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1.  Introduction

Due to a steadily growing human-induced impact on the biosphere, natural 
biological diversity preservation and support for forest ecosystems and 
their dynamics forecast is one of the most urgent global issues (Maiti et 
al., 2016; Zobel, 2016).  A number of works are devoted to the given issue. 
Climatic changes, cuttings and fires are recognized as the most significant 
factors transforming the structure and functions of forest ecosystems 
(Mirkin et al., 2010; Chen et al., 2011, Murray et al., 2017; Schaphoff et 
al., 2016). Despite numerous publications on a biodiversity issue, there 
is still insufficient reliable understanding of scope of changes ongoing in 
forest ecosystems, biodiversity interdependency and sustainability of 
natural systems (Lankin, Ivanov, 2011; Westgate et al., 2013).

There are more than 20% of the world forest ecosystems in Russia. 
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It is of a primary significance for biosphere perseverance 
(Global Biodiversity Outlook 2, 2006) and are the major 
national treasure for Russia. The Ural forests are located at 
the boundary between Europe and Asia: at the joint of two 
florae. This forests have exceptional climate-regulating and 
water-protective value. Ecotone location promotes greater 
vulnerability of the Ural forests to climatic changes and 
anthropogenic influences in comparison with the forests 
located in other regions.

The aim of our research was to identify geographical and 
landscape diversity features of the mountain forests of the 
South and the Middle Urals (Russia) based on forest typology, 
landscape ecology and vegetation science approaches.

2.  Materials and Methods

The research was conducted in the western low-hill terrain of 
the Southern Urals and the Zauralsky hilly piedmont province 
of the Middle Urals. Based on the climatic geography of 
the territory of the Russian Federation (Alisov, 1956), the 
mountainous Southern and Middle Urals are included in the 
Continental Atlantic forest area of the temperate zone.

Damp and cool Atlantic air masses have an impact on the 
western low-hill terrain of the Southern Urals during the 
most part of the year (Kuvshinova, 1968). The main climate 
peculiarity is its continentality. Mountain relief roughness 
and climatic regime dependence on multi-origin air masses 
(Atlantic and Arctic) bring considerable implications in the 
generalized characteristic of climatic conditions. A difficult 
nature of transformation of the Atlantic air masses by the 
Southern Ural Mountain chains of different heights has an 
impact on climate change regularities depending on the 
terrain elevation (Kuvshinova, 1968). This leads to a strongly-
pronounced altitudinal zonation. A high-altitudinal belt 
(700–900 m above sea-level) is distinct in its more contrast 
temperature condition. Steep slopes with fine bouldery 
ground, humidity of which is not stable and completely 
depends on atmospheric precipitation, are most common. 
Here, fir woods grow, dominated by Polygonum alpinum 
in the second layers. A middle altitudinal belt (500–700 m 
above sea-level) is the warmest one due to temperature 
inversions. Slopes are rolling and steep. Soils are of average 
thickness. Here nemorose dark-coniferous forests grow. A 
lower altitudinal belt (400–500 m above sea-level) is distinct 
in its long smooth slopes with thick soils which provide stable 
moistening conditions. Here high-productive dark-coniferous 
forests grow.

The climate of the Zauralsky hilly piedmont province is formed 
under the influence of three types of air masses: Atlantic 
damp and cool air masses, coming from the West; cold and 
moderately damp polar (Arctic) air masses extending along the 
Ural range of mountains from the Arctic Ocean; warm and dry 
continental air masses getting from the plains of Kazakhstan 
(Kolesnikov et al., 1973). The barrier role of the Ural range 

