of the TURBOVEG and
MegaTab packages for database mana-
gement and for quantitative treatment of
a large number of relevés made it
possible to develop a classification and

to perform a syntaxonomic analysis of
hemiboreal forests on the basis of
substantial quantities of both new and
published data. As a consequence, an
integrated system of classification was
developed which combined existing
regional systems and particular syntaxa.
In the process of this research, the need
toreconsider diagnostic features of some
units singled out earlier, as well as
relevéés of new syntaxa, became clear.

The classification was executed in
two stages. In the first stage, all relevés
from each of geographical regions were
processed separately. In this way, small
informal groups (phytocoenones) were
identified at a fine ecological-
topographical scale. 143 groups were
identified at this level. In the second
stage, the phytocoenones from all
regions were analyzed together and the
syntaxonomic analysis and characteriza-
tion of the units were carried out using
the available syntaxonomical literature.
At this stage, the synoptic tables from
regional literature sources were added.

Inthe second stage, the full synoptic
table of low-level syntaxa (variants,
subassociations and associations) of
hemiboreal forests were used synthesis
of the higher level units. MegaTab and
TWINSPAN were applied again for
elucidation of the floristic integrity of
the higher level syntaxa (from suballi-
ances to classes) and for more precise
definition of the diagnostic features of
the syntaxa.

For description of the syntaxa, the
diagnostic species were used in sense of
WESTHOFF and VAN DER MAAREL (1973):
character-species, differential-species
and constant companions. We avoided
separating the characteristic species
(character-species) into a discrete group
because there are still only few data on
the ecology, distribution and phyto-
coenotic position of the species of the
vast territory of North Asia. Neverthe-
less, an attempt atrecognizing character-
istic species and diagnostic species
groups at the level of higher units
(classes) has been made. These are
important plant geographical and
phytocoenotic groups which highlight
the peculiarities of hemiboreal forests in
relation to climate and the genesis of the
Eurasian flora.

The traditional ecological, phyto-
geographic and phytosociological
regional species groups (ideas widely
used in phytosociology) were used for
the characterization of the ecology and
distribution of the syntaxa.

The ecological groups are distin-
guished by species related to moisture
(xerophytes, meso-xerophytes, xero-

mesophytes, mesophytes, gygro-
mesophytes, meso-gygrophytes,
gygrophytes), warmth (thermophytes,
moderate thermophytes, moderate
cryophytes, cryophytes), fertility of the
soils and peculiarities of bedrocks
(petrophytes, obligate petrophytes,
facultative petrophytes, psammophytes,
oligotrophic, oligo-mesotrophic, mes-
otrophic, megatrophic species).

Phytocoenotic groups correspond
to large zonal vegetation types (steppe,
meadow-steppe, nemoral, south-boreal,
boreal (taiga), subalpine-forest, high-
mountain tundra species).

The chorological groups (table I)
were used for elucidation of geographical
relations of hemiboreal forest types.

Data on the distribution of species
were taken from different Floras (Flora
of the USSR 1934-1960; Flora of Siberia
1988-1996; Flora of Russian Far East
1985-1996), as well as from MEUSEL et
al., 1965, 1978.

Unfortunately, the majority of
hemiboreal forest syntaxa were pub-
lished in almost inaccessible regional
and invalid sources.

For completed validization of these
syntaxa, the nomenclatural types of some
associations and subassociations are
represented here together with the
synoptic tables.

Forcharacterization of the syntaxa,
the old Braun-Blanquet scale (r, +, 1, 2,
3,4, 5) and constancy scale: + (1-10%),
1(11-20%), 11 (21- 40%), 111 (41- 60%),
IV (61-80%), V (81-100%) were used.

The abbreviations in the tables
appended to the species names refer to
the structural role of the plants: t1 = tree
layer, t2 = second tree layer, sl = first
shrub layer, s2 = second shrub layer, hl
= herb layer, ml = ground layer.

MAJOR VARIATIONS AMONG THE
HEMIBOREAL FORESTS

The concept of the higher units of
hemiboreal forests is based on the
significance of the oceanity-
continentality factor for geographic and
syntaxonomic differentiation of Eurasian
vegetation. This macroclimatic factor,
together with climatic zonality, influ-
ences not only the current character of
continental vegetation, but is also the
most important factor with regard to its
genesis.

The analysis of published syntaxo-
nomic works and new data show that
Eurasian hemiboreal forests can be
referred to six classes: Querco-Fagetea,
Fagetea crenatae, Pulsatillo-Pinetea,
Brachypodio pinnati-Betuletea pendu-
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Table I — Plant geographical (chorological) groups of species of North Asian hemiboreal forests.

Plant geographical groups (types)

Regions

Examples

Holarctic

Eurasian

European

| European-Siberian

Europe-Siberian disjunctive

Europe-West Siberian

East-European-West-Siberian
West Palaearctic

North Asian

Asian

Manchurian-Daurian

South-Siberian-Manchurian-Daurian

Daurian

South-Siberian-Mongolian

Eastern-Asian

Non-tropical parts of Eurasia and North America
Europe and non-tropical parts of Asia

Europe and Urals

Area eastward from Europe as far as East

Sayani (sometimes Lake Baikal)

Area eastward from Europe as far as East Sayani
(sometimes Baikal Region) but with some

interruptions in West Siberian lowlands

Trientalis europaea
Galium boreale
Stachys officinalis

Angelica sylvestris

Asarum europaeum

Eastwards from Europe as far as the

eastern part of West Siberian Plain

Eastern part of Europe and West Siberia

Western part of Eurasia

North Asia

Non-tropical part of Asia
Continental part of Eastern Asia
Continental part of Eastern Asia and

southern part of Siberia

South-eastern part of Eastern Siberia - Dauria

Mountain systems of South Siberia
and North Mongolia

South-eastern part of Asia

Aegopodium podagraria

Adenophora liliifolia
Gentiana fischeri
Heracleum dissectum
Poa sibirica

Iris uniflora

Vicia unijuga

Saussurea elongata

Crepis lyratha

Quercus mongolica

lae, Querco mongolicae-Betuletea
davuricae, and Rhytidio rugosi-
Lariceteasibiricae. The firsttwo classes
include just hemiboreal forests that are
only partly suboceanic in character like
the mainly broad-leaved forests of the
temperate zone. The third class includes
southern azonal hemiboreal forest
occurring both in the suboceanic climate
of Central and Eastern Europe and in the
continental climate of the West Siberia
and Kazakhstan: these show features of
weak continentality. The other three
classes described from the territory of
South Siberia, North Mongolia and
Manchurian-Daurian region contain the
continental hemiboreal forests proper.
The ranges of the higher units of
zonal hemiboreal forests form two
relatively symmetric sets, within which
these units replace each other depending
on the distance from the Atlantic and the
Pacific. These sets comprise vicariants
which are physiognomically similar but
different in important floristic and
phytosociological characteristics. The
ecological basis for the physiognomic
similarity of these vicarious units is the

occurrence of some common adaptive
characteristics resulting from the
augmentation of continentality and
aridity of climate from the Atlantic and
the Pacific oceans to the center of the
continent:

1. An increase of xeromorphism
among the dominant species of the tree
layers: broad-leaved species small-
leaved and light-coniferous evergreen
ones light-coniferous deciduous ones.

2. An impoverishment of number of
woody species and simplification of the
structure of tree layers: from broad-
leaved and coniferous-broad-leaved
forests rich in tree species and with
many strata to monodominant light-
coniferous forests with a single tree layer.

3. A thinning of canopies: from
closed suboceanic communities to open

_continental larch forests.

4. An increase in the role of xero-
phytic and cryophytic species in the
grass layer and decrease in the role of
thermophilous and temperate-
thermophilous mesophytes.

5. An increased ability for co-
occurrence of species of different

ecology (xerophytes and mesophytes)
in the same communities under the
intensification of climatic continentality.

Such common physiognomic char-
acteristics as these express themselves
in these communities among different
floras - the European-Siberian and the
Eastern-Asian so the forests in fact
appear very diverse.

The majority of the zonal hemi-
boreal forests of the sub-Atlantic sector
can be referred to the class Querco-
Fagetea. These are northern broad-
leaved and coniferous broad-leaved
forests of Scandinavia (KIELLAND-LUND,
1981; DicMmaNN, 1994), coniferous
broad-leaved and nemoral dark-
coniferous forests of the Russian Plain
(Korotkov, 1991) and the Southern
Urals (SorLomesHcH, 1993). Within the
class, they can be placed in the order
Fagetalia sylvaticae Pawlowski in
Pawlowski, Sokolowski et Wallisch
1928.

Towards the center of Eurasia, these
sub-Atlantic mixed hemiboreal forests
of the Querco-Fagetea are replaced by
the West-Siberian amphi-Atlantic
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small-leaved light-coniferous hemibo-
real forests of the Brachypodio pinnati-
Betuletea. The Southern Urals form a
major plant - geographical border in the
zonal distribution of forests of these
classes. All European broad-leaved
species except for Tilia cordata reach
their eastern limits there: Quercus robur,
Acer platanoides, Ulmus glabra, U.
laevis. To the east of the Southern Urals,
there are a few nemoral grass and shrub
species, which have relic disjunctive
ranges extending into the territory of
Siberia. Nevertheless, West Siberian
small-leaved light-coniferous hemibo-
real forests still show close plant
geographical connections with European
vegetation. Thus, light-demanding,
mesophilous and xero-mesophilous
species of European classes play the
leading phytosociological role in their
composition (Trifolio-Geranietea Th.
Muller 1961, Molinio-Arrhenatheretea
R. Tx. 1937, Festuco-Brometea Br.-Bl.
et Tx. 1943, Mulgedio-Aconitetea Hadac
et Klika in Klika et Hadac 1944). The
co-occurrence of these species of
different ecology is the result of the
intensification of climatic continentality
to the east of the Urals. The change of
climatic conditions results in a shift in
the ecological amplitudes of species and
as a consequence leads to radically
different phytosociological interrela-
tions,

The disruption of the geographical
regularity of global replacement of the
Querco-Fagetea forests by Brachypodio-
Betuletea forests in the continental
climate of West Siberia is observed only
in the north-eastern foothills of the Altai
and Sayani. Here, the relic Siberian
subnemoral Fagetalia forests occur in
isolation from the main European part of
their range area (ERmakov, 1998). The
occurrence of these forests in the inner
regions of the continent is conditioned
by the barrier which the western high
ridges of the Altai and Sayani put in the
way of Atlantic air masses. This results
in the formation of a local weak-
continental moderately warm humid
(and hypr-humid) mesoclimate.

Similar geographic patterns in the
replacement of higher units, one by
another, exist in the amphi-Pacific
climatic sector. Eastern-Asian broad-
leaved dark-coniferous hemiboreal
forests of two orders in the Fagetea
crenatae (the Schisandro-Pinetalia
koraiensis Gumarova 1993 and Rhodo-
dendro-Quercetalia mongolicae Kim
1990) are the vicariants of the European
hemiboreal forests of the Fagetalia. In
the suboceanic climate of the Far East,
they extend to the zone of taiga

coniferous forests in the north and occur
athigher altitudes. The Greater Khingan
mountain system (analogous to the
Urals) is the major plant geographical
border which limits the extent of most of
the Eastern-Asian species of the mes-
ophilous nemoral floraand communities
of the class Fagetea crenatae. Amphi-
Pacific light-coniferous small-leaved
forests with Mongolian oak and the
birches Betula platyphylla and B.
davurica (the class Querco mongolicae-
Betuletea davuricae) are widespread to
the west of the Greater Khingan.
Light-demanding mesophilous and
meso-xerophilous species of meadows,
forest margins and certain species of
mesophilous variants of steppes of
Eastern-Asian classes play the leading
phytosociological role in these forests
(Calamagrostietea langsdorffii Mirkin
in Akhtyamov et al. 1985 and Cleis-
togenetea squarrosae Mirkin et al.
1986). As a result, the forests of the
Brachypodio-Betuletea and Querco-
Betuletea davuricae are physio-
gnomically similar in the make-up of
life forms of their species. However, as
with the Querco-Fagetea and Fagetea
crenatae, the important differences
between them are due to the fact that
they are connected historically with
different centers of a mesophilous flora:
European and Eastern Asian ones.
Besides, there are no examples of the
Fagetea crenatae forests located in the
inner continental regions as with the
relic Altaian Fagetalia sylvaticae stands.
Thisis explained by the weakerinfluence
of the Pacific ocean on the climate of the
inner parts of Eurasia compared with the
influence of the Atlantic as well as by
the essential distinctness of amphi-
Pacific and amphi-Atlantic climate
regimes.

The communities of the class
Rhytidio rugosi-Laricetea are the
extreme continental element of this
sequence where both the sequences
converge. In the territory of North
Mongolia and adjacent mountain sys-
tems of Southern Siberia, they replace
the forests of the classes Brachypodio-
Betuletea and Quercetea mongolicae-
Betuletea davuricae in ultracontinental
cryo-arid climatic conditions. However,
the Rhytidio-Laricetea forests are not
really transitional communities between
these two classes: they exhibit their own
peculiar characters of ecology, phyto-
coenotic structure and floristic composi-
tion. These are dominantly light conifer-
ous grass-and moss-grass forests
dominated by Larix sibirica.

The main peculiarity of their
floristic composition is the great number

of Eurasian and Asian meso-xerophilous
and xerophilous steppe species of the
class Cleistogenetea squarrosae and
cryophilous species of dry high mountain
meadows of the class Carici rupestris-
Kobresietea bellardii Ohba 1974.
Moreover, in these forests there are none
of the mesophilous temperate-
thermophilous European-Siberian and
Eastern-Asian species, which are typical
of hemiboreal forests of the amphi-
Atlantic and amphi-Pacific sectors.

The forests of the Rhytidio-
Laricetea are the typical extreme
communities formed at the limit of
existence of forest vegetation in the
ultracontinental climate of Central Asia.
They have developed in the active
contact zone of different types of
vegetation: of forest, steppe and high
mountain.

The dendrogram for 62 associations
of zonal continental hemiboreal forests
(fig. 2) clearly demonstrates the floristic
integrity of the main higher units of the
North Asian forests and floristic relations
between them. Three distinct association
groups characterized by the largest
linkage distances are seen and these
represent the classes.

Associations of the Brachypodio
pinnati-Betuletea pendulae and Querco
mongolicae-Betuletea davuricae form
two extreme branches of the dendrogram
with the contrasting European-West-
Siberian and Eastern-Asian floras. The
distinction between the groups is high,
despite the fact that the classes have a
common geographical border in the
southern part of the Transbaikal Mts and
transitional communities (association 61
of the dendrogram).

Associations of the class Rhytidio-
Laricetea occupy the central part of the
dendrogram. They form a discrete branch
of the diagram but demonstrate greater
similarity with the associations of the
Querco mongolicae-Betuletea davuricae
than those of the Brachypodio-Betuletea.
The similarity demonstrates the asym-
metry of the floristic relationships of
hemiboreal forests of the central part of
continent. The greater floristic closeness
of the Rhytidio-Laricetea communities
to the Eastern-Asian hemiboreal forests
than to European-West-Siberian ones is
observed.
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Fig. 2 — Tree Diagram for 62 associations of hemiboreal forests (Ward’s method, Euclidean distances): QB — class Querco mongolicae-Betuletea
davuricae, order Querco mongolicae-Betuletalia davuricae; RL,CL — class Rhytidio rugosi-Laricetea sibiricae, order Carici pediformis-Laricetalia
sibiricae; RL,FL — class Rhytidio rugosi-Laricetea sibiricae, order Festuco ovinae-Laricetalia sibiricae; BB,CP — class Brachypodio
pinnati-Betuletea pendulae, order Carici macrourae-Pinetalia sylvaticae; BB,CB — class Brachypodio pinnati-Betuletea pendulae, order
Calamagrostio epigei-Betuletalia pendulae.

1-62 — the associations: 1 - Peucedano morisonii-Betuletum pendulae, 2 - Carici praecocis-Betuletum pendulae, 3 - Caragano arborescentis-Pinetum
sylvestris, 4 - Equiseto hyemalis-Pinetum sylvestris, 5 - Poo urssulensis-Betuletum pendulae, 6 - Phalaroido-Betuletum pendulae, 7 - Cirsio
heterophylli-Betuletum pendulae, 8 - Geranio albiflori-Pinetum sylvestris, 9 - Atrageno sibiricae-Pinetum sylvestris, 10 - Dryopterido expansae-Pinetum
sylvestris, 11 - Dentario sibiricae-Pinetum sylvestris, 12 - Saussureo parviflorae-Laricetum sibiricae, 13 - Polygonato humilis-Betuletum pendulae, 14 -
Brunnero sibiricae-Pinetum sylvestris, 15 - Paeonio anomalae-Laricetum sibiricae, 16 - Trollio asiaticae-Populetum tremulae, 17 - Matteuccio-Pinetum
sylvestris, 18 - Spiraeo salicifoliae-Pinetum sylvestris, 19 - Duschekio fruticosae-Pinetum sylvestris, 20 - Anemonoido caeruleae-Pinetum sylvestris, 21 -
Filipendulo vulgaris-Pinetum sylvestris, 22 - Adenophoro lamarcki-Laricetum sibiricae, 23 - Calamagrostio pavlovi-Laricetum sibiricae, 24 - Artemisio
latifoliae-Betuletum pendulae, 25 - Calamagrostio arundinaceae-Betuletum pendulae, 26 - Roso spinosissimae-Pinetum sylvestris,
27 - Astragalo glycyphylli-Pinetum sylvestris, 28 - Cnidio dubii-Pinetum sylvestris, 29 - Festuco ovinae-Pinetum sylvestris, 30 - Crepido
praemorsae-Pinetum sylvestris, 31 - Thesio repentis-Pinetum sylvestris, 32 - Geranio vlassowiani-Pinetum sylvestris, 33 - Thesio repentis-Laricetum
sibiricae, 34 - Kobresio myosuroidis-Laricetum sibiricae, 35 - Spiraeo chamaedryfoliae-Laricetum sibiricae, 36 - Festuco altaicae-Laricetum
sibiricae, 37 - Poo sibiricae-Laricetum sibiricae, 38 - Vicio unijugae-Laricetum sibiricae, 39 - Betulo platyphyllae-Populetum tremulae, 40 -
Geranio pseudosibiricae-Laricetum sibiricae, 41 - Kitagawio baicalensis-Pinetum sylvestris, 42 - Patrinio sibiricae-Pinetum sylvestris, 43 - Carici
pediformis-Laricetum sibiricae, 44 - Colurio-Laricetum sibiricae, 45 - Anemono sylvestris-Laricetum sibiricae, 46 - Primulo cortusoidis-Laricetum
sibiricae, 47 - Cotoneastero uniflori-Laricetum sibiricae, 48 - Lespedezo junceae-Pinetum sylvestris, 49 - Pulsatillo turczaninovii-Pinetum sylvestris,
50 - Artemisio desertorum-Betuletum davuricae, 51 - Geranio davurici-Betuletum davuricae, 52 - Carici vanheurcki-Betuletum davuricae, 53 -
Oxytropido myriophyllae-Pinetum sylvestris, 54 - Galatello dahuricae-Betuletum platyphyllae, 55 - Bromopsido pumpellianae-Pinetum sylvestris,
56 - Veronicastro sibiricae-Betuletum davuricae, 57 - Geranio viassowiani-Laricetum gmelinii, 58 - Aquilegio parviflorae-Quercetum mongolicae,
59 - Veronico longifoliae-Laricetum gmelinii, 60 - Calamagrostio langsdorffii-Betuletum platyphyllae, 61 - Vicio venosae-Betuletum platyphyllae,
62 - Penthaphylloido fruticosae-Betuletum platyphyllae.
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Synopsis of the hemiboreal forests

BRACHYPODIO PINNATI-BETULETEA PENDULAE Ermakov, Korolyuk et Lashchinsky 1991
CARICI MACROURAE-PINETALIA SYLVESTRIS Ermakov, Korolyuk et Lashchinsky 1991
Vicio unijugae-Pinion sylvestris Ermakov, Korolyuk et Lashchinsky 1991
Cruciato krylovii-Pinenion sylvestris Ermakov 1991 (ib.)
Anemonoido caeruleae-Pinetum sylvestris Ermakov 1991 (ib.)
A.c.-P.s. athyrietosum filix-feminae Ermakov 1991 (ib.)
Variant Circaea alpina
A.c.-Ps. laricetosum Ermakov subass. nova hoc loco
A.c.-Ps. anemonoidetosum reflexae Ermakov subass. nova hoc loco
A.c.-Ps. rhododendretosum davuricae Ermakov subass. nova hoc loco
Filipendulo vulgaris-Pinetum sylvestris Ermakov in Ermakov ef al. 1991
Fv.-Ps. typicum Ermakov 1991 (ib.)
Variant Rosa pimpinellifolia
Fv.-Ps. spiraeetosum trilobatae Ermakov subass. nova hoc loco
Ev.-Ps. arabidetosum pendulae Ermakov subass. nova hoc loco
Fv.-P.s. brunneretosum sibiricae Ermakov subass. nova hoc loco
Ev.-P.s. violetosum arenariae Ermakov subass. nova hoc loco
Adenophoro lamarcki-Laricetum sibiricae Ermakov ass. nova hoc loco
A.L-L.s. ligularietosum glaucae Ermakov subass. nova hoc loco
Variant Filipendula stepposa
A.L-L.s. anemonastretosum crinitae Ermakov subass. nova hoc loco
Calamagrostio pavlovi-Laricetum sibiricae Ermakov ass. nova hoc loco
Variant Spiraea media
Variant Bergenia crassifolia
Variant Dracocephalum ruyschiana
Variant Allium microdictyon
Vicio unijugae-Pinenion sylvestris Korolyuk in Ermakov et al. 1991
Artemisio latifoliae-Betuletum pendulae Ermakov, Makunina et Maltseva ex hoc loco
A.L-B.p. ligularietosum glauci Ermakov, Makunina et Maltseva ex hoc loco
A.L-B.p. typicum Ermakov, Makunina et Maltseva ex hoc loco
A.L-B.p. pinetosum sylvestris prov.
Calamagrostio arundinaceae-Betuletum pendulae Dymina ex hoc loco
C.a.-B.p. typicum Ermakov subass. nova hoc loco
C.a.-B.p. fragarietosum viridis Ermakov, Makunina et Maltseva ex hoc loco
Roso spinosissimae-Pinetum sylvestris Ermakov ass. nova hoc loco
Astragalo glycyphylli-Pinetum sylvestris Korolyuk in Ermakov et al. 1991
Cnidio dubii-Pinetum sylvestris Lashchinsky 1991 (ib.)
Achyrophoro-Pinenion sylvestris Ermakov et Lashchinsky 1991
Festuco ovinae-Pinetum sylvestris Ermakov 1991 (ib.)
Fo.-Ps. rhododendretosum davuricae Ermakov subass. nova hoc loco
Fo.-Ps. vaccinietosum myrtilli Ermakov subass. nova hoc loco
Fo.-Ps. typicum Ermakov subass. nova hoc loco
Crepido praemorsae-Pinetum sylvestris Ermakov in Ermakov et al. 1991
C.p.-P.s. typicum Ermakov 1991 (ib.)
Variant Hemerocallis minor
C.p.-Ps. asteretosum tatarici Ermakov subass. nova hoc loco
Thesio repentis-Pinetum sylvestris Ermakov in Ermakov ef al. 1991
Geranio vlassowiani-Pinetum sylvestris Ermakov ass. nova hoc loco
G.v.-Ps. geranietosum eriostemonis Ermakov subass. nova hoc loco
G.v.-Ps. polemonietosum chinensis Ermakov subass. nova hoc loco
Lathyro gmelinii-Pinetalia sylvestris Ermakov in Ermakov ez al. 1991
Geranio albiflori-Pinenion sylvestris Ermakov 1991 (ib.)
Geranio albiflori-Pinetum sylvestris Ermakov ass. nova hoc loco
Atrageno sibiricae-Pinetum sylvestris Ermakov ass. nova hoc loco
Dryopterido expansae-Pinetum sylvestris Ermakov nom. nov.
Dentario sibiricae-Pinetum sylvestris Ermakov in Ermakov er al. 1991
D.s.-Ps. typicum Ermakov subass. nova hoc loco
D.s.-P. 5. abietetosum sibiricae Ermakov subass. nova hoc loco
D.s.-P.s. matteuccietosum Ermakov subass. nova hoc loco
Saussureo parviflorae-Laricetum sibiricae Ermakov ass. nova hoc loco
Polygonato humilis-Betuletum pendulae Ermakov ass. nova hoc loco
Brunnero sibiricae-Pinetum sylvestris Ermakov ass. nova hoc loco
B.s.-Ps. typicum Ermakov subass. nova hoc loco

\
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B.s.-Ps. equisetosum sylvaticae Ermakov subass. nova hoc loco
Paeonio anomalae-Laricetum sibiricae Ermakov ass. nova hoc loco
Euphorbio pilosae-Caraganetum arborescentis Lashchinsky et Revyakina 1992 nom. nud.
Geranio sylvaticae-Pinenion sylvestris Ermakov suball. nova hoc loco
Trollio asiaticae-Populetum tremulae Dymina ex hoc loco
Melilotoido platycarpi-Pinetum sylvestris Ermakov ass. nova hoc loco
Carici macrourae-Pinenion sylvestris Ermakov in Ermakov ef al. 1991
Matteuccio-Pinetum sylvestris Ermakov 1991 (ib.)
Spiraeo salicifoliae-Pinetum sylvestris Ermakov 1991 (ib.)
Duschekio fruticosae-Pinetum sylvestris Ermakov ass. nova hoc loco
CHAMAECYTISO RUTHENICI-PINETALIA SYLVESTRIS Solomeshch et Ermakov ord. nova hoc loco
Veronico teucrii-Pinion sylvestris Ermakov all. nova hoc loco
Saussureo controversae-Betuletum pendulae Ermakov ass. nova hoc loco
Genisto tinctoriae-Betuletum pendulae Ermakov ass. nova hoc loco
Pyrethro corymbosi-Pinetum sylvestris Solomeshch ass. nova hoc loco
Calamagrostio arundinaceae-Laricetum sibiricae Schubert, Jiger et Mahn ex Solomeshch ass. nova hoc loco
Carici caryophylleae-Pinetum sylvestris Martynenko ass. nova hoc loco
Serratulo gmelinii-Betuletum pendulae Solomeshch ass. nova hoc loco
Trollio europaei-Pinion sylvestris Fedorov ex Ermakov hoc loco
Bupleuro longifoliae-Pinetum sylvestris Fedorov ex hoc loco
B.1.-Ps. typicum Fedorov ex hoc loco
B.L.-P.s. seselietosum libanotis Fedorov ex hoc loco
Myosotido sylvaticae-Pinetum sylvestris Fedorov ex hoc loco
CALAMAGROSTIO EPIGEI-BETULETALIA PENDULAE Korolyuk ex hoc loco
Peucedano morisonii-Betulion pendulae Ermakov 1996
Peucedano morisoni-Betuletum pendulae Korolyuk ex hoc loco
P. m.-B.p. typicum Ermakov subass. nova hoc loco
P. m.-B. p. geranietosum pratensis Ermakov subass. nova hoc loco
Carici praecocis-Betuletum pendulae Ermakov 1996
C.p.-B.p. typicum Ermakov subass. nova hoc loco
C. p.-B. p. vicietosum unijugae Ermakov subass. nova hoc loco
C. p.-B.p. cerasetosum fruticosae Ermakov subass. nova hoc loco
Caragano arborescentis-Pinetum sylvestris Ermakov ass. nova hoc loco
Equiseto hyemalis-Pinetum sylvestris Ermakov, Makunina et Maltseva ex hoc loco
E.h -P.s. caraganetosum arborescentis Ermakov subass. nova hoc loco
E.h.-P. 5. chimaphiletosum Ermakov subass. nova hoc loco
E. h.-Ps. caricetosum macrourae Ermakov, Makunina et Maltseva ex hoc loco
E.h.-Ps. betuletosum pendulae Ermakov subass. nova hoc loco
Calamagrostio epigei-Betulion pendulae Korolyuk ex hoc loco
Poo urssulensis-Betuletum pendulae Korolyuk in Ermakov et al. 1991 nom. nud.
Phalaroido-Betuletum pendulae Korolyuk ex hoc loco
Cirsio heterophylli-Betuletum pendulae Korolyuk ex hoc loco
C.h.-B.p aegopodietosum podagrariae Korolyuk ex hoc loco
C.h.-B.p. galeopsietosum Korolyuk in Ermakov et al. 1991 nom. nud.
C.h.-B.p. vicietosum sylvaticae Ermakov subass. nova hoc loco
QUERCO-FAGETEA Br.-Bl. et Vlieger in Vlieger 1937
FAGETALIA SYLVATICAE Pawtl. in Pawt. et al. 1928
ABIETENALIA SIBIRICAE Ermakov subord. nova hoc loco
Milio effusi-Abietion sibiricae Zhitlukhina ex hoc loco
Cruciato krylovii-Abietenion sibiricae Ermakov suball. nova hoc loco
Asaro-Abietetum sibiricae Zhitlukhina ex hoc loco
Violo biflorae-Abietetum sibiricae Ermakov ass. nova hoc loco
Violo uniflorae-Abietetum sibiricae Ermakov ass. nova hoc loco
Anemonoido baicalensis-Abietetum sibiricae Ermakov et Stepanov in Ermakov 1995
Milio effusi-Abietenion sibiricae Ermakov suball. nova hoc loco
Cacalio hastatae-Abietetum sibiricae Ermakov ass. nova hoc loco
Geranio robertiani-Tilietum sibiricae Ermakov et Maskayev in Ermakov 1995
Filipendulo ulmariae-Populion tremulae Ermakov all. nova hoc loco
Dactylido-Abietetum sibiricae Ermakov ass. nova hoc loco
Festuco giganteae-Populetum tremulae Ermakov ass. nova hoc loco
Anemonoido jenisseensis-Populetum tremulae Ermakov 1995
Equiseto pratensis-Padetum Falinski ex hoc loco
Geranio sylvatici-Populetum tremulae Ermakov ass. nova hoc loco
Saussureo latifoliae-Populetum tremulae Ermakov ass. nova hoc loco
PULSATILLO-PINETEA SYLVESTRIS Oberd. 1992
KOELERIO GLAUCAE-PINETALIA SYLVESTRIS Erma}gov 1999
|

S
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Koelerio glaucae-Pinion sylvestris Ermakov 1999
Carici supinae-Pinetum sylvestris Ermakov 1999
C.s.-Ps. typicum Ermakov 1999
C.s.-Ps. caraganetosum arborescentis Ermakov 1999
Artemisio scopariae-Pinetum sylvestris Ermakov 1999
QUERCO MONGOLICAE-BETULETEA DAVURICAE Ermakov et Petelin in Ermakov 1997
QUERCO MONGOLICAE-BETULETALIA DAVURICAE Ermakov 1997
Kitagawio terebinthaceae-Betulion davuricae Ermakov 1997
Paeonio lactiflorae-Betulenion davuricae Ermakov suball. nova hoc loco
Artemisio desertorum-Betuletum davuricae Ermakov 1997
Geranio davurici-Betuletum davuricae Ermakov 1997
Variant Calamagrostis langsdorffii
Carici vanheurcki-Betuletum davuricae Ermakov et Petelin in Ermakov 1997
Calamagrostio epigei-Pinenion sylvestris Ermakov suball. nova hoc loco
Oxytropido myriophyllae-Pinetum sylvestris Ermakov ass. nova hoc loco
Galatello dahuricae-Betuletum platyphyllae Ermakov ass. nova hoc loco
Bromopsido pumpellianae-Pinetum sylvestris Ermakov ass. nova hoc loco
B.p.-Ps. typicum Ermakov subass. nova hoc loco
B.p.-P.s. potentilletosum longifoliae Ermakov subass. nova hoc loco
B.p.-P.s. vaccinietosum vitis-idaeae Ermakov subass. nova hoc loco
Ligulario fischeri-Betulion davuricae Ermakov 1997
Convallario keiskei-Betulenion davuricae Ermakov suball. nova hoc loco
Veronicastro sibiricae-Betuletum davuricae Ermakov 1997
Geranio vlassowiani-Laricetum gmelinii Ermakov 1997
Aquilegio parviflorae-Quercetum mongolicae Ermakov et Petelin in Ermakov 1997
Bistorto viviparae-Betulenion platyphyllae Ermakov suball. nova hoc loco
Veronico longifoliae-Laricetum gmelinii Ermakov ass. nova hoc loco
Calamagrostio langsdorffii-Betuletum platyphyllae Ermakov ass. nova hoc loco
C.L-B.p typicum Ermakov subass. nova hoc loco
C.L-B.p. artemisietosum sericeae Ermakov subass. nova hoc loco
Vicio venosae-Betuletum platyphyllae Ermakov ass. nova hoc loco
Penthaphylloido fruticosae-Betuletum platyphyllae Ermakov ass. nova hoc loco
RHYTIDIO RUGOSI-LARICETEA SIBIRICAE K. Korotkov et Ermakov 1999
FESTUCO OVINAE-LARICETALIA SIBIRICAE I.Korotkov et Ermakov ex hoc loco
Irido ruthenicae-Laricion sibiricae Ermakov all. nova hoc loco
Thesio repentis-Laricetum sibiricae Ermakov 1996
Th.r-L.s. typicum Ermakov 1996
Th.r.-L.s. rosetosum pimpinellifoliae Ermakov subass. nova hoc loco
Th.r.-L.s. adenophoretosum lamarcki Ermakov subass. nova hoc loco
Th.r.-L.s. hedysaretosum neglecti Ermakov subass. nova hoc loco
Pachypleuro alpini-Laricion sibiricae Ermakov all. nova hoc loco
Kobresio myosuroidis-Laricetum sibiricae Ermakov ass. nova hoc loco
K.m.-L.s. typicum Ermakov subass. nova hoc loco
K.m.-L.s. dryadetosum oxyodontae Ermakov subass. nova hoc loco
K.m.-L.s. hedysaretosum inundati Ermakov subass. nova hoc loco
Spiraeo chamaedryfoliae-Laricetum sibiricae Ermakov ass. nova hoc loco
S.h.-L.s. cicerbitetosum azureae Ermakov subass. nova hoc loco
S.h.-L.s. colurietosum geoidis Ermakov subass. nova hoc loco
S.h.-L.s. empetretosum nigri Ermakov subass. nova hoc loco
Festuco altaicae-Laricion sibiricae I.Korotkov et Ermakov ex hoc loco
Festuco altaicae-Laricenion sibiricae Ermakov suball. nova hoc loco
Festuco altaicae-Laricetum sibiricae 1. Korotkov et Ermakov ex hoc loco
Fa.-L.s. typicum Ermakov subass. nova hoc loco
Fa.-L.s. delphinietosum crassifolii Ermakov subass. nova hoc loco
Poo sibiricae-Laricetum sibiricae Pacina ex hoc loco
Pentaphyllo fruticosae-Laricetum sibiricae Mirkin et al. 1986
Fragario orientalis-Laricenion sibiricae Ermakov suball. nova hoc loco
Vicio unijugae-Laricetum sibiricae Ermakov, Korotkov et Laletin ex hoc loco
Geranio pseudosibiricae-Laricetum sibiricae Hilbig (1987) 1990
G.p.-L.s. aconitetosum barbati Hilbig 1990
Variant Geranium eriostemon
Variant Crepis sibirica
Variant typical
Variant Kobresia bellardi
Variant Stellaria bungeana
G.p.-L.s. cacalietosum hastatae Hilbig 1990 (1996)
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G.p.-L.s. calthetosum palustris Hilbig 1990 (1996)

Betulo platyphyllae-Populetum tremulae Hilbig 1990 (1996)

Irido-Laricetum sibiricae Mirkin in Mirkin et al. 1988

Cypripedio guttati-Pinetum sylvestris Anenkhonov et Unal in Anenkhonov et Chytry 1998

Scorzonero radiatae-Pinetum sylvestris Anenkhonov et Unal in Anenkhonov et Chytry 1998

CARICI PEDIFORMIS-LARICETALIA SIBIRICAE Ermakov in Ermakov et al. 1991
Carici pediformis-Laricion sibiricae Ermakov 1991 (ib.)
Sedo hybridi-Pinenion sylvestris Ermakov suball. nova

Carici pediformis-Laricetum sibiricae Ermakov in Ermakov et al. 1991

C.p.-L.s. juniperetosum sabinae Ermakov subass. nova hoc loco

C.p.-L.s. typicum Ermakov subass. nova hoc loco

C.p.-L.s. youngietosum tenuifoliae Ermakov subass. nova hoc loco

C.p.-L.s. neottianthetosum cucullatae Ermakov subass. nova hoc loco

Patrinio sibiricae-Pinetum sylvestris Ermakov ass. nova hoc loco

Kitagawio baicalensis-Pinetum sylvestris Ermakov ass. nova hoc loco
Cotoneastero melanocarpi-Laricenion sibiricae Ermakov suball. nova hoc loco

Anemono sylvestris-Laricetum sibiricae Ermakov 1995

Colurio geoidis-Laricetum sibiricae Ermakov ass. nova hoc loco

Primulo cortusoidis-Laricetum sibiricae Ermakov ass. nova hoc loco

Pc.-L.s. elytrigietosum gmelinii Ermakov subass. nova hoc loco

Variant Adoxa moschatellina
Variant Atragene sibirica

P.c.-L.s. filipenduletosum stepposae Ermakov subass. nova hoc loco

Pc.-L.s. betuletosum pendulae Ermakov subass. nova hoc loco

P.c.-L.s. festucetosum sibiricae Ermakov subass. nova hoc loco

Cotoneastero uniflori-Laricetum sibiricae Ermakov subass. nova hoc loco
Pulsatillo turczaninowii-Pinion sylvestris Ermakov all. nova hoc loco

Lespedezo junceae-Pinetum sylvestris Ermakov ass. nova hoc loco

L.j.-P.s. typicum Ermakov subass. nova hoc loco

L.j.-Ps. silenetosum jenisseensis Ermakov subass. nova hoc loco

Pulsatillo turczaninovii-Pinetum sylvestris Ermakov ass. nova hoc loco
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Table Il — Diagnostic species (D.S.) of higher units (class-order) of North Asian hemiboreal forests.

Association nr.

The main woody species
Betula pendula
Pinus sylvestris
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Iris ruthenica

Rubus saxatilis

Serratula coronata
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Agrimonia pilosa
Pulmonaria mollis
Angelica sylvestris
Hieracium umbellatum
Vicia sepium
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D.S. Cl. Rhytidio-Laricetea sibiricae
Larix sibirica
Rhytidium rugosum
Carex pediformis

Poa sibirica

Aconitum barbatum
Bupleurum multinerve
Galium verum
Thalictrum foetidum
Aster alpinus
Pulsatilla patens
Scorzonera radiata
Abietinella abietina
Potentilla matsuokana
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D.S. Cl. Querco mongolicae-Betuletea davuricae
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Carex lanceolata
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Campanula cephalotes
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Adenophora coronopifolia
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Table II (continuation)
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Constancy scale: 1 (1-20%), 2 (21-40%), 3 (41-60%), 4 (61-80%), 5 (81-100%)

CONSPECTUS OF HEMIBOREAL
FORESTS

BRACHYPODIO PINNATI-BETU-
LETEA PENDULAE Ermakov, Koro-
lyuk et Lashchinsky 1991

Nomenclatural type is the order Carici
macrourae-Pinetalia sylvestris.

This class includes small-leaved
deciduous and small-leaved light coni-
ferous amphi-Atlantic forests of South
Siberia, so-called “grass forests”,
“subtaiga” in Russian. Its range encom-
passes the southern part of the forest
zone (the subtaiga subzone) and forest-
steppe zone from the South Urals in
the west to Baikal region in the east
(fig. 3). This vast territory includes the
West Siberian Plain, Middle Siberian
Plateau, Altai, Sayani and Ttansbaikal
mountain systems. The climate of the
area is temperate continental - warm

and humid as compared with the rest
of territory of North Asia. The annual
range of air temperature is -3° - +3°C,
the temperature of the coldest month
(January) varies from -11 to -22° C,
the temperature of the warmest month
(July) varies from +16° to +19° C, the
characteristic total annual precipitation
is 500-900 mm and the Conrad’s
Continental index is 44-56. These grass
forests occur mainly on zonal loamy
grey forest soils in the zonal climate
conditions.

There are no woody character
species in the communities of this
class and species with wide ranges like
Betula pendula, Pinus sylvestris, Larix
sibirica, Populus tremula form the tree
layer. The first two species are the
principal dominants which form mixed
tree layers through most of the range.
Primary monodominant Betula pendula
forests are only extensive in the West

Siberian Plain; in the rest of the range,
birch forests are secondary communi-
ties developed after cutting, fires and
intensive grazing. The contribution
of Larix sibirica in the composition
increases eastward due to climatic
continentally but this species forms
monodominant stands in the class very
rarely.

The grass forests with predo-
minance of Larix sibirica are transitional
ones to the Rhytidio-Laricetea and
they occur only at the south-eastern
boundary of the amphi-Atlantic hemi-
boreal forests. Aspen (Populus tremula)
contributes and sometimes dominates
in the communities in mesic or moist
ground conditions. Picea obovata and
Pinus sibirica appear in the tree layer
of those communities transitional to
the class Vaccinio-Piceetea but these
species are not typical of the Brachy-
podio-Betuletea forests.
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Association nr.
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D.S. Cl. Querco-Fagetea, Ord. Fagetalia sylvaticae
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The characteristic herbaceous spe-
cies of the class are North Asian ones:
Pleurospermum uralense, Serratula
coronata, Agrimonia pilosa, Lilium
pilosiusculum. The main parts of the
geographical ranges and ecological
amplitudes of these species coincide
with those of the class. Differential
species for the class are Brachypodium
pinnatum, Calamagrostis arundinacea,
Vicia sepium, Angelica sylvestris and
Pulmonaria mollis. These are modera-
tely thermophilous species with a range
of the European-Siberian type, the
extent of which exceeds that of the class.
In Europe, they occur in various forest
and nonforest communities. But in the
continental climate of South Siberia,
a change of ecological peculiarities of
the species is observed. As a result,
in the eastern part of the range, they
have a high degree of fidelity only
to the communities of amphi-Atlantic
hemiboreal forests. This group of
European-Siberian differential species
is thus of great diagnostic importance
from a geographical point of view and
the Siberian parts of the ranges of these
species coincide with the distribution of
the class because of the coincidence in
macroclimatic conditions.

Differential species for the class
also are Rubus saxatilis, Hieracium
umbellatum and Iris ruthenica. The
first two have Eurasian and Holarctic
ranges and occur in the different types
of communities there, butin the territory
of West and Middle Siberia they grow
predominantly in the communities of
mesophilous grass forests. The North
Asian species Iris ruthenica has its
phytocoenotic optimum in the meso-
philous variants of steppes but it is
nevertheless found regularly in the
forests of the Brachypodio-Betuletea,
and here it is of great diagnostic
importance.

