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ABSTRACT

This paper is the first in a series of publications dedicated to the description of
vegetation in the Numto Nature Park, which covers an area of 597189.5 hectares
and is located in the northern part of the Khanty-Mansi Autonomous Area (63°7'—
64°20'N 69°44'-71°45'E). The territory of the patk is representative of the entire
subzone of the northern taiga in the central part of Western Siberia. The initial
stage of the study focused on determining the syntaxonomic diversity of forest ve-
lI%étation belonging to the class Vaccinio—Piceetea Br.-Bl in Br.-Bl et al. 1939.

ine associations (5 new ones, incl. 2 provisional), 2 subassociations, 10 variants,
and 3 community types wete identified and assigned to 4 alliances within 3 orders.
A new alliance, Sphagno fimbriati—Pinion sibiricae all. nov, was proposed
within the class Vaccinio—Piceetea, coveting vegetation of swampy forest and
wooded swamps in the valleys of small rivers and streams in the northern and
middle taiga of Western Siberia. The plant communities are described on the basis
of 180 geobotanical relevés. The t-SNE method, supplemented with cluster analy-
sis, was employed to assess the de%ree of similarity between individual syntaxa. The
article also discusses the issues related to the syntaxonomic affiliation of swampy
forest and wooded swamps vegetation.

Keywords: vegetation, zonal forests, Scots pine forests, swamps, Braun-Blanquet classifi-
cation, northern taiga, Khanty-Mansiysk Autonomous Area — Yugra, Beloyarsky district,
Western Siberia

PE3IOME

Aammuna E.A., @uannmos M.B., Bepeskuna E.A., I'anacesuu I''H. Cun-
TAKCOHOMHS PACTUTEABHOCTH TPUPOAHOTO mapka Hymro (ceBepHas Taiira,
3amapaaa Cubups): 1. Vaccinio—Piceetea Br.-Bl. in Br.-BI et al. 1939.
Hacrosmas crarpi OTKPBIBACT CEPHIO ITYOAMKAIINI, ITOCBAIICHHBIX OITHCAHIIO
PACTHTEABHOCTH ITPUPOAHOTO mapka Hymro maomaasro 597189,5 ra, pacrroso-
’KEHHOTO Ha ceBepe XaHTh-MaHCHIICKOTO aBTOHOMHOTO OKpyra (63°7'-64°20'N
69°44'-71°45'E), TeppuTOopus KOTOPOTO SBASETCS PEIPE3CHTATHBHON AAS BCEH
ITOA3OHBI CEBEPHOI TaliTH B IIEHTPAABHON YACTH 3aITa AHOI CH6HJ)H. Ha mepsom
5TAIIe YyCTAHOBAEHO CHHTAKCOHOMHYECKOE PA3HOODPA3HE AECHOM PACTUTEABHO-
CTH, OTHOCAIIEHCA K Kaaccy Vaccinio—Piceetea Br.-Bl in Br.-Bl et al. 1939.
Briaeaeno 9 accormaruii (M3 HuX 5 — HOBBIE, BKAIOUAsA 2 IIPOBU3OPHEIX), 2 Cy-
Oaccormaryy, 10 BapuanToB U 3 THIIA COOOIECTB, KOTOPHIE OTHECEHEL K 4 CO-
ro3am 3 3 opAAKoB. [Tpearoxen HOBBIN coro3 Sphagno fimbriati—Pinion
sibiricae all. nov. B mpeaeaax kaacca Vaccinio—Piceetea, OXBATBIBAFOIIIET
PACTHTEABHOCTD 3a00OAOYEHHBIX AECOB M AECHBIX DOAOT AOAMH MAABIX PEK I
Py4beB ceBepHON 1 cpeaHel Tairn 3amapaHoit Cubupu. AaHa XapakTeprCcTHKa
PACTHTEABHBIX COOOITIECTB, OCHOBAHHAA Ha 180 ITOAHBIX re0OOTAHIYECKIX OIIH-
canusAx. [IpoBeaeHa OpPAMHAIIMA BBIACACHHBIX CHHTAKCOHOB MeTOAOM t-SNE,
AOTIOAHEHHAs KAACTEPHBIM AHAAU30M, AASl OLEHKH CTETIEHH CXOACTBA MEKAY
OTAEABHBIMH CHHTAKCOHAMH. OOCYHKAAFOTCA BOIPOCH CHHTAKCOHOMITYECKOI
IIPHHAAACKHOCTH PACTHTEABHOCTH 3200AOYCHHBIX ACCOB 1 ACCHBIX DOAOT.

KaroueBbIe CAOBA: PACTHTEABHOCTD, 30HAABHBIC ACCA, COCHOBBIC ACC4, ACCHBEIC DOAO-
Ta, Kaaccudukarua bpayn-baanxe, cepepras Tatira, XauToi-MaHCHHCKII aBTOHOMHBII
oxpyr — FOrpa, Beaospcxuii paiton, 3amaanas Cubups

The Numto Nature Park was established in 1997 with
the aim of preserving the natural and historical complex of
the Kazym River basin (a right tributary of the Ob River) in
its upper course, as well as Numto Lake. The park is home
to unique natural, historical, and ethnographic complexes
and aims to protect the habitats and economic activities of
the indigenous peoples of the North. It covers an area of
597189.5 hectares (Valeeva et al. 2008, Moskovchenko et
al. 2017). The patk is located in the Belayarsky District of
the Khanty-Mansi Autonomous Area — Yugra, practically in
the center of the West Siberian Plain. It is a representative

territory for studying the typological diversity and vegetation
structure of the northern taiga subzone within the forest
zone of Western Siberia as a whole.

During the course of long-term research, the flora of the
nature park has been fairly well documented, and annotated
lists of higher vascular plants, mosses, and lichens have been
compiled (Valeeva et al. 2017, Tolpysheva & Shishkonakova
2022). However, the vegetation of the park has been studied to
a lesser extent, with a focus on dominant or ecologically-phy-
siognomic approaches forits description. As a result, the findings
of these studies typically provide only generalized information
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in the form of vegetation sketches (Il'ina et al. 1985, Shalatonov
& Moskovchenko 2007, Shalatonov 2004, 2009, Valeeva et al.
2008, 2017). Detailed characteristics of plant communities,
including flotistic species lists indicating their abundance and
frequency of occurrence, are lacking in these works which is a
serious hindrance to effective use of the research for organizing
monitoring of biota responses to environmental changes and
developing specific nature conservation measures.

In this regard, the flotistic approach of the Braun-Blan-
quet school appears to be more promising, as it is successfully
utilized for vegetation inventory in all European countties,
ensuring a unified approach to desctibing community com-
position, classification, and presenting results.

In this paper, we attempt to assess the actual phy-
tocenotic diversity of vegetation communities in the
northern taiga of Western Siberia, on the example of the
Numto Natutre Park, and present it within the framework
of a floristic classification system.

The objective of this paperis to identify the phytocenotic
diversity of forests, swampy forest and wooded swamps
with well-developed tree layers in the territory of the
Numto Nature Park, which belong to the class Vaccinio—
Piceetea Br.-Bl. in Br.-Bl et al. 1939, and to
develop a floristic classification, providing
detailed characteristics of the identified syntaxa
(plant community units).

MATERIAL AND METHODS

Study area

The Numto Nature Park is located in the
northwest part of the Khanty-Mansi Autono-
mous Area (63°7'-64°20'N (69°44'-71°45'E) on
the northern slope of the Siberian Uvaly, a low
ridge of morainic hills that stretches across the
entire West Siberian Plain. The park is bordered
by the territory of the Yamal-Nenets Autono-
mous Area (Priuralsky and Nadym Districts) to
the north and east (Fig. 1).

The territory is formed by Quaternary de-
posits, predominantly alluvial and fluvioglacial in
origin, including sands, loams, and clays. Among
them, sandy deposits significantly prevail in terms
of area. In the southern part of the park, with un-
dulating relief, the elevations reach 150 m above
sea level. This is where the largest tributaries of
the Ob River originate and diverge in different
directions: the Kazym, Nadym, Pim, and Trom-
Egan rivers. The central and northern parts of the
patk are predominantly occupied by flat and gent-
ly convex boggy plains with elevations ranging
from 95 to 110 m above sea level. These plains
are characterized by extensive peatlands with nu-
merous lakes, separated by narrow river valleys.

According to the majority of botanical-geo-
graphical regionalization schemes, the nature park
is located in the northern taiga subzone of the
West Siberian Plain (Il'ina et al. 1985).

A characteristic feature of the patk's

landscape structure is the prevalence of peat bogs, DRy

which cover 63 % of the territory. Zonal birch-coniferous
(Betula pubescens, Pinus sibirica, Picea obovata with Larix sibirica)
dwarf shrub-green moss forests on loamy soils, as well as
lichens and dwatf shrub-green moss-lichen pine forests on
sandy soils, occupy a considerably smaller area (23.3 %). The
aquatic areas of large lakes, rivers, and backwaters, excluding
numerous small intra-bog ponds, account for 13.7 % of the
area (Moskovchenko et al. 2017).

Sampling and data analysis

Fieldwork was conducted in the southern and central
parts of the Numto Nature Park in July-August of 2006,
2017, and 2022. In addition, relevés made in 2019 on the ad-
jacent territory of the Nadym District of the Yamal-Nenets
Autonomous Area, which has a similar landscape structure
and natural conditions to the northern part of the park, were
used for vegetation classification purposes.

The routes and selection of study sites for detailed field-
work were chosen based on the analysis of Sentinel-2 satellite
images, taking into account the overall landscape structure
of the territory. Relevés were carried out on well-defined
vegetation patches on the plots 100 m* (10 X 10 m). We re-

|
"~ T, 17 Nature park "Numto”

Figure 1 Study area. Sites of relevés (red circles). Zones and subzones: I — typical
tundra, II — southern tundra, 111 — forest-tundra, IV — northern taiga, V — middle
taiga, VI — southern taiga, VII — subtaiga (birch-asp small leaved zone), VIII —
forest-steppe. Administrative regions: YaN — Yamal-Nenets Autonomous Area,
anty-Mansi Autonomous Area
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corded the complete species composition (vascular plants,
mosses, lichens, liverworts) and estimated visually the percen-
tage cover (%) for the major plant growth forms, as well as
cover-abundance scores for each species. Samples were col-
lected of those bryophytes species for which identification in
the field was difficult.

A total of 180 vegetation relevés of forests, swampy fo-
rest, and wooded swamps, with well-developed tree layer were
conducted during the field research. An Integrated Botanical
Information System, IBIS 7.2 (Zverev et al. 2007), was used to
process the geobotanical relevés and develop the vegetation
classification. In this system, preliminary sorting of relevés
and identification of floristically homogeneous groups were
performed for subsequent syntaxonomical analysis.

Species abundance in phytocenotic tables is presented in
projected cover scores (Mirkin & Naumova 1998): r —solitary,
+ —less than 1 %, 1 — 1-5 %, 2a — 613 %, 2b — 14-25 %,
3 —26-50 %, 4 —51-75 %, 5 —76-100 %. Species constancy
in the tables is giving using following percentage scale (%0):
R —0-10, I - 11-20, II — 21-40, I1I — 41-60, IV — 61-80, V
— 81-100. The median abundance values were used for each
species to characterise syntaxa.

