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Abstract. Background. The study of species coenopopulations and their stability in a particular area is a neces-

sary stage when searching for ways of rational use of natural resources. The species of the genus Thymus in the 
southern Siberia is widely distributed. This species is found in the communities of mountain and lowland steppes, 
forest steppes and forests. The objective of this work is to explore the ontogenetic structure of Thymus coeno-
populations in the southern Siberia and estimate the current state of this species. Materials and methods. Using 
the conventional methods particular features of life forms have been studied and biomorphs of 15 species of 
thyme have been selected; 22 coenopopulations of 10 species, which are distinguished by biomorph and the ex-
tent of distribution, have been investigated. Results. This research has shown that in the southern Siberia the spe-
cies of the genus Thymus is formed in six life forms (vegetative-immotile form for the shrub and semi-shrub, vege-
tative-semi-motile form for the shrub and semi- shrub, vegetative-motile form for the shrub and semi- shrub) and 
three types of biomorphs (monocentric vegetative-immotile biomorph, implicitly polycentric vegetative-semi-
motile biomorph, explicitly polycentric vegetative-motile biomorph). A relation between biological features of the 
species and the type of characteristic ontogenetic spectrum has been shown. Biological specific features of implic-
itly and explicitly polycentric species identify the left-sided type of the characteristic spectrum, of monocentric 
species, the type of spectrum is determined as centered one. The difference between the majority of ontogenetic 
spectra of specific coenopopulations from the typical spectrum is due to polyvariety of species development (al-
teration of the biomorph in the same species, a change in the prevailing propagation direction, reduction in the 
duration (or absence) of the generative period) and characteristics of the arranged ecotope system. Conclusions. 
For the thymes of different biomorphs the factors of habitats and specific features which influence the stable 
state of their coenopopulation are identified. It has been ascertained that Thymus coenopopulations in the south-
ern Siberia are in a stable state or tend to be in this state. A comparative analysis of the data obtained made it 
possible to put forward some patterns of population behavior of thymes which can be extrapolated into another 
species of the genus Thymus with similar types of biomorphs. 
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Аннотация. Актуальность и цели. Изучение ценопопуляций видов и их устойчивости на конкретной тер-

ритории является необходимым этапом в решении проблем рационального природопользования. Виды ро-
да Thymus на юге Сибири имеют широкое распространение. Они встречаются в сообществах горных и рав-
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нинных степей, лесостепей и лесов. Цель работы – изучение онтогенетической структуры ценопопуляций ви-
дов рода Thymus на юге Сибири и оценка их современного состояния. Материалы и методы. По общеприня-
тым методикам изучены особенности жизненной формы и выделены биоморфы 15 видов тимьянов; прове-
дено исследование 22 ценопопуляций 10 видов, отличающихся типом биоморфы и широким распро-
распространением. Результаты. Установлено, что в условиях юга Сибири у видов рода Thymus формируется 
6 жизненных форм (вегетативно-неподвижный кустарничек и полукустарничек, вегетативно-полуподвижный 
кустарничек и полукустарничек, вегетативно-подвижный кустарничек и полукустарничек) и три типа био-
морф (моноцентрическая вегетативно-неподвижная, неявнополицентрическая вегетативно-полуподвижная, 
явнополицентрическая вегетативно-подвижная). Выявлена связь биологических особенностей видов и типа 
характерного онтогенетического спектра. Биологические особенности неявнополицентрических и явнопо-
лицентрических видов определяют левосторонний тип характерного спектра, моноцентрических – центри-
рованный. Отличие большинства онтогенетических спектров конкретных ценопопуляций от характерного 
типа связано с поливариантностью развития особей (изменение биоморфы у одного и того же вида, смена 
преобладающего способа размножения, сокращение длительности (или пропуск) генеративного периода) и 
особенностями экотопа. Выводы. Для тимьянов разных биоморф выделены факторы среды обитания и при-
знаки, влияющие на устойчивое состояние их ЦП. Установлено, что ценопопуляции видов рода Thymus на 
юге Сибири находятся в устойчивом состоянии или приближаются к нему. Сравнительный анализ полученных 
данных позволил выделить некоторые варианты популяционного поведения тимьянов, которые можно экс-
траполировать на другие виды рода Thymus со сходными типами биоморф. 

Ключевые слова: ценопопуляция, онтогенетическая структура, биоморфа, онтогенез, Thymus, юг Сибири. 
 

The search for ways of rational use of natural 
resources has become more relevant in recent 
times. Both Russian and foreign authors agree that 
a solution to this task is possible with a compre-
hensive study of natural ecosystems, predicting 
their development and plans for recovery [1–6]. 
The solution of a number of tasks in this direction 
can be found if using the concept of the population 
organization of ecosystems, one of the approaches 
of this concept is the study of species coenopopula-
tions and their stability in a particular area [7, 8]. 

The species of the genus Thymus L. are widely 
distributed virtually throughout Eurasia. But the 
greatest expansion of thyme can be seen on the ter-
ritory of Siberia. As E. E. Gogina notes [9], it is re-
lated to the diversity of mountain systems, vegeta-
tion and the substrate. Thyme habitats in the 
southern Siberia are associated mainly with the 
communities of mountain and lowland steppes, 
forest-steppes and forests. Typical habitats for the 
most species are petrophytous grassland communi-
ties of the middle or upper parts of rubble slopes 
and aligned hill tops. Total projective cover degree 
of thyme in the grass cover reaches 60 %, species 
abundance is about 40 species [10]. In the aligned 
areas and in the lower parts of the slopes the spe-
cies are included in the composition of shrub-
steppe communities with high projective coverage 
of up to 70 %. In the sandy steppes along the 
slopes of dunes and hillocks, wind eroded cloughs, 
deflation surfaces thymes form communities with a 
small participation of such species as Festuca ru-
bra ssp. baicalensis, Agropyron distichum 
(Fisch.ex Link) Schult., Bromopsis inermis 
(Leyss.) Holub [11, 12]. The species of the genus 
Thymus do not participate in the initial stages of 
the overgrowing of sands, but populate already 
stabilized areas with a thinned grass stand and a to-
tal projective coverage of up to 10 % [13]. In the 

steppes thymus persists for a long time in the terms 
of grazing, but gradually the state of their popula-
tions deteriorates until they disappear completely 
[14]. Often thymes are found in ruderal communi-
ties near the shelter, together with Panzerina la-
nata (L.) Sojak, Plantago media L., Urtica dioica 
L, etc. [15]. Some species of thymes (T. mongolicus 
(Ronn.) Ronn., T. jenisseensis Iljin etc.) ascend to 
the alpine belt. They are included in the composition 
of petrophytous variants of meadows along stony 
outcrops of mountain ridges, and also in the compo-
sition of alpine meadows in flatland areas [16]. 

