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Abstract. This article presents the results of the survey (August 2024) of a swampy pine forest in
the suburban zone of Tyumen (Western Siberia, Russia). High species richness of the phytocenosis
and the presence of eight orchid species, four of which are rare and listed in the Red Data Books of
various ranks, have been identified. Two species, Hemipilia cucullata (L.) Y. Tang, H. Peng & T. Yukawa
and Platanthera bifolia (L.) Rich., form large cenopopulations numbering over 200 and 100 individuals,
respectively. Analysis of the ontogenetic structure suggests that cenopopulations of these species are
stable and have a good reproductive potential. They are not inferior in these indicators to populations
developing under automorphic conditions of a green moss pine forest. Vitality of cenopopulations of
both species corresponds to the category "flourishing". Unlike P. bifolia, H. cucullata demonstrates
higher vitality in the swampy stands compared to dry habitats. These data point up the value of swampy
forests for maintaining rich biodiversity in the rapidly developing suburban area of Tyumen and make it
possible to consider them as refugia for rare orchid species.
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HayuyHas cTaTtbs

3a60/104YEeHHbIN Nnec

KakK pedpyruym anga pacteHMM CeMEemncTBa
opxuaHbix (Orchidaceae Juss.) B 30He
cybyp6aHmnsauum r. TIomeHm (3anapaHaa Cubupb)

M.H. KasaHueBa

UHcmumym nipobniem oceoeHusi Cesepa TioMeHCKo20 Hay4dHoeo ueHmpa CO PAH, 625008, Poccus,
2. TromeHb, yn. Yepsuweeackuli mpakm, 0. 13

mnkazantseva@yandex.ru

AHHoTauusa. [lpuBegeHbl pesynbTaTbl obcnegoBaHWst 3abOMOYEHHOrO  COCHOBOMO neca B
cybypbaHunyeckor 3oHe . TiomeHu (3anagHasi Cnbupb, Poccust), BbinonHeHHoro B aBrycte 2024 .
BbisiBneHo BbicOKOe BMOOBOe GoraTtcTBO (UTOLEHO3a M Hanuyue B ero cocrtase 8 BUOOB CeMencTBa
OpXMAHbIX, 4 N3 KOTOPbIX ABMSAKTCA PeakMMU U 3aHeceHbl B KpacCHble KHUMM pasHbIX paHroB. [1Ba
Buaa, Hemipilia cucullata (L.) Y. Tang, H. Peng & T. Yukawa n Platanthera bifolia (L.) Rich., obpasytoT
30ecb KpynHble LeHononynsuumn ducneHHocTelo 6onee 200 n 100 ocobelt coOTBETCTBEHHO. AHanm3
OHTOrEeHEeTUYECKOM CTPYKTYPbI MO3BOMNSAET XapakTepm3oBaTb COCTOSHUE LEeHONOMYNALU 3TUX BUAOB Kak
YyCTONYMBOE, C XOPOLUMM BOCMPON3BOACTBEHHLIM NOTEHLMANOM, HE YCTYNaloLWMM N0 3TUM nokKasaTernsam
KOHTPOIbHLIM MONYNAUUAM, pa3BUBaOLLMMCA B aBTOMOPMHbLIX YCIOBUSAX COCHSIKA 3€reHOMOLLHOrO.
ButanuTeTHbI TMN LieHononynsaumin obonx BMOOB COOTBETCTBYET KaTeropum «npouseTatolasn». MNpu
aTtom H. cucullata, B otnuume ot P. bifolia, eMoHCTpupyeT 6oree BbICOKME NoKas3aTenu XXNU3HEHHOCTM
B ycnoBusix 3abOMoOYeHHOro fieca no CpaBHEHMIO C cyxodornoM. [MonyveHHble AaHHble yKa3biBaroT
Ha LEeHHOCTb 3abO0NnoyeHHbIX NecoB Ans nogdepXKaHus BbICOKOro GrmopasHoobpasuns B yCnoBUsiX
WHTEHCUBHO pa3BMBalOLLENCH NPUTOPOAHON 30HbLI I. TIOMEHU, a Takke NO3BONAT paccMmaTpuBaTb X B
KayecTBe pedyrMymoB AN peakux BUOOB pacTEHUN CEMENCTBa OPXUOHbIX.

