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ABSTRACT

The vegetation of mires and its syntaxonomic diversity were studied in the Bere-
lyokh I%iver basin, a left tributary of the lower Indigirka River (southern tundra
subzone, Allaikhovskii District, Republic of Sakha (Yakutia), Russia), following
the principles of the Braun-Blanquet approach. Based on 280 phytosociologi-
cal relevés, a phytocoenotic characteristic of 10 associations, 10 subassociations,
12 variants and 2 community types was provided. These units were assigned
to three alliances (Caricion stantis Matveyeva 1994, Salici fuscescentis—
Sphagnion sthiarrosi all. nov. and Scheuchzerion palustris Nordhagen
ex Tx. 1937) within the class Scheuchzerio—Caricetea nigrae Tx. 1937 and
two alliances (Sphagnion lenenses Lapshina 2022 and Rubo chamaemo-
ri—Dicranion elongati Lavrinenko et al. 2015) within the class Oxycocco—
Sphagnetea Br.-Bl et Tx. ex Westhoff et al. 1946. Among them, nine associa-
tions Xé)ne rovisionally) and eight subassociations are described as new. A new
alliance, Saliici fuscescentis—Sphagnion squarrosi all. nov, is proposed
to encompass sedge-Sphagnum and low wiﬂow-kﬁc}y%gnum communities dominated
by mesotrophic and mesooligotrophic species of {Jbagﬂmﬂ in the complex mire
systems of the Asian part of Russia. Ordination of the identified syntaxa using
t-distributed stochastic neighbor embedding (t-SNE), supplemented by cluster
analﬁsis, was performed to assess the degree of similarity between the distin-
guished syntaxa.

Keywords: vegetation, flat-palsa and rim-polygonal mires, Braun-Blanquet approach,
southern tundra subzone, Yana-Indigirka lowland, northeast of Yakutia

PE3IOME

Aarmmmnaa E A, @uannmos H.B. PactureapHOCTS 60AOT B 6acceiine HIXK-
Hero TedyeHusa p. MHAUTHPKH (II0A30HA FOXKHBIX TYHAP, AKyTus:A). Msyaena
gaCTI/ITﬁABHOCTb GOAOT 1 BBIIBACHO €€ CHHTAKCOHOMHYECKOE PasHOODOpasme B

acceiine p. bepeaéx, aeBoro mpuroka p. MIHAUTHpPKa B ee HIKHEM TECUCHHH
(TTOA30HA FOKHBIX TYHAP, AAAAXOBCKnIT p-oH, Pecriybanka Caxa (Axyrus) B co-
OTBETCTBUE C IIPHHIIAIIAME ITKOAB Bpayn-Baanke. Ha ocrnose 280 reoboranm-
YECKUX OIIHMCAHUI AaHa (pUTOLEHOTHYECKAA xapakrepucrtuka 10 accommariui,
10 cybacconmanmii, 12 BApHAHTOB M 2 THUITOB COODIIECTB, KOTOPBIE OTHECCHDI
k 3 corosam (Caricion stantis Matveyeva 1994, Salici fuscescentis—
Sphagnion squarrosi all. nov. w Scheuchzerion palustris Nordhagen
ex Tx. 1937) kaacca Scheuchzerio—Caricetea nigrae Tx. 1937) u 2 corozam
(Sphagnion lenenses Lapshina 2022 u Rubo c%amaemori—Dicranion
elongati Lavrinenko et al. 2015) kaacca Oxycocco—Sphagnetea Br.-Bl
et Tx. ex Westhoff et al. 1946. M3 mux 9 accoumanmii (OAHA TIPEABAPHUTEAD-
HO) 1 8§ cybacconmaruii OIMMCAHBI KAK HOBBIC. BEIACACH HOBBHIH coro3 Salici
fuscescentis—Sphagnion squarrosi, OOBCAMHSIOIIHI OCOKOBO-CArHO-
BBIC H HH3KO I/IBOBO—C%}ZLFHOBBIC CoO0ITIECTBA C AOMUHHPOBAHHEM ME30TPO(d-
HBIX 1 ME30OAUTOTPOQHEIX C(PATHOBBIX MXOB TYHAPOBBIX OOAOT KOMITACKCHO-
IO CTpOeHHA B a3UaTCKOM uactu Poccun. [TpoBeacHa OPAMHALINS BHIACACHHBIX
CHHTaKCOHOB MeTOAOM t-SNE, AOTToAHEHHAA KAACTEPHBIM aHAAU30M, AAA OIICH-
KU CTEIICHU CXOACTBA MEKAY OTACABHBIMU CHHTAKCOHAMI.

KaroueBrie CAOBAa: PACTHTEABHOCTb, OYIPHCTBHIE M BAAMKOBO-ITOAUTOHAABHBIC
6oa0Ta, KAaccuukarua bpayH-bBaanke, MOA30OHa IOKHBIX TYHApP, SHO-MBANTHpCKas
HI3MCHHOCTB, CEBEPO-BOCTOK SIKyTHI

The first data on the vegetation of the tundra zone in
Yakutia in the lower Indigirka River basin were provided by
Sheludyakova (1938) and Tyrtikov (1958). A general over-
view and brief description of mires near the settlements
of Chokurdakh and Polyarny were later given by Boch
(1975). More comprehensive information on the vegetation
of the tundra zone in Yakutia, including mire ecosystems,
is presented in the monograph by Perfil'yeva et al. (1991),
where five classes and twelve groups of hydrophilic sedge
and sedge-moss mire communities are described based
upon dominant approach. Communities of relatively well-

drained palsa mires with dwarf birch-moss and tussock
dwarf shrub-cottongrass-Sphagnum vegetation are consi-
dered as part of tundra vegetation. However, such general
reviews and dominant classifications, lacking full published
relevés, provide only limited information on the species
composition and structure of plant communities, thus re-
stricting their use in comparative phytocoenotic and bio-
geographical analyses.

Within the Braun-Blanquet ecological-floristic classi-
fication system, the vegetation of mires in the tundra
zone was more or less comprehensively described for
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northern European Russia (Lavrinenko & ILavrinenko
2015, Lavrinenko et al. 2016), Western Sibetia (Telyatnikov
et al. 2019b, 2021, Lapshina et al. 2021, 2022, 2023) and
the Taymyr Peninsula (Matveyeva 1994, 1998, Zanokha
2007, Lavrinenko et al. 2022). In contrast, information on
the mire vegetation of the tundra zone in Yakutia remains
extremely limited, with only few mire syntaxa mentioned in
general descriptions of the region's tundra vegetation.

In the lower reaches of the Kolyma River, the association
Cardamino pratensis—Calthetum arcticae Troeva
et Telyatnikov (Telyatnikov et al. 2014) was described,
along with two subassociations within previously known
(Sphagno—Eriophoretum  vaginati
Walker et al. 1994 and Meesio triquetris—Caricetum
stantis Matveyeva 1994) originally identified in Alaska and
the Taymyr Peninsula, respectively. On rim-polygonal and

associations

tundra-mire complexes in the southern tundra subzone in
the lower Indigirka River basin, the distinctive ass. Carici
rariflorae—Sphagnetum warnstorfii was described,
comprising transitional communities occurring at the con-
tact zones between rims and hollows, occupying very limi-
ted areas (Telyatnikov et al. 2015). In the Kolyma River
valley, sedge-dominated communities with Carex aquatilis
subsp. stantis was recorded and assigned to the association
Caricetum stantis Barrett et Krajina, 1972 (Telyatnikov
et al. 2014).