The local characteristic species
of the class is a North Asian one -
Cimicifuga foetida which is of high
fidelity in all its range.

The best overall diagnosis of the
class Brachypodio-Betuletea results
from the analysis of the presence and
phytosociological role of diagnostic
species of both the class and those of
subordinated orders.

The communities of the Brachy-
podio-Betuletea show similarities in
their floristic composition with East
European and East Ural communities
of the class Querco-Fagetea, because
of the significant phytocoenotic role of
European-Siberian and Eurasian spe-
cies. In some Siberian amphi-Atlantic
forests, three characteristic species

of this class, Lathyrus vernus, Viola
mirabilis, Melica nutans, are regularly
found. Such species as Viburnum opulus
and Epipactis helleborine are rare.
Most of them have disjunct relic ranges
in Siberia, which are much less than
that of the class Brachypodio-Betuletea
itself. We consider these species as
regional characteristic species of the
class Querco-Fagetea only in the
territory of Europe in oceanic and
suboceanic climates.

Most of characteristic species of
the Querco-Fagetea, especially the
broad-leaved woody ones, have the
eastern borders of their range at the
South Urals and are absent from the
territory of North Asia.

In the Southern Urals, at the
geographical border between these
classes, there is a problem of deciding
whether to ascribe some forest com-
munities to the classes Querco-Fagetea
or Brachypodio-Betuletea. The broad-
leaved forests of the alliance Lathyro-
Quercion Solomeshch et al. 1989 which
have a contribution from numerous
Siberian species in the herb layer occur
there. In the same region, pine-birch
forests of the Brachypodio pinnati-
Betuletea with a weak participation of
some Querco-Fagetea diagnostic grass
species, are found in the drier sites. In
this case, one of the effective criteria
for separation of these classes is the
significant phytosociological role of
broad-leaved tree species and nemoral
shrubs.

The absence of diagnostic species
of the class Vaccinio-Piceetea is cha-
racteristic of the majority of communi-
ties in the Brachypodio-Betuletea.
The phytosociological role of some
these species (Vaccinium vitis-idaea, V.
myrtillus, Trientalis europaea, Orthilia
secunda, Pleurozium schreberi, Hylo-
comium splendens, Ptilium crista-
castrensis) occurs only in transitional
communities as a result of increasing
habitat humidity and cold. It is observed
in a transitional zonal strip between
hemiboreal and real boreal (taiga)
forests.

Furthermore, an intensification
of the role of taiga species is evident
in the hemiboreal forests which grow
in the cold and humid depressions of
the oligotrophic river terraces in the
forest-steppe zone.

In the arid continental climate of
intermountain hollows of the Altai and
Sayani, there are a series of commu-
nities transitional to the class Rhytidio-
Laricetea sibiricae. In these forests,
the role of xerophilous and cryo-xero-
philous species such as Aster alpinus,

Carex pediformis, Festuca ovina,
Galium verum, Thalictrum foetidum,
Veronica incana, Rhytidium rugosum
and Abietinella abietina increases.
Meadow species of the class
Molinio-Arrhenatheretea are also a
constant phytosociological element in
the Brachypodio-Betuletea communi-
ties. The prominent role of these species
in hemiboreal forests is caused by the
influence of natural ecological factors
like the temperate warm and humid
climate, high soil fertility and the open
tree layer as well as of anthropogenic
factors such as grazing and cutting.

CARICIMACROURAE-PINETALIA
SYLVESTRIS Ermakov, Korolyuk et
Lashchinsky 1991

Nomenclatural type is the alliance Vicio
unijugae-Pinion sylvestris.

The order includes typical commu-
nities of amphi-Atlantic hemiboreal
forests of South Siberia. These are
moderately thermophilous small-leaved
light coniferous grass forests of the
humid temperate-continental climatic
sector of North Asia. They occur on the
grey loamy soils of the drained habitats
in the forest-steppe zone and in the
southern part of forest zone. The range
of the order covers the south-eastern
part of the West Siberian Plain, the
southern part of the Middle Siberian
Plateau and the northern part of the
Altai-Sayani mountain system.

Differential species of the order
belong to the North Asian plant geo-
graphical group: Bupleurum aureum,
Heracleumdissectum, Trollius asiaticus
(subalpine-forest species), Aconitum
volubile, Carexmacroura, Violauniflora
(species of hemiboreal and southern
boreal forests). There is one characte-
ristic species of the order (and regional
characteristic species of the class) -
Cimicifuga foetida, North Asian plant
in its distributions. Another the regional
differential species of the order is
pluregional Pteridium aquilinum.

These species all indicate good
moisture and high fertility of soils of
the zonal hemiboreal forests habitats.
The presence of the diagnostic species
combination is a reliable criterion for
distinction between communities of
this order and hemiboreal forests of
poorly drained solodic soils of the West
Siberian lowland (the order Calamag-
rostio epigei-Betuletalia pendulae).

The order includes two alliances
representing different ecological types
of the hemiboreal forests, which are
developed in sites with contrasting
regimes of soil moisture.
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Fig. 3 — Distribution of hemiboreal forests of the class Brachypodio pinnati-Betuletea pendulae. 1 - Plains and lowlands (altitudes
of 10-200 m); 2 - Lower plateaus and elevated plains (altitudes of 200-800 m); 3 - Plateaus and mountains (altitudes of 800-4000
m); 4 - Extent of hemiboreal forests; 5, 6 - Location of all relevés of hemiboreal forests; 6 - Location of relevés of the class

Brachypodio pinnati-Betuletea pendulae.

Vicio unijugae-Pinion sylvestris
Ermakov, Korolyuk et Lashchinsky
1991

(Tables III, IV)

Nomenclatural type is the association
Thesio repentis-Pinetum sylvestris.

Pine-birch (Pinus sylvestris, Betula
pendula) grass forests formed in
moderately moist, moderately dry and
periodically dry sites. This moisture
regime is typical of zonal habitats of
the southern part of the forest and
forest-steppe zones. The alliance also
includes some azonal petrophytic and
psammophytic types of hemiboreal
forests occurring on steep mountain
slopes and higher river terraces.

The group of diagnostic species
consists of xero-mesophytes (Lupinaster
pentaphyllus, Lathyrus pisiformis, Inula
salicina, Saussurea controversa) and
moderate mesophytes avoiding wet

sites (Vicia unijuga, Aquilegia sibirica,
Geranium pseudosibiricum, Ptarmica
impatiens). The group is not uniform
from a plant geographical point of view.
Nevertheless, the species are important
ecological indicators of soil moisture
which is not excessive.

The alliance includes three sub-
alliances representing hemiboreal
forests of different orographic regions
of South Siberia: elevated drained plains
of West Siberia, the Middle Siberian
Plateau, and the Altai-Sayani mountain
system. Each of the orographic regions is
characterised by unique meso-climatic,
geomorphologic and soil conditions,
causing essential distinctions in the
floristic composition of the forests.

Cruciato krylovii-Pinenion sylvestris
Ermakov in Ermakov et al. 1991
(Table I1I: 1 - 19)

Nomenclatural type is the association
Anemonoido caeruleae-Pinetum syl-
Vestris.

Mesophytic mountain hemiboreal
forests of the Altai and Sayani. They
form the lower part of the forests belt
and are a component of forest-steppe
one at altitudes of 300-1400 m.

The group of diagnostic species
includes Altai-Sayanian endemics
(Erythronium sibiricum, Cruciata
krylovii, Lathyrus frolovii, Aconitum
krylovii) and species of the European-
Siberian disjunctive ranges (Spiraea
chamaedryfolia, Primula macrocalyx).
They occur in Siberia only in the Altai
and Sayani mountains and indicate the
temperate climate continentality of the
range of the suballiance. Besides, the
species are not regional characteristic
ones of the higher units, as they grow
both in the grass forests and in the
communities of some mountain boreal
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forests (Vaccinio-Piceetea), meadows
(Molinio-Arrhenatheretea).
Descriptions of the forest types equiva-
lent to this suballiance are found in
the Siberian geobotanical literature:
BESKRESTNOVA (1955); KUMINOVA
(1960); KRYLOV (1963, 1984); RECHAN,
KRYLOV (1963); MASKAYEV (1985).

Anemonoido caeruleae-Pinetum sylves-
tris Ermakov 1991 (ib.), 1995
(Table I1I: 7 - 5)

Diagnostic species: Aegopodium
alpestre, Bistortamajor, Cacalia hastata,
Cerastium pauciflorum, Geranium albi-
florum, Lathyrus gmelinii, Polemonium
coeruleum, Ranunculus monophyllus, R.
grandifolius, Senecio nemorensis.
These are mesophilous and mode-
rately thermophilous birch-pine and
birch-larch mixed grass forests occur-
ring in the cyclonic and temperate
continental sectors of the Altai and
Sayani. They occupy northern slopes
with the mesic and moderately mesic
grey loamy soils on the chloride slate
bedrock at altitudes of 350-1200 m.

Anemonoido caeruleae-Pinetum sylves-
tris athyrietosumfilix-feminae Ermakov
1991 (ib.)

(Table III: 1, 2)

Diagnostic species: Anemonoides
caerulea, Athyrium filix-femina, Equi-
setum pratense, Adenophora liliifolia,
Filipendula ulmaria, Potentilla fragari-
oides, Cypripedium macranthon.

Birch-pine forests of warm, humid
lower mountains of the North Altai.
They occupy gentle slopes and higher
terraces of river valleys at altitudes
of 350-600 m.

Variant Circaea alpina (Table I1I:
1) includes forests of more shadowed
moist sites.

Anemonoido caeruleae-Pinetum syl-
vestris laricetosum sibiricae Ermakov
subass. nova hoc loco

(Table III: 3)

Nom. type is relevé nr. 1, Table XIII.
Diagnostic species: Anthriscus sylvest-
ris, Adonis sibirica, Bromopsis inermis,
Carex humilis, Elymus komarovii, E.
mutabilis, Geranium pratense, Paeonia
anomala, Poa urssulensis.

Mixed larch-birch forests (some-
times larch or birch forests) of the
temperate - continental sector of the
North and Central Altai. They occupy
northern slopes with moderately mesic
rich soils at altitudes of 600-1200 m.

Anemonoido caeruleae-Pinetum sylves-
tris anemonoidetosum reflexae Ermakov
subass. nova hoc loco

(Table III: 4)

Nom. type is relevé 2, Table XIII.
Diagnostic species: Anemonoides ref-
lexa, Adenophora lamarckii, Anemo-
nastrum crinitum.

Thermophilous mixed birch-pine
forests of the foot-hills of the West
Sayani on mesic soils.

Anemonoido caeruleae-Pinetum syl-
vestris rhododendretosum davuricae
Ermakov subass. nova hoc loco

(Table III: 5)

Nom. type is relevé 3, Table XIII.
Diagnostic species: Rhododendron
dauricum, Anthoxanthum odoratum,
Campanula altaica, Vaccinium myrtil-
lus, Viola biflora.

Petrophilous pine forests of the
North Altai and Sayani with a well-
developed shrub layer. They occupy
sites with exposed bedrock or with
rocky soils.

Filipendulo vulgaris-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table I1I: 6-11)

Nom. type is relevé 7, Table XIII.
Diagnostic species: Artemisia sericea,
Filipendula vulgaris, Fragaria viridis,
Galium verum, Origanum vulgare,
Peucedanum morisonii, Polygonatum
odoratum, Viola hirta.

These are moderately thermophi-
lous xero-mesophytic pine forests of
the cyclonic climatic sector of the Altai
and Sayani. They are a component of
thermophilous mountain forest-steppe
and occupy the eastern, western and
sometimes southern slopes with imma-
ture soils at altitudes of 600-1000
m. These forests are replaced by
communities of previous association in
the sunless parts of slopes with more
developed mesic soils.

Filipendulo vulgaris-Pinetum sylvestris
typicum Ermakov subass. nova hoc
loco

(Table III: 6)

Nom. type is relevé 7, Table XIII.
Diagnostic species are those of the
association.

Typical community of the association.

Variant Rosa pimpinellifolia (Table III:
7) represents geographical variant of
the subassociation from the foot-hills
of the West Altai.

Filipendulo vulgaris-Pinetum sylvestris
spiraeetosum trilobatae Ermakov
subass. nova hoc loco

(Table III: &)

Nom. type is relevé 22, Table XIII.
Diagnostic species: Spiraea trilobata,
Artemisia gmelinii, Bupleurum multi-
nerve, Elymus gmelinii, Galium panicu-
latum, Kitagawia baicalensis, Sedum
hybridum, Veronica krylovii, Woodsia
ilvensis.

Xero-mesophytic pine forests of
the Altai with petrophilous steppe
species. They occupy southern slopes
in the cyclone sector of the Altai and
anticipate the forest-steppe belt there.

Filipendulo vulgaris-Pinetum sylves-
tris arabidetosum pendulae Ermakov
subass. nova hoc loco

(Table III: 9)

Nom. type is relevé nr. 4, Table XIII.
Diagnostic species: Arabis pendula,
Carex humilis, Elymus caninus, E.
komarovii, E. mutabilis, Galatella
macrosciadia, Geranium pratense,
Geum aleppicum, Hypericum hirsutum,
Lithospermum officinale, Paeonia
anomala, Poa urssulensis, Ribes hispidu-
lum, Valeriana alternifolia.

Xero-mesophytic larch forests of
intermountain hollows of the Central
Altai.

Filipendulo vulgaris-Pinetum sylvestris
brunneretosum sibiricae Ermakov
subass. nova hoc loco

(Table III: 10)

Nom. type is relevé nr. 5, Table XIII.
Diagnostic species: Brunnera sibirica,
Lysimachia vulgaris, Vicia sylvatica.

Mesophytic pine forests of the
foot-hills of the West Sayani. They
occupy the middle and upper parts
of shaded slopes with well-developed
mesic grey loamy soils.

Filipendulo vulgaris-Pinetum sylvestris
violetosum arenariae Ermakov subass.
nova hoc loco
(Table III: 11)

Nom. type is relevé nr. 6, Table XIII.
Diagnostic species: Astragalus danicus,
Bupleurum scorzonerifolium, Carex
obtusata, Hemerocallis minor, Hylote-
lephium triphyllum, Hypericum perfo-
ratum, Viola arenaria.

Xero-mesophytic pine forests of
the northern part of the Western Sayani.
They occur on southern steep slopes of
foot-hills of the West Sayani at altitudes
300-600 m.
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Adenophoro lamarcki-Laricetum sibiri-
cae Ermakov ass. nova hoc loco (Table
III: 12-14)

Nom. type is relevé nr. 8, Table XIII.
Diagnostic species: Adenophora
coronopifolia, A. lamarckii, Anemone
sylvestris, Artemisia tanacetifolia,
Crepis praemorsa, Cypripedium mac-
ranthon, Gentiana macrophylla, Hedy-
sarum neglectum, Malaxis monophyl-
los, Primula cortusoides, Thalictrum
foetidum, Seseli libanotis, Scorzonera
radiata, Zigadenus sibiricus.

These are primary birch-larch
mixed forests and secondary birch ones
occurring in the forest-steppe belt of the
eastern macroslope of the Kuznetski
Alatau ridge, in temperate continental
climate. They occupy northern slopes
with moderately mesic soils at altitudes
of 400-1200 m. Some intensification
of the climate continentality of the
association range as compared with the
previous association is indicated by an
increase in the role of Larix sibirica
and xero-mesophytes.

Adenophoro lamarcki-Laricetum sibiri-
cae ligularietosum glaucae Ermakov
subass. nova hoc loco

(Table III: 12, 13)

Nom. type is relevé nr. 8, Table XIII.
Diagnostic species: Aulacospermum
anomalum, Ligularia glauca, Neotti-
anthe cucullata, Polygonatum humile,
Ranunculus polyanthemos, Rosa maja-
lis, Veratrum nigrum, Viola mirabilis.

Temperate thermophytic forests
of the lower part of the forest belt
(400 - 800 m).

Variant Filipendula stepposa
(Table III: 12) includes more xeric
variant of the subassociation with
participation of meso-xerophytes:
Achnatherum sibiricum, Filipendula
stepposa, Galatella biflora.

Adenophoro lamarcki-Laricetum sibiri-
cae anemonastretosum crinitae Erma-
kov subass. nova hoc loco

(Table III: 14)

Nom. type is relevé nr. 9, Table XIII.
Diagnostic species: Anemonastrum cri-
nitum, Astragalus propinquus, Bistorta
vivipara.

These are birch-larch grass forests
with participation of South-Siberian-
Mongolian species. They occur in more
cold and continental mesoclimate as
compared with the previous subasso-
ciation, at altitudes of 700-1200 m.

Calamagrostio pavlovi-Laricetum
sibiricae Ermakov ass. nova hoc loco
(Table III: 15-19)

Nom. type is relevé nr. 10, Table XIII.
Diagnostic species: Calamagrostis
pavlovii, Carex amgunensis, Orthilia
secunda, Pedicularis resupinata, Picea
obovata, Pinus sibirica, Pyrola incar-
nata, P. rotundifolia, Hylocomium
splendens, Vaccinium vitis-idaea, Vicia
cracca.

Xero-mesophytic birch-larch mixed
and larch forests of the temperate cold
and continental climatic sector of the
Central Sayani and North Tuva. The
forests form the lower part of the forest
belt and are the component of the forest-
steppe at the edge of intermountain
hollows. They occupy the north-western
and north-eastern slopes with poorly-
developed soils at altitudes of 900-1400
m. These forests are the most cryophytic-
continental type of the Brachypodio-
Betuletea and they possess some floristic
features which are characteristic of the
ultracontinental Mongolian larch forests
of the Rhytidio-Laricetea. This is a
decrease in the amount of thermophilous
mesophytes and an increase of role of
xero-mesophytes and boreal moderate
cryophytes.

Variant Spiraea media (Table
III: 16) includes community with the
predominance of shrub Spiraea media
which occurs on steep slopes with
weakly developed soils.

Variant Bergenia crassifolia (Table
III: 17) includes petrophytic community
with high role of obligate petrophyte
Bergenia crassifolia which occurs in
the rocky sites.

Variant Dracocephalum ruyschi-
ana (Table III: 18) includes more xeric
community of the association with
participation of meso-xerophytes: Carex
caryophyllea, C. obtusata, Dracoce-
phalum ruyschiana, Elymus gmelinii,
Veratrum nigrum.

Variant Alliummicrodictyon (Table
III: 79) includes community occurring in
the cold mesic sites of narrow mountain
river valleys.

Vicio unijugae-Pinenion sylvestris
Korolyuk in Ermakov ef al. 1991
(Table IV: 1-9)

Nomenclatural type is the association
Astragalo glycyphylli-Pinetum sylves-
tris.

Hemiboreal forests of drained
plains of the south-western part of West
Siberia. They occupy flat sites and
undulations with grey forest soils in
watersheds of the southern part of the

forest zone. In the forest-steppe zone,
the forests occur on moderately dry
slopes of ravines, small hills and higher
terraces of river valleys at altitudes
of 140-250 m.

Diagnostic species are moderately
thermophilous European-Siberian meso-
xerophytes, which have the eastern
boundaries of their ranges at the south-
eastern limit of the West Siberian Plain
(Adenophora liliifolia, Filipendula
vulgaris, Geranium bifolium, Origanum
vulgare, Polygonatum humile, Poa
angustifolia, Ranunculus polyanthemos,
Rosa majalis, Seseli libanotis, Vicia
tenuifolia, Viola hirta). Some analogous
communities are reported by KryLov
(1961), LapsHINA (1985) from the
southern part of the West Siberian
Plain.

Artemisio latifoliae-Betuletum pendulae
Ermakov, Makunina et Maltseva ex
hoc loco

(Table IV: 1-3)

Nom. type is relevé nr. 12, Table XIII.
Diagnostic species: Artemisia latifolia,
Artemisia macrantha, Galium verum,
Peucedanum morisonii, Veratrum nig-
rum, Primula cortusoides.

These are primary pine-birch and
secondary birch xero-mesophilous grass
forests widespread in the forest-steppe
zone of well-drained elevated plains of
West Siberia. They occupy moderately
dry sites on watersheds with zonal
grey soils.

Artemisio latifoliae-Betuletum pendu-
lae typicum Ermakov, Makunina et
Maltseva ex hoc loco

(Table IV: 3)

Nom. type is relevé nr. 12, Table
XIII.
Diagnostic species are those of the
association.

Birch forests of the low depressions
in the central part of the Kuznetskaya
pedimental hollow.

Artemisio latifoliae-Betuletum pendu-
lae ligularietosum glauci Ermakov,
Makunina et Maltseva ex hoc loco
(Table IV: 1)

Nom. type is relevé nr. 11, Table XIII.
Diagnostic species: Artemisia vulgaris,
Festuca rubra, Galatella biflora, Ligu-
laria glauca, Pimpinella saxifraga, Poa
urssulensis, Trisetum sibiricum.

Birch forests of the upper slopes
of deep depressions in the eastern part
of the Ob river basin.
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Artemisio latifoliae-Betuletum pendulae
pinetosum prov.
(Table IV: 2)

Five relevés of these pine grass
forests (nr. 8, 3, 24, 6, 9 of Table 4
in ErmAKoOV et al., 1991) described in
the foot-hills of the Salair Mts were
formally included in the association
Artemisio macranthae-Pinetum syl-
vestris Lashchinsky in Ermakov et al.
1991. In the present study, they are
preliminary included in the separate
subassociation.

Calamagrostio arundinaceae-Betuletum
pendulae Dymina ex hoc loco
(Table IV: 4, 5)

Nom. type is relevé nr. 13, Table XIII.
Diagnostic species of the association
are those of the suballiance.

Primary birch-pine and secondary
birch forests of the well-drained sites of
the forest-steppe and subtaiga zones of
the eastern part of the Ob river basin and
foot-hills of the Salair mountains. They
occur on northern slopes of ravines and
hills, on the mesic rich loamy soils.

Calamagrostio arundinaceae-Betuletum
pendulae typicum subass. nova hoc
loco

(syn. C.a.-B.p. polygonetosum humilis
Ermakov 1994 nom.nud.)

(Table IV: 4)

Nom. type is relevé nr. 13, Table XIIL.
Diagnostic species: Crepis sibirica,
Euphorbia pilosa, Padus avium.

Secondary birch forests of the
lower parts of gentle north-facing slopes
of deep ravines and small hills with
moist rich soils.

Calamagrostio arundinaceae-Betuletum
pendulae fragarietosum viridis Erma-
kov, Makunina et Maltseva ex hoc
loco

(Table IV: 5)

Nom. type is relevé nr. 14, Table XTIIL.
Diagnostic species: Achillea millefo-
lium, Campanula altaica, Fragaria
viridis.

Secondary birch forests of the
higher parts of gentle north-facing
slopes and flat watersheds with mesic
rich soils.

Roso spinosissimae-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table IV: 6)

Nom. type is relevé nr. 15, Table
XI1II.

Diagnostic species: Aconogonon alpi-
num, Adonis sibirica, Artemisia sericea,
Aulacospermum anomalum, Cirsium
serratuloides, Clematis integrifolia,
Daphne altaica, Dictamnus albus,
Galatella angustissima, Hieracium
virosum, Lonicera tatarica, Moehringia
lateriflora, Potentilla chrysantha, Rosa
pimpinellifolia, Veronica spuria.

This association was described
from the foot-hills of the South-Western
Altai (North-Eastern Kazakhstan).
These rare pine forests occur on the
discrete granite mountain massifs in
the steppe zone. They occupy the lower
parts of gentle northern slopes with the
mesic gravel soils on granite bedrock
at altitudes of 650-900 m.

Astragalo glycyphylli-Pinetum sylvestris
Korolyuk in Ermakov et al. 1991
(Table IV: 7)

Diagnostic species, mesophilous and
thermophilous plants, occur only in the
warm wide river valleys of the southern
part of West Siberia: Aegopodium
podagraria, Agrostis gigantea, Astra-
galus glycyphyllos, Carex pallescens,
Lysimachia vulgaris, Melilotoides
platycarpos.

Pine-birch forests of the old higher
terraces of the Ob river. They occupy
flat mesic sites of the terraces with
mesotrophic sandy-loamy soils.

Cnidio dubii-Pinetum sylvestris Lash-
chinsky 1991 (ib.)
(Table IV: 8)

Diagnostic species are oligotrophic
mesophytes: Dactylorhiza hebridens,
Kadenia dubia, Maianthemum bifolium,
Platanthera bifolia, Vaccinium myrtil-
lus.

Pine grass forests of foot-hills of
the eastern part of the lower Salair Mts.
They occur in the middle and upper parts
of gentle slopes with weak-developed
grey soils on the chloride slates at
elevations of 300-400 m.

Achyrophoro-Pinenion sylvestris
Ermakov et Lashchinsky 1991 (ib.)
(Table IV: 9-17)

Nomenclatural type is the association
Thesio repentis-Pinetum sylvestris.

Diagnostic species: Anemonastrum
crinitum, Antennaria dioica, Dendran-
thema zawadskii, Cypripedium gutta-
tum, Festuca ovina, Pyrola incarnata,
Pulsatilla patens, Thesium repens,
Trommsdorfia maculata, Vaccinium
vitis-idaea.

Hemiboreal forests of the eastern
part of the Brachypodio-Betuletea class
range. They are formed in the modera-
tely cold continental climate of the
Middle Siberian Plateau and southern
part of Transbaikal Mts. There, the
forests occupy moist, relatively warm
sites - southern, western and eastern
slopes of hills and lower mountains at
altitudes of 200-600 m. Communities
of the suballiance are everywhere
in contact with boreal forests of the
Vaccinio-Piceetea occurring in colder
and moister sites. In the forest-steppe
intermountain hollows, they are in
contact with steppes of the class
Festuco-Brometea. The regional mode-
rately cold, continental climate is
unfavourable for growth of the majority
of thermophilous European-Siberian
species. Simultaneously, these environ-
ments determine the presence of spe-
cies of contrasting ecology in the
suballiance forests: boreal mesophytes
and meadow-steppe meso-xerophytes.
Analogous forest types were characte-
rized by VasiLyev (1931), Porov (1961),
BuTorINA (1963), KAMENETSKAYA et al.
(1963), PeskovA (1964), POBEDINSKY
(1965), LasHcHINSKY (1981).

Festuco ovinae-Pinetum sylvestris
Ermakov 1991 (ib.)
(Table IV: 9-11)

Diagnostic species are dominantly
boreal plants: Ledum palustre, Linnaea
borealis, Vaccinium uliginosum, Trien-
talis europaea, Duschekia fruticosa,
Anemonoides reflexa, Tephroseris inte-
grifolia, Luzula pilosa, Polytrichum
strictum.

Temperate cryophilous grass pine
forests of the northern part of subtaiga
subzone. Small areas of these forests
occupy northern gentle slopes of hills
and lower mountains with moist rich
loamy grey soils at altitudes of 450-700
m, where they are in contact with
widespread communities of the class
Vaccinio-Piceetea.

Festuco ovinae-Pinetum sylvestris
rhododendretosum davuricae Ermakov
subass. nova hoc loco

(Table IV: 9)

Nom. type is relevé nr. 16, Table XIII.

These are pine forests with Rhodo-
dendron dauricum forming a well-
developed shrub layer. This subassocia-
tion represents typical hemiboreal
forests of the eastern part of the Middle
Siberian Plateau.
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Festuco ovinae-Pinetum sylvestris
vaccinietosum myrtilli Ermakov subass.
nova hoc loco
(Table IV: 10)

Nom. type is relevé nr. 17, Table
XI11.

Diagnostic species: Pyrola rotundifolia,
Solidago dahurica, Viola arenaria,
Vaccinium myrtillus, Vicia multicaulis,
Gymnocarpium dryopteris, Polygala
comosa.

These grass pine forests with
participation of boreal species occupy
small and low depressions on northern
slopes with the moist, moderately cold
soils.

Festuco ovinae-Pinetum sylvestris
typicum Ermakov subass. nov. hoc
loco

(Table IV: 11)

Nom. type is relevé nr. 69, Table 3 in
ErMAKOV et al., 1991.
Diagnostic species: Picea obovata,
Polytrichum commune, Ranunculus pro-
pinquus, Vicia venosa, V. baicalensis.
Mesophytic pine grass forests with
participation of East Asian species of
the eastern part of the Middle Siberian
Plateau.

Crepido praemorsae-Pinetum sylvestris
Ermakov in Ermakov er al. 1991
(Table I'V: 12-14)

Diagnostic species are xero-mesophy-
tes: Aconitum barbatum, Adenophora
lamarckii, Allium strictum, Artemisia
tanacetifolia, Astragalus propinquus,
Crepis praemorsa, Galium verum,
Phlomoides tuberosa, Polygonatum
odoratum, Scorzonera radiata, Silene
nutans.

Xero-mesophilous pine and birch-
pine mixed forests widespread in the
southern part of the Middle Siberian
Plateau. They are a component of
forest-steppe zone of the large inter-
mountain hollows with temperate dry,
continental climate. The forests occur
on sunny slopes of small hills with
the dark-grey loamy soils at altitudes
of 350-500 m.

Crepido praemorsae-Pinetum sylvestris
typicum Ermakov subass. nova hoc loco
(Table IV: 12)

Nom. type is relevé nr. 14, Table 2 in
ErmaAkoV et al., 1991.
Diagnostic species of the subassociation
are those of the association.

The typical community of the
association.

Variant Hemerocallis minor (Table
IV: 13) includes the geographical type
of the subassociation which occur in
the forest-steppe zone of the western
part of the Middle Siberia.

Crepido praemorsae-Pinetum sylvestris
asteretosum tatarici Ermakov subass.
nova hoc loco
(Table IV: 14)

Nom. type is relevé nr. 20, Table
XIII.
Diagnostic species: Aster tataricus,
Carex amgunensis, Elymus ircutensis,
Gentiana macrophylla, Heteropappus
biennis, Potentilla fragarioides, Vicia
amoena, Zigadenus sibiricus.
Xero-mesophilous pine grass
forests with some Eastern-Asian species.
They are widespread in the forest-steppe
zone of the eastern part of the Middle
Siberia.

Thesio repentis-Pinetum sylvestris
Ermakov in Ermakov et al. 1991
(Table IV: 15)

Nom. type is relevé nr. 21, Table XIII
(relevé 25, Table 1 in ErmakoVv et
al., 1991).
Diagnostic species are mostly thermo-
philous mesophilous European-Sibe-
rian plants: Dactylorhiza maculata,
Geranium sylvaticum, Lathyrus gmeli-
nii, L. vernus, Parnassia palustris,
Pedicularis resupinata, Vicia sylvatica.
Mesophytic temperate thermophi-
lous birch-pine forests of the temperate-
continental western sector of the Middle-
Siberian Plateau. They represent the
predominant zonal forest type and
occupy different slopes of hills and
lower mountains with the rich grey
loamy soils at altitudes of 350-700 m.
In the original publication (ERMA-
KOV et al., 1991), this association was
represented by two subassociations
Thesio repentis-Pinetum sylvestris
typicum and Thesio repentis-Pinetum
sylvestris vaccinietosum myrtilli. More
comprehensive data involved have
revealed an absence of distinct phyto-
sociological and ecological distinctions
between these two former subassoci-
ations. In the present study, the associa-
tion Thesio repentis - Pinetum sylvestris
is not subdivided into smaller units.

Geraniovlassowiani-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table IV: 16, 17)

Nom. type is relevé nr. 23, Table XIII.
The easternmost community of
the class Brachypodio-Betuletea. These

birch-pine mixed forests occur in the
lower stripe of the forest belt in the
southern part of Baikal region (the
Khamar-Daban ridge). They occupy
northern slopes with rich mesic soils at
altitudes of 600-1200 m.

Diagnostic species of the associa-
tion, thermophilous mesophilous Man-
churian-Daurian, are: Betula platyphylla,
Geranium vlassowianum, Lilium pen-
sylvanicum, Ranunculus japonicus, Rho-
dodendron dauricum, Vicia baicalensis,
V. venosa. They indicate some plant-
geographical features transitional to the
Eastern-Asian hemiboreal forests of
the class Querco mongolicae-Betuletea
davuricae.

Geranio vlassowiani-Pinetum sylvestris
geranietosum eriostemonis Ermakov
subass. nova hoc loco

(Table IV: 16)

Nom. type is relevé nr. 23, Table XIII.
Diagnostic species: Allium splendens,
Carex amgunensis, Equisetum hyemale,
Geranium eriostemon, Hieracium
ganeschinii, Malaxis monophyllos,
Moehringia lateriflora, Iris uniflora,
Larix gmelinii, Potentilla fragarioides,
Scorzoneraradiata, Vicia amoena, Viola
sacchalinensis.

Xero-mesophilous birch-pine
mixed forests of the eastern part of
the Khamar-Daban ridge (southern part
of Baikal).

Geraniovlassowiani-Pinetum sylvestris
polemonietosum chinensis Ermakov
subass. nova hoc loco

(Table IV: 17)

Nom. type is relevé nr. 24, Table XIII.
Diagnostic species: Calamagrostis
korotkyi, Carex pediformis Fragaria
orientalis, Poa sibirica, Polemonium
chinense, Tragopogon orientalis.

Mesophilous birch-pine forests
of the north-eastern foot-hills of the
Khentei mountain system.

Lathyro gmelinii-Pinion sylvestris
Ermakov in Ermakov et al. 1991
(Table V)

Nomenclatural type is the association
Dentario sibiricae-Pinetum sylvestris
Ermakov 1991 (ib.).
Diagnostic species: Populus tremula,
Aconitum septentrionale, Athyrium
filix-femina, Lathyrus gmelinii, Milium
effusum, Paris quadrifolia, Stellaria
bungeana, Calamagrostis obtusata,
Cirsium heterophyllum, Veratrum lobe-
lianum.

Hemiboreal pine-birch and birch-
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aspen mixed forests of strongly-flushed
habitats with mainly fertile soils. In
addition, the sites have deep snow
cover in the winter period, which
protects the soils from frost. These
conditions are favourable for growth of
tall-forb hygro-mesophilous subalpine-
forest species (Aconitum septentrionale,
Cirsium heterophyllum, Lathyrus gme-
linii, Veratrum lobelianum), and some
themophilous subnemoral and meso-
philous south-boreal plants (Athyrium
filix-femina, Calamagrostis obtusata,
Paris quadrifolia, Populus tremula,
Stellaria bungeana). The tall-forb
species determine the main phytoso-
ciological peculiarity of the communi-
ties included here - well-developed
herb layer, with a cover of 80-100%,
about 1.5 m in height and subdivided
into several sublayers.

The alliance includes three regional
suballiances, which geographically cor-
respond to suballiances of the alliance
Vicio unijugae-Pinion and they are
spread in the main orographic regions of
South Siberia: elevated drained plains
of West Siberia, the Middle Siberian
Plateau and the Altai-Sayani mountain
system.

Geranio albiflori-Pinenion sylvestris
Ermakov in Ermakov et al. 1991
(Table V: 1-11)

Nomenclatural type is the association
Dentario sibiricae-Pinetum sylvestris
Ermakov 1991 (ib.).

Grass forests of the Altai and
Sayani. They are widespread in the
humid and ultrahumid cyclonic climatic
sectors. These forests occur on gentle
northern slopes in the lower strip of the
forest belt at altitudes of 350-1400 m.
One of the main their peculiarities is the
presence of spring geophytes forming
a temporary sublayer with a cover
of 40-90%. In the more continental
climate, the communities belonging
to this suballiance occupy moist deep
depressions on northern slopes and at
the bottoms of ravines.

The group of diagnostic species
includes Altaian-Sayanian endemics
(Aconitum krylovii, Cruciata krylovii,
Erythronium sibiricum, Euphorbia
pilosa, Geranium albiflorum, Lathyrus
frolovii) and species with the European-
Siberian disjunctive ranges (Cerastium
pauciflorum, Primula macrocalyx,
Spiraea chamaedryfolia).

Analogous forest types were char-
acterized by Kummnova (1960); RECHAN
and KryLov (1963); KryLov and RECHAN
(1967); BupNikova (1973); MASKAYEV
(1985); Ermakov (1987).

Geranio albiflori-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table V: I)

Nom. type is relevé nr. 25, Table XIII.
Diagnostic species of the association
are those of the suballiance.

This association was described
from the humid cyclonic sector of the
North Altai. The forests occupy northern
slopes with weakly developed acid soils
on the granite bedrock. These ecological
conditions cause some impoverishment
of the floristic composition of the
herb layer.

Atrageno sibiricae-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table V: 2)

Nom. type is relevé nr. 26, Table XIII.
Diagnostic species are moderate xero-
mesophytes and facultative petrophytes:
Polygonatum odoratum, Cirsium serra-
tuloides, Caragana arborescens.

Pine-birch grass forests of the
driest sites in the ultrahumid cyclonic
sector of the North Altai. They occur on
steep southern slopes with stony soils
at altitudes of 400-600 m.

Dryopterido expansae-Pinetum sylves-
tris Ermakov nom. novum

(Table V: 3)

(syn. Caragano fruticis-Pinetum syl-
vestris Ermakov in Ermakov et al.
1991).

Nom. type is relevé nr. 27, Table 11 in
ErMAKOV et al., 1991.

Diagnostic species: Caragana frutex,
Dryopteris expansa, Dianthus superbus,
Lycopodium annotinum.

These azonal birch-pine forests
occur in the higher terraces of the Biya
river valley, in ultrahumid climatic
sector of the Altai. They occupy the
flat parts and shallow depressions with
humid carbonate soils on the hillwash
covering the glaciofluvial sandy-gravel
terraces. The role of tall-forbs decreases
in the forests and that of the xero-
mesophytes and moderate cryophytes
(Adonis sibirica, Caragana frutex,
Dryopteris expansa, Dianthus superbus,
Lycopodium annotinum) becomes more
important.

Dentario sibiricae-Pinetum sylvestris
Ermakov in Ermakov et al. 1991
(Table V: 4-6)

Diagnostic species: Aegopodium poda-
graria, Circaea alpina, Corydalis
bracteata, Dryopteris filix-mas, Elymus
caninus, Festuca gigantea, Sanicula

giraldii, Stachys sylvatica, Urtica
dioica.

Thermophilous hygro-mesophilous
pine-birch-aspen grass forests of the
humid and ultrahumid cyclonic climatic
sectors of the North Altai. They occupy
the lower parts of gentle slopes of
various aspects with rich wet soils
at altitudes of 300-600 m. The main
peculiarity of the forests is the important
role of thermophilous nemoral grasses
which are relict plants in Siberia (Adoxa
moschatellina, Aegopodium podagraria,
Dryopteris filix-mas, Elymus caninus,
Festuca gigantea). They indicate the
features of the association transitional
to relict Siberian Fagetalia sylvaticae
(Abietenalia sibiricae) forests occurring
on more humid mountain slopes.

Dentario sibiricae-Pinetum sylvestris
typicum Ermakov subass. nova hoc loco
(Table V: 4)

Nom. type is relevé nr. 55, Table 10 in
Ermakov et al., 1991.

Typical vegetation of the associa-
tion.

Dentario sibiricae-Pinetum sylvestris
abietetosum sibiricae Ermakov subass.
nov. hoc loco

(Table V: 5)

Nom. type is relevé nr. 28, Table XIII.
Diagnostic species: Abies sibirica,
Brunnera sibirica, Daphne mezereum,
Oxalis acetosella, Pinus sibirica.
Transitional vegetation to the dark-
coniferous subnemoral forests.

Dentario sibiricae-Pinetum sylvestris
matteuccietosum Ermakov subass. nova
hoc loco

(Table V: 6)

Nom. type is relevé nr. 29, Table
XIII.
Diagnostic species: Matteuccia struthi-
opteris, Geum aleppicum, Dentaria
sibirica, Carex arnellii, Humulus
lupulus, Elymus sibiricus, Cerastium
davuricum.

Vegetation of sites with excessive
moisture as in shallow gulches and
lower stream terraces.

Saussureo parviflorae-Laricetum sibiri-
cae Ermakov ass. nova hoc loco
(Table V: 7)

Nom. type is relevé nr. 30, Table XIII.
Diagnostic species: Saussurea
parviflora, Vicia megalotropis, Impatiens
noli-tangere, Hylocomium splendens,
Calamagrostis langsdorffii.
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Mixed hygro-mesophilous larch-
birch and secondary birch grass forests
of the Central Altai. The communities
replace thermophilous forests of the
association Dentario sibiricae-Pinetum
sylvestris as far as the climate continen-
tality increases towards the interior part
of the mountain system.

They occupy sunless slopes with
moist rich soils at altitudes of 600-1200
m. The floristic composition of the
forests is impoverished because these
climatic conditions are unfavourable
for growth of the thermophilous meso-
phytes.

Polygonato humilis-Betuletumpendulae
Ermakov ass. nova hoc loco
(Table V: 8)

Nom. type is relevé nr. 31, Table XIII.
Diagnostic species: Adenophora lamar-
ckii, Bromopsis pumpelliana, Campa-
nula glomerata, Delphinium retropilo-
sum, Phlomoides tuberosa, Polygonatum
humile.

Secondary birch forests (on the
place of mixed larch-birch zonal forests)
of the temperate continental climatic
sector of the eastern macroslope of the
Kuznetskiy Alatau ridge. They occupy
the lower parts of northern slopes
with rich soils at altitudes of 400-600
m. These habitats are characterised
by a variable moisture regime during
the growth period resulting in mixed
combination of mesophilous and xero-
mesophilous species.

Brunnero sibiricae-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table V: 9, 10)

Nom. type is relevé nr. 33, Table XIII.
Diagnostic species: Anemonoides
reflexa, Bistorta major, Brunnera
sibirica, Anemonoides jenisseens, Vicia
lilacina, Allium microdictyon.

Temperate thermophilous mixed
pine-birch-aspen forests of the foot-hills
of the West Sayani. They occur in the
lower parts of northern, north-eastern
and north-western gentle slopes with
rich soils at altitudes of 350-600 m.
Communities of the association and
the Altaian Dentario sibiricae-Pinetum
forests are geographic vicariants. The
floristic composition of the Brunnero-
Pinetum is characterised by a more
impoverished group of thermophilous
nemoral species and the presence of
a regional group of Altai-Sayanian
species: Anemonoides jenisseensis,
A. reflexa, Brunnera sibirica, Vicia
lilacina.

Brunnero sibiricae-Pinetum sylvestris
typicum Ermakov subass. nova hoc
loco

(Table V: 9)

Nom. type is relevé nr. 33, Table XIII.
Typical community of the associa-
tion which occurs in mesic sites.