KnioyeBble crnoBa: npuropogHasi 30Ha, COCHSK TpaBsHO-00MoTHbIN, ©uopasHoobpasue, Hemipilia
cucullata, Platanthera bifolia, LeHononynsLmMs, OHTOreHeTUYeckasa CTpyKTypa, BUTanuTeT

®duHaHcupoBaHue. PaboTta BbINOMHEHa B paMKax rocyaapCTBeHHOro 3agaHus MuHucTepcTBa Hayku u
BbicLwero obpasosaHus PP (npoekt Ne FWRZ-2026-0022).

ORCID:
M.H. KasaHuesa, https://orcid.org/0000-0002-1227-6720

Ona untupoBaHuAa: KasaHuea, M.H., 2026. 3abonoyeHHbI nec kak pedyrmym Onsi pacTeHun
cemencTtBa opxugHbeix (Orchidaceae Juss.) B 30He cybyp6anunsaumm r. TromeHn (3anagHas Cubupsb).
TpaHcehopmayusi akocucmem 9 (4), 60—73. hitps://doi.org/10.23859/estr-250430


https://orcid.org/0000-0002-1227-6720

62 Kazantseva, M.N., 2026. TpaHcghopmauyusi skocucmem 9 (4), 60-73

MocTtynuna B pepakumio: 30.04.2025
MpuHaTa k nedartun: 07.08.2025
Ony6nukoBaHa oHnarH: 30.10.2026

Introduction

Suburbanization is the growth and development of the suburban zone of large cities due to an urban
population outflow to the outskirts (Breslavsky, 2024). The suburban environment is formed from the
existing rural settlements, gardening associations, cottage communities, and supporting non-residential
suburban infrastructure. The status and functioning of these facilities are constantly changing; their
number and environmental impacts are accordingly growing (Khomyakov, 2017).

The suburban zone of Tyumen city covers vast (30-50 km) territories. The anthropogenic load
on natural landscapes here is determined both by intensive economic activity and increased human
visitation of forests and other natural sites for purposes of recreation, mushrooming, berry and other
wild species gathering. All this creates additional threats to rare and vulnerable plants native to this area.

Representatives of the orchid family (Orchidaceae Juss.) are among the most sensitive components
of natural ecosystems. Many of these highly specialized species respond to negative environmental
changes by declining their vitality and population sizes. Often, even relatively common species of this
family completely disappear in the developed areas (Efimov, 2010; Kazantseva and Artyomenko, 2021;
Sulimenkina, 2011). This is the reason for a widespread inclusion of orchids in the regional Red Data
Books (up to 100% of the family's species in some regions). The Red Data Book of the Tyumen Region
contains 23 out of 30 orchid species (Krasnaya Kniga..., 2020).

Despite the intensive development of the Tyumen suburban zone, there are virtually unvisited places
occupied by natural vegetation, namely, swampy forested stands located in the lowering terrains. They
are typically impassable and overgrown with shrubs. Being of little recreational or economic value, such
areas can serve as refugia for vulnerable plant species capable of colonizing hydromorphic ecotopes.
Other authors, who study the flora of swampy forests in southern Western Siberia (Pisarenko and
Lashchinsky, 2020), have reached a similar conclusion. They note a high floristic richness of these
biocenoses and the presence of rare plant species, including the representatives of the orchid family. At
the same time, the researchers emphasize that swampy forest communities have been poorly studied.

The aim of this study is assessing the species diversity and vitality of orchid plants in the swampy
woody plot of the suburban zone of Tyumen.

