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Abstract: The Altai Mountains are an important center of biodiversity and are a major habitat for
threatened and endemic species in Asia. Moreover, the Altai Mountains are a valuable site for the
study of the evolution of central Asian vegetation. The Xinjiang Altai subrange represents the largest
part of the southern Altai Mountains and has many unique plant communities. After conducting a
thorough literature review and field investigation, we utilized the Chinese vegetation categorization
system to identify the dominant plant communities in the Xinjiang Altai subrange and report their
composition and distribution characteristics. Our results show that (1) the natural plant communities
present in the Xinjiang Altai subrange can be divided into eight vegetation types, eighteen vegetation
subtypes, and 50 communities. Among these, two communities—Form. Calligonum rubicundum and
Form. Seriphidium borotalense-Festuca valesiaca—are present only in the Xinjiang Altai subrange. (2) The
Xinjiang Altai subrange is located at the junction of three major biomes containing unique vegetation
types (coniferous forest, temperate broadleaf forest, and desert). Thus, the Xinjiang Altai subrange is
distinct in its staggered transition from mountainous boreal taiga to temperate desert. This research
provides textual data to contextualize the cultural heritage of the Xinjiang Altai subrange and also
provides a scientific basis for the protection and sustainable management of natural resources found
in the Xinjiang Altai.

Keywords: Xinjiang Altai subrange; vegetation type; composition and distribution characteristics

1. Introduction

Vegetation classification is an important part of biogeographical research and also
comprises one of the research’s most complex problems [1,2]. Vegetation classification
can improve our understanding of the structural characteristics of vegetation, along with
the species composition and the relationship between different plant species and their
environment [3,4]. Meanwhile, the research results of vegetation classification can provide
a scientific basis for the formulation of and measures within laws and regulations related
to the protection and rational utilization of vegetation [5-7].

The Altai (synonym: Altay) Mountain Range spans much of Central Asia and crosses
Russia, Kazakhstan, China, and Mongolia. It is the largest mountain range in the Western
Siberian biogeographic region and is an important center of biodiversity for many species
found in ecosystems throughout northern and central Asia [8-11]. The Xinjiang Altai
Mountains are located on the southern side of the middle portion of the range. This
subrange is among the most abundant in plant diversity and vegetation in the whole
Altai range and marks the most southerly distribution of many species of Europe-Siberian
flora [12,13]. Moreover, the Xinjiang Altai subrange is the most important migration channel
for wildlife in the Altai Mountains. In addition to seasonal tourist activities and grazing,
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there is no interference from industrial projects or agricultural production in the mountains,
and the Altai Mountains have preserved a unique natural and original vegetation landscape.
From west to east, a series of natural altitudinal zones are present along the southern slope
of the Xinjiang Altai subrange. This has created a succession of zonal landscapes from
Arctic tundra, alpine meadow, subalpine meadow, Europe-Siberian taiga forest, and the
north forest steppe to the Central Asia desert steppe [14,15]. These zonal landscapes are
typical of the southeastern Altai Mountains, and they exhibit gradual changes in response
to different atmospheric conditions [16]. The geographical distribution of endemic flora
and the presence of special vegetation types, as well as an unbroken vertical zone in the
Xinjiang Altai subrange, result in this area being ideal for studying many characteristics of
different plant species. In addition to its scientific value, the Xinjiang Altai subrange is also
important for the conservation of wild species.

However, since the end of the 20th century, the disorderly development taking place
over successive years, grassland overgrazing, grassland degradation, local forest overcut-
ting, aging of forests, and the vigorous development of tourism have all caused serious dete-
rioration in the ecological environment of the Xinjiang Altai subrange [17]. Meanwhile, the
forest vegetation has degraded, important biological resources have been sharply reduced,
and rare species have become endangered [18]. The problem of vegetation restoration
and sustainable utilization of resources is a prominent one that places serious restrictions
on the sustainable development of society. Research on the vegetation of the Xinjiang
Altai subrange has mostly focused on small local areas within the mountain system. Some
scholars have explored the relationship between pollen assemblage, vegetation, and the
climatic environment on a macroscale [19-21] and have studied the response of local vege-
tation cover and major coniferous tree species to climate change [22-24]. So far, there have
been no systematic studies of the biogeographical distribution of the vegetation present
in the Xinjiang Altai subrange, which is regarded as a natural geographical unit [25-27].
Therefore, the characteristics of the vegetation types and the community composition of
the Xinjiang Altai subrange were the subject of this research in order to provide a scientific
basis for the selection of vegetation restoration species, community construction, protection,
and sustainable management of natural resources found in the Xinjiang Altai subrange.
At the same time, the third scientific expedition to Xinjiang was launched in 2021, so this
research also provided textual data for the third scientific investigation of the Irtysh River
basin in Xinjiang.

2. Materials and Methods
2.1. Study Area

The Xinjiang subrange of the Altai Mountains (approximate coordinates: 45-49° N,
86-94° E) is located 750 km long and 60-140 km wide along the northern border of the Xin-
jilang Uygur Autonomous Region, China. The subrange spans from the China—Kazakhstan
border in the west to Mulei County, Xinjiang Province in the east, Russia in the north, and
the Gurbantunggut Desert (China) in the south (Figure 1). The average annual temperature
is —0.2 °C, and the average annual precipitation is 200-1000 mm. The main soil types
in the Xinjiang Altai subrange are brown calcium-rich soil, chestnut soil, mountain grey
forest soil, subalpine meadow soil, alpine meadow soil, and mountain tundra soil. The
soil type, morphological characteristics, and vertical belt structure of the Xinjiang Altai
subrange are typical of mountainous soils and provide a suitable habitat for the occurrence
and succession of vegetation in this area and the proliferation of wild plant populations.

2.2. Survey Methods

Based on the interpreted remote sensing images of the Altai Mountains and the
vegetation map of Xinjiang, seven vertical transects were selected in the survey area from
2012 to 2021 (Figure 2). The typical sample plots were set up in the area with a uniform
distribution of dominant species around each sample line [28,29]. The sample area was
determined as per the minimal area method of phytocoenology [30]. The area of the sample
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plot was 100 x 100 m. Five 25 x 25 m arbor plots, five 10 x 10 shrub plots, and five
1 x 1 herb plots were arranged in the four corners and the center of the sample plot. The
types and numbers of trees, shrubs, and herbs in the quadrant were counted, and three
to five standard plants were selected for each plant. The plants” height, crown width,
and coverage were measured. The longitude, latitude, and altitude were recorded as
environmental variables.
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Figure 1. The location of the study area.