The objective of the present study is to investigate the
phytocoenotic diversity, to develop a vegetation classifica-
tion of mires within the southern tundra subzone in nor-
thern Yakutia and to provide a description of the identified
syntaxa.

MATERIAL AND METHODS
Study area

The study area is located in the northeastern part of
Yakutia, within the southern tundra subzone, in the Yana-
Indigirka Lowland. This lowland represents an extensive
accumulative plain, 50-80 m above sea level, composed of
loose Tertiary and Quaternary loess-like loams. The sur-
face is dissected by shallow but wide river valleys with river
terraces rising 610 m and numerous lake depressions. The
major part of the surveyed area is occupied by rim-polygo-
nal mires exhibiting a well-developed polygonal structure
(Fig. 1A—C). These mires were formed on low river terraces
and in the expansive basins of drained thermokarst lakes of
various ages, known in Siberia as 'khasyrei' (local Yakutian
name — 'alas'), shaping the overall landscape appearance.
Outside the river valleys and at later stages of khasyrei deve-
lopment, flat-palsa and flat-palsa-hollow mires are wide-
spread (Fig. 1D). These often form complex mire systems
in combination with rim-polygonal mires.

Flat areas and lakeside depressions alternate with
clevated landforms in the form of low ridges and hills,
known as 'yedomas' (Popov, 1969). These support zonal
Dryas-green moss and dwarf shrub-lichen-moss tundras
(Fig. 1E) with abundant low shrubs (Betula nana subsp.
exilis, Salix glanca) and hypoarctic dwarf shrubs (Vaccininm
vitis-idaea subsp. minus, V. uliginosum subsp. wmicrophyllum,
Ledum palustre subsp. decumbens). Gentle slopes and poorly

drained flat hilltops are occupied by tussock cottongrass
(Eriophorum vaginatum) tundras (Fig. 1F). The base of slopes
and flat depressions develop cottongrass-Sphagnum bogs
(Sphagnum lenense, S. balticuns). Occasionally, isolated dome-
shaped hills — 'bulgunnyakhs' or hydrolaccoliths — occur,
up to 25-50 m in height and 100-300 m in width, towering
above the surrounding waterlogged tundra.

The climate of the region is characterized by long, cold
winter and short, cool summer. According to data from the
Chokurdakh weather station (1939-2021), the mean annual
temperature is -13°C (Fig. 2). Winter begins in October
and lasts until mid-May, with average January temperature
of -34°C. Snow cover is 30-35 cm in depth. Summers are
overcast, with very short frost-free period of 45-51 days.
Average July temperatures range from 8 to 12°C. Annual
precipitation totals 150—250 mm, with 55-60 % during the
winter months. Permafrost is continuous throughout the
area (Yershov et al. 1989). The active layer thickness varies
from 0.2 to 1.8 m.

Sampling and data analysis

Fieldwork was conducted in the southern part of the
Kytalyk National Park (Allaikhovskii District, Republic of
Sakha (Yakutia)) within the Berelyokh River basin, a left tri-
butary of the Indigirka River. The study focused on mire
vegetation along the river valley and in adjacent interfluves
and elevated areas over stretch of approximately 200 km,
from the upper to the lower ranger stations of the National
Park, west of the settlement of Chokurdakh.

During the fieldwork from 8 to 21 July 2023 280 phyto-
sociological relevés were performed across three key study
sites: (I) Okean-Syane near the upper ranger station, (II)
Omuk-Sane in the middle reaches of the river and (I1I) the
Base Station in the lower reaches. Additional vegetation
surveys were carried out along the segments between the
main study sites (Fig. 3).

Vegetation surveys were conducted on 5 X 5 m sample
plots, recording all vascular plants, bryophytes and terri-
colous lichens wherever possible, along with estimates of
their percentage cover. Data on the occurrence of rare moss
species and the diversity, distribution and habitat specificity
of liverworts were published previously (Konstantinova et
al. 2024b, Lapshina et al. 2024).

An Integrated Botanical Information System, IBIS 7.2
(Zverev 2007), was used for preliminary sorting of relevés
and developing the vegetation classification.

Species abundance in phytocenotic tables is presented
in percentage cover scores (Mirkin & Naumova 1998): r —
solitary, + — less than 1 %, 1 — 1-5 %, 2a — 613 %, 2b —
14-25 %, 3 — 2650 %, 4 — 51-75 %, 5 — 76-100 %. Species
constancy in tables is giving using following percentage
scale (%0): R — <10; I — 10-20 %; 1I — 20-40 %; 111 — 41—
60 %; IV — 61-80 %; V — 81-100 %. Species with constancy
classes V and IV were classified as highly constant.

The vegetation classification was carried out following
the principles of the Braun-Blanquet approach (Westhoff
& van der Maarel 1978).

The concept of diagnostic species was used for syntaxon
delimitation, including selective species (occurring in some
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Mire vegetation in the lower Indigirka River basin (Yakutia)

Figure 1 Main types of tundra stands and mire landscapes in the southern tundra subzone in the northeastern Yakutia: A — rim-polygonal
mire complex with relative drained rims (on the front) and low-centered sedge-moss polygons; B — rim-polygonal mire with waterlogged sedge
communities in polygons (ass. Ranunculo pallasi—Caricetum stantis); C — rim-lake polygonal mire; D — flat-palsa mire complex with
frozen peat mound and sedge-Sphagnum moss hollows; E — zonal low shrub-lichen-moss tundra; F — tussock cottongrass-moss tundra; G—L.:
photos of described mire communities of the class Scheuchzerio—Caricetea nigrae in the southern tundra subzone in the northeastern
Yakutia (G — Hamatocauli vernicosi—Caricetum stantis typicum; H —Meesio triquetri—Caricetum chordorrhizae;I—
Sphagno orientalis—Caricetum stantis; ] —Sphagno obtusi—Caricetum stantis; K —Salici fuscescentis—Sphagnetum
squarrosi typicum; L —Salici fuscescentis—Sphagnetum squarrosi sphagnetosum fimbriati); M—O: photos of described
mire communities of the class Oxycocco—Spahgnetea in the southern tundra subzone in the northeastern Yakutia (M — Ledo
decumbentis—Eriophoretum vaginati typicum; N — Ledo decumbentis—Eriophoretum vaginati sphagnetosum
lenenses; O —Dicrano laevidentis—Betuletum exilis)

syntaxa but with highest constancy in one) and preferential
species (equally constant in some syntaxa but more abun-
dant in one). Diagnostic species of associations and sub-
associations represent differential species combinations,
where these species are 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).

The names of syntaxa, the name of the taxon from the
highest dominant layer was placed second (ICPN, Art. 10b).
In cases where the vascular plant cover was low (25 % or
less) — a common feature of most mire communities — the
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second element of the name refers to the dominant species
(edificator) of the moss layer, which determines the habitat
conditions, structure and external appearance of the mire
communities.

The nomenclature of the described syntaxa follows the
International Code of Phytosociological Nomenclature
(ICPN) (Theurillat et al. 2021).

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 clustering was
employed to determine the degree of similarity between
identified phytocoenons and to visualize their structure as
a dendrogram.