The vegetation classification was conducted according
to the principles of the Braun-Blanquet school (Westhoff
& Maarel 1978). Descriptions of new syntaxa were carried
out following the requirements of the International Code
of Phytosociological Nomenclature (Theurillat et al. 2021).
The concept of diagnostic species was used for syntaxa deli-
mitation, including selective species (occurring in some syn-
taxa but with highest constancy in one) and preferential spe-
cies (equally constant in some syntaxa but more abundant
in one). Diagnostic species groups of associations and sub-
associations represent differential species combinations,
where these species ate characteristic of the syntaxon if
occur together, although individually, each species may not
be differentiating (diagnostic) (Matveyeva 20006, Lavrinenko
& Lavrinenko 2015, Lavrinenko et al. 2016).

For statistical analysis, the t-SNE method (t-Distributed
Stochastic Neighbor Embedding) was used, which allows for
the visual representation of high-dimensional feature spaces as
compact clusters on a two-dimensional plane (van der Maaten
& Hinton 2008). Hierarchical clusteting was also employed
to determine the degree of similarity between identified phy-
tocoenons and to visualize their structure as a dendrogram.

Nomenclature of the species followed Sekretareva (2004)
for vascular plants, Ignatov et al. (2006) for mosses and
Konstantinova et al. (2009) for liverworts.

RESULTS

The Numto Nature Park is located entirely in the sou-
thern part of the subzone of the northern taiga of Western
Siberia. Despite the fact that the West Siberian Plain is a
classical area of development for dark coniferous taiga, the
patk's territory does not have extensive coverage of dark
coniferous forests. The dominant tree species in the park is
Pinus sylvestris, which accounts for approximately 60 % of the
forested area. The main forested areas are found in the well-
drained southern part of the park, located on the northern
slopes of the Siberian Uvaly and in the Kazym River valley.

Various types of swampy forest and wooded swamps on peat
soils are developed in the valleys of small rivers and streams.

All the diversity of the drained upland forests, swampy fo-
rests, and wooded swamps with well-developed tree layers in the
Numto Nature Park belong to the class Vaccinio—Piceetea.

Vaccinio—Piceetea Br.-Bl. in Br.-Bl et al. 1939 —
coniferous and coniferous-small-leaved deciduous boreal
forests of Eurasia

Diagnostic S})ecies of the class in Western Siberia include
Picea obovata, Pinus sibirica, Vaccininm vitis-idaea, V. myrtillus,
Linnaea borealis, Goodyera repens, Trientalis europaea, Orthilia se-
cunda, Gymnocarpinm dryopteris, Fylocominm splendens, Plenrozinm
schrebers, Dicranum polysetum, Ptilinm crista-castrensis, Peltigera
aphtosa, and P. canina.

Within the territory of the nature park, the vegetation
of the class is represented by three orders: Pinetalia
sylvestris Oberd. 1957, Ledo palustris—Laricetalia
cajanderi Ermakov in Ermakov et Alsynbaev 2004, and
Piceo obovatae—Pinetalia sibiricae Ernakov 2013.
These orders include the northern taiga forests and wooded
swamps consisting of dark coniferous, 1[iine, and mixed
forests with the participation of larch and birch.

Moss-lichen pine forests on sandy soils

The order Pinetalia sylvestris includes boreal pine
forests on sandy and loamy sand soils of oligotrophic mo-
derately dry habitats in Northern Eurasia. Within this order,
the northern taiga pine forests of Western Siberia, as well
as oligotrophic Cpine forests of Northern Europe, belong
to the alliance Cladonio stellaris—Pinion sylvestris
K.-Lund ex Ermakov & Morozova 2011 (Ermakov &
Morozova 2011).

The alliance Cladonio stellaris—Pinion sylvestris
represents 1E)ine forests with a dominant presence of erica-
ceous shrubs and lichens in the forest floor (Makhatkov &
Ermakov 2010, Ermakov & Makhatkov 2011).

Diagnostic species of the order and alliance in Western
Siberia include Cladonia stellaris (dominant), C. arbuscula s. 1.,
C. deformis, C. coccifera, C. cornuta, C. mgg@‘erma, C. uncialis,

Cetraria islandica, and Empetrum hermaphroditum.

Unlike the lichen pine forests in the southern part of Western
Siberia, an important diagnostic feature for communities be-
longing to the alliance Cladonio stellaris—Pinion sylvestris is
the absence of southern boreal and meadow-steppe species of
moderately thermophilic flora (Makhatkov & Ermakov 2010).

In the territory of the Numto Nature Park, the alliance is
represented by two previously described associations.

Cladonio arbusculae—Pinetum sylvestris Kiel-
land-Lund ex Ermakov & Morozova 2011 (Table 1, 1-21;
Table 5, 1-3; Fig. 3, 4, syntaxa 1a, b, ¢).

The association represents lichen and cranberry-lichen pine
forests on dry, poor sandy soils in the northern boreal zone
of Eurasia (Fig. 2A).

Diagnostic species: The association is characterized by the
same differential species as the alliance.

Structure and composition. The tree layer is formed by
Pinus sylvestris. Tree density ranges from 0.2 to 0.6. The ave-
rage height of trees is 10-12 m. The shrub layer is absent
or represented by patches of large dwarf shrubs such as
Ledum palustre, with occasional groups of young pine trees.
The lower shrub layer covers 5-60 % andy is composed of
Vaccininm vitis-idaea, often with a small presence of Empetrum
hermaphroditum. Herbaceous plants are almost absent. The
cover of the moss-lichen ground layer reaches 90—100 %o,
mainly due to the presence of shrubby lichens such as
Cladonia_stellaris and C. rangiferina. There is a constant pre-
sence of C. arbuscula, C. deformis, C. cornuta, C. uncialis, C. gra-
cilis, and Cetraria islandica. Green mosses, although in small
abundance, persistently occur and include Pleurogium schreberi,
Dicranum pogxefmﬁ, Polytrichum piliferum, and Poblia nutans.

Based on the species composition and the degree of li-
chen development in the forest floor, three variants can be
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distinguished: typica, Vaccinium myrtillus, and Cladonia 8 N
cornuta. | = A
. . . <
The variant typica (Table 1, rel. 1-8) includes the old-growth, v g N
long-unburned pine forests (over 50 vyears old). They are S 2 &
characterized by the lowest species diversitff (12-20 species per = o
relevé site) and a dense cover of shrubby lichens, with Cladonia = £ -
stellaris dominating and a presence of C. arbuscula and C. rangiferina. g > 8
Other lichen species are scarce and inconspicuous. 3 § -
The variant Vaccinium myrtillus (Table 1, rel. 9-16) includes ; |2 =
communities that have been affected by low-intensity fires 40-50 A ) =
years ago. They appear similar (physiognomically) to long-unburned Z ©
forests, with the main difference being a more pronounced patchy | & QLR E K 11028081 2O1THLO0 [ R
?}xzarf shrub layer consisting of Ledum palustre, VVaccininm myriillus, 2 g@/ SIS SR 11078081 20118900 |12
. vitis-idaea, and a constant presence of tube-forming lichen o 3 =
SCPecies such as C/adoﬂjﬂ coccifera, C. cornuta, C. crispata, C. de.formz'x, NS | o S8 8SBRT 0T NITTHTYO | &
- gracilis, and C. uncialis, with a dominance of Cladonia stellaris. &8 |9 50
. . 58 | o 28 RIS T ce0r80tl nugzoTeo | R
The variant Cladonia cornuta (Table 1, rel. 17-21) corres- o2 | gl & -
onds to earlier stages (15-25 years) of post-fire regeneration. = - RL 0 S 2 L10T'80°0T MULIALS0 [
he ground cover of such forests is absolutely dominated by T = 00 @ 7Z0z80°C] NUZZASO0 | =
tube-forming lichen species, with Cladonia cornuta, C. crispata, and =8 | = OO ONA ©
C. gracilis being the most abundant. il T L RR8 5 eors0el nugTdLlo |
Distribution and ecology. The communities of this association 2= |8 o
] a4 Og. x S50 - 3 | OO — nu [N
are widely distributed within the northern taiga of Western Sibetia, b sz‘?s K] 7B @ S 0T80el MUeOLI0 | &
where they occur on dry sandy and sandy-loamy CFoor soils of T8 E _ | BRLESgeorsoyl nugzdio |R
alluvial and fluvioglacial deposits, on watersheds, and high terraces S22 = §| con S 1 -
of river valleys. S 2 | SR®E 2 L0T800z MeLId6or | K
=l e 90" 0 |
. 1 s . T B S Q CC0T80FL MUTCOIL0
Pinetum sibiricae—sylvestris Makhatkov et Ermakov 2010 o g g: T = o o
L . . . . o = NoNn8 o -0 1
The association includes the north-taiga pine shrub-lichens and oon | 8 F Rl S & C0T80YL MUCCHIN0 | o
shrub-green-moss-lichens forests of Western Siberia. These :E zg | M RRIB B 0z80°el nuzza6lo | &
forests are found on dry sandy and layered sandy-loamy moderately E=E o o o -
moist soils, which experience significant summer heat penetration E tE SLER R T ccoz80 L MUTTA0Z0 |G
1t\(/)I cons1der§8iel )depths (Makhatkov & Ermakov 2010, Ermakov & g g % 0010 S S 2Z207'801 MUTEATE0 |
orozova . S -
. . . . o . g< s oo 0
Dlzbgnostlc species: Pinus sibirica, Empetrum bermaphroditum, and Zz 3 5 oG o100t #do1aseo | &
Cladonia arbuscnla s. 1. 5 g;% g QoSS 61072011 WelaLzo |
S g
In the Numto Nature Park, this association is represented only by o 2% 5 o o
0! 1021 7d o
the subassociation ledetosum palustre. é > 2 g @ S&QEQ6r0cLoLt etHsel |
)
58 S R—23610zL0L] #de1AET |2
> c ~ 5 0 <+ = —
Pinetum sibiricae—sylvestris ledetosum palustre E 1o | S = 0 o0 S0
E = oL 7 ~
Makhatkov et Ermakov 2010 (Table 1, 22—-36; Table 5, 4-5; Figs o2 ; 8 ) 0 S~ 2 = OL0CLOLL #E61D620 | —
3, 4 syntaxa 2a, b). é’ c'\‘_ 23 = Lo QS L10T80°LL NULIHSSE |2
The subassociation combines dwarf shrub-green-moss-lichen =23 | 2 T | cowse e o
o U . ~ <c0C'80'81 nUCTdCO1
torests (Ledum palustre, 1V accinium vitis-idaea) and dwarf shrub-lichen- ; z/ R Y O = -
green-moss forests (Fig. 2B). o o E‘) ; = | RFLRE0T8081 MWITAYI0 [T
.. = o t i}
Structure and composition. The sparse (30-60 %) tree layer, S 25 | 3| E| 2w2EK7o0e808l g6 (2
reaching a height of 10-12 m, is dominated by Pinus sylvestris with a A~ o= | e €
constant mix of P. szbirica, and a minor presence of Betula pubescens. @ §§ £ g RowE R L1080 LT nuLIEOR) |
In the dwarf shrub layer, Ledum palustre fredomlnates (30—60 %) SoT | & 2| cocwe 0z nuasho |=
along with Vaccinium vitis-idaea and V7. myrtillus, which form the lower = T3 S| & °T—ed =
2 -
sublayer. Among herbaceous plants, Carex globularis is scattered. In & e | S S | oS LI0T80 LT NULIHESE |2
the ground cover, Cladonia stellaris and C. Tdﬂfﬁfé’ﬂ'}’lﬂ dominate, with szl 2 < cwag @ el
a mix of C. arbusenla s. 1. The green moss Plenrozinm schrebers, with 2 28 | 2 2GS S & Teors08l nuzzosso |o
a mix of Dicranum polysetum, dominates or is gresent in significant g 2 a S92 SN Z20TOI0T "UTZAG10 |
abundance alongside the shrub lichens (Fig. 2B). ° 2 o - = ; N q
Based on the ratio of mosses and shrub lichens in the ground G = |9 SO RS L 6L0TLOLL 24614920 |~
cover, two variants are distinguished. 0 £ N g Lo 610zL0'LT 24619820 |
. . g i o =
— g s
The \{agang tc}lriplca (Table 1, rel. 22-31) fully corresponds to the é $L |3 r; 2022 610zL0L1 2d6lHLET 1o
association’s diagnosis. . . g E E D] 2| e cmey s
The vatiant Pleurozium schreberi (Table 1, rel. 32-30) is PR 8| nSmE = O0I0TLOLL ZACTHIEL | =
! . . E =
E?;gﬁicrtlgr%zoedggyo/ghe predominance of green mosses, with cover = é s T RorER610TL0LE 2d61D0€0 [0
— . 5
. . . .. . 8] o N S . A
Distribution and ecology. The communities of this sub- S 2 g F0BEDCU0TLOLL dorHorT o
O . : 535
association occur on more moist and colder sandy-loamy soils g2 S258610zL0L1 261620 |—
compared to the typical subassociation. 8 ; 3
oI 2
. . . . g~
Dark coniferous and mixed (birch-coniferous) ! S4 R 5 |8
dwarf shrub-green-moss forests on clayey soils g 3_‘.2 w38 < |2
. . . . 5
The datk coniferous and mixed (birch-coniferous) dwarf shrub- % Um s 3 ”g _§ - s =
green-moss forests of drained habitats (upland forests) on cla?*ey 2 ZE | § bl £g° £ |2
soils, described in the territory of the Numto Nature Park, are clas- = 1z |E _[3,8¢c82 b d
sified into two orders: Ledo palustris—Laricetalia cajanderi L&z |3 § cées<g o 0
Ermakov & Alsynbaev 2004 and Piceo obovatae—Pinetalia 21l |8 E fExAdZ &8 < -
sibiricae Ermnakov 2013. = <l PR A 2 e