The aim of the work is to study the ontogenetic 
structure of the coenopopulations of species of the 
genus Thymus in southern Siberia and to assess 
their current state.  

 
Materials and methods 

 
About 15 species of the genus Thymus are 

listed for the territory of the southern Siberia [17]. 
On the basis of I. G. Serebryakov’s ecological-
morphological classification [18] the life form of 
each species is described. In accordance with  
O. V. Smirnova’s phytocenotic classification [19] 
the thymes have monocentric, implicitly polycen-
tric and polycentric biomorphs. In order to explore 
the ontogenetic structure of coenopopulations (CP) 
ten species with different biomorphs and widely 
distributed in the study area have been selected. 
They are: T. altaicus Klok. et Schost., T. bai-
calensis Serg., T. elegans Serg., T. iljinii Klok. et 
Schost., T. jenisseensis, T. krylovii Byczennikova, 
T. minussinensis Serg., T. mongolicus, T. proximus 
Serg., T. sibiricus (Serg.) Klok. et Schost. 22 coe-
nopopulations (CP) were investigated. The brief 
characteristics of their location is given in Table 1. 
Ontogenesis of the individuals of the species is de-
scribed according to the concept of a descrete ap-
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proach to the description of higher plant ontogeny 
proposed by T. A. Rabotnov [20] and A. A. Ura-
nov [21]. More than 10,000 herbarium samples of 
the thymes were analyzed. The ontogenetic struc-
ture of the CP was studied by common methods 
[20–22]. Transects 1 m in width and 5–10 m in 
length were laid out and divided into trial sites 
(small plots) of 1 m2. The universal enumeration of 
the individuals of species was performed for each 
ontogenetic state. The individuals of seed origin 
and a compact clone were taken as a calculation 
unit for the species of monocentric biomorph; the 

individuals derived from seeds, particule and indi-
viduals of seed origin, partial tufts were used as 
calculation units for implicitly polycentric bio-
morph and explicitly polycentric biomorph, respec-
tively. The ontogenetic spectrum of the CP was de-
termined as a ratio of plants of different ontogeny 
states expressed as a percentage of the total num-
ber of individuals. A characteristic ontogenetic 
type of the CP spectrum is established by the con-
cept of L. B. Zaugolnova [23]. Ecological density 
of the CP is estimated during calculation of indi-
vidual sizes per unit of the occupied location [24]. 

Table 1 

Characteristic of Thymus site 

Species Number of coe-
nopopulation 

Location of coenopopula-
tion 

Community/dominant 
species Substrate TPCD, 

% 
PCD, 

% 

1 2 3 4 5 6 7 
T. baicalensis 1 Lake Baikal, Olkhon 

island, Semisosensky 
Bay, Todakte Cape,  
h = 714 m above sea level 

Thyme–feather-grass true 
petrophytous steppe / 
Stipa baicalensis Roshev, 
S. pennata L.,  
T. baicalensis, 
Agropyron cristatum (L.) 
Gaertner, Potentilla 
acaulis L. 

Fine earth  
with crushed 
stone 

60 5 

2 Irkutsk region, 
surroundings of Sarma 
village, Small Sea coast, 
shoots of the Primorye 
mountains, 
South East hillside, 
middle part, slope angle 
30°, h = 714 m above sea 
level 

Fescue-sedge true 
petrophytous steppe / 
Carex pediformis  
C. A. Mey., Festuca 
lenensis Drobow, 
Koeleria cristata (L.) 
Pers., Artemisia frigida 
Willd., Potentilla acaulis 

Fine earth  
with crushed 
stone 

60 3 

3 Lake Baikal, Olkhon 
island, Semisosensky 
Bay, Semisosensky 
Sandy Massif, deflation 
plain, h = 715 m above 
sea level 

Thyme–leymus sandy 
steppe/Leymus chinensis 
(Trin.) Tzvelev,  
T. baicalensis, Festuca 
ruba L., Bromopsis 
inermis (Leysser) Holub, 
Carex sabulosa Turcz.  
ex Kunth.  

Sand 70 10 

4 Lake Baikal, Olkhon 
island, Khuzhir Bay, 
Khuzhiry Sandy Massif, 
deflation plain, h = 713 m 
above sea level 

Sedge-oxytrope-thyme 
sandy steppe /  
T. baicalensis, Carex 
ericetorum Pollich, 
Oxytropis lanata (Pall.) 
DC., Agropyron 
distichum (Georgi) 
Peschkova, Bromopsis 
inermis  

Sand  50 15 

5 Tuva, Uvs-Nuur Hollow, 
blowing wind pit, flat 
plot, h = 1193 m above 
sea level 

Thyme sandy steppe /  
T. baicalensis Agropyron 
desertorum (Fisch. ex 
Link) Schult., Artemisia 
tomentella Trautv., 
Oxytropis 
tragacanthoides Fisch., 
Gypsophila patrinii Ser. 

Sand 25 12 
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Continuation of Table 1 

1 2 3 4 5 6 7 
T. altaicus 6 Republic of Khakassia, 

Ust-Abakan district, 
Beika village, plain, 
h = 574 m above sea level 

Herb-fescue-thyme true 
steppe / T. altaicus, 
Festuca valesiaca 
(Hask.) Gaudin, 
Artemisia frigida, 
Galium verum L.,  
Aster alpinus L.  

