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Abstract. Thymus jenisseensis is endemic to Southern Siberia. The 
structure of Thymus jenisseensis were studied with the use of an 
architectural approach. The architectural unit consist of branched 
compound skeletal axis of the 1st and 2nd order, and is repeated many times 
in the structure of adults. As a result of studying the architectural units of 
individuals growing in different sites of a coenopopulation, in the upper 
border of the forest belt (Tsagan-Shibetu, Republic of Tuva), differences 
were identified. An architectural unit consisting of branched orthotropic or 
ascending basisympodially accreting compound skeletal axes develops on 
a site of a dry riverbed; an architectural unit consisting of branched 
orthotropic or ascending acrosympodially accreting compound skeletal 
axes develops on a site of high-altitude steppe on a plain. The diversity of 
compound skeletal axes in the structure of architectural units contributes to 
the formation of two biomorphs (dwarf subshrub and dwarf shrub), 
changes in the vitality and duration of development of T. jenisseensis 
individuals. The identified features of architecture are morphological 
mechanisms of adaptation of the species to living conditions.  

One of the modern approaches to studying taxonomically complex groups of plants is to 
identify architectural units in their structure. An architectural unit is a basic structural and 
functional unit of a particular type that contains a complete set of all hierarchically 
subordinate structures and is repeated in the overall architecture of a plant. The 
characteristics of the architectural unit of each plant species are constant and change only 
quantitatively depending on the growing conditions [1, 2].  

In this regard, the species of the genus Thymus are of interest. Previously, the dwarf 
shrubs Thymus dmitrievae Gamajun., T. petraeus Serg., Thymus vulgaris L. and others were 
studied from the position of architectural approach [3–5]. The article is devoted to the study 
of endemic to Southern Siberia T. jenisseensis Iljin. The range of the species covers the 
plain-steppe and mountain-steppe regions of Southern Siberia (Fig. 1a). In the forest belt, 
the species growth the rocky outcrops of coastal slopes and riverine sands. 

 The analysis of the literature, herbarium collections (LE, NS, NSK, TK) and our own 
collections showed that throughout the range of T. jenisseensis, the life form of the dwarf 
subshrub prevails [6, 7]. The aim of the work is to study the architecture of T. jenisseensis 
to identify mechanisms of its adaptation to habitat conditions. 
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The study was conducted on the territory of the Republic of Tuva, Tsagan-Shibetu, 
Barlyk river valley, in the upper border of the forest belt. The material is collected in two 
sites of a coenopopulation (SCP): 1 – the dry riverbed, individuals of a species were located 
on sandy substrate among the pebbles; 2 – the high-altitude grass steppe on a plain, 
individuals of a species were located on soil among the outcrops of stones (Fig. 1b). 

 

 
Fig. 1. The area of Thymus jenisseensis in Siberia (a – the location of the species, b – the studied 
coenopopulation: 1 and 2 are sites of a coenopopulation). 

The life form of T. jenisseensis was determined with the use of ecological-
morphological classification of life forms by I. G. Serebryakov [8].  When describing a 
shoot system was used the approach of M. T. Маzurenko and А. P. Khokhryakov [9] based 
on the role of shoots in a bush structure.  

Individuals of T. jenisseensis have a branched compound skeletal axis (CSA). A 
compound skeletal axis is a combination of formation shoots appearing as a result of 
monopodial-sympodial accretion. The branched CSA of the 1st order is the basis for the 
development of  branched CSA of the 2nd ordeis, biannual branching shoots, and 
ephemerous shoots. 

According to the concept architecture of plant  [1, 2], the architectural unit of T. 
jenisseensis consists of branched CSA of the 1st and 2nd order (Fig. 2).  

 

 
Fig. 2. Structure of the architectural unit Thymus jenisseensis (1 – branched compound skeletal axis 
of the 1st order, 2 – branched compound skeletal axis of the 2nd order (side shoots are not shown) 3 –
biannual branching shoots, 4 – ephemerous shoots). 

Analysis of individuals of T. jenisseensis has shown that their structure is formed by  
repetition of the architectural unit. It was found that branched CSA differ in the method of 
growth (acro-, basisympodial) and position in space (orthotropic, ascending). 

In SCP 1 in the dry riverbed, where in winter the snow cover is delayed, the 
architectural unit consists of branched orthotropic or ascending basisympodially  accreting 
CSAs. These branched CSAs take root on the sandy substrate, grow for about 5 years and 
form the perennial base of the bush. All shoots and axes consist of long metamers. 
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Individuals are characterized by high vitality: the diameter of the bushes is 56.4±0.8 cm, the 
length of the ascending CSA is 28.2±0.6 cm, the number of generative shoots is 87.4±0.9 
pcs, the length of generative shoots is 5.2±0.4 cm. In the structure of an adult individual, on 
average, there are 5.3±0.3 architectural units with ascending CSAs and 3.6±0.5 – with 
orthotropic ones. The life form of a vegetative-semimobile dwarf subshrub  is formed. The 
plant is a clump consisting of primary bush and partial bushes. 

In SCP 2 in the high-altitude grass steppe on a plain, the habitat conditions of T. 
jenisseensis individuals are characterized by strong weathering, lack of snow cover and 
dryness. The architectural unit consists of branched orthotropic or ascending 
acrosympodially accreting CSAs. These branched CSAs do not take root, grow up to 15 
years. All shoots and axes consist of short metamers. Individuals are characterized by 
reduced vitality: the diameter of the bush is 20.5±1.1 cm; the length of the ascending CSA 
is 15.7±0.4 cm; the number of generative shoots is 56.3+5.6 pcs, the length of generative 
shoots is 1.6±0.2 cm. The structure of an adult individual is dominated by architectural 
units with orthotropic CSAs of 4.7±0.4; the number of architectural units with ascending 
CSAs is 1.6±0.2.  The life form of a vegetative-immobile  dwarf shrub  is formed.  

 The study showed that in the conditions of the upper border of the forest belt on the 
Tsagan-Shibetu ridge (Republic of Tuva) in different sites of the cenopopulation, the 
architectural unit of T. jenisseensis differs in the features of a compound skeletal axis. This 
leads to the formation of two biomorphs (dwarf subshrub and dwarf shrub), changes in the 
vitality and duration of development of T. jenisseensis individuals. The identified 
architectural features are mechanisms of adaptation of the species to habitat conditions, and 
demonstrate the range of morphological plasticity of T. jenisseensis in the coenopopulation. 
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