96 Botanica Pacifica. A journal of plant science and conservation. 2024. 13(1): 93-113



Vegetation syntaxonomy of the Numto Park (Russia): 1 — class Vaccinio-Piceetea

II OIr I
II I 11
1 II
1 I 1II
! I 1II
1 111
1 I I II II I
II I II
1 II I I I
1 I I I I
1 I II I I II
II Ir 1 I I
II I 1I I II
I mr I r 1m I 1II
11 JIT T I I
III tAT 1T II II III
JIT A I T 111

T IT IIT AT WA AT IIX

II II IIT II III II I
A A A AL A AT I
A A A ST +A 11
A A A TIT I AL II
m\/ m\/ QN\/ +> _> +> +>
AN\/ AN\/ m»\/ AN\/ AN\/ T 3N>

SIIT IIT +ATLGIID IT +AT AT
A A A GAL SA AT AT

SALTID A A wA 2N AT
e A @A A AT A A
m\/ _> m\/ m> T\/ m> m>

I <A
1 I II .A II 1
II LAT+AIL
JIT TIT A 1T
IT IT IIT T +A WAL 1T
AT aeA <A T
I I 1T IIT A AT
III II ~ALSAT A <A 11

I I AT AL
I I IT .II1 A LI 1T

+ALTT <AL 1T TIT T SI1X
I LAL I IT AL T
+AL IT oA GIITAT A T

I I I 11

I 111 11
JATLATLAT I I T IIX
A A AT I I

A A A AN A A

=
+++ +
+++

++
+++ +

++
++

S ——
Ot + —
— N —
ol §++
(S'(%NHF'F'
££MF‘F‘
et —

+—+
—+
e — +

++
—++

4 —
€O v
o — 4

q¢
e

++
++++ + o+

++
+
4+ ++

+
+

+

ao—+  +
<t =
A+d——+
S+o—+
— =

—
-

S—+ +
4 —
——— 4+
n— 4+ -
wn— 4+ 4+ —
PR To R e

+++
-

SOl
wofi+++ +
— 0

H O O -
+++ +

+ =t

++

€C

1
b
g

ISO[As UOTULJ-ST

R s i

I

q¢ q¢ ¢

-

Al
++&—

ﬁﬁﬁﬁ-’»

—

H oA =t =

.amw%w.@\u

wngofijrdvs N\\x&%@\\&m

vuv vynag

+ + DIDFINIY] VIVATI)

+ + + DIDIIHING DUDL2I0AD)]

winaofiyd wnqoriggodq

+ DIVUIOLNDULD DINOPD])

DIOU? VIUOPD])

+ wnpIU0)s WNUPII(|

wngongs wngorGoq

+ o+ apnvaxay wnuvaon(]

i1 1Py

SUDINQOIT X407y

+ + wmppnpun wnupa |

wnsouITyN wnIHIIY |

vI3IGs vinopr]y

wuntirdaqand wnpii g

+ suvpnu vygoJ
:sarads Y10

supssarsif wunuvis(|

4 wngastjod wnuvisn(T

St untun,|

1 vz s-s - d ausmwd wnpr |

I + + ¥ + + 1 MaqaAGos 1unZ0.3] ]

q¢ 9¢ 9¢ ¢ 9¢ 9¢ 9¢ povpr-Sia wnin |
319930 J-0TUIODEA 3 JO sapads opsoude(q

+ 4+ + + DIpUD]ST DLDATE )
wnposgdouiioy
+ + wnagadut ]
+ ' 'S ppnasngy viuopsy)
qz 1 ez DULRfiTUPL DINOPD])
§ § ¢ SMv[[op S&&S“\%

1s oruope[) 9yl Jo sapads onsouseq
DSOLDI DIOPY]T)
anuraoqrun! ungarg o
Ddafi2202 vILOPD])
+ SypIUN DUOPD])
+ siofop viuope[D)
Sy29v4T V1YY
o dsu viuopy))
+ o+ DINUL07 DIUOPD])

+
4+ =
+

+

++ =

1

w—+ + +
<
AN

I
+
A4
g

n

3
1
S
E)

St

eIl

+

+++

BINUJIO0D BIUOPE[D JUELIeA ) Jo s9roads opsouserq
+ 4 + o+ + SypATH DUDALII0AT)]

+ o+ 4 gﬁ&ﬁw\\& e

STIISIATAS WINIIUIJ—IB[NISNIE OTUOPE[D Y} Jo sarads onsouder(q

+ 1 4+ + suassagnd vnag
‘S-S d vouqis snus

I SLSIapLs snut

aordrpun

h: h: vp0a0q0 vang
+ + + DILIGIS XLV |
1 1 I suassaqnd vjngag
‘S-S J  vouqis snutJ

¢ ®qqdqg ¢ ¢ ¥ ¢ ¢ 9 sugsaads snut

13Le] 991 Jo sapadg

¢ 9z ®c 1T I a1 ®1

9¢ &€ ¥E €C T¢

1C

¢l ¢l 11 01

L 9 S ¥ € T 1 _oI1qeow uf Tu APy

‘panunuo)) ‘[ SqEL,

97

Botanica Pacifica. A journal of plant science and conservation. 2024. 13(1): 93-113



Lapshina et al.

Figure 2 Photos of described forest and wooded swamp communities in the Numto Nature
Park. A — pine-lichen forest ass. Cladonio arbusculae—Pinetum sylvestris subass.
typicum on sandy soils; B — pine-dwarf shrub (Ledum ga/mlre, Vaccininm vitis-idaea)-green moss-

lichen forestass. Pinetum sibiricae—sylvestris sul

uliginosi—Piceetum obovatae; D — birch-dark coni

Pseudobryo cinclidioidis—Pinetum si

Pinetum sibiricae; G —birch-reed grass
Sphagno fimbriati-Betuletum pubescentis;
aquatilis-Betula pubescens

The Ledo palustris—Laricetalia cajanderi com-
prises deciduous light coniferous and coniferous mixed forests
that develop in the cold and continental climate of the boreal
zone of Northern Eurasia (Ermakov & Makhatkov 2011).

The alliance Pino sibiricae—Laricion sibiricae,
described by Ermakov et Alsynbayev in 2004, represents an
order found in the northern forest zone of Western Sibetia.
This alliance includes low-diversity mixed and coniferous

ass. ledetosum palustre; C— birch-
larch-fir (Bezula pubescens, Larix sibirica, Picea oboata)-dwarf shrub-green moss forest ass. Vaccinio
%erous—reed grass (Calamagrostis

purpurea)-herb swamp (sogra) ass. Pseudobryo cinclidioidis—Pinetum sibiricae var.
inops; E — birch-dark coniferous-reed grass %Ca/ama{gro;tz'x purpurea)-herb swamp (sogra) ass.
iricae var. Sphagnum girgensohnii; F

— birch-Pinus sibirica-Menyanthes trifoliata-Sphagnum swamp (sogmg3 ass. Oxycocco palustris—
fCalama(gmngpmpwm) -Sphagnum low woodlands ass.

— sedge-birch community type Carex

dwarf shrub-lichen forests, with
co-dominance of Larix sibirica, Pi-
cea obovata, Pinus sylvestris, P. sibirica,
and Betula pubescens. Ground cover
lichens are present with high con-
stancy but in smaller abundance
compared to bryophytes.

Diagnostic species for the order
and alliance include Larix sibirica,
Empetrum bermaphroditum, 1edum pa-
lustre, Vaccininm uliginosun, Carex glo-
bularis, and Sphagnum girgensobni.
Despite the significant presence of
shade-tolerant tree species in the
canopy layer, these forests differ
from typical southern and middle
taiga dark coniferous forests of the
alliance Piceo obovatae—Pine-
talia sibiricae. Common species
found further south, such as _4bies
sibirica, Calamagrostis obtusata, Gym-
nocarpinm dryopteris, Maianthemum bi-
Jolinm, Orthilia secunda, Rosa acicnlaris,
Sorbus sibirica, Stellaria bungeana, and
Trientalis enropaea, are absent in these
forests. Within the alliance, two
associations have been identified.

Vaccinio uliginosi—Picee-
tum obovatae ass. nov. (Table 2,
rel. 1-14, Table 5, 6; Fig. 2C, Fig. 3,
4, syntaxon 3).

