
Botanica Pacifica. 2023. 12(2):64–72      (This article belongs to the Special Issue dedicated to the memory of Alexey Shipunov)
DOI: 10.17581/bp.2023.12s04

64 © The Author(s). 2023  Open Access  (CC) BY-NC license: https://creativecommons.org/licenses/by-nc/4.0/

A B S T R A C T
Cypripedium calceolus L., C. macranthos Sw. and C. ventricosum Sw. are rare Eurasian or-
chid species, whose habitats are poorly studied in Siberia. In this paper, we describe 
55 sympatric and 10 separated populations of  the three species, located in Russia 
within Republic of  Buryatia, Irkutsk Region, Krasnoyarsk Territory, and Repub-
lic of  Altai. Cypripedium macranthos plants dominated the most of  the sympatric 
populations. Vegetation surveys were performed in all localities, and the collected 
data were analyzed using the IBIS software. We applied the phytoindication scales 
elaborated by Tsatsenkin and his colleagues for ecological indicator value analysis. 
The Cypripedium populations were characterized by high floristic diversity of  their 
habitats; however, all of  them were found in areas where both canopy density and 
ground cover were low. In the most of  the separated populations, ontogenetic 
spectra of  Cypripedium species corresponded to the base spectrum with a predomi-
nance of  the adult vegetative and reproductive shoots. 
Keywords: Cypripedium, types of  plant communities, sympatric populations, separated 
populations, Tsatsenkin phytoindication scales, partial shoot, ontogenetic stages

Р Е З Ю М Е
Железная Е.Л., Зверев А.А., Степанцова Н.В. Фитоценотическая ха-
рактеристика и структура ценопопуляций редких видов Cypripedium 
в Сибири. Cypripedium calceolus L., C. macranthos Sw. и C. ventricosum Sw. – редкие 
евразийские виды орхидей, местообитания которых в Сибири мало изуче-
ны. В данной работе мы описываем 55 симпатрических и 10 изолированных 
популяций этих видов, расположенных на территории Республики Буря-
тия, Иркутской области, Красноярского края и Республики Алтай. Растения 
C. macranthos доминировали в большинстве симпатрических популяций. Во 
всех местообитаниях были проведены геоботанические описания, а собран-
ные данные проанализированы с помощью программного обеспечения 
IBIS. Проведена фитоиндикационная оценка местообитаний по экологиче-
ским шкалам И.А. Цаценкина и др. с помощью интегрированной ботаниче-
ской информационной системы IBIS v.7.2. По результатам оценки местоо-
битаний по полному флористическому составу они хорошо географически 
разделились, однако сомкнутость крон и общее проективное покрытие яру-
сов, так же, как и экологические характеристики в местообитаниях, оказа-
лись сходными. В большинстве изолированных популяций онтогенетиче-
ские спектры соответствовали базовому спектру с преобладанием взрослых 
вегетативных и генеративных побегов.
Ключевые слова: Cypripedium, основные типы фитоценозов,  симпатрические це-
нопопуляции, изолированные ценопопуляции,  экологические шкалы Цаценкина, 
парциальный побег, онтогенетические состояния
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Habitats and population structure 
of rare orchids from the genus 
Cypripedium in Siberia

Cypripedium calceolus L., C. macranthos Sw., and C.  ventri­
cosum Sw. are rare orchid species included in the Red Data 
Book of  Russian Federation (Trutnev 2008) and several 
regional Red Data Books (Gaikova et al. 2010, Pronin 2013, 
Maneev et al. 2017, Stepanov 2022). In Russia, C. calceolus 
is distributed in the forest zone of  the European part 
of  the country, in the Urals, in Southern Siberia and in 
the Far East of  Russia. C. macranthos occurs in European 
Russia (only few localities), the Urals, Southern Siberia, and 
also in the Far East of  Russia (Vakhrameeva et al. 2008). 
C.  ventricosum (an interspecific hybrid between C.  calceolus 
and C. macranthos) occurs in areas where the parent species 
ranges overlap (Averyanov 1999). Populations of  C. calceolus 
and C. macranthos can grow both isolated from each other, 
and in sympatric populations, which are especially common 
in the Urals, Southern Siberia, and in the Far East. The den
sity of  individual plants in the populations of  these three 

rare species in different parts of  their ranges varies from 
single individuals per 0.1 m² (such coenopopulation loci are 
found in each of  the studied species) to 21 024 shoots in 
the population of  C. macranthos within an area of  0.24 ha in 
Yakutia (Afanas’eva & Danilova 2011) or 600 000 shoots in 
a population of  C. calceolus within an area of  107.7 ha in the 
Vladimir Region (Sergeev et al. 2013). The most numerous 
populations of  C. calceolus, C. macranthos, and C. ventricosum 
are concentrated on soil rich in calcium, typical for rich 
fens, limestone slopes, and quarries (Vakhrameeva et al. 
2008). In particular, this is due to the fact that Cypripedium 
is a phytocoenotic and ecotopic patient (stress tolerant) 
(Zaugolnova et al. 1992) intolerant to competition of  other 
herbs when growing in swamps, screes, and overgrown 
quarries. In coniferous, mixed coniferous-broad-leaved, 
broad-leaved, small-leaved, and mixed coniferous-small-
leaved forests, as well as in transitional mires, Cypripedium 
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populations are dominated by adult vegetative and 
generative plants (Tatarenko 1996, Ishmuratova et al. 
2003, Bychenko 2010, Barabantsova & Berdnikova 2017, 
Fardeeva et al. 2020, 2022). Tatarenko (1996) gives a basic 
spectrum of  0 % : 8 % : 44 % : 48 % (j  :  im  : v  : g) for 
populations of  C.  calceolus and C.  macranthos. It indicates 
the predominance of  vegetative reproduction, as there are 
no juvenile plants, and the immature ones may also have 
vegetative origin. However, Fardeeva et al. (2022) identified 
three types of  basic age spectra for C. calceolus: 1) centered 
(3 : 11 : 47 : 40), the most common in the European part 
of  the Russia; 2) bimodal (15 : 26 : 33 : 26), predominantly 
found in western regions; 3) right-sided (0 : 3 : 13 : 82 : 2) (j 
: im : v : g : s) which manifests in the continental climate of  
the eastern regions of  European Russia. In C. calceolus, the 
predominance of  juvenile (up to 58 %) and/or immature 
(up to 52 %) plants was observed only in populations on 
river valley slopes with sparse moss and grass cover (Puch
nina 1999), in peatmoss pine forests (Ishmuratova et al. 
2003, Fardeeva et al. 2022), or in swampy habitats and 
limestone outcrops (Teteryuk 2003). This indicates a fairly 
active seed renewal along with the vegetative reproduction, 
provided there is no competition from other plants and 
the luminosity is optimal. Our goals were to find out the 
types of  phytocoenoses with sympatric populations and to 
evaluate the interaction of  different species therein. 

The objectives of  our study included: 1. To identify 
the main types of  plant communities with populations of  
C. calceolus, C. macranthos, and C. ventricosum; 2. To assess the 
habitats of  these species using the phytoindication scales; 
3. To compare numbers, ontogenetic structure, and average 
density of  all counting units in sympatric and isolated popu
lations of  the studied species in the established temporary 
plots within different community types.