The nomenclature of the species follows generally Sek-
retareva (2004) for vascular plants, Hodgetts et al. (2020)
for bryophytes and Santesson et al. (2004) for lichens.
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Figure 2 Climadiagram according to the Chokurdakh weather
station (data archive meteo.ru: http://aisori-m.meteco.ru/)

RESULTS

Mires in northeastern Yakutia, within the Yana-Indigir-
ka Lowland, cover approximately 70 % of the area. The
full diversity of mire habitat types and their associated
plant communities in the study region can be classified
into several groups according to the type of water-mineral
supply and the degree of moisture.

Moderate-rich minerotrophic fens

1. Herb-sedge-hypnum communities dominated by Ha-
matocanlis vernicosus, Campylinm stellatum, Calliergon spp.)
on floodplain mires under conditions of more or less
regular inundation by river waters.

2. Sedge (Carex aguatilis subsp. stans) and sedge (Carex
chordorrhiza, C. aquatilis subsp. stans)-hypnum moss
communities dominated by Scorpidinm: revolvens, Meesia
triquetra, Cinclidium spp. on waterlogged polygons of
rim-polygonal mires and lakeside floating mats across
the bottoms of numerous drained thermokarst lake
basins (khasyreis) and low river terraces.

Transitional mineral-poor minerotrophic mires

3. Sedge (Carex aquatilis subsp. stans)-Sphagnum com-
munities (dominated by Sphagnum orientale) on water-
logged polygons of rim-polygonal mires along the
bottoms of ancient khasyreis on second floodplain
terraces.

4. Sedge (Carex aguatilis subsp. stans)-Sphagnum commu-
nities dominated by Sphagnum: obtusum in waterlogged
hollows of rim-polygonal and flat-palsa mires, occur-
ring within the oldest drained thermokarst lake basins
(khasyreis) and on high river terraces.

5. Low willow (Salix putchra, S. fuscescens)-Sphagnum com-
munities dominated by Sphagnum squarrosum on frozen
ridges and better-drained sections of rim-polygonal
mitres within drained thermokarst lake basins
(khasyreis) on flat river terraces.

6. Sphagnum (ct. Sphagnum finbriatum)-willow (Salixc pulch-

ra) communities of hanging mires along temporary
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Figure 3 Key study areas: I — Okean-Syane near the upper ranger station, II — Omuk-Sane in the middle reaches of the river, III — the Base

Station in the lower reaches area. Sites of relevés (red points)
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streams in ravines on the slopes of high moraine
ridges and uplands.

Raised (ombrotrophic) bogs with atmospheric water supply

7. Cottongrass (Erigphorum vaginatum)-Sphagnum (Sphag-
num lenense, S. balticum) bogs on pootly drained con-
cave slopes and at the bases of elevated landforms
(yedomas).

8. Dwarf birch (Betula nana subsp. exilis)-green moss
(Polytrichum strictum, Dicranum spp.) communities of
frozen peat mounds in flat-palsa mires.

As a result of the tabular processing of mire vegetation
relevés in the tundra zone in Yakutia, conducted according
to the principles of the Braun-Blanquet approach, 10 asso-
ciations with subassociations and variants were identified.
The original relevés are presented in diagnostic tables
(Tables 1-7) and summarized in synoptic table (Table 8).

To visualize the classification results, an ordination of
all syntaxa was performed using t-distributed stochastic
neighbor embedding (t-SNE), which effectively separates
and displays clusters as groups of points in a two-dimensio-
nal space. Hierarchical clustering was additionally applied to
assess the degree of similarity between syntaxa.

Descriptions of the identified syntaxa are provided below.

Vegetation of sedge-moss and
willow-sedge-moss mires of the class
Scheuchzerio—Caricetea nigrae

Sedge and sedge-hypnum moss communities of mode-
rately rich minerotrophic mires

Hamatocauli vernicosi—Caricetum stantis
ass. nov. (Table 1, rel. 1-21; Table 8, syntaxa 1-2; Figs 1G,
4,5, clusters 1.1, 1.2)

Holotypus: relevé 9 (author's number — 108E23kt) in
Table 1, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within the Yana-Indigirka Lowland,
14.07.2023, author E.D. Lapshina.

The association encompasses sedge-forb-hypnum moss
communities of floodplain mires subject to periodic inun-
dation or flooding by river waters in valleys of the southern
tundra subzone in Yakutia.

Diagnostic species: Campylium stellatum, Cinclidium latifo-
linm, Bryum pseudotriguetrum, Hamatocaulis vernicosus, Polemo-
nium acutiflorum, Saxifraga cernua, S. hirculus.

Structure and composition. The herb layer is dense (30—
90 %, occasionally 15-25 %). The upper sublayer (up to
30 cm tall) is dominated by Carex aguatilis subsp. stans. Scat-
tered plants of Pedicularis sudetica, Polemonium acutiflorum and
Rumex: arcticus are present. The lower sublayer (10-20 cm
tall) consists of Comarum palustre, Minnartia stricta, Saxi-
fraga birculus, S. cernua, S. foliolosa and, more rarely, Saxifraga
hieracifolia, S. radiata and Valeriana capitata. 1.ow willows
(Salixc reptans, S. fuscescens, S. pulchra) are occasionally present
in some communities. The moss layer is typically dominated
by Hamatocanlis vernicosus, accompanied with high constancy
by Campylinm stellatum, Cinclidinm latifolinm, Meesia triquetra,
Psendocalliergon brevifolium and Scorpidinm revolvens.

The number of species per sample plot is 2638, in associa-
tion 92, including 11 (12 %) highly constant.

Distribution and ecology. Communities of this associa-
tion occur in floodplain and lakeshore mires that are regularly
or episodically flooded by river and snowmelt waters. The
water level ranges from 0 to 7(10) cm below the moss sur-
face. The depth of seasonal frozen peat thawing is 25-30 cm.

Mire vegetation in the lower Indigirka River basin (Yakutia)

Based on differences in species richness and habitat con-
ditions, two subassociations were distinguished: typicum
and calamagrostietosum neglecti.

Hamatocauli vernicosi—Caricetum stantis
typicum subass. nov. (Table 1, rel. 7-21; Table 8,
syntaxon 2; Figs 1G, 4, 5, cluster 1.2)

Holotypus: relevé 9 (author's number — 108E23kt) in
Table 1, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within the Yana-Indigirka Lowland,
14.07.2023, author E.D. Lapshina.

Diagnostic species: Bistorta vivipara, Calliergon richardsoni,
Carex marina, Minuartia stricta, Pedicularis sceptrum-carolinum,
Salix reptans.

Structure and composition. The well-developed herb-
shrub layer (20-30 cm tall) is dominated by Carex aguatilis
subsp. szans along with characteristic set of herbaceous spe-
cies. Low shrubs (Salix reptans, with occasional presence of
S. fuscescens and rarely S. pulchra) contribute noticeably, with
cover ranging from 5-25 %, occasionally up to 40 %.

The continuous moss layer is dominated by Hamatocanlis
vernicosus, accompanied with high constancy of Cinclidinm
latifolium, Meesia triguetra, Pseudocalliergon brevifoliums, Scorpidinm
revolvens and Calliergon richardsonii.

Species richness in communities is comparable to that of the
overall association. In total, 81 species were recorded within
the subassociation, including 13 (16 %) highly constant.

Distribution and ecology. This subassociation occupies
the central parts of floodplain mires with weakly expressed
polygonal structure. The sites are subject to periodic water-
logging but are not inundated during spring floods. The
communities occur in water-saturated centers of polygons
of 1015 m in diameter. The surface is slightly undulating,
formed by soft carpet of hypnoid mosses (5-10 cm high)
interspersed with standing water. The depth of seasonal
frozen peat thawing is 25-30 cm.

