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Abstract  

 

Now landscape researches and it results are used not only for the 

purpose of assessment of economic use of territories, but also at an 

interpretation of spatial regularities and dynamics of ecosystems.As a 

method, we adhere to the basic modeling approach, where the natural-

territorial complexes are divided into a system of hierarchically 

interacting ecosystems. It can be concluded that the landscapes of the 

Khemchik river basin are characterized by a predominance of larch 

forests in the mid-mountain zone, which in turn marked as ecosystem 

with a high diversity and complexity of the spatial structure of the 

resulting terrain feature. 
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Diversidad y estructura espacial de los 

paisajes de la cuenca del río Khemchik 
 

Resumen 

Ahora las investigaciones de paisaje y sus resultados se utilizan 

no solo para evaluar el uso económico de los territorios, sino también 

para interpretar las regularidades espaciales y la dinámica de los 

ecosistemas. Como método, nos adherimos al enfoque de modelado 

básico, donde los complejos naturales-territoriales se dividen en un 

sistema de ecosistemas que interactúan jerárquicamente. Se puede 

concluir que los paisajes de la cuenca del río Khemchik se caracterizan 

por un predominio de bosques de alerces en la zona media de la 

montaña, que a su vez marcó como ecosistema con una gran diversidad 

y complejidad de la estructura espacial de la característica del terreno 

resultante. 

 

Palabras clave: paisaje, diversidad, estructura espacial, 

Khemchik. 

 

 

1. INTRODUCTION 

Landscape diversity of the territory is a complex integral 

indicator, characterizing their systemic organization. Landscape 

structure reflects the patio-temporal organization of ecosystems, their 

mutual arrangement and connection methods 

(LyudkevychandKvasnikova, 2013). The relevance of studying the 

landscape diversity is determined by the increase in anthropogenic 

load, reduction of biological diversity of a number of plant and animal 
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species, in some cases, the disappearance of natural units, i.e. the 

reduction of biological and landscape diversity of a planetary scale. 

Since landscape diversity is the basis of biodiversity conservation and 

leads to sustainable development of the areas (Lauscha et al., 

2015).Currently, landscape research and its results are used not only by 

representatives of the natural sciences to assess the economic use of 

territories, in interpreting the spatial regularities and dynamics of geo-

systems, the identification of the consequences of environmental 

changes, but also by humanities - ethnographers, linguists, folklorists, 

philosophers and other specialists . Thus, the study of the landscape 

structure of the territory is an urgent task not only for geographic 

sciences and earth sciences, but also for sociocultural, ethanegenetic 

and other studies (Ochur-ool et al., 2016), that is, it has a fundamental 

general scientific value and can serve as a universal basis of any 

scientific interpretation, for example, as a methodological basis of 

studying the resettlement of ancient tribal groups of Tuvan ethane 

using GIS-technologies. So, the interdisciplinary approach in ethane-

anthropological researches as a consequence of the integration of the 

sciences makes it possible to solve a number of problems and the 

problems of modern historical science. One of such interdisciplinary 

methods used in historical studies are landscape-geographical ones 

(Ochur-ool et al., 2017). 

The diversity and spatial structure of the landscapes of the south 

of SiberiaLysanova et al.(2016) adjacent territories Chalovet 

al.(2004)Kosheleva et al. (2011) have been sufficiently studied in the 
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framework of not only landscape-geographical, but also similar 

studies, in particular, landscape-geochemical ones. Along with this, for 

the territory of Tuva, landscape diversity is shown more generally 

without taking into account local concretization. The analysis of the 

landscape base of the Khemchik depression was carried out from the 

point of view of landscape-geochemical studies (Ochur-ool, 2016; 

Ochur-ool et al., 2016;Ochur-ool et al., 2016).The purpose of work is 

studying of variety and spatial structure of landscapes of a river basin 

Hemchik.for further use as a methodological basis of a research of 

resettlement of ancient tribal groups of Tuvan ethanes using GIS-

technologies.also for the analysis and assessment of dynamics of 

populations of economic and significant species of plants and animals 

of the Tuva mountain area. 