M A T E R I A L  A N D  M E T H O D S
The studies were carried out in 2009 and 2011 in the south 

of  the Krasnoyarsk Territory, in 2010, 2013 and 2014 in the 
Irkutsk Region and in the Republic of  Buryatia, and in 2012 in 
the Altai Republic. Most of  the research was carried out in the 
Altaiskiy, Barguzinskiy and Baikalo-Lenskiy Nature Reserves, 
and in the Shushenskiy Bor National Park (Table 1). In total, 
55 sympatric and 10 isolated populations were studied.

For each study area, several (3–10) 10×10 m temporary 
plots were set. We made a complete vegetation relevé in each 
plot, following the Braun-Blanquet (1964) recommmenda
tions. Mediate ecological assessment of  habitats was carried 
out using phytoindication scales of  Tsatsenkin et al. (1978) 
in the integrated botanical information system IBIS v.7.2 
(Zverev 2020). The geobotanical plots were ordinated by 
DCA (Hill & Lewicki 1979). Cypripedium habitats were com
pared by DCA ordogram for the complete floristic com
position (including forest layers), and by evaluating distri
bution of  ecological optima in the axes of  soil moisture 
and nutrient content factors according to the Tsatsenkin 
scales. The figures were compiled in PAST 4.13 software 
(Hammer et al. 2001).

To study the ontogenetic and spatial structure of  popu
lations, temporary study plots were established within phy

tocoenoses using a tape measure, pegs and GPS. The sizes 
of  the plots varied depending on the area occupied by the 
population.

In population-ontogenetic studies of  rhizomatous spe
cies C. calceolus, C. macranthos, and C. ventricosum, an above
ground shoot or ramet serves as a phytocoenotic counting 
unit (Zaugolnova et al. 1988).

Ontogenetic stages were identified according to generally 
accepted methods (Rabotnov 1950, Uranov 1975, Gatzuk et 
al. 1980, Zaugolnova et al. 1988, Tatarenko 1996, Bychenko 
2004, Zheleznaya 2009). Following the latter, the ontogeny 
of  an individual plant is divided into 4 periods and 9 stages: 
I. Latent period (seed); II. Pre-reproductive period (seedling, 
juvenile (j), immature (im), mature vegetative (v)); III. 
Reproductive period (young, mature and old reproductive 
(g)); IV. Post-reproductive period (senescent (s)). The senile 
period is rarely specified for orchids, because plants often die 
off  after the last flowering. It is also difficult to distinguish 
a senile plant from a young vegetative plant with reduced 
vitality visually when observing only its aboveground part 
(Vakhrameeva et al. 2008).

Climate data were taken from the AISORI database 
(Veselov et al. 2022).

R E S U L T S
Cl imatic  parameters

Since the studied populations of  Cypripedium were lo
cated more than 2000 km from each other (Fig. 1) (Zhelez
naya 2015), it was assumed that the structure of  populations 
and morphometric parameters of  plants are influenced by 
climatic features and phytocoenotic environment. The fol
lowing were chosen as the main climatic parameters: du
ration of  the period with air temperatures above 10°C, 
degree days 10°C, and total annual precipitation. Maximum 
duration of  the period with air temperatures above 10°C 
and degree days 10°C were observed in the Minusinsk Ba
sin and along the Teletskoye Lake shores, respectively. The 
minimal values of  these factors were registered in the Kha
mar-Daban Mts and in the Barguzinskiy Nature Reserve. 
The highest annual precipitation was observed on the Kha
mar-Daban Ridge slopes and near the Teletskoye Lake, 
whereas the lowest took place in the Minusinsk Basin and 
the Baikalskiy Range foothills (Table 1).

Types of  phytocoenoses and 
environmental  factors

Populations of  Cypripedium in different geographical 
areas are confined to 16 types of  forest phytocoenoses 
(Table 2). Both sympatric and isolated populations of  Cypri­
pedium occur in primary forests as well as in secondary ones. 
Primary forests are represented by Scots pine, spruce, larch, 
mixed fir-pine-spruce, and Scots pine-Siberian stone pine 
forests. Secondary forests comprise mainly birch ones but 
also mixed spruce-birch, pine-birch, and pine-poplar forests 
(Table 2) (Tyulina 1967, 1976, Smagin et al. 1980). The table 
of  relevés made in plots with Cypripedium species is attached 
(Appendix 1).

Figures 2 and 3 show mediate ecological assessment of  
habitats according to the phytoindication scales of  Tsatsen
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kin et al. (1978) using the IBIS v.7.2 system (Zverev 2020) 
with the ordination of  geobotanical plots.

Structure and populat ion s ize  of 
Cypripedium  species 

The characters of  sympatric populations of  Cypripedium 
in Siberia are given in Table 3. The most numerous popu
lations of  Cypripedium, also occupying the maximal areas, 
were observed in the Shushenskiy Bor National Park. In 
the Baikalskiy Ridge foothills, population clumps with 
small numbers of  individuals are scattered over a large area. 
The average population density is 0.04–6.00 shoots/  m². 
C.  macranthos dominates all the sympatric populations, 
except for those from the Khamar-Daban Mts. (Table 3). 

The C.  ventricosum plants were first discovered in the area 
of  the Baikalo-Lenskiy Nature Reserve and its vicinities in 
2013–2014 (Stepantsova & Zheleznaya 2016).

The number of  reproductive shoots of  Cypripedium 
can change greatly from year to year. For example, that of  
C. macranthos in the pine forest with Rhytidium on the Lena 
River bank of  Baikalo-Lenskiy Nature Reserve in 2014 
was half  of  that in 2013. But these years the analogous 
numbers did not change for C.  calceolus and C.  ventricosum 
for these locality (Zheleznaya 2015). These three species 
of  Cypripedium cannot be reliably distinguished from each 
other in the non-flowering state. Therefore, according to 
the abundance of  juvenile (j) plants, only the intensity of  

Figure 1 Distribution of  Cypripedium calceolus L., C. macranthos Sw. and C. ventricosum Sw. study sites and overall distribution of  studied species 
in Russia according to GBIF data (2023). Study sites: 1 –Barguzinskiy Nature Reserve; 2 – Khamar-Daban Mts; 3 –Baikalo-Lenskiy Nature 
Reserve; 4. Shushenskiy Bor National Park; 5 – Usinsk Basin; 6 – Altaiskiy Nature Reserve (Zheleznaya 2015)

Table 1. Climatic characteristics of  the study sites (Veselov et al. 2022).