of mountains detaining Atlantic damp air masses which are 
moving to the east (Kolesnikov et al., 1973) has a dominant 
influence on the climatic conditions. Owing to its meridional 
orientation, the Ural Mountains promote intensification of 
climate continentality in the Zauralsky hilly piedmont province 
(Kuvshinova, 1968). The main climate peculiarities are caused 
by two factors: low altitudes of submountains and their 
location on the down-wind macroslope of the Ural dividing 
mountain range. The first factor defines more favorable 
indicators of temperature conditions (especially in summer 
months), and the second factor defines considerable rainfall 
reduction in comparison with the western Ural macroslope, 
and therefore reduced moistening. Therefore, dark-coniferous 
forests common in the western macroslope are interchanged 
with pine forest types in the east macroslope. Besides, a 
small range of altitudes does not lead to altitudinal zonation 
formation. It is cause to note that due to temperature 
inversions the middle parts of slopes are warmer. Yearly 
precipitation in the western Southern Ural low-hill terrain 
makes 580-680 mm a year, in the Zauralsky hilly piedmont 
province of the Middle Urals makes 400-500 mm a year.

During more than 250 years, the Ural forests have been 
subject to intensive forest use, besides over the last decades 
the intensity of man-induced fires has increased. Vegetation 
changes are as follows (Filroze, 1978): consecutive reduction 
of land with primary zonal vegetation types; relative increase 
in land with secondary leaf bearing forests; decrease in 
productivity of forest soils due to hydrologic behavior 
deterioration and erosion phenomena development.

A topographic and ecological profile method including 
constant and temporary sample plots at index plots is the 
basis for field studies. Site investigation studies included 
investigation of lower, middle and top parts of the southern, 
northern, western and eastern mountain slopes. This stage of 
work allowed finding the old-growth (least disturbed) forests 
growing in various forest sites. Sample plots were mapped 
across these sites. The size of sample plots was selected so that 
there should be not less than 200 trees from main generation 
of the prevailing forest-forming species. A relief position (a 
slope part, its exposition and steepness) was specified for 
each plot. Soil thickness was defined. To classify the objects, 
forest type outlines drawn based on forest typology principles 
(Kolesnikov, 1956; Kolesnikov et al., 1973; Ivanova, Zolotova, 
2014) and ecofloristic classification were used (Martynenko 
et al., 2007; Braun-Blanquet, 1964). Ecofloristic classification 
allows describing study objects up to the latest world 
standards (Martynenko et al., 2003; Mirkin et al., 2010)

Forest stand (Anuchin, 1982; Ivanova, 2017), natural wood 
plant revegetation, a herb and shrub layer (Yarmishko, 
Lyanguzova, 2002) were studied on sample plots by means 
of time-tested techniques heights, diameters and age were 
determined for forest stand (for all wood types). Natural wood 
plant revegetation was studied by means of tapes (2-4 tapes 
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per a plot) 20 meters in length and the 4 meters in width, set 
for 2×2 m platforms. Species composition, projective cover 
and productivity are defined for a herb and shrub layer. To 
achieve this purpose, 15-20 subplots of 1×1 m were mapped.

3.  Results and Discussion

Continuing the research on diversity and dynamics of the Ural 
mountain forest initiated by E.M. Filroze (1968; 1978) and 
B.P. Kolesnikov et al. (1973), we studies old-growth forests 
the structure of which is similar to climax communities. 
These include 120-300-year-old forest plots which were not 
exposed to continuous cuttings, crowning fires and large-scale 
wind throws over this period of time. Such forests remained 
on incredibly small areas and are of exclusive interest as 
a population, and forest typological research object. The 
research was being conducted from 1991 to 2017.

We studied 2 generalized topographic and ecological profiles: 
consisting of 9 most widespread forest types in the Southern 
Urals (Ivanova, 2000, 2007, 2012) and of 12 forest types 
in the Middle Urals (Ivanova, Zolotova, 2011, 2013, 2015). 
The main forest forming species of the western Southern 
Ural low-hill terrains are Siberian spruce (Picea obovata 
Ledeb.) and Siberian fir (Abies sibirica Ledeb.). Tilia cordata 
Mill is common everywhere in the forest second layer and 
undergrowth. However, the tree layer in the top altitudinal 
belt is formed by Picea obovata only. Contrast temperature 
conditions confine Abies sibirica Ledeb. and Tilia cordata Mill 
vegetative propagation. White birch (Betula pubescens Ehrh.) 
is also a usual forest ecosystem element in the Southern Ural 
Mountains but it forms native forest stands only in steadily 
water-logged habitats. There are wood types of broad-leaved 
forests in the undergrowth of dark-coniferous forests at the 
middle warmest parts of slopes: Acer platanoides L., Ulmus 
glabra Huds., Quercus robur L.
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Scotch pine (Pinus sylvestris L.) is the main forest-forming 
species in the Zauralsky hilly piedmont province of the Middle 
Urals. At tops and upper parts of slopes, it forms pure forest 
stands mixed with some birch (Betula pubescens Ehrh., B. 
pendula Roth) and larch (Larix sibirica Ledeb.). In the middle 
parts of slopes, pine second layer is formed by Tilia cordata 
Mill. High-productive fir forests grow in the lower parts of 
slopes in deep clay-loam soils.