Holotypus: relevé 2 (authot's num-
ber — 250E19pz), Yamal-Nenets
Autonomous Area, Nadym District,
ugper reach of Kheygiyakha River in
30 km from Priozernyi settlement,
23.07.2019, author E.D. Lapshina.
Diagnostic species: Larix sibirica,
Picea obovata, Betula nana, Pedicularis
labradorica w Buabr coroza Carex glo-
bularis, Empetrum hermaphroditum, 1 e-
dum palustre, 1 accinium uliginosum.

The association comprises birch-
fir-larch and larch-fir dwarf shrub-
lichen forests on well-drained and
moderately drained clayey soils
in the northern taiga subzone of
Western Siberia (Fig. 2C).

Structure and composition. The
tree layer consists of three tree
species: Larix sibirica, Picea obovata,
and Bezula pubescens, with a crown
cover of 30—60 %. The sparse upper
layer (5-20 %) is composed of larch
and fir trees in varying proportions,
18-20 m high. The denser lower
layer (30—45 %) is composed of
fir and birch trees, reaching a
height of 10-12 m, with some
larch mixed in. The understory is
sparse, ranging from 0.5 to 3 m
in height, consisting of birch and
fir with a minor presence of Pinus
sibirica. In the dense dwarf shrub
layer, Vaccininm vitis-idaea dominates
(25-80 %) along with Ledun palustre
(1-30 %), and a small presence of
Empetrum hermaphroditum and Vaccininm myrtillus. Herbaceous
plants are rare and low in abundance. The ground cover is
Ip_lredominantly occupied by Plenrozium schreberi with some

locominm splendens. Among the mosses, Cladonia stellaris,
C.y rangiferina, and Peltigera spp. lichens are present with high
constancy but in small abundance.

Ecology and distribution. These forests develop on mo-
derately drained sandy-loamy clay soils in watershed areas
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and river terraces within the northern taiga subzone and

forest-tundra of Western Siberia. They are relatively wide-

spread in the northern part of the nature park and are
escribed near its northeastern boundaries.

Ledo palustris—Pinetum sibiricae Ermakov et
Makhatkov 2011 (Table 2, rel. 14-34; Table 5, 7-8; Fig. 3,
4, syntaxa 4a, b).

The association comprises typical zonal mixed birch-fir-
Pinus sibirica (with larch and Scots pine in the tree layer)
dwarf shrub-green moss forests in the northern taiga and
forest-tundra of Western Siberia.

Diagnostic species: Due to the extremely poor species
composition, the communities of this association do not
have their own differential species and are characterized by
diagnostic species of the class and order.

Structure and composition. In the tree layer, ranging
from 16 to 20 meters in height, Pinus sibirica, P. sylvestris, Picea
obovata, Larix sibirica, and Betula pubescens co-dominate in
varying proportions. The shrub layer is weakly developed or
absent. The herbaceous-dwarf shrub layer is dense, coverin
25-80 %, and is dominated by Vacininm vitis-idaea an
V- myrtillus. The upper sublayer often includes Ledum palustre
(up to 25 %). In smaller quantities but with high consistency,
Empetrum hermaphroditum, Linnaea borealis, and occasiona]l}y
Diphasiastrum complanatum and Melampyrum pratense are pre-
sent. The continuous moss cover is predominantly com-
posed of Hylocominm splendens and Pleurozinm schreberi, with a
minor presence of Dicranum polysetum, Ptilium crista-castrensis,
Polytrichum commune, and the lichen Peltigera aphthosa. Dicranum
fuscescens, Ptilidinm pulcherrinum, and Paly%a nutans are common
on the tree bases and stumps.

Within this association, at the current stage of study, two
variants, corresponding to different post-fire recovery
stages, can be distinguished.

The variant typica corresponds to typical zonal old-

rowth forests. They are characterized by the dominance
of dark coniferous slpecies, Pinus sibirica and Picea obovata, in
the tree layer, as well as a weak development or complete
absence of lichens.

The variant Pinus sylvestris represents Frolonged suc-
cessional stages of post-fire recovery in zonal northern taiga
forests. They atre characterized by a noticeable decrease in the
role of dark coniferous species and an increase of Pinus syl-
vestris, which is more resistant to ground fires. In sparser and
better warmed forests on sandy soils, the ratio of lichens slight-
ly increases. Otherwise, the species composition and structure
of the lower layers are similar to undisturbed variants.

Distribution and ecology. The communities of this asso-
ciation are most common in the subzone of the northern tai-
ga in Western Siberia. They occupy moderately drained habi-
tats on watersheds and in river terrases, where they develop
on moderately moist clayey and layered sandy-clayey soils.

Notes. The communities described by us in the Numto
Nature Park show some resemblance to the communities of
the ass. Melampyro pratense—Laricetum sibiricae
Ermakov & Makhatkov 2011. They occupy similar types of
habitats in terms of ecological conditions. Sporadically and
in low abundance, the diagnostic species of this association,
such as Calamagrostis lapponica, Diphaziastrum complanatum, and
Melampyrum pratense, are present in their composition.

The order Piceo obovatae—Pinetalia sibiricae
comprises the dark coniferous forests of the majority of the
taiga zone in Western Siberia, the Urals, and partially the
northeast of the European part of Russia (Ermakov & Ma-
khatkov 2011, Ermakov & Martynenko 2022).

Diagnostic species of the order include Abies sibirica, Picea
obovata, Pinus sibirica, Sorbus sibirica, Atragene sibirica, Calamag-
rostis obtusata, and Stellaria bungeana.

Within the order, four alliances are distinguished, one

of which is represented in the Numto Natural Park — the
alliance Pino sibiricae—Abietion sibiricae.

The Pino sibiricae—Abietion sibiricae comprises
dark coniferous dwartf shrub-herbaceous taiga forests that

develop in zonal habitats on watersheds and river terrases of
the southern and middle taiga of Western Siberia (Ermakov
& Lapshina 2013, Ermakov & Martynenko 2022).

Diagnostic species: Carex globularis, Ledum palustre, Melam-
pyrum pratense, Polytrichum commune, Rubus arcticus, Sphagnum
walfianum, in combination with species of its own order and
subclass of dark coniferous forests Gymmnocarpinm dryopteris,
Maianthenmum bifoliun, Oxalis acetosella.

In the northern part of the forest zone of Western Siberia,
the dark coniferous forests of this alliance are located at the
northern border of their distribution, penetrating here along
the river valleys that are characterized by more favorable
microclimatic conditions.

These forests are characterized by a poor floristic composition
with the dominance of a small number of widely distributed
boreal dwarf shrub and green moss species, and the absence
of several characteristic species of taiga herbs and ferns.

The forests described in the Kazym River valley (a right tri-
butary of the Ob River) in the southern part of the nature
patk are attributed to this alliance.

Pino sibiricae—Abietetum sibiricae Ermakov &
Makhatkov 2011 (Table 2, rel. 35-40; Table 5, 9; Fig. 3, 4,
syntaxon 5).

The association was first described in the upper basin of
the Taz River in the northeastern part of the taiga zone of
Western Siberia (Ermakov & Makhatkov 2011). It includes
dark coniferous and mixed (Picea obovata, Pinus sibirica, Abies
sibirica, Larix sibirica, Betula spp.) dwarf shrub-green moss
forests of the taiga zone of Western Siberia.

In the southern part of the Numto Nature Park, the asso-
ciation is represented by the distinct impoverished variant
inops, whose rank may be elevated to the level of a separate
subassociation as more data accumulates.

Variant inops (Table 2, rel. 35-40; Table 5, 9; Fig. 3, 4,
syntaxon 5).

Structure and composition. In the tree layer, which
reaches a height of 20-25 m, dark coniferous species such
as Pinus sibirica, Picea obovata dominate, along with varying
amounts of Bezula Abﬂ/?eﬂem and Larix sibirica. The shrub layer
is relatively well-developed and consists mainly of Sorbus
sibirica (5-20 %), although it diminishes along the highest
riverbanks. The favorable hydrothermal conditions in the
river valleys contribute to a higher species diversity, with
an increase in the representation of taiga herbaceous spe-
cies such as Maianthemum bifolinm, Orz‘/yz%z’a secunda, Goaaj/%m
repens, Trientalis enropaea, Rubus arcticus, as well as an increase
in the number of moss species. Dicranum fragilifolinn, Sanionia
uncinata, Tetraphis pellucida, Plagiothecinm laetum, Lophozgiopsis
longidens, Lophozia silvicola, and Lepidozia regz‘czm are primarily
associated with the valley forests within the territory of the
natural park.

Distribution and ecology. These communities occur in
the valleys of relatively large rivers. In the territory of the
Numto Nature Park, they are described in the valley of the
Kazym River. Valley dark coniferous forests exhibit higher
site quality and productivity (Valeeva et al. 2008) compared
to forests on watersheds.

Note. The communities of the variant inops, which is
distinct from the previously described association Pino
sibiricae—Abietetum sibiricae, lack several ther-
mophilic species, primarily Abies sibirica, as well as East
Siberian species such as Aconitum baicalense and Duschekia
Jfruticosa. Many diagnostic species of the association and
the alliance Pino sibiricae—Abietion sibiricae,
such as Gymnocarpium dryopteris, Padus avium, Rhytidiadelphus
subpinnatus, Rosa acicularis, Solidago virganrea, and Veratrum
lobelianum, are very rarely present or occur in low abundance
within the communities of the inops variant.

Dark coniferous swampy forests and
wooded swamps (sogras)

Due to the varying degree of participation of dark coniferous
trees and the phytocenotic activity of taiga species (mosses,
grasses, and shrubs), swampy forests and wooded swamps
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-30 -20 -10 0 10 20

Figure 3 Ordination of the described syntaxa. Ordination is per-
formed in the relative axes by non-linear mapping of the multidi-
mensional feature space onto the 2D-plane by the t-SNE method
(van der Maaten & Hinton 2008). 1 — ass. Cladonio arbus-
culae—Pinetum sylvestris: a — var. typica, b — var. Vacci-
nium myrtillus, c —var. Cladonia cornuta; 2 —ass. Pinetum
sibiricac—sylvestris subass. ledetosum palustris: a — var.
typica, b — var. Pleurozium schreberi; 3 — ass. Vaccinio
uliginosi—Piceetum obovatae; 4 — ass. Ledo palustris—
Pinetum sibiricae subass. typicum: a—var. typica,b—var. Pinus
sylvestris; 5 — ass. Pino sibiricae—Abletetum sibiricae
subass. inops; 6 —ass. Pseudobryo cinclidioidis—Pinetum
sibiricae: a —var. inops, b — var. Sphagnum girgensohnii;
7 — ass. Oxycocco palustris—Pinetum sibiricae; 8 — ass.
Sphagno girgensohnii—Pinetum sibiricae; 9 — ass.
Sphagno fimbriati-Betuletum pubescentis; 10 — Sphagnum
Sfimbriatun—Betula nana com. type; 11 — Carex aquatilis—Betula pubescenis
com. type; 12 — Calamagrostis purpurea—Salix dasyclados com. type

(locally called ‘sogra’) on peat and peaty-gley soils closely
resemble the physiognomy of forests on moderately moist
and wet mineral soils within the alliance Pino sibiricae—
Abietion sibiricae.

