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Abstract. The processes of natural reforestation play a crucial role for the 

preservation of primary coniferous forests and the success of their 

restoration after catastrophic impacts. The objective of our research was to 

identify the features of the natural renewal of the main coniferous forest-

forming plants under the canopy of stands in the mountains of the Middle 

Urals, to establish dependencies on the forest type not only the total 

number of tree saplings, but also its age structure. The research was carried 

out in the mountainous part of the Sverdlovsk region (Russia) on the 

eastern macroslope of the Ural Mountains. We studied old-age pine forests, 

which belong to the 4 most common forest types. The tree saplings were 

counted into account on 2-4 subplots with a length of 20 meters and a 

width of 2 meters. It is established that under the canopy of all types of 

forest there is a different age coniferous saplings, despite significant 

differences in habitats. The most abundant pine saplings are found in pine 

forests with Vaccinium vitis-idaea, and the most abundant spruce saplings 

is found in pine forest with spruce and moss cover.  

1 Introduction  
The progressive human impact on natural ecosystems on all continents and undesirable 

climate changes reduce the stability of the biosphere and lead to threats of local and global 

environmental crises [1]. At the same time, forest ecosystems are recognized as one of the 

main factors that can reduce the undesirable consequences of these impacts and maintain 

the biosphere in a stable state [2, 3]. Moreover, primary forests perform much better 

ecosystem functions than secondary plant communities [4]. Therefore, the problem of 

primary forest conservation is recognized as extremely urgent. S.A. Dyrenkov [5] was the 

first to point out the need to solve this problem in Russia. However, despite the recognition 

of the importance of preserving primary forests, their areas continue to decline [6]. The 

processes of natural reforestation play a crucial role for the preservation of primary 

coniferous forests and the success of their restoration after catastrophic impacts [1]. The 

presence or absence of coniferous saplings under the forest canopy is a "trigger" of 

recovery-age shifts after logging, and the ability to appear and survive seedlings of woody 

plants in open habitats determines the success of natural reforestation after 
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deforestation [7]. However, the processes of natural regeneration, which have their own 

characteristics in different regions and types of forest, are not fully understood.  

The objective of our research was to identify the features of the natural renewal of the 

main coniferous forest-forming plants under the canopy of stands in the mountains of the 

Middle Urals, to establish dependencies on the forest type not only the total number of tree 

saplings, but also its age structure. 

2 Materials and Methods

2.1 Study area 

The research was carried out in the mountainous part of the Sverdlovsk region (Russia) on 

the eastern macroslope of the Ural Mountains. The mountains studied did not exceed an 

altitude of 500 meters above sea level. Annual rainfall in the study area varies between 400 

and 500 mm per year. Southern taiga pine forests grow here. Birch (Betula pubescens 

Ehrh., B. pendula Roth), larch (Larix sibirica Ledeb.), and linden (Tilia cordata Mill.) are 

found everywhere in primary pine forests. This region is characterized by a variety of forest 

types, each of which has its own characteristics of structure and recovery dynamics after 

disturbances. The classification of the studied forests is based on the genetic forest 

typology, which is widely used in Russia both in scientific research and in forest 

management [8, 9]. B. Kolesnikov and his colleagues, after extensive long-term research, 

compiled a brief but succinct description of all forest types in the Middle Urals [10]. 

 

Fig. 1. Studied pine forest types in the mountains of the Middle Urals

2.2 Sampling and measurements

The sample plots are laid out in different pine forest types, which occupy different positions 

in the terrain (Fig. 1). The size of the sample plots was 0.25 hectares. The overstorey and 
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understorey layers were studied according to the methods generally accepted in forest 

science [11]. The tree saplings were counted into account on 2-4 subplots with a length of 

20 meters and a width of 2 meters. The species composition, height, diameter, basal area, 

and age are defined for the stand and tree saplings. The species composition, height, 

coverage, and biomass are determined for the understorey layer. A description of the 

structure of the studied forest types and their comparison with the mountain forests of the 

Southern Urals was presented earlier [6, 12]. 

3 Results and Discussion
We continued the work of Boris Kolesnikov [10] on the study of forest types in the Ural 

Mountains in our research. This report is devoted to the forest typological features of 

renewal under the canopy of primary forests. As shown by the results of research, old-age 

(more than 160 years) – pine forests with Vaccinium vitis-idaea are characterized by 

abundant pine young growth of different ages (Fig. 2a). At the same time, small tree 

saplings under the age of 10 years are predominant. The stand of these forests is pine, 

monodominant with a single admixture of birch and larch (Fig. 1). The height of the stand 

reaches 24 meters, the pine basal area is 44 m2/ha. Abundant renewal of pine trees of 

different ages is also noted in berry pine forests. The predominant generation is under 20 

years of age (Fig. 2b). Nevertheless, individual specimens of severely depressed 30-45-

year-old tree saplings can be observed everywhere in this forest type. The stand also has a 

similar structure to the cowberry pine forests.   

 
Fig. 2. Age structure of saplings of Pinus sylvestris L. in mountain old-growth pine forest: a – Pine 

forests with Vaccinium vitis-idaea, b – Pine forest with Vaccinium myrtillus, Rubus saxatilis,

Fragaria vesca

Pine forest with spruce and moss cover are one of the most interesting forest types. In 

this forest type, abundant spruce and fir renewal is observed under the canopy of the pine 

stand (Fig. 3). Spruce and fir form a closed layer in this forest type. The distribution of tree 

saplings by age is fairly uniform. The height of the investigated stand reaches 25 meters, 

the pine basal area is 29 m2/ha, the spruce basal area is 2 m2/ha, the larch basal area can 

reach 4 m2/ha. Besides that, the presence of spruce saplings under the pine canopy is noted 

in multi-herb pine forests (Fig. 4). However, a pine sapling prevails in this forest type. The 

pine and spruce sapling do not form a closed layer in this forest type, although its diversity 

of ages persists. The age of the studied stand was 150 years, the height of the stand reaches 
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28.9 meters, the pine basal area is 35.5 m2/ha, and birch basal area is 6.5 m2/ha. The results 

obtained are in good agreement with the studies of other authors [13, 14].  

 
Fig. 3. Age structure of coniferous saplings in mountain old-growth Pine forest with spruce and moss 

cover: a – saplings of Picea obovata Ledeb., b – saplings of Abies sibirica Ledeb. 

 
Fig. 4. Age structure of coniferous saplings in mountain old-growth Pine forest with well-developed 

multispecies herb layer: a – saplings of Pinus sylvestris L., b – saplings of Picea obovata Ledeb.

4 Conclusions
We studied old-age pine forests, which belong to the 4 most common forest types in the 

mountains of the Middle Urals, and established that under the canopy of all forests there is 

a different age coniferous saplings, despite significant differences in habitats. The most 

abundant pine saplings are found in the pine forests with Vaccinium vitis-idaea, and the 

most abundant spruce saplings is found in pine forest with spruce and moss cover. The 

results obtained are important for the preservation of primary forests and their restoration 

after destructive natural and human impacts in the Ural Mountains.  
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The work was carried out within the framework of the state task of the Botanical Garden of the Ural 

branch of RAS 
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