River basins are convenient to use as the operating unit in the 

study of spatial structure and landscape diversity(Gaillardet et al., 

2004; Gerasimova et al., 2014). Regionally, the Khemchik river basin 

covers the western part of the vast Central Tuvinian basin, the so-

called Khemchikskaya, and is included in the basin of the upper 

Yenisei and occupies the southern part of Siberia.Thus, Siberia is one 

of the most interesting vast natural polygons for studying landscape 

diversity and climate-driven changes in the landscapes (Kirpotin, 2009; 

Kirpotin et al., 2011).Landscapes of the Khemchik river basin belong 

to themountainsand differentiated under the influence of contrasting 

natural conditions and bioclimatic factors determined by altitudinal 

zone, roughness and contrast of the relief, the most complex territorial 
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geology that have stipulated a variety of soils and diversity of 

vegetation (Ochur-ool et al., 2015).It is known that the landscape 

structure of the mountain areas is characterized by much contrast and 

complexity (Lysanova et al. (2011) and the map is like a mosaic 

varying in size, shape, origin, number, mutual arrangement, and 

configuration (BryksinaandKirpotin, 2012). Analysis of the 

morphological structure of landscapes of the Khemchik river basin 

revealed a large variety of spatially interrelated and interacting natural-

territorial complexes.  

 

2. METHODOLOGY 

In our work, we adhere to the basic modeling approach, 

where the natural-territorialcomplexes are divided into a system of 

hierarchically interactingecosystems. The hierarchical system 

approach allows identifying the interdependence of landscape taxa 

to conduct their evolutionary dynamic interpretation. Diverse 

features of the landscapes structure, assessment of measures of 

internal differentiation and connectedness was carried out by using 

ArcGIS software. The assessment was not taken into account 

existing anthropogenic landscapes. As the lower map units were 

selected group of faces, the most important feature of which is the 

similarity of the dynamic tendencies of its constituent units 

(Lysanova et al., 2011). 
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3. RESULTS  

 

According to a hierarchical classification systemin the study 

area provided 20 groups of faces (Fig. 1) on the square equal to 

69882 sq. km, grouped into three categories of landscapes as per. 

He singled out three contrast differentiated biogeochemical zones 

on the territory of Tuva: Alpine tundra and Alpine Meadows(we 

have high mountain); mountain forest (middle-mountain); steppe 

and dry steppe depressions (intermountainhollow steppes). The 

percentage areas of natural-territorial complexes in the 

morphological structure of landscapes in the study area are shown 

in table 1. 

Table 1. The ratio of the areas occupied by landscape complexesof 

the Khemchik river basin 

 

 

№ Landscape complexes Area (in %) 

1 High-mountain landscapes 32,11 

2 Middle-mountain landscapes 45,41 

3 Steppe (intermountain hollow) landscapes 22,48 
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Figure 1. Morphological structure of landscapes of the 

Khemchik river basin 

 