However, on the other hand, the significant presence of
mire vascular species and mosses belonging to the class
Scheuchzerio—Caricetea, and on later stages of deve-
lopment, oligotrophic ericoid dwarf shrub species and Sphag-
num mosses from the class Oxycocco—Sphagnetea,
sharply distinguishes the communities of wooded swamps
from zonal dark coniferous forests on mineral soils within
the alliance Pino sibiricae—Abietion sibiricae.

Therefore, it is more approgriate, in our view, to classify the
communities of swampy forests and wooded swamps in
northern Siberia into the separate alliance Sphagno fim-
briati—Pinion sibiricae.

Sphagno fimbriati-Pinion sibiricae all. now.
(Table 3; Table 5, 10-17; Figs 3, 4, syntaxa 6—12)

The alliance includes vegetation of swampy forests, wooded
swamps (sogras), and swampy low birch woodlands in the
valleys of small rivers, streams, and lake basins in the sub-
zones of the northern and middle taiga of Western Siberia.

Diagnostic species: Calanagrostis p%;’pumz, Pobytrichum com-
mune, Polytrichastrum longisetun, Rubus chamaemorns, Schljakovia
kunzeana, Sphagnum centrale, S. fimtbriatum, S. squarrosum, Warn-
storfia psendostraminea.

Holotypus: Ass. Pseudobryo cinclidioidis—Pine-
tum sibiricae (Table 3, 1-24, described in this paper).

Within the territory of the Numto Nature Park, the alliance
is represented by two associations that correspond to dif-
ferent stages of development and succeed each other as
one moves away from the river or stream. Additionally, wi-
thin the same alliance Pinus sibirica forests, dominated by

v
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Figure 4 The similarity of syntaxa of forests and wooded swamps
in Numto Nature Park represented for the northern taiga zone of
Western Siberia, established by the Complete-linkage clustering
(Squared Euclidean distances). [ — Cladonio stellaris—Pinion
sylvestris; II — Pino sibiricae—Laricion sibiricae; III
— Pino sibiricae—Abietion sibiricae; IV — Sphagno
fimbriati—Pinion sibiricae. The numbers of syntaxa
correspond to the numbers in Fig, 3

Sphagnum girgensobni, as well as one association and three
community types of swampy low birch woodlands, are
tentatively included.

Pseudobryo cinclidioidis—Pinetum sibiricae
ass. nov. (Table 3, rel. 1-24; Table 5, 11-12; Fig. 2D-E,
Figs 3, 4, syntaxa 6a, b)

The association includes birch—Pinus sibirica and birch-fir-
Pinus - sibirica  Calamagrostis-herb-moss swampy woodlands
and wooded swamps (sogras) on peat soils found in the
valleys of small rivers and streams in the northern forest
zone of Western Siberia.

Diagnostic species: Calamagrostis purpurea, Calliergon cordifo-
linme, Naumburgia thyrsiflora, Oncophorus elongatus, Picea obovata,
Pseudobryum cinclidioides, Rubus arcticus, Sanionia uncinata, Sphag-
num fimbriatum, S. girgensobnii, V'iola epipsila.

Holotypus: relevé 17 (authot's number 029F22nu@:
KhMAO, Beloyarskiy District, Numto Nature Par
14.08.2022, author 1.V. Filippov.

Structure and composition. The tree layer is composed of
Pinus sibirica, Picea obovata, and Betula pubescens, with varying
crown density ranging from 0.3 to 0.8. The upper tree layer
reaches a height of T8-20 m. The shrub layer consists of
Sorbus sibirica, sometimes accompanied by Duschekia fruticosa.
All rare findings of Padus avium are associated only with these
habitats. The forest floor vegetation is differentiated based
on micro-relief elements. On elevations, Vaccninm vitis-idaea,
Rubus chamaemorns, Calamagrostis purperea, mesophilic species
of taiga herbs such as Mazantemum bifolinm, Orthilia secunda,
Rubus arcticus, Trientalis europaea, Viola epipsila, and forest
mosses like Pohlia nutans, Santonia uncinata, Oncophorus elongatus,
are found. In depressions, Menyanthes trifoliata, Comarum palust-
re, occasionally Equisetun fluviatile, Naﬂm/ﬂﬂ’fld thyrsiftora, and
/

hydrophilic mosses such as Pseudobryun: cinclidioides, Calliergon

>
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cordifolinm, Plagiomminm ellipticum, can be found. Among the
peat mosses, Sphagnum squarrosum, S. fimbriatum, and occa-
sionally S. centrale are present with high constancy and often
in significant abundance (up to 20 %). Various small mosses
and liverworts inhabit the niches between the roots, slopes
of slight elevations, fallen trees, and tree upturns.

Distribution and ecology. A distinctive feature of the
communities within the association is their affinity for nar-
row valleys of small taiga rivers and streams that are flooded
annually. The habitats are characterized by well-defined
hummocky micro-relief, formed by large stem-based ele-
vations measuring 1.5-3 m in diameter, moss-covered
upturns, stumps, and fallen trees. These elevated micro-
relief elements alternate with waterlogged depressions co-
vered with a layer of loose green moss, where water accu-
mulates on the surface. The relative elevation difference is
30-50 cm. Regarding the moss cover composition within
the association, two variants have been identified: inops
and Sphagnum girgensohnii.

The variant inops (Fig. 2D; Table 3, rel. 1-11) is charac-
terized by a denser layer of Calamagrostis purpurea (20—-60 %o,
usually 20-30 %) and a less developed moss cover domina-
ted by Sphagnum fimbriatum with varying amounts of S. squar-
rosum, S. centrale, and Polytrichum commune. These communities
develop directly along the river or stream channels and are
regularly flooded by stagnant waters.

The variant Sphagnum girgensohnii (Fig. 2E;
Table 3, 12-22) represents typical communities of the as-
sociation. They are distinguished by a more noticeable pre-
sence of fir Picea ibovata (5-30 %) in the tree layer and a
high consistency and significant participation of Sphagnum
girgensobnii in the moss layer (ranging from 5 to 60 %) along
with other moss species. These communities are flooded by
stagnant waters less frequently and for shorter periods.

Oxycocco palustris—Pinetum sibiricae ass.
nov. (Table 3, rel. 25-39; Table 5, 13; Fig, 2F, Fig. 3, syntaxon 7)

The association is characterized by a combination of spe-
cies from its alliance, Sphagno fimbriati—Pinion
sibiricae, along with a well-defined group of %ecies from
the class Oxycocco—Sphagnetea, with Pinus sibirica
playing a dominant role. There is also a notable presence
of species from the dark coniferous forests of the alliance
Pino sibiricae—Abietion sibiricae, belonging to the
class Vaccinio—Picectea.

Diagnostic species: Pinus sibirica, Ledum palustre, Carex
magellanica subsp. irrigna, Sphagnum cmfgmtg?;/z‘ﬂm, S. aongstroemit,
S. centrale, S. fimbriatum, S. riparium, S. wulfianum.

Holotypus: relevé 31 (author's number 041G22nu):
KhMAO, Beloyarski District, Numto Nature Park,
15.08.2022, author G.N. Ganasevich.

Structure and composition. The association consists of
swamp communities with a tree layer ranging from 8 to
18 m in height, typically 10 to 15 m, dominated by Pinus
sibirica, occasionally with a minor presence of Picea obovata,
which form the upper canopy. Betula pubescens, along with
some Pinus sibirica form the low tree layer. The crown
densiﬁr ranges from 0.2 to 0.6, and the understory is weak.
A well-defined dwarf shrub layer, reaching a height of 30
to 40 cm, is composed of Lm?ﬂm alustre (with a projected
coverage of up to 25 %) and, to a lesser extent, Chamaedaph-
ne calyculata, often accompanied by Besula nana. Menyanthes
trifoliata dominates among the herbaceous plants, with a
coverage ranging from 10 to 60 % (sometimes less). Other
less abundant but consistent species include Carex chor-
dorrbiza, Comarum palustre, and Equisetum fluviatile. On tree
stumps and Sphagnum moss hummocks, Rubus chamaemorus,
Vaccininm vitis-idaea, and Oxycoccus palustris can be found. The
moss layer consists of a combination of oligotrophic and
mesotrophic Sphagnum mosses. Elevated micro-relief ele-
ments are colonized by Sphagnum angustifolium, S. divinum,
S. russowii, along with some forest green moss species. The
dominant species cover a large area and include S. centrale,
S. fimbriatum, and S. girgensobnii. Less abundant but usually
persistent species include S. sguarrosum, S. aongstroemii, and
S. WtL/gaﬂWz. In waterlogged micro-depressions, S. riparium
and Warnstorfia pseudostraminea can be tound. Various small

mosses and liverworts inhabit the slopes of micro-elevations,
tree bases, wet woody debris, and decaying tree stumps.

Distributin and ecology. The communities of the asso-
ciation develop in the peripheral patts of valleys, where the
influence of tivers and streams is somewhat diminished.

Within the same alliance, another association has been
provisionally assigned, which is represented by only two
descriptions.

Sphagno girgensohnii—Pinetum sibiricae ass.
prov. (Table 2, rel. 41-42; Table 5, 10; Figs 3, 4, syntaxon 8)

The association comprises Pinus sibirica and Pinus sibirica—
birch swampy forests dominated by Sphagnum girgensobnii on
poorly drained, periodically watetlogged peaty-gley soils.

Diagnostic species: Pinus sibirica, Rubus chamaemosus, Sphag-
num girgensobniz (dom.)
Structure and composition: The tree layer is formed by
a varying combination of Pinus sibirica and Betula pubescens,
sometimes with a small admixture of Pinus sylvestris and Picea
obovata. The average height of the tree layer is around 15—
16 m. The tree canogy density is 0.5-0.6. The understory
is weak, consisting of seedling regeneration of coniferous
species and birch root suckers. The shrub layer is s}aarse
and composed of low-growing Sorbus sibirica (1-3 m tall). In
smaller abundance, shrubs like Bezula nana and dwarf shrubs
like Ledum palustreand Chamacedaphne calycnlata are present. The
?parser herbaceous upper sublayer, 3040 cm in height, is
ormed by Calamagrostis Tbmpuma, while the dominant species
in the lower sublayer (15-20 cm tall) is Rubus chamaemorus.
In smaller quantities, along the stem elevations, there are
Vaccininm vitis-idaea, V. myrtillus, Lycopodinm annotinum, and
Trientalis enropaea. The continuous moss cover consists of
Sphagnum girgensobnii with a slight admixture (up to 10-20 %)
of green forest mosses such as Pleurogium schreberi, Dicranum
polysetuns, and Poblia nutans.

Distribution and ecology. These communities are sporadi-
cally found in the taiga zone of Western Siberia, where they
develop in isolated flat depressions among taiga forests and on
the dllaeriphery of large bog complexes under conditions of pe-
riodic excessive motsture on peaty-gley and podzol-gley soils.