Figure 2. The plot map.

The important value (calculated below) was used to evaluate the dominance of the
plant population within the community.

The important value of each species was calculated as follows: IV(%) = (Relative
height + relative density + relative frequency+ relative coverage)/4.
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2.3. Vegetation Map Compilation

We drew the vegetation map with 3S technology [31,32]. The specific process is as
follows: The vegetation map was based on the topographic map of 1:10,000 in the Aletai
region of Xinjiang and the Landsat 7™ image of the Altai region with a resolution of 30 m
in June 2021. The topographic map of 1:10,000 in the study area was geometrically corrected
with the software ERDAS IMAGINE (version 9.0), and the satellite imagery was corrected
using the corrected 1:10,000 topographic map. The vegetation distribution data (including
natural environment data, field sample field surveys, GPS sample surveys, and vegetation
distribution literature data) were vectorized using the ArcGIS software (version 10.2). The
GPS sample, topographic map, and satellite image map were superimposed by ArcGIS
software to mark the spot attributes. According to the main basis of ground-landscape
type discrimination, the remote sensing satellite imagery was visually interpreted and
mapped (Figure 3). Finally, through ground verification, the original image of the visual
interpretation was modified several times, and the vegetation map was completed.
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Figure 3. The specific process of Vegetation map compilation.

2.4. Data Processing

Montane vegetation was classified according to species composition as well as the
ecological and geographical characteristics of the plant communities. We used the Chinese
vegetation classification method, which classifies plant distribution according to a type-
subtype-formation/community system [1,33]. For instance, a forest type (e.g., deciduous
broadleaf forest) can be divided into multiple subtypes (e.g., mountain and river valley
deciduous broadleaf forests). We performed plant dominance assessments to identify the
dominant species in each plot type [34]. We compiled survey data to classify the natural
vegetation found in the Xinjiang Altai subrange according to this system.

3. Results
3.1. The Floral Diversity of the Xinjiang Altai Subrange

Our results suggest that the natural vegetation found in the Xinjiang Altai subrange
can be divided into eight vegetation types, eighteen vegetation subtypes, and 50 formations
or communities (Table 1).
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Table 1. The vegetation types of Altai Mountain, Xinjiang.

Vegetation Type

Vegetation Subtype

Formation/Community

Proportion of
Total Area (%)

I. Cold-temperate

1. Cool-temperate evergreen
needleleaf forests

(1) Pinus sibirica communities

(2) Picea obovata communities

15.89
needleleaf forests 2. Cool-temperate deciduous
’ (3) Larix sibirica communities
needleleaf forests
3. Mountain deciduous broadleaved (4) Populus tremula communities
. forest P
II. Deciduous broadleaved 0.30
forest 4. River-valley deciduous (5) Populus nigra communities :
broadleaved forest (6) Populus laurifolia communities
III. Evergreen needleleaf 5. Cool-temperate evergreen ) o
shrubs needleleaf shrubs (7) Juniperus sibirica scrub 0.11
IV. Deciduous 6. Temperate deciduous broadleaved (8) Potentilla fruticosa scrub 115
broadleaved shrubs shrubs (9) Rosa spp. scrub
7. Shrubby desert (10) Calligonum rubicundum communities
V. Desert 8. Semi-shrubby desert and dwarf (11) Seriphidium santolinum communities 0.81
semi-shrubby desert (12) Seriphidium gracilescens communities
6. Alpine steppe (13) Festuca kryloviana alpine steppe
(14) Festuca valesiacavarii forb meadow
steppe
(15) Poa angustifolia, Festuca valesiaca,
Helictotrichchon schellianum meadow
10. Meadow steppe steppe
(16) Carex liparocarpos forb meadow
steppe
(17) Stipa capillata forb meadow steppe
(18) Leymus angustus forb shrubby
meadow steppe
(19) Artemisia frigida, Festuca valesiaca
VI Steppe steppe 30.56

11. Typical Meadow

(20) Artemisia frigida (dwarf needlegrass)
steppe

(21) Festuca valesiaca steppe

(22) Festuca ovina steppe

(23) Stipa capillata steppe

(24) Stipa capillata, Artemisia frigida
steppe

12. Desert steppe

(25) Seriphidium borotalense, Festuca
valesiaca desert steppe

(26) Stipa sareptana desert steppe

(27) Stipa capillata dwarf semi-shrubby
desert steppe
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Table 1. Cont.

Vegetation Type

Vegetation Subtype

Formation/Community

Proportion of
Total Area (%)

VII. Meadow

13. Alpine Swamp Meadow

(28) Carex stenocarpa forb
swamp/meadow

14. Alpine meadow

(29) Festuca kurtschumica, Anthoxanthum
alpinum alpine meadow

(30) Polygonum viviparum alpine meadow

(81) Kobresia spp. alpine meadow

(32) Kobresia royleana alpine meadow

(33) Kobresia capillifolia alpine meadow

(34) Carex stenocarpa alpine meadow

(85) Festuca ovina forb alpine meadow

(36) Carex spp. alpine meadow

(87) Poa ginghaiensis, Littledalea racemosa
alpine meadow

(38) Carex atrofusca alpine meadow

(89) Poa alpina alpine meadow

15. Subalpine meadow

(40) Festuca spp., forb meadow

(41) Carex spp., forb meadow

16. Upland meadow

(42) Calamagrostis epigeios tall grass
meadow

(43) Stipa spp. meadow

(44) Stipa spp., Achemilla spp. meadow

(45) Festuca ovina, Deyeuxia pyramidalis
forb meadow

(46) Hordeum bogdanii, Leymus paboanus
meadow (with Betula pendula)

(47) Dacylis glomerata meadow

44.24

VIII. Alpine vegetation

17. Alpine tundra

(48) Etraria nivalis tundra

18. Alpine sparse vegetation

(49) Saussurea involucrata, Callianthemum
alatavicum sparsely vegetated community

(50) Elymus kamoji, Polygonum alpinum
sparsely vegetated community

6.53

The zonal vegetation of cold-temperate needleleaf forests, mainly distributed on
hillsides and river valleys that face wet air currents, accounts for 15.89% of the total
area and consists of cold-temperate tree species (Figure 4). Cold-temperate needleleaf
forests include two vegetation subtypes: cold-temperate evergreen needleleaf forests and
cold-temperate deciduous needleleaf forests. The main species present in cold-temperate
needleleaf forests include Pinus sibirica Du Tour, Picea obovata Ledeb., Abies sibirica Ledeb.

and Larix sibirica Ledeb.