Hamatocauli vernicosi—Caricetum stantis
calamagrostietosum neglecti subass. nowv.
(Table 1, rel. 1-6; Table 8, syntaxon 1; Figs 4, 5, cluster 1.1)

Holotypus: relevé 2 (author's number — 092E23kt) in
Table 1, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
14.07.2023, author E.D. Lapshina.

Diagnostic species: Aulacomninm palustre, Brachythecium bo-
reale, B. mildeanum, Calamagrostis neglecta, Calliergon cordifolium,
C. gigantenm subsp. sibiricun, Chrysosplenium sibiricum, Drepano-
cladus polygamus, Peltigera lencophlebia, Plagiomninm curvatulum,
Stellaria ciliatosepala, Warnstorfia psendostraminea.

Structure and composition. The dense herbaceous layer
(50-90 % cover) is dominated by Carex aguatilis subsp. stans
(up to 30 cm), with a notable presence of Calamagrostis ne-
Glecta (ap to 20 %). Comarum palustre (10-20 %) dominates
the lower herb layer, accompanied with high constancy by
Chrysosplenium  sibiricnm, Epilobinm palustre and Stellaria cili-
atosepala. Shrub willows are absent. The moss layer is well
developed (70-90 %), dominated by Hamatocanlis vernicosus
and consistently accompanied by flood-tolerant species such
as Aulacommium palustre, Brachytheciunm mildeanum, Calliergon cor-
difolinm, C. gigantenm sabsp. sibiricum, Drepanocladus pobyganus
and Warnstorfia psendostraminea.

The number of species per sample plot is 27-32 (mean 30),
in subassociation 57, including 24 (42 %) highly constant.

Distribution and ecology. Communities occur near rivers
and flood channels in river valleys. The vegetation cover is
homogeneous. The depth of seasonal frozen peat thawing
is 30 cm.
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Table 1. Floodplain mire communities periodically inundated by river waters. 1-21 — ass. Hamatocauli vernicosi—
Caricetum stantis (1): 1-6—subass. calamagrostietosum neglecti (la), 7-21 —subass. typicum (1b); 22 — Erigphorum
angustifolinm community type (2); 23-28 — ass. Ranunculo pallasi—Caricetum stantis (3).

Ranﬁnc}llo
. . . . . . allasi—
Association Hamatocauli vernicosi—Caricetum stantis (1) 2 Cl;ricetum
stantis (3)
Subassociation calarrlneag ;(z:itl(elta(;sum typicum (1b) é‘
Cover, % — shrubs 00 0O00022502512010400 0 5 5 01 2:0:00 0000 g
herbs 90 90 50 80 90 50 50 25 40 20 30 15 50 20 20 60 70 40 40 50 15:25:40 30 30 20 40 20 g
mosses 80 80 70 85 95 70 90 20 100 90 50 50 80 85 100 100 90 85100 95 90:10:1 1 1 10 5 20 S
Number of species 27 32 30 28 32 30 38 33 30 22 28 24 35 26 20 23 18 21 1928 27:5:8 17 9 6 17 10
v v -~ e - S~ o R e Rk - v v [ o Qe Sk v (o S v} ek R~ v R
8888888980888 348938308888888
Relevé nr. by author [aaffyca e pycagncd Yy ycaute gycapiics ) d b gt ofy Cappcopialiycaca i daliica i dal § iy J o RN c R T N
O AN = FTHANG =00 FEDBE0 T O PN DY —i® XM BB D
AN AWML O S VLA OLAINANN SO X0 F T
SR R=R=R=R=l= it =R =R =R R =Rl =] i~ === ==
Relevé nr. in the table 123 45 6 7 8 9%1012 1113 14 15 16 17 18 19 20 21:22 23 24 252627 28|1lalb 1 3
Diagnostic species of the ass. Hamatocauli vernicosi—Caricetum stantis
Campylinm stellatnm + 1 1263 121+ 311+ 1 32b2b 1 2b2b VvV
S axzﬁ{zga birculns +++ 11+ 1+++1 - 11+ + 2a 1 SRR S - - |VV VI
Hamatocanlis vernicosus 2b32b32b3 3223 323334 -+ - - - 1. - - - -+ -IVIVIVI
Bryum psendotriquetrnm +++++1 -+ - -1 - ++++ -+ - ++i- - ¢ - -+ - |VIIIVI
Polenmoninm acutiflorum 122+ 1 1 1 11 + 1 - 1 + + -+ oo s - I VHILV -
Saxifraga cernna 11 +11+ - - - ++++ - - - - +++ - - -« - VI -
Saxafraga foliolosa o+ +++ 0+ - - -+ 4+ + 1+ 1+ + - -+ - IITHINTIT
Diagnostic species of the subass. Hamatocauli vernicosi—Caricetum stantis calamagrostietosum neglecti
Calamagrostis neglecta 2b2b2a2a2a 1 + - - - - oo i e e s VI T
Aulacommninm palustre 2a2b 1 2b - 2a 1 1 O A R A 1 e 8
Stellaria ciliatocepala + + + + 4+ + -+ + 4+ - -+ e e e e e e VT T
Calliergon gigantenm subsp. sibiricnm 22 2b 1+ 1 + : + 1+ -+ - -+ - - - it e IV I -
Plagiommnium curvatulum 2a 1 + 1 + : - + |V R 1II
Brachythecinm niildeannm 1+ 1 -2b1 + 1 + + < |V I IIL
Calliergon cordifolium 2b1 2a + - 2a : v - 1
Brachythecium boreale 2a - 1 2a - 1 L T S SR | | YA
Warnstorfia pseudostraminea 2a. + + - - 1 + - -+ A+ e e e e e I IVIT T
Chrysosplentum sibiricum 11+ -« 4+ - 4+ - - x4+ i e IVIT T
Peltigera leucophlebia o e e e e e e s IV R T
Drepanocladus polygamus 2.1 1 - - . : o EE T S A 1 1 D B |
Diagnostic species of the subass. Hamatocauli vernicosi—Caricetum stantis typicum
Salix reptans oo -+ - 2a1 1+ - 22223 - - 1 7+ e e IV 11
Calliergon richardsonii 1 111+ + 1 +2322+ - -+ - - - - - |TIVII
Pedicutaris sudetica e s o+ + -+ -+ ++ 1+ - T e e | IV T
Bistorta vivipara R O D S S S S SRR S o SN SIS N O § G
Minuartia stricta S+ s+ s+ s+ -+ +++ -1 - - - - S ITITIT -
Carex marina o -+ + 222 -+ - - 11 1T T 1 III II
Pedicnlaris sceptrum-carolinnm e+ 1 + 4+ - -+ -+ 1 : + 11 1T 1T
Diagnostic species of the ass. Ranunculo pallasi—Caricetum stantis
Rﬂ”%ﬂ[ﬂ[ﬂf})ﬂl/ﬂfﬁ' . . . . . . . . . . . . . . . . . . . + 4+ 4+ +
Erigphorum russeolum R I S S ST BERE SRR SR S I RIV
Hamatocaulis lapponicus - I Co R IR o i 2a + 111
Diagnostic species of the Caricion stantis
Carex aquatilis subsp. stans 12b2a2b 3 2a2b2b 1 2b2a2a2b2b2b2b 3 2b2b 3 22 +2b 3 2b2b 3 2b|V V V V
Meesia triguetra -+ 1 +1+ - 12b2212212b2a2b2b2b3 1 3 - - + - - +2b/VV VI
Scorpidium revolvens -+ -+ 1 - 1126223 + - - 1 32b2b2b2b2b - + + -+ +|II VIVIV
Cinclidinm latifolinm -+ + 1+ 112 - 11+ 11 12b12b2a2bi- - - - S |IVV Vo
Psendocalliergon brevifolinm + + 12 -+ - 113 +2++1+1+ - - : S |III VIV -
Rumex: arcticus o+ + -+ - - - -+ + -+ + + + + o : < | 1T IIIIID -
Bryum neodamense 3l LI IR - B B . SRR + 4+ i+ + + -+ |- IV
inclidinm subrotundum R s R o O UL S T e S S | AV (RN AN U
Mei?@mbz'a rutheana N I S S S S SN OF SN ST N 0§ 0 § G
Caltha arctica . . . . . . . <4+ . 4+ e 4+ 4+ -4 . . . . . . . . < I 11
Diagnostic species of the Caricion nigrae and Scheuchzerio—Caricetea nigrae
Comarum palustre 2b2b2a2a2a2b + 1 - 22+ + - 1 ++ - - 1 -2 -1 - + + V IVIVIII
Er:/o/p/ﬂomm angustifolinm + +2+ -1+ -4+ -+ -+ - - - Db+ -+ 4+ +|VIIIIV
E]}i 'obinm palustre + 4+ + 4+ 4+ 4+ - -+ -+ -+ + -+ ik 4+ e+ - VI
arex chordorrhiza - - © 2a - o 2 - 2a - 1i-2b+ 111 1111V
Other species
Arctagrostis latifolia 2222 - 1 - - + + + I + 4+ - - - e - SIITITHT T
Cinclidinm x?f/gmm - T I | SR -1 - 1263 -0 - - - T I I -
Saxifraga radiata R s : o+ E S T S L R A 0 8 O A §
Luzunla nivalis S i -+ ot + - S 10 0 G 0 O O O
Anenra pinguis r o -+ + -+ -+ + - - - +|I IO
Salix fuscescens 12+ - + 2a ) o L L N 0 U O U
Hierochloe panciflora - -+ + ++ - -+ - - -1 - e e o TIL
Valeriana capitata L S S S B AN I IR § 1 G0 g1
Salix pulchra a B 11 -1 - - 12 - - - - - -« 4+ - - |-
Brachythecinm turgidum t1tr -+ - - -+ - -1 e e e i e TR T
Pedicilaris feime 7 T I S I S I SEI o SN SIS R O |
Saxifraga hieracifolia - I+ e e R L I G U O |
Betila nana subsp. exilis - B + 1 - 2b - - - e ke e e e e T T
Meesia nliginosa + + IR R S N AN B O N |
Calamagrostis holmii R L B T Y S S L SR L - I -
Brﬂ[@/l‘ ecinm %dﬂm + 4+ 4+ . . . . . . . . . . . . . . . . . . . . . SIII - 1
Philonotis tomentella . . . . . B . . . -4 . . . . -4 . . . . . . . C |
Cardamine pratensis R S L + I 11
Tomentypnum nitens R - 11
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Table 1. Continued.