Study site
Duration of  

the period with 
temperatures above 

10°C, days

Degree days 10°C, 
Сº

Annual precipitation, 
mm 

Krasnoyarsk Krai,Shushenskiy Bor National Park, Minusinsk Basin 
(‘Minusinskaya kotlovina’) 132 2173 345

Altai Republic, Altaiskiy Nature Reserve, Teletskoye Lake 128 1999 917
Irkutsk Region, Khamar-Daban Mts, Slyudyanka River in low-
mountain area) 76 956 1365

Irkutsk Region, Baikalo-Lenskiy Nature Reserve, foothills of  the 
Baikalsky Ridge 96 1465 346

Krasnoyarsk Krai, Usinsk Basin (‘Usinskaya kotlovina’) 107 1560 392
Republic of  Buryatia, Barguzinskiy Nature Reserve, Barguzinsky 
Ridge 74 1067 429
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Table 2. Main types of  plant communities with Cypripedium species populations.

Forest type Locality and locality names Locality coordinates and altitude above sea level

1. Secondary birch forest with Betula pendula 
Pteridium aquilinum and herbs

Altaiskiy Nature Reserve  
(al01, 02, 03, 04)

51.36150°N 87.84369°E, 557 m; 51.42050°N 
87.80564°E, 735 m; 51.42169°N 87.80578°E, 765 m; 
51.35144°N 87.76117°E, 441 m

2. Pine (Pinus sylvestris) forest with Pteridium 
aquilinum and mixed herbs

Altaiskiy Nature Reserve  
(al05, 06)

51.77725°N 87.62275°E, 564 m

3. Pine (Pinus sylvestris) forest with Carex and 
mixed herbs

Altaiskiy Nature Reserve (al07) 51.34886°N 87.85800°E, 472 m

4. Secondary birch (Betula pendula) forest with 
mixed herbs

Altaiskiy Nature Reserve (al08) 51.41025°N 87.79561°E, 456 m

5. Secondary pine-birch (Pinus sylvestris and 
Betula pendula) forest with mixed herbs

Shushenskiy Bor National Park 
(km09, 11)

53.28756°N 92.02694°E, 288 m; 53.27019N 
92.01447°E, 288 m

6. Secondary birch (Betula pendula) forest with 
mixed herbs

Shushenskiy Bor National Park 
(km10)

53.27056°N 91.94836°E, 282 m

7. Secondary birch (Betula pendula) forest with 
mixed herbs and steppe plants

Usinsk Basin (ku12, 14, 15) 52.14269°N 92.85967°E, 698 m; 52.15272°N 
92.79159°E, 620 m ; 52.14302°N 92.78142°E, 620 m

8. Larch (Larix sibirica) forest with Carex and 
mixed herbs 

Usinsk Basin (ku13) 52.14089°N 92.82659°E, 672 m 

9. Secondary spruce-birch (Picea obovata and 
Betula pendula) forest with mixed herbs

Usinsk Basin (ku16) 52.14211°N 92.81253°E, 610 m

10. Pine (Pinus sylvestris) forest with Rhytidium Baikalo-Lenskiy Nature 
Reserve (bl17, 18, 19, 21, 22, 
23, 24, 25, 26)

53.80547ºN 107.03192ºE, 744 m; 53.83417ºN 
107.02933ºE, 710 m; 53.83294ºN 107.02558ºE, 
715 m; 53.88397ºN 107.18681ºE, 737 m; 53.88428ºN 
107.18661ºE, 746 m; 53.88333ºN 107.18186ºE, 
796 m; 53.88211ºN 107.18386ºE, 677 m; 53.88311ºN 
107.18253E, 766 m; 53.88281ºN 107.18331ºE, 733 m

11. Spruce (Picea obovata) forest with Rhytidium Baikalo-Lenskiy Nature 
Reserve (bl20)

53.83642ºN 107.04161ºE, 645 m

12. Fir-pine-spruce (Abies sibirica, Pinus 
sylvestris and Picea obovata) mixed herb forest

Barguzinskiy Nature Reserve 
(bu27)

54.33025ºN 109.57781ºE, 546 m

13. Pine-stone pine (Pinus sylvestris and 
P. sibirica) forest with mixed herbs

Barguzinskiy Nature Reserve 
(bu28)

54.30991°N 110.56396ºE, 611 m

14. Pine (Pinus sylvestris) forest with Pteridium 
aquilinum and mixed herbs 

Barguzinskiy Nature Reserve 
(bu29)

54.30378°N 110.56298ºE, 616 m

15. Fir-spruce (Abies sibirica and Picea obovata) 
forest with mixed herbs 

Barguzinskiy Nature Reserve 
(bu30)

54.30397°N 110.57987ºE, 641 m

16. Secondary pine-poplar (Pinus sylvestris and 
Populus suaveolens) forest with mixed herbs

Khamar-Daban Mts., 
Slyudyanka River floodplain 
(sl31)

51.63119ºN 103.67656ºE, 582 m

Figure 2 DCA ordogram for the complete floristic composition 
of  the Cypripedium species habitats (the taxa weights are expressed 
as percentages)

Figure 3 Distribution of  indicator value optima of  Cypripedium habi
tats in the axes of  soil moisture and nutrient content (fertility – salini
zation), based upon the Tsatsenkin et al. (1978) phytoindication scales
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seed reproduction in the populations of  these species as a 
whole can be estimated (Table 2). The relative abundance 
of  juvenile plants in the studied populations was 1.1–8.0 %. 
Adult vegetative shoots dominated among the non-flo
wering shoots of  Cypripedium in most of  the studied 
populations (Zheleznaya 2015).

Separated populations of  C. calceolus were studied in the 
Barguzinskiy Nature Reserve on the Barguzinskiy Range 
western slope (“Birikanskie Shcheki”) and in the Usinsk 
Basin (Table 4). The most numerous C. calceolus population 
(246 shoots) grew in the secondary birch forest with steppe 
plant species in the Usinsk Basin. The average density in 
populations was 0.001–13.0 shoots/m². 

Separated populations of  C. macranthos were studied in 
the Barguzinskiy Nature Reserve on the western macro-
slope of  the Barguzinskiy Ridge and in the Altaiskiy Nature 
Reserve along the Teletskoye Lake shores (Table 5). The 
most numerous C. macranthos population (527 shoots) grew 
in the pine-stone pine (with Pinus sylvestris and P. sibirica) 
forest with mixed herbs in the Barguzinskiy Nature Reserve. 
The average density in populations was 0.1–5.6 shoots/m². 

Figure 4 Ontogenetic spectra of  Cypripedium macranthos and C. cal­
ceolus populations in different habitat types (1–8) in 2010 (Zhelez
naya 2015). Abbreviations: j – juvenile, im – immature, v – adult ve
getative, g – generative. Habitat types: 1–5 – Cypripedium macranthos 
in the pine-stone pine (Pinus sylvestris and P. sibirica) forest with mixed 
herbs (1), in the pine (Pinus sylvestris) forest with Pteridium aquilinum 
and mixed herbs (2–4), in the fir-pine-spruce mixed-herb forest 
(Abies sibirica, Pinus sylvestris and Picea obovata). 6–8 – Cypripedium 
calceolus in the pine (Pinus sylvestris) forest with Rubus saxatilis and 
Pteridium aquilinum (6), in the pine-stonepine (Pinus sylvestris and P. 
sibirica) forest with mixed herbs (7), in the fir-spruce (Abies sibirica, 
Pinus sylvestris and Picea obovata) forest with mixed herbs

Table 3. Some characters of  the Cypripedium sympatric populations in Siberia. 