Brunnero sibiricae-Pinetum sylvestris
equisetosum sylvaticae Ermakov subass.
nova hoc loco
(Table V: 10)

Nom. type is relevé nr. 32, Table
XIII.
Diagnostic species: Equisetum sylvati-
cum, Melilotoides platycarpos, Descha-
mpsia cespitosa, Lysimachia vulgaris,
Moehringia lateriflora, Geum aleppi-
cum.

Community of the hygro-mesic
sites.

Paeonio anomalae-Laricetum sibiricae
Ermakov ass. nova hoc loco
(Fable Vi L1y

Nom. type is relevé nr. 34, Table XIII.
Diagnostic species: Calamagrostis pav-
lovii, Caragana arborescens, Pedicu-
laris resupinata, Picea obovata, Pyrola
rotundifolia, P. incarnata, Vicia cracca,
Valeriana alternifolia.

Hygro-mesophilous mixed larch-
birch forests (sometimes with aspen)
of the continental climatic sector of the
Central Sayani. They occur in modera-
tely cold wet depressions between slopes
with excessive flushing and rich soils
at altitudes of 900-1200 m. The role
of the moderately cryophilous boreal
species of the class Vaccinio-Piceetea
(Picea obovata, Pyrola rotundifolia, P.
incarnata) and some continental species
(Calamagrostis pavlovii, Pedicularis
resupinata, Valeriana alternifolia)
increases in the association.

Euphorbio pilosae-Caraganetum arbo-
rescentis Lashchinsky et Revyakina
1992

The association including the tall
shrub (Caragana arborescens) commu-
nities was described by LASHCHINSKY
and REVJIAKINA (1991) in the foot-hills
of the lower Salair mountains.

Geranio sylvaticae-Pinenion sylvestris
Ermakov suball. nova hoc loco
(Table V: 12, 13)

Nomenclatural type is the association
Trollio asiaticae-Populetum tremulae.
Diagnostic species: Aegopodium poda-

graria, Carex pallescens, Geranium
sylvaticum, Lathyrus vernus.

Moderately thermophilous hygro-
mesophilous pine-birch-aspen forests
of the elevated south-eastern part of the
West Siberian Plain.

These forests are formed in the
temperate continental climate with
mild winters and warm summers.
During the winter a deep snow layer
(up to 1 m) protects soils from frost.
These conditions are favourable for the
thermophilous European-Siberian and
West-Siberian mesophytes (Aegopo-
dium podagraria, Carex pallescens,
Geranium bifolium, G. sylvaticum).
These species occurring here at the
eastern boundary of their ranges are
important floristic geographical indica-
tors. Besides, moderately cryophilous
boreal species are absent in these
forests (in contrast to what occurs
in hemiboreal forests of the Middle
Siberian Plateau).

Analogous forest types were cha-
racterized by Kryrov, 1961; DyMiNa,
1989.

Trollio asiaticae-Populetum tremulae
Dymina ex hoc loco
(Table V: 12)

Nom. type is relevé nr. 35, Table XIII.
Diagnostic species are those of the
suballiance.

Small-leaved grass forests of the
foot-hills of the Salair low mountain
ridge and adjacent high watersheds of
the West Siberian Plain. They occupy
northern slopes of hills, depressions and
ravines with wet rich soils.

Melilotoido platycarpi-Pinetum sylves-
tris Ermakov ass. nova hoc loco
(Table V: 13)

Nom. type is relevé nr. 36, Table XIII.
Diagnostic species: Agrostis gigantea,
Astragalus glycyphyllos, Inula salicina,
Phleum pratense, Phragmites australis,
Thalictrum simplex.

These are meso-eutrophic pine-
birch-aspen grass forests occurring on
the higher ancient terraces of the Ob
river valley and neighboring watersheds.
They occupy the shallow depressions
with wet soils formed on the sandy-
loamy parent material. The combination
of the meadow hygrophytes, mesophytes
and xero-mesophytes is characteristic
of these forests.

The birch forests belonging to
this association were characterized by
FaLinskr (1990, 1995a) from subzone
of small-leaved forests in the West
Siberian Plain.
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Carici macrourae-Pinenion sylvestris
Ermakov in Ermakov ef al. 1991
(Table V: 14-16)

Nomenclatural type is the association
Spiraeo salicifoliae-Pinetum sylves-
tris.
Diagnostic species are moderately
cryophilous boreal (taiga) and meadow
plants: Trientalis europaea, Gymnocar-
pium dryopteris, Vaccinium vitis-idaea,
Vicia venosa, Vicia cracca.
Hygro-mesophilous pine-birch
forests of the Middle Siberian Plateau.
They are formed in the temperate cold-
continental climate of the subtaiga and
southern part of taiga subzones. These
forests occupy small depressions in
the gentle slopes of hills and river
valleys with wet and cold soils at
altitudes of 200-600 m. Everywhere the
forests indicate the ecological boundary
between the Brachypodio-Betuletea
and Vaccinio-Piceetea. Communities of
the latter class occupy more cryophitic
sites with seasonally frozen soils and
sometimes with permafrost. In the drier
slopes of hills the suballiance commu-
nities are replaced by xero-mesophilous
hemiboreal forests of the suballiance
Achyrophoro-Pinenion. Analogous
forest types were characterized by
PovArNITSYN (1931); Porov (1961);
KAMENETSKAYA et al. (1963); Vopopy-
ANOVA (1964); PoBEDINSKY (1965);
TyuLiNa (1976).

Matteuccio-Pinetum sylvestris Ermakov
ass. nova hoc loco (Table V: 14)

Nom. type is relevé nr. 37, Table XIII.
Diagnostic species of the association
are those of the suballiance.

Typical communities of the subal-
liance widespread in the southern part
of the Middle Siberian Plateau. They
occur on gentle north-eastern and north-
western slopes of hills with mesic
drained soils and on the terraces of
river valleys.

Spiraeo salicifoliae-Pinetum sylvestris
Ermakov in Ermakov ef al. 1991.
(Table V: 15)

Diagnostic species: Allium microdic-
tyon, Anemonoides altaica, Bistorta
major, Cypripedium macranthon, Salix
starkeana, Spiraea salicifolia, Vicia
lilacina, Galium uliginosum, Pedicu-
laris resupinata, Picea obovata, Pyrola
media, Rubus arcticus.

Mixed pine-birch forests occurring
in the south taiga subzone. They occupy
sites with over-saturated soil and with
limited drainage.

Duschekio fruticosae-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table V: 16)

Nom. type is relevé nr. 38, Table XIII.
Diagnostic species are moderately
cryophilous boreal mesophytes: Anemo-
nastrum crinitum, Duschekia fruticosa,
Trisetum sibiricum, Vaccinium myrtil-
lus.

Mixed pine-aspen grass forests of
the northern slopes of the Khamar-Daban
ridge under the influence of Baikal Lake
microclimate. The communities are
the more continental climatic eastern
analogues of the Carici macrourae-
Pinetum forests. They occur in well-
drained hygro-mesic sites in the western
and eastern slopes at altitudes of
800-900 m.

CHAMAECYTISORUTHENICI-PIN-
ETALIA SYLVESTRIS Solomeshch et
Ermakov ord. nova hoc loco

Nomenclatural type is the alliance
Veronico teucrii-Pinion sylvestris.

This order includes light coniferous
and small-leaved-coniferous (Betula
pendula, Pinus sylvestris, Larix sibirica)
continental hemiboreal forests of the
South Urals. They are widespread in
the foot-hills of the eastern macroslope
(Siberian part) of the Ural mountain
system, in the temperate continental
climate. There, the Chamaecytiso-
Pinetalia forests are a component of
the lower part of the forest and forest-
steppe belts at altitudes of 400-700 m.
On the western macroslope of the Urals
(with the humid cyclonic climate), the
communities are dominantly replaced
by broad-leaved and broad-leaved-
coniferous forests of the Querco-
Fagetea. There, the Camaecytiso-
Pinetalia communities occupy the
xero-mesic sites (southern, south-
western and south-eastern slopes) and
they are everywhere in contact with
the broad-leaved and mixed forests
occurring in more mesic sites.

The intermediate geographical
location of the hemiboreal forests of the
Urals between European thermophilous
broad-leaved forests and Siberian
continental small-leaved coniferous
ones results in some difficulties of
determination of their syntaxonomical
position. In the transitional habitats, there
are communities combining features
of both classes. The most reliable
diagnostic criteria for identification
of the Chamaecytiso-Pinetalia forests
are (1) a weak participation or absence
of the thermophilous Querco-Fagetea
characteristic species of the European

plant geographical group (especially
broad-leaved trees and nemoral shrubs)
and (2) an increased role of East-
European-Siberian and Asian light-
demanding diagnostic species of the
class Brachypodio-Betuletea as well as
that of (3) meadow mesophytes of the
Molinio-Arrhenatheretea, Mulgedio-
Aconitetea and (4) xero-mesophytes
of the Festuco-Brometea and Trifolio-
Geranietea classes. The combination
of these contrasting ecological and
phytosociological groups is an important
peculiarity of the floristic composition
of all Siberian hemiboreal forests which
indicates the changeable regime of
warmth and moisture during the growth
period.

The Urals Chamaecytiso-Pinetalia
communities could not be included
in the South-Siberian order Carici
macrourae-Pinetalia because they are
characterised by the absence of a large
group of North Asian plants which are
diagnostic species of the latter order
and play leading role there.

The order Chamaecytiso-Pinetalia
contains two alliances representing two
large ecological and phytosociological
types of hemiboreal forests occurring
in meso-xeric and mesic habitats.
Simultaneously, the distribution of these
two alliances dominantly corresponds
to main climatic and plant geographical
sectors of the South Urals: western
(humid, East European) and eastern
(continental, West Siberian). It is also
related with the differences between
European and Siberian floristic prov-
inces and with the role of the South Urals
as a large plant geographical boundary
in the interior part of Eurasia.

Diagnostic species of the order
Chamaecytiso-Pinetalia are dominantly
light-demanding European species
spreading in the south-western part of
the West Sibera as well as some East-
European-West-Siberian and South-
Siberian plants: Adenophora liliifolia,
Carex digitata, C. rhizina, Chamae-
cytisus ruthenicus, Digitalis grandi-
flora, Galium tinctorium, Geranium
pseudosibiricum, Inula hirta, Primula
macrocalyx, Silene nutans, Stachys
officinalis, Trifolium medium, Trollius
europaeus, Veronica chamaedrys, V.
spuria, Viola canina, V. collina.

Veronico teucrii-Pinion sylvestris
Ermakov et Solomeshch all. nova hoc
loco

(Table VI: I- 7)

Nomenclatural type is the association
Genisto tinctoriae-Betuletum pendu-
lae.
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Diagnostic species: Artemisia armeni-
aca, A. sericea Carex caryophyllea,
Cotoneaster melanocarpus, Draco-
cephalum ruyschiana, Elytrigia repens,
Filipendula vulgaris, Fragaria viridis,
Galium verum, Linaria vulgaris, Ori-
ganum vulgare, Phleum phleoides,
Phlomoides tuberosa, Poa angustifolia,
Pulsatilla patens, Ranunculus polyan-
themos, Seseli libanotis, Veronica
spicata, V. teucrium.

These are meso-xerophilous and
xero-mesophilus birch-pine and birch
grass forests. They are widespread in
the forest-steppe belt and lower part of
the forest belt of the South Urals. The
communities belonging to this alliance
predominate in the eastern foothills of
the mountain system. There, they occur
on gentle slopes of various aspects of
low mountains at altitudes of 400-700
m. These sites are characterized by
well-developed mesic and xero-mesic
grey solis. An increase of the climate
continentality on eastern macro-slope
of the South Urals (the Siberian part)
results in a decrease of the role of
thermophilous nemoral species of the
Querco-Fagetea in the hemiboreal
forests and in higher role of the xero-
mesophytes which predominate in the
grope of diagnostic species of the
alliance.

Saussureo controversae-Betuletum
pendulae Ermakov ass. nova hoc loco
(Table VI: 1)

Nom. type is relevé nr. 61, Table XIII.
Diagnostic species: Crepis praemorsa,
Inula salicina, Orthilia secunda, Pteri-
dium aquilinum, Saussurea controversa,
Viola montana.

These are mesic secondary birch
forests forming in the places of destroyed
primary birch-pine-larch grass forests.
They are widespread on the shaded
gentle slopes and low depressions with
well-developed grey soils.

Genisto tinctoriae-Betuletum pendulae
Ermakov ass. nova hoc loco
(Table VI: 2)

Nom. type is relevé nr. 85, Table XIII.
Diagnostic species: Artemisia latifolia,
A. macrantha, Carex praecox, C. obtu-
sata C. tomentosa, Cerasus fruticosa,
Euphorbiavirgata, Festuca pseudovina,
Genista tinctoria, Pimpinella saxifraga,
Stellaria graminea, Tanacetum vulgare,
Tephroseris integrifolia, Valeriana
wolgensis.

These are xero-mesophilous secon-
dary birch grass forests occurring on dry
steep and gentle southern, eastern and

western slopes with poorly developed
grey soils. The light demanding xero-
mesophytes play the important role and
predominate in the diagnostic group of
the association.

Pyrethro corymbosi-Pinetum sylvestris
Solomeshch ass. nova hoc loco
(Table VI: 3, 4)

Nom. type is relevé nr. 90, Table
XIII.

Diagnostic species: Agrostis gigantea,
Bupleurum aureum, Campanula persi-
cifolia, Dactylis glomerata, Galeopsis
bifida, Hylotelephium caucasicum, Poa
nemoralis, Pyrethrum corymbosum,
Rhytidiadelphus triquetrus, Quercus
robur; Stellaria holostea.

This association includes pine,
larch and birch grass forests occurring
in moderately mesic sites with grey
soils, on gentle slopes of various
aspects as well as on flat summits of
mountain ranges. They were described
in the Zilairsky Plateau of the South
Urals (Bashkortostan Republic). The
communities belonging to the Pyrethro-
Pinetum differ from those of the
Calamagrostio-Laricetum in the high
role of Pyrethrum corymbosum, Poa
nemoralis, Campanula persicifolia,
Quercus robur which are typical of
xero-mesophilous broad-leaved forests
of the alliance Lathyro-Quercion
Solomeshch et al. 1983 (Querco-
Fagetea, Quercetalia pubescentis). They
are also characterized by absence or low
constancy of some boreal and south-
boreal mesophytes: Maianthemum
bifolium, Aconitum septentrionale,
Bistorta major, Luzula pilosa.

Variant Larix sibirica (Table VI:
3) includes forests with predominance
of larch in tree layer.

Variant Pinus sylvestris (Table VI:
4) includes forests with the predomi-
nance of pine in tree layer.

Calamagrostio arundinaceae-Laricetum
sibiricae Schubert, Jiger et Mahn
ex Solomeshch ass. nova hoc loco
(Table VI: 6)

Nom. type is relevé nr. 43, Table 5 in
SCHUBERT et al. 1979 (p.p.256-259).
Diagnostic species: Agrimonia eupato-
ria, Carex pediformis, Campanula
bononiensis, Crataegus sanguinea,
Elymus caninus, Euphorbia esula,
Festuca rubra, Lathyrus tuberosus,
Vaccinium vitis-idaea.

This association was described in
Uchalinsky administrative district of
Bashkortostan Republic by ScHUBERT
et al. (1979) without indication of

the nomenclatural type. These are
mesophilous larch and pine forests
occurring on gentle slopes of various
aspects and in flat sites of the eastern
foothills of the South Ural. They are
characterized by the poorest indexes
of species richness in comparison with
communities of other associations of
the alliance.

Carici caryophylleae-Pinetum sylvestris
Martynenko ass. nova hoc loco
(Table VI: 5)

Nom. type is relevé nr. 89, Table XIII.

Diagnostic species: Aconopogon alpi-
num, Antennaria dioica, Aster alpinus,
Aulacospermum multifidum, Caragana
[frutex, Centaurea ruthenica, Centaurea
sibirica, Dianthus versicolor, Festuca
rupicola, Galium ruthenicum, Poa
transbaicalica, Ptilium crista-castren-
sis, Seseli krylovii, Silene repens, Steris
viscaria, Tragopogon orientalis, Turritis
glabra, Viola rupestris.

These are open pine-larch meso-
xerophilous grass forests occurring on
dry southern, south-western and south-
eastern slopes of the upper parts of
mountain ridges. They were described
in the South Kraka Mts of the South
Urals.

Serratulo gmelinii-Betuletum pendulae
Solomeshch ass. nova hoc loco
(Table VI: 7)

Nom. type is relevé nr. 91, Table XIII

Diagnostic species: Bromopsis inermis,
Erysimum hieracifolium, Filipendula
ulmaria, Galatella biflora, Plantago
urvillei, Serratula gmelinii.

The association comprises second-
ary mesophilous birch grass forests
of the eastern foothills of the South
Ural. They occur on gentle slopes, flat
places and in the low depressions with
grey soils. The communities of this
association replace primary larch and
pine grass forests because of clearings.
The higher role of typical meadow
mesophytes (Bromopsis inermis, Carex
praecox, Filipendula ulmaria) is seen
there due to the usage of these forests
for haying and as a pastures.

Trollio europaei-Pinion sylvestris
Fedorov ex hoc loco
(Table VI: 8-10)

Diagnostic species: Aconitum septen-
trionale, Aegopodium podagraria,
Bistorta major, Cerastium pauciflorum,
Cirsium heterophyllum, Dactylis glo-
merata, Lathyrus gmelinii, Luzula
pilosa, Maianthemum bifolium, Milium
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effusum, Ranunculus acris, R. auri-
comus, Stellaria holostea, Succisa
pratensis, Trientalis europaea.

These mixed mesophytic pine-
birch (sometimes with Larix sibirica)
grass forests are widespread in the
western and central parts South Urals.
They were described by FeEporov
(1991) and were placed in the order
Quercetalia pubescentis Klika 1933 of
the class Querco-Fagetea. Later, one
association of the alliance was included
in the class Brachypodio-Betuletea
(ErRMAKOV,1994).

The Trollio europaei-Pinion syl-
vestris differs from the previous alliance
by the higher role of some European
thermophilous nemoral herbs occurring
at the eastern limits of their ranges here
and by the predominance of mesophytes
over species of other ecological groups
(xero-mesophytes, xerophytes). The
species of the class Querco-Fagetea do
not play a leading role in the Trollio
europaei-Pinion sylvestris but they are
important indicators of the ecological
peculiarities of the alliance.

Bupleuro longifoliae-Pinetum sylvestris
Fedorov ex hoc loco
(Table VI: 8, 9)

Nom. type is relevé nr. 86, Table XIII.
Diagnostic species: Bupleurum aureum,
Potentilla erecta, Thalictrum flavum,
Trommsdorfia maculata.

These mesophilous pine (Pinus
sylvestris) and secondary birch (Betula
pendula) grass forests are widespread in
the western and central part of the South
Urals. They occupy gentle slopes of
various aspects and shallow depressions
with the mesic grey soils.

Bupleuro longifoliae-Pinetum sylvestris
typicum Fedorov ex hoc loco
(Table VI: 8)

Nom. type is relevé nr. 86, Table XIII.

These are pine and birch grass
forests occurring in the middle and
lower slopes of mountains.

Bupleuro longifoliae-Pinetum sylvestris
seselietosum libanotis Fedorov ex hoc
loco

(Table VI: 9)

Nom. type is relevé nr. 87, Table XIII.
Diagnostic species: Euphorbia subcor-
data, Filipendula vulgaris, Origanum
vulgare, Seseli libanotis.

These pine and birch grass forests
occur on more Xeric sites in comparison
with the previous subassociation. These
are eastern, south-eastern, and south-

western slopes and on the flat summits
of the mountains with the poorly
developed soils.

Myosotido sylvaticae-Pinetum sylvestris
Fedorov ex hoc loco
(Table VI: 10)

Nom. type is relevé nr. 88, Table XIII.
Diagnostic species: Abies sibirica,
Carex pilosa, Filipendula ulmaria,
Geum urbanum, Glechoma hederacea,
Hypericum elegans, Myosotis sylvatica,
Oxalis acetosella, Padus avium, Paris
quadrifolia, Prunella vulgaris, Pyrola
minor, Ranunculus propinquus, Rubus
idaeus.

These are pine grass forests occur-
ring in mesic sites with the well-
developed grey soils of the lower parts
of gentle shaded slopes and in the
river valleys. They are characterized
by higher role of the European nemoral
species indicating their transitional
features to the Fagetalia sylvaticae
forests.

CALAMAGROSTIO EPIGEI-BETU-
LETALIA PENDULAE Korolyuk ex
hoc loco

(Table VII)

Diagnostic species, mesophilous and
xero-mesophilous plants tolerant of
weak saline soil conditions are: Artemi-
sia macrantha, Calamagrostis epigeios,
Galatella biflora, Geranium bifolium,
Heracleum sibiricum, Kadenia dubia,
Poa angustifolia (incl. Poa pratensis).

Zonal birch (Betula pendula, B.
pubescens) hemiboreal forests with
participation of aspen (Populus tremula)
and pine (Pinus sylvestris) of the West
Siberian Lowland. This lowland, the
largest in the world, has a very flat
relief (altitudes of 100-150 m) causing
poor drainage of the vast territory.
As a result, the territory is saline and
boggy. These two soil factors are of
great importance for the genesis of
the lowland flora and vegetation and
surpass the influence of the sector
climatic factors. Thatis why hemiboreal
forests of the lowland and piedmont
of West Siberia formed in the similar
temperate continental climate are
assigned to different orders.

In the southern part of the forest
zone, the Calamagrostio-Betuletalia
communities occupy small undulations
with grey loamy solodic soils surro-
unded by wetlands with communities of
the classes Phragmiti-Magnocaricetea
Klika in Klika et Novak 1941, Molini-
etalia W. Koch 1926 and Alnetea
glutinosae Br.-Bl. et Tx. ex. Westhoff

et al. 1946. In the forest-steppe zone,
the Calamagrostio-Betuletalia forests
occupy shallow depressions with loamy
dark grey solodic soils which are
surrounded by zonal steppe commu-
nities of the Festuco-Brometea and
halophytic Asteretea tripolium Westhoff
et Beeftink 1962, Festuco-Limonietea
Karpov et Mirkin 1985 and sometimes
Thero-Salicornietea R. Tx. in R. Tx.
et Oberd. 1958. Azonal pine forests of
the order occupy ancient glacio-fluvial
sandy sites with saline subsoil water.
Salinity of the soils is responsible
for the poor floristic composition of
the communities of the order and their
simple phytocoenotic structure. The
forests are characterised by an open,
mono-oligodominant tree layer (cover
of 40-60%) and by a poorly developed
shrub layer. The herb layer has cover of
40-70% and there are 36-48 species per
200 m?. A moss layeris not characteristic
there. The order contains two alliances
including forests formed in sites of
different degrees of soil moisture.

Peucedano morisonii-Betulion pen-
dulae Ermakov 1996
(Table VII: 1-10)

Nomenclatural type is the association
Carici praecocis-Betuletum pendulae-
Diagnostic species are mainly East
European-West Siberian xero-meso-
phytes and meso-xerophytes of the class
Festuco-Brometea: Filipendulavulgaris,
F. stepposa, Peucedanum morisonii,
Galium verum, Fragaria viridis, Seseli
libanotis, Carex praecox, Origanum
vulgare, Ranunculus polyanthemos,
Artemisia latifolia, Phlomoides tube-
rosa, Polygonatum odoratum, Draco-
cephalum ruyschiana, Helictotrichon
pubescens, Plantago urvillei, Anemone
sylvestris.

These are xero-mesophytic birch
(Betula pendula) and azonal pine (Pinus
sylvestris) grass forests of the forest-
steppe and steppe zones. The habitats
of the forests are characterized by
weak salinity and a shortage of soil
moisture.

Analogous forest types were
characterized by Gorobkov (1915),
LAVRENKO (1985), LAPsHINA (1985).

Peucedano morisonii-Betuletum pen-
dulae Korolyuk ex hoc loco
(Table VII: 1, 2)

Diagnostic species are those of the

alliance.

Nom. type is relevé nr. 25 in KorRoLYUK

and Kiprriyanova, 1998 (p.79).
Xero-mesophytic birch grass for-
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ests of the northern part of the forest-
steppe zone. They occupy sites with
deficient moisture supply indicated
by a group of the alliance diagnostic
species.

Peucedano morisonii-Betuletum pen-
dulae typicum Ermakov subass. nova
hoc loco

(Table VII: 1)

Nom. type of the subassociation is that
of the association.

Diagnostic species are those of the
association.

These are the hemiboreal birch
forests of the Baraba Lowland (the
central part of the West Siberian
Lowland).

Peucedano morisonii-Betuletum pen-
dulae geranietosum pratensis Ermakov
subass. nova hoc loco

(Table VII: 2)

Nom. type is relevé nr. 39, Table XIII.
Diagnostic species: Geraniumpratense,
Potentilla chrysantha, Delphinium
retropilosum, Eryngium planum.

The subassociation represts a geo-
graphical type of the association in the
south-eastern edge of the West Siberian
Lowland (Priobskoye Plateau).

Carici praecocis-Betuletum pendulae
Ermakov 1996
(Table VII: 3-5)

Diagnostic species: Artemisia sericea,
Carex caryophillea, Festucapseudovina,
Medicago falcata, Silene nutans.

Xero-mesophytic birch grass for-
ests of the middle and southern parts
of the forest-steppe (sometimes steppe)
zone. They are the most xeric birch for-
ests of the West Siberian Lowland. Zonal
soil moisture shortage is indicated by a
group of diagnostic meso-xerophilous
species of the association.

Carici praecocis-Betuletum pendulae
typicum Ermakov subass. nova hoc
loco
(Table VII: 3)
Nom. type of the subassociation is that
of association (in ERMakov 1996a).
Diagnostic species are those of the
association.

Typical community occurring in
the eastern part of the West Siberian
Lowland.

Carici praecocis-Betuletum pendulae
vicietosum unijugae Ermakov subass.
nova hoc loco
(Table VII: 4)

Nom. type is relevé nr. 40, Table
XII.
Diagnostic species: Astragalus danicus,
Viola persicifolia, Vicia unijuga, Ade-
nophora liliifolia.

A more mesophytic variant occur-
ring in the eastern part of the West
Siberian Lowland.

Carici praecocis-Betuletum pendulae
cerasetosum fruticosae Ermakov subass.
nova hoc loco
(Table VII: 5)

Nom. type is relevé nr. 41, Table XIII.
Diagnostic species: Cerasus fruticosa,
Adonis vernalis, Artemisia armeniaca,
Centaurea scabiosa, Euphorbiavirgata,
Galium tinctorium, Trifolium medium.

The geographical association type
widespread in the south-western edge of
the West Siberian Lowland.

Caragano arborescentis-Pinetum syl-
vestris Ermakov ass. nova hoc loco
(Table VII: 6)

Nom. type is relevé nr. 42, Table XIII.
Diagnostic species: Caragana arbores-
cens (dom.), Neottianthe cucullata,
Poa nemoralis.

These are azonal xero-mesophilous
psammophilous pine grass forests
occurring in the southern part of the
forest-steppe zone. They occupy the
moderately mesic oligotrophic depres-
sions of the ancient glaciofluvial sandy
deposits. The floristic composition
of the association is characterised by
considerable impoverishment because
of disappearance of mesophytes, play-
ing an important phytocoenotic role
in the communities of the previous
association. This impoverishment is
connected with southern zonal location
of the forests in the more arid climate).
The oligotrophic soils of the habitats are
indicated by facultative psammophytes
Caragana arborescens and Neottianthe
cucullata.

Equiseto hyemalis-Pinetum sylvestris
Ermakov, Makunina et Maltseva ex
hoc loco

(Table VII: 6)

Nom. type is relevé nr. 45, Table XIII.

Diagnostic species: Crepis praemorsa,
Equisetum hyemale Fragaria vesca,
Geranium sylvaticum, Lathyrus vernus,
Maianthemum bifolium, Orthilia

secunda, Pteridium aquilinum, Vac-
cinium vitis-idaea.

These are mesophilous psammo-
philous pine grass forests of the northern
part of the forest-steppe zone of the
West Siberian Plain. They occur in
oligotrophic and oligo-mesotrophic
mesic sites on the ancient glaciofluvial
sandy strips and higher terraces of river
valleys. These local azonal habitats
are favourable for growth of pine
with numerous boreal and subnemoral
mesophytes.

Equiseto hyemalis-Pinetum sylvestris
caraganetosum arborescentis Ermakov
subass. nova hoc loco

(Table VII: 7)

Nom. type is relevé nr. 43, Table XIII.
Diagnostic species: Caragana arbores-
cens (dom.).

Community with well-developed
shrub layer of Caragana arborescens
and poorly developed herb layer which
occurs in the cold bottoms of shallow
depressions in the higher river ter-
races.

Equiseto hyemalis-Pinetum sylvestris
chimaphiletosum umbellatae Ermakov
subass. nova hoc loco

(Table VII: 8)

Nom. type is relevé nr. 44, Table XIII.
Diagnostic species: Carex vaginata,
Chimaphila umbellata, Knautia arven-
sis, Platanthera bifolia, Potentilla
erecta, Pyrola rotundifolia.

Communities of this subassociation
occur in meso-oligotrophic sites of the
lower sandy terraces of large rivers
(the Ob, Tobol) in the West Siberian
Plain. In the oligotrophic sites, they
are replaced by pine forests of the
Dicrano-Pinion.

Equiseto hyemalis-Pinetum sylvestris
caricetosum macrourae Ermakov,
Makunina et Maltseva ex hoc loco
(Table VII: 9)

Nom. type is relevé nr. 45, Table XIII.
Diagnostic species: Athyrium filix-
femina, Bupleurum aureum, Carex
macroura, Heracleum dissectum, Pote-
ntillafragarioides, Vacciniummyrtillus,
Veronica chamaedrys, Vicia unijuga.

These forests replace communities
of the previous subassociation in the
mesotrophic sites of higher terraces of
the Ob river. The mesic and more fertile
soils are favorable for development of
grass layer with cover of 65-80% and
for the growth of numerous mesotrophic
species here.
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The communities belonging to this
subassociation occur at the eastern limit
of the order Calamagrostio-Betuletalia
and are in the contact with the forests
of the Carici macrourae-Pinetalia in
the higher terraces of the Ob river and
at the watersheds. That is why they
contain transitional floristic features to
the letter order.

Similar communities were described
by FaLiNsk1(1995a) on the higher terraces
of the Ob river.

Equiseto hyemalis-Pinetum sylvestris
betuletosum pendulae Ermakov subass.
nova hoc loco

(Table VII: 10)

Nom. type is relevé nr. 46, Table XIII.
Diagnostic species: Artemisia arme-
niaca, Thalictrum foetidum, Viola
mirabilis, Cypripedium guttatum, Silaum
silaus, Polygonatum humile.

Community occurring in the higher
ancient bank of the Ishim river. The
forests belonging to this subassociation
occupy the higher parts of the steep
slopes of small hills with the xero-mesic
sandy loamy soils.

Calamagrostio epigei-Betulion pen-
dulae Korolyuk ex hoc loco
(Table VII: 11-15)

Nomenclatural type is the association
Cirsio heterophylli-Betuletum pendu-
lae.

Diagnostic species are European-Sibe-
rian mesophytes and hygro-mesophytes:
Betula pubescens, Agrostis gigantea,
Crepis sibirica, Filipendula ulmaria,
Inula britannica, Lysimachia vulgaris,
Moerhingia lateriflora.

Mesic and hygro-mesic birch
(Betula pendula, B. pubescens) grass
forests with participation of aspen
(Populus tremula) in the southern part
of the forest zone and northern part
of forest-steppe zone. The habitats of
the forests are characterised by weakly
saline, moist and wet soils.

Analogous forest types were char-
acterized by KryLov (1961); LAVRENKO
(1985).

Poo urssulensis-Betuletum pendulae
Korolyuk in Ermakov et al. 1991 nom.
nud.

(Table VII: 11)

Diagnostic species of the association are
those of the alliance and Poa urssulensis,
Veronica longifolia.

Typical mesophilous birch forests
of the forest-steppe zone. They occur
in the lower part of the wide shallow

depressions with variable moisture
supply.

Phalaroido-Betuletum pendulae Koro-
lyuk ex hoc loco
(Table VII: 12)

Nom. type is relevé nr. 16 in KoroLYUK
and KiprivaNova, 1998 (p.78).
Diagnostic species are hygro-meso-
phytes of swampy forests and wetlands:
Calamagrostis canescens, Carex ripa-
ria, Phalaroides arundinacea, Ptarmica
cartilaginea.

Hygro-mesic birch-aspen grass
forests of the wet poorly-drained lower
parts of the gentle slopes of closed
depressions on the watersheds or wet
bottoms of the more shallow depres-
sions.

In the damp sites, the forests are
replaced by communities of the class
Alnetea glutinosae.

Cirsio heterophylli-Betuletum pendulae
Korolyuk ex hoc loco
(Table VII: 13-15)

Nom. type is relevé nr. 6 in KOorROLYUK
and KipriyANOVA, 1998 (p.79).
Diagnostic species are mesophytes and
hygro-mesophytes: Cacalia hastata,
Cirsium heterophyllum, C. setosum,
Phragmites australis, Viola hirta.

Birch-aspen grass forests wide-
spread in the southern part of the forest
zone (subtaiga subzone). They occupy
well-drained undulations with mesic
grey soil.

Cirsio heterophylli-Betuletum pendulae
aegopodietosumpodagrariae Korolyuk
ex hoc loco

(Table VII: 13)

Nom. type of the subassociation is that
of the association.

Diagnostic species: Aegopodium poda-
graria, Equisetum pratense.

Community of moist sites.

Cirsio heterophylli-Betuletum pendulae
galeopsietosum Korolyuk in Ermakov
et al. 1991 nom. nud.

(Table VII: 14)

Diagnostic species: Artemisia latifolia,
Galeopsis bifida, Origanum vulgare,
Ranunculus polyanthemos, Seseli
libanotis.

Community of mesic sites.

Cirsio heterophylli-Betuletum pendulae
vicietosum sylvaticae Ermakov subass.
nova hoc loco

(Table VII: 15)

Nom. type is relevé nr. 47, Table XIII
Diagnostic species: Cypripedium mac-
ranthon, Equisetum sylvaticum, Paris
quadrifolia, Viburnum opulus, Vicia
sylvatica.

Community of better drained habi-
tats at the western edge of the West
Siberian Lowland.

Syntaxonomical notes

Denisova (in ILINA ef al., 1988)
described the alliance Roso majalis-
Betulion pendulae (in the Querco-
Fagetea class system) of flood-plain
forests of the Irtysh river (West Siberian
Lowland). Later, this alliance was
attributed to the Brachypodio-Betuletea
by TaraN (1993) despite the absence
of distinct features of this class and
order.

These are birch (Betula pendula, B.
pubescens) and pine (Pinus sylvestris)
forests with poor floristic composition
combining a few features of the classes
Querco-Fagetea, (Alno-Padion Knapp
1942), Salicetea purpurea Moor 1958
and Brachypodio-Betuletea (Calamag-
rostio epigei-Betuletalia pendulae).

At present, the syntaxonomical
position of the alliance is unclear and
additional data are required.

QUERCO-FAGETEA Br.-Bl. et
Vlieger in Vlieger 1937

FAGETALIA SYLVATICAE Pawtl. in
Pawl. et al. 1928

ABIETENALIA SIBIRICAE Ermakov
ex hoc loco

(Table VIII)

Nomenclatural type is the alliance Milio
effusi-Abietion sibiricae.

Differential species: Abies sibirica,
Sorbus sibirica, Aconitum septentrio-
nale, Cacalia hastata, Calamagrostis
obtusata, Carex macroura, Cirsium
heterophyllum, Corydalis bracteata,
Crepis sibirica, Erythronium sibiricum,
Euphorbia pilosa, Heracleum dissec-
tum, Lathyrus gmelinii, Pleurospermum
uralense, Paeonia anomala, Stellaria
bungeana.

The class Querco-Fagetea (Fage-
talia sylvaticae) is represented in North
Asia by Altai-Sayanian mountain relic
subnemoral mixed forests, which are
the most thermophilous primary com-
munities among Siberian woodlands.
These forests are included in the large
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geographical group of hemiboreal
forests because of the predominance of
widespread boreal species in the canopy
and at the same time of the essential
phytosociological role of nemoral
species in the ground layer.

The terms “subnemoral forests”
and “hemiboreal forests” are used as
synonyms with respect to Siberian
Fagetalia forests.

The range of the North Asian
Fagetalia forests is not continuous
and is located at the periphery of the
Altai-Sayanian mountain regin as a
result of the special local meso-climates
(fig. 4).

The mountains of South Siberia
located in the center of Eurasia are
weakly influenced by two oceans - the
Atlantic Ocean in the west and the
Pacific in the east. The main part of the
range of subnemoral forests is located in
the western and north-eastern foothills
of the Altai and Sayani.

High frontal ridges (up to
2000-2500m) of these mountain systems
serve as big barriers on the way of
transfer of humid Atlantic air masses
from the west. Therefore, the intensive
cyclonic processes and considerable
softening climatic continentality take
place here. As a result, the climate
of these marginal mountain regions is
characterized by the highest warmth
and precipitation indices in Siberia.
The average annual temperature is +1 -
+30° C, the effective heat sum (above
+100) varies from 1700° to 1800°, the
Conrad continentality index is 50-70,
annual precipitation 900-1300 mm,
and annual evaporation (physical and
transpiration) 520-560 mm.

The abundant winter precipitation
forms a snow cover of up to 1.5 m
protecting the soil from the strong frost.
In this way, this is the only place in
Siberia where minimum soil tempera-
ture in winter is above freezing, varying
between 0 and +3° (LASHCHINSKY et
al., 1991). Microbiological processes
resulting in a high intensity of the
biological cycle do not stop all winter
long. As a consequence, a lack of
forest litter is characteristic of the
communities of these Siberian sub-
nemoral forests.

Four widespread boreal woody
species - Abies sibirica, Pinus sibirica,
Betula pendula and Populus tremula -
are dominants and subdominants in the
tree layers of the Siberian subnemoral
forests in the main part of their range.
Of the broad-leaved species, only Tilia
cordata subsp. sibirica occurs in one
relictsite in the Kuznetsky Alatau ridge.
Itdominates there and occurs also in the

composition of mixed forests, rather
far from its range in the South Urals.
A peculiarity of the tree layer is its low
cover values (40-60%).

The undergrowth of the majority
of communities is subdivided into two
sublayers The first sublayer is formed
by Sorbus sibirica, Viburnum opulus and
Padus avium, assuming the life form of
small trees. The second one is formed by
shrubs: Sambucus sibirica, Ribes atro-
purpureum, R. hispidulum, Caragana
arborescens, Spiraea chamaedryfolia.

Aherb layeris always well devel-
oped, cover values being 80-100%,
richness in species 50-75 for 200
m?, height up to 80-130 cm, and is
subdivided into several sublayers. The
layer of the ground mosses has a cover
of 5-40% and is represented by usual
Eurasian boreal species.

The main basis for classifying
Siberian subnemoral forests as belon-
ging to the class Querco-Fagetea is
predominance of characteristic species
of this class and of the order Fagetalia
over the diagnostic species of other
higher units. The characteristic species
of the order Fagetalia and of sub-
ordinate syntaxa predominate in the
group (Actaea spicata, Asarum europa-
eum, Asperula odorata, Brachypodium
sylvaticum, Bromopsis benekenii, Carex
sylvatica, Daphne mezereum, Dryopteris
filix-mas, Festuca altissima, Festuca
gigantea, Geranium robertianum, Loni-
cera xylosteum, Polystichum braunii,
Sanicula europaea, Scrophularia
nodosa, Stachys sylvatica, Tilia cordata
subsp. sibirica, Viburnum opulus,
Viola mirabilis). The majority of
these Fagetalia species have high
constancy indices and some of them
are dominants and subdominants in
the herb layer. These species have
European-Siberian disjunctive relict
ranges. The eastern boundaries of the
continuous ranges of the majority of
the Fagetalia species are in the South
Urals. There are only four Querco-
Fagetea and Fagetalia species with
continuous European-Siberian ranges:
Adoxa moschatellina, Melica nutans,
Milium effusum, Paris quadrifolia.
They are widespread in the different
types of the southern zonal taiga forests
(class Vaccinio-Piceetea) of the West
Siberian Plain.

The higher values of the constancy
and abundance of characteristic Fageta-
lia species make it possible to separate
the Siberian subnemoral forests from
drier and more continental zonal small-
leaved coniferous communities of the
class Brachypodio pinnati-Betuletea
despite of presence of some common

Asian regional species. However, some
communities of the alliance Lathyro
gmelinii-Pinion sylvestris of the latter
class keep floristic features transitional
to the Querco-Fagetea.

One of the main peculiarities of the
flora of Siberian subnemoral forests is
poor participation of the characteristic
taiga species of the Eurasian class
Vaccinio-Piceetea. True taiga species
(Picea obovata, Pyrola rotundifolia,
Vaccinium myrtillus, Lycopodium
annotinum, Linnaea borealis, Trientalis
europaea) do not play an important
phytocoenotic part in subnemoral
forests, in spite of the fact that these
forests are often in contact with com-
munities of the Vaccinio-Piceetea.

Development of spring sinusia of
geophytes with cover of 70-80% is
typical in Siberia for Fagetalia forests.
This is a single phytosociological
group with a predominance of the Altai-
Sayanian endemic species. These Asian
spring geophytes have close vicarious
species in Europe: Anemonoides altaica
- A. nemorosa, Dentaria sibirica - D.
glandulosa, Erythronium sibiricum -
E. dens-canis. Participation of this
relict sinusia in the subnemoral forests
is an important fact for revealing the
close phytosociological and floristic-
historical relationships between these
forests and current European broad-
leaved communities of the class
Querco-Fagetea.

In parallel with the presence of the
distinct features of the class Querco-
Fagetea and order Fagetalia, there
are two main differences between
Siberian subnemoral forests and their
European analogues which are evident
in favor of high syntaxonomical status
of former:

- absence of some important
European broad-leaved species of trees,
nemoral species of shrubs and grasses,
which are characteristic of the class
Querco-Fagetea in the main part of
their range;

- significant role of subalpine and
subalpine-forest tall-forb species in the
communities of these forests.

An increase of the phytosocio-
logical role of subalpine-forest species
Aconitum septentrionale, Cirsium
heterophyllum, Crepis sibirica, Cacalia
hastata is seen in broad-leaved forests
in the direction from North Europe
to the Urals. The first species of the
group appear in the alliances Fagion
and Alno-Ulmion from South Norway
(KieLLanDp-LunD, 1981). In the South
Urals (SoLoMESHCH ef al., 1993), the
subalpine-forest species together with
Abies sibirica, Pinus sibirica,
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Fig. 4 — Distribution of hemiboreal forests of the classes Querco-Fagetea (Fagetalia sylvaticae) and Pulsatillo-Pinetea. 1 - Plains and
lowlands (altitudes of 10-200 m); 2 - Lower plateaus and elevated plains (altitudes of 200-800 m); 3 - Plateaus and mountains (altitudes
of 800-4000 m); 4 - Extent of hemiboreal forests; 5-7 - Location of all relevés of hemiboreal forests; 6 - Location of relevés of the

Querco-Fagetea (Fagetalia), 7 - Location of relevés of the Pulsatillo-Pinetea.