Mire vegetation in the lower Indigirka River basin (Yakutia)

Relevé nr. in the table 123 4 5 6 7 8 9%10 12 11 13 14 15 16 17 18 19 20 21:22:23 24 25 26 27 28{1la1b 1 3
Petasites frigidus R . RIS SR SETCIRNCT I B SR S S
Drepanccladns aduncus +En - - . +1 - - - - « « ciei.e .. T T I -
Mesoptychia sablbergii : + - . + - -+« . . . .i.i. . . . . .ITRR -
Poa arctica N + + : : Co : m - -
Polytrichastrnm longisetnm + B3 - : . Co : I - R -
Aunlacomninm turgidnm + - + . .o . I R R -
Juncus triglumis 3 IR . -+ . .1 R -
Sphagnum sqmzrmwm 3 - I I 1 . Co : I RR -
Marchantia po J/”MI])/M subsp. ruderalis; - - 1 . + . -1 R -
Uij agnum orientale . + . . . - RR I

tricularia vulgaris -k - - - . + . + . RR I
Luzula wablenbergii - - - -+ + . . .1 R -
Sanionia uncinata B - IR | . I RR -
Pseudocalliergon trifarinm ‘B -+ + . . . 1 RR -
Cepba/o{ze/[g uncinata N - . ST ST
Cephaloziella sp. r -0 + 1I

Note. 2pecles found in one relevé with abundance (indicated in brackets): Arctous alpina (10 1), Breidleria pratensis (8 +), Cephalogia hszéizdaz‘a

(241,

inclidinm minutifolinm (14 +), Equisetun arvense (1 +), Eriophorum medinm (9 1), Gastrolychnis apetala (18 +), Gymnocolea borealis (21 t

Helodium blandowii (8 +), Mynrella z‘merﬁma ,S 0 1), Plagiomninm ellipticum (13 1), Plagiothecinm berggrenianum (5 +), Poa alpigena (13 ), Poblia nutans

(4 1), Polytrichum jensenit (27 +), Pyrola rotun

ifolia (T +), Rubus arcticus (12 +), Scapania irrigna (24 +), 5. pa/ﬂdzm/a 8 +), Sehi /a/éowa kungeana

(8 +), Scorpidinm scorpioides (25 +), Sphagnum obtusum (22 2a), . izz/bolzaﬂmﬂ (8 +), Stellaria crassifolia (2 +), Utricularia intermedia (27 +),

Sarmentypnum exannulatum (22 +), S. sarmentosum (21 +).

Dates and localities: 1 — 14.07.2023, 70.79998, 146.55988; 2 — 14.07.2023, 70.79998, 146.55988; 3 — 14.07.2023, 70.79978, 146.55960;

4 —14.07.2023, 70.79958, 146.55977; 5 — 14.07.2023, 70.79898, 146.55891; 6 — 14.07.2023, 70.79947, 146.55855; 7 — 14.07.2023, 70.79868,
146.56059; 8 — 19.07.2023, 70.75969, 147.23039; 9 — 14.07.2023, 70.79741, 146.55049; 10 — 19.07.2023, 70.75829, 147.245306; 11 —
14.07.2023, 70.79185, 146.55905; 12 — 19.07.2023, 70.75998, 147.24863; 13 — 14.07.2023, 70.79417, 146.56980; 14 — 19.07.2023, 70.76038,
147.24753; 15 — 14.07.2023, 70.79868, 146.56059; 16 — 14.07.2023, 70.79859, 146.55757; 17 — 14.07.2023, 70.79775, 146.558906; 18 —
14.07.2023, 70.79527, 146.56061; 19 — 14.07.2023, 70.79859, 146.55757; 20 — 14.07.2023, 70.79453, 146.56126; 21 — 19.07.2023, 70.75962,
147.23175; 22 — 10.07.2023, 70.90272, 145.53704; 23 — 17.07.2023, 70.83445, 147.19319; 24 — 12.07.2023, 70.87865, 145.92097; 25 —
17.07.2023, 70.83322, 147.19167; 26 — 09.07.2023, 70.89476, 145.59377; 27 — 13.07.2023, 70.86236,146.22891; 28 — 12.07.2023, 70.88288.

145.91726.

Authors: E.D. Lapshina — rel. 1, 2,4, 5,9, 10, 14, 16-21; 1.V. Filippov — rel. 3, 6-8, 11-13, 15, 22-28. Here and in Tables 2, 4, 5, 7
nomenclature types (holotypuq) are indicated by a gray fill and an asterisk.