Locality, it’s ecological 
peculiarities and observation 
year

Accounting 
area, m²

Number of  
reproductive 

shoots 
С.m.:C.c.:C.v.

Average density 
of  shoots/m² 

Number of  
populations 

С.m.:C.c.:C.v.

Average 
distance 
between 

populations, m

Relative 
number of  
j plants, % 

Shushenskiy Bor National Park, 
the swamp edge (2009) 216–56620 3206:428:552 0.05–0.29 9:9:9 100–4300 6.1

Usinsk Basin, dry slopes, 20-25º 
(2009) 40–1253 121:107:1 0.31–1.10 2:2:1 2000 6.7

Altaiskiy Nature Reserve, 
Teletskoye Lake shore, wet slopes, 
20-25º (2012)

1–7800 143:85:26 0.06 5:3:5 1400–6000 8.0

Khamar-Daban Mts, Slyudyanka 
River floodplain (2013) 10000 71:134:5 0.04 1:1:1 - 1.1

Baikalo-Lenskiy Nature Reserve, 
limestone slopes, 15-40º (2013) 0.25–200 171:25:28 0.6–6.0 5:4:8 14–245 3.2

Table 4. Size and area of  ​​separated Cypripedium calceolus populations in the Usinsk Basin and Barguzinskiy Nature Reserve.

Locality / Phytocoenosis Number of  
shoots Area, m² Average density 

of  shoots per m²

Usinsk Basin
Secondary spruce-birch forest with mixed herbs (ku16) 10 0.2 -
Secondary birch forest with mixed herbs and steppe plants (ku12) 75 21.6 3.50
Secondary birch forest with mixed herbs and steppe plants (ku14, 15) 246 ≈250000 0.001
Larch forest with Carex and mixed herbs (ku13) 83 46.0 1.80

Barguzinskiy Nature Reserve 
Pine forest with Pteridium aquilinum and mixed herbs (bu29) 3 0.06 -
Fir-pine-spruce mixed herb forest (bu27) 18 10 1.8
Pine-stone pine (with Pinus sylvestris and P. sibirica) forest with mixed herbs (bu28) 13 1 13.0

Table 5. Size and area of  separated Cypripedium macranthos populations in the Barguzinskiy and Altaiskiy Nature Reserves.

Locality/Phytocoenosis Number of  shoots Area, m² Average density of  
shoots per m²

Barguzinskiy Nature Reserve 
Pine forest with Pteridium aquilinum and mixed herbs (bu29) 64 604 0.1
Pine-stone pine herbs (with Pinus sylvestris and P. sibirica) forest with mixed herbs (bu28) 527 134.5 3.9

Altaiskiy Nature Reserve 
Pine forest with Pteridium aquilinum and mixed herbs (al05, 06) 136 762 5.6
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In most separated Cypripedium populations, adult ve
getative and reproductive shoots predominated, which 
corresponds to the basic spectra of  these species (Fig. 4, 
Tatarenko 1996). However, juvenile individuals reached the 
largest abundance (44.7 %) in one of  the C. macranthos po
pulations in the Barguzinskiy Nature Reserve (Fig. 4–4). 
This is probably due to favorable weather conditions for 
their development, combined with optimal illumination 
and growth on limestone outcrops. There were no juvenile 
plants in the few C. calceolus populations in both regions

D I S C U S S I O N
The habitats of  Cypripedium species are geographically 

well-divided, according to the floristic composition survey 
results (Fig. 2). The ordograms from the Usinsk Basin and 
Shushenskiy Bor National Park are partially overlapping only. 
They are geographically much closer to each other than to 
those from the other study areas (Fig. 1, 2). The Tsatsen
kin phytoindication scales, created purposefully for Siberia, 
evaluate only the soil moisture and fertility factors. In addi
tion, we can use the data for C. calceolus only, while C. ventri­
cosum and C. macranthos are not included in the scales. Habitats 
from different geographical areas partly overlap (Fig. 3), and 
completely separate polygons can be observed only for the 
populations from Altaiskiy Nature Reserve and Shushenskiy 
Bor National Park. The average representation of  indicator 
taxa in relevés is about 86 % for the Tsatsenkin scales. The 
driest habitats can be noted in the Baikalo-Lenskiy Nature 
Reserve. The maximum range of  habitat soil moisture is in 
the Usinsk Basin. Maximum soil richness is noted in both 
the Baikalo-Lenskiy Nature Reserve and the Usinsk Basin. 
Polygon appearance confirms the ecological plasticity of  
C. calceolus, C. macranthos and C. ventricosum, as these species 
form sympatric populations in most habitats. According to 
Tsatsenkin et al. (1978), the values of  soil moisture fluc
tuate from 62.4 to 67.2 and those of  nutrient content and 
soil salinity from 8.4 to 10 points (Fig. 4). These values cor
respond to the observed ecological amplitude of  C. calceolus. 

The density of  the tree layer is low (0.3–0.5) in all habi
tats. The shrub layer cover is 30 % or less, up to its complete 
absence, and the grass layer is more or less open (with the 
total cover 5–60 %) in most of  the studied phytocoenoses 
where the Cypripedium populations are found. Periodic spring 
ground fires destroy the undergrowth, resulting in increa
sing illumination which contributes to the active vegetative 
growth of  Cypripedium, as it has also been reported for other 
regions (Smirnov 1969, Dementieva 1985). 

The predominance of  C. macranthos is characteristic for 
sympatric populations of  the studied species in the central 
part of  their ranges in Siberia (Zolotuhin & Zolotukhina 
2015, Plikina et al. 2020). This is in contrast to habitats 
located westwards from the Urals, predominated by C. cal­
ceolus (Mamaev et al. 2004, Lesina 2015). 

It is also worth mentioning that the sympatric Cypripedium 
populations of  the Khamar-Daban Mts. (the Southern Bai
kal Region) experience significant anthropogenic pressure. 
About 130 shoots of  C. macranthos, more than 15 of  C. ven­
tricosum, and 3 of  C.  calceolus, taken from natural local po
pulations, grow in a flower bed in one of  the private farm

steads of  the village of  Slyudyanka. About 50 plants of  
C. macranthos and C. calceolus from this habitat were taken for 
introduction in Irkutsk (Gorbunov et al. 2012). The popula
tion of  C. macranthos suffered the most serious damage of  all 
the three species. The present-day predominance of  C. cal­
ceolus in the sympatric populations of  Cypripedium in this area 
is probably associated with this factor (Zheleznaya 2015).

The nearly complete absence of  hybrid plants in the 
Usinsk Basin, despite the coexistence of  C. calceolus and 
C. macranthos, may be due to the smaller “overlapping” of  
their flowering periods compared to other localities.

It is peculiar that the sympatric populations of  C. mac­
ranthos and C. ventricosum lacking C. calceolus, as well as sepa
rate monospecific groups of  C. ventricosum plants, are found 
in the Altaiskiy Nature Reserve. Hybrid plants could have 
been formed as a result of  the long distance transport of  
the C. calceolus pollen by pollinators.