Bupleurum aureum, Pleurospermum
uralense, Crepis sibirica, Cacalia
hastata are differential ones of conifer-
ous-broad-leaved forests of the alliances
Aconito septentrionalis-Tilion cordatae
Solomeshch in Solomeshch et al. 1993
and Aconito septentrionalis-Piceion
Solomeshch 1993.

The Altaian subnemoral forests
of the Milio-Abietion sibiricae and
Filipendulo ulmariae-Populion tremu-
lae are the most similar to the Ural
communities of the alliance Aconito
septentrionalis-Picaeon and form a
single phytosociological and geographi-
cal type of amphi-Atlantic subnemoral
vegetation. The group of Siberian
subalpine-forest species is of great
diagnostic importance and reflects
regional peculiarities of these forests
genesis. These alliances were included
in the special suborder Abietenalia
sibiricae Ermakov 1995 representing
the forests of easternmost part of the
order Fagetalia range in Eurasia.

Siberian Abietenalia sibiricae
forests are represented by two alliances
corresponding to two main phytosocio-
logical groups of the forests.

Milio effusi-Abietion sibiricae
Zhitlukhina ex hoc loco
(Table VIII: 1-6)

Nomenclatural type is the associa-
tion Asaro-Abietetum sibiricae.

Diagnostic species: Pinus sibir-
ica, Phegopteris connectilis, Diphasium
sibiricum, Maianthemum bifolium,
Circaea alpina, Rhytidiadelphus tri-
quetrus, Dryopteris expansa, Dryopteris
carthusiana, Gymnocarpiumdryopteris,
Oxalis acetosella.

The alliance includes shade small-
leaved dark-coniferous (Abies sibirica
- main dominant, Pinus sibirica, Betula
pendula, Populus tremula) and lime
(Tilia cordata subsp. sibirica) mixed
subnemoral forests. They occur in the
gentle slopes of various aspects in the

lower part of forest belt of the West,
North Altai, Sayani and Kuznetsky
Alatau at altitudes of 250-1100 m.
The shade-tolerant species of ferns
(Phegopteris connectilis, Diphasium
sibiricum, Athyrium filix-femina, Dry-
opteris filix-mas, Dryopteris expansa,
Dryopteris carthusiana, Gymnocarpium
dryopteris), nemoral species (Sanicula
europaea, Asperula odorata, Asarum
europaeum) as well as some south-
boreal small grasses (Maianthemum
bifolium, Oxalis acetosella) play leading
role in the herb layer. Besides, some
subalpine-forest tall-fors (Aconitum
septentrionale, Cirsium heterophyl-
lum, Geranium albiflorum, Bupleurum
aureum) are subdominants and constant
species here. The role of the latter
is increased in the old communities
because of natural disintegration of
stands. The alliance Milio-Abietion
keeps the most distinct features of the
order Fagetalia among other Siberian
forests types. The western analogue of
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this alliance is West-Central European
alliance Fagion, showing the important
plant-geographical and some phyto-
sociological relations with Siberian
subnemoral forests.

Cruciato krylovii-Abietenionsibiricae
Ermakov suball. nova hoc loco

(Table VIII: 1-4)

Nomenclatural type is the association
Asaro-Abietetum sibiricae.

Diagnostic species: Spiraea chamaedry-
folia, Cerastium pauciflorum, Cruciata
krylovii.

The suballiance includes the forests
occurring in the low mountains located
close to central large ridges of the inner
parts of the Altai and Sayani. There, the
higherindices of precipitation and lower
indices of summer warmth are observed
compared with those of foothills of the
peripheries of the mountain systems.
Communities of the suballiance are
characterized by a decrease of the
role of small-leaved species (Populus
tremula, Betula pendula) as well as
by an increase of the role of dark-
coniferous trees (Abies sibirica, Pinus
sibirica) and shade-tolerant species of
ground layer.

Asaro-Abietetum sibiricae Zhitlukhina
ex hoc loco
(Table VIII: 1)

Nom. type is relevé nr. 18, Table
XIIL

Diagnostic species are those of the
suballiance.

The association was described
by ZuitLukHINA (1988) in the Kyga
river basin (North-Western Altai).
These fir (Abies sibirica) forests with
participation of Pinus sibirica and
Betula pendula occur in the lower
part of forest belt, on steep (12-25°)
slopes of northern, north-western and
north-eastern aspects.

Violo biflorae-Abietetum sibiricae
Ermakov ass. nova hoc loco
(Table VIII: 3)

Nom. type is relevé nr. 46, Table 3
in Ermakov (1995b), p.p. 50, 64-67.

Diagnostic species: Adenophora
liliifolia, Caltha palustris, Euphorbia
pilosa, Oreopteris limbosperma,
Ranunculus grandifolius, Viola biflora.
These are small-leaved - coniferous
mixed forests widespread in the upper
part of the subnemoral subbelt in the
Altai. They occur on northern gentle
(2-5°) slopes at altitudes of 450-1100
m. At higher altitudes, they are replaced
by coniferous taiga forests of the class

Vaccinio-Piceetea. Abies sibirica is the
main dominant of tree layer, having
50-70% of cover and 21-28 m of height.
Other tree species (Pinus sibirica,
Populus tremula and Betula pendula)
play secondary role. Shrub layer has
lower indices of cover (5-15%). Grass
layer is well developed (cover of
85-95%, height - up to 140 cm) and is
subdivided into some sublayers. The
shade-tolerant large ferns dominate in
the first sublayer. The second sublayer
is formed by lower nemoral and south-
boreal plants. There is also the third
distinct sublayer of abundant Oxalis
acetosella and Maianthemum bifolium.
Moss layer has a cover of 30-60%
and is formed by widespread boreal
species. Presence of the taiga species
(Vaccinium myrtillus, Lycopodium
annotinum, Pyrola rotundifolia) grow-
ing in the local micro-ecotopes: logs,
old stumps, etc. is shown in some
communities of the association.

Violo uniflorae-Abietetum sibiricae
Ermakov ass. nova hoc loco
(Table VIII: 2)

Nom. type is relevé nr. 6, Table 2 in
Ermaxkov (1995b), p.p. 50, 62-64.
Diagnostic species: Alfredia cernua,
Cirsium serratuloides, Dentaria sibirica,
Polygonatum odoratum, Viola mirabilis,
Viola uniflora.

These are fir (Abies sibirica) and
birch (Betula pendula) - fir forests
occurring on southern steep (15-35°)
slopes at altitudes of 350-900 m. The
sites are characterized by moderate
moisture regime because of good natural
illumination of slopes and soil drenage.
These conditions are not favorable for
gygro-mesophilous tall-forbs and ferns.
Besides, the grass layer has simpler
structure and lower indices of richness
in species (36-54 species per 200 m?).
Carex macroura dominates in grass
layer and some xero-mesophilous spe-
cies (Polygonatum odoratum, Cirsium
serratuloides) appear. The shallow
stony soils of the sites are indicated
by a well-developed shrub layer (cover
of 35-80%) of facultative petrophytes
(Caragana arborescens, Spiraea
chamaedryfolia) and other shrubs.
Moss layer is not developed and is
represented by scattered patches of
MOsSes.

Anemonoido baicalensis-Abietetum
sibiricae Ermakov et Stepanov in
Ermakov 1995
(Table VIII: 5)

Diagnostic species: Anemonoides

baicalensis, A. reflexa, A. jenisseensis,
Corydalis solida, Vicia sepium.

This association includes subnemo-
ral small-leaved - dark coniferous
(Abies sibirica, Pinus sibirica, Populus
tremula, Betula pendula) mixed forests
occurring in the lower mountains of
the northern part of the West Sayani.
They occupy gentle slopes of different
aspects (excepting the southern one) at
altitudes of 350-600 m.

These forests are less thermo-
philous communities as compared
with Altaian analogues, because they
grow in colder and moister climate.
As a result, the floristic composition
is characterized by absence of some
important European-Siberian Fagetalia
species (Asarum europaeum, Sanicula
europaea). Besides, there is a group
of moderately thermophilous Asian
species (Anemonoides baicalensis, A.
reflexa, A. jenisseensis) which are
characteristic of the association and
show its plant-geographical relation-
ships with amphi-Pacific temperate
vegetation.

Milio effusi-Abietenion sibiricae
Ermakov suball. nova hoc loco
(Table 5, 6)

Nomenclatural type is the association
Cacalio hastatae-Abietetum sibiricae.
Diagnostic species of the suballiance
are those of the alliance.

Unlike communities of the Cru-
ciato krylovii-Abietenion, these forests
occur in the warmer low mountains close
to periphery of the Altai and Kuznetskiy
Alatau. They keep some transitional
features of the alliance Filipendulo
ulmariae-Populion tremulae — the role
of coniferous trees decreases and the
role of subalpine-forest tall grasses
increases. A diagnostic feature of
the suballiance is absence or low
constancy of species widespread in
the inner parts of the mountain system
(Spiraea chamaedryfolia, Cerastium
pauciflorum, Cruciata krylovii).

Cacalio hastatae-Abietetum sibiricae
Ermakov ass. nova hoc loco
(Table VIII: 6)

Nom. type is relevé nr. 21, Table 6 in
Ermakov (1995b), p.p. 54, 73-76.
Diagnostic species: Caltha palustris,
Osmorhiza aristata, Ranunculus mono-
phyllos, Veratrum lobelianum, Viola
biflora.

Communities of this association
are widespread in the low mountains of
the North-Western Altai in the lower
part of the forest belt. They occupy
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dominantly northern steep (5-30°)
slopes at altitudes of 350-800 m.

The tree layer has medium indices
of cover (50-60%) and is characterized
by predominance of Abies sibirica and
rare occurrence of Pinus sibirica.

The grass layer has a cover of
80-95% height — up to 180 cm and
richness in species - 60-75 per 200 m?.
The medium values of a cover of the
tree layer result in an increase of the
role of light-demanding subalpine-
forest tall-forbs, forming the firsts
sublayer. Besides, the shade-tolerant
species of the Milio-Abietion retain
their phytocoenotic importance because
of influence of Abies sibirica trees on
understory.

Geranio robertiani-Tilietum sibiricae
Ermakov et Maskayev in Ermakov
1995

(Table VIII: 5)

Diagnostic species: Tilia cordata
subsp. sibirica, Sambucus sibirica,
Aegopodium podagraria, Geranium
robertianum, Viola uniflora.

The association includes relic
Siberian broad-leaved and broad-leaved-
coniferous mixed forests occurring
only in the lower part of the western
macroslope of the Kuznetsky Alatau
ridge only within the territory of 11000
hectares. They grow on steep and gentle
slopes (12-20°) of different aspects
(dominantly of south-eastern and south-
western) at altitudes of 350-550 m.

Tilia cordata subsp. sibirica is the
main dominant or an important tree
which together with Pinus sibirica,
Abies sibirica, Populus tremula, Betula
pendula forms mixed tree layers (height
of 21-27 m, cover of 70-90%).

The shrub layer is weakly devel-
oped (5-15%).

The grass layer is characterized
by higher phytocoenotic role of the
thermophilous nemoral species (Gera-
nium robertianum, Asarum europaeum,
Polystichum brauni, Aegopodium poda-
graria, Festuca altissima).

Filipendulo ulmariae-Populion trem-
ulae Ermakov all. nova hoc loco

(syn. Dactylido glomeratae-Abietion
sibiricae Ermakov 1993, 1995 nom.
nud.)

(Table VIIIL: 7-12)

Nomenclatural type of the alliance
is the association Geranio sylvatici-
Populetum tremulae.

Diagnostic species: Populus tremula,
Delphinium elatum, Polemoniunt coe-
ruleum, Impatiens noli-tangere, Fili-

pendula ulmaria, Humulus lupulus.

The alliance includes primary
and secondary gygro-mesophilous
small-leaved (Populus tremula) and
coniferous-small-leaved (Abies sibirica,
Populus tremula, Betula pendula) mixed
light forests widespread in the warm
ultra-humid foothills of the Altai and
Sayani. They occur on gentle slopes
of different aspects of hills and low
mountains. Inward the mountain system,
they occur on southern macroslopes
of the lower ridges where they occupy
gentle slopes and flat summits. In the
shade sites, they are replaced by primary
coniferous and mixed forests of the
Milio-Abietion.

Portion of the Filipendulo ulmar-
iae-Populion tremulae forests is second-
ary communities formed at the place of
the former Milio-Abietion coniferous
forests after antropogenic (clearing) and
natural (fire, insects) disturbances.

There are important differences
in floristic composition between this
alliance and the alliance Milio-Abietion
sibiricae. Light canopy of the Fili-
pendulo ulmariae-Populion tremulae
forests, fertile soils and excellent
moisture of their sites result in an
enormous development of the subalpine-
forest tall-forbs forming the special
sublayer of height — up to 170-200 cm
and cover — 70%. The phytocoenotic
role of the shade-tolerant forest herbs
and of mosses decreases there.

The Filipendulo ulmariae-Pop-
ulion tremulae forests keep some
common features with the European
alliance Alno-Ulmion because of high
constancy of Festuca gigantea, Impa-
tiens noli-tangere, Equisetum sylvaticum
and sometimes, Equisetum hyemale.
The main difference between these
alliances is high role of North Asian
subalpine-forest tall-forbs (diagnostic
species of the Abietenalia sibiricae
and absence of important broad-leaved
species of trees in the Filipendulo
ulmariae-Populion tremulae.

Dactylido-Abietetum sibiricae Ermakov
ass. nova hoc loco
(Table VIII: 7)

Nom. type is relevé nr. 1, Table 7 in
Ermakov (1995b), p.p. 57, 76-78.
Diagnostic species of the association
are those of the alliance Filipendulo
ulmariae-Populion tremulae

These are fir (Abies sibirica) open
forests occuring in the foothills of the
West Altai (North Eastern Kazakhstan).
They occupy northern, north-western
and north-eastern slopes of various
inclination at altitudes of 500-600 m.

Tree layer has lower cover indices
(of 40-60%) resulting in formation
of the dense tall-forb layer of the
light-demanding gygro-mesophytes
and mesophytes. This phytocoenotic
peculiarity of the Dactylido-Abietetum
sibiricae forests bring them closer
to tall-forb meadows of the class
Mulgedio-Aconitetea which are spread
in the same altitudinal zone and are in
close successional relationships with
the Siberian Fagetalia forests.

Festuco giganteae-Populetum tremulae
Ermakov ass. nova hoc loco
(Table VIII: 8)

Nom. type is relevé nr. 51, Table 8 in
Ermaxkov (1995b), p.p. 57, 78-80.
Diagnostic species: Pinus sibirica,
Caragana frutex, Dryopteris expansa,
Equisetum hyemale, Oxalis acetosella.

Small areas of these subnemoral
aspen forests occur in the North Altai
where they occupy southern gentle
(1-5°) slopes of the lower mountains
at altitudes of 550-700 m. Most of
the communities are secondary at the
place of former primary subnemoral
dark coniferous forests of the alliance
Milio-Abietion sibiricae. The floristic
composition of the association forests is
characterized by combination of light-
demanding subalpine-forest gygro-
mesophytes and some shade-tolerant
forest mesophytes. Besides, presence
of young generation of Abies sibirica
and Pinus sibirica points to the gradual
restoration of the primary coniferous
forests.

Anemonoido jenisseensis-Populetum
tremulae Ermakov 1995
(Table VIII: 9)

Diagnostic species: Anemonoides
baicalensis, A. reflexa, A. jenisseensis,
Vicia sylvatica, V. sepium, Viola
uniflora.

These subnemoral aspen communi-
ties are spread in the foothills of the West
Sayani at altitudes of 300-450 m. There,
they form special altitudinal strip of
primary small-leaved forests which are
replaced by dark coniferous communi-
ties of the Anemonoido baicalensis-
Abietetum (Milio-Abietion) at higher
altitudes. Populus tremula (with single
participation of Abies sibirica) forms
tree layer with a cover of 60-70%.
Grass layer has a cover of 85-95%
and is subdivided into three sublayers.
Matteuccia struthiopteris (cover of
25-45%) is the main dominant of the
first sublayer (height — up to 140 cm).
Subdominants are tall-forbs: Aconitum
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septentrionale, Cacalia hastata, Cirsium
heterophyllum, Pteridium aquilinum.
The second layer has lower indices
of cover and is formed dominantly by
Altai-Sayanian endemic species, Brun-
nera sibirica. The third layer is formed
by abundant small plants: Cruciata
krylovii and Stellaria bungeana. Moss
layeris notdeveloped and is represented
by small patches of mosses.

Equiseto pratensis-Padetum avii Falin-
ski ex hoc loco
(Table VIIIL: 10)

Nomenclatural type is relevé 12, Tab.
5 in FALINSKI et al., 1990.

Diagnostic species: Aegopodium poda-
graria, Arctium tomentosum, Elymus
caninus, Equisetum pratense, Glechoma
hederacea, Lamium album, Ranunculus
monophyllus, Rosa majalis.

These bird cherry forests were
described by Farmski (1990, 1995b)
from flood-plain of the Baksha river
valley (the south-eastern part of the
West Siberian Plain). The small patches
of this community occur on the poorly
developed inundation terrace along the
meandering river bed. Padus avium
forms a single laeyr of trees. The herb
layer is characterised by high role of
ferns and moderately thermophilous
tall-forb and nemoral species. In
original publication this community was
identified as belonging to the alliance
Alno-Ulmion.

Geranio sylvatici-Populetum tremulae
Ermakov ass. nova hoc loco
(Table VIII: 11)

Nom. type is relevé nr. 19, Table
XIII.

Diagnostic species: Aegopodium poda-
graria, Bupleurum aureum, Geranium
sylvaticum, Lathyrus vernus.

These aspen tall-forb forests occur
in foothills of the Salair mountain
ridge. They occupy gentle slopes and
flat summits of hills and altitudes of
150-300 m.

Aspen forms tree layers of various
cover (40-65%). The grass layer is
well-developed (mean height of 110
cm, up to of 180 cm) and is formed
dominantly of tall-forbs. The lower
sublayers of grass layer and moss layer
are not developed.

Saussureo latifoliae-Populetum tremu-
lae Ermakov ass. nova hoc loco
(Table VIII: 12)

Nom. type is relevé nr. 27,
Table XIII.

Diagnostic species: Allium microdic-
tyon, Caltha palustris, Dryopteris
carthusiana, Saussurea latifolia.

This aspen forests were described
in the lower mountains of the northern
part of the Kuznetskiy Alatau. They
occur on gentle southern slopes with
well-developed soils at altitudes of
350-450 m.

Compared to the previous associa-
tion, these forests are characterized
by presence of more shade-tolerant
and cryophilous forbs and by more
developed shrub layer layer.

PULSATILLO-PINETEA SYLVES-
TRIS Oberd. 1992

KOELERIO GLAUCAE-PINETALIA
SYLVESTRIS Ermakov 1999

(Table IX).

Diagnostic species: Festuca beckeri,
Artemisia scoparia, Koeleria glauca,
Carex supina, C. ericetorum, Silene
baschkirorum, Gypsophylla altissima,
G. paniculata, Jurinea cianoides. These
species are also transgressive charac-
teristic species of the class Pulsatillo-
Pinetea.

Koelerio glaucae-Pinion sylvestris
Ermakov 1999
(Table IX)

Diagnostic species are those of the
order.

The class Pulsatillo-Pinetea in
North Asia is represented by xero-
philous psammophilous coniferous
(Pinus sylvestris) forests. These azonal
communities grow in arid and semiarid
climates at the southern geographic limit
of forests distribution in plains of North
Eurasia where they reach the latitude of
49° 50’. These are open monodominant
pine forests with poorly developed
grass layer consisting dominantly of
xerophilous obligate and facultative
psammophytes. The class Pulsatillo-
Pinetea does not have a continuous
range. Its communities occur in the
composition of azonal “islands” of pine
forests scattered over the vast area of
steppe and forest-steppe zones from
the Ukraine to the Altai foothills. The
formation of the forests in the extreme
dry climate is conditioned by capacity
of pine to use the specific hydrologic
regime of sandy substrates as well as by
the ability to grow on poor soils. In the
West Siberian Plain, the xerophilous
pine forests occur locally in the higher
sandy terraces of the valleys of large
rivers (such as the Irtysh, Ob and Tobol)
and on ancient post-Pleistocene fluvial-
glacial sandy deposits (fig. 4).

The climate of the territory is
dry continental. The average annual
temperature is +0.8 - +2.8° C. The
temperature of the warmest month (July)
is+20 - +21.5° C, the temperature of the
coldest month (January) is-15—--19°C,
the effective heat sum (above +10°) is
2000-2200°, the average precipitation
is 244-339 mm. Zonal vegetation of
the watersheds is represented by the
meadow-steppes and dry steppes of the
order Helictotricho-Stipetalia Toman
1969 (class Festuco-Brometea) occur-
ring on chernozem soils. The local
peculiarities of distribution of psammo-
philous pine forests in sandy sites are
related with dune relief. Different dune
sizes and forms (height of 1-10 m,
steepness of slopes of 1-15°) cause a
high variation of microecotopes, which
are characterized by different degree
of fertility and humidity of soils. As a
result, certain ecological-topographic
series of vegetation are formed on the
dune relief. In the steppe and forest-
steppe zones, the ecological-topographic
series are represented by combination of
the mesophilous oligotrophic Dicrano-
Pinion (Libbert 1933) Matuszkiewicz
1962 forests (Vaccinio-Piceetea), mes-
otrophic xero-mesophilous Peucedano
morisonii-Betulion pendulae forests
(Brachypodio-Betuletea), xerophilous
psammophilous Pulsatillo-Pinetea
forests and psammophilous steppes of
the Koelerio-Corynephoretea Klika in
Klika et Novak 1941.

The main reason for classifying of
the West Siberian xero-psammophilous
grass forests as belonging to the class
Pulsatillo-Pinetea is predominance of
the diagnostic species of this class
(Mucina, 1997; Ermakov, 1999b):
Artemisia scoparia, Carex supina,
Festucabeckeri, Gypsophylla altissima,
G. paniculata, Jurinea cyanoides, Koe-
leria glauca, Oxytropis campanulata,
Potentilla humifusa, Veronica spicata,
Silene baschkirorum, Silene chlorantha,
Stipa pennata subsp. sabuletorum over
those of other higher phytosociologi-
cal units. These predominantly West
Palaearctic xerophilous obligate and
facultative psammophytes play an
important phytosociological role in the
composition of the West Siberian Pul-
satillo-Pinetea communities and indicate
their main ecological, phytosociological
and geographical peculiarities.

Besides, there are essential diffe-
rences between the Central European
(OBERDORFER, 1992) and West Siberian
Pulsatillo-Pinetea forests (ERMAKOV,
1999b). The former grow on dry
carbonate slopes of the mountains, in
suboceanic climate with weak features
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of continentality. The floristic composi-
tion of these forests is specified by
combination of widespread Eurasian
oligotrophic mesophilous boreal spe-
cies (some of them are characteristic
species of the Vaccinio-Piceetea)
and European (and Eurasian) meso-
xerophytes. Thermophilous broad-
leaved tree species also occur there.
The xerophilous pine forests in sandy
sites of the forest-steppe and steppe
zones of the West Siberian Plain occur
in more arid and continental climate as
compared with the Central European
Pulsatillo-Pinetalia forests. The role
of important diagnostic species of
the class increases significantly, and
the boreal Vaccinio-Piceetea species
occur rarely in the forests. Furthermore,
the numerous thermophilous Central
European xeromesophytes and nemoral
mesophytes are absent there. The
important floristic, phytocoenotic and
ecological peculiarities of the West
Siberian xerophilous psammophilous
pine forests provided the basis for clas-
sifying them as special order Koelerio
glaucae-Pinetalia sylvestris Ermakov
1999. The main peculiarity of the order
is identified by a numerous group of
xerophilous psammophytes. They make
it possible to separate the communities
of the class from the widespread
boreal coniferous Vaccinio-Piceetea
and hemiboreal Brachypodio-Betuletea
forests. The analysis of available Russian
and Ukrainian geobotanical literature
allows to establish the range of the order
Koelerio-Pinetalia. The westernmost
types of xerophilous psammophilous
pine forests carrying distinct characters
of this order were described by BELGARD
(1954) on higher terraces of the Samara
river (East Ukraine). In their composi-
tion, the leading role belongs to
oligotrophic xerophilous species:
Festuca beckeri, Koeleria glauca, Stipa
subulosa, Helichrysum arenarium,
Dianthus polymorphus, Centaurea are-
naria, Achillea hebleri, Gentiana tinc-
toria, Cytisus ruthenicus, C. borystenica
and also to oligotrophic mesophytes:
Antennaria dioica, Platanthera bifolia.
Two associations: Antherico-Pinetum
sylvestris Lavrenko ex Ermakov 1999
and Potentillo arenariae-Pinetum
sylvestris Lavrenko ex Ermakov 1999
of similar xerophilous pine forests
described by Lavrenko (1973) on the
higher terraces of the Donets river
(steppe zone of Eastern Ukraine) were
included in the order Koelerio-Pinetalia
sylvestris. Some types of the xerophilous
psammophilous forests with distinct
features of the order Koelerio-Pinetalia
were described by SEMENOVA-TAYN-

SHANSKAYA (1957), RysiN (1975) and
Feporova (1980) on the river terraces
of the steppe and forest-steppe zones
of European part of Russia. The azonal
xerophilous psammophilous pine forests
of the steppe and forest-steppe zones of
East Europe and West Siberia represent
a plant-geographical and phytosociolo-
gical unity at the syntaxonomic level of
the order. They keep common features
ecology and common core of flora, con-
sisting of West Palaearctic oligotrophic
xerophilous and meso-xerophilous
species. The species manifest distinct
plant-geographical and syntaxonomic
differences between the order Koelerio-
Pinetalia and the Pulsatillo-Pinetalia,
as well as between the class Pulsatillo-
Pinetea and physiognomically similar
classes of the boreal Vaccinio-Piceetea
and hemiboreal Brachypodio-Betuletea
forests.

The order Koelerio-Pinetalia is
represented in West Siberia by one
alliance Koelerio-Pinion sylvestris.

Carici supinae-Pinetum sylvestris
Ermakov 1999
(Table IX: 1-27)

Diagnostic species: Carex supina, C.
praecox, Linaria vulgaris, Dianthus
superbus, D. versicolor, Kitagawia
baicalensis, Euphorbia subcordata,
Arabidopsis bracteata.

The most xerophilous pine forests
of the steppe zone of the West Siberian
Plain. They occur on southern, south-
western, south eastern gentle slopes
(1-2°) and on flat areas of sandy dunes
of fluvial-glacial deposits, and higher
terraces of the Irtysh river valley
between 50° 40°-52° 10°N. These com-
munities are replaced by mesophilous
coniferous forests of the Cladonio-
Pinetum (Caj. 1921) K. Lund 1967 and
Carici ericetorum-Pinetum Kustova
1988 (the class Vaccinio-Piceetea) in
the shallow mesic depressions on slopes
and in the areas between dunes. At
the tops of dunes, they are replaced
by psammophilous steppes of the class
Koelerio-Corynephoretea).

The groups of pines form discon-
tinuous canopy with a cover of 40-60%
and height of 19-22 m. The absence of
shrub layer is a characteristic feature
of the typical association communities.
The sparse grass layer has cover of
10-35%, height of 10-25 cm, richness
in species of 17-33 species per 200 m?
and is broken by the areas of exposed
soil and forest litter of dry pine needles.
Mosses and lichens form small patches
or are absent in the ground layer.

Carici supinae-Pinetum sylvestris
typicum Ermakov 1999
(Table IX: 1-16)

Diagnostic species are those of the
association.

These are typical communities
of the association which occur in the
steppe zone.

Variant Veronica verna includes
forests with the higher role of steppe
xerophytes.

Carici supinae-Pinetum sylvestris
caraganetosum arborescentis Ermakov
1999

(Table IX: 17-27)

Diagnostic species: Caragana arbore-
scens (dom.), Oxytropis campanulata,
Peucedanum morisonii, Poa urssulen-
SIS,

These xerophilous pine forests are
spread in the humider regions of the
forest-steppe zone of the south-eastern
part of the West Siberian Plain. They
occur in the dry oligotrophic sites of
convex summits of higher dunes.

Artemisio scopariae-Pinetum sylvestris
Ermakov 1999
(Table IX: 28-32)

Diagnostic species: Dianthus acicula-
ris, Eremogone longifolia, Erigeron
uralensis, Polygonatum odoratum,
Psammophylie muralis, Potentilla
humifusa, Rumex acetosella, Senecio
Jjacobea, Stellaria graminea, Vinceto-
xicum hirundinaria.

These pine forests occur in the
forest-steppe zone of the Tobol river
basin (western part of the West Siberian
Plain). There, they occupy the small
upper parts of southern slopes of dunes.
In more mesic sites of slopes and
in the depressions with mesotrophic
soils, they are replaced by mesophilous
boreal forests of the alliance Dicrano-
Pinion and by mesotrophic pine-birch
grass hemiboreal forests of the order
Calamagrostio epigei-Betuletalia.

The communities belonging to this
association occur in moister, warmer
and less continental climate as compared
with the forests of the previous associ-
ation. It is indicated by a group of East-
European-West Siberian moderately
thermophilous psammophytes, which
are diagnostic species of the association.
Most of them grow at the eastern limits
of their ranges in West Siberia.
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QUERCO MONGOLICAE-BETU-
LETEA DAVURICAE Ermakov et
Petelin in Ermakov,1997

QUERCO MONGOLICAE-BETULE-
TALIA DAVURICAE Ermakov 1997
(Table XI: 1-17)

This class includes continental
amphi-Pacific hemiboreal forests of
warm and temperate warm Manchurian-
Daurian mountain forest-steppe. Their
range (fig. 5) is located in the territory
of Dauria (the south-eastern part of
Siberia), in the continental part of the
Russian Far East and North-Eastern
China. (In the present study, the
available data from the territory of
Russia and Mongolia were used for the
characteristic of the class).

These are dominantly mixed birch
(Betula platyphylla, B. davurica), oak
(Quercus mongolica)-birch mesophil-
ous and xero-mesophilous grass forests.
An increase of the role of boreal tree
species: Pinus sylvestris, Larix gmelinii,
L. czekanowskii is related with an
increase of the climate continentality
and cryophility of sites.

The tree layers of these communi-
ties are characterized by a cover of
40-50% and simple structure (without
clear differentiation of sublayers).

Shrub and moss layers are poorly
developed or are absent.

Open tree layer, good fertility and
moderate moisture of soils determine
the leading phytocoenotic role of grass
layer which has cover of 60-90% and
species-richness of 40-75 per 200 m?.

The characteristic species of the
class are Manchurian-Daurian moderately
thermophilous xero-mesophytes: Adeno-
phora sublata, A. pereskifolia, Betula
davurica, Calamagrostis brachytricha,
Campanula cephalotes, Carex lanceo-
lata, Elymus confusus, Fragaria orien-
talis, Geranium eriostemon, Iris uniflora,
Lilium pensylvanicum, Rosa davurica,
Synurus deltoides, Seseli seseliodes,
Vicia pseudorobus.

The differential species are South-
Siberian-Manchurian-Daurian plants:
Betula platyphylla, Adenophora tricus-
pidata, A. coronopifolia, Artemisia
integrifolia, Aster tataricus, Potentilla
fragarioides, Sedum aizoon, Vicia
unijuga, Viola dactyloides.

The local characteristic species
are Daurian ones: Astragalus mem-
branaceus, Patrinia scabiosifolia,
Saussurea elongata.

The Querco mongolicae-Betuletea
davuricae forests are geographically
vicarious communities in relation to the
West-Siberian hemiboreal forests of
the Brachypodio-Betuletea pendulae.

They are characterised by similar
physiognomy and occupy similar zonal
sites in the south of forest zone and in
forest-steppe one. The main differences
between these classes are in their
floristic compositions. Communities of
the Brachypodio-Betuletea pendulae
were formed synchronologicaly on
the base of moderately thermophilous
West-Palaearctic (European-Siberian)
flora.

The Querco mongolicae-Betuletea
davuricae forests were formed on
the base of moderately thermophilous
Eastern-Asian flora and they show
strong floristic relations with temperate
Eastern-Asian vegetation of the classes
Fagetea crenatae and Calamagrostetea
langsdorffii Mirkin in Akhtyamov et
al. 1985 (Artemisietalia manschurica
Akhtyamov et al. 1985).

The climate peculiarities of the
range of the Querco mongolicae-
Betuletea davuricae are determined by
Pacific monsoon. Annual air tempera-
ture in Dauria varies from -2° to -4°
C, temperature of the coldest month
(January) varies from -26° to -29°
C, temperature of the warmest month
(July) varies from +17° to +20° C,
Conrad’s continentality index is 79-83,
total annual precipitation varies from
330 to 600 mm.

The monsoon precipitation regime
is characterized by summer maximum
and autumn-winter-spring minimum,
about 90% of precipitation being in
July and August. Drought in spring and
low temperatures in winter resulting in
strong freezing of soils are important
macroclimatic factors for distribution
of the Manzhurian-Daurian hemiboreal
forests.

The Quercomongolicae-Betuletea
davuricae forests are in the contact with
thermophilous mesophilous coniferous,
broad-leaved subocean forests of the
orders Schizandro-Pinetalia koraiensis
Gumarova 1993 and Rhododendro-
Quercetalia mongolicae Kim 1990
(the class Fagetea crenatae) at the
eastern border of their ranges in
Manchuria. There are clear floristic
and phytocoenotic distinctions between
these two classes.

The communities of the class
Fagetea crenatae unlike the Querco
mongolicae-Betuletea davuricaeforests
have complicated pluristratal organisa-
tion. Numerous thermophilous Eastern-
Asian coniferous and broad-leaved
woody species predominate in tree
and shrub layers. Grass layer of these
forests consists of shadow-tolerant
Eastern-Asian nemoral forbs and
mesophilous large ferns. Transitional

features between communities of these
two classes in floristic composition
are only observed in more xerophilous
oak forests of the Lespedezo bicoloris-
Quercion mongolicae Gumarova et
al. 1994 and coniferous broad-leaved
forests of the Jeffersonio-Quercion
mongolicae Kim 1992.

In the western part of the range
of the Querco mongolicae-Betuletea
davuricae (the Selenga river basin),
the gradual reduction of the group of
diagnostic species of the class (and
moderately thermophilous Eastern-
Asian mesophytes as a whole) is seen
as result of an decrease of influence of
the Pacific monsoon.

The replacement of the Querco
mongolicae-Betuletea davuricae com-
munities by cryo-xerophilous Rhytidio
rugosi-Laricetea sibiricae forests takes
place in the arid, ultra-continental
climate of south-western part of the
Khentei and in the eastern foot-hills
of Khangai.

There are few descriptions of the
analogous forest types in the Russian
geobotanical literature: PESHKOVA,
1958; Rysin, 1962; KURENTSOVA, 1967;
PANARIN, 1966; Lipatova 1969; Nov-
OSELTSEVA, 1969.

The class includes one order -
Quercomongolicae-Betuletalia davuri-
cae, consisting of two alliances. These
alliances represent two ecological
groups of Manchurian-Daurian forests,
formed in the sites of different moisture
degree and regimes.

Kitagawio terebinthaceae-Betulion
davuricae Ermakov 1997
(Table XI: /-9)

Diagnostic species are meso-xerophytes,
which also occur in East Asian steppes
of the class Cleistogenetea squarrosae
Mirkin et al. 1986: Artemisia gmelinii, A.
sericea, Achnatherum sibiricum, Allium
splendens, Bupleurum scorsonerifolium,
Patrinia rupestris, Poa botryoides,
Schizonepeta multifida, Scorzonera
radiata (South-Siberian-Manchurian
plant geographical group), Stellera
chamaejasme, Viola gmeliniana (Man-
churian-Daurian plant geographical
group), Aster alpinus, Dendranthema
zawadskii, Galium verum, Polygonatum
odoratum, Pulsatilla patens (Eurasian
plant geographical group).

These are birch (Betula davurica, B.
platyphylla), oak (Quercus mongolica)-
birch and pine (Pinus sylvestris)-birch
mixed hemiboreal forests of moderately
humid and moderately dry sites with
the rich loamy (and sometimes sandy)
nonfrozen soils. They occur on warm
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Fig. 5 — Distribution of hemiboreal forests of the class Querco mongolicae-Betuletea davuricae. I - Plains and lowlands (altitudes
of 10-200 m); 2 - Lower plateaus and elevated plains (altitudes of 200-800 m); 3 - Plateaus and mountains (altitudes of 800-4000
m); 4 - Extent of hemiboreal forests; 5, 6 - Location of all relevés of hemiboreal forests; 6 - Location of relevés of the class

Querco mongolicae-Betuletea davuricae.

western and eastern (sometimes south-
ern) slopes which are characterized by
the irregular moisture regime during
growth period, at altitudes of 600-1100
m. Everywhere on these slopes they
are in a contact with steppes occupying
more xeric sites. The alliance includes
two suballiances characterizing regional
geographical types of hemiboreal
forests.

Paeonio lactiflorae-Betulenion davu-
ricae Ermakov suball. nova hoc loco
(Table XI: 1-4)

Nomenclature type is the association
Geranio davurici-Betuletum davuri-
cae.

Birch and birch-oak (Betula davu-
rica, B. platyphylla, Quercus mongolica)
forests of warm continental (eastern)
sector of Manchurian-Daurian forest-
steppe (middle part of the Amur river
basin).

Diagnostic species are thermophi-
lous and moderately mesophilous
Manchurian-Daurian species which
have western border of their ranges in
South-Eastern Siberia (Carex reventa,
Kitagawia terebinthacea, Paeonia
lactiflora, Scorzonera albicaulis, Vicia
popovii) and South-Siberian-Manchu-
rian-Daurian meso-xerophilous species:
Bistorta alopecuroides, Hemerocallis
minor, Polygonatum humile.

Artemisio desertorum-Betuletum davu-
ricae Ermakov 1997
(Table XI: 7)

Diagnostic species are meso-xerophytes
and xerophytes which are typical of
surrounding Eastern-Asian steppes:
Adenophora gmelinii, Artemisia deser-
torum, Bupleurum sibiricum, Carex
nanella, C. obtusata, Cerastium arvense,
Cotoneaster melanocarpus, Dianthus
versicolor, Eremogone juncea, Euphor-

bia fischeriana, Filifolium sibiricum,
Hylotelephium triphyllum, Iris humilis,
Koeleria cristata, Lespedeza juncea,
Phojodicarpus sibiricus, Poa trans-
baicalica, Potentilla tanacetifolia,
Saposhnikovia divaricata, Silene jenis-
seensis, Spiraeapubescens, S. dahurica,
Stemmacantha uniflora, Thalictrum
petaloideum, Thesium refractum, Vicia
amurensis, Viola dissecta, Youngia
tenuifolia.

These are the most xerophilous
birch (Betula davurica) forests of the
forest-steppe belt of East Dauria. They
occupy the upper parts of south-eastern
and south-western slopes with the stony
soils of lower mountains. Presence of
obligate and facultative petrophytes
(Adenophora gmelinii, Orostachys
malacophylla, Silene jenisseensis,
Woodsia ilvensis, Youngia tenuifolia)
indicate stony soils of sites. These forests
are throughout in contact with meadow
steppes and form with them typical
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combination on southern macroslopes
of mountain ridges.

Geranio davurici-Betuletum davuricae
Ermakov 1997
(Table XI: 2, 3)

Diagnostic species are mesophilous
boreal species indicating moderate
humidity and moderate heat supply
of habitats: Anemonastrum crinitum,
Geranium davuricum, Heteropappus
biennis, Malaxis monophyllos, Pyrola
rotundifolia, Valeriana alternifolia.

These are moderately dry birch
(Betula davurica) forests of the Argun
river basin (East Dauria). They occur
in the foot-hills of the Ishaginskiy
ridge at the border with steppe hollows.
They occur on northern, north-western,
north-eastern slopes with the rich loamy
soils at altitudes of 850-900 m. In the
grass layer, a decrease of the role of
meso-xerophytes in comparison with
previous association is observed and
petrophytes are absent there.

Variant Calamagrostis langsdorffii
(Table XI: 3) includes communities with
participation of typical mesophytes.

Carici vanheurcki-Betuletum davuri-
cae Ermakov et Petelin in Ermakov
1997

(Table XI: 4)

Diagnostic species: Adenophora tri-
phylla, Artemisia commutata, Calyste-
gia inflata, Carex supermascula, C.
vanheurckii, Campanula punctata,
Dianthus chinensis, Euphorbia dis-
color, Geranium orienale, Geranium
maximowiczii, Lilium pumilum, Poa
ochotensis.

The association was described in
the Zeyariver basin (left tributary of the
Amurriver). These are oak-birch (Betula
davurica, Quercus mongolica) forests
of the eastern part of the Tukuringra
ridge. They occupy the warmest sites
on steep southern and south-eastern
slopes with weakly developed stony
soils at altitudes of 250-500 m. Meso-
xerophilous species are of minor
importance in the communities.
Simultaneously, the role of Manchurian-
Daurian thermophilous mesophytes,
which are diagnostic species of the
association increases. The high role of
these species is explained by augmenta-
tion of heat supply and humidity of
the climate in the middle part of the
Amur river basin in comparison with
the western regions of Dauria.

Calamagrostio epigei-Pinenion sylve-
stris Ermakov suball. nova hoc loco
(Table XI: 5-9)

Nomenclatural type is the association
Galatello dahuricae-Betuletum platy-
phyllae.

Diagnostic species are olygotrophic
and olygo-mesotrophic southern-boreal
species: Pinus sylvestris, Calamagrostis
epigeios, Carex pediformis, Elymus
sibiricus, Rhododendron dauricum,
Rhytidium rugosum and mesotrophic
species: Astragalus adsurgens.