Our advanced research is devoted to studying subordinated 
layers of forest community. The research has complemented 
data on forest types which are available in literature with 
information on productivity and species saturation for a herb 
and shrub layer of nominally primary forests. The obtained 
data characterize a natural biodiversity level required 
to preserve natural ecosystem stability (Zolotova, 2013, 
Ivanova, Zolotova, 2011, 2013, 2015). The results of this 
part of the research are given in Table 1 and 2. It is revealed 
that old-growth coniferous forests of the Southern and the 
Middle Urals are characterized by similar specific vegetation 
diversity. This peculiarity is clearly distinct despite the fact that 
differences in the amount of precipitation in two studied areas 
lead to change of the prevailing tree species: dark-coniferous 
forests in the western slope of the Ural Mountains are 
changed by light-coniferous forests in the eastern macroslope. 
Preservation of a stable floristic diversity level is achieved 
by means of species composition change and represents an 
adaptive ecosystem strategy allowing sustainable functioning 
even at a significant change in water and temperature 
conditions. However, there are differences revealed between 
the studied areas in species saturation, projective cover 
and herb and shrub layer bioomass. For the Zauralsky hilly 
piedmont province, these indicators have higher values. This 
feature can be explained with a strong edificator influence 
(Siberian spruce) on subordinate vegetation composition. 

Table 1: Herb and shrub layer of the studied coniferous old-growth forests of the Southern Urals

Projective cover, % Oven-dry mass, g m-2 Number of species per 1 m2

Average Maximum Cv Average Maximum Cv Average Maximum Cv

Upper altitudinal belt (700–900 meters above sea level). Steep slopes
Unstable soil moistening conditions
 Spruce with Polygonum alpinum

33,9 70, 2 60, 8 28, 0 55, 7 70, 5 5 10 30, 0

Middle altitudinal belt (500–700 meters above sea level). Smooth slopes
Stable soil moistening conditions
Nemorose spruce forest 

77,6 97, 0 12, 2 73, 7 127, 0 68 8 11 18, 0

Lower altitudinal belt (400–500 meters above sea level). Smooth slopes
Stable soil moistening conditions. 
Moss spruce forest

30, 6 83, 7 23, 2 32, 6 77, 9 79, 1 10 15 21, 0

Cv: Coefficient of variation, %
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Table 2: Herb and shrub layer of the studied coniferous old-growth forests of the Middle Urals

Projective cover, % Oven-dry mass, g m-2 No. of species per 1 m2

Average Maximum Cv Average Maximum Cv Average Maximum Cv

Drainage habit areas
Steep slopes. Unstable soil moistening conditions.
Cowberry pine forest (Pine forest with Vaccinium vitis-idaea)

29,9 67 67, 8 78, 0 195 77, 5 8 14 37, 7

Middle parts of rolling and smooth slopes. 
Stable soil moistening conditions.
Berry pine forest (Pine forest with Vaccinium myrtillus,  Rubus saxatilis, Fragaria vesca and undergrowth of Pinus sylvestris)

51,4 94, 5 41, 9 116, 4 243, 6 52, 6 8 11 18, 0

Berry and lime pine forest (Pine forest with a second layer of linden (Tilia cordata) and rare undergrowth of coniferous plants)

57,6 78, 0 22, 2 69, 7 81, 6 78 17 21 20, 0

Moss and berry pine-spruce forest (Pine forest with spruce and moss cover)