Fine earth 80 10 

T. elegans 7 Republic of Khakassia, 
suburbs of Beisk district, 
Tabat village, mountain 
area «Menzhilai», 
southwestern hillslope, 
near to the top, slope 
angle 20°, h = 619 m 
above sea level 

Birch-spruce-larch forest 
/ Larix sibirica Ledeb., 
Pinus sylvestris L., 
Betula rotundifolia 
Spach, Phleum phleoides 
(L.) H. Karst., Poa 
pretensis L., Festuca 
airoides Lam., Carex 
pediformis, Dianthus 
versicolor Fisch. ex Link  

Black  
earth soil 

60 3 

T. iljinii 8 Republic of Khakassia, 
Bogdarsk district, 
surroungings of 
Pervomayskoe village, 
upper part of the north 
hillslope, slope angle 35°, 
h = 301 m above sea level 

Sedge- 
feather-grass true steppe / 
Stipa capillata L., Stipa 
krylovii Roshev., Carex 
duriuscula C.A. Mey,  
T. iljinii, Alyssum lenense 
Adams, Gypsophila 
patrinii 

Fine earth  
with pebble 

55 5 

T. jenisseensis 9 Krasnoyarsky Krai, 
Shushenskoye district, 
surroundings of Sizaya 
village, bank of the 
Yenisei river, h = 306 m 
above sea level 

Herb-meadow steppe / 
Achillea asiatica Serg., 
Veronica longifolia L.,  
T. jenisseensis, 
Helictotrichon 
desertorum (Less.) 
Nevski, Poa annua L. 

Sand among 
big crushed 
stones 

80 10 

10 Krasnoyarsky Krai, 
Kurgan region, 
surroundings of 
Cheremshanka village, 
cobble bank of the river 
Kazyr, h = 374 m above 
sea level 

Thyme vegetation zone 
on gravel / T. 
jenisseensis, Elytrigia 
repens (L) Nevski, 
Galium verum, Trifolium 
repens L., Potentilla 
bifurca L. 

Sand with 
gravel 

15 3 

11 Tuva, Piy Khemsky 
District, Ujuk Range, the 
Arzak river valley, top of 
the hillslope, slope angle 
20°, h = 1001 m above 
sea level 

Shrubby forb-meadow 
petrophytous steppe/ 
Caragana pygmaea (L.) 
DC., Carex pediformis, 
Elytrigia gmelinii (Trin.) 
Nevski, Allium senescens 
L., Pulsatilla 
turczaninovii  
Krylov & Serg. 

Fine earth 
with crushed 
stone 

40 2 

12 The Altai Republic, 
Shebalino region, 
Cherginsky Range, 
surroundungs of Moguta 
village, Moguta river 
valley, middle part of the 
southern hillslope, slope 
angle 35°, h = 701 m 
above sea level 

Shrubby helictotrichon –
firm-bruch grass 
petrophytous steppe / 
Caragana pygmaea, 
Spiraea chamaedryfolia L., 
Helictotrichon 
desertorum, Carex 
pediformis, Artemisia 
gmelinii Weber ex 
Stechm.  

Fine earth  
with crushed 
stone 

55 1 
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Continuation of Table 1 

1 2 3 4 5 6 7 
 13 Tuva, Mongun-

Tayginsky District the 
Tzagan-Shibetu mountain 
range, the Barlyk river 
valley, cobble of the 
temporary river bed, 
rarely flooded,  
h = 2084 m above sea 
level 

Wormwood-thyme 
community in the cobble 
of the temporary river 
bed / Artemisia 
santolinifolia Turcz. ex 
Besser, T. jenisseensis, 
Poa attenuata Trinius, 
Stipa krylovii, Galium 
verum 

Sand with  
fine pebble  

27 12 

T. mongolicus 14 Tuva, surroundings of 
Cherbi village, the 
Terektig-Khem river 
valley, back bank, h = 
981 m above sea level 

Shrubby silky 
wormwood-feather-grass 
true petrophytous steppe / 
Caragana pygmaea, 
Stipa orientalis Trin., 
Artemisia frigida, 
Elytrigia gmelinii, Carex 
supina Willd. ex 
Wahlenb.  

Fine earth  
with crushed 
stone 

35 2 

15 Tuva, sands of Central 
Tuva basin, lower part of 
the blowing wind boiler, 
slope angle 4°, h = 764 m 
above sea level 

Shrubby thyme sandy 
steppe / Caragana 
pygmaea, T. mongolicus, 
Agropyron cristatum, 
Artemisia globosa 
Krasch., Stipa krylovii 

Sand  15 12 

16 Tuva, the Naryn river 
valley, southern hillslope, 
middle part, slope angle 
35°,  
h = 1900 m above sea 
level 

Shrubby helictotrichon –
tragacanth true 
petrophytic steppe / 
Helictotrichon 
desertorum, Oxytropis 
tragacantoides, Carex 
pediformis, Artemisia 
frigida, Potentilla acaulis 

Crushed  
stone 

55 3 

T. proximus 17 Republic of Khakassia, 
Altay District, 
surroundings of Tabat 
village, southern steep 
slope of the hill, middle 
part, slope angle 30°,  
h = 500 m above sea level 

Herb-firm-bruch grass 
shrubby petrophytous 
meadow steppe / 
Caragana pygmaea, 
Carex pediformis, 
Chamaerhodos erecta, 
Artemisia frigida, 
Galium verum, Veronica 
incana L., Androsace 
filiformis Retz.  

Fine earth  
with crushed 
stone 

50 5 

T. sibiricus 18 Republic of Khakassia, 
Ust-Abakan region, 
surroundings of 
Moskovskoye village, 
plain, h = 435 m above 
sea level  

Grass-wormwood, 
shrubby Caragana 
pygmaea true steppe / 
Artemisia frigida, 
Artemisia commutate 
Bess., Stipa capillata, 
Festuca valesiaca, 
Bupleurum multinerve 
DC. 

Sand 70 5 

T. iljinii 19 Republic of Khakassia, 
Altay District, 
surroundings of Belyi Yar 
village, plain, h = 335 m 
above sea level 

Feather-grass-thyme big 
bunch sandy steppe /  
T. iljinii, Stipa capillata, 
Stipa krylovii, Agropyron 
cristatum, Koeleria 
cristata, Carex 
duriuscula, Aster alpinus  

Sand 50 10 
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End of Table 1 

1 2 3 4 5 6 7 
T. krylovii 20 Republic of Khakassia, 

Askiz District, 
surroundings of Askiz 
village, northern slope of 
the hill, lower part, angle 
slope 45°, h = 365 m 
above sea level 

Herb-grass meadow 
steppe / Calamagrostis 
neglecta (Ehrh.) Gaerth., 
Mey. et Scherb., Stipa 
capillata, Cleistogenes 
squarrosa (Trin.) Keng, 
Galium verum, Geranium 
pratense L. 