These are moderately cryophilous,
xero-mesophilous birch and pine-birch
(Pinus sylvestris, Betula platyphylla)
forests of the western part of the class
range. They occur in the basins of the
Ingoda, Onon rivers and in the eastern
part of the Selenga river basin, at the
limit of active influence of Pacific
monsoon. This region is characterized
by continental moderately dry and cold
climate. The permafrost and seasonally
frozen grounds are widely distributed
there. Hemiboreal forests occupy the
warmest parts on southern, south-
eastern and south-western macroslopes
of mountain ridges with sandy and
loamy-sandy mesotrophic soils. On
northern slopes and in the central parts
of mountain ridges, they are replaced
by coniferous forests of the Vaccinio-
Piceetea. In the broad valleys between
ridges and on steep southern slopes
of the mountains, the suballiance
communities are in the contact with
steppes. The severe regional climate
result in a decrease of amount of the
thermophilous Manchurian-Daurian
species and impoverishment of floristic
composition of these hemiboreal forests
at whole. At the same time, an increase
of the role of cryophilous boreal and
cryo-xerophilous steppe species of
Eurasian, North Asian and South-
Siberian-Manchurian-Daurian plant
geographical groups takes place and
indicate some transitional features of
the suballiance and geographically
neighbouring forests of the Vaccinio-
Piceetea and Rhytidio-Laricetea.

Oxytropido myriophyllae-Pinetum
sylvestris Ermakov ass. nova hoc loco
(Table XI: 5)

Nom. type is relevé nr. 81, Table XIII.
Diagnostic species are Manchurian-
Daurian and South-Siberian-Manchu-
rian-Daurian meso-xerophytes: Filifo-
lium sibiricum, Helictotrichon schel-
lianum, Koeleria cristata, Leibnitzia
anandra, Lespedeza juncea, Oxytropis
myriophylla, Pulsatilla turczaninowii,

Scabiosa comosa, Spiraea pubescens,
Stemmacantha uniflora, Thesium refrac-
tum.

These are xero-mesophytic birch-
pine (Betula platyphylla, Pinus sylvest-
ris) forests of the forest-steppe belt of
southern Dauria (Ermana ridge). They
occupy dry sites with the poor sandy
soilsin the lower parts of southern slopes
of mountains at altitudes of 600-700
m. The communities are characterised
by weakly developed grass layer (a
cover of 20-25%) and by increased role
of meso-xerophytes. Forests of this
association are replaced by the Galatello
dahuricae-Betuletum platyphyllae ones
in moister sites.

Galatello dahuricae-Betuletum platy-
phyllae Ermakov ass. nova hoc loco
(Table XI: 6)

Nom. type is relevé nr. 80, Table XIII.
Diagnostic species are Galatella dahu-
rica, Poa urssulensis, Salix abscon-
dida, S. pseudopentandra, Veratrum
nigrum.

These are zonal moderately meso-
philous birch (Betula platyphylla)
forests, with participation of pine (Pinus
sylvestris), of the lower part of the
forest belt and forest-steppe one of
south-western and southern Dauria.
They occupy north-eastern and north-
western slopes of lower ridges with
sandy soils at altitudes of 800-900 m.
At upper border of the forest-steppe
belt, they occur in the southern convex
parts of gentle slopes at altitudes of
900-1050 m.

Bromopsido pumpellianae-Pinetum
sylvestris Ermakov ass. nova hoc loco
(Table XI: 7-9)

Nom. type is relevé nr. 84, Table XIIIL.
Diagnostic species are: Aconitum bar-
batum, Bromopsis pumpelliana, Cala-
magrostis korotki, Geranium pseudo-
sibiricum, Vaccinium vitis-idaea, Viola
arenaria.

These are moderately mesophilous
pine-birch (Pinus sylvestris, Betula
platyphylla) grass forests with partici-
pation of Larix czekanowskii and
Populus tremula which occur in Western
Dauria (Yablonovyi, Malakhovskyi,
Daurskyi, Tsagan-Daban mountain
ridges and in the north-western part of
the Khentei). They occur in continental
moderately cold climate. Communities
belonging to the association occupy the
lower parts of southern macroslopes of
mountainridges with sandy mesotrophic
soils at altitudes of 800-1100 m. In
floristic composition of this association,
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the number of Manchurian-Daurian
thermophilous species decreases and the
role of South-Siberian and North Asian
moderately cryophilous xero-meso-
philous species, which are diagnostic
species of the association increases.

Bromopsido pumpellianae-Pinetum
sylvestris typicum Ermakov subass.
nova hoc loco
(Table XI: 7)

Nom. type is relevé nr. 84, Table XIII.

Diagnostic species are those of the
association.

Typical community of the association.

Bromopsido pumpellianae-Pinetum
potentilletosum longifoliae Ermakov
subass. nova hoc loco

(Table XI: 8)

Nom. type is relevé nr. 82, Table XIII.
Diagnostic species: [xeridium chinense,
Potentilla longifolia, Kitagawia baica-
lensis, Polygala sibirica.

Community of xero-mesic sites.

Bromopsido pumpellianae-Pinetum
vaccinietosum vitis-ideae Ermakov
subass. nova hoc loco

(Table XI: 9)

Nom. type is relevé nr. 83, Table XIII.
Diagnostic species: Pyrola chlorantha,
Crepis praemorsa, Thesium repens.

This community occurs in the most
continental climate at the western and
north-western borders of the class range.
It includes hemiboreal forests with the
transitional features of oligotrophic
boreal communities of the alliance
Dicrano-Pinion.

Ligulario fischeri-Betulion davuricae
Ermakov 1997

(Veronicastro sibiricae-Betulion davu-
ricae Ermakov et Petelin 1997 nom.
ambig.)

(Table XI: 10-17)

Diagnostic species of this alliance belong
to different phytosociological and plant
geographical groups, however, all of
them indicate mesic soils mesotrophic
soils: Aegopodium alpestre, Cacalia
hastata, Calamagrostis langsdorffii,
Carex pallida, Equisetum pratense,
Filipendula palmata, Geranium vlas-
sowianum, Hedysarum alpinum, Ligu-
laria fischeri, Maianthemum bifolium,
Moehringia lateriflora, Pedicularis
resupinata, Polemonium chinense,
Ranunculus japonicus, Solidago dahu-
rica, Thalictrum contortum, Trollius
ledebourii, Veronicastrum sibiricum,

Vicia venosa (incl. var. baicalensis).

These are birch (Betula platyphylla,
B. davurica) forests with participation
of Larix gmelinii, Populus tremula,
sometimes Quercus mongolica forests
of cold humid sites with megatrophic
and mesotrophic nonfrozen soils. They
occupy small depressions on gentle
slopes as well as moist sites in river
valleys at altitudes of 600-1100 m.
These habitats are characterized by
formation of shallow but stable snow
cover protecting soil from affect low
temperature in winter. During dry spring
and early summer, these sites remain
moist, but colder in comparison with
periodically dry sites of the previous
alliance. The combination of mesophi-
lous moderately thermophilous and
moderately cryophilous species is
typical for the floristic composition of
these forests.

Convallario keiskei-Betulenion davu-
ricae Ermakov suball. nova hoc loco
(Table XI: 10-12)

Nomenclatural type is the association
Veronicastro sibiricae-Betuletum davu-
ricae.

Diagnostic species are thermophilous
mesophytes, which also occur in
the Eastern-Asian meadows of the
Artemisietalia mandschurica (the class
Calamagrostietea langsdorffii) and in
some temperate forests of the Rhodo-
dendro-Quercetalia mongolicae (the
class Fagetea crenatae): Angelica czer-
naevia, Cimicifuga dahurica, C. simplex,
Convallaria keiskei, Polygonatum
humile, Sorbaria sorbifolia.

These are mesophilous, moderately
thermophilous birch (Betula platyphylia,
B. davurica) and mixed forests with
participation of Larix gmelinii, Populus
tremula, Quercus mongolica of the
eastern part of the alliance range. These
forests occur in the middle part of
the Amur river basin where the meso-
climate is determined by the strong
influence of the Pacific monsoon. They
occupy the humid parts of northern
gentle slopes, as well as depressions
in the river valleys at altitudes of
300-900 m. In more xeric parts of
slopes, the communities belonging
to this suballiance are replaced by
xero-mesophilous hemiboreal forests
of geographically corresponding subal-
liance Paeonio lactiflorae-Betulenion
davuricae.

Veronicastro sibiricae-Betuletum davu-
ricae Ermakov 1997
(Table XI: 10)

Diagnostic species are moderately ther-
mophilous mesophytes: Carex reventa,
Dictamnus dasycarpus, Melica turc-
zaninowiana, Paeonia lactiflora, Pterid-
ium aquilinum, Serratula manshurica,
Viola brachysepala, V. collina.

Primary moist birch (Betula davu-
rica, B. platyphylla) and birch-aspen
(Populus tremula) forests of the Eastern
Dauria. These forests occur at summits
of smallridges, at altitudes of 1000-1200
m. There, at the upper boundary of
forest-steppe belt, they occupy the
warmest moist parts of gentle well-
drained slopes of south-eastern, south-
western and southern aspects, with the
rich loamy soils. On shaded slopes and
at higher altitudes, they are replaced by
taiga of the Vaccinio-Piceetea.

This association and the Geranio
davurici-Betuletum davuricae includes
the most typical and widespread hemi-
boreal forests of East Dauria.

Geraniovlassowiani-Laricetum gmelinii
Ermakov 1997
(Table XI: 11)

Diagnostic species are widespread
boreal mesophytes: Ribes nigrum,
Trientalis europaea and species of
Eastern-Asian moist meadows: Genti-
ana triflora, Iris sanguinea, Saussurea
purpurata, Veratrum lobelianum, Viola
sacchalinensis.

These larch (Larix gmelinii), with
participation of Betula platyphylla and
B. davurica, hemiboreal forests occur
in the moist and moderately cold sites
of forest-steppe belt, e.g. in the lower
parts of northern gentle mountain
slopes, adjacent to the river valleys,
at altitudes of 800-850 m. A decrease
of thermophilous Manchurian-Daurian
mesophytes and xero-mesophytes is
seen in the communities, but they
are still of phytocoenotic importance.
Besides, an increase of the role of
Circumboreal and Eurasian cryophytes
(Pyrola rotundifolia, P. incarnata,
Trientalis europaea, Vaccinium vitis-
idaea) is observed. In the colder
sites, the communities belonging to
this association are replaced by light
coniferous (Larix gmelinii) taiga of the
Vaccinio-Piceetea.

Aquilegio parviflorae-Quercetum mon-
golicae Ermakoyv et Petelin in Ermakov
1997

(Table XI: 12)

Diagnostic species are Manchurian-
Daurian moderate thermophytes: Ade-
nophoratriphylla, Aquilegia parviflora,
Aruncus dioicus, Bupleurum longi-
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radiatum, Calamagrostis sugawarae,
Campanula punctata, Carex supermas-
cula, C. vanheurckii, Geranium maxi-
mowiczii, G. orientale, Gymnademia
conopsea, Helictotrichon dahuricum,
Saussurea recurvata.

This association was described in
the middle part of the Zeya river basin
(left tributary of the Amur river). It
includes mesophilous moderately ther-
mophilous oak (Quercus mongolica)
forests with participation of Betula
platyphylla, B. davurica, Populus tre-
mula, Larix gmelinii. Small stands of
these forests occur in the eastern part
of the Tukuringra ridge, at the northern
border of the Quercus mongolica range.
They occupy concave sites of south-
eastern, south-western and southern
gentle slopes with well developed soils
at altitudes of 250-350 m. In more
stony, steeper and drier parts of the
slopes, communities of this asssociation
are replaced by the Carici vanheurcki-
Betuletum davuricae forests.

Bistorto viviparae-Betulenion platy-
phyllae Ermakov suball. nova hoc
loco

(Table XI: 13-17)

Nomenclatural type is the association
Veronico longifoliae-Laricetum gmeli-
nii.

Diagnostic species: Bistorta vivipara,
Campanula glomerata, Crepis sibir-
ica, Pleurospermum uralense, Poa
sibirica.

These are mesophylous birch-aspen
(Betula platyphylla, Populus tremula)
grass forests with participation of Larix
gmelinii, L. czekanowskii, Pinus sylve-
stris of the western and central parts
of Dauria: the Ingoda, Onon rivers
basins (the upper part of the Amur
river basin) and the eastern part of
the Selenga river basin. They occupy
the moist moderately cold parts of
terraces of the river valleys, gentle
slopes of watersheds and mountain
slopes adjacent to the river valleys. The
regional environments of the suballiance
range are determined by a decrease of
the influence of monsoons and reduction
of the annual temperatures to the west
from the Pacific ocean. As a result, a
decrease of the role of thermophilous and
moderately thermophilous Manchurian-
Daurian species and an increase of
moderately cryophilous boreal species
take place here.

In the drier sites, the suballiance
communities are replaced by xero-
mesophytic forests of geographically
corresponding suballiance Calamagro-
stio epigei-Betulenion platyphyllae.

Veronico longifoliae-Laricetum gmeli-
nii Ermakov ass. nova hoc loco
(Table XI: 13)

Nom. type is relevé nr. 75, Table XIII.
Diagnostic species are mesophytes:
Aconitum ambiguum, Anemonidium
dichotomum, Carex schmidtii, Ptarmica
alpina, Tephroseris kirilowii, Veronica
longifolia.

Larch-birch (Larix gmelinii, Betula
platyphylla) mesophilous grass forests
of forest-steppe belt of South-Western
Dauria (the Onon river basin). They
occupy the moist lower parts of the
mountain slopes, adjacent to the bogged
up river valleys, at altitudes of 800-900
m.

Calamagrostio langsdorffii-Betuletum
platyphyllae Ermakov ass. nova hoc
loco

(Table XI: 14, 15)

Nom. type is relevé nr. 76, Table XIII.
Diagnostic species are Xxero-meso-
phytes indicating periodically dry
mesotrophic soils: Galatella dahurica,
Dendranthema zawadskii, Elymus
mutabilis, Pulsatilla patens, Scorzonera
radiata.

These are birch (Betula platyphylla)
forests of the south-western part
Dauria (Ermana ridge) which is charac-
terized by cool-temperate monsoon
climate. They occupy slopes with the
mesic mesotrophic soils at altitudes of
800-1050 m. Combination of mesophi-
lous and xero-mesophilous species is
characteristic of their floristic compo-
sition due to uneven regime of moisture
of soils during growth period. This
ecological peculiarity differs the com-
munities of this association from the
mesophilous forests of the previous
association, which are spread in the moist
river valleys and adjacent slopes.

Calamagrostio langsdorffii-Betuletum
platyphyllae typicum Ermakov subass.
nova hoc loco
(Table XI: /4)

Nom. type is relevé nr. 76, Table XIII.
Diagnostic species are those of the
association.

Communities of the upper border
of hemiboreal forests. They occupy: the
gentle, south-eastern and south-western
parts of slopes at summits of ridges, at
altitudes of 900-1050 m. In the steep and
more convex parts of southern slopes
they are replaced by more xerophilous
communities of the Galatello dahuricae-
Betuletum platyphyllae.

Calamagrostio langsdorffii-Betuletum
artemisietosum sericeae Ermakov
subass. nova hoc loco

(Table XI: 15)

Nom. type is relevé nr. 77, Table XIII.
Diagnostic species: Artemisia sericea,
Carex pediformis, Gentiana macro-
phylla, Elymus komarovii, Poa botry-
oides.

This community was described on
northern marcoslope of the Ermana
ridge where they occupy drained sites
at altitudes of 800-900 m.

Vicio venosae-Betuletum platyphyllae
Ermakov ass. nova hoc loco
(Table XI: 16)

Nom. type is relevé nr. 79, Table XIII.
Diagnostic species: Vicia cracca, Trol-
lius asiaticus, Viola uniflora, Calama-
grostis obtusata, Thalictrum minus.

These are mesophilous birch-aspen
grass forests of the south-western part
of the Baikal region (the eastern part
of the basin of the Selenga river). They
occur in the sites with mesotrophic,
moderately cold soils of moist depres-
sions on gentle slopes and of the narrow
river valleys at altitudes of 900-1000
m. These habitats are characterised
by formation of stable snow cover
protecting soils from deep frozing in the
winter. These conditions are favour-
able for growth of some North-Asian
and European-Siberian mesophilous
species which are diagnostic ones of the
association and are at the eastern limits
of their ranges in West Dauria.

Penthaphylloido fruticosae-Betuletum
platyphyllae Ermakov ass. nova hoc
loco

(Table XI: 17).

Nom. type is relevé nr. 78, Table XIII.

Diagnostic species: Dianthus superbus,
Gentiana macrophylla, Iris sanguinea,
Pentaphylloides fruticosa, Salix pyroli-

folia, Trisetum sibiricum.

This association was described in
the eastern part of Yablonevyi ridge
(Central Dauria). These are birch-larch
mesophilous grass forests of the wide
river valleys. They occupy moist even
sites in the gentle lower parts of south-
eastern and south-western mountain
slopes adjacent the river valleys, at
altitudes of 850-900 m.

RHYTIDIO RUGOSI-LARICETEA
SIBIRICAE Korotkov et Ermakov
1999

(syn. Irido-Laricetea sibiricae Zhit-
lukhina et Mirkin 1987 nom. nud.)
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Fig. 6 — Distribution of hemiboreal forests of the class Rhytidio rugosi-Laricetea sibiricae. 1 - Plains and lowlands (altitudes of
10-200 m); 2 - Lower plateaus and elevated plains (altitudes of 200-800 m); 3 - Plateaus and mountains (altitudes of 800-4000
m); 4 - Extent of hemiboreal forests; 5, 6 - Location of all relevés of hemiboreal forests; 6 - Location of relevés of the class

Rhytidio rugosi-Laricetea sibiricae.

Nomenclatural type is the order Carici
pediformis-Laricetalia sibiricae.
Diagnostic species: Larix sibirica
(dom.), Abietinella abietina, Aconitum
barbatum, Aster alpinus, Bupleurum
multinerve, Carex pediformis, C. kirilo-
wii, Galium verum, Poa sibirica, Poten-
tilla matsuokana, P. nivea, Pulsatilla
patens, Rhytidium rugosum, Scorzonera
radiata, Thalictrum foetidum.

The class includes xerophilous
and cryo-xerophilous light coniferous
hemiboreal forests of ultracontinental
climatic sector of the Eurasia. They
are widespread in mountain systems
of North Mongolia and South Siberia
(fig. 6).

The main dominant, Larix sibirica
is a deciduous light coniferous tree, the
most tolerant among other Siberian tree
species to the dry cold climate which
grow in the sites with seasonally frozen
grounds and permafrost. Pinus sylvest-
ris also dominates in some Rhytidio-

Laricetea forests. It takes place only
in the warmest, dry, petrophytic and
psammophytic sites, at lower altitudes.

The class Rhytidio-Laricetea is
not a vicarious unit in relation to
the Brachypodio pinnati-Betuletea
pendulae and Querco mongolicae-
Betuletea davuricae. All these classes
are characterized by different floras
and different ecology. Only European
xerophilous pine forests of the Erico-
Pinetea Horvat 1959 and Pulsatillo-
Pinetea can be considered as western
ecological analogues of the Rhytidio-
Laricetea.

In the North Altai and North Sayani,
the ranges of the Rhytidio-Laricetea and
Brachypodio-Betuletea geographically
coincide, but, there, the communities
of these classes occupy different
sites within common landscapes. The
xerophilous larch (sometimes pine)
forests occur in more xeric sites, and are
in intermediate position in ecological

sets between steppes Festuco-Brometea
(sometimes Cleistogenetea squarrosae)
and mesophilous grass forests of the
Brachypodio-Betuletea. That is why
in these regions, there are various
transitional forest types with combina-
tions of mesophytes and xerophytes
in parallel with typical forests of the
two classes. Similar regularities are
found in the eastern part of range of the
class Rhytidio-Laricetea. There, they
occupy dryer sites in comparison with
the amphi-Pacific mesophytic Querco
mongolicae-Betuletea davuricae.
Complete geographical replacement
of the Brachypodio-Betuletea pendulae
and Querco-Betuletea davuricae by
the Rhytidio-Laricetea forests is seen
as result of an increase of aridity and
cryophility of climate in the Khangai,
Mongolian Altai and South-Western
Khentei. There, the hemiboreal larch
forests occur in the ultracontinental arid
climate, in the sites with cold soils,
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at altitudes of 1900-2400 m. In more
mesic and shaded parts of slopes, they
are replaced by coniferous forests of the
Vaccinio-Piceetea, and on sunny xeric
slopes they are in contact with the East
Asian steppes of the Cleistogenetea
squarrosae.

There are no characteristic species
in the Rhytidio-Laricetea, species,
ecological amplitudes and geographical
ranges of which coincide with those of
the class. It is connected with the fact
that the thermophilous and moderately
thermophilous mesophytes cannot grow
in the extreme ultracontinental climate.
In the Rhytidio-Laricetea communities,
the species of different phytosociologi-
cal and ecological groups: steppe xero-
phytes, high mountainous cryophytes
and widespread mesophytes without
definite phytosociological coincidence
are represented. The role of these
groups in the associations of the class
changes depending on peculiarities
of the sites.

Nevertheless, the meso-xerophytes
and xerophytes are the most constant
groups there. Species of these groups
identify the most important ecological
and phytosociological peculiarities
of the class Rhytidio-Laricetea and
prevail in the group of its diagnostic
species.

The complete diagnose of the class
is done in accordance with the following

- absence or lower phytocoenotic
role of characteristic and diagnostic spe-
cies of the geographically neighboring
classes: Vaccinio-Piceetea, Brachy-
podio-Betuletea pendulae and Querco-
Betuletea davuricae;

- simple in structure, monodomi-
nant open tree layer of Larix sibirica
(sometimes of Pinus sylvestris - in
petrophytic sites).

Similar communities were reported
from South Siberia and Mongolia by
Yunatov (1950); DUGARZHAV et al.
(1975); Bannikova (1978); KoroTkov
(1978); Hmeic and Knaprp (1983);
Pacyna (1986); LAVRENKO et al. (1983);
MaskAEV (1985); MIRKIN et al. (1988);
Hisic (1990, 1996); Ermakov et al.
(1992).

FESTUCO OVINAE-LARICETALIA
SIBIRICAE I.Korotkov et Ermakov
ex hoc loco
(Table XT)

Nomenclatural type is the alliance
Festuco altaicae-Laricion sibiricae.
Cryophilous xero-mesophilous
hemiboreal larch forests of North
Mongolia and adjacent areas of South
Siberia. They are spread as a compo-

nent of the cold forest-steppe in the
higher mountain ridges at altitudes
of 1600-2400 m. The climate of the
territory is characterized by the highest
degree of continentality. Here, annual
precipitation does not exceed 350 mm,
and 88-95% of the precipitation fall
during a short period (in late July -
September). Cold long winter period
is favorable for spreading a unique
Mongolian type of seasonally frozen
soils which are characterized by a thick
ground ice layer (down to 30-50 cm)
forming from autumn moisture. This
ground ice layer melting gradually
during extremely dry spring and early
summer is the main source of the water
supply in the first half of growth period.
The canopies and ground layers of
the forests delay soil frost melting
and promote gradual change moisture
regime in the sites. Large disturbances
of the forests result in rapid warming
of the soils and loosing the moisture
of the higher soil layers. As a result,
the Festuco ovinae-Laricetalia forests
are replaced by steppes for a long
period.

The variable soil heat and moisture
is favourable for the growth of species
of different ecology in the Festuco-
Laricetalia communities. Diagnostic
species of the order are moderately
cryophilous mesophytes and xero-
mesophytes: Festuca ovina, Bromopsis
pumpelliana, Dianthus superbus, Carex
amgunensis, Bistortavivipara, Trisetum
sibiricum, Lonicera altaica.

In the Festuco ovinae-Laricetalia
forests, there is a moss layer consisting
of xerophilous species which causes
physiognomic similarity of the Festuco-
Laricetalia and Vaccinio-Piceetea.
This is the main reason for the name
“pseudotaiga” for the Festuco-Larice-
talia forests in Russian and Mongolian
geobotanical literature.

Pachypleuro alpini-Laricion sibiricae
Ermakov all. nova hoc loco
(Table XI: 5-10)

Nomenclatural type is the association
Kobresio myosuroidis-Laricetum sibiri-
cae.

These the most cryophilous hemi-
boreal larch forests are spread in the
transitional altitudional strip between
steppes and high mountain vegetation
(2000-2400 m) in the south-eastern part
of the Russian Altai and Mongolian
Altai. The sites are characterized by
the coldest temperature regime and
variation of moisture of soils during
the growth period.

Differential species of the alliance

are high mountain cryophytes and
cryo-xerophytes occurring in the high
mountain communities of the Carici
rupestris-Kobresietea bellardi: Allium
splendens, Carex obtusata, Draba
sibirica, Festuca kryloviana, Gentiana
decumbens, Hedysarum neglectum,
Juniperus pseudosabina, J. sibirica,
Myosotis asiatica (incl. M. imitata),
Oxytropis ambigua, Pachypleurum
alpinum, Poa attenuata, Polemonium
pulcherrimum, Silene chamarensis,
Stellaria peduncularis, Tephroseris
praticola.

Kobresio myosuroidis-Laricetum sibiri-
cae Ermakov ass. nova hoc loco
(Table XI: 5-7)

Nom. type is relevé nr. 51, Table XIII.

Diagnostic species are high mountain
cryophytes: Androsace septentrionalis,
Aulacospermum anomalum, Draba
cana, Festuca rubra, Hedysarum inun-
datum, Helictotrichon hookeri, Kobresia
myosuroides, Pedicularis compacta,
Pedicularis lasiostachys, P. verticilla,
Primula algida, Saussurea alpina.

The communities belonging to this
association occur in the upper parts
of mountain ridges surrounding the
vast arid intermountain hollows of the
South-Eastern Altai and Mongolian
Altai (Severo-Tchuiskiy, Chikhachova,
Kharkhira). The small patches of these
forests surrounded by cryophytic steppes
and high mountain vegetation occupy
the northern parts of slopes at altitudes
of 2200-2400 m (up to 2600 m).

Kobresio myosuroidis-Laricetum sibiri-
cae typicum Ermakov subass nova
hoc loco

(Table XI: 5)

Nom. type is relevé nr. 51, Table XIII.
Diagnostic species are those of the
association.

Typical communities of the associ-
ation.

Kobresio myosuroidis-Laricetum sibiri-
cae dryadetosum oxyodontae Ermakov
subass. nova hoc loco (Table XI: 6)

Nom. type is relevé nr. 52, Table XIII.

Diagnostic species: Arctous erythro-
carpa, Astragalus alpinus, Dryas
oxyodonta, Ranunculus monophyllus,
Trisetum spicatum.

These cryophilous larch grass
forests were described in the northern
part of the association range (the Altai,
Severo-Tchuisky ridge). They occur at
the upper boundary of the forest belt at
altitudes of 2200-2400 m.
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Kobresio myosuroidis-Laricetum sibiri-
cae hedysaretosum inundati Ermakov
subass. nova hoc loco

(Table XI: 7)

Nom. type is relevé nr. 53, Table XIIL.
Diagnostic species: Astragalus frigidus,
Gentianella amarella, Melilotoides
ruthenica, Peucedanum vaginatum,
Pulsatilla turczaninovii, Saxifraga
hirculus.

These cryophilous xero-mesophi-
lous larch grass forests were described
in the southern part of association range
(the Mongolian Altai and Kharhira
mountains). Small areas of these
forests occur on northern slopes, in the
transitional altitudinal strip between
steppe and high-mountain vegetation
(2200-2500 m).

Spiraeo chamaedryfoliae-Laricetum
sibiricae Ermakov ass. nova hoc loco
(Table XI: 8-10)

Nom. type is relevé nr. 54, Table
XIIL

Diagnostic species are moderately
thermophilous mesophytes growing at
their altitudional limits: Aquilegia sibi-
rica, Campanula rotundifolia, Caragana
arborescens, Cotoneaster uniflorus,
Elymus sajanensis, Moehringia lateri-
flora, Pedicularis elata, Thesium
repens.

These hemiboreal forests are spread
in the less arid and continental climate
than communities of the previous
association. They were described in
the southern macroslope of Kuraisky
and Severo-Tchuisky ridges (the south-
eastern part of the Altai). These forests
occur on steep northern, north-eastern
and north-western slopes of southern
macro-slopes of the higher mountains
at altitudes of 2000-2200 m.

Spiraeo chamaedryfoliae-Laricetum
sibiricae cicerbitetosum azureae Erma-
kov subass. nova hoc loco

(Table XI: 8)

Nom. type is relevé nr. 53, Table XIII.
Diagnostic species: Aconitum altaicum,
Cicerbita azurea, Heracleumdissectum,
Ribes nigrum.

The community occurs in the
sites with periodically excessive flow
moisture.

Spiraeo chamaedryfoliae-Laricetum
sibiricae colurietosum geoidis Ermakov
subass. nova hoc loco

(Table XI: 9)

Nom. type is relevé nr. 54, Table XIII.

Diagnostic species: Allium nutans,
A. strictum, Artemisia obtusiloba,
Astragalus adsurgens, Coluria geoides,
Cotoneaster melanocarpus, Dianthus
versicolor, Helictotrichon schellianum,
Koeleria altaica, Serratula marginata,
Veronica porphyriana,

The community occurs on dry
convex slopes at the boundary with
steppes.

Spiraeo chamaedryfoliae-Laricetum
sibiricae empetretosum nigri Ermakov
subass. nova hoc loco

(Table XI: 10)

Nom. type is relevé nr. 56, Table XIII.
Diagnostic species: Bergenia crassifo-
lia, Bistorta major, Empetrum nigrum,
Pedicularis compacta, Pinus sibirica.

The community occurs in cold
moist depressions on shaded slopes
with permafrost. This is transitional
type of hemiboreal forests to the taiga
Vaccinio-Piceetea.

Irido ruthenicae-Laricion sibiricae
Ermakov all. nova hoc loco
(Table XI: 1-4)

Nomenclatural type is the association
Thesio repentis-Laricetum sibiricae.
Diagnostic species: Artemisia macran-
tha, Caragana arborescens, Elymus
sajanensis, Gentiana macrophylla,
Hylocomium splendens, Iris ruthenica,
Paeonia anomala, Poa urssulensis,
Viola arenaria.

These are moderately cryophilous
larch grass forests of semiarid climatic
sector of the South Siberian mountain
systems. They are spread in the forest-
steppe belt of higher mountain ridges,
surrounding arid intermountain hollows
(Kuraiskaya, Ubsu-Nuurskaya). These
forests occupy steep and gentle slopes
of different aspects (except the southern
one), which face to the hollows, at
altitudes of 1600-1900 m. The soils of
the sites are frozen during winter and part
of the warm season, but unlike habitats
of the Pachypleuro alpini-Laricion
sibiricae they are outside the permafrost
zone. As a result, phytocoenotic role
of some moderately cryophilous and
moderately thermophilous species
increases.

Thesio repentis-Laricetum sibiricae
Ermakov 1996
(Table XTI: 1-4)

Diagnostic species are those of the
alliance.

At present, this is the sole associa-
tion of the alliance Irido-Laricion.

The Thesio repentis-Laricetum forests
occur at the north-western geographical
limit of the Rhytidio-Laricetea range.
They are replaced by ampi-Atlantic
hemiboreal forests of the alliance Vicio
unijugae-Pinion sylvestris (the Brachy-
podio-Betuletea) in the more warm and
humid adjacent regions of the Altai
and Sayani.

Thesio repentis-Laricetum sibiricae
typicum Ermakov 1996
(Table XI: 1)

Diagnostic species: Vicianervata, Picea
obovata, Viola dissecta.

These larch grass forests were
described on the southern macroslope of
the Khorumung-Taiga ridge (the south-
eastern part of Tuva). They occupy the
north-eastern and north-western steep
slopes at altitudes of 1600-1900 m.

Thesio repentis-Laricetum sibiricae
rosetosum pimpinellifoliae Ermakov
subass. nova hoc loco

(Table XI: 2)

Nom. type is relevé nr. 48, Table XIII.
Diagnostic species: Vaccinium vitis-
idaea, Spiraea media, Rosa pimpinelli-
folia, Allium strictum.

These are typical larch grass grass
forests of the forest-steppe belt of the
Severo-Tchuiskaya intermountain basin
(the south-eastern part of the Altai).
They occupy northern gentle slopes of
foot-hills of the ridges surrounded the
steppe intermountain basin at altitudes
of 1700-1900 m.

Thesio repentis-Laricetum Ssibiricae
adenophoretosum lamarcki Ermakov
subass. nova hoc loco

(Table XI: 3)

Nom. type is relevé nr. 49, Table XIII.
Diagnostic species: Adenophora lamar-
ckii, Anemone sylvestris, Artemisia
santolinifolia, Elytrigia gmelinii,
Rhododendron dauricum, Stellaria
bungeana.

These forests replace the communi-
ties of the previous subassociation on
the drier convex eastern and western
slopes.

Thesio repentis-Laricetum sibiricae
hedysaretosum neglecti Ermakov
subass. nova hoc loco

(Table XI: 4)

Nom. type is relevé nr. 50, Table XIII.

Diagnostic species: Astragalus penduli-
nus, Geranium albiflorum, Melilotoides
platycarpos, Pleurozium schreberi,
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Solidago virgaurea.

These forests occur on southern
macroslope of the Kuraisky ridge (the
South-Eastern Altai). They occupy
well-drained moist depressions on
eastern and western slopes at altitudes
of 1800-1900 m.

Festuco altaicae-Laricion sibiricae
L.Korotkov et Ermakov ex hoc loco
(Table XI: 11-23)

Nomenclatural type is the association
Festuco altaicae-Laricetum sibiricae.
Diagnostic species: Anemonastrum
crinitum, Artemisia laciniata, Camp-
anula turczaninovii, Dendranthema
zawadskii, Lathyrus humilis, Pedicu-
laris rubens, Sanguisorba officinalis,
Valeriana alternifolia, Vicia cracca.

These xero-mesophilous larch
forests are widespread in the mountain
forest-steppe of the Khangai and Khen-
tei (North Mongolia). They occupy
northern slopes with the seasonally
frozen soils at altitudes of 1600-2400
m.

The alliance forests are characte-
rized by an increase of the role of
meadow and meadow-steppe plants
which predominate in the group of
diagnostic species.

Festuco altaicae-Laricenion sibiricae
I.Korotkov et Ermakov ex hoc loco
(Table XI: 11-16).

Nomenclatural type is the association
Festuco altaicae-Laricetum sibiricae.
Diagnostic species are moderately cryo-
philous high mountain and boreal ones:
Calamagrostis pavlovii, Cerastium pau-
ciflorum, Festuca altaica, Ranunculus
propinquus, Saussurea stubendorffii.
These are typical communities of
the alliance which occur in the western
and central parts of the Khangai and
mountains of the Khubsugul region.

Festuco altaicae-Laricetum sibiricae
IL.Korotkov et Ermakov ex hoc loco
(Table XI: 11, 12)

Nom. type is relevé nr. 58, Table XIII.
Diagnostic species are those of the
suballiance.

These are cryophilous xero-meso-
philous larch forests which represent a
core of widespread “pseudotaiga” forest
type in North Mongolia. They occupy
northern slopes with the moderately
mesic, seasonally frozen soils in the
central parts of the higher mountain
ridges at altitudes of 1800-2200 m.

Festuco altaicae-Laricetum sibiricae
typicum Ermakov subass. nova hoc
loco

(Table XI: 11)

Nom. type is relevé nr. 58, Table XIII.
Diagnostic species are those of the
association.

Typical communities of the associa-
tion.

Festuco altaicae-Laricetum sibiricae
delphinietosum crassifolii Ermakov
subass. nova hoc loco

(Table XI: 12)

Nom. type is relevé nr. 59, Table XIII.
Diagnostic species: Delphinium crassi-
folium, Heracleum dissectum, Lilium
pilosiusculum.

These forests occur in well-drained
sites with more moist soils (shallow
depressions on northern slopes).

Poo sibiricae-Laricetum sibiricae
Pacina ex hoc loco
(FablerX1:.3)

Nom. type is relevé nr. 60, Table XIII.
Diagnostic species: Aconogonon anguis-
tifolium, Cerastium arvense, Pedicularis
amoena, Poa transbaicalica, Pulsa-
tilla ambigua, Ranunculus pedatifidus,
Rhodiola rosea, Saxifraga sibirica,
Tephroseris integrifolia.

The relevés of the forests were
represented in the synthetic table by
PaciNna (1986). These “pseudotaiga”
larch grass forests are spread in the
southern part of the Central Khangai
(Tarbagatai ridge). They occur in the
arid climate in the sites with seasonally
frozen soils on permafrost at altitudes
of 2200-2400 m. There, they are at the
southern limit of the Rhytidio-Laricetea
range in Mongolia. The combination of
cryophytes and xerophytes is typical for
these forests occurring in the extreme
ultracontinental climate, and indicates
cold xeric conditions of their sites.

Pentaphyllo fruticosae-Laricetum
sibiricae Mirkin er al. 1986
(Table XI: 15)

Diagnostic species: Geranium transbai-
calicum, Pentaphylloides fruticosa,
Ribes rubrum.

The association was described by
MRKIN et al. (1986) in the Khangai.
These are grass larch forests of the
river valleys. They are characterized
by impoverished floristic composition
because of grazing which is typical
of this type of sites. HiLBiG (1996)
attributed to the association eightrelevés

of heavily grazed larch forests on screes
formed by mountain streams in West
Mongolia. However, those forests are
closer to the alliance Irido-Laricion
and probably, they could be included
to a particular association of the latter
alliance.

Fragario orientalis-Laricenion sibiri-
cae Ermakov suball. nova hoc loco
(Table XI: 17-23)

Nomenclatural type is the association
Vicio unijugae-Laricetum sibiricae.
Diagnostic species: Betula platyphylla,
Artemisia sericea, Carex lanceolata,
Dracocephalum grandiflorum, Elymus
gmelinii, Fragaria orientalis, Geranium
eriostemon, Polemonium chinense,
Saussurea elongata, Viola uniflora

These are moderately cryophilous
larch and birch-larch (Betula platy-
phylla, Larix sibirica) grass forests of
the Khentei and the eastern part of the
Khangai. The climate of the territory
is more mild than that of the Central
Khangai and Mongolian Altai and the
habitats of the forests are characterized
by seasonally frozen soils without
permafrost. The communities belonging
to this suballiance occur in the lower
part of the forest belt and in the forest-
steppe one at altitudes of 1700-2000
m. In the upper part of the mountain
ridges, they are replaced by coniferous
taiga forests of the Vaccinio-Piceetea.
Appearance of the moderately thermo-
philous Manchurian-Daurian and North
Asian species is the main peculiarity
of the floristic composition of the
Fragario-Laricenion forests. Communi-
ties of the suballiance are spread at
the south-eastern geographical limit
of the Festuco-Laricetalia range. In
more warm and humid adjacent lower
mountain regions of the West Dauria
and East Khangai, they are replaced by
cool-temperate amphi-Pacific forests of
the Querco-Betuletea davuricae.

Geranio pseudosibiricae-Laricetum
sibiricae Hilbig (1987) 1990
(Table XI: 17-21)

Diagnostic species: Aegopodium
alpestre, Equisetum pratense, Ranun-
culus japonicus, Trollius asiaticus, Vicia
venosa (incl. var. baicalensis).

The association was described
by HiiG (1990, 1996) and included
differentecological types of hemiboreal
forests of the North Mongolia (without
definition of their position in the system
of higher syntaxonomical units). All
diversity of these forests was represen-
ted by six subassociations and variants.
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In the present study, the association
Geranio-Laricetum has been included
into the Rhytidio-Laricetea in the
smaller syntaxonomical volume. It is
represented by three subassociations.
Their detailed characteristics as variants
have been made in HiLBIG’s papers (1990,
1996). Only diagnostic indications are
presented here. The species indicating
the moderately moist, moderately cold
environments of sites were included in
the diagnostic species group.

Two syntaxa described by HILBIG,
1990 as variants of the subassociatons
Geranio pseudosibiricae-Laricetum
sibiricae aconitetosum barbati, var.
Kobresia bellardi (Table XI: /4) and
var. Stellaria bungeana (Table XI: 16)
have higher syntaxonomical ranks. They
were described from the colder and
more continental regions of the Central
Khangai and Khubsugul. Perhaps, they
could be placed at the association rank
in the suballiance Festuco altaicae-
Laricenion sibiricae. However, the
additional data are required for the
problem solution.

Geranio pseudosibiricae-Laricetum
sibiricae aconitetosum barbati Hilbig
19905 1996

(Table XI: 17, 18, 19)

Diagnostic species are those of the
association.

Variant typical (Table XI: 17)
includes typical community of the
subassociation.

Variant Crepis sibirica (Table
XI: 19) includes more mesophilous
forests.

Variant Geranium eriostemon
(Table XI: /8) includes communities of
the former association Vicio venosae-
Laricetum sibiriace 1. Korotkov et al. in
Ermakov et al. 1992 nom. nud. These
are larch forests of the lower part of the
forest-steppe belt of the South-Western
Khentei. They are characterized by
an increase of the role of Manchurian-
Daurian species.

Geranio pseudosibiricae-Laricetum
sibiricae cacalietosum hastatae Hilbig
1990 (1996)

(Table XI: 20)

Diagnostic species: Aconitum turczani-
novii, Aconitum septentrionale, Senecio
nemorensis, Cacalia hastata, Calamag-
rostis langsdorffii incl. C. purpurea,
Artemisia frigida.

These are forests of moderately
cold, humid sites.

Geranio pseudosibiricae-Laricetum
sibiricae calthetosum palustris Hilbig
1990 (1996)

(Table XI: 21)

Diagnostic species: Caltha palustris,
Carex orbicularis, Hedysarum inunda-
tum, Pedicularis oederi, Ranunculus
monophyllus, Saxifraga hirculus, S.
punctata.

These are forests occurring in the
sites with periodically excess moisture
of soils.

Betulo platyphyllae-Populetum tremulae
Hilbig 1990 (1996)
(Table XI: 22)

Diagnostic species: Populus tremula,
Elymus mutabilis, Rubus saxatilis,
Sedum aizoon.

The association was described
by HieiG (1990) from North-Eastern
Mongolia. We included it in the Rhytidio-
Laricetea in the original syntaxonomic
volume. This is the only association
belonging to the order Festuco-Larice-
talia with predominance of the small-
leaved tree species, for which the
Mongolian ultracontinental climate
is unfavourable. Betula pendula and
Populus tremula occur here at the
southern limits of the ranges.

The communities of the Betulo
platyphyllae-Populetum tremulae are
characterized by poorer floristic compo-
sition in comparison with the physiogno-
micaly similar birch-aspen hemiboreal
forests belonding to the class Querco
mongolicae-Betuletea davuricae which
occur in the more warm and humid
adjacent regions of the West Dauria
because of reduction of the role of
thermophilous Manchurian-Daurian
species.

Vicio unijugae-Laricetum sibiricae
Ermakov, I. Korotkov et Laletin ex
hoc loco

(Table XI: 23)

Nom. type is relevé nr. 57, Table
XIII.

Diagnostic species are moderately
thermophilous xero-mesophytes: Ade-
nophora lamarckii, Astragalus memb-
ranaceus, Elymus dahuricus, Myosotis
sylvatica, Vicia unijuga.