29, 7 89, 6 91, 3 41, 9 112, 3 93, 6 11 21 66, 9

Bracken pine forest (Pine forest with Pteridium aquilinum and rare undergrowth of coniferous plants)

83,7 100 17,3 123,2 184,1 21,9 15 18 16, 5

Herb and lime pine forest (Pine forest with spruce, second layer of linden, spruce and fir and multispecies herbaceous layer)

39, 2 100 77, 4 59, 3 91, 1 38, 8 14 21 30, 3

Lower parts of rolling slopes. 
Stable, intermittently excessive soil moistening conditions
Multi-herb pine forest (Pine forest with well developed multispecies herbaceous layer)

86, 3 100 19, 5 89, 8 113, 1 12,6 28 31 9, 3

Mossy and myrtillus pine forest with a dark-coniferous layer (Pine forest with well developed second spruce layer and moss 
cover)

68, 3 76 7,6 143,7 165,1 11,9 11 12 12, 3

Herb and moss spruce forest (Spruce forest with Oxalis acetosella)

82, 6 100 21, 8 21, 7 29, 9 30, 4 10 15 45, 9

Slightly drained and water-logged habitats 
Periodic excessive soil moistening 
Multi-herb and tallgrass pine-spruce forest (Pine-spruce forest with well developed herbaceous layer and undergrowth of 
Picea obovata and Abies sibirica)

63,2 70, 3 13, 2 51, 4 69, 6 22, 1 18 23 14, 8

Equisetic and mossy spruce-Siberian cedar forest (Dark-coniferous forest with Siberian pine and continuous cover of mosses)

73, 4 100 24, 1 54, 8 67, 2 17, 9 12 15 13, 3

Stable excessive soil moistening
Sphagnous and equisetic pine forest (Pine forest with sphagnum mosses)

42, 9 48, 8 11, 8 54, 0 72, 1 24, 4 14 20 27, 8

Cv: coefficient of variation

The derived conclusion is also confirmed by comparison of 
subordinated forest layer productivity (dark-coniferous and 
light-coniferous forests) within one forest vegetation province 
(the Zauralsky hilly piedmont province). Comparative analysis 
has shown that lower layers have the minimum productivity 
under a shelterwood of the dark-coniferous forest.

Species saturation of the subordinated layers relates to the 
relief. This indicator takes the minimum values at steep slopes 
and at the upper mountain parts, both in the Southern Urals, 
and in the Middle Urals. Minimum values are identified at 
steep and rolling slopes for Spruce with Polygonum alpinum 
in the Southern Urals and for Cowberry pine forests in the 
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Middle Urals. The largest species saturation is revealed in the 
lower parts of smooth slopes for moss spruce forests of the 
Southern Urals and for Multi-herb pine forest of the Middle 
Urals (Table 2).

A floristic diversity analysis revealed that the pronounced 
ecotone effect is of great importance for forest species 
composition formation. The Eastern European lime-oak and 
lime forests on the one hand and the Southern Taiga dark-
coniferous forests and broad-leaved and dark-coniferous 
subtaiga forests on the other hand have an impact on forest 
type formation at the western low-hill terrains of the Southern 
Urals. Forest types in the Zauralsky hilly piedmont province 
are formed on the joint of two subzone vegetation groups: 
light-coniferous and dark-coniferous taiga-like boreal forests 
and hemiboreal light-coniferous green forests. Under the 
conditions of excessive moistening, intrazonal non-forest 
vegetation types have an impact on a species composition 
in both regions: swamps and water meadows, which even 
more severely complicates regularities of species composition 
formation.

4.   Conclusion

As a result of the research, we obtained data which 
characterize a natural biodiversity level required to preserve 
ecosystem sustainability. The carried-out analysis has shown 
the advantages for joint use of forest typology, landscape 
ecology and floristic analysis methods through the obtained 
measurable parameters of type productivity for forest 
vegetation research. The conducted work forms a scientific 
basis for biodiversity preservation of the Ural mountain 
forests, research of their regional and landscape dynamics, 
justified forecast of the forest resource condition.
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