Deciduous broadleaf forests are located in valleys and on the lower parts of the slopes
of older mountains in the Xinjiang Altai subrange; these areas account for 0.30% of the
total area of the subrange. Deciduous broadleaf forests contain two vegetation subtypes:
mountain and river valley deciduous broadleaf forests. The predominant species present
in this vegetation type include Populus tremula L. and Populus nigra L.
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The evergreen conifer and deciduous broadleaf shrub vegetation types each included
only a single vegetation subtype. These are cold-temperate evergreen coniferous shrubs and
temperate deciduous broadleaf shrubs, respectively. Shrub vegetation in the Xinjiang Altai
subrange is generally not zonal but is instead widely distributed and accounts for ~0.11%
of the total area. The most predominant shrubs present in the Xinjiang Altai subrange
include Juniperus sibirica Burgsd., Potentilla fruticosa (L.) Rydb. and Cotoneaster spp.

The desert vegetation type is narrowly distributed in the Xinjiang Altai subrange and
is only present along riverside terraces, mountainous alluvial fans, and mountain plains
along the Irtysh and Wulungu Rivers at an altitude of 600-800 m. These zones contain
shrubby desert, semi-shrubby desert, and dwarf semi-shrubby desert vegetation subtypes.

Steppe vegetation communities in the Xinjiang Altai subrange are zonal and generally
consist of perennial herbaceous plants. Steppe vegetation is an important part of the
vertical vegetation belt of the Xinjiang Altai subrange, is mainly distributed in the frontal
mountain belt at an altitude of 1100-2300 m, and accounts for 30.56% of the total area.
Steppe vegetation has four vegetation subtypes and 15 distinct communities.

Meadow vegetation in the Xinjiang Altai subrange is generally not zonally distributed.
Meadow vegetation is widely distributed in the mountains, from subalpine to plains areas,
which account for 44.24% of the total area surveyed. Four vegetation subtypes were found
to be present: alpine swamp meadow vegetation, alpine meadow vegetation, subalpine
meadow vegetation, and typical meadow vegetation. These subtypes contain 20 formations,
and together they are the most abundant type of vegetation present in the Xinjiang Altai
Mountain subrange. Perennial grasses and moss grasses are the most important structural
species in meadows.

Alpine vegetation is distributed in the alpine zone at an elevation of 2600-3300 m in
screes, alpine rocks, and tundra. This accounts for 6.53% of the total area of the Xinjiang
Altai subrange. This vegetation type contains two vegetation subtypes: alpine tundra and
alpine sparse vegetation. Alpine vegetation contains various mosses and lichens, as well as
a small number of alpine grasses and small shrubs scattered in the alpine tundra. These
plant species are typical of the alpine vegetation found throughout Siberia.

3.2. Structural Characteristics of the Main Vegetation Communities Found in the Xinjiang Altai
Subrange

Affected by climate and habitat environment, the vegetation composition of the Al-
tai Mountains in Xinjiang is dominated by temperate montane plants, and the typical
vegetation community structure characteristics are obviously different (Table 2).
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Table 2. Structural characteristics of the typical vegetation communities in the Xinjiang Altai subrange.

Formation/Community Distribution Regions Altitude (m) Soil Type Dlss;lrl;ghon Main Representative ggg;‘ilt;h(oo/?) %):glﬁ??;:)y gﬁ;(:ﬂz
Tree layers: Pinus sibirica Du Tour, Picea obovata
Ledeb., Larix sibirica Ledeb.; shrub layer:
Lonicera caerulea var. altaica Pall., Juniperus
n the upper reaches of sibirica Burgsd., Vaccinium myrtillus L;
1) Pinus sibirica Mountain gray forest herbaceous layer: Caltha palustris L., Pyrola spp.,
Eo)mmunities Kanas Lake and the Homer 1600-1900 soil B 0.58 Moneses uniﬂoZa (Linn.) Ap Gray, and Lyuzula PP 70 15.00-25.00 0.70-0.80
River
pallescens (Whlb.) Sw.; the moss layer: was
widely developed, covering more than 25% of
the area, and the main moss present was
Dicranum spurium Hedw.
Tree layers: Picea obovata Ledeb., Larix sibirica
Ledeb., Betula pendula Roth.; shrub layer: Rosa
Pistri})uted alon?l ﬁCngluris Lirlldl. RoL Mlonr., Ribes n;fn;lm L,; i
. ow-elevation valley : erbaceous layer: Pyrola spp., Corallorhiza trifida
g))nil.;ilnzzoe?m margins or in the moist 1300-2100 gf:}t, Ifré;reesfg ciiark 2.37 Chatel, and Adoxa moschatellina L.; the moss 80 14.00-20.00 0.6
valley terraces of the forest layer: were widespread, covering 75-85% of the
steppe area. Brachythecium albicans (Hedw.) B. S. G. and
Hylocomium splendens (Hedw.) B. S. G., were the
most common.
Tree layers: Larix sibirica Ledeb., Picea obovata
Ledeb., Pinus sibirica Du Tour, Betula pendula
Widely distributed on the Mountain gray forest Roth., Populus tremula L., Sorbus sibirica Hedl.,
() Larix sibirica shaded and half-shaded west: 1300-2300; soil, and turfgrass shl_rub layer: Cotoneaster spp., Lonicera spp.,
communitics slopes along the central southeastern: predominated the 13.01 Spiraea spp., Betula rotundifolia Spach; 80 15.00-17.00 0.70-0.90
and southeastern parts of 1700-2600 m soil was highly Herbaceous layer: Kobresia spp., Dactylis
the Xinjiang Altai subrange strengthened glomerata L., Deyeuxia pyramidalis (Host)
Veldkamp, Eragrostis pilosa (L.) Beauv.; The
distribution of mosses in the forest was limited.
Tree layers: Populus tremula L., Betula pendula
Roth., Larix sibirica Ledeb., Picea obovata Ledeb.;
On the slopes of valleys shrub layer: Cotoneaster spp., Spiraea spp.,
4) Populus tremula and lakeside terraces or the Brown coniferous Lonicera caerulea var. altaica Pall.; Herbaceous
Eo)mnfunities edge of patches of the Larix 1500 soil 0.07 layer: Calamagrostis epigeios (Linn.) Roth, Elymus 60 15.00-25.00 0.30-0.50
sibirica formation. repens Desv., Dactylis glomerata L., Geranium
pseudosibiricum J.; Moss was occasionally also
seen in this formation.
Tree layers: Populus nigra L., Populus alba,
Populus x jrtyschensis, Populus alba L., shrub
(5) Populus nigra Along the banks of the layer: Rosa acicularis Lindl. and different willow
Comnitiess Irtysh River in the south of 600 Brown forest soil 0.10 shrubs (Salix pentandra L., Salix triandra L., Salix 60-70 10.00-15.00 0.2
the Altai Mountains turanica Nas.); Herbaceous layer: Poa nemoralis

L., Aquilegia glandulosa Fisch. ex Link., Geum
aleppicum Jacq.
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Table 2. Cont.