Loam 90 3 

21 Republic of Khakassia, 
Ust-Abakan region, 
surroundings of 
Moskovskoye village, 
trench along the field 
road, h = 405 m above 
sea level  

Herb-wheat grass 
derivative plant 
community in sandy 
steppe / Elytrigia 
geniculata (Trin.) 
Nevski, Elytrigia repens, 
Atriplex fera (L.) Bunge, 
Artemisia commutata, 
Galium verum, Medicago 
falcata L., Vicia  
cracca L. 

Sand 30 3 

T. minussinensis 22 Republic of Khakassia, 
Altay District, 
surroundings of Belyi Yar 
village, plain, h = 300 m 
above sea level  

Big Bunchgrass-thyme 
sandy steppe /  
T. minussinensis, Festuca 
valesiaca, Stipa 
capillata, Agropyron 
cristatum, 
Chamaerhodos erecta 
(L.) Bunge, Artemisia 
frigida, Veronica incana 

Sand 60 25 

 
Note: CP is coenopopulation; TPCD is total projective cover degree of herbage; PCD is projective cover degree of 

the species. 
 

Results 
 
The study of thymes distribution in the southern 

Siberia showed that a wide range of ecological and 
cenotic growing conditions with specific features of 
the relief and substrate is characteristic for the spe-

cies. The morphological mechanism of species adap-
tation to habitat was the emergence of a variety of life 
forms and types of ontogenesis. It has been estab-
lished that three types of biomorphs are formed in 
species of the genus Thymus in the southern Siberia. 
Their brief characteristics are presented in Table 2. 

Table 2 

Characteristic of Thymus individuals with different biomorphs 

Features Monocentric Implicitly polycentric Polycentric 
Life cycle g2, year 10–20 1–2 2–3 
g2 diameter of the individual, cm 15 (shrub with above – 

ground root system) –  
150 (cushion–shaped) 

20–30 40–70 

Distance from the primary shoot to 
a new center of anchoring, cm – 1,5–15 3–45 

Number of particulation formations un-
der complete disintegration  
of the individual, plants 

– up to 16 up to 90 

Onset of vegetative reproduction – g2 g1 (v) 
Rejuvenation of ramets – up to g1 up to im 

 
1. Monocentric vegetative-immobile biomorph. 

Typical for the shrub T. baicalensis and semishrubs 
T. marschallianus Willd., T. roseus Schipcz. In the 
petrophytous steppes at the tops of the hills, in the 
conditions of a lack of substrate, moisture and strong 

winds action, the species represent an aerial shrub; 
under the same conditions along the hillslopes they 
acquire a humistratous form [25]. In the conditions of 
sandy steppe on the mobile substrate T. baicalensis a 
cushion-shaped life form develops (Foto 1) [26]. 
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Photo 1. T. baicalensis in sandy steppe (deflationary surface) 

 
For adult individuals of vegetative-immobile 

biomorphs the following is typical: preservation of 
the main root until the complete dying of the indi-
vidual; physical connection of the primary shrub 
with the partial ones; weak vegetative outgrowth. 
Individuals ontogenesis of all species, according to 
L. A. Zhukova’s classification [27], corresponds to 

ontogenesis of taproot polycarpous plants and is 
characterized by the duration of the generative 
state up to 20 years; possible senile particulation in 
the old generative state; self-maintenance of the 
coenopopulations only by the seed reproduction 
(Fig. 1). 

 

 
Fig. 1. Ontogenesis of the Thymus baicalensis individuals of seed origin, vegetative-immobile biomorph:  

 – vegetative shoot,  – generative shoot,  – lignified part of the shoot,  – green portion of the shoot,  

 – approximate nodes,  – scattered nodes,  – adventitious root,  – soil level; 1 – composite 
monopodial-sympodial skeletal axis, 2 – dead portion of the shrub; ontogenetic states: j – juvenile, im – immature, 

v – virginile, g1 – young generative, g2 – mature generative, g3 - old generative, ss – subsenile 
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2. Implicitly polycentric vegetative-semi-
mobile biomorph. Typical for the shrubs T. al-
taicus, T. elegans, T. iljinii, T. mongolicus, T. pet-
raeus Serg., T. proximus, T. schischkinii Serg.,  
T. sibiricus and semishrubs T. jenisseensis, T. da-
huricus Serg., T. roseus (Foto 2). It is formed in 
the mountain and plain steppes on a static sub-
strate. For adult individuals it is typical: preserva-
tion of the main root, weak vegetative outgrowth 
and reproduction, slow territory expansion due to 
the close location of partial structures to the prima-

ry shrub (no more than 15 cm). The ontogenesis of 
individuals is complete, complex and consists of on-
togenesis of the seed individual and ramets (Fig. 2). 
Vegetative reproduction is irregular, begins in the 
middle of ontogenesis with the formation of super-
ficially rejuvenated ramets. Self-maintenance of 
the coenopopulation is mixed. The ontogenesis of 
individuals of the vegetative-semi-mobile bio-
morph corresponds to the ontogenesis of monopo-
dial short-rhizomatous grass described by  
V. A. Cheryomushkina and T. V. Leonova [28]. 

 

 
Photo 2. T. jenisseensis in meadow steppe 

 

 
Fig. 2. Ontogenesis of the Thymus jenisseensis individuals of seed origin, vegetative-semi-mobile biomorph  

(1 – detached partial shrub, 2 – branched generative shoot, p – sprout, the rest of the symbols  
are the same as in Fig. 1) 

 
3. Explicitly polycentric vegetative-mobile bi-

omorph. Typical for shrubs T. iljinii, T. mi-
nussinensis and semishrubs T. krylovii, T. roseus 

(Photo 3). It is formed in the steppes in conditions 
of a flexible sandy substrate and is characterized 
by the main root dieback in the old generative 
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state; intensive vegetative outgrowth; increase of 
distance between the primary shrub and the partial 
shrub (up to 45 cm); intensive expansion of new 

areas of the territory. The ontogenesis of individu-
als is complete, complex, consists of ontogenesis 
of the seed individual and ramets (Fig. 3).  