In Shushenskiy Bor National Park (2009) and the Baikalo-
Lenskiy Nature Reserve (2013), a huge disproportion was 
observed in the sympatric populations of  Cypripedium. 
The number of  C. macranthos individuals exceeded that of  
C. calceolus more than 7 times, while the number of  hybrid 
(C. ventricosum) individuals was almost the same as that of  
C. calceolus (Zheleznaya 2015). 

The especially large coenopopulation of  all the three 
Cypripedium species, found in 2014 in a sparse pine forest 
with mixed herbs on the Lena River right bank, was typical 
by the shoot development among the fallen pine branches, 
the latter apparently effectively retaining snow in spring. 
This can promote the growth of  C. calceolus and C. ventrico­
sum, more dependent on moisture compared to C. macran­
thos which can grow on dry limestone slopes. Soil moisture 
acts as a limiting factor in the driest habitats of  the Baikalo-
Lenskiy Nature Reserve. 

The predominance of  adult vegetative shoots is typical 
for populations of  Cypripedium species in different parts of  
their ranges (Tatarenko 1996), since the individuals can pro
duce renewal buds and rhizome is branching already starting 
from the immature stage (and sometimes even in the 
juvenile stage). Cypripedium calceolus generative plants grow 
most actively, forming clones with up to 28 shoots (own 
observations in the garden). A part of  shoots of  such clones 
usually does not flower every year. If  the rhizome breaks 
when exposed to animals or rots, vegetative propagation 
occurs. This may explain the potential immortality of  
such clones. In any case, a number of  researchers have 
noted an age of  more than 100 years for С. calceolus (Kull 
1988, Brzosko et al. 2002). The number of  juvenile plants 
is very low. Seed reproduction in most of  Cypripedium 
populations occurs infrequently. But this is offset by high 
life expectancy. Since 2014, more adult vegetative shoots 
were found in sympatric populations of  Cypripedium in the 
Baikalo-Lenskiy Nature Reserve, compared to 2013. It can 
be assumed that this part of  reproductive plants passed into 
a temporarily non-flowering state. It is possible that some 
reproductive plants of  C.  macranthos also passed into the 
state of  secondary dormancy in 2014. Under unfavorable 
conditions or a disturbance of  the energy balance of  an 
individual caused by abundant flowering and fruiting, 
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orchids may stay dormant, without above-ground shoots 
(Vakhrameeva et al. 2008, Kull 2002), which is also called 
‘secondary dormancy’ in Russian literature (Rabotnov 
1950). However, separated monospecific populations of  
C. macranthos grew nearby the sympatric populations of  
Cypripedium, and the number of  their reproductive shoots 
was much (sometimes by 10 times) higher. 

Cypripedium macranthos had the maximum rates of  fruit 
formation in sympatric populations in Shushenskiy Bor 
National Park (2011). It successfully competes with C. cal­
ceolus for pollinators. C. ventricosum had the minimal rates, 
because it can form fruits only being cross-pollinated with 
one of  the parental taxa (Zheleznaya 2015).

C O N C L U S I O N
Cypripedium populations in different geographical areas 

were found in 16 types of  forest phytocoenoses, in both pri
mary and secondary forests. According to the results of  the 
habitat floristic investigation, the habitats are well-separated 
geographically. Soil moisture and fertility amplitudes are over
lapping a bit for different habitats. The studied species are 
characterized by high ecological plasticity. Canopy density 
and total cover of  the ground layers look similar for all 
habitats. Cypripedium macranthos plants dominated the most 
of  the sympatric populations. In the most of  the separated 
populations, the ontogenetic spectra corresponded to the base 
spectrum with a predominance of  the adult vegetative and re
productive shoots. The population renewal occurs mainly by 
seed reproduction. But the latter is rarely observed in most of  
the studied populations, the fact which is compensated by a 
high life expectancy.

A C K N O W L E D G E M E N T S
We are grateful to O.V. Smirnova and T.Yu. Braslavskaya 

for data analysis ideas and discussions, to V.P. Storozhev, 
N.V. Stepanov, N.A. Suprankova, I.A. Lipilina, E.V. Bukha
rova, and E.Yu. Koroleva for their help in the fields, to 
M.S.  Ignatov and E.A.  Ignatova for the identification of  
mosses, to V.N. Korotkov for the meteorological data, to 
O.M. Zheleznyy for his help in the field work and for the lin
guistic editing of  the manuscript and for the graphic repre
sentation of  the map. Thanks a lot to our reviewers for their 
constructive comments. The work was supported by the 
Strategic academic leadership of  PFUR.

L I T E R A T U R E  C I T E D
Afanas'eva, E.A. & N.S. Danilova. 2011. Coenopopulations 

of  Cypripedium macranthon Sw. (Orchidaceae Juss.) in the 
southwest of  Yakutia. Vestnik Severo-Vostochnogo federal'nogo 
universiteta im. M.K. Ammosova. Biologicheskie nauki 8(3):5–10 
(in Russian, with an English summary). [Афанасьева Е.А., 
Данилова Н.С. 2011. Ценопопуляции Cypripedium mac­
ranthon Sw. (Orchidaceae Juss.) на юго-западе Якутии // 
Вестник Северо-Восточного федерального универси
тета им. М.К. Аммосова. Биологические науки. Т. 8, 
№ 3. С. 5–10].

Averyanov, L.V. 1999. Genus Lady’s-slipper – Cypripedium (Or
chidaceae) in Russia. Turczaninowia 2(2):5–40 (in Russian, 
with an English summary). [Аверьянов Л.В. 1999. Род 
башмачок – Cypripedium (Orchidaceae) на территории 
России // Turczaninowia. Т. 2, № 2. С. 5–40].

Barabantsova, A.E. & D.A. Berdnikova 2017. The state of  
populations of  rare plant species of  the Shushenskiy Bor 
National Park (Cypripedium calceolus, C. macranthon and C. ven­
tricosum) in 2017. In: Scientific research in reserves and national 
parks of  South Siberia (V.V. Nepomniashchiy, ed.), pp. 72–
75, Izdatel'stvo SO RAN, Novosibirsk (in Russian). [Ба
рабанцова А.Е., Бердникова Д.А. 2017. Состояние по
пуляций редких видов растений национального парка 
"Шушенский Бор" (Башмачок настоящий Cypripedium 
calceolus, Башмачок крупноцветковый С. macranthon и 
башмачок вздутый С. ventricosum) в 2017 г. // Научные 
исследования в заповедниках и национальных парках 
Южной Сибири / под ред. В.В. Непомнящего. Ново
сибирск: Издательство СО РАН. С. 72–75].

Braun-Blanquet, J. 1964. Pflazensoziologie. Springer, Wien and 
New York, 865 pp.

Brzosko, E., A. Wroblewska & M. Ratkiewicz. 2002. Spatial ge
netic structure and clonal diversity of  island populations of  
lady's slipper (Cypripedium calceolus) from the Biebrza National 
Park (northeast Poland). Molecular Ecology 11:2499–2509.