Formation/Community

Distribution Regions

Altitude (m)

Soil Type

Distribution
Area

Main Representative

Population
Density (%)

Community
Height (m)

Canopy
Closure

(6) Populus laurifolia
communities

Low-altitude plains in the
Xinjiang Altai subrange

600-900

Brown calcium-rich
soil

0.14

Tree layers: Populus laurifolia Ledeb., Populus
alba L., Betula pendula Roth.; shrub layer: Rosa
acicularis Lindl., Ribes pulchellum Turcz.,

Cotoneaster oliganthus Pojark.; Herbaceous layer:

Phragmites australis (Cav.) Trin., Juncus spp.,
Elytrigia repens (L.) Nevski

60-75

10.00-12.00

0.20-0.40

(7) Juniperus sibirica scrub

In the middle of shady
slopes

1400-1600

Rocky
shrubby-meadow
soil

0.11

Shrub layer: Juniperus communis var. saxatilis
Pall., Cotoneaster uniflorus Bge., Lonicera hispida
Pall. ex Roem. et Schult, Rosa acicularis Lindl.;
Herbaceous layer: Iris ruthenica Ker-Gawl.,,
Phlomis oreophila Kar., Poa pratensis L.

50-60

0.50-1.00

(8) Dasiphora fruticosa
scrub

On sunny slopes southwest
of the Altai Mountains

2400-2600

Alpine shrub
meadow soil

0.21

Shrub layer: Dasiphora fruticosa (L.) Rydb., Salix
sclerophylla Anderss., Spiraea alpina Pall.,
Dasiphora parvifolia (Fisch. ex Lehm.) Juz.;
Herbaceous layer: Stipa purpurea Griseb.,
Dracocephalum heterophyllum Benth., Carex
atrofusca Schkuhr., etc.

50-65

0.50-1.00

(9) Rosa spp. scrub

On the northern slope of
mountains

1300-1800

Mountain
chernozem

0.94

This community type is also one of the most
typical communities in temperate deciduous
shrubland. shrub layer: Rosa spinosissima Linn.,
Rosa acicularis Lindl., Rosa platyacantha Schrenk,
Rosa laxa Retz., Spiraea hypericif%lia L., Cotoneaster
melanocarpus Lodd. and various Ribes spp.;
Herbaceous layer: Calamagrostis epigeios
(Linn.) Roth, Geum aleppicum Jacq., Achillea
millefolium Linn.

70

1.50-2.00

(10) Calligonum
rubicundum communities

Narrowly distributed
along the south bank of the
Irtysh River

600

Sand or gravel soil

0.03

This formation is usually constituted a sparse
mono-dominant community of Calligonum
rubicundum Bunge, and it included few
companion species. shrub layer: Astragalus
gebleri Fisch. ex Bong., Atraphaxis frutescens (L.)
Eversm., Kochia prostrata (L.) Schrad.;
Herbaceous layer: Corispermum lehmannianum
Bunge, Stipa caucasica subsp. glareosa (P. A.
Smirn.) Tzvelev

>10%

1.00-1.50

(11) Seriphidium
santolinum communities

In sandy areas in the
riparian terrace of the
Irtysh and Ulungur rivers

600-700

Sandy soil

0.05

The species composition of the community was
simple and often included many grasses.
Herbaceous layer: Seriphidium santolinum
(Schrenk) Poljak., Bassia prostrata (L.) Beck,
Corispermum lehmannianum Bunge, Eremopyrum
triticeum (Gaertn.) Nevski

20-30

0.20-0.30
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It was rare and found only The community structure was relatively simple.
P in mountain alluvial fan or Herbaceous layer: Seriphidium gracilescens
(12) Seriphidium . mountain plain arcas in 600-900 Graveland 0.72 (Krasch. et Iljin) Poljak., Nanophyton erinaceum 10-18 0.15-0.30
g mountain alluvial fan or (Pall.) Bge.), Artemisia frigida Willd., Atraphaxis
mountain plain areas decipiens Jaub. et Spach
(13) Festuca kryloviana In the subalpine zone in Subalpine meadow Herbaceous layer: Festuca kryloviana Reverd.,
alpine ste ey the eastern central Altai 2200-2600 soil P 0.57 Draba nemorosa L., Bistorta officinalis Raf., Festuca 85 0.20-0.25
P PP Mountains kurtschumica E. Alexeev
This community type was typical of mountain
meadow grasslands found in the Xinjiang Altai
. .. —_ . subrange. Herbaceous layer: Festuca valesiaca
(14) Festuca fféetilggf‘"” Distributed below the 12001800 Muntain chestnut 3.08 subsp. sulcata (Hackel) Schinz et R. Keller, 50 0.20-0.50
Heteropappus altaicus (Willd.) Novopokr.,
Dracocephalum nutans Linn. and Gagea
fedtschenkoana Pasch.
(15) Poa angustifolia, Herbaceous layer: Poa pratensis subsp.
Festuca valesiaca, In the frontal mountain belt Chestnut soil and angustifolia (L.) Lejeun., Festuca valesiaca subsp.
Helict_otrichchon and mid-mountain zone of 1200-1800 chernozem 1.18 sulcata (Hackel) Schinz et R. Keller, Avenula 60-70 0.20-0.60
schellianum meadow the Xm]lang Altai Subrange pubgscgns (Huds.) Dumort., Phleum phleoidgs (L.)
steppe Karst., Geum rivale L., Thalictrum minus L.
. Herbaceous layer: Carex liparocarpos Gaudin,
%(1)?1)9 %‘:&Z&Z gt)tcearpgs solg selz’nny and half sunny 1200-1800 Chestnut soil 2.00 Myosotis suaveolens Waldst. et Kit., Campanula 40-55 0.15-0.30
pp p albertii Trautv., Aster altaicus Willd.
This community type was dominant in the
mountainous steppe of the Xinjiang Altai
(17) Stipa capillata forb . _ Mountain subrange. Herbaceous layer: Stipa capillata L., ¥ 9
meadow steppe In mountain valleys 1400-1800 chernozem soil 032 Alopecurus pratensis L., Phlomoides oreophila (Kar. 50-70 0:30-0.50
& Kir.) Adylov, Kamelin & Makhm., Pulsatilla
patens (L.) Mill., Anemone sylvestris L.
This community was often present as invasive
shrubs, and the plant cover of the shrub layer
On rocky and sunny ranged from 15 to 20%. shrub layer: Spiraea
: . hypericifolia L., Cotoneaster uniflorus Bge., Rosa
(18) Leymus angustus forb - mountain slopes near 1400-2000 Rocky mountain 0.52 spinosissima L.; Herbaceous layer: Leyrmts 40-60 0.15-0.20