Note. Pinus sibirica—dwarf shrub—Sphagnum forests domina-
ted by S. girgensobnii have been repeatedly described in the
literature within the framework o ecological—}%hysiognomic
classification (Povarnitsyn 1944, Grebenyk & Tarasov 1996,
Neshataev et al. 2002).

Birch swamp and swampy low birch
woodlands

Along the banks of small rivers and streams, in the
flooded areas around lakes, birch swamps with dominance
of Sphagnum mosses in the ground layer are sporadically
encountered. In the studied territory of the Numto Nature
Park, they are represented by one association and three
community types.

Sphagno fimbriati—-Betuletum ubescentis
ass. prov. (Table 4, rel. 4-7; Table 5, 15; Figs 2G, 3, syntaxon 9)

The association consists of birch small woods on peat and
peaty-gley soils in the flooded areas around lakes and along
the banks of small streams amidst vast oligotrophic bog
systems in the taiga zone of Western Siberia %“ig. 2G).

Diagnostic species: Betula pubescens (dom.), Calamagrostis
purpurea, Sphagnum fimbriatunt, Polytrichun commune, Polytrichast-
runt longisetum.

Structure and composition. The tree stand is typicaly
single-layered, consisting of Bezula pubescens, 5-6 (7) m high,
with stem diameters of 5-10 (12) cm. Occasionally, larger
birch trees up to 8~10 m in height can be found among the
small woods. Tree canopy cover varies ranges from 0.2 to
0.8-0.9. The understory is represented by ie root sprouts
of birch and sparsely seed regeneration of Pinus sibirica. The
shrub layer is weakly developed, consisting of scattered
shrubs such as Bewla nana and willows (%a/ix lapponum,
S. myrtilloides), ot it may be absent. In the herbaceous layer,
Calamagrostis purpurea typically dominates (10-70 %), some-
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times forming patches with Menyanthes trifoliata and Comarum
palustre. Sedges, such as Carex chordorrhiza, C. canescens, and
occasionally C. aguatilis, are present in low abundance. The
moss layer is patchy and includes species such as Calliergon
cordifolinm, Poﬁfzkbum commune, and Polytrichastrum longisetum,
while Sphagnum fimbriatum and S. squarrosum play a significant
role among the Sphagnum mosses, and occastonally L%:bjagﬂum
angustifolium occurs in low abundance.

Distribution and ecology. These communities develop in
narrow strips, approximately 20-30 m wide, along the banks
of small rivers and streams. They are regulatly flooded du-
ring the snowmelt and spring floods. The peat ?a rer does not
exceed 1 m in thickness and 1s undetlain by sang.

Community type Sphagnum fimbriatum—Betula
nana (Table 4, rel. 1-3; Table 5, 14; Figs 3, 4, syntaxon 10).

This e includes Betula nana shrub thickets with a moss
layer dominated by Sphagnum fimbriatum in the flooded parts
of valleys of small rivers and streams.

Structure and composition. The tree layer is represented
by rare trees of Betula pubescens, reaching heights of 2-3
m. The shrub layer, with a cover of 10—40 %, consists of
Betula nana. In low abundance (1-5 %), dwatf shrubs such
as Andromeda polifolia and Chamaedaphne calyculata can be
found. The herbaceous layer is dense (60-70%) and two-
tiered. The upper sublayer, 40-50 cm in height, is formed by
Calamagrostis pu;’pm’m, while the lower sublayer is dominated
by Comarum palustre with a slight mixture of Carex rostrata,
C}. chordorrhiza, Galium trifidum, and Naumburgia thyrsiflora.
The moss layer (50—100 %) is predominantly composed
of Sphagnum fimbriatum. In lower abundance but with high
consistancy  Calliergon cordifolinm, — Pseudobrynm ciﬂc/z'dz'oz'ﬁx,
Polytrichunm commune, and Sphagnum squarrosum occut.

Distribution and ecology. Despite the absence of a well-
developed tree layer, in terms of habitat ecology and floristic
composition, the flooded dwarf birch (Betula nana)-Sphagnunm
thickets in the valleys of rivers and streams are similar to
other communities of birch-Sphagnun swamps.

Community
cens (Tabl
syntaxon 11)

tyfe Carex aquatilis—Betula pubes-
e 4, rel. 8-13; Fig. 2H; Table 5, 16; Figs 3, 4,

Sedge (Carex aguatilis)-Clalamagrostis-Sphagnum swampy low
birch woodlands in river floodplains and lake depressions of
the northern taiga zone of Western Siberia.

Structure and composition. The birch tree layer reaches
up to 5-8(10) m high. The crown density varies within a wide
range (0.2-0.6). In the lower understory, there is sometimes
a minor presence of young Pinus sibirica and Picea obovata.
The microrelief is hummocky and swampy, formed by tree-
root mounds. The relative height difference is around 15-20
525) cm. Shrub species present include Besula nana and Salix
apponum. The dense herbaceous layer is 5070 %. The lower
sublayer, if present, is dominated by Rubus chamaemorus, the
middle sublayer by Carex aquatilis, and the upper sublayer
is predominantly occupied by Calamagrostis purpurea. The
moss layer is of heterogeneous composition dominated
by Sphagnum fallax, S. fimbriatuns, and S. girgenshonii. They
are often accompanied by Polytrichum commmune, Sphagnum
angustifoliuns, and S. russowii.

Distribution and ecology. Communities of this type are
formed on peat soils in regularly flooded river backwaters
and inter-ridge depressions in floodplains, in the inundation
zone around large lakes, and along the channels of intrabog
streams.

Note. As more relevés accumulate, the rank of this com-
munity type may be elevated to an association.

Community type Calamagrostis gurpurea—Salix
dasyclados (Table 4, rel. 14-15; Table 5, 17; Figs 3, 4,
syntaxon 12)

Structure and composition. The tree layer is uneven
(crown density: 0.2-0.7) and consists of Bezula pubescens with
a significant presence of tall willow (Salix dasiclados) reachin;

a height of 5-7 m. The shrub layer accounts for 3-20 %
and is composed of undergrowth of the same willow sge—
cies with some Salix lapponum. The herbaceous layer is do-
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Table 4 . Relevés and community types of the alliance Sphagno fimbriati—Pinion sibiricae — birch low woodlands

and swamps.

1-3 — Sphagnum fimbriatum—Betula nana community type (1); 4=7 — ass. prov. Sphagnu.
Carex aquatilis—Betula pubescens community type (3); 14-15 — Calamagrostis purpurea—Sa

" /ﬁmbﬁaﬂmf—Bem/a pubescens (2); 8—13 —
ixc dasyclados community type (4)

Community type | ) | ) | 3) | @ Constancy and
Plant cover, % abundance
Trees 2 0 3 025 25 70 7060 50 50 65 35 15170 20
Shrubs 20 25 10 2 2 10 10 :5 0 0 0 0 3 320
Dwarf shrubs and hetbs 70 70 60 : 90 80 70 85 :50 60 70 60 70 70 i 95 60
Mosses 100 70 50 : 50 40 80 75 : 70 100 100 100 100 90 : 30 10
Number of species 19 18 18 16 31 19 30 20 13 18 18 16 28 20 21
N N N N N ~ ~ ~ N N N N ~ ~ ~
Date 9] ) ) 9] =) ) ) =) =) 9] ) 9] 9] ) =)
s & &8 5 & & .8 & 35 & & & & 3
048 2+ 48 =2 2 22 2 g X 2 ZDEOZ
= 5 3 = = = 5 5 3 5 = = = = =
§ &§ 8§/ § & 2 B & § § § § &2 & &
Relevé nr. by authors 0] > [ o > ) ) o o 0] 2al > o ) )
2 = ¥ 2 2 =z & ¢ g g 2 L gidg 9
g 8 =) o o < 0 < [ (=) — (=) [sa} (32} (=}
Relevé nr. in the table 1 2 3 4 5 6 7 8 9 10 11 12 13 {14 15| 1 2 3 4
Cluster in Fig. 4 14 14 14 15 15 15 15 16 16 16 16 16 16 17 17 | 14 15 16 17
Tree layer species .
Betula pubescens 20 20 4 4 3 3 3 4 3 26 4 2b £ v 2
Pinus sibirica + 1 1 1 11
Picea obovata + 1
Undergrowth
Betu, a])%bg_f[gﬂ; 1 + + 2a + 1 1 + 2* 3* 11"
Pinus sibirica + 1 + 1 1 + o+ 37 IvV*
Pinus sylvestris r+ r 111
Betula tortnosa 1 1 II
Diagnostic species of the Sphagnum fimbriatum-Betula nana com. type
Betula nana 26 3 2a |1 + 3 | 32 2 1
Diagnostic species of the Sphagno fimbriati-Betuletum pubescens and Sphagno fimbriati—Pinion sibiricae
Calamagrostis purpurea 3 4 4 3 2a  + 4 3 40 yE 24
Sphagnum fimbriatum 5 3 3 1 3 3 2b: 3 3 4 3 3 3 4LV
Pobytrichunr commmne 1 2b 2b 2b 1 2a 1 1 1 3 vV
Sphagnum squarrosum 1 1 22 2b 2a 2a 3 31 4
seudobryum cinclidioides 1 1 + 22 1 + + 1 3t 3" 2%
Polytrichastrum longisetum + 1 1 + + r 3 10 1
Wzg"mfwﬁa pseudostraminea t 1 + 1 1 1
Diggnostic species of the Carex aquatilis-Betula pubescens com. type
arex aquatilis 1 + 1 1 2a + 3 3 1 + o+ |3 1 vE o2
%bdgﬂum angustifolinm +  2a 20 1 1 2a 1 1 2r !
bus chamaemorns 1 4 4 2b 1 r 1 v
gpbagﬂﬂm Sfallax + 3 22 3 3 2b 1 Vv
phagnum russowii 2 2a + 1 2a \
Diagnostic species of the Calamagrostis purpurea-Salix dasyclados com. type
Salix dasyclados 2a  2b 2%
Epilobinm palustre + o+ 2"
Stellaria longifolia + o+ 2+
Bryum cyclophyllum + o+ 2%
Drepanocladns pobygamuns 1 + 2%
Viiola epipsila 1 + 2*
Diagnostic species of the Sphagno-Caricion canescentis
C§rex canescens + + o+ 1 r 1 3 1
Sphagnum riparinm 1 1 1 2a 1 1 1 IIIr
alium trifidum + + 0+ r ro| 2t 1 2r
Sphagnun obtusum 2a r 1 1
Diagnostic species of the Scheuchzerio-Caricetea
omarum palustre 1 2a 1 1 2. 1 |3 3 1 2=
Oxcycoccus palustris + 1 + + + 2 1 11
Carex chordorrhiza 1 + r + t 2t 2 1
Carex rostrata + + 1 1 r 3" 11
Andromeda polifolia + o+ + 251
Menyanthes trifoliata 2. 3 2+
Other species
Calliergon cordifolinm 1 + 1 :2b 1 r 1 1 2b 1 3t 40 T 2»
Nauntburgia thyrsiflora 1 1 + o+ ro o+ 1 ro| 32 I 2
Poblia nutans + 2a ot r r r 1 Ive 1
Chamaedaphne calycnlata 1 1 + 0+ 1 1 3t 1 11
Salix /szpamtm + 1§ 2a + 1 1 1 m 1
Trientalis enropaca 1 1 2a 1 1 3
Sanionia uncinata + o+ 1 r 2t 2+
Polytrichum strictum + 1 + o+ 1 3"
Aulacomninm palustre + r + r 3¢ 1
Pyrola minor 1 r r r % 1
chljakovia kunzeana + r 1 1
Po/'y/z‘m/mm swartzi 1 1 r 1 11
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Table 5. Synoptic table of syntaxa of the class Vaccinio—Piceetea