Bychenko, T.M. 2004. Ontogeny of  Cypripedium macranthon 
Sw. In: Ontogenetic atlas of  medicinal plants. 4 (L.A. Zhukova, 
ed.), pp. 95–100, Mari State University, Yoshkar-Ola (in 
Russian). [Быченко Т.М. 2004. Онтогенез башмачка 
крупноцветкового (Cypripedium macranthon Sw.) // Онто
генетический атлас лекарственных растений. Т. 4 / 
под ред. Л.А. Жуковой. Йошкар-Ола: Марийский 
государственный университет. С. 95–100].

Bychenko, T.M. 2010. The state of  populations of  rare and en
dangered orchid species (Orchidaceae) of  the Baikal region. 
In: Problems of  studying the vegetation cover of  Siberia. Proceedings 
of  the IV International Scientific Conference dedicated to the 125th 
anniversary of  the Herbarium after P.N. Krylov of  Tomsk State 
University and the 160th anniversary of  the birth of  P.N. Krylov 
(V.S. Sumarokov, ed.), pp. 167–171, Izdatel'stvo Tomskogo 
universiteta, Tomsk (in Russian). [Быченко Т.М. 2010. Со
стояние популяций редких и исчезающих видов орхид
ных (Orchidaceae) Байкальского региона // Проблемы 
изучения растительного покрова Сибири. Материалы 
IV Международной научной конференции, посвящен
ной 125-летию Гербария им. П.Н. Крылова Томско
го государственного университета и 160-летию со дня 
рождения П.Н. Крылова / под ред. В.С. Сумарокова. 
Томск: Изд-во Томского ун-та. C. 167–171].

Dementieva, S.M. 1985. Lady’s Slipper (Cypripedium calceolus 
L.) in forest ecosystems. In: Mutual relations components of  
biogeocoenoses in the southern taiga (A.V. Smirnov, ed.), pp. 36–
46. Izdatel'stvo Kalininskogo gosudarstvennogo universite
ta, Kalinin (in Russian). [Дементьева С.М. 1985. Венерин 
башмачок (Cypripedium calceolus L.) в лесных экосистемах 
Верхневолжья // Взаимоотношения компонентов 
биогеоценозов в южной тайге / под ред. В.С. Сумаро
кова. Калинин: КГУ. С. 36–46].

Fardeeva, M.B., N.A. Chizhikova, E.L. Zheleznaya, A.A. Kha
pugin, L.V. Puchnina, V.N. Suleimanova, M.M. Ishmuratova, 
L.V.  Teteryuk, V.N.  Ilyina, S.P.  Urbanavichute, V.E.  Pro
khorova, N.Yu.  Egorova, M.I.  Nabiullin, M.Sh.  Barlyba
eva, G.N. Kildiyarova, I.V. Suyundukov & O.A. Marakaev 
2022. Demographic structure of  Cypripedium calceolus L. 
populations in the European part of  Russia under climate 
change. Contemporary Problems of  Ecology 15(4):353–372. 

Fardeeva, M.B., Yu.A. Lukyanova & N.R. Shafigullina 2020. 
Habitat features and the state of  populations of  rare 
orchids in the Nizhnyaya Kama National Park and adjacent 
territories in the north of  Tatarstan (European Russia). 
Ecosistemy 23:166–182 (in Russian). [Фардеева  М.Б., 
Лукьянова Ю.А., Шафигуллина Н.Р. 2020. Особен
ности местообитаний и состояние популяций редких 



71Botanica Pacifica. A journal of plant science and conservation. 2023. 12(2): 64–72

Habitats and population structure of rare Siberian Cypripedium species

орхидей Национального парка «Нижняя Кама» и со
предельных территорий на севере Татарстана (Евро
пейская Россия) // Экосистемы. Вып. 23. С. 166–182].

Gaikova, O.Yu. et al. (eds) 2010. Red Data Book of  the Irkutsk 
Region. Vremya stranstviy, Irkutsk, 480 pp. (in Russian). 
[Красная книга Иркутской области / гл. ред. О.Ю. Гай
кова. Иркутск: Время странствий. 2010. 480 c.].

Gatsuk, L.E., O.V. Smirnova, L.I. Vorontzova, L.B. Zaugol
nova & L.A. Zhukova 1980. Age stages of  plants of  various 
growth forms: a review. Journal of  Ecology 68(3):675–696.

GBIF Secretariat 2023. Cypripedium calceolus L. in GBIF 
backbone taxonomy. Checklist dataset https://doi.
org/10.15468/39omei accessed via GBIF.org on 03.09.2023.

GBIF Secretariat 2023. Cypripedium macranthon in GBIF 
Backbone Taxonomy. Checklist dataset https://doi.
org/10.15468/39omei accessed via GBIF.org on 03.09.2023.

GBIF Secretariat. 2023. Cypripedium × ventricosum Sw. in 
GBIF Backbone Taxonomy. Checklist dataset https://doi.
org/10.15468/39omei accessed via GBIF.org on 03.09.2023. 

Gorbunov, Yu.N., R.Z. Soadatova & E.S. Kazantseva (eds) 
2012. The gene pool of  plants of  the Red Book of  the Russian Federa­
tion stored in the collections of  botanical gardens and arboreta. KMK, 
Moscow. 220 pp (in Russian). [Генофонд растений Крас
ной книги Российской Федерации / под ред. Ю.Н. Гор
бунова, Р.З. Соадатовой, Е.С.  Казанцевой). Москва: 
Товарищество научных изданий КМК. 2012. 220 с.].

Hammer, O., D.A.T. Harper & P.D. Ryan. 2001. Past: Palaeon
tological statistics software package for education and data 
analysis. Palaeontologia Electronica 4(1):1–9.

Hill, M.O. 1979. Decorana – a Fortran Program for detrended cor­
respondence analysis and reciprocal averaging. Cornell University, 
Ithaca, 52 рp.

Hill, T. & P. Lewicki 2007. Statistics methods and applications. 
StatSoft, Tulsa, 832 pp.

Ishmuratova, M.M, I.V. Suyundukov, A.R. Ishbirdin, 
T.V. Zhirnova & M.I. Naibullin 2003. The state of  coe
nopopulations of  some species of  the family Orchidaceae 
in the southern Urals. Note 2. Rhizomatous species. Rasti­
tel'nye resursy 39:18–37 (in Russian). [Ишмуратова М.М., 
Суюндуков  И.В., Ишбирдин А.Р., Жирнова Т.В., 
Наибуллин  М.И. 2003. Состояние ценопопуляций 
некоторых видов сем. Orchidaceae на Южном Урале. 
Сообщение 2. Корневищные виды // Растительные 
ресурсы. Т. 39. Вып. 2. С. 18–37].

Knyazev, M.S., P.V. Kulikov, O.I. Knyazeva & V.L. Semerikov 
2000. On interspecific hybridization of  Eurasian species 
of  the genus Cypripedium (Orchidaceae) and taxonomic 
status of  C. ventricosum. Botanicheskii Zhurnal 85(5):94–102 
(in Russian) [Князев М.С., Куликов П.В., Князева О.И., 
Семериков В.Л. 2000. О межвидовой гибридизации 
евразиатских видов рода Cypripedium (Orchidaceae) и 
таксономическом статусе C. ventricosum // Ботанический 
журнал. Т. 85, № 5. С. 94–102].