shrubby meadow steppe

coniferous forests and
grassland shrubs

chernozem soil

angustus (Trin.) Pilger, Phleum pratense L., Poa
pratensis subsp. angustifolia (Linnaeus Lejeun,
Helictotrichon hookeri (Scribn.), Galium spurium L.,
Androsace septentrionalis L., Achillea millefolium L.
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Shrub layer: Spiraea hypericifolia L., Lonicera
(19) Artemisia frigida Mountain chestnut caerulea L., Rosa spinosissima L., Herbaceou.s
Festuca valesidea <§ teppe In the mid-mountain zones 1400-1700 soil 0.41 layer: Artemisia frigida Willd., Festuca valesiaca 25-35 0.30-0.60
PP Schleich. ex Gaudin, Koeleria spp., Stipa capillata
L., Phleum pratense L.
(20) Artemisia frigida . Herbaceous layer: Artemisia frigida Willd., Carex
(dwarf needlegrass) In the Altai steppe zone 1300-2000 Is\giciuntam chestnut liparocarpos Gaudin, Oxytropis spp. and Galium 30 0.20-0.30
steppe verum L.
The most widely Herbaceous layer: Festuca valesiaca Schleich ex
(21) Festuca valesiaca distributed type of steppe Mountain chestnut Gaud, Carex s Artemisia frigida Willd
in the Xinjiang Altai 1100-1300 : 13.60 - PP~ 8 V. 50-60 0.10-0.30
steppe subrange, appeared on soil Oxytropis spp., Scorzonera spp., Leontopodium
sunny types SPP-
Herbaceous layer: Festuca ovina L., Artemisia
. . _ Brown calcium-rich frigida Willd., Psathyrostachys juncea (Fisch.) . o
(22) Festuca ovina steppe  In the forest-steppes 1200-1800 soil 145 Nevski, Sedum hybridum L., Astragalus spp., 50-65 0.15-0.25
Patrinia intermedia (Horn.) Roem.
The most common
Zﬁ;ﬁ:éﬂiﬁ;giﬁ?i the ‘ Shrub layer: Spiraea hypericzfo'ligz L; Herbageous
(23) Stipa capillata steppe  found on all (shady, 600-1100 Mpluntam chestnut 275 layer: Stipa capillata L., Artemisia frigida Willd., 60 0.20-0.40
semi-shady, and sunny) so1 (];arex liparocarpos Gaudin, Agropyron cristatum P.
slopes in the eauv.
mid-mountain zone
. Herbaceous layer: Stipa capillata L., Artemisia
. . In shady and semi-shad . g . 4 pa cap 4
(24) Stipa capillata, slopes in the Xinjiang Al};ai 1500-1700 Mountain chestnut 121 frigida Willd., Agropyron cristatum P. Beauv., 50-60 0.10-0.30
Artemisia frigida steppe b soil Ephedra intermedia Schrenk, Elymus kamoji
subrange (Ohwi) S. L. Chen.
. In this community type, Seriphidium borotalense
(25) Seriphidi In the mountainous was the structural species and Festuca valesiaca
eripiiaiuim alluvial fan of the western Brown calcium-rich : e ;
borotalense, Festuca end of the Xinjiang Altai 1000-1500 soil 0.73 was the main companion species. Herbaceous 30 0.10-0.30
valesiaca desert steppe subrange & layer: Koeleria spp., Atraphaxis frutescens (L.)
Eversm., Astragalus arbuscula Pall.
On hillsides and ;
. . . . . Herbaceous layer: Stipa sareptana Becher,
(26) Stipa sareptana desert  south-facing mountain 1000-1300 Brown calcium-rich 2.26 Koeleria spp., Leymus ovatus (Trin.) Tzvel., Allium 30-50 0.10-0.35

steppe

fronts in the south of the
Altai Mountains

soil

polyrhizum Turcz. ex Regel.
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The structural layer of these communities was
. . . chiefly needlegrass, and the companion species
(27) Stipa capillata dwarf In the lower mountain . . . !
semi-shrubby desert steppe in the southern 1000-1300 Brplwn calcium-rich 0.23 included many small shrubs. shrub layer: 35.45 0.40-0.60
steppe Xinjiang Altai subrange soi Caragana leucophloea Pojark., Nanophyton ‘
erinaceum (Pall.) Bunge, Herbaceous layer: Stipa
capillata L., Stipa sareptana Becher
along shady slopes or Herbaceous layer: Carex stenocarpa Turcz. ex V.
o . . Krecz., Poa pratensis subsp. angustifolia (L.)
@8) Caren stenocarpa forb glacier formed valleys in 1500-2000 Decp alpine meadow 2,01 Lejeun., Geranium rectum Trautv., Carex atrofusca 55-65 0.2-0.6
P Al?cai(;ubrarelss jlang sot subsp. minor (Boott) T. Koyama, Gentiana algida
8- Pall., Phleum phleoides (Linn.) Karst.
On gentle hillsides or Herbaceous layer: Festuca kurtschumica E.
(29) Festuca kurtschumica, : : : Alexeev, Anthoxanthum alpinum 4. Love et D.
Anthoxanthum alpinum xattﬁés;eiigf;%;qieaiones 2400-2600 i}elgggt‘f\;o};(})ﬁg alpine 3.68 Love, Ranunculus altaicus Laxm., Viola altaica 60-85 0.10-0.30
alpine meadow Altai sub jlang Ker-Gawl., Silene graminifolia Otth, Phleum
tai subrange phleoides (Linn.) Karst.
Herbaceous layer: Polygonum viviparum L.,
: Oreomecon nudicaulis (L.) Banfi, Bartolucci, J.-M.
(30) Polygonum viviparum {n g}amgl \./aliiys andt valley 2400-2600 Deep alpine meadow 0.72 Tison & Galasso, Anemone sylvestris L., Phlomis 80% 0.10-0.30
alpine meadow )?.W. .ands li?t he vges erm soil : pratensis Kar. et Kir., Phlomoides pratensis (Kar. & ° S
injiang Altal subrange Kir.) Adylov, Kamelin & Makhm., Carex
atrofusca subsp. minor (Boott) T. Koyama
) ) ) Herbaceous layer: Kobresia myosuroides (Villars)
(31) Kobresia s alpine Only in the alpine belt in Foiri, Kobresia royleana (Nees) BocKlr.,
d pp- alp the southeast Xinjiang 2500 Alpine meadow soil 4.09 Anthoxanthum odoratum L., Androsace filiformis 50-65% 0.10-0.20
meadow Altai subrange. Retz., Carex onoei Franch. et Savat., Potentilla
chinensis Ser.
In alpine meadow soil on
(32) Kobresi I shady slopes in the alpine Herbaceous layer: Kobresia royleana (Nees)
al ineonil’ggcr)% eana and subalpine belts in the 2400-27,000 Alpine meadow soil 411 Bocklr., MII/ sotis alpestris F. W. Schmidt, Primula 60-75 0.10-0.15
P central portion of the nivalis Pall., Phleum phleoides (Linn.) Karst.
Xinjiang Altai subrange
Only in a small area in the Herbaceous layer: Kobresia capillifolia (Decne.) C.
(83) Kobresia capillifolia northwest corner of the 2600 Alpine meadow soil 0.09 B. Clarke, Cardamine parviflora L., Carex 60-75 0.10-0.15
alpine meadow alpine zone of the Xinjiang p ' stenocarpa Turcz. ex V. Krecz., Saussurea alpina ' ’
Altai subrange (Linn.) DC.
- Herbaceous layer: Carex stenocarpa Turcz. ex V.
In shady slopes and glacial : yer: | P
) Krecz., Bistorta vivipara (L.) Gray, Anthoxanthum
(34) Carex stenocarpa valleys in the northern and 2300-2600 Alpine meadow soil 5.99 odoratum Linn., Saxifraga hirculus L., Koenigia 55-70 0.10-0.25