 

 
Photo 3. T. minussinensis in sandy steppe 

 
Vegetative reproduction is regular, with the 

formation of deeply rejuvenated ramets. Self-
maintenance of the coenopopulation is carried out 
mainly vegetatively [29]. The ontogenesis of indi-
viduals corresponds to the ontogenesis of long-
rhizomatous plant species according to the classifi-
cation of L. A. Zhukova [27]. 

The study of the development of ten species of 
thymes of different biomorphs made it possible to 
reveal their biological features, which determine 
the type of characteristic ontogenetic spectrum of 
coenopopulations. 

 

 
Fig. 3. Ontogenesis of the Thymus iljinii individuals of seed origin, vegetative-mobile biomorph  

(1 – dying portion of the shrub and the main root, partial shrub, the portion of the individual is represented in g2,  
s is senile ontogenetic state, the rest of the symbols are the same as in Fig. 1 and Fig. 2) 



 

 E. B. Talovskaya, V. A. Cheryomushkina Page 10 from 18 

Vol. 2 (3), 2017 

Characteristic ontogenetic spectrum of vegeta-
tive-immobile T. baicalensis has a centered type, it 
is determined by such biological signs as: a pro-
longed, mature generative state of individuals; only 
the seed method of reproduction. The explored 
coenopopulations of T. baicalensis are normal, the 
most are not full-membered (Table 3). In coeno-
populations 2, 4, 5 there are no individuals of ju-
venile, immature, senile conditions, and in coeno-
population 3 there are also no individuals of the 
subsenile state. In coenopopulations 2–4 the bio-

logical properties of the species appear, and as a 
consequence, the spectrum of specific coenopopu-
lations coincides with the distinctive centered type. 
Coenopopulation 2 is located on a slope in the fes-
cue-sedge true petrophytous steppe on a fine-
grained substrate. Due to the lodging and rooting 
of skeletal axes, individuals spread out and form 
solid clusters. Due to irregular seed propagation, 
wind erosion of seeds and undergrowth from the 
slope of the pregenerative fraction individuals in 
these clusters is insignificant. 

Table 3 

Distribution of the Thymus individuals by ontogenetic group  
and ecological density of their coenopopulation 

Species № CP Ontogenetic groups, % Pecol j im v g1 g2 g3 ss s 
Vegetative immobile biomorph 

T. baicalensis 

1 0.3 1.8 13.1 37.3 33.5 8.3 5.4 0.3 37.3 
2 – – 9.5 26.6 39.9 15.8 8.2 – 10.2 
3 – – 1.0 34.6 47.3 17.1 – – 3.0 
4 – – 7.7 25.6 34.6 28.8 3.3 – 2.5 
5 – 0.5 4.0 34.7 20.1 35.7 5.0 – 1.9 

Vegetative–semi–mobile biomorph 
T. altaicus 6 2.4 4.0 19.3 31.0 19.0 16.3 7.0 1.0 100.3 
T. elegans 7 – 3.8 20.6 25.4 13.7 22.8 8.4 5.3 13.1 
T. iljinii 8 3.5 16.5 8.2 20.0 14.2 25.9 10.6 1.1 8.5 

T. jenisseensis 

9 1.7 7.4 23.0 35.1 17.0 10.7 5.0 – 130.5 
10 1.8 5.7 24.6 30.2 17.0 5.6 14.2 0.9 10.6 
11 – 3.6 16.1 28.4 7.1 9.0 32.2 3.6 14.1 
12 – 2.5 11.0 15.3 8.1 22.0 33.9 7.2 15.7 
13 15.6 7.8 23.4 30.9 14.9 6.5 0.6 0.3 61.6 

T. mongolicus 
14 0.3 0.8 24.2 38.8 13.9 14.7 6.5 0.8 88.3 
15 0.2 7.3 21.1 22.9 10.2 11.2 25.4 1.6 87.3 
16 – 0.9 19.4 36.8 23.5 6.8 12.6 – 28.3 

T. proximus 17 – 15.3 10.3 23.6 5.3 23.5 18.6 3.4 20.3 
T. sibiricus 18 – 10.2 28.6 20.4 10.2 24.5 4.1 2.0 49.3 

Vegetative–mobile biomorph 
T. iljinii 19 – 8.0 10.4 38.6 22.2 18.4 1.9 0.5 21.2 

T. krylovii 20 10.7 20.7 8.6 10.7 6.0 28.7 12.0 2.6 15.0 
21 2.3 9.9 29.4 16.8 7.2 22.5 7.9 4.0 23.3 

T. minussinensis 22 1.6 8.3 6.3 21.7 7.2 29.5 21.9 3.5 114.0 

Note: Рecol is ecological density. 
 
Coenopopulations 3 and 4 are investigated on 

deflation plains in sandy steppes, where a large 
amount of sand is annually winnowed. Together 
with sand the seeds of T. baicalensis are trans-
ferred. Solid clusters are formed in separate areas 
however the outlines of one individual become in-
visible. Ontogenetic spectra of coenopopulations  
1 and 5 differ from the characteristic one. Coeno-
population 1 is studied in the petrophytous steppe 
on the top of the hill, where the individuals of  
T. baicalensis do not form solid clusters and are 
located in the crevices of large stones. Their onto-
genetic spectrum of coenopopulation is left-sided 

with a maximum on individuals of the young gen-
erative state. 

Lack of substrate and high total projective cov-
er degree (60 %) leads to the fact that young  
T. baicalensis individuals develop and remain un-
der the canopy of mature maternal shrub or other 
species and accumulate in the coenopopulation. 
The life form of the plant is finally formed till the 
mature generative state, the features of the life 
form (all shoots are perennial rosettes, the shrub 
with above ground root system, small sizes up to 
20 cm) allow individuals to adapt to conditions at 
the top of the hills and to survive. In this regard, 
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the proportion of individuals of a mature genera-
tive state in coenopopulation is also high. The lat-
ter indicates that the left-side type of the spectrum 
is a temporary variant of the centered type. 