Syntaxa number in Fig. 3 and 4 la 1 1c 2a 2b 3 4a 4b 5 8 6a 6b 7 10 9 11 12
Number in the table 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
Diagnostic species of the Cladonio arbusculae-Pinetum sylvestris
Pinus sylvestris v:ovioviovViov T oIt v o1 1t om0 1 m
Flavocetraria nivalis vy 1ve 11
Cladonia sulphnrina I o vi o 1o I
Diagnostic species of the variant Cladonia cornuta
C%zdom’ﬂ de/gmz's I v ve 1m 1 I
Cladonia cornuta oI ve v ve I 1 I
Cladonia crispata v v® 11 11 I I
Cladonia nncialis I v 11
Cladonia coccifera v*: IV*
Cladonia gracilis I ve o v» 1
Cladonia cariosa A
Pobytrichum juniperinum I I v 1 1 I 1 1 1 1 1
Dagnostic species of the Cladonio stellaris—Pinion sylesrtris
Cladonia stellaris P. s.-L. s. N A A A A A 1S e 1 |
Cladonia rangiferina P. s.-L. s. A 4 VAT VA S VAR VAR 0 B AV
Empetrum hermaphroditum P. s.-L. s.  IN* Iv: V+ Vvt vy vt vyt V! 1 1
Cetraria islandica Ve Ivt I VS I I I
Cladonia arbuscnla v vy vt v III
Diagnostic species of the Vaccinio—Piceetea
Pinus sibirica P. s.-L. s. I IV AV /AR 1§ SR VAR 0 G VA - VA Ve VA v v
Vaccininm vitis-idaea B Y VA VA S VA VAR VAR L | I VAR VA 11
Plenrozinm schreberi VA VA VAR VA VA VA VAR VAT VA N A VAR | B VA 1
Ledum palustre  P. s.-L. s. Im vt 1 v v v* ytoy® 1 I I Vv 1
Vaccininm myrtillus I v veeve veovi vi 10 2 1 1 11
Dicranum fuscescens I I IIr m I v- v I v I I 1
Dicranum polysetum mnr v v ve vt vt vbo vt I
Diagnostic species of the Vaccinio uliginosi—Piceetum obovatae and Pino sibiricae—Laricion sibiricae
Vaccinium nliginosum P. s.-L. s. I 1II I vt I III 11 11
Carex globularis 11 I I Iv* I v
Cladonza stygia m 1 I Ivt I 11
Picea obovata 1I I o v> v*» vt v I vV 11
Larix sibirica I 11T viovE IVt VA
Hylocominm splendens 1 LA A LA A VA 1
Peltigera aphthosa I vt ve vt 1 I 1
Ptiltum crista-castrensis 1I I mr or mr v 1
Linnaea borealis I ve I I1v' I
Diagnostic species of the Pino sibiricae—Abietion sibiricae and Pino sibiricae—Abietetum sibiricae
Sorbus sibirica v 2t ve vbood
Trientalis europaea VAU SN VAN AN | N | B AV
Rubus arcticns v+ I vt I 1
Orthilia secunda v I I I
Dacrannm fragilifolinm 1 V* 1 11
Maianthemun bifolinm I I
Goodyera repens I 1 11
Diagnostic species of the Sphagno girgensohnii—-Pinetum sibiricae
Lycopodium annotinum 1 1 I 2 1
Lycopodinm clavatum 201 1
Diggnostic species of the Pseudobryo cinclidioidis—Pinetum sibiricae and Spha]gno fimbriati—Pinion sibiricae
alamagrostis purpurea 20 w3 v ovtov3ovE v Ve
Sphagnum girgensobnii m 2> 1 v* v*» 1
;pbagnum Jimbriatum ViR VR ViV Ve
lj)bzz N squarrosum vaoyaRooytoovtoyR
seundobryun: cinclidioides vt vt I vt IVt v
Warnstorfia £Jeﬂdoﬂ‘mmz’ﬂm I v Vv I 1 II
Schljakovia kunzeana 1 v Ive v I III
Carex canescens 1 1 I Ivv I I IV: 1
Calliergon cordifolinm m vt vVt 1 v
Nauntburgia thyrsiflora I 1Iv: viemomr 1 vt
Galium trifidum 1 I v 11 \%
Carex aquatilis om I m v 1o v v
Polytrichastrum longisetum 1 I 1 Ive 11 1
Diagnostic species of the Oxycocco palustris—Pinetum sibiricae
Cgrex magellanica subsp.irrigua 201 I Vv 11
Sphagnum centrale Im I v=
jp/mgmtm aongstroemii I IV
 phagnum russowii V! v
:?D/%lgﬂﬂlﬂ angustifolinm Ox-Sph 1 4 ur vt
 phagnum riparinm B VA R | N 1
Diagnostic species of the communit es
B;gm/a nana P yop 11 It I 1 o vtov® Ir 1
Carex rostrata Sch-Car 1 I I v I
Calamagrostis neglecta v+
Salisc myrtilloides 11
Kfpbagﬂﬂm fallax I I I v
alix dasyclados I I v
gpz'/obz'um palustre I I I v
repanocladus polygamuns 1 v
Stellaria longifolia I v
Bryum cyclophyllum 1 V*
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Table 5. Continued.

Syntaxa number in Fig. 3 and 4 la b 1c 2a 2b 3 4a 4 5 8 6a 6b 7 10 9 11 12
|Number in the table 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Viiola epipsila I 1r A

Plagionminm ellipticnm 1 11 11"
Diggnostic species of the Scheuchzerio-Caricetea

omarum palustre j S VA VA VAR VA LA B Vo

Carex chordorrhiza 22 11 I VT IVt 11 1

Menyanthes trifoliata 1 ar vV -

Andromeda polifolia 1 1 11 I I Ive 1II

Straminergon straminenm 1 1 I or I

Equisetum fluviatile vt 1Iv* I I
Diagnostic species of the Oxycocco-Sphagnetea

Rubus chamaemornus I 22 vt v Vv I v

Chamaedaphne calycnlata I 1 1 I Vvt Vi I I

Oxycocens palustris /AN U R § O VA AVAR § S 0
Constant species

Betula pubescens DA G 0 B Y Y e AT AVATN VR VA A

Poblia nutans Imm v v g1 I Ive v 1mr ve 1t 1Vt ve v I Ive 1III

Ptilidium pulcherrimnm 111 Im  ve ve ve veo ve 10 Ve I I I 1
Other species

Polytrichum strictum I 1II 1I Ivve I 1 1Ir 1+ Iv' 11 I Ir

Polytrichum commune I Im m 1 vt o1 vt I vt oo ov: v

Sanionia uncinata 11 Vo1 ve ve Il jung Al

Aulaconminm palustre I 2+ 1 I Ive vy 1

Lophozia silvicola 11 111 I Ive IV I

Tez‘mpiix pellucida 1 1 I\% I v+

Plagiothecium svalbardense 11 I IV* 1 1 I

Lepidozia reptans 111 I Iv*

Scapania irrigna I IIIr II 1I

Warnstorfia fluitans I I mr I 1

Pyrola minor I I I % 111

&yz/z'x lapponum 1 1 o 1 I

Oncophorus elongatus I IV 10

Blepharostoma trichophyllum I I

Caﬁz)%geia iﬂtqgmﬁfﬂ a I III

Cephalozia bicuspidata v 10

minated by Calamagrostis purpurea with a mixture of Carex
aquatilis. In low abundance, Comarum palustre, V'iola epipsila,
Epilobinm palustre, Galinm trifidum, and Stellaria longifolia are
resent. In s}ljarse moss cover (10-30 %) under the dense
erbaceous layer  Pseudobryum cinclidioides, Drepanocladus
pobygamus, Calliergon cordifoliunm, and Bryum cyclophyllun occur.

Distribution and ecology. This type of community is
found in birch-willow-Sphagnum swamp that was formed in
a flat peat-filled basin of a former lake. The micro-relief is
characterized by distinct hummocks formed by tussocks of
sedges, covered} with dense layer of Calamagrostis.

Prodromus of the forest and forest like
vegetation of the class
Vaccinio-Piceetea

The prodromus of the forest vegetation class Vaccinio-
Piceetea provides a brief overview of the phytocenotic
diversity of upland forests on mineral soils and swampy
forests and wooded swamps with well-developed tree layer
on peat soils in the Numto Nature Park.

Class
Otrder
Alliance
Association / Community type
Subassotiation
Variant

Vaccinio—Piceetea Br.-Bl. in Br.Bl et al. 1939
Pinetalia sylvestris Oberd. 1957

Cladonio stellaris—Pinion sylvestris K.-Lund
ex Ermakov & Morozova 2011

Cladonio arbusculae—Pinetum sylvestris
(K.-Lund 1967) Ermakov et Morozova 2011

typicum
typica
Vaccinium myrtillus

Cladona cornuta

Pinetum sibiricae—sylvestris ledetosum
palustris Makhatkov & Ermakov 2010

typica
Pleurozium schreberi

Ledo palustris—Laricetalia cajanderi Ermakov
in Ermakov et Alsynbaev 2004

Pino sibiricae—Laricion sibiricae Ermakov in
Ermakov et Alsynbaev 2004

Vaccinio uliginosi—Piceetum obovatae ass. nov.

LLedo palustris—Pinetum sibiricae Ermakov
et Makhatkov 2011

typica
Pinus sylvestris
Piceo obovatae—Pinetalia sibiricae Ermakov 2013

Pino sibiricae—Abietion sibiricae Ermakov in
Ermakov et Lapshina 2013

Pino sibiricae—Abietetum sibiricae
Ermakov & Makhatkov 2011

inops
Sphagno fimbriati—Pinion sibiricae all. now.

Pseudobryo cinclidioidis—Pinetum
sibiricae ass.nowv.

inops

Sphagnum girgensohnii
Oxycocco palustris—Pinetum sibiricae ass.now.
Sphagno girgensohnii—Pinetum sibiricae
ass. prov.

Sphagno fimbriati—-Betuletum pubescens
ass. prov.

Sphagnum fimbriatum—Betula nana com. type
Carex aquatilis—Betula pubescentis com. type

Calamagrostis purpurea—Salix dasiclados
com. type
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DISCUSSION

We assign the vegetation of zonal dark coniferous and
mixed forests of drained habitats on loamy soils, as well as
pine forests on sandy soils, and swampy forest and wooded
swamps with a well-developed tree layer in the Numto
Nature Park, to the class Vaccinio—Piceetea.