These xero-mesophilous grass
forests are widespread in the forest-
steppe belt of the Khentei. They occupy
western and eastern moderately dry
convex slopes at altitudes of 1500-1700
m. The soils of their sites are season-
ally frozen, but with shorter period
of melting in comparison with those

of the forest-steppe belt of the East
Khangai.

Irido-Laricetum sibiricae Mirkin in
Mirkin et al. 1988

The association was described
(MRkIN et al., 1988) from the for-
est-steppe belt of the North-Eastern
Khangai. In this paper, B. Mirkin for
the first time supposed the existence
of the special class of Siberian and
Mongolian grass forests — the present
class Rhytidio-Laricetea sibiricae.

These are poor in floristic composi-
tion communities (18-23 species per
plot) of larch forests occurring in the
northern and north-western slopes at
altitudes of 1800-1910 m.

Cypripedio guttati-Pinetum sylvestris
Anenkhonov et Unal in Anenkhonov
et Chytry 1998

Diagnostic species: Fragaria orientalis,
Cypripedium guttatum, Ranunculus
propinquus, Anemone sylvestris, Viola
dactyloides, Thalictrum simplex.

This association was described from
the Barguzin river basin, the North-
Eastern Baikal Region (ANENKHONOV et
CHYTRY, 1998). These forests are found
on well-drained soils of hillsides under
a continental summer-warm climate.
They are spread at the north-eastern limit
of the Rhytidio-Laricetea range and
are characterized by a weak role of the
xerophytes and meso-xerophytes and
poor floristic composition in comparison
with southern communities of the class.
The presence of some Vaccinio-Piceetea
species is seen here.

Scorzonero radiatae-Pinetum sylvestris
Anenkhonov et Unal in Anenkhonov
et Chytry 1998

Diagnostic species: Scorzonera radiata,
Aster alpinus, Sanguisorba officinalis,
Bromopsis inermis, Vicia amoena,
Artemisia sericea.

This association was described
from the Bargusin river basin and like
previous one was placed in the order
Carici pediformis-Laricetalia sibiricae
(the Astero alpini-Laricetalia sibiricae
in original publication). In the present
study, both these associations were
transferred in the Festuco-Laricetalia.
The main reason for the solution is few
diagnostic species of the Carici pedi-
formis-Laricetalia sibiricae and weak
role of the xerophytes and meso-xero-
phytes. The latter species Schizonepeta
multifida, Stemmacantha uniflora,
Youngia tenuifolia, Poa botrioides,
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In the present study, the association
Geranio-Laricetum has been included
into the Rhytidio-Laricetea in the
smaller syntaxonomical volume. It is
represented by three subassociations.
Their detailed characteristics as variants
have been made in HiLBIG s papers (1990,
1996). Only diagnostic indications are
presented here. The species indicating
the moderately moist, moderately cold
environments of sites were included in
the diagnostic species group.

Two syntaxa described by HILBIG,
1990 as variants of the subassociatons
Geranio pseudosibiricae-Laricetum
sibiricae aconitetosum barbati, var.
Kobresia bellardi (Table XI: /4) and
var. Stellaria bungeana (Table XI: 16)
have higher syntaxonomical ranks. They
were described from the colder and
more continental regions of the Central
Khangai and Khubsugul. Perhaps, they
could be placed at the association rank
in the suballiance Festuco altaicae-
Laricenion sibiricae. However, the
additional data are required for the
problem solution.

Geranio pseudosibiricae-Laricetum
sibiricae aconitetosum barbati Hilbig
1990, 1996

(Table XI: 17, 18, 19)

Diagnostic species are those of the
association.

Variant typical (Table XI: 17)
includes typical community of the
subassociation.

Variant Crepis sibirica (Table
XI: 19) includes more mesophilous
forests.

Variant Geranium eriostemon
(Table XI: 18) includes communities of
the former association Vicio venosae-
Laricetum sibiriace 1. Korotkov et al. in
Ermakov et al. 1992 nom. nud. These
are larch forests of the lower part of the
forest-steppe belt of the South-Western
Khentei. They are characterized by
an increase of the role of Manchurian-
Daurian species.

Geranio pseudosibiricae-Laricetum
sibiricae cacalietosum hastatae Hilbig
1990 (1996)

(Table XI: 20)

Diagnostic species: Aconitum turczani-
novii, Aconitum septentrionale, Senecio
nemorensis, Cacalia hastata, Calamag-
rostis langsdorffii incl. C. purpurea,
Artemisia frigida.

These are forests of moderately
cold, humid sites.

Geranio pseudosibiricae-Laricetum
sibiricae calthetosum palustris Hilbig
1990 (1996)

(Table XI: 27)

Diagnostic species: Caltha palustris,
Carex orbicularis, Hedysarum inunda-
tum, Pedicularis oederi, Ranunculus
monophyllus, Saxifraga hirculus, S.
punctata.

These are forests occurring in the
sites with periodically excess moisture
of soils.

Betulo platyphyllae-Populetum tremulae
Hilbig 1990 (1996)
(Table XI: 22)

Diagnostic species: Populus tremula,
Elymus mutabilis, Rubus saxatilis,
Sedum aizoon.

The association was described
by HiBiG (1990) from North-Eastern
Mongolia. We included itin the Rhytidio-
Laricetea in the original syntaxonomic
volume. This is the only association
belonging to the order Festuco-Larice-
talia with predominance of the small-
leaved tree species, for which the
Mongolian ultracontinental climate
is unfavourable. Betula pendula and
Populus tremula occur here at the
southern limits of the ranges.

The communities of the Betulo
platyphyllae-Populetum tremulae are
characterized by poorer floristic compo-
sition in comparison with the physiogno-
micaly similar birch-aspen hemiboreal
forests belonding to the class Querco
mongolicae-Betuletea davuricae which
occur in the more warm and humid
adjacent regions of the West Dauria
because of reduction of the role of
thermophilous Manchurian-Daurian
species.

Vicio unijugae-Laricetum sibiricae
Ermakov, I. Korotkov et Laletin ex
hoc loco

(Table XI: 23)

Nom. type is relevé nr. 57, Table
XIII.

Diagnostic species are moderately
thermophilous xero-mesophytes: Ade-
nophora lamarckii, Astragalus memb-
ranaceus, Elymus dahuricus, Myosotis
sylvatica, Vicia unijuga.

These xero-mesophilous grass
forests are widespread in the forest-
steppe belt of the Khentei. They occupy
western and eastern moderately dry
convex slopes at altitudes of 1500-1700
m. The soils of their sites are season-
ally frozen, but with shorter period
of melting in comparison with those

of the forest-steppe belt of the East
Khangai.

Irido-Laricetum sibiricae Mirkin in
Mirkin et al. 1988

The association was described
(MIRkIN et al., 1988) from the for-
est-steppe belt of the North-Eastern
Khangai. In this paper, B. Mirkin for
the first time supposed the existence
of the special class of Siberian and
Mongolian grass forests — the present
class Rhytidio-Laricetea sibiricae.

These are poor in floristic composi-
tion communities (18-23 species per
plot) of larch forests occurring in the
northern and north-western slopes at
altitudes of 1800-1910 m.

Cypripedio guttati-Pinetum sylvestris
Anenkhonov et Unal in Anenkhonov
et Chytry 1998

Diagnostic species: Fragaria orientalis,
Cypripedium guttatum, Ranunculus
propinquus, Anemone sylvestris, Viola
dactyloides, Thalictrum simplex.

This association was described from
the Barguzin river basin, the North-
Eastern Baikal Region (ANENKHONOV et
CHYTRY, 1998). These forests are found
on well-drained soils of hillsides under
a continental summer-warm climate.
They are spread at the north-eastern limit
of the Rhytidio-Laricetea range and
are characterized by a weak role of the
xerophytes and meso-xerophytes and
poor floristic composition in comparison
with southern communities of the class.
The presence of some Vaccinio-Piceetea
species is seen here.

Scorzonero radiatae-Pinetum sylvestris
Anenkhonov et Unal in Anenkhonov
et Chytry 1998

Diagnostic species: Scorzoneraradiata,
Aster alpinus, Sanguisorba officinalis,
Bromopsis inermis, Vicia amoena,
Artemisia sericea.

This association was described
from the Bargusin river basin and like
previous one was placed in the order
Carici pediformis-Laricetalia sibiricae
(the Astero alpini-Laricetalia sibiricae
in original publication). In the present
study, both these associations were
transferred in the Festuco-Laricetalia.
The main reason for the solution is few
diagnostic species of the Carici pedi-
formis-Laricetalia sibiricae and weak
role of the xerophytes and meso-xero-
phytes. The latter species Schizonepeta
multifida, Stemmacantha uniflora,
Youngia tenuifolia, Poa botrioides,
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In the present study, the association
Geranio-Laricetum has been included
into the Rhytidio-Laricetea in the
smaller syntaxonomical volume. It is
represented by three subassociations.
Their detailed characteristics as variants
have been made in HiLBIG’s papers (1990,
1996). Only diagnostic indications are
presented here. The species indicating
the moderately moist, moderately cold
environments of sites were included in
the diagnostic species group.

Two syntaxa described by HILBIG,
1990 as variants of the subassociatons
Geranio pseudosibiricae-Laricetum
sibiricae aconitetosum barbati, var.
Kobresia bellardi (Table XI: 14) and
var. Stellaria bungeana (Table XI: 16)
have higher syntaxonomical ranks. They
were described from the colder and
more continental regions of the Central
Khangai and Khubsugul. Perhaps, they
could be placed at the association rank
in the suballiance Festuco altaicae-
Laricenion sibiricae. However, the
additional data are required for the
problem solution.

Geranio pseudosibiricae-Laricetum
sibiricae aconitetosum barbati Hilbig
1990, 1996

(Table XTI: 17, 18, 19)

Diagnostic species are those of the
association.

Variant typical (Table XI: 17)
includes typical community of the
subassociation.

Variant Crepis sibirica (Table
XI: 19) includes more mesophilous
forests.

Variant Geranium eriostemon
(Table XI: 18) includes communities of
the former association Vicio venosae-
Laricetum sibiriace 1. Korotkov et al. in
Ermakov et al. 1992 nom. nud. These
are larch forests of the lower part of the
forest-steppe belt of the South-Western
Khentei. They are characterized by
an increase of the role of Manchurian-
Daurian species.

Geranio pseudosibiricae-Laricetum
sibiricae cacalietosum hastatae Hilbig
1990 (1996)

(Table XI: 20)

Diagnostic species: Aconitum turczani-
novii, Aconitum septentrionale, Senecio
nemorensis, Cacalia hastata, Calamag-
rostis langsdorffii incl. C. purpurea,
Artemisia frigida.

These are forests of moderately
cold, humid sites.

Geranio pseudosibiricae-Laricetum
sibiricae calthetosum palustris Hilbig
1990 (1996)

(Table XI: 27)

Diagnostic species: Caltha palustris,
Carex orbicularis, Hedysarum inunda-
tum, Pedicularis oederi, Ranunculus
monophyllus, Saxifraga hirculus, S.
punctata.

These are forests occurring in the
sites with periodically excess moisture
of soils.

Betulo platyphyllae-Populetum tremulae
Hilbig 1990 (1996)
(Table XI: 22)

Diagnostic species: Populus tremula,
Elymus mutabilis, Rubus saxatilis,
Sedum aizoon.

The association was described
by HiBiG (1990) from North-Eastern
Mongolia. We included it in the Rhytidio-
Laricetea in the original syntaxonomic
volume. This is the only association
belonging to the order Festuco-Larice-
talia with predominance of the small-
leaved tree species, for which the
Mongolian ultracontinental climate
is unfavourable. Betula pendula and
Populus tremula occur here at the
southern limits of the ranges.

The communities of the Betulo
platyphyllae-Populetum tremulae are
characterized by poorer floristic compo-
sition in comparison with the physiogno-
micaly similar birch-aspen hemiboreal
forests belonding to the class Querco
mongolicae-Betuletea davuricae which
occur in the more warm and humid
adjacent regions of the West Dauria
because of reduction of the role of
thermophilous Manchurian-Daurian
species.

Vicio unijugae-Laricetum sibiricae
Ermakov, I. Korotkov et Laletin ex
hoc loco

(Table XI: 23)

Nom. type is relevé nr. 57, Table
XIII.

Diagnostic species are moderately
thermophilous xero-mesophytes: Ade-
nophora lamarckii, Astragalus memb-
ranaceus, Elymus dahuricus, Myosotis
sylvatica, Vicia unijuga.

These xero-mesophilous grass
forests are widespread in the forest-
steppe belt of the Khentei. They occupy
western and eastern moderately dry
convex slopes at altitudes of 1500-1700
m. The soils of their sites are season-
ally frozen, but with shorter period
of melting in comparison with those

of the forest-steppe belt of the East
Khangai.

Irido-Laricetum sibiricae Mirkin in
Mirkin et al. 1988

The association was described
(MIRKIN et al., 1988) from the for-
est-steppe belt of the North-Eastern
Khangai. In this paper, B. Mirkin for
the first time supposed the existence
of the special class of Siberian and
Mongolian grass forests — the present
class Rhytidio-Laricetea sibiricae.

These are poor in floristic composi-
tion communities (18-23 species per
plot) of larch forests occurring in the
northern and north-western slopes at
altitudes of 1800-1910 m.

Cypripedio guttati-Pinetum sylvestris
Anenkhonov et Unal in Anenkhonov
et Chytry 1998

Diagnostic species: Fragaria orientalis,
Cypripedium guttatum, Ranunculus
propinguus, Anemone sylvestris, Viola
dactyloides, Thalictrum simplex.

This association was described from
the Barguzin river basin, the North-
Eastern Baikal Region (ANENKHONOV et
CHYTRY, 1998). These forests are found
on well-drained soils of hillsides under
a continental summer-warm climate.
They are spread at the north-eastern limit
of the Rhytidio-Laricetea range and
are characterized by a weak role of the
xerophytes and meso-xerophytes and
poor floristic composition in comparison
with southern communities of the class.
The presence of some Vaccinio-Piceetea
species is seen here.

Scorzonero radiatae-Pinetum sylvestris
Anenkhonov et Unal in Anenkhonov
et Chytry 1998

Diagnostic species: Scorzoneraradiata,
Aster alpinus, Sanguisorba officinalis,
Bromopsis inermis, Vicia amoena,
Artemisia sericea.

This association was described
from the Bargusin river basin and like
previous one was placed in the order
Carici pediformis-Laricetalia sibiricae
(the Astero alpini-Laricetalia sibiricae
in original publication). In the present
study, both these associations were
transferred in the Festuco-Laricetalia.
The main reason for the solution is few
diagnostic species of the Carici pedi-
formis-Laricetalia sibiricae and weak
role of the xerophytes and meso-xero-
phytes. The latter species Schizonepeta
multifida, Stemmacantha uniflora,
Youngia tenuifolia, Poa botrioides,
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Artemisia commutata have constansy
of 10-30%.

Forests of the Scorzonero radiatae-
Pinetum sylvestris occur on well-
developed dry terraces of the Bargusin
river valley.

CARICI PEDIFORMIS-LARICETA-
LIA SIBIRICAE Ermakov in Ermakov
etal. 1991

(syn. Astero alpini-Laricetalia sibiricae
Ermakov et I. Korotkov 1992 (Ermakov
1995)

(Table XII)

Nomenclatural type is the alliance Carici
pediformis-Laricion sibiricae.

These are xerophilous and meso-
xerophilous larch (Larix sibirica)
and pine (Pinus sylvestris) forests of
mountain systems of South Siberia and
Mongolia. They are spread in the conti-
nental and ultracontinental climates, in
the extreme dry for forests sites and
across their ranges are in contact with
steppes. On southern macroslopes of the
mountain ridges, small areas of these
forests occupy the south-western, south-
eastern dry slopes within the forest-
steppe belt at altitudes of 600-1900 m.
In the margins of arid and semiarid
intermountain basins, they inhabit
northern shaded slopes of the lower
mountains and hills surrounded by
dry steppes.

The main dominant of the Carici
pediformis-Laricetalia forests is Larix
sibirica forming open tree layer with
cover of 25-60%. The xerophilous
shrubs (Cotoneaster melanocarpus,
Spiraea trilobata, Juniperus sabina,
Caragana pygmaea, Rosa acicularis)
are characteristic of undergrowth.
The herb layer has cover of 40-70%,
richness in species of 34-62 per 200
m?. Xerophilous mosses (Rhytidium
rugosum, Abietinella abietina) are
the constant species of the order and
dominate in the ground layer (with cover
of 5-90%). In the sites with seasonally
frozen soils, an increase of the role of
the boreal trees (Pinus sibirica, Picea
obovata) is seen. In the northern part of
the Caricipediformis-Laricetaliarange,
the larch is replaced by pine (Pinus
sylvestris) as a result of a decrease of
climate continentality. The xerophilous
pine forests occur only in the azonal
sites: dry steep slopes of mountains and
sandy sites in semiarid intermountain
basins. The main peculiarity of the
Carici pediformis-Laricetalia sibiricae
is predominance of xerophytes which
are usual plants in the steppes of the
Festuco-Brometea and Cleistogenetea
squarrosae. These plants are diagnostic

species of the order: Achnatherum sibiri-
cum, Artemisia gmelinii, Cotoneaster
melanocarpus, Dianthus versicolor,
Kitagawia baicalensis, Koeleria cristata,
Phlomoides tuberosa, Shizonepeta mul-
tifida, Veronica incana, Vicia nervata.

The order consists of two alliances
showing the geographical peculiarities
of the xerophilous forests.

Carici pediformis-Laricion sibiricae
Ermakov in Ermakov ef al. 1991
(Table XII: 1-14)

Nomenclatural type is the association
Carici pediformis-Laricetum.
Diagnostic species are xerophytes and
meso-xerophytes of South-Siberian and
North Asian plant geographical groups:
Allium strictum, Anemone sylvestris,
Caragana arborescens, Carex obtu-
sata, Festuca pseudovina, Fragaria
viridis, Iris ruthenica, Poa urssulensis,
Phleum phleoides, Polygala comosa,
Spiraea chamaedryfolia, Thalictrum
petaloideum.

These are xerophilous and meso-
xerophilous larch (Larix sibirica) and
pine (Pinus sibirica) forests of the
western part of the order range. They
are widespread in the forest-steppe belt
of mountain ridges, arid intermountain
basins and dry valleys of the large rivers
in the Altai and Sayani.

Cotoneastero melanocarpi-Laricenion
sibiricae Ermakov suball. nova hoc
loco

(Table XII: 7-14)

Nomenclatural type is the association
Anemono sylvestris-Laricetum.
Diagnostic species of the suballiance
are those of the alliance.

These dominantly larch forests are
typical communities of the alliance.
They occur on the slopes with the
weakly stony dry black soils, in the
inner continental regions of the Altai
and Sayani mountain systems.

Anemono sylvestris-Laricetum sibiricae
Ermakov 1995
(Table XII: 8)

Diagnostic species: Adenophora lamar-
ckii, Artemisia glauca, A. macrantha,
Caraganapygmaea, Carex amgunensis,
Dianthus superbus, Helictotrichon
schellianum, Lathyrus humilis.

These xerophilous larch forests
occur in the Turan-Uyuk semiarid
intermountain basin (North Tuva) at
altitudes of 1000-1200 m. They occupy
steep shadowed slopes surrounded by
steppes of the Cleistogenetea squarro-

sae, in separate lower mountains within
the arid basin. The combination of
steppe xerophytes and meso-xerophytes
predominate in the association and
indicates the typical ecological features
of the order Carici-Laricetalia.

Colurio geoidis-Laricetum sibiricae
Ermakov ass. nova hoc loco
(Table XII: 7)

Nom. type is relevé nr. 5 Table 1 in
Ermakov, 1996b.

Diagnostic species: Artemisia santoli-
nifolia, Coluria geoides, Dichodon
cerastoides, Goodyera repens, Picea
obovata, Spiraea media, Stellaria
bungeana, Thesiumrepens, Tephroseris
praticola.

This community was described as
special subassociation of the Anemono
sylvestris-Laricetum (ERMAKOV, 1996b).
In present study, it have been included
in separate association.

The forests belonging to this asso-
ciation are spread in the ultracontinental
climate, on steep shadowed slopes of
southern macroslopes of large mountain
ridges surrounding the arid Ubsu-
Nurskaya intermountain basin (South
Tuva). There, they occur at the upper
limit of forest-steppe belt at altitudes of
1500-1700 m. Their sites are character-
ized by coldersoils and more changeable
moisture regime during growth period
in comparison with sites of the previous
association. As a result, a decrease of
the role of moderately thermophilous
xerophytes and an increase of the role of
boreal species of the Vaccinio-Piceetea
take place here.

Primulo cortusoidis-Laricetum sibiricae
Ermakov ass. nova hoc loco
(Table XII: 9-13)

Nom. type is relevé nr. 67, Table XIII.
The diagnostic species, thermophilous
meso-xerophilous, are Artemisia lacini-
ata, A. latifolia, A. sericea, Aulacosper-
mum anomalum, Elymus gmelinii,
Tephroseris integrifolia, Viola dissecta
as well as mesophytes Adonis sibirica,
Agrimonia pilosa, Elytrigia repens,
Geranium pratense, G. pseudosibiri-
cum, Geum aleppicum, Plantago urvil-
lei, Primula cortusoides, Saussurea
controversa, Vicia cracca.

These are meso-xerophilous larch
forests occurring in the northern semiarid
intermountain basins (Ust-Kanskaya,
Minusinskaya) of the Altai and Sayani.
The climate of the region is warmer
and less continental than that of interior
parts of these mountain systems.
The communities belonging to this
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associations occupy northern, north-
eastern and north-western slopes with
moderately warm dry loamy black soils
of the lower mountains, surrounding
the intermountain basins at altitudes
of 600-900 m.

Primulo cortusoidis-Laricetum sibiricae
elytrigietosum gmelinii Ermakov subass.
nova hoc loco

(Table XII: 9-10)

Nom. type is relevé nr. 66, Table XIII.
Diagnostic species: Adenophora lilii-
folia, Bistorta major, Carex humilis,
Carum buriaticum, Delphinium laxi-
lorum, Elytrigia gmelinii, Polygo-
natum odoratum, Potentilla chrysantha,
Valeriana alternifolia.

This is geographical type of the
association which occurs in the Altai
(Ust-Kanskaya basin).

Variant Adoxamoschatellina (Table
XII: 9) includes community occurring
in the stony sites.

Variant Atragene sibirica (Table
XII: 10) includes community occurring
in the sites with well-developed soils.

Primulo cortusoidis-Laricetum sibiricae
filipenduletosum stepposae Ermakov
subass. nova hoc loco

(Table XII: 11)

Nom. type is relevé nr. 69, Table XIII.
Diagnostic species: Adenophora coro-
nopifolia, Agrostis vinealis, Artemisia
vulgaris, Crepis praemorsa, Filipendula
stepposa, Galatella macrosciadia,
Helictotrichon pubescens, Hemerocallis
minor, Myosotis imitata, Onobrychis
tanaitica, Poa pratensis, Polygonatum
humile, Potentilla flagellaris, Ranun-
culus polyanthemos, Tragopogon orien-
talis, Trommsdorfia maculata, Veronica
krylovii.

These are larch forests occurring
on gentle slopes with well-developed
black soils of lower mountains in the
Minusinskaya basin.

Primulo cortusoidis-Laricetum sibiricae
betuletosum pendulae Ermakov subass.
nova hoc loco

(Table XII: 12)

Nom. type is relevé nr. 70, Table XIII.
Diagnostic species: Betula pendula,
Poa transbaicalica.

These are meso-xerophilous birch-
larch forests of foot-hills of the eastern
part of the Kuznetskiy Alatau ridge.
They occur in the transitional strip
between forest and forest-steppe belts.

Primulo cortusoidis-Laricetum sibiricae
festucetosum sibiricae Ermakov subass.
nova hoc loco (Table XII: 13)

Nom. type is relevé nr. 68, Table XIII
Diagnostic species: Campanula sibirica,
Elytrigia geniculata, Eritrichium pecti-
natum, Festuca sibirica, Galatella
angustissima, Oxytropis strobilacea,
Peucedanum vaginatum, Potentilla
nudicaulis.

These are the most xerophilous
forests of the association. They occur
on steep shadowed slopes surrounded
by dry steppes.

Cotoneastero uniflori-Laricetum sibiri-
cae Ermakov subass. nova hoc loco
(Table XII: 14)

Nom. type is relevé nr. 71, Table XIII.
Diagnostic species: Astragalus multica-
ulis, Astragalus suffruticosus, Cam-
panula rotundifolia, Cotoneaster uni-
Aorus, Gentiana decumbens, Gypsophila
altissima, Lonicera microphylla, Moe-
hringia lateriflora, Myosotis asiatica,
Oxytropis ambigua, Pedicularis achil-
leifolia, P. elata, Potentilla conferta, P.
gelida, Rosa pimpinellifolia, Veronica
porphyriana.

These xerophilous larch forests were
described in the cold arid Kuraiskaya
intermountain basin (the South-Eastern
Altai) at altitudes of 1550-1600 m.
They occur on northern steep slopes of
separate mountains within this basin. The
participation of cryophilous xerophytes
and meso-xerophytes (Cotoneaster
uniflorus, Myosotis asiatica, Potentilla
gelida, Oxytropis ambigua) is the
peculiarity of the association. They
together with typical meso-xerophytes
and xerophytes are in the group of
diagnostic species of the association.

Sedo hybridi-Pinenion sylvestris Erma-
kov suball. nova hoc loco
(Table XIII: 7-6)

Nomenclatural type is the association
Carici pediformis-Laricetum sibiricae.
Diagnostic species are obligate and fac-
ultative petrophytes Aconitum anthoroi-
deum, Androsace septentrionalis,
Dracocephalum ruyschiana, Euphor-
bia alpina, Hieracium umbellatum,
Orostachys spinosa, Rhododendron
dauricum, Sedum hybridum, Woodsia
ilvensis.

These are petrophilous pine (Pinus
sylvestris) forest occurring in the
northern part of the Altai and Sayani.
They occupy southern steep slopes with
poorly developed stony soils of lower
mountains at altitudes of 600-900 m.

Carici pediformis-Laricetum sibiricae
Ermakov in Ermakov er al. 1991
(Table XIII: 3-6)

Diagnostic species are moderately ther-
mophilous obligate and facultative petro-
phytes: Allium nutans, Centaurea sibir-
ica, Dracocephalum nutans, Galium
paniculatum, Helictotrichon altaicum,
Hypericum elegans, Inula salicina,
Polygonatum odoratum, Potentilla
longifolia, Spiraea trilobata, Thymus
serpyllum.

These are meso-xerophilous pine
grass forests occurring in the forest-
steppe belt of the warm semi-humid
climate sector of the North Altai. They
occupy gentle and steep southern slopes
with poorly developed soils on chloride
slates and limestones at altitudes of
500-800 m.

Carici pediformis-Laricetum sibiricae
Juniperetosum sabinae Ermakov subass.
nova hoc loco
(Table XII: 3)

Nom. type is relevé nr. 67, Table XIII.
Diagnostic species: Hedysarum gmeli-
nii, Veronica porphyriana, Juniperus
sabina, Spiraea hypericifolia, Astraga-
lus adsurgens, Artemisia dracunculus,
Stipa pennata, Hieracium virosum,
Erigeron krylovii, Stipa capillata,
Potentilla bifurca, Linaria acutiloba.
The most petrophilous forests of
rocky sites on chloride slate bedrocks.

Carici pediformis-Laricetum sibiricae
typicum Ermakov subass. nova hoc loco
(Table XII: 4)

Nom. type is relevé nr. 44, Table 19 in
Ermakov et al., 1991.
Diagnostic species: Origanum vulgare,
Peucedanum morisonii, Filipendula
vulgaris, Veronica spicata, Viola hirta.
These are typical communities of
the association occurring on dry gentle
slopes with shallow black soils of lower
mountains.

Carici pediformis-Laricetum sibiricae
youngietosum tenuifoliae Ermakov
subass. nova hoc loco

(Table XII: 5)

Nom. type is relevé nr. 62, Table XIII.
Diagnostic species: Allium clathratum,
Alyssum obovatum, Campanula altaica,
Dendranthema sinuatum, Echinops
ruthenicus, Potentilla acaulis, Saussurea
salicifolia, Youngia tenuifolia, Ziziphora
clinopodioides.

These are the most xerophilous
communities of the association, occur-
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ring in the continental climate of
the Central Altai, in the sites with
rock exposure and black soils on
limestones.

Carici pediformis-Laricetum sibiricae
neottianthetosum cucullatae Ermakov
subass. nova hoc loco

(Table XII: 6)

Nom. type is relevé nr. 63, Table XIII.
Diagnostic species: Neottianthe cucul-
lata, Potentilla flagellaris, Seseli liba-
notis.

The subassociation was described
inthe higherdry gravel-covered terraces
of the Katun river (the Central Altai).
They occupy shadowed slopes of the
deep depressions and gulches in the
terraces.

Patrinio sibiricae-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table XII: 2)

Nom. type is relevé nr. 65, Table XIII.
Diagnostic species: Antennaria dioica,
Artemisia santolinifolia, Cerastium
arvense, Eritrichium pectinatum, Lych-
nis sibirica, Oxytropis campanulata,
Patrinia sibirica, Pedicularis sibirica,
Potentilla sericea, Rubus saxatilis,
Tephroseris porphyrantha, Trommsdor-
fia maculata, Vicia unijuga.

These are meso-xerophilous pine-
larch forests of the lower mountains in
the northern part of the West Sayani.
They occur on warm dry southern slopes
with poorly developed soils on the
chloride slates, at altitudes of 700-900
m. The temperate thermophilous meso-
xerophytes and mesophytes predominate
in the forests. The communities belong-
ing to this association are replaced by
mesophilous pine-birch forests of the
Filipendulo vulgaris-Pinetum (the class
Brachypodio-Betuletea) in the sites with
more mesic well-developed soils.

Kitagawio baicalensis-Pinetum sylves-
tris Ermakov ass. nova hoc loco
(Table XIII: 1)

Nom. type is relevé nr. 64, Table XIII.
Diagnostic species: Calamagrostis
pavlovii, Campanula rotundifolia,
Gypsophila sericea, Vaccinium vitis-
idaea.

These petrophilous meso-xerophi-
lous pine forests with participation
of larch (Larix sibirica) occur in the
narrow mountain river valleys of the
central part of the West Sayani, at
altitudes of 800-1100 m. Small areas
of these forests together with steppes
form combination on moderately warm

steep stony slopes, in the continental
climate.

In this environments, the partici-
pation of moderately thermophilous
meso-xerophytes widespread in the
pine forests of lower mountains of
the northern part of the West Sayani
decreases. Besides, the role of more
cryophilous species which are typical of
hemiboreal forests of ultracontinental
regions of Southern Tuva and Mongolia
increases. The letter together with
obligate and facultative petrophytes
(Gypsophylla sericea, Campanula
rotundifolia) form the group of diag-
nostic species of the association.

Pulsatillo turczaninowii-Pinion syl-
vestris Ermakov all. nova hoc loco
(syn. Pulsatillo turczaninowii-Laricion
gmelinii Ermakov et I. Korotkov 1992
nom. nud.) (Table XII: /5-17)

Nomenclatural type is the association
Lespedezo junceae-Pinetum sylvestris.
Diagnostic species: Allium splendens,
Bupleurum scorzonerifolium, Dendra-
nthema zawadskii, Filifolium sibiricum,
Leontopodium conglobatum, Orostachys
malachophylla, Oxytropis myriophylla,
Patrinia rupestris, Potentilla tan-
acetifolia, Pulsatilla turczaninovii,
Scabiosa comosa, Sedum aizoon,
Stellera chamaejasme, Stemmacantha
uniflora.

These are xerophilous psammo-
philous pine (Pinus sylvestris) (some-
times with participation Larix gmelinii)
forests of the eastern part of the Carici
pediformis-Laricetalia range. They
occupy the moderately warm sites with
the dry oligotrophic sandy soils on the
higher terraces of wide river valleys,
lower southern mountain slopes and
sandy sites of the semiarid intermountain
basins of the West Dauria and North-
Eastern Mongolia (the Selenga and
Onon river basins). These xeric sandy
sites are favorable for growth of pine
avoiding the habitats with cold loamy
soils which predominate on mountain
slopes. The characteristic feature of the
alliance communities is important role
of moderately thermophilous species of
Manchurian-Daurian plant geographical
group which grow at the westernmost
limits of their ranges.

Lespedezo junceae-Pinetum sylvestris
Ermakov ass. nova hoc loco
(Table XII: 15-16)

Nom. type is relevé nr. 72, Table XIII.

Diagnostic species: Artemisia commu-
tata, A. frigida, Carex argunensis,
Leibnitzia anandria, Lespedeza juncea,

Viola gmeliniana, Youngia tenuifolia.

These are xerophilous psammo-
philous pine grass forests of the West
Dauria occurring on dry oligotrophic
slopes of the lower mountains at altitudes
of 800-1000 m. The floristic composi-
tion of the forests is characterized by
the higher role of Manchurian-Daurian
xerophytes, which were included in the
group of diagnostic species.

Lespedezo junceae-Pinetum sylvestris
typicum Ermakov subass. nova hoc loco
(Table XII: 15)

Nom. type is relevé nr. 72, Table XIII.
Diagnostic species: Allium tenuissimum,
Chamaerhodos erecta, Cleistogenes
squarrosa, Heteropappus altaicus,
Iris tigridia, Koeleria glauca, Lilium
pumilum, Polygala sibirica, Potentilla
acaulis, Ribes diacantha, Saposhnikovia
divaricata, Stipa baicalensis, Vicia
amoena.

The most xerophilous pine forests
of sandy sites of the steppe belt of the
Selenga river basin.

Lespedezo junceae-Pinetum sylvestris
silenetosum jenisseensis Ermakov
subass. nova hoc loco (Table XII: 16)

Nom. type is relevé nr. 73, Table XIII.
Diagnostic species: Aconogonon angus-
tifolium, Astragalus membranaceus,
Ixeridium chinense, Saussurea elongata,
Silene jeniseensis.

The xerophilous psammophilous
pine forests of the forest-steppe belt of
the West Dauria.

Pulsatillo turczaninovii-Pinetum syl-
vestris Ermakov ass. nova hoc loco
(syn. Pulsatillo turczaninovii-Laricetum
gmelinii Ermakov et 1. Korotkov 1992
nom. nud.) (Table XII: /7)

Nom. type is relevé nr. 74, Table XIII.
Diagnostic species are Daurian and
Manchurian-Daurian mesophytes and
xero-mesophytes: Artemisia sericea,
Astragalus mongolicus, Betula platy-
phylla, Bistorta alopecuroides, Carex
lanceolata, Festuca ovina, Iris uniflora,
Larix gmelinii, Lathyrus humilis, Les-
pedezadavurica, Silene sibirica, Spiraea
fexuosa, Tragopogon orientalis, Vicia
cracca.

These are meso-xerophilous psam-
mophilous pine (with participation
Larix gmelinii) grass forests of the
north-western part of Mongolia. They
occur in the sandy sites (more mesic
than those of the previous association)
of the higher terraces of the Onon river
basin at altitudes of 900-1100 m.
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Syntaxonomical notes

ANENKHONOV and CHYTRY (1998)
described the alliance Hieracio umbel-
lati-Pinion sylvestris Anenkhonov et
Chytry 1998 from the East Baikal Region
and included it in the class Rhytidio-
Laricetea, order Carici pediformis-
Laricetalia (the Irido-Laricetea, Astero
alpini-Laricetalia sibiricae in the
original publication). In the present
study, this alliance has notbeen included
in the class Rhytidio-Laricetea because
of closeness of the majority of the
associations: Vicio nervatae-Pinetum
sylvestris Anenkhonov et Chytry 1998
(the nomenclature type of the alliance),
Spiraeo mediae-Pinetum sylvestris,
Calamagrostio epigei-Pinetum sylves-
tris, and community Pinus pumila-
Populus tremula to the dry continental
taiga forests of the class Vaccinio-
Piceetea. These moderately cryophil-
ous communities are characterised by
predominance of characteristic species
of the Vaccinio-Piceetea over diagnostic
species of other higher syntaxa. The
regional Siberian and widespread spe-
cies of the Vaccinio-Piceetea (Pinus
sibirica, Duschekia fruticosa, Linnaea
borealis, Pyrola incarnata, Antennaria
dioica, Vacciniumvitis-idaea, Empetrum
sibiricum, Rubus arcticus, Pleurozium
schreberi, Cladonia rangiferina, C.
arbuscula, C. stellaris) are of important
role there. Besides, the diagnostic spe-
cies of the Rhytidio-Laricetea (and other
meso-xerophytes) are few in number
and indicate only some insufficient
moisture of sites of the forests. These
environments are typical for moderately
xerophilous boreal forests of the alliance
Dicrano-Pinion. Similar coniferous
forests of this alliance with participation
of boreal mesophytes and some xero-
mesophytes as well as with presence of
oligotrophic, moderately mesophilous
species, Carex ericetorum, Arctostaphy-
los uva-ursi, Pyrola chloranta (character
species of the Dicrano-Pinion) are
common accross South Siberia. Prob-
ably, the Hieracio umbellati-Pinion
sylvestrisis synonymous of the Dicrano-
Pinionoritis aspecial Siberian vicarious
alliance belonging to the Eurasian class
Vaccinio-Piceetea. The further detailed
syntaxonomical and plant-geographical
study is required for elucidation of
this problem.

Two other associations: Cypripedio
guttati-Pinetum sylvestris and Scorzo-
nero radiatae-Pinetum sylvestris of the
Hieracio umbellati-Pinion sylvestris
have been transferred to the Rhytidio-
Laricetea, Festuco-Laricetalia in the
present study. In these communities,

the diagnostic species of the Rhytidio-
Laricetea and subordinated syntaxa
predominate over those of other higher
units.

DISCUSSION

In the present study, the commu-
nities of transcontinental zonal geo-
graphical type of vegetation —continental
hemiboreal forests have been included
in different higher units of the floristic
classification. The floristic distinctions
among these higher units are closely
related with the genesis of the hemiboreal
forest types in different floristic
provinces of Asia and in different
palaeo-climatic periods. The current
phytosociological types of hemiboreal
forests are characterized by peculiar
floristic compositions and special plant-
geographical relations with various
types of zonal vegetation of Eurasia.
The discussion of some problems
of hemiboreal forests genesis is an
important aspect for formation of the
concept of their classification.

Understanding of the genesis of
xero-mesophilous and xerophilous
hemiboreal forests of the classes
Brachypodio-Betuletea, Rhytidio-
Laricetea, Querco mongolicae-Betule-
tea davuricae in South Siberia and
adjacent mountain systems of North
Mongolia is closely related with idea
of formation of the forest-steppe zone
in the territory of Eurasia.

According to the data of palaeo-
botanists (BOYARSKAYA, MALAYEVA,
1967; VoLkova, 1977; SaviNa et al.,
1981; BeLova, 1985; NixiTiN, 1989;
MARTYANOV, 1989) the formation of
landscapes similar to current forest-
steppe in South Siberia and North
Mongolia started since the middle
Miocene owing to an increase of aridity
and continentality of climate in the
center of Eurasia. As a result, in
the late Miocene the zonal thermophil-
ous mesophilous broad-leaved and
coniferous-broad-leaved forests of the
Turgai type were replaced by semi-
arid ecosystems of savanna (pre-forest-
steppe) type. Further formation of
the pre-forest-steppe ecosystems was
conditioned by gradual increase of
the cold during the Pliocene. Palaeo-
botanists mentioned as well as plant-
geographists (KRASHENINNIKOV, 1937;
Kreorov, 1991; Porov, 1949; PESHKOVA,
1972; MALYSHEV, PEsHKOvA, 1984;
KAMELIN, 1998) consider the moderately
thermophilous forest-steppe with par-
ticipation of broad-leaved (Quercus,
Ulmus, Tilia), small-leaved (Betula,

Populus), coniferous (Pinus, Larix) and
mixed forests to be widespread in South
Siberia and North Mongolia in the
Late Pliocene. The most important
factor of development of the forest-
steppe after the middle Pliocene was
the latest epeirogenesis of the Altai,
Sayani, Khangai mountain systems,
which promoted an increase of climate
continentality in the center of Eurasia
as well as of the further sector and
altitude-zonal differentiation of the
vegetation. In the late Pliocene, two
geographical sectors of the forest-steppe
zone — amphi-Atlantic and amphi-
Pacific existed on the continent. The
broad-leaved (with participation of
small-leaved and coniferous trees)
forests, which bore some important
phytosociological and ecological fea-
tures similar to current temperate
mixed forests of the forest-steppe
zone of Eastern Europe and Manchuria
were widespread in these geographical
sectors.

In the next Quaternary period,
the late-Pliocene forest-steppe was
globally transformed in the territory
of South Siberia and North Mongolia
because of essential growing cold
and the periodical glaciations. The
genesis of the Pleistocene forest-steppe
was accompanied by catastrophic
transformation of the Tertiary nemoral
vegetation over the course of the last
million of years, as cold and arid climate
of glacial and some interglacial periods
was to a large extent unfavorable for
the Pliocene mesophilous thermophil-
ous species. During the Pleistocene,
further sector differentiation of the
transcontinental forest-steppe zone
was taking place as a consequence of
an increase of climate continentality
(decrease of influence of the World
oceans) and growing cold. As a result,
new Pleistocene zonal light coniferous
(Larix sibirica, Pinus sylvestris) and
small-leaved (Betula pendula, B.
platyphylla) hemiboreal forests were
formed as communities of the cold
forest-steppe on the basis of light-
demanding more cryophilous and
xerophilous flora.

In the current climate, there are, at
least, four vicarious phytosociological
and geographical types of hemiboreal
forests in the composition of the forest-
steppe zone of the continental and
ultracontinental sectors of Eurasia,
whose genesis is closely related with the
palacogeography of the Pleistocene.

Current temperate-continental
West Siberian hemiboreal forests of
the class Brachypodio-Betuletea bear
some important ecological and plant
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geographical features of the forests of
the western amphi-Atlantic sector of
ancient cold forest-steppe existed in the
Pleistocene. This territory was always
exposed to the Atlantic ocean influence.
This influence could be greater or less in
different palaeco-geographical periods,
but it always determined temperate
climate continentality of the western
sector of forest-steppe as compared
with the higher continentality of the
central (Mongolian) and eastern (amphi-
Pacific) sectors. The Brachypodio-
Betuletea forests show strong plant
geographical relations with European
temperate and cool-temperate vegeta-
tion. Their allochtonous flora domi-
nantly consists of the light-demanding,
moderately thermophilous species
of European-Siberian, North Asian,
West-Palaearctic and Eurasian plant geo-
graphical groups, which occur in Europe
in the communities of ecologically dif-
ferent classes: Molinio-Arrhenatheretea,
Querco-Fagetea, Festuco-Brometea,
Mulgedio-Aconitetea and Trifolio-
Geranietea. Therelatively heterogenous
composition of phytosociological and
ecological species groups is aresult of the
genesis of these forests in the moderately
continental climate. Besides, some
moderately thermophilous, mesophilous
nemoral species are still important
in the post-Pleistocene West Siberian
hemiboreal forests. Phytocoenotic
analogues of present West Siberian
Brachypodio-Betuletea forests could
be widespread in Central and Eastern
Europe in the composition of forest-
steppe during dry and cold Pleistocene
periods.