Materials and methods

The study area is located within the small-leaved forest subzone (subtaiga) of the West Siberian
Plain. Zonal types of grassy aspen and birch forests, as well as pine stands growing on sandy soils of
river terraces are common here. Secondary forests have a mixed composition with varying proportions
of coniferous and deciduous species. On average, swampy state of the entire subzone makes up
approximately 20% (Rastitelnyi pokrov..., 1985).

The forest under study is located 30 km southwest of Tyumen in the floodplain of the Kamenka
River, a right tributary of the Tura River (Fig. 1). Sprawling rural settlements are seen on both sides
of the plot, which adjoins a paved road to the east and the Kamenka River to the northwest. A cottage
village is under construction on the south side.

The forest is represented by grass-marsh pine stands with the presence of Betula pubescens
Ehrh. The pine forest is dense and largely bushy (Fig. 2); the microrelief is hummocky; in some places,
waterlogged depressions occupy from 20 to 40% of its area. The projective cover reaches 90%. Herbage
is dominated by Equisetum palustre (L.), Phragmites australis (Cav.) Trin. ex Steud., Achnatherum
calamagrostis (L.) P. Beauv., Carex dioica (L.), Carex appropinquata Schumach. Among forbs, Cirsium
palustre (L.) Scop., Comarum palustre (L.), Peucedanum palustre (L.) Moench are common. More than
half of the ground surface and waterlogged depressions are covered by sphagnum and hypnum mosses.

In early August 2024, the area of 2500 m? was surveyed. Floristic studies revealed a high taxonomic
richness of vegetation. A total of 67 vascular plant species from 54 genera and 29 families, including
8 species from the orchid family, were identified in this area. Four of the species are listed in the Red
Data Book of the Tyumen Region and two in the Red Data Book of the Russian Federation (Krasnaya
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Fig. 1. Layout of the surveyed forest plots: 1 — experimental (swampy); 2 — control (dry).
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Kniga..., 2024) (Table 1). All orchids contain generative individuals in blossom fading or fruiting stages
that indicates the plants' ability to reproduce.

Orchid species are largely represented by single specimens or small groups, except for two abundant
species Hemipilia cucullata (L.) Y. Tang, H. Peng & T. Yukawa, and Platanthera bifolia (L.) Rich, having
over 200 and 100 individuals respectively. This allows to evaluate the ontogenetic structure and vitality
of their coenopopulations (CPs), a well as species existence in the given biocenosis as prosperous.

Both species are herbaceous summer-green tuberous perennials. P. bifolia has a broad eurytopic
distribution; it is found in forests with a varying species composition and open herbaceous communities
growing on dry and in extremely wetted soils, even in conditions of stagnant moistening (Vakhrameeva
et al., 2014).

Hemipilia cucullata refers to a highly specialized species, characteristic of forest biocenoses with
a pronounced moss cover. This species is considered a typical mesophyte, which prefers moderate
moisture content and good soil aeration (Speranskaya et al., 2021; Vakhrameeva and Zhirnova,
2003;Vakhrameeva et al., 2014). In the Tyumen Region, the majority of known habitats of H. cucullata
are confined to dry and moderately moistened pine and mixed forests with a green moss cover. However,
the recent data report about the detection of this species in wetlands as well (Kapitonova, 2023; Kuzmin
and Drachev, 2007).

To assess the impact of hydromorphic conditions on P. bifolia and H. cucullata, the comparative
surveys of their CPs were conducted in the control dryland plot of a green moss-small-grass pine forest
located in the green zone of Tyumen. Here, cenopopulations exist close to each other within the same
forest area subject to minor anthropogenic impacts. The living ground cover of the pine forest is relatively
sparse, with a projective grass cover of approximately 60% formed from Galium boreale (L.), Veronica
chamaedrys (L.), Fragaria vesca (L.) and representatives of taiga small grasses Pyrola minor (L.), P.
rotundifolia (L.), and Orthilia secunda (L.) House. Mosses occupy less than 20% of the soil surface.