The communities of pine lichen forests and dwarf
shrub-lichen—green moss forests on dry sandy soils fully
correspond to the previously described associations Clado-
nio arbusculae—Pinetum sylvestris and Pinetum
sibiricae—sylvestris (Pinetalia sylvestris: Clado-
nio stellaris—Pinion sylvestris), which include all li-
chen and dwarf shrub-green moss—lichen pine woodlands
within the subzone of northern taiga in Western Siberia.
The assotiation Cladonio arbusculae—Pinetum
sylvestris first described in Scandinavia (Kielland-Lund
1976) is widespread in the northern part of European
Russia (Yermakov & Morozova 2011). It is also commonly
found on dry sandy soils of river terraces and elevations of
sandy fluvioglacial plains in the subzone of the middle and
northern taiga of Western Siberia. The pine forests of the
ass. Pinetum sibiricae—sylvestris, occupying moister
and colder sandy soils, exhibit some specificity due to the
constant presence of Pinus sibirica and Carex globularis, which
are absent in Europe, and a more abundant occurrence of
the moss Plenrozinm schreberi in the forest floor, along with
shrubby lichens. These forests are widely distributed mainly
in the northern part of the forest zone of Western Siberia,
with a slight penetration into the northeastern part of the
European region.

More significantly the zonal datk coniferous and mixed
forests in the northern part of Western Siberia differ from
their northern taiga counterparts in the European part of
Russia primarily in terms of the composition of tree species.
Thealliance Pino sibiricae—Laricion sibiricae (Ledo
palustris—Laricetalia cajanderi) comprises the zonal
communities of dark coniferous and mixed forests (Pinus
sibirica, P. sylvestris, Picea obovata, Iarix sibirica, Betula pubescens)
in drained habitats of flat watersheds (uplands) on mode-
rately moist clayey soils in the northern taiga and forest-
tundra of Western Siberia. Within this alliance, we assign
two associations: Ledo palustris-Pinetum sibiricae
and Vaccinio uliginosi—Piceetum obovatae ass.
nov.

In more favorable microclimatic conditions of river val-
leys, highly productive dark coniferous forests develop. De-
spite the absence of _Abies sibirica and a reduced species com-
position of the ground cover, we classified them as the special
variant inops within the ass. Pino sibiricae—Abietetum
sibiricae (Pino sibiricae—Abietion sibiricae),
which was previously described in the upper basin of the
Taz River in the northeastern taiga zone of Western Siberia
(Neshataev et al. 2002; Ermakov & Makhatkov 2011).

Based on the degree of dark conifers participation in
the tree stand and the phytocoenotic activity of taiga species
(mosses, grasses and shrubs), swampy forests and wooded
swamps (sogres) on peat and peat-gley soils are physiogno-
mically similar to the forests on drained moderately moist
mineral soils.

In the southern part of Western Siberia, such boreal
swampy forests and wooded swamps, vicariously replacing
European alder swamps in continental FEastern Furope
and Siberia, are considered as part of the specific order
Calamagrostio purpureae—Piceetalia obovatae
Lapshina 2010 within the class Alnetea glutinosae
(Lapshina 2010, Lashchinsky et al. 2014, Lashchinsky &
Pisarenko 2016). The justification for this decision lies in
the consistent presence of diagnostic and affinitive spe-
cies from the European class of alder forests, such as Sa/ix
cinerea, S. pentandra, Frangnla alnus, Ribes nigrum, Carex elonga-
ta, Calamagrostis canescens, Naumburgia thyrsiflora, Galium pa-
lustre, Calla palustris, Thelypteris palustris, Dryopteris cristata, and
Sphagnum squarrosum, in the vegetation cover of such swamps.

Northern taiga swampy forests and wooded swamps
(sogras), exclusively located in the valleys of small rivers and
streams, significantly differ in their floristic composition
from the nutrient-rich wooded swamps of the southern
part of the forest zone of Western Siberia. In the north,
their habitats tend to be flooded or waterlogged in spring
and summer by river and stream water, while their mineral
nutrition throughout the year is provided by non-carbonate
groundwater. As a result, not only thermophilic (temperate)
representatives of the class Alnetea glutinosae are
absent in their composition but also the vast majority of
mineral-demanding diagnostic species described in the
southern part of Western Siberia (Lapshina 2010). However,
typical boreal species such as Pinus sibirica, Picea obovata,
Vaccinium  vitis-idaea, Sorbus sibirica, Maianthemum bifolinm,
Pleurozium schreberiy, Rubus arcticus, and Trientalis europaea are
preserved in their composition.

On the other hand, the significant presence of diag-
nostic species of mire vascular plants and mosses from
the class Scheuchzerio—Caricetea, and in later stages
of development, oligotrophic dwarf shrub species and
Sphagnummosses fromthe class Oxycocco—Sphagnetea,
distinctly differentiates wooded swamp communities from
zonal dark coniferous forests on mineral soils. Therefore,
these communities can only be tentatively assigned to the
alliance Pino sibiricae—Abietion sibiricae based on
the dominant role of Pinus sibirica and Picea obovata in the
tree layer and the presence of taiga herbaceous and moss
species in ground cover.

At the current level of phytocenotic knowledge, we
consider it more appropriate to distinguish the vegetation
communities of swampy forest and wooded swamps in the
northern regions of Siberia as a separate alliance, Sphagno
fimbriati—Pinion sibiricae all. nov. Within the alliance,
the associations Pseudobryo cinclidioidis—Pinetum
sibiricae and Oxycocco palustris—Pinetum
sibiricae correspond to different stages of development
and replace each other in space as they move away from
the river.

Within the same alliance, the tentatively assigned
association Sphagno girgensohnii—Pinetum sibi-
ricae includes communities, which are sporadically found
throughout the taiga zone of Western Siberia and the north-
eastern part of European Russia (Povarnitsyn 1944, Krylov
1961, Sambuk 1932), without occupying large areas any-
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where. The synthesis and analysis of all available data collec
ted within the dominant approach will provide a more com-
prehensive characterization of this syntaxon in the future.

The placement of birch swamp and swampy low
birch—Sphagnum vegetation on poor acidic peat soils is
still discussed within the system of higher syntaxa. In the
Numto Nature Park, these birch swamps are represented
by the provisional association Sphagno fimbriati—
Betuletum pubescentis and three community types.
On one hand, they show weak differentiation from the
above-mentioned northern taiga communities of swampy
forest and wooded swamps dominated by datk coniferous
species in the tree layer, within the alliance Sphagno
fimbriati—Pinion sibiricae, with which they share
the constant presence of diagnostic species of the alliance:
Calamagrostis purpurea, Polytrichastrum longisetum, Schljakovia
kunzeana, Sphagnum fimbriatum, S. squarrosum, and Warnstorfia
pseudostraminea. On the other hand, these community types
lack or have very weak representation (constancy of I and
II classes) of species typically found in dark coniferous and
mixed forests of the class Vaccinio—Piceetea. This is
due to the ecological conditions of their habitats in the
zone of periodic flooding by poor waters from taiga rivers
and lakes.

In system of floristic classification of vegetation in
Europe, similar communities of birch swamps on meso-
trophic peat are classified under the class Alnetea glu-
tinosae Br.-Bl. et Tx. ex Weshoff et al. 1946, the order
Sphagno—Betuletalia
Passarge 1959, and the alliance Betulion pubescentis
Lohmeyer et Tx. ex Oberd. 1957 (Mucina et al. 2016).

However, we placed the communities of birch swamp

pubescentis Scamoni et

forests and swampy sedge-Sphagnum low-birch woodlands
on moderately poor acidic peat in the northern part of the
forest zone of Western Siberia under the alliance Sphagno
fimbriati—-Pinion sibiricae of the order Piceo
obovatae—Pinetalia sibiricae. We consider them
within the class Vaccinio—Piceetea, taking into account
the complete absence of species from the class Alnetea
glutinosae in these communities.

As more data on the phytocenotic diversity of birch
swamps and swampy low birch-Sphagnum vegetation of
poor mesotrophic peat in the European part of Russia
and Western Siberia are available, the affiliation of these
communities to the alliance Sphagno fimbriati—
Pinion sibiricae may be revised. It is more justified to
classify them within the alliance Betulion pubescentis
of the order Sphagno—Betuletalia pubescentis,
while relocating the latter to the class of boreal forests,
Vaccinio—Piceetea, despite the absence or weak
presence of boreal coniferous species in the tree layer.

The current state of the order Sphagno—Betuletalia
pubescentis and the alliance Betulion pubescentis
within the class Alnetea glutinosae, which mainly
includes European eutrophic alder and birch—willow
swamp forests regulatly flooded by nutrient-rich water
appears somewhat artificial.

To confirm and visualize the classification results,
an ordination of the identified syntaxa was performed

using the t-SNE (t-distributed stochastic neighbor em-
bedding) method (Fig. 3). This method allows for the
visual representation of multidimensional feature space
as compact clusters, corresponding to the syntaxa, but it
does not provide a quantitative assessment of the similarity
between them. The hierarchical clustering method was em-
ployed to determine the degree of similarity between the
identified syntaxa and visualize the classification results in
the form of a dendrogram (Fig. 4).

The statistical analysis of vegetation relevés confirmed
the distinct species composition and structure of birch
swamps and swampy low birch woodlands, which are sepa-
rated at a high level from the swampy forest and wooded
swamps of the alliance Sphagno fimbriati—Pinion
sibiricae that includes dark coniferous species in the tree
layer. However, within the class Vaccinio—Piceetea, both
of these relevés groups form a distinct and well-differen-
tiated cluster at the order level. They differ sharply from
the zonal northern taiga dark coniferous and mixed forests
(order Ledo palustris—Laricetalia cajanderi) and
pine forests (order Pinetalia sylvestris) on mineral soils.

The dark coniferous forest communities of the ass.
Pino sibiricae—Abietetum sibiricae (Piceo obo-
vatac—Pinetalia sibiricae: Pino sibiricae—Abie-
tion sibiricae) rare in the northern taiga subzone, re-
presented by a small number of relevés, did not form a
separate cluster (Fig. 4).

CONCLUSIONS

During the first stage of vegetation survey in the Numto
Nature Park, located in the southern part of the northern
taiga subzone of Western Siberia, a syntaxonomic diversity
of zonal datk coniferous and mixed forests on on loamy
soils, pine forests on sandy soils, as well as swampy forest
and wooded swamps with a well-developed tree layer on
peat deposits, has been established.

On processing the relevé tables 9 associations, 2
subassociations, 10 variants, and 3 community types were
distinguished and assigned to 4 alliances and 3 orders within
the class Vaccinio—Piceetea. Five associations wete
described for the first time, including 2 provisional ones.
A new alliance, Sphagno fimbriati—Pinion sibiricae
all. nov,, was proposed within the class Vaccinio—
Piceetea, compriing vegetation of swampy forest and
wooded swamps in the valleys of small rivers and streams
in the northern and middle taiga of Western Siberia. The
communities of birch swamps and swampy sedge-Sphagnum
low birch woodlands were preliminarily assigned to this
alliance, despite the limited presence of dark coniferous
species in the tree layer. Further accumulation of new
data will allow for a more informed determination of their
placement within the higher units of the class Vaccinio—
Piceetea.
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