Including of the Pulsatillo-Pinetea
communities in the group of amphi-
Atlantic forests is confirmed by distribu-
tion of the class across the western part
of the transcontinental steppe zone from
Central Europe to the south-eastern
part of the West Siberian Plain, which
is influenced by the Atlantic Ocean.
Nevertheless, unlike the forests of the
Brachypodio-Betuletea, the Pulsatillo-
Pinetea communities were formed as
azonal type of vegetation in arid and
semi-arid climate of steppe zone. The
genesis of Siberian Pulsatillo-Pinetea
forests is closely related with formation
of the fluvio-glacial sandy deposits in the
steppe zone during the post-Pleistocene.
Their allohtonous flora was dominantly
formed from East European-Siberian
steppe xerophytes and psammophytes of
surrounded zonal steppes of the Fesruco-
Brometea and psammophilous steppes
of the Koelerio-Corynephoretea.

The amphi-Pacific ‘Manchurian-
Daurian forests of the class Querco

mongolicae-Betuletea davuricae were
formed as a component of the eastern
sector of cold Pleistocene forest-steppe
on the base of moderately thermophilous
Tertiary Eastern-Asian flora and differ
essentially from amphi-Atlantic forests
not only in species composition but in
genus one. The genesis of the forests
was closely related with the monsoon
climate of Dauria and West Manchuria.
The main peculiarity of the climate
type lies in the fact that the Pacific
Ocean influences the climate of the
continent mostly in the summer period.
The climate of the Querco-Betuletea
davuricae class range in winter is
characterized by small amounts of
precipitation and low temperatures due
to the weak influence of the Pacific
Ocean and domination of the Siberian
anticyclone.

The core of flora of the Querco-
Betuletea class is represented by light-
demanding xero-mesophytes of the
Daurian-Manchurian plant geographical
group. The majority of them are not true
forest plants as they grow in both open
forests and meadows (Calamagrostietea
langsdorffii), steppes and shrub com-
munities (Cleistogenetea squarrosae).
These plants, like the European-Siberian
species of amphi-Atlantic hemiboreal
forests are thermophilous ones in
relation to the temperature regime of
summer period. However, they possess
completely different adaptations to
the most important limiting factors of
moisture regime and temperatures in
cold season.

There is only a small number of
species belonging to a larger South-
Siberian-Manchurian-Daurian chorolo-
gical group. They are disjunctively
distributed in the forest-steppe zone
of South Siberia and represent here
a relict Eastern-Asian moderately
thermophilous element.

The essential floristic distinctions
between amphi-Atlantic and amphi-
Pacific forests are shown in the com-
position of ecological and phyto-
sociological groups. The true meso-
phytes of subalpine-forest and nemoral
groups, which can grow during moder-
ately warm and moist winters are absent
in the Querco-Betuletea davuricae
communities. VERKHOLAT and KryLov
(1982) linked the origin of current xero-
mesophilous oak and birch-oak forests
belonging to the class Querco-Betuletea
davuricae with a Tertiary Eastern Asian
mountain prairie-forest-steppe which
developed autochthonously under the
continental climate in East Asia. An
original way of genesis of the continental
xero-mesophilous oak forests of the

Amur river basin different from that of
suboceanic mesophilous broad-leaved
formations rich in tree species is pointed
to by Kurentsova (1973).

The cryo-xerophilous larch forests
of the class Rhytidio-Laricetea occur in
the composition of the most cryophyte
variant of mountain forest-steppe of
arid ultracontinental climate of South
Siberia and North Mongolia. Their sites
(first of all unique type of seasonally
frozen soils) are characterized by
large variations of temperature and
moisture regimes during growth period.
It determines growing of xerophytes,
meso-xerophytes, mesophytes, moder-
ate cryophytes and cryophytes simulta-
neously in the same communities.

The results of analysis performed
of floristic peculiarities of the cryo-
xerophilous forests (ErmAKOv, 1999a)
revealed absolutely allochtonous type of
their flora. i.e., absence of characteristic
species (or species growing chiefly in
these forests). The main role in the
Rhytidio-Laricetea forests is played by
the species of surrounding vegetation
types - steppes and mountain tundra,
as well as by some widespread south-
boreal and meadow plants. That is
why the chorological spectrum of the
Rhytidio-Laricetea reflects various
plant-geographical relations of steppe,
high-mountain and forest vegetation.
These peculiarities of the flora of
the Rhytidio-Laricetea result in the
assumption that they are of historically
young age and have the most distinct
relict features of the vegetation of dry
and cold Pleistocene periods compared
with other present geographical types
of hemiboreal forests. Combination of
moderately cryophilous south-boreal
mesophytes and steppe xerophytes is
also observed in current forests of the
forest-steppe zone of warmer mountain
regions in East Europe, South Ural,
South Siberia and Dauria. However,
true cryophilous mountain-tundra and
alpine-meadow species occur rarely
there, being the relics of the colder
vegetation of the Pleistocene.

An analysis of spore-pollen spectra
composition performed by SaviNa er
al. (1981) in seasonally frozen soils of
current cryo-xerophilous larch forests of
Mongolian Altai and Central Khangai
made it possible for the authors to
assume that the soils had been formed
in the late Pleistocene — the early
Holocene. The pollen combinations
of alpine, meadow, forest and steppe
species together with abundant pollen
of larch occur throughout the seasonally
frozen soil profiles and point to the
existence of cryo-xerophilous larch
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forests as a peculiar plant-geographical
type over the course of the Holocene
to the present. The predominance of
Eastern Asian relations is seen in the
flora of cryo-xerophilous larch forests.
These relations are mainly provided
by south-boreal and meadow-steppe
species, which are usual plants of the
present amphi-Pacific xero-mesophilous
forests of the class Querco mongolicae-
Betuletea davuricae of the Manchurian-
Daurian forest-steppe. They are of
greater phytocoenotic importance in the
cryo-xerophilous forests than European-
Siberian and West-Palaearctic species.
The role of species of South-Siberian-
Mongolian-Daurian and Eastern Asian
plant geographical groups increases in
the Rhytidio-Laricetea forests eastwards
from the Mongolian Altai to Khentei,
as the influence of the Pacific ocean’s
monsoon gets stronger. The flora of cryo-
xerophilous larch forests is historically
substantially related with the Pliocene
Eastern-Asian temperate thermophil-
ous forest-steppe with participation
of meso-xerophilous oak (Quercus
mongolica) and birch (Betula davurica)
forests than with the Pliocene European-
Siberian one. These late Pliocene
xero-mesophilous oak-birch forests
degraded completely in the territory
of the mountain systems of the Sayani
and Khangai due to climate changes
in the Pleistocene. A new type of
monodominant larch forests was formed
as a component of cold mountain
forest-steppe on the basis of different
Pleistocene phytosociological groups
of species: meadow-steppe, mountain
steppe, mountain tundra and south
boreal. The mountain systems of North
Mongolia and South Siberia were an
important center of formation of the
cold forest-steppe. This is supported
by a wide range of endemic South-
Siberian-Mongolian species in all
leading phytosociological groups.

The small-leaved-coniferous hemi-
boreal (subnemoral) mixed forests of the
Querco-Fagetea (Fagetalia sylvaticae)
represent the most thermophilous relict
type of the primary Siberian vegetation
which is not related by origin with
the forest-steppe vegetation of North
Asia. The plant geographical and
coenogenetic unity of the Siberian
mesophilous subnemoral forests and
European temperate forests of the class
Querco-Fagetea,even without common
geographical boundary, is indicated
by numerous characteristic species
of the class Querco-Fagetea which
have European-Siberian disjunctive
ranges and are relic plants in South
Siberia.

The Siberian Fagetalia forests are
the main component of the unique
mountain landscapes closely connected
by origin with local orographycal and
meso-climatic conditions of the foothills
of the Altai and West Sayani which are
conditioned by final influences of the
Atlantic ocean on the climate of inner
regions of the continent. The meso-
climate of these marginal mountain
regions is characterized by the highest
warmth and precipitation indices in
Siberia. In accordance with palacogeo-
graphical data, original meso-climate
of the western part of the Altai was
formed at the end of the Tertiary period,
the time of the intensive formation of
this mountain system. Palacobotanical
data testify to thermophilous vegetation
- broad-leaved and coniferous-broad-
leaved mixed forests - in the territory of
the Altai at that time (KorNILOVA, 1966;
VoLkova, Panova, 1975). Subsequently,
over the course of all glacial Pleistocene
periods, despite the general cold climate,
this area remained the warmest and
humidest in Siberia and was a refuge
for preservation of thermophilous
vegetation and flora.

The important peculiarity of the
Siberian Fagetalia communities is a
significant role of subalpine-forest tall-
forb species. Excess humidity, good
heat provision and soil fertility cause
great competition between the tree
layer and tall-forbs. The relationships
of these two components result in the
combination of dense forest sites, open
forests, and tall-forb meadows wittiin
the subbelt. Similar relationships of
forests and tall-forb communities are
characteristic of the subalpine belt of
many mountain systems. However,
in this case we are dealing not with
timber line, but with a lower part
of the forest belt. The geographical
analogues of the Siberian Fageralia
forests are communities of the alliance
Fagion Luquet 1926 in the Central
Alps (ELLENBERG, 1986; OBERDORFER,
1992). The common features are the
most evident for the associations that
are spread in the upper part of the
forest belt at the boundary with the
subalpine one:

- the tree layer is characterized
by poor presence of the broad-leaved
species and strong position of coniferous
ones (Abies alba and Picea abies);

- the group of the characteristic
Querco-Fagetea species is strongly
reduced, and the Fagetalia species play
the main diagnostic role;

- in all associations, the number of
southern boreal species is significant;

- the subalpine Adenostyletalia

Br.-Bl. 1930 species are of great
differentiating importance for some
syntaxa.

The group of Siberian subalpine-
forest plants - Aconitum septentrionale,
Cirsium heterophyllum, Bupleurum
longifolium and group of widespread
south-boreal species indicate strong
plant-geographical relations of the
Siberian subnemoral forests with the
communities of the alliances Fagion
and Alno-Ulmion from South Norway
(KieLLanp-Lunp, 1981). The phyto-
sociological role of the subalpine-forest
species increases in broad-leaved forests
in the direction from North Europe to the
Urals. The Altai-Sayanian subnemoral
forests are the most similar to the
Ural communities of the alliances
Aconito septentrionalis-Tilion cordatae
Solomeshch in Solomeshch ef al. 1993
and Aconito septentrionalis-Picenion
Solomeshch 1993 and form a united
easternmost part of the Fagetalia range
in Eurasia.

The presence of the subalpine
Mulgedio-Aconitetea species in the
mountain Fagion communities in the
Alps is a critical fact for understanding
of the genesis of Siberian subnemoral
forests. In a similar manner, we observe
the significant phytosociological role
of the subalpine species of this class in
the Ural coniferous-broad-leaved and
Siberian subnemoral forests. KLEorov
(1941, 1990) and ErmAKOV (1998) used
this fact to connect current mountain
subnemoral forests of South Siberia
and the Urals by common origin from
the Pliocene coniferous-broadleaved
forests. The latter were formed in the late
Tretiary period at the upper boundary
of the forest belt, in the contact with
the subalpine tall-forb meadows in
the Altai-Sayanian mountain system.
In current climate of Siberia, the frag-
ments of the subbelt of thermophilous
Fagetaliaforests and tall-forb meadows
have been only preserved in warm
ultrahumid foot-hills of the Altai and
Sayani and represent relict landscapes.
The analogues of such landscapes
with combination of the Fagetalia
and Mulgedio-Aconitetea communities
occur in the mountain systems of Europe.
Preservation of the relic Fagetalia
forests in South Siberia is strictly
connected with local mountain meso-
climate which appeared at the end of the
Tretiary period as a result of interaction
of two factors - amphi-atlantic climatic
regime and special location of the ridges
of the Altai and Sayani.
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Table II1 — Suballiance Cruciato krylovii-Pinenion sylvestris
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Mean cover of shrub layer (%) 230 [ 7BOSEEARNIORS 2R3 A GR35I NGRS ES6 & i S
Mean cover of herb layer (%) 79 84 68 77 66 73 68 45 71 81 74 75 73 74 70
Mean cover of moss layer (%) 7 5 TR SHNS ISRl 3 8D a3 s A3
Mean heigt of tree layer (m) DB 23R 0D OF D SR 00 S 0SS0 20N 0N 2D 1 2]
Mean heigh of shrub layer (cm) 180140 74 76 160 63 67 46 40 61 43 52 57 50 54
Mean height of herb layer (cm) 92 85 63 78 34 42 38 42 39 48 41 53 46 45 42
Mean nr. of species in one relevé 71 73 62 61 51 55 48 50 60 67 80 76 69 66 47
Relevé area Everywhere 200 m?

Number of species 163144 171 181 87 188 89 174 104 130160 159 153 186 82
Number of relevés SR GRS SRR RN G SR S ORI S0 5 S i
The main species of tree layer

Pinus sylvestris <AL IR TR e i VR Vit esamosniep
Betula pendula St s S e T e S WA TE ATEE VAR
Larix sibirica D MSTERS VA S NERIVE e o e N VAWIIE Ve Ve
D.S. Ass. Anemonoido caeruleae-Pinetum sylvestris

Ranunculus monophyllus SR VARSIV S -l e s e TR ST
Lathyrus gmelinii =SR2 ToVE ST S VATV B FTES DL SR S S e L
Cacalia hastata —HIR VARV VASITEAERER R e TS S
Bistorta major ARV TV ATV VA NI o Tle Sl e
Aegopodium alpestre RISV VR R VERE T Jt- 1 + I .
Polemonium coeruleum (VI V VIO |+ S AN | 5 SIS IV
Ranunculus grandifolius 0 08 VA 1 oS T )6 (= TR I e i o e
Cerastium pauciflorum =hilIMRVESyZTINERVERSEETL 0 ST ST ST T ST as i
Geranium albiflorum EhR TSRS TS TTTANIA/N S S S S ] AT e
Senecio nemorensis bl |V V2 IV + O ) [ ] R S |
D.S. Subass. A.c.-Ps. athyrietosum filix-feminae

Anemonoides caerulea il (IS0 TRV e ST SR T

Athyrium filix-femina ISRV ) F RS Bl

Equisetum pratense “hISIVE TVA( - SRS . I

Adenophora liliifolia =l NEEVE BV SIS A A

Filipendula ulmaria -hl |1 IV | + + = SO Sty
Potentilla fragarioides = of L1 1 S0 110 + I IV ap o
Cypripedium macranthon -hl | II IV| . III 1Ll .
Variant Circaea alpina

Circaea alpina -hl |V . + :

Vicia sylvatica -hl |1V Il + Ve ,
Corydalis bracteata -hl [IV + I . + +
D.S. Subass. A.c.-Ps. laricetosum

Elymus mutabilis -hl | | . + |V I o mr mor
Geranium pratense -hl s + TV T ok

Poa urssulensis -hl omay|vi|i+ . [ JOE A0 - 0T
Paeonia anomala -hl Im|iv| o 1 N - ST Y
Carex humilis ShlN AR AV R« S 17,73 I - e T
Adonis sibirica -chh I I |IV | + + T 4 . i ameh M
Bromopsis inermis Rt L IVE| N e w ER Se ce + +
Anthriscus sylvestris RIS TTITE RV H =+ T TS S T
Elymus komarovii -hl m . Bt R I S (1 |
D.S. Subass. A.c.-Ps. anemonoidetosum reflexae

Anemonoides reflexa -hl v IV IV IV 1II II IV
Adenophora lamarckii -hl s | VAV VsV Vv
Anemonastrum crinitum -hl I [III I + +
D.S. Subass. A.c.-Ps. rhododendretosum davurici

Rhododendron davuricum -s1 IO + | V| + I

Anthoxanthum odoratum -hl . .| IV

Vaccinium myrtillus -hl I + |IV2 5 Ty

Campanula altaica -hl 1I V| + I e I +
Viola biflora -hl 111 -
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Table III (continuation)
Column nr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

D.S. Ass. Filipendulo vulgaris-Pinetum sylvestris

Polygonatum odoratum =hiSHIVEE Vil +8F 1% 10 ‘ Wil TOE VR G VAR VAR T ST I eit
Viola hirta ShilS TS TR T -2 RNTVE RTTIEVAEVE Vilt . ]

Origanum vulgare ChISS TINS IR e DNV TIDSIN TNV TRV . i

Artemisia sericea hig B el L MOC S (F o 0T < 8 I S R i = : ; :
Galium verum hice ot FL Teg UE- 03 IITETVES TFs NERTV i1 S0 ernlesnt 3n sl
Fragaria viridis Ehife £ Jack 165 TIRSIVES VARSTTE P Valiet Tlanalipssr drte e vl
Filipendula vulgaris hIEE Tie 185 .8 . N VRN

Peucedanum morisonii Zhige R 1B . e LIV TN TS T

Variant Rosa pimpinellifolia 1 1

Rosa pimpinellifolia i 0k 2L a8 A st

Kadenia dubia -shl . .. bk . ‘ v

D.S. Subass. Fv.-Ps. spiraeetosum trilobatae

Spiraea trilobata il AP Y W DR e S

Sedum hybridum <51 SRS S ST ‘ IV ¢ ST . SEREE

Bupleurum multinerve SRR S B S RN ST T e ]

Galium paniculatum -hh o0 oo .. 4+ . ‘IVZ ST i

Artemisia gmelinii = /16 F T AN | | R

Woodsia ilvensis - VIR L o ) F

Kitagawia baicalensis £1y71 1 SRR i Tut e 00 R ThIeE AT .

Veronica krylovii =hIGs . R SE - SELINE TS S0E TR el . . g :
Elymus gmelinii = ] S | SRR EE HI‘ WS 5 e = et TR,
D.S. Subass. F.v.-Ps. arabidetosum pendulae - W

Valeriana alternifolia =h, IR o e o TV S e T

Arabis pendula o171 ST ST SRR )

Lithospermum officinale = ;1 T SS s ENE SH o RV e, L . st Pweks S
Elymus caninus shl e B L, ‘ b\ e et e ST S R [RPRS
Geum aleppicum 11 Rl 115 1 | O S SEl) (el 0.7 e | 0 o=

Ribes hispidulum SSHE s R = L L N ‘ -

Hypericum hirsutum TSRS S S R S 1 Sl AR

Galatella macrosciadia T R e ‘HI‘ oI o+ o+

D.S. Subass. Fv.-Ps. brunneretosum sibiricae 1

Brunnera sibirica - R B e L A

Lysimachia vulgaris )4 S = U e AT R PR

D.S. Subass. Fv.-Ps. violetosum arenariae

Viola arenaria | A I T O SRR 17 (70 | R AR
Hemerocallis minor 11 LG S R R 11 | 0T 000

Astragalus danicus -hl + IvVvi+ II +

Bupleurum scorzonerifolium -hl . AT I IV

Hylotelephium triphyllum hll et e S + |19 00 1Y QP R sl 5
Carex obtusata Ehllgr . e e L e LTSI I o s T
Hypericum perforatum et P tWLT o W SV YT e
D.S. Ass. Adenophoro lamarcki-Laricetum sibiricae -

Zigadenus sibiricus el UL e e o I N % ™ T T e e BV S e
Seseli libanotis SR e e s B e R TR IR
Scorzonera radiata L I R A O )0 T (T D v [ty s 4
Crepis praemorsa MY A T L e LVIBETIY IRV T - sreneiies skl
Gentiana macrophylla Sl B . o (R I A - o e R g (1 : : 5
Adenophora coronopifolia T R T b e e s
Malaxis monophyllos T R (R | R ) (o, e AT 0 0k A ey e
Hedysarum neglectum T TR A T SR T S 0 ¥ (SRS , .
Primula cortusoides “higg . ¥ IgT] . + Trsss. S el VSN ; apweal
Anemone sylvestris -hh .. .+ PSSR 1+ SIS N GO 885 (N )l T R R )
Artemisia tanacetifolia A R I R S, ' B S SRR |
Thalictrum foetidum RS ST T T pilegests toei &Vﬂ VA R TN 2

D.S. Subass. A.L-L.s. ligularietosum glaucae
Ranunculus polyanthemos hles ST e R s D AT T
Viola mirabilis =i SRR SR SR (1 Y SRS A T R 9
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Table I (continuation)

Column nr. PEE20E3 ¥ 48 5% 6% 7588 9 810811%12 13 14 15 16 17 % 18519
Veratrum nigrum hIEEEVESTTE - I I+ IS T T AR | P I
Ligularia glauca -hl L DA 1 " » | IVARITL 1 A
Neottianthe cucullata -hl + RS | I v III! +

Rosa majalis -sl + | EAUNTARES I TV IR .

Aulacospermum anomalum  -hl + I I IV I +

Polygonatum humile -hl Il V| +

Variant Filipendula stepposa iix

Filipendula stepposa -hl . o + LY ‘ I +

Galatella biflora -hl = . IV % >
Achnatherum sibiricum -hl I : ‘ IS ] I

D.S. Subass. A.L-P.s. anemonastretosum crinitae L

Bistorta vivipara -hl 1 I + s, T I I
Astragalus propinguus -hl + = (L] ‘

D.S. Ass. Calamagrostio pavlovi-Laricetum sibiricae

Carex amgunensis -hl : 00 ) IR VAR VAR B 72 v
Calamagrostis pavlovii -hl I AT T2 V2 NN eV
Pyrola incarnata -hl )} TITSSITE - T0 IEVEREV Sy =T
Pyrola rotundifolia ShIY o L, Ek . 2 TR INVASIN STV ST S
Vicia cracca ShISSIIE I . 11 1T II VLY o SRV R RN
Orthilia secunda -hl I . ; T O A 1 1016 VS T s e
Pinus sibirica -s1 IS 1 I Vo Ay Sevassvis/
Vaccinium vitis-idaea -hl + vV < VYA R
Picea obovata -sl . - = Vs o TS T
Hylocomium splendens -ml N + T - TV - IIEaVie VST
Pedicularis resupinata -hl 1T il IO e T TS s Vs S [
Variant Spiraea media

Spiraea media £l W T8 T I TRy ST TIESIVESTISEY 1 V4 Vv
Variant Bergenia crassifolia

Bergenia crassifolia -hl II + @

Variant Dracocephalum ruyschiana

Dracocephalum ruyschiana  -hl 1 +  + T 0E JIESIVESIVE ST I BV
Carex caryophyllea -hl + + Iv| +
Variant Allium microdictyon

Cirsium komarovii -hl - ; I | v
Allium microdictyon -hl + I SV
D.S. Suball. Cruciato krylovii-Pinenion sylvestris

Erythronium sibiricum hINEVEPVENTVES VNIV AL SV #V -V VRNV DY aSass irsy
Cruciata krylovii SRV S SNESN SN VNG TN VLNV T el « wetsstVesays
Lathyrus frolovii ~HIFATVATVATY & VEuoNaS TR - o o o' e = VA TITPTVERVZ V2 = s s
Spiraea chamaedryfolia = 1[N IV v VAR 0 (8 VA e S (R 1 0 ) (R VA VA 1 ) VR v Ve S v T 2 AV
Primula macrocalyx -hl (A2 VA2 V2V P IV V2T VIR Ry

Aconitum krylovii “hl [VEVE oV 0L e

D.S. All. Vicio unijugae-Pinion sylvestris

Geranim pseudosibiricum'  =hl [IVZEYENZSIVA IS VIV VRIS VNV VAR V2V Vs a2
Lupinaster pentaphyllus RISV VOV Y EVITEIVAS V- VWIIACE VRN NG O Tt [ sy
Lathyrus pisiformis -hl [TV V. + 1II (TR TRR I = SV E VAR T I 1 sl
Vicia unijuga hi (VRN e N VSR TV T VRS VD VSR - o e Vates
Saussurea controversa -hl IV III IV? II OI + LI T T8 VBN VeV Ve
Inula salicina ol e | R e II | BYARAVAREI [ i O AR : >
Ptarmica impatiens -hl |V IV I IV IV 1 ; M e o ROV = TSt
Aquilegia sibirica 201 S 1 S (R VA A | I I IS TV Taasn; meVassy:
D.S. All. Lathyro gmelinii-Pinion sylvestris

Populus tremula = 1 ) o e [ o R IR 0T TERRIEC ST
Milium effusum “RISSTVASTIIS SIS e = I IV I I : : A
Aconitum septentrionale -hl 10 + IV? + 1I I +  + I I Iil
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Table III (continuation)

Column nr. TEE2053 T 4R 5T 68 72 8L 9 210811012 13 14 15 16 1741819
Stellaria bungeana S5l (10Y1H 008 1 5 | S SR = SRR | IS, [ TN 1| SRR SO (S
Calamagrostis obtusata RN - S PR o o H W s T T ! s ol
Veratrum lobelianum S . s il

Paris quadrifolia Al TVE . |+

D.S. Ord. Carici macrourae-Pinetalia sylvestris

Carex macroura -hl (V2 V2 IVZ V21V V2 V2 IV2II?E V2 V2 IVZE V2 I2 V2 V2 V2 V2 V2
Cimicifuga foetida hlEHIYVESVETTES Ve VeIV VIV VR e ST ey
Heracleum dissectum -HISIEVSSITIETIES Vi TSI o T T V2 TV S IVARES VT sl il
Viola uniflora hIS RV ATV EENESVERITTEE T T 2Ry 7 e VA [
Trollius asiaticus W= .Y VIV E L L W IEY Vsl iyl
Aconitum volubile -hIBAIVESVERIVES N T SN T Y . 1 T T
Bupleurum aureum ST HL IV BTV T V1 N el b8 b, cmae 2 4
Pteridium aquilinum SV 0. L TS . IR Y o OV L e . il

D.S. CL. Brachypodio pinnati-Betuletea pendulae

Lilium pilosiusculum =R N T T TV N ST T TR [V R e Y e [T T
Rubus saxatilis -hl (V2 V2IVZ V2 V2 V V2II2 V2 V2 V2 V2 V2 V2 V2 W2 W2 W2 V2
Iris ruthenica -hl [IV2 V2 V2 V2 V2 IV V2 V2 V2 V2 V2 V2 V2 W2 V2 V2 W2 W2 V2
Pleurospermum uralense HIREV VT VIV IV, <0 I VIV IV, VIV T 5 Rl
Hieracium umbellatum 1 Y10 s ST 1 (P AR [ T 1T B VAR VA vk 57388 1 | CER Rt BRI
Calamagrostis arundinacea  -hl | V2 IV2 | IV V? V2 V IV . V2 V2II2 V2 I I
Brachypodium pinnatum -hl | V2 V2 V2 V2O V2 V2II2 T V2 V2 IR V2 1 N
Pulmonaria mollis = 1 AR T AT T BV R R SRS S v I W TV
Agrimonia pilosa NPTV ST ST VA TSV T 1] I
Vicia sepium T 1 T T T T s TR T ] e
Angelica sylvestris s VEREVE VI SIS T TRV TV D .
Serratula coronata = VAR TR TSI Sy V[l
D.S. Cl. Rhytidio-Laricetea
Poa sibirica =hEIVARITTRVE S VRIS - VST VRV oV 2V SV 2aey
Aconitum barbatum 1 S T S (Y VA8 A Ve S v VR VAR VA LV Y )|
Carex pediformis

inc. C. kirilowii hIE o o e e P T VARSI SVER RV AR T
Pulsatilla patens 51U (RS (0 G 0 [ (R () AR VA ) (R R IR
Aster alpinus 1| B e e D R (1] S S T D : I
Rhytidium rugosum FMING s L L CERCPERE T w o TIEEE., RSN 00
D.S. Cl. Querco-Fagetea
Melica nutans Sl A S | | (v B S 1 g
Adoxa moschatellina = R T T ] (S e i [ |
Poa nemoralis Rl e e T s Tl T
Viburnum opulus sl [ R R ] [ R o
Galium odoratum -hl T . . ; .
Lathyrus vernus ShIY . % W VS
Brachypodium sylvaticum chis, VB Ll LY N TV T
Dryopteris filix-mas ShINT . I .V . s S = 1 N
Aegopodium podagraria =il L4 S N £ I 5 U i £ ©
Festuca gigantea =111 A LA . N
Epipactis helleborine Sl el L e o T T
D.S. Cl. Molinio-Arrhenatheretea
Galium boreale Snilg A BYA T AT TRV S S | B AT TR RV SR A AR e e
Sanguisorba officinalis ERISEVESTIVATVARTVAS . S TITEE TSI IS S AR B [V Tesmsll 1Veped
Dactylis glomerata ShISRIIRTIS = S TV T2 SV Vi
Festuca rubra ShISEIINIIEY 51 ., VT T el A | T
Lathyrus pratensis 1ol ey =) (o I 10 E5 SICANNETCENRR 1 0 3 [y 1 (" e [
Trifolium pratense =l B S i SRS | SR S | S R e
Phleum pratense 2o (o] S | CPRRS S S 0 I [ T4 |
Alopecurus pratensis Jolbid 5 (RS |
Agrostis gigantea Sl e .
Leucanthemum vulgare 11 O

Festuca pratensis shl . F LT



BRAUN-BLANQUETIA, vol. 28, 2000

57

Table III (continuation)
Column nr.

D.S. Cl. Vaccinio-Piceetea
Pleurozium schreberi
Ptilium crista-castrensis
Linnaea borealis

Lonicera altaica
Lycopodium annotinum
Trientalis europaea
Dicranum polysetum

Other species:
Thalictrum minus
Lathyrus humilis
Achillea asiatica
Trisetum sibiricum
Helictotrichon pubescens
Rosa acicularis
Euphorbia pilosa
Crepis sibirica
Cotoneaster melanocarpus
Vicia megalotropis
Maianthemum bifolium
Phlomoides tuberosa
Atragene sibirica
Campanula glomerata
Cypripedium guttatum
Dianthus superbus
Caragana arborescens
Euphorbia discolor
Solidago virgaurea
Cirsium serratuloides
Sorbus sibirica

Padus avium

Fragaria vesca

Larix sibirica

Betula pendula

Pinus sylvestris

Oberna behen
Rhytidiadelphus triquetrus
Ranunculus propinquus
Vicia nervata
Anemonoides jenisseens
Veronica chamaedrys
Urtica dioica
Tephroseris integrifolius
Crepis lyrata

Luzula pilosa
Pedicularis incarnata
Viola montana
Artemisia integrifolia
Bromopsis pumpelliana
Lamium album
Aconogonon alpinum
Conioselinum tataricum
Mnium species
Rhodobryum roseum
Hesperis sibirica
Potentilla chrysantha
Trommsdorfia maculata
Abies sibirica
Platanthera bifolia
Dracocephalum nutans
Carduus crispus

Salix caprea

-ml
-hl
-sl
-hl
-hl

-ml

-hl
-hl
-hl
-hl
-hl
-s1
-hl
-hl
-sl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-s1
-hl
-hl
-hl
-sl
-sl
-hl
-sl
-sl
-sl
-hl
-ml
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl

-ml
-hl
-hl
-hl
-sl
-hl
-hl
-hl
-sl

v

HZ
1AY
II
v
v
v
v
II
I
v
II

v
III
v
II

I
I

TS

I

I
I
II

I
v
II
e
v
I
v
I
v
III

II
r

I
I
I
I
I
III

<< <<

—
—
=i

<H<

I
I

II
v
II
1

II
v

1
1l
1l

it
I
I
I

I

VZ
v
III

II
III
III
v

+
v

II
v
III
III
II

4 -

—_ —
— b
[ —

—E e -

++ + =+

+ -

5

II
II
II

v
v

IT
I
II
v

I

v
I

I
I

I

II
v
1A%

|

6 78 880

Tl V-
IV

III
III

H<<

111
IV III
+ III

IV IV

V2 T2

I 1v
1
L V-
II III
IV Vv
VIS
I III

I I

I
I I
I

v
II
v

11
II

V2

II

Iv?
I
II
I

II

v

I

o e k<

I
I
I

I

I
1
1
v

I

il

II
I

v
II

III

1l

III

I

I

I

I

11

I
I

I
I
I
11
I

II

S S
< B

I

II

12

II
IT

III
III

+ .

i el B

1

13

14

I

v

II
I
II

II
I
I
II
v

v
II

I

II
II

II
III
II

15

+

VZ
III

II

I

II

I
I

16

<<

VZ
V2

v

I

Iv?
II

v
VZ

v

111
II

17

III
I
I

VZ
V2

I
II

I

V2
I

I

1l
v
I
I

18

14"
V2
v
v
v

v
I
I

v
1

I

V2

<< B

II

I

I

19

1I
II
II

V2
v
I

I
I

II

III
V2

I



58

Ermakov N., DRING J., RopweLL J.. Classification of continental hemiboreal forests. ..

Table III (continuation)
Column nr.

Equisetum sylvaticum
Chamaenerion angustifolium
Scorpidium scorpioides
Galium palustre
Melandrium album
Potentilla flagellaris
Campanula rotundifolia
Artemisia macrantha
Anemonoides altaica
Moehringia lateriflora
Cerastium davuricum
Rubus idaeus

Impatiens noli-tangere
Gymnocarpium robertianum
Humulus lupulus
Dentaria sibirica
Cystopteris fragilis
Mpyosotis krylovii

Carex arnellii

Elymus sibiricus
Stellaria crassifolia
Sanicula giraldii
Melilotoides platycarpos
Thalictrum simplex
Salix bebbiana
Gymnocarpium dryopteris
Dactylorhiza fuchsii
Dryopteris expansa
Aconitum anthoroideum
Caragana frutex
Lonicera tatarica
Caragana pygmaea
Euphorbia alpina
Dendranthema sinuatum
Tragopogon orientalis
Calamagrostis epigeios
Polygala comosa
Schizonepeta multifida
Allium nutans

Phleum phleoides
Elytrigia repens
Artemisia vulgaris
Elytrigia gmelinii
Artemisia laciniata
Hieracium virosum
Galatella angustissima
Stellaria media
Myosotis imitata

Viola dissecta

Thesium repens

Vicia amoena

Elymus transbaicalensis
Rubus matsumuranus

-hl
-hl
-ml
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-sl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-s1
-hl
-hl
-hl
-hl
-s1
-s1
-s1
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-hl
-s1

I
II
II
I
II
II
II
II
II
II
II

II
II
II

II
IT
II
II

p— e

11

I

II

I
I
1
I

II
II

+ 4+ + A+ 4

+ -

II
II

7 8 9
+
I
I
m o1
1
I
I
I
e .«
o1
m .
1
1
1l
.
01
11
11
Tl
I 1
BT
[ I
1l
1
I
_+_
I

10 11 12 13
111 A
[TERETTEE -+ Jenlil
111
~ Tl
1 I
T = .
1+
Tl
- I
1 +
11
i
i + +
G150
11
I T o4
0E il
I +
T i
.+
il
T .
I -+
Y .
11
11
+ .
141

14 15 16 17 18 19

0 2 sl +
Te o MTT s
+ I
I
I
1I . +
. I
+
I I +
+
I
+
+
+
+
11 sl T
I o pelind
11
I
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Table 111 (continuation)
Species with few occurrences:

Abietinella abietina (ml) - 3(I), 8(I), 12(I), 14(+), Adenophora tricuspidata (hl) - 13(+), 14(+), Alchemilla sp.
(hl) - 3(+), Alfredia cernua (hl) - 3(+), 6(+), Allium rubens (hl) - 8(+), A. strictum (hl) - 8(I), 13(+), 14(I),
15(+), Anagallidium dichotomum (hl) - 8(+), Androsace septentrionalis (hl) - 8(1), Antennaria dioica (hl) - 6(1), 7(I), 11(I),
Artemisia commutata (hl) - 8(I), A. latifolia (hl) - 3(+), 9(1), A. santolinifolia (hl) - 15(+), Asparagus officinalis (hl) - 8(+),
Asplenium septentrionale (hl) - 8(1), Botrychium lunaria (hl) - 14(+), Bromopsis benekenii (hl) - 7(1), Campanula bononiensis
(hl) - 7(I), C. cervicaria (hl) - 6(+), Carex korshinskyi (hl) - 8(+), C. muricata (hl) - 2(1), Centaurea scabiosa (hl) - 8(+),
C. sibirica (hl) - 8(I), Cerastium arvense (hl) - 8(I), Chelidonium majus (hl) - 8(1), Cinna latifolia (hl) - 1(I), Cotoneaster
uniflorus (sl) - 3(+), Crataegus sanguinea (sl) - 8(1), 10(I), 11(I), Dactylorhiza maculata (hl) - 4(+), Delphinium elatum
(hl) - 2(I), 3(+), D. laxiflorum (hl) - 6(+), 8(I), D. retropilosum (hl) -13(I), Dendranthema zawadskii (hl) - 4(+), Dianthus
versicolor (hl) - 6(+), 8(1), Digitalis grandiflora (hl) - 6(I), Diplazium sibiricum (hl) - 1(I), Dryopteris carthusiana (hl) - 5(+),
6(+), Epipactis palustris (hl) - 11(I), Equisetum hyemale (hl) - 1(I), Erigeron krylovii (hl) - 3(+), 9(1), Eritrichium pectinatum
(hl) - 8(+), Euphorbia microcarpa (hl) - 6(+), Euphrasia parviflora (hl) - 6(+), Festuca extremiorientalis (hl) - 1(I), F.
pseudovina (hl) - 3(+), 14(+), Frangula alnus (s1) - 1(1), 6(+), Galeopsis bifida (hl) - 2(1), Galatella hauptii (hl) - 8(+),
Galium aparine (hl) - 7(1), 9(1), Gentianella amarella (hl) - 3(+), 9(1), Gypsophila altissima (hl) - 6(+), 8(1), Gentianopsis
barbata (hl) - 3(+), Glechoma hederacea (hl) - 2(1), Hedysarum gmelinii (hl) - 3(+), 8(+), 14(I), Helictotrichon altaicum (hl)
- 8(I), Hierochloe odorata (hl) - 1(I), 13(+), 14(+), Hieracium x robustum (hl) - 5(+), H. echioides (hl) - 8(I), H. korshinskyi
(hl) - 5(+), H. pilosella (hl) - 14(1), Hylotelephium populifolium (hl) - 19(+), Hypericum elegans (hl) - 6(+), 8(I), Iris humilis
(hl) - 8(+), Juniperus sabina (s1) - 8(+), Koeleria cristata (hl) - 3(+), 8(+), K. delavignei (hl) - 1(I), Lactuca sibirica (hl) -
5(+), 10(I), Lappula squarrosa (hl) - 3(+), 8(1), Ligularia abakanica (hl) - 5(+), L. sibirica (hl) - 3(+), 5(+), Linaria vulgaris
(hl) - 6(+), Listera ovata (hl) - 5(+), Lonicera pallasii (s1) - 19(1), Luzula multiflora (hl) - 1(1), L. rufescens (hl) - 14(+),
Medicago falcata (hl) - 8(I), Myosotis suaveolens (hl) - 5(+), Neottia camtschatea (hl) - 16(1), 17(1), Nepeta sibirica (hl) -
1(D), 10(I), 11(I), Onobrychis sibirica (hl) — 8(+), Onosma simplicissima (hl) - 8(1), Orostachys spinosa (hl) - 8(1), Oxytropis
campanulata (hl) - 14(+), Parnassia palustris (hl) - 3(+), Pedicularis elata (hl) - 10(I), P. sibirica (hl) - 5(+), 8(), 12(I),
14(I), Pimpinella saxifraga (hl) - 11(I), Plantago urvillei (hl) - 6(+), 11(1), 12(I), 13(+), Poa angustifolia (hl) - 11(I), P.
botryoides (hl) - 8(+), Polypodium vulgare (hl) - 1(I) 6(+), 8(+), Potentilla longifolia (hl) - 8(1), P. matsuokana (hl) - 14(+),
P. tanacetifolia (hl) - 8(+), Pyrola chlorantha (hl) - 14(+), 15(+), Ribes nigrum (s1) - 1(1), Scabiosa ochroleuca (hl) - 8(+),
Schizachne callosa (hl) - 2(1), 6(+), 18(I), Scutellaria galericula (hl) - 11(1), S. scordiifolia (hl) - 8(1), Sedum aizoon (hl) -
3(+), 6(I), 8(D), 12 (+), 13(+), 14(+), Senecio erucifolius (hl) - 3(+), Seseli buchtormense (hl) - 8(1), Silene graminifolia (hl) -
&), S. nutans (hl) - 2(I), 4(+), 6(+), 7(1), 8(I), 12(+), 13(1), 14(+), S. repens (hl) - 3(+), 6(+), 7(1), 12(+), 13(+), 14(1), 17(D),
Swertia obtusa (hl) - 3(+), Tanacetum vulgare (hl) — 14(+), Taraxacum officinale (hl) - 11(1), Thalictrum petaloideum (hl)
- 8(+), 12(+), 14(X), Thymus serpyllum (hl) - 8(1), Tulotis fuscescens (hl) - 2(I), Veronica incana (hl) - 8(I), 11(I), 14(+), V.
longifolia (hl) - 14(+), V. porphyriana (hl) - 8(+), V. spicata (hl) - 8(1), Vicia lilacina (hl) - 4(+), 14(+), V. tenuifolia (hl) -
7(1), Viola dactyloides (hl) - 11(I), V. macroceras (hl) - 8(+).
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Table IV — Suballiances Vicio unijugae-Pinenion and Achyrophoro-Pinenion

Column nr.