In coenopopulation 5 a bimodal type of spec-
trum is set in the sandy steppe, with a predomi-
nance of young and old generative states almost 
equally. Low totalprojective coverage (25 %), free 
substrate, seed regeneration contribute to the ac-
cumulation of individuals of pregenerative state in 
coenopopulation. In this case the individuals do not 
form solid clusters, but are situated in such a way 
that it is possible to determine the boundaries of 
one individual. The accumulation of individuals of 
the old generative state indicates the existence of 
two waves of development of the coenopopulation: 
emergence of a new population wave before disap-
pearance of the old one. 

The species of vegetative-semi-mobile bio-
morphs (T. altaicus, T. elegans, T. iljinii, T. mon-
golicus, T. proximus, T. sibiricus, T. jenisseensis) 
have left-sided type of characteristic ontogenetic 
spectrum, which is determined by vegetative prop-
agation in the middle of ontogenesis, ramets are re-
juvenated for one state, the duration of the young 
generative state ranges from 1 to 3 years, and the 
duration of mature generative state – 1–2 years, 
self-maintenance of coenopopulations is carried 
out by seed and vegetative means. Investigation of 
thirteen coenopopulations showed that they are all 
normal, most of them are full-membered (Table 3). 
However, ontogenetic spectra of specific coeno-
populations are of three types: left-sided, bimodal 
and right-sided. 

The left-sided type of ontogenetic spectrum 
with maximum per group of young generative in-
dividuals is described in coenopopulations 6, 9, 10, 
13, 14 and 16. The accumulation of young genera-
tive individuals in all coenopopulations is provided 
by seed and vegetative reproduction. The correlation 
between individuals of seed and vegetative origin in 
coenopopulation does not exceed 1 : 2. Coenopopu-
lation 6 is located in the true steppe, where  
T. altaicus is dominant, projective cover degree of 
the species is 10 %. A high abundance of individu-
als of undergrowth is noted in the free areas of the 
substrate and close to the maternal shrubs. Similar 
behaviour is typical for T. mongolicus in coeno-
population 14 located in the petrophytous steppe. 
Coenopopulations 9 and 10 T. jenisseensis are in-
vestigated along the river banks on a sandy sub-
strate. High humidity of the substrate promotes in-
tensive growth of individuals (diameter of crumbly 
clone up to 50 cm) and seed renewal. Some of the 
ramets are deeply rejuvenated to the immature 
state. At the same time, not only the rejuvenated 
ramets are separated from the maternal shrub, but 
also the old parts of the shrub that later quickly die. 

In coenopopulation 13 located in the highlands on 
the cobble of the temporary river-bed, T. jenis-
seensis individuals have the vegetative outgrowth 
and weak propagation (diameter up to 20 cm,  
the number of partial shrubs in the structure of the 
individual up to 3). The latter occurs rarely and is 
mainly due to external factors (grazing).  
The method of self-maintenance of coenopopula-
tion is predominantly seed. With regular seed mul-
tiplication and the presence of a free substrate,  
the correlation between genets and ramets in coe-
nopopulation is 1 : 0.1. 

The bimodal ontogenetic spectrum was detected 
in coenopopulations 7, 8, 11, 15, 17, 18. In most 
coenopopulations the maximum in the spectrum 
falls on the same ontogenetic groups. The peak in 
the left part of the spectrum is mainly on the group 
of young generative individuals and only in coeno-
population 18 it is on the virginile ones, on the 
right side of the spectrum the peak is formed on the 
individuals of the old generative state, except coe-
nopopulation 15, where the subsenile individuals 
predominate. The accumulation of young individu-
als in coenopopulation is associated with an in-
crease of vegetative reproduction, which begins in 
the young generative state. The ratio of individuals 
of seed and vegetative renewal increases and 
reaches 1 : 19. A low proportion of seed individu-
als in coenopopulation is connected with irregular 
seed renewal and low viability of undergrowth in 
the early stages of ontogeny. Appearing in June, 
most of them do not survive until August and die. 
According to our observations, by the end of sum-
mer only 2–3 spouts out of 10 remain. The accu-
mulation of old specimens in most of the coeno-
populations is connected with grazing in the 
habitats of the species under study or with the flex-
ibility of the rocky substrate. This contributes to 
the mechanical damage to the skeletal axes of the 
maternal individuals and, as a result, to intensive 
particulation with the formation of old individuals, 
the number of which practically coincides with the 
number of young individuals. In coenopopulation 
15 the particulation of adult individuals is en-
hanced by the winnowing of the sandy substrate, 
that leads to the exposure of the skeletal axes and 
their drying out. In coenopopulation 11 T. jenis-
seensis the absolute maximum of the spectrum 
falls on a group of subsenile individuals, local – on 
a group of young generative. 

The right-sided ontogenetic spectrum is de-
scribed in coenopopulation 12, in which the accu-
mulation of individuals of the subsenile state takes 
place. Stony substrate, the competition of species 
in the community with a lack of moisture reduces 
the viability of undergrowth, leads to inhibition of 
adult thyme individuals and their intensive particu-
lation. The formed ramets are slightly rejuvenated, 
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they are in both young and old conditions. Under 
these conditions, in the majority of individuals on-
togenetic polyvariety is found, which is revealed 
by the reduction of generative period duration or 
by its omission. Thus, individuals of the virginile 
ontogenetic state, passing the generative period, 
proceed into the subsenile state [30]. 