Note. Physiognomically, the communities resemble the ass.
Carici stantis—Salicetum reptantis Zanokha 2003
described on Taymyr (Zanokha 2003) and later reported
from the East European tundra (Lavrinenko et al. 2016).
However, among the diagnostic species of this association,
only Bryum pseudotriguetrun: and Saxifraga hirculus are present
in the Yakutian communities. Of the 24 constant species
reported for Carici stantis—Salicetum reptantis,
only six were recorded in at least one of the two sub-
associations newly described in Yakutia. The shared spe-
cies mainly belong to the Caricion stantis alliance and
the class Scheuchzerio—Caricetea nigrae, which are
widespread in tundra mires.

Ranunculo pallasi—Carietum stantis ass. nov.
(Table 1, rel. 23-28; Table 8, syntaxon 7; Figs 1B, 4, 5,
cluster 4)

Holotypus: relevé 26 (authot's number — 006F23kt) in
Table 1, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within the Yana-Indigirka Lowland,
09.07.2023, author 1.V. Filippow.

The association encompasses species-poor, waterlogged
Carex aquatilis subsp. stans communities in deep hollows of
flat-palsa mires and low-centered polygons of rim-poly-
gonal mires, less frequently in peat floodplain mires in the
tundra zone in Asian Russia.

Diagnostic species: Carex aquatilis subsp. stans (dom.), Erio-
phorum russeolum, Hamatocanlis lapponicus, Ranunculus pallasii.

Structure and composition. The herb layer (30—40 cm) is
dominated by Carex aguatilis subsp. stans, with variable co-
ver (20-80 %). Lower sublayer (around 20 cm) is formed
by Carex chordorrhiza and Comarum palustre, with Eriogpho-
rum russeolum low abundance but high constancy and less
frequent Ranunculus pallasii. The moss layer is poorly deve-
loped (1-10 %, rarely up to 20 %) or absent. When present,
it is composed of Bryum neodamense, Cinclidium subrotundum,
Hamatocaulis lapponicus, Meesia triguetra and Scorpidinm: revolvens.

The number of species per sample plot is 6—17 (mean 11),
in association 29, including 6 (21 %) highly constant.

Distribution and ecology. This association is widespread
across the tundra zone in the Asian part of Russia. In Yaku-
tia, it occupies deep hollows in palsa bogs and the centers
of waterlogged concave polygons in polygonal mires. The
nanorelief is either absent or formed by loose Carex tus-
socks up to 15 cm high. The water level is above the surface.
The depth of seasonal frozen peat thawing is about 80 cm.

Community type Eriophorum angistifolium
(Table 1, rel. 22)

The community is low in species (typically about 5 spe-
cies), moderately dense (10-40 %) layer of Eriophorum
angustifolinm (30—40 cm) and poorly developed or often
absent moss layer. Only one relevé was done, although
within the study area visually it occurs sporadically in deep
thermokarst depressions and in the centers of low-centered
polygons within rim-polygonal and flat-palsa-hollow mire
complexes, where it occupies small areas.

Ranunculi pallasi-Caricetum chordorrhizae
ass. prov. (Table 2, rel. 1-5; Table 8, syntaxon 06; Figs 4, 5,
cluster 3)

The association encompasses sedge-hypnum moss com-
munities of long-flooded (waterlogged) hollows in peat
mound-hollow mire complex, with poor species set and do-
minance of Meesia triguetra in the moss layer.

Diagnostic species: Aneunra pinguis, Meesia trignetra (dom.),
Scapania paludicola, Saxifraga cernna, S. foliolosa, Ranunculus pallasii.
Structure and composition. The herb layer (30-70 %) is
co-dominated by two sedge species — Carex aguatilis subsp.
stans (20-30 cm) and C. chordorrhiza (15 cm) in varying pro-
portions, with Epilobium palustre, Saxifraga cernua, S. foliolosa
and Ranunculus pallasii with low abundance but high con-
stancy. Shrubs are absent. The moss layer is dominated by
Meesia triquetra (50=70 %) with constant minor presence of
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Figure 4 Ordination of the described syntaxa per-
formed in the relative axes by non-linear mapping
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Figure 5 The similarity of syntaxa of the in the southern tundra subzone
in the northeastern Yakutia, established by the Completelinkage clustering

of the multidimensional feature space onto the (Squared Euclidean distances). Syntaxa: 1.1 — Hamatocauli vernicosi—
2D-plane by the t-SNE method. A — class Scheuch- Caricetum stantis calamagrostietosum neglecti, 1.2 — Hamatocauli
zerio—Caricetea nigrae. 1 — Hamatocauli vernicosi—Caricetum stantis typicum; 2a — Meesio triquetri—
vernicosi—Caricetum stantis: 1.1 — subass. Caricetum chordorrhizae var. typica, 2b — Meesio triquetri—Caricetum
calamagrostietosum neglecti, 1.2 — subass. chordorrhizae var. Sphagnum orientale; 3 — Ranunculo pallasi—
typicum; 2 — Meesio triquetri—Caricetum Caricetum chordorrhizae; 4 — Ranunculo pallasi—Caricetum stantis;

chordorrhizae; 3 — Ranunculo pallasi—Ca-
ricetum chordorrhizae; 4 — Ranunculo pal-
lasi—Caricetum stantis; 5 — Sphagno orien-
talis—Caricetum stantis: subass. typicum, 5.2
—subass. meesietosum triquetrae; 6—Sphagno
obtusi—Caricetum stantis; 7 — Salici fusces-
centis—Sphagnetum squarrosi: 7.1 — subass.
typicum, 7.2 —subass. sphagnetosum fimbriati;
8 — Sphagno fimbriati—Salicetum pulchrae;
B — class Oxycocco—Sphagnetea. 9 — Ledo 72 —
decumbentis—Eriophoretum vaginati: 9.1 —
subass. sphagnetosum lenenses, 9.2 —subass. ty-
picum; 10 — Dicrano laevidentis—Betuletum
exilis: 10.1 — subass. ledetosum decumbentis,
10.2 — subass. typicum

Aneura pinguis, Bryum neodamense, Cinclidium subrotundum and
Scapania paludicola. Notably absent are many moss species
character of the alliance Caricion stantis.

The number of species per sample plot is 11-17 (mean 15),
in association 25, including 11 (44 %) highly constant.

Distribution and ecology. The communities were descri-
bed in flat depressions between frozen peat mounds within
flat-palsa-hollow mire occupying extensive drained thermo-
karst lake basins (khasyreis). The flat hollows experience
regular, prolonged flooding from adjacent lake.

Note. These communities are formed under habitat con-
ditions that is reflected in structural and floristic differences
from all other sedge-hypnum moss communities in the study
area. However, being found in the only one mire complex,
they are established as new association provisionally.

Meesio triquetro—Caricetum chordorrhizae
ass. nov. (Table 2, rel. 6-39; Table 8, syntaxa 3-5; Figs 1H,
4, 5, clusters 2a, 2b)

The association encompasses sedge-hypnum moss com-
munities of waterlogged polygons in rim-polygonal mires
and lakeside floating mats across the bottoms of drained
thermokarst lake basins (khasyreis) in the southern tundra
subzone in Yakutia.