Mean altitude (m)

Mean cover of tree layer %
Mean cover of shrub layer (%)
Mean cover of herb layer (%)
Mean cover of moss layer (%)
Mean heigt of tree layer (m)
Mean heigh of shrub layer (cm)
Mean height of herb layer (cm)
Mean nr. of specie in one relevé

Relevé area (m?)
Number of species
Number of relevés

The main species of tree layer
Betula pendula

Pinus sylvestris

Populus tremula

Larix sibirica

-t1
-t1
-t1
-t1

D.S. Ass. Artemisio latifoliae-Betuletum pendulae

Galium verum -hl
Peucedanum morisonii -hl
Artemisia latifolia -hl
Artemisia macrantha -hl
Veratrum nigrum -hl
Silene nutans -hl
Primula cortusoides -hl
Calamagrostis epigeios -hl

D.S. Subass. A.L-B.p. ligularietosum glaucae

Galatella biflora -hl
Ligularia glauca -hl
Trisetum sibiricum -hl
Poa urssulensis -hl
Artemisia vulgaris -hl
Festuca rubra -hl
Pimpinella saxifraga -hl

D.S. Subass. A.L-B.p. pinetosum sylvestris

Orthilia secunda -hl
Sorbus sibirica -sl
Thalictrum foetidum -hl

10 11 12 13 14 15 16 17

52
4
68
+
19
46
42
53

56
2
2
+
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4
74
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D.S. Subass. C. a.-B. p. typicum
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Table 1V — Suballiances Vicio unijugae-Pinenion and Achyrophoro-Pinenion

Column nr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Mean altitude (m) 290 310 310 270 330 800 200 300 350 370 340 300 350 550 360 630 900
Mean cover of tree layer % 64 50 53 59 54 56 49 50 63 58 60 52 56 51 55 64 60
Mean cover of shrub layer (%) 1 SBI0% SORR4LmiGam 35NN Sl 4TSN - LTI ARy wilasidh - 19 5

Mean cover of herb layer (%) SOMEGTS 69 M SO TS O AT ONE12 8860 S B G R T2 a2 M 7o b 74
Mean cover of moss layer (%) 0= {hrdinit Ot s sl (5 TR ORAE1STI D sl s 00 BRG] et a3,

Mean heigt of tree layer (m) 19202019, 227 2442222 200 210210 141911200018 12225 423

Mean heigh of shrub layer (cm) 4652 5094 53 88 87 73 62 64 48 46 43 49 62 55 S8
Mean height of herb layer (cm) 43 38 41 .68 64 71 82 48 37 34 36 42 47 .45 52 51 50
Mean nr. of specie in one relevé 71 625558 (155 6F 48 63 384642 5355 54 54 5751

Relevé area (m?) 200 200 650 200 200 200 200 650 400 400 400 200 200 200 200 400 200
Number of species 122817 081535209 518981 ¥1185 168 874 41N 79182 SO3 R A Do S| (32 1] 21]
Number of relevés QaetieSul il iss2si 157 HGHE 110N ssess 28 [OMT6 R T SRS G o
The main species of tree layer

Betula pendula SRR P VRS VRN el N A D R R e i
Pinus sylvestris s ¢ RREPRES. S BRI A SR v R ¢ T R ¢ S
Populus tremula R D - il p VBN S b ARIEE T TR i ST ATV
Larix sibirica St Cs I, St - (It S IR TSI AT a4 o
D.S. Ass. Artemisio latifoliae-Betuletum pendulae

Galium verum =hi S VIRV VA I ST - T o : : E : SRR

Peucedanum morisonii =1 TR 1 e 0 R E R I | ) el ” b : AP - I ;

Artemisia latifolia hIEIVA R = NS et Tlopee coeayeadll + % ol ey AR | (SRR
Artemisia macrantha -hl IV IV V| + eV = TN o ) : R [ .

Veratrum nigrum = ETVERRIIL FEVE JT0 ST e RV i as Snnitben Pl 000 5 A0S TR e

Silene nutans I DV U Cra e 08 (o PRIy il s +

Primula cortusoides hilt IV RO TVE I e T8 R, A 1 I - . : . . - 1
Calamagrostis epigeios et TR 00 EE ¢ TR S LR 1S A (R SRS ) (e B L) BR[|

D.S. Subass. A.L-B.p. ligularietosum glaucae

Galatella biflora b R Ry e T Y

Ligularia glauca hlweve| DL T (s ol v : w1 s ] : : ! ) At ;
Trisetum sibiricum ShN S(VEIRRY el - il einteg ; o 4 i aeni et TR ST TR
Poa urssulensis -hl |IV] . Pl [ [ ! oA : ’ MES S : . ik !
Artemisia vulgaris a1 L 7 |7 (SR [ (S 1 1 S . PR | S R = R ]
Festuca rubra =RIBSHIMIR S b ol s T . " ; . :

Pimpinella saxifraga c O L SR N (R ; . . St

D.S. Subass. A.L-B.p. pinetosum sylvestris

Orthilia secunda T Oy e T T Y T T [/ T S S [ Sl
Sorbus sibirica -1 . (I + II I . VAT AR . - !
Thalictrum foetidum -hl . IO I +

D.S Ass. Calamagrostio arundinaceae-Betuletum = D.S. Suball. Vicio unijugae-Pinenion sylvestris

Geranium bifolium HIEN Y VY TNV T N . . . ’ .
Ranunculus polyanthemos hi v Il VIV IV I I . : o I I 1+

Viola hirta el [V 11 T R VAR B AR VAR v (R P (e

Seseli libanotis = USRIV ST S TSNS TS TS i s e )
Origanum vulgare hlE (Ve SV T SIVESTIT Ve TV o s . oo+

Vicia tenuifolia =hIE BIVESEVESS S SNSRI (e LT :

Rosa majalis =S TRV TRV S TSV TS TS S ST e

Poa angustifolia -hl |IV IV IV IV IV @I I +| . . . ! -
Filipendula vulgaris =11 R VAR VAN (I VR | [ : ¢ .

Adenophora liliifolia =hiS VIS TFENIIESS SN

Polygonatum humile =hisEVERIITESESSESTIE

D.S. Subass. C. a.-B. p. typicum

Crepis sibirica 4 V I'M[IV|+ VIV » +# + 1 I 1 Iv v 1
Euphorbia pilosa T T 11T R e [ e U
Padus avium =S T G ES TS TSI RSN ESE S S E LT

D.S. Subass. C. a.-B. p. fragarietosum viridis
Achillea millefolium chl IV V III IO |IV|V + 1
Fragaria viridis ol S e AR )

Campanula altaica ch IV III I I IO
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Table IV — Suballiances Vicio unijugae-Pinenion and Achyrophoro-Pinenion
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Column nr. 1 2 3 4.5 6. 7 8 9
Mean altitude (m)

Mean cover of tree layer % 64 50 53 59 54 56 49 50 63
Mean cover of shrub layer (%) i B0 <9t s sn6 e 33Tk, St o
Mean cover of herb layer (%) SUR6T 169 T S6TINE2 1 192 s E4)
Mean cover of moss layer (%) 0 Thed it O ewinsl. 8, 708 0631311082
Mean heigt of tree layer (m) 195520520819 8228 24588920890 59()
Mean heigh of shrub layer (cm) 46 52 50 94 53 88 87 73 62
Mean height of herb layer (cm) 43 38 41 68 64 71 82 48 37
Mean nr. of specie in one relevé IER628855885 8551 16784863 T3S
Relevé area (m?) 200 200 650 200 200 200

Number of species 1225170153209 189 "Il {118/ 1631 74
Number of relevés GRS Rk e 2 38 ST 69 Tl 0h B6
The main species of tree layer

Betula pendula SRV ANV Ve VR Ve N e LI
Pinus sylvestris =E1ES IV P R T s bV AT
Populus tremula =6 0 IR - e e 02 Vet kil
Larix sibirica -t1 o + IVeesIn
D.S. Ass. Artemisio latifoliae-Betuletum pendulae

Galium verum hillE | FVERNTVE S VA [ T - T

Peucedanum morisonii -chl |V I V| + + 1III :
Artemisia latifolia RV OV Vi soedan s T II
Artemisia macrantha Sh1E RV SRV eiVEl: b e T II
Veratrum nigrum SR VTVETTE S8VE T &5 T SVl 4
Silene nutans -hl IV .V 1| + + + II
Primula cortusoides <HI VSTVl st R 1 =L
Calamagrostis epigeios =hINRRISR LIS |-~ Tehy Tha sVl e

D.S. Subass. A.L-B.p. ligularietosum glaucae

Galatella biflora -hl W M, bt Vi

Ligularia glauca | (R VAR (L SRR £ R R i

Trisetum sibiricum -hl |V o +

Poa urssulensis -hl [IV| . e . |

Artemisia vulgaris ) 7S (SR [ () [ 1

Festuca rubra -hh v .+ . 1 +
Pimpinella saxifraga -hl |[IV] 1 IR +

D.S. Subass. A.L-B.p. pinetosum sylvestris

Orthilia secunda -hl I |1V T NI
Sorbus sibirica -sl m + I 1 A%
Thalictrum foetidum -hl m) 1+

D.S Ass. Calamagrostio arundinaceae-Betuletum = D.S. Suball. Vicio unijugae-Pinenion sylvestris
Geranium bifolium ShICHERVE RV Ve VS IV = \'%
Ranunculus polyanthemos Zhl = VST SV VS VAT ]
Viola hirta -hl |V I I V IV V IV +
Seseli libanotis =hlS VATV STVASTE ST T I
Origanum vulgare 11 U M) B | T P ) VAR VA

Vicia tenuifolia S AT A e e S
Rosa majalis -1 (IV IV IV II IV I 1 III

Poa angustifolia -hl |IV IV IV IV IV @I I +
Filipendula vulgaris chl |V IV V II V I ;
Adenophora liliifolia =10 E I VAR I T U 1 (s 1 1§ +
Polygonatum humile -hl | IV 1O I 1 III

D.S. Subass. C. a.-B. p. typicum

Crepis sibirica -hl V. I III IV| + V IV II
Euphorbia pilosa =Tl S D ]S an s | |
Padus avium o] TS TS TR T S TS TS A T

D.S. Subass. C. a.-B. p. fragarietosum viridis

Achillea millefolium -hl IV V III I |IV|V + 1
Fragaria viridis -hl OI I IV I |III2|V2 I +
Campanula altaica chh IV III I I |IO +
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Table IV (continuation)

Column nr. 1 2 3 4
D.S. Ass. Roso spinosissimae-Pinetum sylvestris
Potentilla chrysantha -hl Tirwes seisns:
Artemisia sericea -hl oo
Cirsium serratuloides -hl oI + +
Rosa pimpinellifolia -sl

Dictamnus albus -hl

Galatella angustissima -hl .
Aconogonon alpinum -hl +
Moehringia lateriflora -hl +
Hieracium virosum -hl .
Lonicera tatarica -sl + +
Adonis sibirica -hl + +
Aulacospermum anomalum  -hl

Veronica spuria -hl

Daphne altaica -sl

Clematis integrifolia -hl

D.S. Ass. Astragalo glycyphylli-Pinetum sylvestris

Astragalus glycyphyllos -hl
Melilotoides platycarpos -hl
Agrostis gigantea -hl
Aegopodium podagraria -hl
Lysimachia vulgaris -hl
Carex pallescens -hl

III

JI

D.S. Ass. Cnidio dubii-Pinetum sylvestris

Maianthemum bifolium -hl
Kadenia dubia -hl
Vaccinium myrtillus -hl
Platanthera bifolia -hl
Dactylorhiza hebridens -hl
D.S. Ass. Festuco ovinae-Pinetum sylvestris
Ledum palustre -hl
Linnaea borealis -hl
Duschekia fruticosa -sl
Anemonoides reflexa -hl
Tephroseris integrifolia -hl
Trientalis europaea -hl
Luzula pilosa -hl
Vaccinium uliginosum -hl
Polytrichum strictum -ml

I
II

D.S. Subass F. o.-P. s. rhododendretosum davurici

Carex media -hl
Pedicularis labradorica -hl
Viola canina -hl
Rhododendron davuricum -sl
Equisetum scirpoides -ml
Valeriana alternifolia -hl
Pyrola chlorantha -hl
Campanula rotundifolia -hl

D.S. Subass. F. o.-P. s. vaccinietosum myrtilli

Pyrola rotundifolia -hl
Solidago dahurica -hl
Viola arenaria -hl
Vicia multicaulis -hl
Gymnocarpium dryopteris -hl
Polygala comosa -hl

D.S. Subass. F. o.-P. s. typicum

Vicia venosa inc. V. baicalensis-hl
Picea obovata -sl
Polytrichum commune -ml
Ranunculus propinquus -hl

A%

I

II

II

+ o

IT
I

v

V2
V2
v
III

111

8

b%
v
A%
v
II

IT

9

10 11 12 13 14

M ¥ WE
II I
Ve T
TR
I I
Im v

. I

v I .

IV BV |

100E 00

Im I
I
-
+

1I
;

+ |V
111
I
111

+

I
I
I

II

bl b

I

II

15

v

1
II

4+ o~

—
— —
—

— +

e B T O

4+ -

II

16 17

H- .
=
e 7

vV Vv
I
il
i v
e vl
vV I
I
V2 1P
I
o
Fui T
VIV
o v
it
I

il



62

Ermakov N., DrING J., RobwELL J., Classification of continental hemiboreal forests...

Table IV (continuation)

Column nr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
D.S. Ass. Crepido praemorsae-Pinetum sylvestris=D.S. Subass. Crepido praemorsae-Pinetum sylvestris typicum
Aconitum barbatum -l I v Vv 1II O . o M & Y Y3 sl TR
Artemisia tanacetifolia -hl . ; . . ; . . 2 L ; Eh ) SRR s L A R f
Astragalus propinguus hl -, ; : ; ; . . . . . RN AR (R S Sy :
Crepis praemorsa =TGR R (S T S I e NS | e I
Adenophora lamarckii -hl . . . . ) . . . .+ AR [ 2 (S (RSN
Scorzonera radiata -hl . s . . X L. 4 . Voo T it s Tl
Polygonatum odoratum hh VvV o ¥ IV IV I IV IO NV - IVeseleth sieaimll
Allium strictum -hl . PR A . s ; . - s sbiCIL TR - Dpfeaction 40 .
Phlomoides tuberosa 1ol [ VAR (SRR VAR VAR v R VRS S ) (R - ] oINS e e
Variant Hemerocallis minor

Hemerocallis minor -hl . . - : : 2 . : ’ 2 : B (7 R = L et |
D.S. Subass. C. p.-P. s. asteretosum tatarici

Heteropappus biennis -hl m

Aster tataricus -hl ¢ o .
Zigadenus sibiricus -hl : et .
Carex amgunensis -hl . ; L5 : b K ) ] y LR QT e R
Vicia amoena ] ; a Lo SRR : ; g . I |3 + |1V
Potentilla fragarioides <hl CIE o i W : S } o I DI T
Gentiana macrophylla -hl . = ; § G A g ; ; ; L S I
Elymus ircutensis -hl |24}

D.S. Ass. Thesio repentis-Pinetum sylvestris

Vicia sylvatica = ATl [ & L SR SIS A ¢ S R T R T v
Lathyrus vernus Sl N EEEVANHES. L B v A II N,
Pedicularis resupinata 2hl L 45 ; ! ; . : . : 2 ey IV‘ II
Geranium sylvaticum =31 ISR 7R 1181150 (VA0 11 [ ] (U 1A =N = =SiE] 1 [||SY
Lathyrus gmelinii chl IV . P O o+ . IO IV + 0SS §
Parnassia palustris i e s e e R A | B ‘ o
Dactylorhiza maculata chh T . . S ; . iyl 1 @ a1l
D.S. Ass. Geranio vlassowiani-Pinetum sylvestris ‘
Betula platyphylla S M M e L ok F B o o W o e DB
Geranium vilassowianum -hl . . . ; : . . : . g i ; : : iV VA
Ranunculus japonicus -hl . - : ; : . : ! : : ' . 1 . T 110 TR
Lilium pensylvanicum HlE W X y 5y : : . ; TR ; : . sl Vieosll
D.S. Subass. G. v.-P. s. geranietosum eriostemonis ik
Geranium eriostemon Tl W PR e e e L T Ame L ekt RV
Viola sacchalinensis =llF= 3 x ’ . ; : : g . ’ : . ; R 11 ‘
Malaxis monophyllos -hl . . . 3 . K : . : 2 - - 3 ] LR 00|

Iris uniflora -hl . ; : 5 : : . ; ’ . ! : : ; o mull
Equisetum hyemale -hl . : ; N . R | i (PR SR G (5 R AL
Allium splendens -hl . ; . . . - : : . . : : : . < SIS el
Hieracium ganeschinii -hl . : . . y : . . : . : 5 ; : s T
Larix gmelinii -t1 ] . ; : ; ] ; ; . 2 I . . ; SERang
D.S. Subass. G. v.-P. s. polemonietosum chinensis .
Fragaria orientalis Al S WMV e L Sl TR R e A hiei et wil ‘ Wik
Poa sibirica e e R T e [ S SO S I
Polemonium chinense -hl . : . : : : : = : ) R : ] 3 4 s [V
Tragopogon orientalis bl SIS . 4 el - : ; : : - (B 4175 - ‘ I
Calamagrostis korotkyi ANISSEEE o AT o L cn e SR S B T peae i Sl TTE
Carex pediformis DICWERS 5 WLl A A o e T e @1
D.S. Suball. Achyrophoro-Pinenion sylvestris ,

Pulsatilla patens -hl T VvV II + + V . V ’ VT V2 SN 2 e R A T T BT 2
Antennaria dioica 71 ] B PR N ARl b A VAR ( (RS I S (TR

Trommsdorfia maculata )4 (SR IS 10 () R SR 01 ) (R 1) () (S ey [ g B A s S
Vaccinium vitis-idaea =SS ! ; SR e 5 ‘Vz V2| Nt Vimallod ¥ AEV20a %
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Table IV (continuation)

Column nr. 1= 22 3 4 5 6 7 8§ 9 10 11 120 13 14 15 #6em=q
Cypripedium guttatum -hl I 3 R VA " (R "R G L L
Pyrola incarnata -hl + BRI I 5 O R S B e ]
Festuca ovina -hl ML IV Y 3 e 0
Anemonastrum crinitum -hl R N [ [ T R St LR | BT
Dendranthema zawadskii -hl I F ATV 1. 2 il T
Thesium repens -hl | 1 ) 1L - - Zmrlaeediaat
D.S. All. Vicio unijugae-Pinion sylvestris i
Inula salicina hil Ve TV IV VI T VT A - V.V N ST STl
Lupinaster pentaphyllus A .7 S A ) 7S & e A S AR AR e R B
Vicia unijuga shiE VAR VR TV B M VT V.V 3LNINVERVEEILE
Lathyrus pisiformis o1 [ 70 1™ [ (NI S v (4 B R R SR SR | S 11 Tiror e, ez
Aquilegia sibirica AR T e L L - Ve N N I 3T
Ptarmica impatiens -hl |V I 1T II E TN JIEE o § T e T ST T 5
Geranium pseudosibiricum  -hl . I . 11 I~V Ve N A2 VRV
Saussurea controversa -hl I J O T SR A [

D.S. All. Lathyro gmelinii-Pinion sylvestris
Aconitum septentrionale =hl - ] ERT | S | B +  + + I
Milium effusum -hl + 4+ b B I +
Cirsium heterophyllum -hl + II A +
Stellaria bungeana -hl + . 4 + r
Athyrium filix-femina -hl + 1 I
D.S. Ord. Carici macrourae-Pinetalia sylvestris
Carex macroura ST OV W OV OV WOV U IR OV VW VR A2 NV
Bupleurum aureum hif oy VO OV T VRV + o I 2T Sl ;
Pteridium aquilinum Sle TV I T SETTVG e e 0 e TVESTVE S
Trollius asiaticus T 8 1 R 1 R 11 S [ G 11 (O 118 17/ R 1 S U L VR T e B v g
Heracleum dissectum 2 L 11 A S T/ A S R RS S ] R (S 1 R B
Viola uniflora -hl Ne T T T £ BV VR TV Ve TR Vs W=V
Cimicifuga foetida -hl [y 1 ot (| RS (SO . IV o+ JRESI I ] I
Aconitum volubile -hl | 1II 1) 0 (e 1 | II + e 1 Il
D.S. Cl. Brachypodio pinnati-Betuletea pendulae ¥
Brachypodium pinnatum hil NV Y IVE VR TV Ve V2V I B2 2 SNV Nl
Pulmonaria mollis = ) . VA v A 7 7 S R ] S SR VAR AR, Y TR
Rubus saxatilis LI e T v~ S e v SV 7 T Vi i S SR VR U e e e
Lilium pilosiusculum B Y 572 VA 780l 115 A (R S 0 0 ER 011 8 0 e T DL I
Pleurospermum uralense 771 R T . A 1 11 (R KR L R 1 7 SRR 1 (I YE i 0
Calamagrostis arundinacea -hl | V> IV IV? V2 IV . V. V2 V2 V2 VI V2 V2 4 V2 V2,
Iris ruthenica o U T A VS v B V7 S A i 2 S R LA e
Hieracium umbellatum 105 7t 7 G (N (AR 2] [ /A A V. S VA L YA I D
Angelica sylvestris o T VAR (S [/ S SR | | S | VAR 1L [ [ [ WY RE
Serratula coronata il R I B YA R VA [ I AT 2 sl ;
Agrimonia pilosa =0 o 1101 51, 7801 ) CR . AR S S R : : ; T {
Vicia sepium o VT I 0 5 11 R O & + T T e Vi 23
D.S. Cl. Querco-Fagetea
Melica nutans -l . IV I 1II III 11 i ./ SRR [ I - () (/A = | AR b T B )
Viola mirabilis 1o IS VA N T I S 0 (R B S ) (0 11 R ) AR T e
Poa nemoralis -hl I + + + II I + ! :
Epipactis helleborine -hl + : + I
Viburnum opulus -sl T +
Daphne mezereum -hl G s
Scrophularia nodosa -hl : 2 I
Festuca gigantea -hl e .
Adoxa moschatellina -hl + + +
D.S. Cl. Vaccinio-Piceetea
Pleurozium schreberi -ml 12 Ve I v I 1 + 11 II
Poa pratensis -hl £ 111 I
Goodyera repens -hl y I I +
Pyrola media -hl + ; -
Pyrola minor -hl ; m . i : T
Moneses uniflora -hl I | e i v
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Table IV (continuation)

Column nr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Dicranum polysetum -ml . ; : . . : ; = IS o, ot
Lonicera altaica -sl y 3 . ] ) : ’ . I il

D.S. Cl. Rhytidio-Laricetea
Aster alpinus -hl . . . ; ; - . 2 x ; 4 . ; : s Syl
Rhytidium rugosum -ml . ] . A ) ; . S ; " . seiar syl

D.S. Cl. Molinio-Arrhenatheretea

Sanguisorba officinalis chh V IV V vV V Y ETEE TR VR AR
Galium boreale SHIES W2 NS R O N NV ViV TE Y ViV VS Vi SV
Lathyrus pratensis o] IR AR [ T S YA S RVAR SR Bl LB PR IS ) ) (SR |
Trifolium pratense -hh O I O mm . IV + . . S IVE L el

Dactylis glomerata —HIESVZAS VSIS PVESVERS RN e :
Vicia cracca shlE OF L IR I . A 5 @ & VeIV I 3 i
Elytrigia repens 1L L [ B (ER (111 | S| (S .

Prunella vulgaris -hl I I 1 . m + - 4 ; . +

Phleum pratense -hl o | o e (oo ity P -+

Amoria repens -h1 . O + I + . II 1 iyt
Stellaria graminea hisE IV I I I e o4 o+ L . e TR L]
Leucanthemum vulgare shlirs k- - 8 Gl T e JiE . . : S +

Festuca pratensis 1 P TS| (] [ R T TR R |

Geranium pratense -kl L. &+ I I

Ranunculus repens -hl . . RO

Other species:

Thalictrum minus =hiE VIV SIVE SVERTIVGS SVIESTIVESIIVESIIE T Vil VT A4S VT2,
Lathyrus humilis -hl. TIESIVESSVE SIS IIIEVE i SV N Ve Ve TV e V2 v
Fragaria vesca hl VT IR TVARTVE A T W S ws En VO | R
Dracocephalum ruyschiana -hl IV 1III IV + O V . I I I III V IV 3 + I II
Rosa acicularis IO UL A R [ AR T S [ B M VA v [V, 7 v
Chamaenerion angustifolium -hl 1 I1II . I . IV + I I IV IV . I . HOI I IV
Euphorbia discolor Sl Ve Ve T I I VoM VE s+ BN (s S
Equisetum pratense -hl IV . o LA B Ve AR OV I Te VI I N W
Spiraea media T I i G T T DT DT v/l ([T e I R O T
Filipendula ulmaria -hl IV V. VvV O m . o + ; SRR || (R S
Campanula glomerata -hI-SRVESTTESIMEEIE- A =5 5 W 08 e VR e (L Tl
Solidago virgaurea 17 LSRR 1 S 7/ 1] (S 1t 7 ) - S (I (S - 0 ¢ 4
Helictotrichon pubescens =1 LS 00 ST 0 GO (0 B 1§ (e 11 e [ ] [ : S 1 I T
Cotoneaster melanocarpus -s1 . Iv II + I IV . + . . : o

Caragana arborescens [0 [ S 1 1 e S R 7~ - SR D SR 5 5

Betula pendula 51 1 T 1 [ 1 [ SR U (5l U7 11 St 1157 [ :
Silene repens -hl . g A S - 7 L= S : A (e -
Phleum phleoides = o L (S S - S [ ./ : ; ) o s :

Viola montana S| S S (R ][ 1] (R [\ 1] ! s PR () [ :
Achillea asiatica -hl . ; B ; ; ; S SISV VAR [ [ S S |
Centaurea scabiosa chh I I + I + . ; I +
Ranunculus monophyllus =hl = I . - W g IE g g d ; : 4 ; : .+ .
Pinus sylvestris -5l . S | i o IDIL S DT R A A B ) e
Dianthus superbus = o] T ™A1 (P SO AR (S () (R (S [ (A [ WS B | |
Galatella macrosciadia -hl . o RS TR : . 3 ! . y
Hylotelephium triphyllum -hl I 10 W0 I I I . : : : ; ; . - :
Geum aleppicum =7 (R R I [ T 1 17 (SRS R || (R S S . R R
Crataegus sanguinea IR S TG DS T 1 (R . ) ) . ! . : X : 5 ;
Populus tremula -s1 . . - . o ok : . ) | . ; - el s DTG )
Rubus idaeus -s1 + L
Elymus mutabilis -hl . . . % . I

Oberna behen SHISSS 5T o sper s TELETHIG Bl rn ook e M T e panaate s
Vicia megalotropis pl . . O+ + o M-I < '+ . v TSl nl
Aegopodium alpestre -hl . L. 5 ; : 0 o IR SR . S TR TR ]
Cypripedium macranthon -hl ] + . . . : 3PS ] G e
Salix caprea )0 (o S ) PR IS & S S 1SS [ S8 S5 1 (o 1 0 1
Plantago urvillei - 1. T o+ 4+ . 5 . . . ! ’ 40 R,
Filipendula stepposa -hl I . a4 - . R . . ] ! ’ 5 - ARy ryierk:
Bistorta major s . o+ I . - : ¥ : SRR TR L

Carex praecox -hl IO
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Table IV (continuation)

Column nr. 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Bromopsis inermis 71 (S S R : Lo AR : . 3 . . ;
Taraxacum officinale Shl et ITEs wlgsll £ 8lINE TIESE 1. ool Tinctinll o . ] . s ST

Veronica spicata o] RS (| LR ] II

Veronica krylovii =6 4 R o e = | + 1

Androsace amurensis % rf AT S (A : : : ; y ; ! : ; L h :
Thalictrum simplex Shlbwes & LSS LIS 1 20y callle 4§ o -1 el by
Bupleurum multinerve bl Sty sl slievyrs Lo I o - [EED s . : - . 25 An

Poa palustris Shlel Ol e - 3 ; vl Hyriag ) . Hily et ek
Chimaphila umbellata hlnesd 3 dF < phil-hrees A prspdlate y. A T ; doak Al :
Anthriscus sylvestris IR L S P | (40 I ] | +

Veronica chamaedrys vl i, palithicin 3 JIHE -

Cirsium setosum i1l gl 3 H T LRl s +

Hypericum perforatum Sl ; o0 ek Al

Lithospermum officinale Sl B SRR R - GRE

Glechoma hederacea =R g ! ey 2 R e

Cotoneaster uniflorus 3 R 3 . . s ol

Lamium album Sl o 3 it Tl |

Melica altissima Rl s : ; ; ERE

Helictotrichon schellianum ~ -hl . ’ k . sl . : : ;

Linaria vulgaris bl . v aideman Jellg - ; : - ] Sl

Phragmites australis -hl . : 5 I .

Equisetum sylvaticum shilis L% g . F I + + 1T
Hypericum elegans 2hl - e A ; ’ ; IT :

Plantago media el g StV II I +
Pedicularis incarnata -hl . o SR 2 il e I T
Dryopteris carthusiana =hl 5 : T S Gy llnadTd ’

Abies sibirica sl : A tsEE - I L X Al ek

Arctostaphylos uva-ursi -hl . 5 : : . : . SRR (BT - R : T AR i 4
Atragene sibirica Shilshs WsedeiEll B L : ) TR [OEP | R R LR e L P
Diphasiastrum complanatum -hl . . B ) e, e Eavioar Al AT ; ;
Pedicularis sibirica SRISILL, =0l AN ! 7 . : : I +
Cypripedium calceolus | R R g : = Ll 1T 595
Cacalia hastata Shily e Aol LAl TN I IS T L
Gentianella amarella -hl . . : ‘ ’ S " : Lt |

Euphrasia parviflora 171 RE S i ER : stalle i : SRR e U A Iy .
Calamagrostis obtusata Pl e . ; £ ; - : 5 £l el o : y oo B Tl
Saussurea parviflora hlsE ! 5 - LR o : Rl Mt —abus anmhdl
Salix abscondita sl et ; : ) ! . . ; : % : : ’ ; Y [ S
Sedum aizoon - 1k . o S SR : ; ; ; : TN ! R ||
Bromopsis pumpelliana -hl . . ] ; ; : : 2 | i v i . ] ; S
Carex sabynensis 2hillysc b ] - . : : : . 3 ’ A ! ; ; Nl
Filipendula palmata -hl . ; : ; : , ’ : : h p A . : i o aplll
Saussurea stubendorffii 4hl . ; 2 ; ’ : £ 4 2 > ’ . : ; : S A0

Veronicastrum sibiricum -hl g . . ] ! . ; ; . . : g : g : L S



=
=)

Ermakov N., DRING J., RobweLL J., Classification of continental hemiboreal forests...

Courtesy of Editors Courtesy of Editors Courtesy of Editors Courtesy of Editors Courtesy of Editors Courtesy of Editors Courtesy of Editors Courtesy of Editor:

Table IV (continuation)
Species with few occurrences:

Achnatherum sibiricum (hl) - 14(I), Aconitum ambiguum (hl) - 15(+), Actaea erythrocarpa (hl) - 13(+), 15(+), Adonis
vernalis (hl) - 5(I), Agrostis clavata (hl) - 15(+), Allium microdictyon (hl) - 15(+), 19(1), A. nutans (hl) - 2(I), 3(+), Alopecurus
pratensis (hl) - 13(+), 15(r), Anemone sylvestris - 2(I), 3(I), 4(+), 5(+), 6(D), 12(1), 14), 15(+), 17(1), Anemonoides altaica
(hl) - 10(I), 15(+), 18(1), Arabis pendula (hl) - 2(I), 4(+), 5(+), 13(+), Artemisia gmelinii (hl) - 5(+), 13(+), A. integrifolia (hl)
- 7(D), 18(1), Astragalus danicus (hl) - 1(I), 2(I), 3(1), 4(+), 5(D), 7(+), 13(+), 18(D), A. Jrigidus (hl) - 13(I), A. membranaceus
(hl) - 10(+), 15(r), 19QY), Aulacomnium palustre (ml) - 10(I), 15(r), Berteroa incana (hl) - 5(), Bistorta vivipara (hl) - 13(+),
19(1), Botrychium lunaria (hl) — 15(r), B. virginianum (hl) — 15(r), Bryum sp. (ml) — 15(+), Calamagrostis langsdorffii (hl)
- 8(+), 10(+), 15(+), C. pavlovii (hl) — 19(I), Campanula bononiensis (hl) - 5(+), C. cervicaria (hl) - 7(+), Caragana frutex
(s1) - 6(1), Carex arnellii (hl) - 5(I), 18(I), C. caryophyllea (hl) - 1(I), C. muricata (hl) - 6(I), 18(I), C. vaginata (hl) — 15(+),
Carlina biebersteinii (hl) - 13(I), 15(x), Carum carvi (hl) - 4(+), 5(+), Cerastium arvense (hl) - 2(I), C. pauciflorum (hl) -
15(r), Ceratodon purpureus (ml) - 13(I), Chenopodium album (hl) - 2(1), Circaea alpina (hl) - 8(+), 10(+), Conioselinum
tataricum (hl) - 2(I), 6(1), 8(+), 15(+), Corydalis bracteata (hl) - 3(+), 4(+), Crepis lyrata (hl) - 4(+), 15(+), Cruciata krylovii
(hl) - 5(I), Cynoglossum officinale (hl) - 5(+), Dactylorhiza fuchsii (hl) - 4(+), 13(D), D. incarnata (hl) - 10(+), 15(+), 18(D),
D. majalis (hl) - 10(I), 13(+), 15(+), Delphinium crassifolium (hl) - 18(1), D. elatum (hl) - 15(I), D. retropilosum (hl) - 4(+),
5(I), Deschampsia cespitosa (hl) - 2(I), 8(+), Dianthus versicolor (hl) - 13(+), Dicranum fuscescens (ml) - 10(+), 19(1),
Draba nemorosa (hl) - 2(1), Dracocephalum nutans (hl) - 2(1), 13(1), Dryopteris expansa (hl) - 2(I), Elymus caninus (hl) -
2(I), 3(+), 4(+), E. gmelinii (hl) - 3(+), E. komarovii (hl) - 5(+), Epilobium montanum (hl) - 5(+). 8(+), Epipactis palustris
(hl) - 4(+), Equisetum arvense (hl) - 4(+), 13(+), Erigeron acris (hl) - 13(I), Eryngium planum (hl) - 5(+), 7(+), Erysimum
hieracifolium (hl) - 3(+), Erythronium sibiricum (hl) - 8(+), Festuca pseudovina (hl) - 3(+), Galatella dahurica (hl) -
13(+), G. hauptii (hl) - 2(1), Galium davuricum (hl) - 19(), G. mollugo (hl) - 2(I), 4(+), G. uliginosum (hl) - 4(+), 8(+),
15(+), Gentianopsis barbata (hl) - 14(1), 15(+), Geranium transbaicalicum (hD) - 9(I), Geum rivale (hl) - 8(+), Gymnadenia
conopsea (hl) - 2(I), 3(+), 10(+), 13(I), 15(r), 19(D), Gymnocarpium robertianum (hl) - 15(r), Hieracium x robustum (hl) -
6(1), Hierochloe odorata (hl) - 3(+), Humulus lupulus (hl) - 6(I), Hylocomium splendens (ml) - 11(+), 13(+), 15(+), 18(1),
Hypericum hirsutum (hl) - 4(+), 5(1), 6(1), 7(+), Hypopitys monotropa (hl) - 2(1), Impatiens noli-tangere (hl) - 4(+), 8(+),
Inula britannica (hl) - 5(+), Kitagawia baicalensis (hl) — 13(+), Knautia arvensis (hl) - 1), Koeleria cristata (hl) - 2(I),
Ligularia sibirica (hl) - 8(+), Listera ovata (hl) - 4(+), 8(+), 13(+), 15(+), Lonicera xylosteum (s1) - 8(+), Luzula multiflora
(hl) - 7(+), 8(), 13(D), 15(r), L. parvifiora (hl) - 15(r), Lycopodium annotinum (hl) - 8(+), 10(+), L. clavatum (hl) - 10(D),
Medicago falcata (hl) -3(+), 5(1), Melampyrum pratense (hl) — 10(D), 15(r), M. album (hl) - 4(+), 5(+), 10(+), 15(+), Mitella
nuda (hl) - 9(I), Mnium sp. (ml) — 15(+), Moehringia trinervia (hl) - 8(+), Mbyosotis cespitosa (hl) — 2(1), M. imitata (hl) -
2(I), 5(I), 14(I), Neottia nidus-avis (hl) - 8(+), Neottianthe cucullata (hl) - 2(I), 8(+), 15(r), Nepeta pannonica (hl) - 5(1), 6(I),
Omalotheca sylvatica (hl) - 2(1), Onobrychis sibirica (hl) - 13(+), O. tanaitica (hl) - 3(+), Orchis militaris (hl) - 10(+), 15(+),
Orobanche coerulescens (hl) - 13(1), Orostachys spinosa (hl) - 13(+), Oxalis acetosella (hl) - 8(+), 10(+), 15(+),
Oxytropis campanulata (hl) - 3(+), 13(+), Paeonia anomala (hl) - 2(I), 4(I), 13(+), 15(+), Paris quadrifolia (hl) - 9(I), 10(+),
11(+), 15(1), 19(1), Pedicularis karoi (hl) - 10(+), Peucedanum vaginatum (hl) - 15(+), Picris hieracioides (hl) — 4(+), 7(+),
Pinus sibirica (sl) - 15(+), Plantago major (hl) - 4(+), 5(I), 7(D), 8(+), 15(+), Poa supina (hl) - 8(1), P. transbaicalica (hl) -
5(+), P. trivialis (hl) - 3(+), 4(+), 8(+), Polemonium coeruleum (hD) - 1(T), 3(+), 4(1), 5(D), 7(+), 8(+), 13(+), 15(D), Polygala
sibirica (hl) - 13(+), 19(I), Potentilla argentea (hl) - 5(I), P. humifusa (hl) -2(1), 7(+), P. multifida (hl) - 15(+), Ptilium
crista-castrensis (ml) - 6(I), 9(I), 10(T), 13(+), 15(+), Ranunculus submarginatus (hl) - 2(I), 8(+), 15(+), 16(+), Rhinanthus
vernalis (hl) - 2(I), 15(r), Rhodobryum roseum (ml) - 15(+), Ribes atropurpureum (sl) - 8(+), R. hispidulum (s1) - (I), 2(I),
4(+), 5(I, R. nigrum (s1) - 4(+), 5(1), 7(+), R. rubrum (s1) - 15(+), Rumex thyrsiflorus (hl) - 3(I), 5(+), Rhytidiadelphus
triquetrus (ml) - 10(+), 11(+), 13(I), 15(+), Salix bebbiana (s1) - 1(1), 4(+), 5(), 7(+), 11(+), 13(+), 15(+), S. cinerea (sl)
- 4(+), S. pyrolifolia (s1) - 18(), S. starkeana (s1) - 10(I), 13(+), 15(+), Saussurea elata (hl) - 6(I), . latifolia (hl) - 3(+),
4(+), 13(+), S. purpurata (hl) - 15(+), Schizonepeta multifida (hl) - 19(I), Senecio erucifolius (hl) - 1(1), 3(+), 4(+), 7(+). S.
nemorensis (hl) - 8(+), 10(+), 15(+), Silene chlorantha (hl) - 13(+), S. graminifolia (hl) - 19(I), Solanum kitagawae (hl) -
5(+), 8. nigrum (hl) - 3(+), Sonchus arvensis (hl) - 5(+), 8(+), Spiraea chamaedryfolia (s1) — 13(+), S. hypericifolia (s1) -
6(1), Spiranthes amoena (hl) - 15(+), Stipa pennata (hl) - 3(+), Tanacetum vulgare (hl) - 1(I), 3(I), 4(+), Tomentypnum nitens
(ml) - 15(+), Turritis glabra (hl) - 2(1), 8(+), Urtica dioica (hl) - 2(I), 3(+), 4(+), 5(+), 6(1), 7(+), 8(+), Valeriana officinalis
(hl) - 15(+), Veratrum lobelianum (hl) - 8(I), 9(T), 13(I), 15(+), Verbascum nigrum (hl) - 5(+), Veronica incana (hl) - 13(+),
V. longifolia (hl) - 3(+), 4(+), 7(+), 13(1), V. serpyllifolia (hl) - 8(1), Vicia lilacina (hl) - 15(+), V. nervata (hl) - 13(1), Viola
dactyloides (hl) - 18(1), V. mauritii (hl) - 15(+), 19(D).
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Table V — Alliance Lathyro gmelinii-Pinion sylvestris

Column nr.

Mean altitude (m)

Mean cover of tree layer %
Mean cover of shrub layer (%)
Mean cover of herb layer (%)
Mean cover of moss layer (%)
Mean heigt of tree layer (m)
Mean heigh of shrub layer (cm)
Mean height of herb layer (cm)

Mean nr. of species in one relevé

Relevé area
Number of species
Number of relevés

The main species of tree layer
Pinus sylvestris

Betula pendula

Larix sibirica

D.S. Ass. Geranio albiflori-Pinetum = D.S. Suball. Geranio albiflori-Pinenion

Cruciata krylovii
Erythronium sibiricum
Geranium albiflorum
Cerastium pauciflorum
Spiraea chamaedryfolia
Euphorbia pilosa
Lathyrus frolovii
Primula macrocalyx
Aconitum krylovii

D.S. Ass. Atrageno sibiricae-Pinetum sylvestris

Caragana arborescens
Polygonatum odoratum
Cirsium serratuloides

D.S. Ass. Dryopterido expansae-Pinetum sylvestris

Caragana frutex
Dryopteris expansa
Dianthus superbus
Lycopodium annotinum

D.S. Ass. Dentario sibiricae-Pinetum sylvestris

Urtica dioica
Circaea alpina
Festuca gigantea
Corydalis bracteata
Sanicula giraldii
Dryopteris filix-mas
Elymus caninus
Stachys sylvatica

D.S. Subass. D.s.-P.s. abietetosum sibiricae

Abies sibirica
Brunnera sibirica
Daphne mezereum
Oxalis acetosella
Pinus sibirica

D.S. Subass. D.s.-P.s. matteuccietosum

Matteuccia struthiopteris
Geum aleppicum
Dentaria sibirica

Carex arnellii

Humulus lupulus

Elymus sibiricus
Cerastium davuricum

1 2 3 4 5 6 7 8 10 9 11 12 13 14 15 16
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Table V (continuation)

Column nr. 1 2 3 4 5 6 7 8 10 9 11 12 13 14 15 16
D.S. Ass. Saussureo parviflorae-Laricetum sibiricae

Saussurea parviflora -hl . : : I : DB 72| S : ; : . : ) 1 R (1]
Vicia megalotropis 67 R D G T} = S [ | b I Al ] (R I ST (IR ] [

Impatiens noli-tangere -hl . LIS 5 B L (o i 1 - 8 g I ; ! ; : : :
Hylocomium splendens -ml 1 . r + . o R [ SR s ITTRET I Repanl ] S [ 4
Calamagrosti langsdorffii -hl . e SR TIER TESSSTRS S S e [ [ ; o OSEIpERI

D.S. Ass. Polygonato humilis-Betuletum pendulae

Adenophora lamarckii -hl . . e ’T‘ 9 A
Campanula glomerata -hl IV | 1 I : I Aals
Polygonatum humile -hl v +

Delphinium retropilosum -hl . : : : s . TV ;

Phlomoides tuberosa ShlEE S I + I 578 ST I | 1 r
Bromopsis pumpelliana -hl m| . :

D.S. Ass. Brunnero sibiricae-Pinetum sylve<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>