The characteristic ontogenetic spectrum of coe-
nopopulations in the species of vegetative-mobile 
biomorph (T. iljinii, T. minussinensis, T. krylovii), 
as well as in the vegetative-semi-mobile, is left-
sided. But accumulation of young individuals in 
coenopopulation is in a greater degree caused by 
regular vegetative reproduction, deep rejuvenation 
of the ramets (to the immature state), predomi-
nance of the vegetative method of self-
maintenance of cenopopulation. The ratio of genets 
and ramets in coenopopulation can reach 1 : 42. 
Analysis of ontogenetic spectra of coenopopulation 
19–22 showed that they are all normal, most of 
them are full-membered and only in coenopopula-
tion 19 the type of ontogenetic spectrum coincides 
with the characteristic one. The maximum of spec-
trum falls on a group of young generative individ-
uals mostly of vegetative origin. However, in coe-
nopopulation 19 along with vegetative 
reproduction there is also an irregular seed repro-
duction. Thus, most of the juvenile and immature 
individuals are of seed origin. They are located 
near the maternal shrub. In the future, such a 
neighborhood leads to the inhibition of individuals’ 
undergrowth due to lack of resources and high 
competition. If there is free substrate some of them 
persist and undergo complete ontogenesis. In con-
nection with this, individuals of seed origin in the 
later ontogenetic states in coenopopulation are 
found very few in number. In coenopopulatons  
20–22 accumulation of old generative individuals 
is typical along with a large number of young indi-
viduals. Moreover, in coenopopulations 20 and 22 
their strong predomimance is noted. The ontoge-
netic spectra of these cenopopulations do not coin-
cide with the characteristic one and are bimodal. 
The formation of the second peak on the right side 
of the spectrum in coenopopulation 20 is connect-
ed with a high total projective coverage of grass 
stand (up to 90 %), in coenopopulation 22 – with a 
high sample plot of the species (up to 25 %).  
In both cases young individuals are oppressed and 
quickly proceed to the old state. Cenopopulation 
21 is studied in the herbage and Agropyron repens 
plant community subjected to periodic anthropo-
genic impact. In this coenopopulation individuals 
of seed origin occur very few in number. Regular 
damage of the skeletal axes increases the vegeta-
tive reproduction of individuals, as a result of this, 
partial formations (partial shoots and shrubs) of 

different ontogenetic states are separated from the 
maternal individuals, most of them are the ramets 
of the virginal ontogenetic state. The absolute max-
imum of the spectrum falls on the group of indi-
viduals of this state. Also a part of the shrub with 
dying shoots and skeletal axes is quickly separated 
from the maternal individual in case of mechanical 
damage. Separated partial shrubs are in the old 
generative state. The second local maximum in the 
spectrum provides their accumulation in coeno-
population.  

 
Discussion 

 
Using many species of plants it has been shown 

that the type of biomorph and the process of onto-
genesis need a wide variety of conditions to remain 
unchanged [19, 31–34]. Moreover, the authors note 
that stability of biological features in the species 
retains the main patterns of ontogenetic structure 
of their coenopopulations in various habitats, de-
termining the type of characteristic spectrum  
[23, 35–47]. The type of characteristic ontogenetic 
spectrum is an important feature of the CP that 
points to its stability. Based on the data on struc-
ture 22 of the CP of thyme plants of different bio-
morphs it has been ascertained that the features, 
determining the type of characteristic spectrum, 
are: dominant way of reproduction, period of the 
onset of vegetative reproduction, the degree of re-
juvenation and vital ability of particules, the length 
of mature generative ontogenetic state. Among the 
studied CP ontogenetic spectra almost half of them 
coincide with the typical type. A change in the 
spectrum of particular CP in the species of the ge-
nus Thymus is due to peculiarities of the ecotype 
and polyvarience of the species' development [30]. 
Previously it has been reported that polyvarience 
of the development of the species of the genus 
Thymus in Siberia is seen in alteration of biomorph 
within the same species (T. iljinii), in a change of 
the prevalent method of reproduction and shorten 
period (or absence) of generative period [30, 38, 
39]. According to L. B. Zaugolnova [23] polyvari-
ence of the development of the individuals of the 
species leads not only to a change in their biologi-
cal features and demographic structure of the CP, 
but also allows us to predict the type of the onto-
genetic spectrum, typical of the species. 

Based on the study performed and the results ob-
tained earlier [39–41] the features of stable state in 
the CP are identified in the species of the genus Thy-
mus in the southern Siberia. Characteristic of these 
features is given in Table 4. It was found that stable 
states are achieved only in seven CPs (2–4, 6, 9, 14, 
19), the states of the other CPs tend to be stable. 
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Table 4 

Features that affect stability of the coenopopulations in the Thymus species  
of the different biomorph types 

Factor 

The type of biomorph 

monocentric 
(T. baicalensis) 

implicitly polycentric 
(T. altaicus, T. elegans,  
T. iljinii, T. jenisseensis,  

T. mongolicus, T. proximus,  
T. sibiricus) 

polycentric 
(T. krylovii, T. iljinii, 

T. minussinensis) 

Substrate mobility immobile (mountain top 
and slope), mobile  
(deflation plain) 

immobile mobile 

Effect of anthropogenic 
factors 

absent casual moderate 

The pattern of spatial  
distribution 
of the individuals  
in the CP 

uniform uniform uniform 

Vegetative mobility  
of the individuals 

vegetative immobile vegetative semi-mobile vegetative mobile 

Capacity of the 
individuals 

high high high 

The way of reproduction 
of the CP 

seed reproduction mixed (vegetative and seed 
reproduction) 

Vegetative 
reproduction  
is predominant 

CP state normal, complete  
(a lack of juvenile  
and senile individuals  
is possible) 

normal, complete 
(a lack of juvenile  
and senile individuals 
is possible) 

normal, complete  
(a lack of juvenile  
and senile individuals 
is possible) 

Ecological density  
of the CP 

mean values  
(cushion-shaped  
shrub ˂2 individuals/m2, 
shrub ≥10 individuals/m2) 

mean values  
(≥50 individuals/m2) 

mean values  
(≤23 individuals/m2) 

Type of characteristic 
ontogenetic spectrum 

centered left-sided (max g1) left-sided  
(max im, v, g1) 

Other features for species 
of particular biomorph 

Boundaries  
of the individuals  
are not overlapped 

Boundaries of the individuals 
are partially overlapped 

Boundaries  
of the individuals  
are overlapped 

 
Most of the studied CPs of monocentric vegeta-

tive immobile T. baicalensis are in stable state (CP 
2–4). Nevertheless, the individuals of the species 
do not form clusters. In petrophytous steppes they 
grow in cracks of the big stones, develop under the 
canopy of mature native shrubs and other species. 
In sandy steppes the T. baicalensis individuals 
grow so that it is possible to detect their forms. 