Cenopopulations of P. bifolia and H. cucullata in the swampy pine forest (experimental plot) were
designated as P-E and H-E, while in the control as P-C and H-C, respectively.

During the survey, we conducted a complete census of individuals in all CPs, determined their
ontogenetic state in accordance with the existing classifications (Vakhrameeva et al., 2014), compiled
the ontogenetic spectra from the data obtained, and derived the cenopopulation recovery index Ir
estimated as the number of offspring per generative plant (Osmanova and Zhivotovsky, 2020).

In generative individuals, the following morphological intravital parameters were measured in situ:
plant height, inflorescence length, length and width of a lower leaf. The number of formed fruits was also
counted.

The status of CP vitality was determined using the Q criterion by the method of Yu.A. Zlobin (1989).
To calculate this indicator, individuals in the reproductive age were ranked by height into three vitality
classes: a — highest, b — intermediate, ¢ — lowest. The boundaries of the intermediate class (b) were
established within the limits of the confidence interval for the difference of means (x + 0). The Q criterion
was calculated using the following formula:

Q=1/2(a+Db)

A vitality type of CPs was determined based on the ratio of Q and c¢ values. For instance, at Q > c,
the population was considered to be prosperous, at Q = ¢, it was in equilibrium, and at Q < ¢ depressed.

The vitality index /VC (used for CPs comparison) was derived from the weighted average based on
the complete set of morphological characteristics (Ishbirdin and Ishmuratova, 2004):

Ve = (X Xi/Xj)/N,

where Xi — is the mean value of the i-th trait in CP, Xj is the mean of the i-th trait for both CPs, and
N is the number of traits.

Microsoft Office Excel, version 2606 was employed for statistical data processing and the Student's
t-test for determination of the difference in the average. Differences were significant at p < 0.05.

The nomenclature of vascular plant species is given in accordance with the WFO Plant List".

" WFO Consortium. World Flora Online Plant List June 2025 (2025-06). Data set. https://doi.org/10.5281/zenodo.15704590
(accessed: 30.06.2025).
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Fig. 2. General view of the grass-swamp pine forest.

Table 1. The species composition and representatives of the orchid family in the surveyed area; * — included in the Red Data Book
of the Tyumen Region, ** —included in the Red Data Book of the Russian Federation.

No. Species Number of plants, ind.
1 *Cypripedium guttatum Sw. 6
2 ***Cypripedium macranthos Sw. 2
3 Dactylorhiza fuchsii (Druce) So6 9
4 Epipactis helleborine (L.) Crantz 20
5 Goodyera repens (L.) R. Br. 3
6 *Malaxis monophyllos (L.) Sw. 4
7 Platanthera bifolia (L.) Rich. 112

* **Hemipilia cucullata (L.) Y. Tang, H. Peng & T. Yukawa
[Neottianthe cucullata (L.) Schiltr. in the Red Data Book of the
8 Tyumen Region (Krasnaya Kniga..., 2020); 210
Ponerorchis cucullata (L.) X. H. Jin, Schuit. & W. T. Jin in the Red
Data Book of the Russian Federation (Krasnaya Kniga..., 2024)]
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Results and discussion

In the swampy pine forest, CPs of both species occupy larger areas, being more abundant than in
the control. At the same time, they are distinguished by a significantly lower density (Table 2) that is,
apparently, explained by a limited number of suitable habitats for plant settlement, as well as by their
uneven distribution.

Owing to biological and ecological species characteristics, Hemipilia cucullata exhibits a clumped
distribution pattern both in the control and experimental samples (Fardeeva, 2018; Kazantseva, 2024).
Clusters often consist of several dozen individuals. In the control, they are confined to moss cover
fragments, whereas in the swampy biocenosis they are encountered on tops of hummocks and on a
“moss cushion” of waterlogged depressions. In the swampy area, P. bifolia is found primarily in small
groups of 3-5 individuals and less frequently singly in the relatively well-drained micro elevations. In the
control, plants of this species are compactly and rather uniformly distributed.