Kull, T. 1988. Identification of  clones in Cypripedium calceolus 
(Orchidaceae). Proceeding of  the Estonian Academy of  Sciences: 
Biology 37:195–199.

Kull, T. 2002. Population dynamics of  north temperate 
orchids. In: Orchid Biology: Reviews and Perspectives (T. Kull & 
J. Arditti, ed.), pp. 139−165, Kluwer Scientific Publishers.

Lesina, S.A. 2015. Monitoring of  Orchidaceae species in the 
Ilmenskiy Reserve (Southern Urals). In: Rare and endangered 
species of  animals and plants of  the Republic of  Bashkortostan: 
materials of  the Red Data Book of  the Republic Bashkortostan 
for 2015. Digest of  articles. 7 (V.A. Valuev, ed.), pp. 14–22 
(in Russian). [Лесина С.А. 2015. Мониторинг видов из 

семейства орхидные в Ильменском заповеднике (Юж
ный Урал) //  Редкие и исчезающие виды животных и 
растений Республики Башкортостан: материалы веде
ния Красной книги Республики Башкортостан за 2015 
год. Сборник статей. Вып. VII / под ред. В.А. Валуева. 
Уфа: РИЦ БашГУ. С. 14–22].

Mamaev, S.A., M.S. Knyazev, P.V. Kulikov & E.G. Filippov 
2004. Orchids of  the Urals: systematics, biology, conservation. Ural 
Branch of  the Russian Academy of  Sciences. Ekaterinburg 
(in Russian). [Мамаев С.А., Князев М.С., Куликов П.В., 
Филиппов Е.Г. 2004. Орхидные Урала: систематика, 
биология, охрана, Екатеринбург: УрОРАН. 123 с.].

Maneev, A.G., A.A. Achimova, N.V. Sedel'nikova & I.A. Gor
bunova (eds) 2017. Red Data Book of  the Altai Republic 
(plants). Izdatel'stvo Gorno-Altaiskogo gosudarstvennogo 
universiteta, Gorno-Altaisk, 267 pp. (in Russian). [Красная 
книга Республики Алтай / под ред. А.Г.  Манеева, 
А.А.  Ачимовой, Н.В. Седельниковой, И.А.  Гор
буновой. Горно-Алтайск: Изд. Горно-Алтайского 
государственного университета. 2017. 267 с.].

Plikina, N.V., A.N. Efremov, A.I. Mikhaltsov & R.R. Giza
tulin 2020. The genus Cypripedium L. (Orchidaceae) in the 
Omsk region: current state and protection. Vestnik Bash­
kirskogo universiteta 25(3):559–566 (in Russian). [Плики
на  Н.В., Ефремов А.Н., Михальцов А.И., Гизату
лин Р.Р. 2020. Род Cypripedium L. (Orchidaceae) в Омской 
области: современное состояние и охрана // Вестник 
Башкирского университета. Т. 25, № 3. С. 559–566].

Pronin, N.M. (ed.) 2013. Red Data Book of  the Republic of  
Buryatia: Rare and endangered species of  animals, plants and 
fungi. Izdatel'stvo BNTs SO RAN, Ulan-Ude, 688 pp. (in 
Russian). [Красная книга Республики Бурятия: Редкие 
и находящиеся под угрозой исчезновения виды жи
вотных, растений и грибов / отв. ред. Н.М. Пронин. 
Улан-Удэ: Изд-во БНЦ СО РАН. 2013. 688 с.].

Puchnina, L.V. 1999. The state of  coenopopulations of  
Cypripedium calceolus (Orchidaceae) in karst landscapes it the 
north of  European Russia. Botanicheskii Zhurnal 84(9):75–
82 (in Russian). [Пучнина Л.В. 1999. Состояние ценопо
пуляций Cypripedium calceolus (Orchidaceae) в карстовых 
ландшафтах севера европейской России // Ботани
ческий журнал. Т. 84, № 9. C. 75–82]. 

Rabotnov, T.A. 1950. Life cycle of  perennial herbaceous 
plants in meadow coenoses. Trudy Botanicheskogo instituta 
AN SSSR. Geobotanika. Seriya 3 6:7–204 (in Russian). [Ра
ботнов Т.А. 1950. Жизненный цикл многолетних тра
вянистых растений в луговых ценозах // Труды Бота
нического института АН СССР. Геоботаника. Сер. 3. 
Вып. 6. С. 7–204].

Sergeev, M.A., V.V. Stepanov, I.V. Kartashova 2013. Ecological 
substantiation of  reorganization of  the State Natural Complex Re­
serve of  regional significance "Dyukinsky" in Sudogodsky District 
of  Vladimir Region [unpublished report], Vladimir, 50 pp. (in 
Russian). [Сергеев М.А., Степанов В.В., Карташова И.В. 
2013. Экологическое обоснование реорганизации Го
сударственного природного комплексного заказника 
регионального значения «Дюкинский» в Судогодском 
районе Владимирской области (неопубликованный 
отчет). Владимир. 50 с.].

Smagin, V.N., S.A. Ilyinskaya, D.I. Nazimova, I.F. Novoseltse
va & Yu.S. Cherednikova. 1980. Types of  forests in Southern 
Siberia mountains. Nauka, Novosibirsk, 336 pp (in Russian). 
[Смагин В.Н., Ильинская С.А., Назимова Д.И., Ново
сельцева И.Ф., Чередникова Ю.С. 1980. Типы лесов 
гор Южной Сибири. Новосибирск: Наука. 336 с.].

Smirnov, A.V. 1969. About changing the positions of  some 
orchids in the forests of  Central Siberia, which was disturbed 



72 Botanica Pacifica. A journal of plant science and conservation. 2023. 12(2): 64–72

Zheleznaya et al.

by anthropogenic factors. Scientific Reports of  the High School. 
Biological Sciences 8:79–83 (in Russian). [Смирнов А.В. 1969. 
Об изменении позиций некоторых орхидных в лесах 
Средней Сибири, нарушенных антропогенными фак
торами // Научные доклады высшей школы. Биоло
гические науки. № 8. C. 79–83].

Smirnova, O.V., M.V. Bobrovsky & L.G. Khanina 2018. Euro­
pean Russian Forests. Their Current State and Features of  Their 
History (Plant and Vegetation 15, M.J.A. Werger, ed.), Sprin
ger, Utrecht, The Netherlands, 564 pp. 

Stepanov, N.V. (ed.) 2022. Red Data Book of  the Krasnoyarsk 
Territory. Vol. 2. Rare and endangered species of  plants and fungi. 
Sibirskii federal'nyi universitet, Krasnoyarsk, 762 pp. (in 
Russian). [Красная книга Красноярского края. Т. 2: Ред
кие и находящиеся под угрозой исчезновения виды 
дикорастущих растений и грибов / отв. ред. Н.В. Сте
панов. Красноярск: Сибирский фед. ун-т. 2022. 762 c].