In the species of implicitly vegetative-semi-
mobile biomorph only 3 CPs are in the stable state 
(CP 6 – T. altaicus, CP 9 – T. jenisseensis, CP 14 – 
T. mongolicus).Their habitats are associated with 
steppe plant communities on static substrate, an-
thropogenic effect (grazing), rock sloughing from 
the nearest slopes, intensive deflation on tops are 
possible. Growing on the plain areas, the individu-
als of the species form continuous clusters (ecolog-
ical density of coenopopulations reaches 130,5 in-
dividuals per m2). On the hilltop the individuals 
grow separately in cracks of the big stones (ecolog-
ical density of coenopopulations does not exceed 

8,5 individuals per m2). On the hillslopes, where 
wind intensity decreases, the presence of fine earth 
substrate, accumulation of snow cover and mois-
ture in the lower part of the slope, the number of 
thyme individuals in clusters increases from the 
top to the foot of the slope (from 4 up to 50 indi-
viduals per m2). The state of the other 10 CPs 
(T. elegans, T. iljinii, T. jenisseensis, T. mongol-
icus, T. proximus, T. sibiricus) tends to be stable. 
These coenopopulations are ussually observed on 
the hilltop and are exposed to regular grazing or 
under conditions of insufficient moisturizing. 

Population behavior of vegetative-mobile spe-
cies is different. In most habitats, they form con-
tinuous clusters. Features that determine stable 
state of the CP correspond, basically, to the fea-
tures of stable state of the CP of vegetative-semi-
mobile species. But due to intensive vegetative 
propagation and reproduction of the species (up to 
90 partial formations are formed in the structure 
within one mother species) competition between 
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them increases, spatial distribution сhanges leading 
to alteration in the CP state. It was found that old 
individuals were predominant in the CP when high 
total projective cover degree was high. Grazing in 
this case is a favorable factor, since old thyme in-
dividuals and other plant species are poached and 
free parts of substrate appear. 

CP 19 of T. iljinii located in thyme-feather 
grass sandy steppe under conditions of moderate 
grazing reaches stable state. Coenopopulations  

20–22 in derivative communities and in steppes 
with high total projective cover degree TPCD do 
not reach stable state. 

Generalization of the data obtained on biology 
and the state of cenopopulations of thymes in the 
South of Siberia enabled us to assign some variants 
of their population behavior, which could be ex-
trapolated on the other types of species Thymus 
with similar types of biomorphs (Table 5). 

Table 5 

A few examples of population behavior of the species of the genus in the southern Siberia  

Type  
of biomorph Specific features of the ecotope Specific features 

of ontogenesis 

Predominant 
ontogenetic group  
of the individuals 

The type  
of a spectrum  

of the particular CP 

Monocentric 

petrophytous steppes of plains 
and on the hillslopes  

in accord  
with the type 
of biomorph 

g2 identified as centered 
characteristic 
ontogenetic spectrum  

petrophytous steppes on hill 
tops, a lack of substrate 

in accord  
with the type 
of biomorph 

g1 Left-sided (temporary 
version) 

Sandy steppes with low TPCD  in accord  
with the type  
of biomorph 

individuals of pre- 
and post-generative 
group 

bimodal (two wave 
spectra of the 
development) 

Implicitly 
polycentric 

Plain true steppes, high 
mountain petrophytous steppes  

in accord  
with the type  
of biomorph 

g1 identified as lef-sided 
characteristic 
ontogenetic spectrum 

Plant communities under 
conditions of grazing or moving 
stony (sandy) substrate  

intensification  
of particulation  

g1 (v) и g3 (ss) bimodal 

mountain petrophytous steppes, 
a deficiency of the substrate 
and high TPCD 

reduction  
in duration 
(or jump)  
generative period 

ss right-sided 

Explicitly 
polycentric 

Plain sandy steppe in accord  
with the type  
of biomorph 

g1 identified as lef-sided 
characteristic 
ontogenetic spectrum 

mountain petrophytous steppes 
and plain sandy steppes  
with high TPCD or PC  

reduction  
in duration  
(or jump)  
generative period 

g1 and g3 bimodal 

Plant communities under 
anthropogenic effect  

intensification  
of particulation 

v and g3 bimodal 

 
The results obtained confirm the statement of  

E. E. Gogina [9] that due to dissemination and rec-
lamation of the areas with wide spectrum of habitat 
Thymus plants obtained new plasticity and created 
the mechanisms of adaptation both at organism and 
population levels: change of vital form, vegetative 
mobility and reproduction, polyvarience of ontog-
eny, high ecological density, increase of survival 
ability of young individuals due to overgrazing of 
the old ones. 

 
Conclusions 

 
In the southern Siberia the species of the genus 

Thymus showed a variety of the types of bio-

morphs (monocentric vegetative-immobile, implic-
itly polycentric vegetative-semi-mobile, explicitly 
polycentric vegetative-mobile) and ontogenesis.  
It has been determined that implicitly vegetative- 
semi-mobile biomorph is formed in most species. 
Biological specific features of implicitly vegeta-
tive-semi-mobile and explicitly polycentric vegeta-
tive-mobile types of biomorphs (vegetative propa-
gation, rejuvenation of ramets, self-maintenance of 
coenopopulation with the seed and vegetative 
ways) identify the left-sided type of the character-
istic spectrum, of monocentric (long mature gener-
ative state of the species; only seed way of repro-
duction) – the centered one. Among  
10 types studied only in 7 coenopopulations from 
22 the type of ontogenetic spectrum coincides with 
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the characteristic one. The difference between on-
togenetic spectra of the most studied coenopopula-
tions from the characteristic type is associated with 
polyvarience of the individual development and 
peculiarities of the ecotype. 

For thyme plants of various biomorphs we have 
defined environmental factors of the habitats (mo-
bility of the substrate, grazing) and the features  
(spatial distribution of the individuals in the CP, 
vegetative mobility and capacity of the individuals, 
the way of self-maintenance in the CP, the state of 

the CP, ecological density of the CP, the type of 
characteristic ontogenetic spectrum) that affect 
stable state of the CP. On the basis of the above, it 
has been ascertained that most of the studied CPs 
in the territory of the southern Siberia do not reach 
stable state. A comparative analysis of the data ob-
tained allowed us to give a few examples of the 
population behavior which could be extrapolated 
on the other types of the species Thymus with simi-
lar types of biomorphs. 
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