Table 2.An explication legend to the landscape map of the Khemchik 

river basin 

The 

number 

of facies 

Landscapes 
Area 

sq.km 

Area, 

% 
Features 

High mountain 

1 

Tundra hilly-ridge ofthe basin 

bottomwith cryogenic meso-and 

microforms of relief 

1083 1,55 

with loamyboulder moraine, 

locally sandy-pebble-loam 

deposits withlichen, shrub, 

meadow tundra soils, 

associated with the marshes on 

peat-humus-gley permafrost 

soils 

2 Deeply-dissected, tundra planated 1170 1,67 

with a thin loamy-gravelly 

cover, Nival-frozen with moss-

lichen treatment, shrub and 

other sometimes associated 

with cryophyte forb-grass 

sedge-cobresia communities on 

mountain-tundra peat-humus 

soils 
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3 

Alpine type slope and 

intermountain depressions 
3203 4,58 

with a thin loamy-gravelly 

cover, Nival-frozen-treatment 

with Alpine and subalpine 

meadows and shrubs, tundra-

forests area on mountain-

meadow soils 

4 
Planated, with rounded 

summitsdeeply-dissected 
4526 6,48 

with soft, loamy-gravelly areas, 

Alpine and subalpine meadows 

and shrubs, tundra-forests area 

on mountain-meadow soils 

5 Planated deeply-dissected  4011 5,74 

with soft, loamy-gravelly cover 

tundra (lichen-moss, shrub and 

other sometimes association 

with cryophyte forb-grass 

sedge-cobresiacommunities on 

mountain-tundra peat-humus 

soils 

6 
Alpine type sharply dissected 

(sometimes fragmented) 
3702 5,30 

with glaciers, with stony 

placers, with snowfields 

cryopetrophyticcommunities, 

fragments of tundra vegetation 

on primitive mountain-tundra 

soils 

7 
Slope, intermountain depressions 

and stony-screes 
4004 5,73 

with a thin loamy-gravelly 

cover, moraine fragments 

deposited in the valleys with 

cryopetrophyticcommunities, 

moss-lichen, shrub tundra on 

mountain-tundra soils 

underdeveloped associated with 

the Nival-glacial complexes 

Medium mountain 

8 
Steep slopes, sharp-dissected  

goltsysubalpinewoodland 
2072 2,96 

with a shallow mantle of 

deflection-solifluction loams, 

light and sparse forests (larch, 

cedar-larch, pine) and subalpine 

meadows, and shrubs on 

mountain-meadow, mountain 

peat-humus cryogenic soils 

9 Planated, deeply-dissected forest 3526 5,05 

with a shallow mantle of 

deflectiondeposits, locally with 

rock outcrops with pine, larch 

forests, with admixture of 

spruce, small-leaved species on 

mountain humus podzolized 

soils 

10 Steep slopes, deeply dissected forest 5121 7,33 

with shallow mantle of 

deflection deposits, locally with 

rock outcrops with larch, 

spruce and larch, sometimes 

mixed with cedar forests on 

mountain podburs and humus-

peaty long-seasonally-frozen 

soils 
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11 

Deeply dissected with steep slopes 

forest-steppe 
5876 8,41 

with a thin loamy-gravelly 

cover, locally with rock 

outcrops and stony talus, with 

larch, birch-larch forests on 

slopes of northern 

aspectsonmountain soddy long-

seasonally-frozen and 

mountain-forest chernozem 

soils, associated with dry 

(bunch-grass on mountain-

steppe chernozem soils on 

slopes of southern aspects 

("peristeppes" or slope-

differentiated forest-steppe) 

12 
Low and medium dissected, 

sometimes planated forest 
6017 8,61 

with a cover deflection loams 

with larch, larch and spruce 

forests, marshy mountain, 

humus-peaty long-seasonally-

frozen soils 

13 
Deeply dissected forest with steep 

slopes  
2499 3,58 

with thin mantle 

ofdefluctiondeposits, locally 

with rock outcropsand talus 

with larch (sometimes garden-

like), birch-larch forests on 

mountain-forest chernozemic 

and mountain-forest soddy soils 

alternating with forest 

meadows (“yelan”) on 

mountain humus-accumulative 

soils 

14 
Steep slopes, deeply dissected 

steppe 
2099 3,00 

with a shallow mantle of loose 

deposits, locally with rock 

outcrops and stony talus with a 

moderately moist, rich-forb-

grass and moderately dry forb-

feather grass steppes on 

leached,podzolized and typical 

mountain chernozems and 

mountain-steppe chernozemic 

soils 

15 
Steep slopes, deeply dissected 

steppe 
2495 3,57 

with a shallow mantle of loose 

deposits, sometimes stony-

scree dry low-bunchgrass 

steppes on mountain chestnut 

soils, locally with petrophytic 

variants of moderately dry 

steppes on mountain-steppe 

soils and chernozemsoils 

16 
Slope and intermountain 

depressions of the steppe 
2031 2,91 

with a shallow mantle of loose 

deposits, in places rocky and 

stony-scree moderately wet and 

moderately dry forb-feather 

grass steppes on mountain-

steppe chernozems and 

mountain chestnut soils  

Diversity and spatial structure of the                                                                   1406 

landscapes of the Khemchik river basin 



 
 

Steppe (Intermountain hollow) 