alpine meadow

southeastern Xinjiang Altai
subrange.

alpina (All.) T. M. Schust. & Reveal, Carex
rhynchophysa Fisch., C.A.Mey. & Avé-Lall.
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In alpine and sub-alpine )
(35) Festuca ovina forb zone}: in the middle };nd . . Herbaceous layer: Fe§tuca ovina L., Festuca rub ra
alpine meadow south-central Xiriian 2100-2700 Alpine meadow soil 2.37 L., Festuca kurtschumica E. Alexeev, Draba alpina 40-50 0.10-0.30
P Altai subrange jang L., Gentiana algida Pall.
Herbaceous layer: Carex atrofusca subsp. minor
(36) Carex spp. alpine Formed patches in the wet (Boott) T. Koyama, Carex dichroa Freyn, Carex
meadow pp- aip shady slopes or U-shaped 2400-2600 Alpine meadow soil 2.44 turkestanica Rgl., Carex stenocarpa Turcz. ex V. 50-65 0.10-0.20
valleys Krecz., Rhodiola quadrifida (Pall.) Fisch. et Mey.,
Ranunculus altaicus Laxm.
In alpine gullies and
(37) Poa ginghaiensis elsewhere in alpine and Herbaceous layer: Poa ginghaiensis Soreng et G.
Do mgraiens allpine sub-alpine zones in the 2400-2800 Alpine meadow soil 321 Zhu, thtleda!ea racemosa Keng, Bistorta vivipara 45-60 0.15-0.30
meadow north and southeastern (L.) Gray, Erigeron eriocalyx (Ledeb.) Vierh.,
parts of the Xinjiang Altai Carex atrofusca subsp. minor (Boott) T. Koyama
subrange
In the shady slopes or ;
. . . Herbaceous layer: Carex atrofusca subsp. minor
(38) Corex airofusca alpine  valleys in the alpina and 2500-2800 Alpine meadow soil 254 (Boott) T. Koyama, Cerastium spp., Geranim 60-70 0.1-02
cadow ;(?njiaar}:g lilt:i :Sbc;angee albiflorum Ledeb., Pedicularis elata Willd.
(39) Poa alpina alpine On sunny slopes or 2400-2600 Alpine meadow soil 155 Herbaceous layer: Poa alpina L., Kobresia .bellardzz 40 0.1-03
meadow watersheds AlL, Elytrigia repens Desv., Poa sibirica Trin.
In the northwestern part of Herbaceous layer: Anthoxanthum odoratum L.,
(40) Grass and forb ?he Xinjiang Altai subrange 1800-2400 Sl{balpine meadow 046 Poa alpina L., Festuca rubra L., Campanula albertii 60-90 0.1-0.3
meadow in gentle watersheds or soil Trautv., Gentiana karelinii Griseb., Erigeron
hillsides eriocalyx (Ledeb.) Vierh.,
Herbaceous layer: Carex dichroa Freyn, Carex
Along the slopes of hills : supina Willd. ex Wahlenb., Poa altaica Trin.,
Eﬁg&giﬁx spp-, forb and mountains in the 2200-2400 il)lilfalpme meadow 1.94 Trisetum sibiricum Rupr., Festuca rubra Linn., 60-80 0.1-0.4
Xinjiang Altai subrange Primula algida Adam, Ranunculus altaicus Laxm.,
Viola biflora L.
Mainly located in the
L floodplain and inter-valley - Herbaceous layer: Calamagrostis epigeios (Linn.)
53‘121) g(;glsasmggg;?gz;engems regions in the northwest 1600-1900 Ic\ﬁ(e);lr?(giler;n 1.42 Roth, Trifolium lupinaster L., Leymus spp., Elymus 65-75 0.4-12
and southeast of the spp.
Xinjiang Altai subrange
Herbaceous layer: Sanguisorba alpina Bge., Poa
Widely distributed sibirica Trin., Poa nemoralis L., Poa pratensis subsp.
throughout the . Mountain angustifolia (L.) Lejeun., Koenigia alpina (All.) T. . g
(43) Poa spp. meadow mid-mountain zones of the 1200-2100 chernozem 10.31 M. Schust. & Reveal, Sanguisorba alpina Bge., 70-80 0.3-04

Xinjiang Altai subrange.