5.1a — Sphagno orientalis—Caricetum stantis typicum var. typica,
5.1b — Sphagno orientalis—Caricetum stantis typicum var. Sphagnum
obtusum, 5.2 — Sphagno orientalis—Caricetum stantis meesietosum
triquetrae; 6a — Sphagno obtusi—Caricetum stantis var. typica, 6b
— Sphagno obtusi—Caricetum stantis var. Comarum palustre, 6¢c —
Sphagno obtusi—Caricetum stantis var. Sphagnum squarrosum; 7.1
— Salici fuscescentis—Sphagnetum squarrosi typicum 7.la — Salici
fuscescentis—Sphagnetum squarrosi typicum var. Sphagnum obtusum,
7.1b — Salici fuscescentis—Sphagnetum squarrosi typicum var. typica;
Salici fuscescentis—Sphagnetum squarrosi sphagnetosum
fimbriati; 8 — Sphagno fimbriati—Salicetum pulchrae; 9.1 — Ledo
decumbentis—Eriophoretum vaginati sphagnetosum lenenses, 9.2 —
Ledo decumbentis—Eriophoretum vaginati typicum; 10.1 — Dicrano
laevidntis—Betuletum exilis ledetosum decumbentis, 10.2 — Dicrano
laevidntis—Betuletum exilis typicum

Holotypus: relevé 16 (authot's number — 091E23kt) in
Table 1, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
13.07.2023, author E.D. Lapshina.

Diagnostic species: _Anenra pinguis, Carex chordorrhiza,
Meesia triguetra, Psendocalliergon brevifolinm, Salix fuscescens, Scor-
pidinm revolvens (dom.), S. scorpioides, Sphagnum orientale.

Structure and composition. The total cover of herb
layer varies widely (5-90 %). The sparse upper sublayer
(30 cm) is formed by Carex aquatilis subsp. stans. Erigphorum
angustifolium, E. russeolum, Pedicularis sudetica, Rumex arcticus,
Saxifraga foliolosa, with S. radiata in low abundance. The
denser lower (15-20 cm) sublayer is formed by Carex
chordorrhiza and Comarum palustre. 1.ow Salix fuscescens shrubs
(1520 cm) frequently form noticeable admixture (3—-30 %).
The moss layer (30-100 %) is dominated by Scorpidium
revolvens and Meesia triguetra, with constant admixtures of
Psendocalliergon brevifoliunm, Cinclidinm subrotundum, Sphagnum
orientale and liverworts Aneura pinguis and Mesoptichia rutheana.
Reduced moss cover is associated with high water level and
the presence of open water on the sutface.

The number of species per sample plot in 11-28 (mean 19),
in association 75, including 8 (11 %) highly constant.

Distribution and ecology. The communities are wide-
spread in the southern tundra subzone in Yakutia, where
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Mire vegetation in the lower Indigirka River basin (Yakutia)

Table 2. Sedge-hypnum communities of low-centred polygons in rim-polygonal mires and lake shore floating mats.
1-5—ass. Ranunculo pallasi—Caricetum chordorrhzae (1); 6-39 —ass. Meesio triquetro—Caricetum
chordorrhizae (2): 6-26 — var. typica (2a), 27-35 — var. Spahgnum orientale (2b), 36-39 — var. Scorpidium
scorpioides (2¢).

Ranunculo
Association C clilailrz:ls;;rhi- Meesio triquetro—Caricetum chordorrhizae (2)
zae (1)
Scotpidium
Variant - typica (2a) ofw?l}tlfﬁeu(?b) scorpioides oy
| g
Cover, % — shrubs 00000030000030001000 3152055 5100200300105105 00 0 0 ?
herbs 4050507030:6010408060904010508560 5 805030154070102025802540109010301515 1 205080 g
mosses 757575905550 100 100 70 100 4030703070 100 90603050 100 100 8070 100 100 100 100 90 100 100 9090 100 110 80805550  ©
Number of species 141717171116151616181417201323212418151722222517281112212418151620181315261414
ol giv i v v o Jv g Jav vk v v ke S v kv e B v k] ik ik Jiv ik v ] v vk v
SEe kb i Rk k B bk ke heke ke ekl
Relevé nr. by author Do s odddncoddodoeddde oo gk n oo
O POt OIFTIN OO T O DOV ONOFTINANRO =T D> — 100
Yoo AdR TN T OO AT NN ONTATDIDDND O —
OO CPODODODODODDOOD—~TO DO —TO O A~ O~ OO D —~ O —
Relevé nr.in the table i1 2 3 4 5.6 7 8 910111213141516¥1718192021222324252627282930313233343536373839|1 2a2b 2
Diagnostic species of the ass. Ranunculo pallasi—Caricetum chordorrhzae
Saxifraga foliolosa T+ F I S+ + VI 1T
Smpama/ﬁa/udim/a 11++++ - -+ - ++ - - - ++ - - - - +++ - -+ - + : VI II
Rannnculus pallasii A e e ke s ek - IVTT T
yﬂle@'ﬂgﬂlfﬁ’"ﬂ%ﬂ + + 4+ + - B R R T G RCI RNC TR NI BRI | AVA B
Diagnostic species of the ass. Mee uetro—Caricetum chordorrhizae
Carex chordorrhiza 203 3 4 1 42b42b1 1 431 42b2b+ 31 12b2b32b2b12a12b22a1 12a12aVVVYV
Meesia triguetra 44443 322+ 1+ 3311 +2b2b2b2b2a2b 3 2a2b2b2b 1223 32b2a1 1 +[VV VYV
Anenra pinguis 201 +2a1 - +++++++-+-+11-1+ -+++--++++++ - 1|VIVIVIV
Salix fuscescens R 1 42 - 12a2b- 1 12a-2b- 3 221221 - - - - IIIVIIL
Diagnostic species of the subass. Meesio triquetro—Caricetum chordorrhizae tyg)icum
Scorpidium revolvens A 332b42b2b3 5 32b2b3 3 3 453 47 44432a342b2b'+| VVyV
Psendocalliergon brevifolinms. - - - - +i-2a - -2b- 11 - 31 ++1221+-+1--+++-111+1 + - |- IVIVIV

b

r
Diagnostic species of the var. Sphagnum orientale and var. Scorpidium scorpioides
Sp%agﬂﬂmmeﬂm/e ieocoe 1+ ++ -1+ -1+ ++ 1 +712b2a2a2a2b2b2b2b2a 1 - 2a+|IIVV V
corpidinm scorpioides e e e il 4+ 4+ 1 -+ - 1+ e o+ e e e e - - 333 3|11 T T