The ontogenetic spectra of the examined CPs are normal, complete, with a predominance of mature
vegetative — virginal (v) individuals (Fig. 3). In terms of age spectrum of both species, the proportion
of young individuals (j+im) from the wetted plot is significantly higher than in the control: H. cucullata
(13%) and P. bifolia (19%). On the contrary, the share of virginal individuals is just as lower (14 and 16%,
respectively). Relative proportions of generative (g) individuals in the control and experimental plots are
similar for both species.

Table 2. Abundance and density of the surveyed cenopopulations with Hemipilia cucullata and Platanthera bifolia. H — Hemipilia,
P — Platanthera, E — experiment (swampy forest), C — control (dry forest).

H. cucullata P. bifolia
Parameter
H-E H-C P-E P-C
Area, m? 625 100 400 50
Number of plants, ind. 134 78 111 43
Density, ind./m? 0.2 0.8 0.3 0.9

Fig. 3. Age-based distribution of plants in coenopopulations with Hemipilia cucullata and Platanthera bifolia: j+im — juvenile +
immature, v — virginal, g — generative. H — Hemipilia, P — Platanthera, E — experimental (swampy forest), C — control (dry forest).
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Habitat conditions can influence the age spectra structure, exerting either favorable or inhibitory
effects on plant growth and development at different stages of ontogenesis. The most critical periods in
orchid ontogenesis are transitions from under- to aboveground existence and from virginal to generative
age when more than 80% of protocorms and up to 60% of virginal individuals die off (Vakhrameeva,
2007). Thus, a high proportion of young plants in CPs from the swampy area can be explained by
their better survival during the transition to an aboveground lifestyle, as well as by the reduced loss of
immature and juvenile plants.

The observed redistribution of plant age groups has little effect on the recovery index (Ir) of CPs
of both species. For P. bifolia in the swampy forest and in the control, /r accounts for 3.8 and 3.2. For
H. cucullata, this index makes up 1.6 and 1.7, respectively. All CPs have a recovery index Ir > 1 that
characterizes them as stable and effectively self-sustaining (Osmanova and Zhivotovsky, 2020).

It is well to bear in mind instability across years when assessing the ontogenetic spectra of orchids.
Thus, the ratio of different age groups in CPs can fluctuate significantly during the growing season
because of weather and climatic conditions (Efimov, 2010; Kazantseva, 2022). Unfavorable weather
conditions often lead to a break in plants flowering and their transition to an underground mycotrophic
existence, sometimes for quite a long period. The maximum recorded duration of such periods for
P. bifolia and H. cucullata reaches 6 and 10 years, respectively (Zhmylev et al., 2018). Dates of their
vegetation stages also differ. For instance, the same weather conditions at the beginning or in the middle
of the current growing season, as well as at the end of the previous growing season can cause different
responses. Therefore, the comparative dynamics of age spectra of CPs in the control and experimental
plots requires long-term monitoring.

The developmental stage of individuals and their size indicators serve as an objective reflection of the
species' living conditions. In our study, both species in the swampy biocenosis differed from the control
in size of their reproductive specimens (Table 3). All the measured morphometric parameters turned out
to be lower in P. bifolia plants from the experimental sample than in the control, but they were higher
in H. cucullata. Both species from control and experimental sites differed in some indicators that was
statistically confirmed. The obtained results suggest that the conditions for realization of the H. cucullata
growth potential were more favorable in the swampy site (at least during this period) as compared to the
control. It should be noted that H. cucullata had the highest morphological characteristics unlike other
CPs growing in the monitored (for several years) Tyumen suburbs (Kazantseva, 2024).

Table 3. Average morphometric parameters of generative individuals of Hemipilia cucullata and Platanthera bifolia in the surveyed
cenopopulations. n — number of measured specimens; X + m — mean value with error; CV — coefficient of variation, %; * — differ-
ences with the control are significant at p < 0.05.