Phlomoides pratensis (Kar. & Kir.) Adylov,
Kamelin & Makhm.
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Herbaceous layer: Poa glauca subsp. altaica
(Trin.) Olonova et G. Zhu, Anthoxanthum
. Along shady slopes in the . alpinum a. Love et D. Love, Festuca rubra Linn.,
(44) Poa sgp., Achemilla Liangheyuan Nature 17002300 g(e)ilr?otilerrln 0.54 Carex atrofusca subsp. minor (Boott) T. Koyama, 70 0.3-0.5
Spp- meadow Reserve Carex onoei Franch. et Savat., Carex obtusata
Liljebl., Alchemilla sibirica Zam., Alchemilla
pinguis Juz., Thalictrum minus Linn.
Herbaceous layer: Festuca ovina L., Deyeuxia
(45) Festuca ovina, Only in the mountain Mountain pyramidalis (Host) Veldkamp, Bistorta vivipara
Deyeuxia pyramidalis forb  depressions near Lake 1200-1600 chernozem 0.08 (L.) Gray, Carex duriuscula subsp. rigescens 55-65 0.3-0.5
meadow Kanas (Franch.) S. Y. Liang et Y. C. Tang, Festuca rubra
L.
Only two areas: in a small ) )
area in the low valley in Shrub layer: Betula pendula Roth., Salix pentandra
(46) Hordeum bogdanii, the Qinghe area in the M tai L., Salix triandra L., Herbaceous layer: Elymus
Leymus paboanus meadow & L 1200-1400 ountain 0.17 spp., Leymus paboanus (Claus) Pilger, 80-90 0.6-0.9
f i dul eastern part of the Xinjiang chernozem ’ L ; A
(with Betula pendula) - - Calamagrostis epigeios (Linn.) Roth, Elytrigia
Altai subrange, and in the revens Desv.
valley of the Qingli River P ’
In mountainous areas ;
. - . . Herbaceous layer: Dactylis glomerata L., Bromus
Eﬁzggg&]yhs glomerata gfﬁ?:jﬁ?ﬁ;ﬁ?d{zx}e];n 1500-1700 Ef;:cll%‘r;zgﬂtam 0.80 inermis Leyss, Geranium pratense L., Sanguisorba 80-90 0.6-1.3
Xinjiang Altai subrange alpina Bunge
e Herbaceous layer: Flavocetraria nivalis (L.)
Located on gravel hillsides Y .
T : . Kérnefelt & A. Thell, Flavocetraria cucullata
(48) Plavocetraria nivalis in the Kanas regon of the 2600 Alpine ice marsh soil 3.06 (Bellardi) Karnefelt & A., Parmelia spp., Potentilla 5-10 0.05-0.1
tundra northwestern Xinjiang ivea L. Waldheimia tridactulites K Ki
Altai subrane. nivea L., Waldheimia tridactylites Kar. et Kir,
& Gentiana algida Pall.
(49) Saussurea involucrata, Herbaceous layer: Echeveria laui Moran & J.
Callianthemum alatavicum . o . Meyran, Callianthemum coriandrifolium Rchb., _
sparsely vegetated In alpine rock slopes 3000 Alpine ice marsh soil 3.41 Cortusa brotheri Pax. ex Lipsky, Pedicularis spp., <5 0.1-0.3
community Poa spp.
.. ) ) Herbaceous layer: Elymus kamoji (Ohwi) S. L.
5)509) E;ZTHL;S;IM%Z];; Only in a small area in the Chen, Koenigia alpina (All.) T. M. Schust. &
s ayré; elv ve gt ated rocky northwest corner of 3200 Alpine ice marsh soil 0.07 Reveal, Gentiana algida Pall., Rhodiola quadrifida 5-10 0.1-03
Cgmmu};ityg the Kanas region (Pall.) Fisch. et Mey., Smelowskia calycina (Steph.)

C. A. Mey.
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4. Discussion

Significant differences in topography, local microclimate, hydrothermal conditions,
and soil content provide suitable conditions for the development and maintenance of
multiple vegetation types in the Xinjiang Altai subrange [35]. This climatic variability is due
to the influences of the cold and humid airflows from the Arctic and Atlantic Oceans, the
Siberian-Mongolian high-pressure dry anticyclone system, and the variability in landform
types [36,37]. The types of vegetation found in the Xinjiang Altai subrange can be divided
into eight main types, eighteen subtypes, and 50 formations/communities. Many types of
vegetation had obvious zonal characteristics. Cold-temperate coniferous forests constitute
the largest part of the total vegetation present; meanwhile, both grassland and meadow
vegetation were also widely developed in the Xinjiang Altai subrange. The Calligonum
rubicundum, Seriphidium borotalens, and Festuca valesiaca desert steppe communities were
present only in the Xinjiang Altai subrange, and they represent a special type of abundant
vegetation in the whole Altai Mountains.

The zonal vegetation is cold-temperate coniferous forest, which belongs to the South-
ern Taiga Forest; the distribution elevation of this vegetation is varied greatly with climatic
factors. It is distributed in the northwestern part of the mountain at 1100-2300 m. However,
in the southeastern part of the mountain, the distribution altitude has increased, between
1300 and 2600 m, which is influenced by two factors: the low trend of the mountain itself
and the arid airflow in Mongolia. From the west to the east of the mountain, the vegetation
type not only changes its distribution range but also changes its composition, from Picea
obovata Ledeb. and Abies sibirica Ledeb., to Larix sibirica Ledeb., which is the adapted cold
and wet climate to the continental climate. The distribution of vegetation communities
throughout the Xinjiang Altai subrange is affected by the local microclimate and the arid
airflow from Mongolia; here, cold-tolerant mesophytes gradually give way to drought-
tolerant mesoxerophytes as the latitude increases [38,39]. This pattern conforms to the
patterns of plant community spatial distribution—i.e., from cold to warm- and dry-adapted
plants; this is as predicted by community ecology theory [40,41]. The bio-ecological process
of plant community type evolution from cold to warm-dry type on the south slope of Altai
Mountain was fully demonstrated.

Vertical vegetation zones are an important feature of alpine vegetation
distributions [42,43]. As the elevation of the mountain rises, the temperature decreases, the
sunshine and wind increase, and precipitation increases. In the Xinjiang Altai subrange,
the vegetation shows a complete vertical sequence along the southern slope of the Altai
Mountains, with noticeable elevation gradients. From top to bottom, the altitudinal zones
are as follows: ice/snow, alpine tundra, alpine sparse vegetation, alpine meadow, subalpine
meadow, forest steppe, mountain steppe, and desert steppe. The natural altitudinal zones
in the Xinjiang Altai subrange and along the north slope of the Altai Mountains constitute
a complete and natural vertical spectrum of the Altai Mountains.