17 Lowland forest-steppe 4432 6,34 

with forb-grass meadow steppe, 

forb-grass meadow steppe, 

sometimes with shrubs, locally 

rocky with a mix of small-

leaved birch- willow-shrub -

poplar, poplar-birch forests on 

gray forest, chestnut, 

dark chestnut soil, grasslands, 

moderately dry and dry steppe 

chestnut soils 

18  gently sloping  steppe 4007 5,73 

with the accumulative deposits, 

dry low-bushgrass steppes, 

sometimes with Caragana on 

chestnut soils-psammophyte 

options to underdeveloped 

chestnut soils 

19 

Steppe elevated, sloping, flat, 

sometimes with hummocks, 

fractional, fan-shaped divided 

3889 5,56 

with the accumulative deposits 

with hummocks dry-grassland 

communities, or desert 

grasslands, sometimes with 

Caragana on chestnut, 

solonetzic chestnut, light 

chestnut soils, and their 

petrophytic variants-

psammophyte and halophytic 

plant communities 

20 
Gently rolling steppe bottoms of the 

depressions 
3379 4,84 

with the areas of hummocks, 

small depressions with saline 

gravelly-loamy, pebbly-

boulder-gravelly-loamy 

deposits of different genesis 

with a dry sagebrush-grass, 

often with Caragana steppes on 

dark-chestnut and chestnut, 

locally withsolonetzic soils 

 

4. DISCUSSION 

The map of the morphological structure of landscapes of the 

Khemchik river basin (Fig. 1) clearly revealed differences in the 

complexity of their landscape drawings, specific 

hydroclimaticconditions, and altitude zonation, and have the following 

features.The largest proportion of the landscape structure of the 
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territory belongs to the mountain geosystems (of 45.41 %) and 

represent erosion and denudation of natural-territorial complexes. An 

order-of-magnitude smaller share is assertional and erosion-denudation 

Alpine (32.11 %), and least represented intermountain hollow steppe-

basin (of 22.48 %). The greatest number of the landscape units 

observed in the group of medium - 9 groups of 20 faces (tab. 2), while 

the dominant role among them belongs to the woody vegetation, i.e., it 

can be noted that the forest area is more diverse compared to other 

types due to spatial heterogeneity of the environment. In General, we 

observed that goltsy and sub-goltsyecosystems distributed mostly on 

the tops of ridges of the Western Sayan, Shapshalskii, andWestern 

Tannu-Ola. High mountain Alpine-type landscape presented with 

screen and snowfields with cryopetrophytic groups in the lower parts 

of the tundra, interspersed with Alpine Meadows. Depending on the 

number of active temperatures and soil temperature, at different 

exposures at the same elevation boundaries of forests and mountain 

steppes varies. Thus, in drier conditions, where more insolation, 

mountain steppes directly passinginto Alpine meadows and tundra 

(Lysanova et al., 2013).In the mountain zone among the forest 

ecosystems edificatory role belongs to the optimal development of 

larch and dark coniferous limited development. At the same time, 

forests are confined mainly to the Northern slopes, and on the South, 

depending on macro exposure,dry grassland steppe are widely 

distributed. 

Diversity and spatial structure of the                                                                   1408 

landscapes of the Khemchik river basin 



 
 

Steppe landscapes represented by these steppes with the 

domination of xerophytes grasses on low-humus brown soils.Along 

with them are widely distribute dry Central Asian steppe with thickets 

of xerophytes shrubs with Nan fine-feather grass associations on light 

chestnut soils. Meadow steppes occupy the smallest area and are 

confined to depressions and river valleys. In General, for landscapes of 

the Khemchik river basin is characterized by the sharp boundary of the 

steppes and forests stable over time (Lysanova et al., 2013). 

 

5. CONCLUSION 

From the above analysis it can be concluded that the landscapes 

of the Khemchik river basin are characterized by a predominance of 

larch forests in the mountain zone, which in turn are marked as a 

landscape with high diversity and complexity of spatial structure, 

mainly due to the relief and associated exposure differences that 

determine the mosaic landscape structure of the study area. In general, 

the diversity of landscapes in the river basin areinvolved inSouth 

Siberian (taiga, forest-steppe, and steppe) and Central Asian groups 

ofgems.Based on the analysis of the landscape basis of the local site on 

the example of the Khemchik river basin, we found that a common 

"mosaic" of landscape distribution is also characteristic for the whole 

territory of Tuva. At the same time, the study of the evolution of the 

system of settlement of tribal groups of peoples of Central Asia shows 

that this process was under the influence of natural, geographical, 
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economic and social factors. Thus, the analysis of the settlement 

system of the tribal groups of the peoples of Central Asia, which was 

established many centuries ago, showed that the areas of ethane 

depended to a large extent on the landscape and geographical features 

of the development area, primarily within the river valleys. That is, the 

formation of the range of genus was mainly based on the landscape 

principle of territorial differentiation, and the landscape structure of the 

territory determined not only the areas of residence of tribal groups, 

but also their way of life, differentiating them into hunters and anglers. 
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