H. cucullata P. bifolia
Parameter H-E (n = 51) H-C (n=41) P-E (n =23) P-C (n=10)
X+m cV  Xim cV X+m CV  Xim cV
P'a”tc'r}fight’ *191+0.76 284 16.0+059 201 *381+194 244 443+174 151

Inflorescence * *
length, cm 6.5+042 463 48+025 279 *11.3+0.73 317 155+1.56 284

Number of *
fruits, pcs. 116+068 417 96+060 335 123+074 292 149+193 36.7

'-eaf(!‘fnngth’ *44+018 295 50+017 185 126+085 273 141+093 187

Leaf width,cm 2.0+0.09 328 19+0.10 269 *35+x0.17 228 51+047 270
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Many authors mention a small size of P. bifolia plants from hydromorphic habitats. Some of them
believe this is the result of plant suppression (Fedchenko, 2010), while others propose to consider
P. bifolia from marshy biotopes as a separate ecological form of the species adapted to certain conditions
(Summerhayes, 1951).

Most of the morphological traits of individuals in all CPs exhibit a high degree of variability. Variations
in parameters of H. cucullata is generally higher than in P. bifolia. For both species, this indicator is
higher in the swampy area. Plant height and leaf length demonstrate the least variability in contrast to
such highly variable generative traits of orchids as inflorescence length and fruit number. Some authors
also point to high variability of generative traits of orchids (Egorova and Suleimanova, 2024).

In coenopopulations, individuals with the average vitality parameters (b) significantly predominate
throughout (Table 4). All the examined CPs belong to the "flourishing” vitality type (Q > ¢); they are well
adapted to specific conditions of habitats. It is worth noting that in the swampy pine stand, the proportion
of individuals of the highest vitality class is 1.8 times higher in H. cucullata than in P. bifolia and as for
the lowest class representatives — 3 times less.

The use of CP vitality index (IVC) allows for a pairwise comparison of populations in different
hydrological conditions based on a set of plant morphological traits. The obtained index values are
indicative of the highest vitality of the H. cucullata population developing under hydromorphic conditions
of a swampy forest. As for P. bifolia, CPs from the automorphic habitat exhibit higher vitality (Fig. 4).

High vitality of H. cucullata in the swampy pine stand allows to reconsider this species as a typical
mesophyte. Apparently, under certain conditions, it can demonstrate a stronger tolerance to moisture
content in soil than it is commonly believed. Our research provides grounds for classifying H. cucullata as a
mesohygrophyte plant. The ability of H. cucullata to successfully colonize hydromorphic habitats increases
the chances of preserving this rare species in the absence or reduction of suitable mesophytic areas.

Conclusion

The surveyed area of the swampy pine forest in the suburban zone of Tyumen is characterized by
high floristic diversity and the presence in its phytocoenosis of eight orchid species, including four rare to
be protected plants. Two orchid species — H. cucullata and P. bifolia, are represented here by large and
stable coenopopulations with a good reproductive potential and high vitality. This underscores the value of
swampy biocoenoses as refugia for protecting vulnerable plant species. It is advisable to identify reference
sites in these forests and grant them the conservation status to maintain overall biological diversity and
save rare orchid species in conditions of intensive development of the Tyumen suburban zone.

Table 4. Vitality indicators of the surveyed Hemipilia cucullata and Platanthera bifolia cenopopulations. Vitality classes of
individuals: a — highest, b — intermediate, ¢ — lowest. Q — indicator of cenopopulation vitality type.

Proportion of individuals by vitality class, %

Species CP Q
a b c
H-E 14 77 9 455
H. cucullata
H-C 13 70 17 41.5
P-E 8 64 28 36.0

P. bifolia
P-C 13 74 13 43.5
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Fig. 4. Vitality indices (/VC) of the surveyed coenopopulations with Hemipilia cucullata and Platanthera bifolia (legend as in Fig. 3).
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