The Altai Mountains are oriented from the northwest to the southeast. The higher
the temperature, the smaller the precipitation in the southeast. Therefore, the vegetation
vertical belt structure in the Xinjiang Altai Mountains also shows a difference. The main
performance is as follows: (1) The base belt of the vertical natural zone of the Kanas area
is the forest steppe zone, which is located within the more humid western region of the
Xinjiang Altai Mountains. Meanwhile, throughout the southeastern Fuyun and Qinghe
areas with relatively little precipitation, the vegetation vertical natural zone is developed on
the relatively arid desert steppe zone; (2) The vertical boundary of each zone in the vertical
zone of the vegetation rises, the mountain steppe zone expands upwards, and the meadow
vegetation zone is narrow. (3) The southern Taiga occupies the largest proportion, which is
adapted to the cold and humid climate in the western part of the Altai Mountains; in the
middle of the mountain, the steppe and semi-desert vegetation are extensively developed,
and the forest is dominated by relatively drought-tolerant deciduous coniferous forest; the
mountainous vegetation to the southeast is more afflicted by drought; the forest steppe
zone in the southeast has replaced the forest meadow zone in the west; and the subalpine
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vegetation in the southeast shows different degrees of grassing. Therefore, many scholars
have summarized this type of vertical belt structure as the vertical belt structure-type group
of the Siberian-Mongolian mountain vegetation [44].

The distribution of vegetation is not only affected by environmental factors, which
are dominated by heat and moisture, but is also related to plants’ individual adaptability
and variability to the environment and its location and geological history [45]. Therefore,
due to the heterogeneity of the environment in different regions, there are also obvious
differences in the flora. Due to the complex and ever-changing geological features of the
mountainous areas, the altitude changes greatly and the climate is divided, resulting in a
large difference in the flora of each mountain system.

In this large-scale pattern, the Altai Mountains developed a variety of vegetation types.
The Russian Altai Mountains, located on the northern slopes of the Altai Mountains, are the
distribution center of the dark Taiga vegetation type, which is the typical Siberian jungle
consisting of Abies sibirica Ledeb., Cedrus deodara (Roxb.) G. Don, and Populus davidiana
Dode et al. [29]. Due to the influence of the Atlantic airstream, the area is home to a
large number of sub-alpine meadows and alpine meadows that are rare in other Siberian
mountain regions. The flora in the area is dominated by elements of Siberian flora. The
Altai Mountains of Mongolia are located on the western edge of the Mongolian Plateau
and on the southeast slope of the Altai Mountains. Due to the mountains that surround
the Mongolian Plateau, the entry of humid airflow is blocked. Therefore, due to the local
Mongolian high pressure, the main vegetation types on this slope are desert and desert
grasslands [46]. The low slopes and valleys of the Altai Mountains of Mongolia are dotted
with mountainous sub-desert belts. Due to the combined effects of geographical location
and climate, the forest belt has disappeared in the Altai Mountains of Mongolia and is only
scattered in the valley. The slope is dominated by drought-tolerant ancient Mediterranean
components. The Kazakh Altai subrange in the southwestern slope of the Altai Mountains
is located in the European—Central Asian grassland area, which has developed a wide range
of temperate broad-leaved deciduous forests and typical grassland vegetation types [47].
The forest and grassland vegetation types on this slope are mainly Pinus sylvestris L.,
Populus tremula Linn., Betula pendula Roth., Stipa spp., Koeleria spp., Festuca spp., etc. The
forest steppe is dotted with more wetland marshes. Plants are mainly comprised of species
in the frigid zone, subfrigid zone, and grassland area. In the southeastern mountain
belt and plains of the Kazakhstan Altai Mountains, a large number of mesophytes and
mesoxerophytes desert plants are distributed, and some ephemeral plants have been added.
In the middle of the southern slope of the Altai Mountains, the Xinjiang Altai subrange is
at an intersection zone of three major vegetation types: taiga forest, temperate broadleaf
forest, and desert. Due to the control of the arid continental climate of central Asia and
the Siberian-Mongolian anticyclone, the slope has provided a good foundation for the
occurrence and development of various vegetation types. Due to the close proximity of
Russia to the northwest, the climate is relatively humid; in the Xinjiang Altai subrange, the
taiga-type coniferous forest of the northern coniferous forest belt enters Xinjiang and forces
hard limits on the distribution area of the Eurasian grassland. It is entirely absent, only in a
narrow band at the south of the subrange [46,48].

As the Xinjiang Altai Mountains are located at the intersection of the Siberian Circum—
North Taiga, Holarctic coniferous forest, Eurasian mountain broad-leaved forest, Central
Asian grassland belt, and Mongolian desert basin, the vegetation of this slope is not as single
as the dark taiga of Russia’s Altai Mountains, unlike the Altai Mountains in Kazakhstan,
which dominate most of the mountains by the real steppe. Unlike the Mongolian Altai
Mountains, which have disappeared from the forest belt. This special geographical location
makes it possible for the Xinjiang Altai subrange to host a wide variety of plant communities.
It has obvious features of interlacing and transitioning the cold temperate zone of the taiga
forest in the mountainous area and the middle temperate desert zone, thereby causing a
unique and irreplaceable change in the spatial distribution pattern of vegetation in the
Altai Mountains.
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Throughout the Altai Mountains, the extension of the mountain results in each slope
being at a different latitude, which, coupled with the diverse geological and geomorpho-
logical forms of the mountain and the high difference between precipitation and local
photothermal conditions of the mountain, has led to the diversification of vegetation types
in the region. The vegetation from the south to the north is transformed from the humidity-
and shade-tolerant dark taiga vegetation type to the mesophytes and mesoxerophytes
of the steppes and desert steppes; the vegetation from west to east is changed from the
dark taiga forest to the typical meadow and then temperate broadleaf forest in the Altai
Mountains of Xinjiang, and finally turned into the Gobi grassland in the Altai Mountains
of Mongolia.

5. Conclusions

In our study, we identified eight vegetation types, 18 vegetation subtypes, and
50 formations, demonstrating a diverse range of vegetation types within the Xinjiang
Altai subrange. Among them is the Form. Calligonum rubicundum and Form. Seriphidium
borotalense. Festuca valesiaca is present only in the Xinjiang Altai subrange, which is unique
among the rich vegetation types in the Altai Mountains. The Xinjiang Altai subrange is
located at the junction of three major biomes containing unique vegetation types (coniferous
forests, temperate broadleaf forests, and deserts). The Xinjiang Altai subrange is distinct
in its staggered transition from mountainous boreal taiga to temperate desert. Therefore,
it is both unique and irreplaceable in the spatial distribution pattern of vegetation in the
Altai Mountains.
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