Stepantsova, N.V. & E.L. Zheleznaya. 2016. New and rare 
species of  the flora of  the Baikalo-Lenskiy Nature Reserve 
(Irkutsk Region). Turczaninowia 19(2):70–76 (in Russian). 
[Степанцова Н.В., Железная Е.Л. 2016. Новые и ред
кие виды флоры Байкало-Ленского заповедника (Ир
кутская область) // Turczaninowia. Т. 19, № 2. С. 70–76].

Tatarenko, I.V. 1996. Orchids of  Russia: life forms, biology, protec­
tion. Argus, Moscow, 207 pp. (in Russian). [Татарен
ко И.В. 1996. Орхидные России: жизненные формы, 
биология, вопросы охраны. Москва: Аргус. 207 с.].

Teteryuk, L.V. 2003. Lady’s-slipper. In: Biology and Ecology of  
Rare Plants in the Komi Republic (K.N. Ushakova, ed.), pp. 28–
42, UrO RAN, Ekaterinburg (in Russian). [Тетерюк Л.В. 
2003. Башмачок настоящий // Биология и экология 
редких растений республики Коми. Екатеринбург: 
УрО РАН. С. 28–42].

Trutnev, Yu.P. (ed.) 2008. Red Data Book of  the Russian Federa­
tion (Plants and fungi). KMK, Moscow, 855 pp. (in Russian). 
[Красная книга Российской Федерации (Растения и 
грибы) / предс. ред кол. Ю.П. Трутнев. Москва: Това
рищество научных изданий КМК. 2008. 855 с.].

Tsatsenkin, I.A., I.V. Savchenko & S.I. Dmitrieva. 1978. 
Methodological instructions on the ecological appraisal of  foraging land 
in the tundra and taiga zones of  Siberia and Far East by its plant 
cover. VNII kormov imeni V.P. Viliamsa, Moscow, 302 pp. 
(in Russian). [Цаценкин И.А., Савченко И.В., Дмитрие
ва С.И. 1978. Методические указания по экологичес
кой оценке кормовых угодий тундровой и лесной зон 
Сибири и Дальнего Востока по растительному покро
ву. Москва: ВНИИ кормов им. В.Р. Вильямса. 302 с.].

Tyulina, L.N. 1967. The main factors of  vegetation distribu
tion on the western and eastern coasts of  the Northern 
Baikal. In: Geobotanical research in the Baikal area (B.A. Tikho
mirov, ed.), pp. 5–43. Nauka, Moscow (in Russian). [Тю
лина Л.Н. 1967. Основные факторы распределения 
растительности на западном и восточном побережьях 
Северного Байкала // Геоботанические исследования 
на Байкале / под ред. Б.А. Тихомирова. Москва: Наука. 
С. 5–43].

Tyulina, L.N. 1976. Humid Cis-Baikal type of  vegetation 
zonation. Trudy Limnologicheskogo instituta SO AN SSSR 
23(43):1–317 (in Russian). [Тюлина Л.Н. 1976. Влажный 
прибайкальский тип поясности растительности // 
Труды Лимнологического института СО АН СССР. 
Т. 23, № 43. С. 1–317]. 

Uranov, A.A. 1975. Phytocoenopopulation age spectrum as 
a function of  time and energy of  wave processes. Nauchnye 
doklady vysshej shkoly. Biologicheskie nauki 2:7–34 (in Russian). 
[Уранов А.А. Возрастной спектр фитоценопопуляций 
как функция времени и энергетических волновых про
цессов // Научные доклады высшей школы. Биологи
ческие науки. № 2. С. 7–34].

Vakhrameeva, M.G., I.V. Tatarenko, T.I. Varlygina, G.K. To
rosyan & M.N. Zagulskii 2008. Orchids of  Russia and adjacent 
countries (within the borders of  former USSR). A.R.G. Gantner 
Verlag K.G, Liechtenstein, 690 pp.

Veselov, V.M., I.R. Pribylskaya & O.A. Mirzeabasov 2022. 
Specialized database for climate research. All-Russian Research 
Institute of  Hydrometeorological Information – World 
Data Center. Obninsk. Available from: http://aisori-
meteo.ru/waisori/index.xhtml?idata=17 Last accessed 
08.04.2022. [Веселов В.М., Прибыльская И.Р., Мирзеа
басов О.А. 2022. Специализированные массивы для 
климатических исследований. Всероссийский научно-
исследовательский институт гидрометеорологической 
информации – Мировой центр данных. Обнинск].

Zaugolnova, L.B., L.A. Zhukova, A.S. Komarov & O.V. Smir
nova 1988. Coenopopulation of  plants (Notes of  population biology). 
Nauka, Moscow, 184 pp (in Russian). [Заугольнова Л.Б., 
Жукова Л.А., Комаров А.С., Смирнова О.В. 1988. Це
нопопуляции растений (очерки популяционной био
логии). Москва: Наука. 184 с.].

Zaugolnova, L.B., S.V. Nikitina & L.V. Denisova. 1992. Types 
of  functioning of  populations of  rare plant species. Byulleten' 
Moskovskogo obshchestva ispytatelei prirody. Otdel biologicheskii 
97:80–91 (in Russian). [Заугольнова Л.Б., Никити
на С.В., Денисова Л.В. 1992. Типы функционирования 
популяций редких видов растений // Бюллетень 
МОИП. Отдел биологический. Т. 97, вып. 3. С. 80–91].

Zheleznaya, E.L. 2009. Features of  the ontogeny of  Cypripe­
dium calceolus L. in coniferous forests of  the Moscow region. 
In: Proceedings of  the VIII International Conference on Plant 
Morphology, dedicated to the memory of  I.G. Serebryakov and T.I. 
Serebryakova, vol. 1 (V.P.Viktorov, ed.), pp. 177–182, MPSU, 
Moscow (in Russian). [Железная Е.Л. 2009. Особен
ности онтогенеза Cypripedium calceolus L. в хвойных лесах 
Московской области // Труды VIII Международной 
конференции по морфологии растений, 
посвященной памяти И.Г. и Т.И. Серебряковых / под 
ред. В.П.Викторова. Москва: МПГУ. T. 1. C. 177–182].

Zheleznaya, E.L. 2015. Results of  a study of  Cypripedium 
in several regions of  Siberia (Russia). European Journal of  
Environmental Sciences 5(2):134–141.

Zolotukhin, N.I. & I.B. Zolotukhina. 2015. Specially pro
tected species of  vascular plants in the Belinsky Forest-
Steppe of  the Altai Reserve. Nauchnye trudy Gosudarstvennogo 
prirodnogo zapovednika "Prisurskii" 30(1):139–143 (in Rus
sian). [Золотухин Н.И., Золотухина И.Б. Особо ох
раняемые виды сосудистых растений в Белинской 
лесостепи Алтайского заповедника // Научные труды 
Государственного природного заповедника "Присур
ский". Т. 30, № 1. С. 139–143].

Zverev, A.A. 2020. Methodological aspects of  using indicator 
values in biodiversity analysis. Contemporary Problems of  
Ecology 13 (4):321–332.