Diagnostic species of the Caricion stantis

C+

Carex aguatilis subsp. stans'3 2a2b2b2b1 122221 12a+3 11+ 1221 - 13 +113112a3111-1134/VVVYV
Bryum neodamense + 4+ + + o +++ - -4+ ++ 201 - ++22a-+ - - - - - - -+ - -+ - IVIVIII
Ciiyif/idium subrotundum - + 1 1 -+ 1 - ++1+2b+ - 2b++ - -2 - -2+ -2+ - - - - - 1|VIVIIII
Pedicularis sudetica R + o+ + - R c+ 1+ 1 -1 +++++++ -+ |- IIVII
Mesoptychia rutheana RS R Tk e L SR TR R S SR R RS 1§ 1181
Pobytrichum jensenii 1-c-+1 -1+ -+ - +++ - 4+ -+ -+ <o 1D -
Rumex: arcticus + o+ Co ++ o+t s+ ©ooor |- OITI
Cinclidium latifolinm -+ o+ + - +2b- 1 -1 s+ -+ -+ - - 12 | ITIIIO
Caltha arctica : + - +H - - -1+ -+ - - - CJIRII
Diagnostic species of the Scheuchzrio—Caricetea nigrae
Comarum palustre : s+ + -1 - 3+112a12b+ - +2a- +2b1 1 -3 -1+ - -+ +[IIVOIIV
Epilobinm palustre S e i + -+ - - - - - ¢ VI
rigphorum angustifolinm SRS R TR +4+ - - -1 - - T
Other species
Eriophorum russeolum o+ e i+ s+ ++ -+ + - e s e e+ e e s o+ [ TTTIH O
Hamatocanlis vernicosus - =+« i F = o s e e e g ey e 11 -1+ -+ - 111
Saxifraga radiata S L R i R R N R I R T
lé{yﬂm sendotriquetrum v Fic oo e e e e b e e + -+ +|1 II 11 II
ephaloziella SF. +r 4+ o o + -4+ - - - - - - - HIIIOITIT
Luzula wablenbergii + + : SRR S I S R + 4+ - ++ -+ - - |IIHOOII
Anlacomninm turgidum S | 1+ -+ ++++ -+ + - 1+ - | T
Loeskypnum badium R L L S ST IING W g0 | 3 -1 R LI N I I I
Bistorta vivipara S e R i S S e R IS N I 0
Carex rotundata R R R S RIS SRR S RN R I - 10
Calliergon richardsonii R : R + -1 ©2b - ST II I
Sphagnum squarrosum SR L L S + + - I I I
dOgﬂeﬂ Sp' e e e S S S S RN BRI CRC T R . I II I
Hierochloe panciflora S IR RIS S S R T T o T I I
Gymnocolea borealis ISR S R S S R S oo LIS O
f}?_/]d/%ﬂ”jﬂﬂf/ﬂﬂi qﬂadrz'lobm L T T L S - RII'I
]ﬂﬂ[ﬂf fﬁg/h/ﬂij L T S S T RS BT S D B |
Andromeda pa/;'/a/z'a : : 1 - : + : - RIII
Calamagrostis holmii R S SR e A L S : : T T I
Cﬂ?ﬂjl}”ﬂ stellatum L o T SRS TR TSRS SPTE SR T EEU (RN |
Stellaria ciliatosepala S R S & I - |- RIR
Fissidens osmundoides R SRR N S "R - R
Riccardia latifrons SRR S I - - R
Cephaloziella spinigera Co Co + (IR - -
Wdrﬂffﬂ’ﬁll ﬁﬂ'fﬂﬂf e e e L S . . . R P
Tritomaria quinguedentata it -+ - i 0 s e I cr - - - -~ - /T RIR

Note. Species found in one relevé with abundance (indicated in bracketcs): Abretagrostis latifolia éZS +/), Aulacomminm palustre (38 1), Betula nana
ephaloziella hampeana (4 1), Cephaloziella

subsp. extlis (21 +), Blepharostoma brevirete (28 +), Bryum longisetum (2 +), Carex rariflora (37 +),
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Table 2. Continued.

! 2 §
éz)zppamm (36 +), Luzn.
minor (24 +), U. vulgaris (37 1).

uncinata (25 +), C/yz’/ox@/p}]m pallescens (27 +), Drepanocladus pohgamns (19 +), Eriophorum medium (28 +), Gastrolychnis apetala (37 1), Hamatocaulis
a nivalis (21 +), Oncophorus integerrinmus (23 +), O. wablenbergii (37 +, 39 +), Poblia lmlbi/mz (38 1), P. nutans (12 J),
seudocalliergon trifarinm (37 +), Salix phylicifolia (23 1), Scapania degenii (32 +), Schljakovia kunzeana (24 +), Sphagnum obtusum (17 +), Utricularia

Dates and localities: 1 —12.07.20232,70.88258,145.91960; 2 — 12.07.2023, 70.88258, 145.91960; 3 — 12.07.2023, 70.88258, 145.91960;

4 -12.07.2023, 70.88277, 145.91820; 5 — 12.07.2023, 70.88288, 145.91726; 6 — 13.07.2023, 70.85175, 146.21793; 7 — 15.07.2023,
70.79127, 146.44047; 8 — 13.07.2023, 70.85202, 146.21921; 9 — 13.07.2023, 70.85305, 146.21829; 10 — 13.07.2023, 70.85767, 146.22670;
11 - 13.07.2023, 70.863006, 146.23012; 12 — 13.07.2023, 70.85202, 146.21921; 13 — 16.07.2023, 70.77528, 146.72394; 14 — 21.07.2023,
70.79603, 147.85303; 15 — 13.07.2023, 70.85175, 146.21793; 16 — 13.07.2023, 70.85909, 146.22586; 17— 16.07.2023, 70.77365, 146.72280;
18 — 13.07.2023, 70.85409, 146.22050; 19 — 13.07.2023, 70.85473, 146.22247; 20 — 18.07.2023, 70.80443, 147.32313; 21 — 12.07.2023,
70.87760, 145.92038; 22 — 16.07.2023, 70.77303, 146.72231; 23 — 21.07.2023, 70.79613, 147.85092; 24 — 16.07.2023, 70.77528, 146.72394;
25 —18.07.2023, 70.86210, 147.449606; 26 — 18.07.2023, 70.85970, 147.44914; 27 — 17.07.2023, 70.832406, 147.19301; 28 — 16.07.2023,
70.77596, 146.72403; 29 — 13.07.2023, 70.85761, 146.226406; 30 — 16.07.2023, 70.77596, 146.72403; 31 — 17.07.2023, 70.83291, 147.19183;
32 —18.07.2023, 70.85951, 147.44875; 33 — 13.07.2023, 70.85928, 146.22827; 34 — 18.07.2023, 70.84542, 147.47054; 35 — 18.07.2023,
70.86294, 147.45332; 36 — 15.07.2023, 70.79127, 146.44047; 37 — 19.07.2023, 70.75829, 147.245306; 38 — 09.07.2023, 70.89417, 145.593006;

39 — 21.07.2023, 70.79620, 147.85213;

Authors: E.D. Lapshina — rel. 1-4, 6, 9-11, 15, 16, 18, 21-23, 25-28, 30, 31, 37-39; LV. Filippov — rel. 5, 7, 8, 12-14, 17, 19, 20, 24, 29,

32-36.

they occur in waterlogged polygons of rim-polygonal mires,
hollows of flat-palsa-hollow mire complexes and lakeside
floating mats across numerous drained thermokarst lake
basins (khasyreis). The surface is flat or slightly undulating,
formed by continuous carpet of hypnoid mosses with
frequent of open water. The depth of seasonal frozen peat
thawing is 30—40 cm.

Based on the species set of the moss layer within the
association three variants were distinguished: typica,
Sphagnum orientale and Scorpidium scorpioides.

The variant typica (Table 2, relevés 6-26) corresponds to
the diagnostic characteristics of the subassociation.

The variant Sphagnum orientale (Table 2, rel. 27-35)
differs by the notable Sphagnum orientale presence, with its
cover 5-25 %.

The variant Scorpidium scorpioides (Table 2, relevés
36-39) is characterized by the high presence and high
abundance (30-50 %) of Scorpidium scorpioides.

Note. Species-poor composition, together with the
high presence of Carex chordorrhiza in the herb layer and
Scorpidium scorpioides in the moss one, shows affinity with
communities of the ass. Scorpidio scorpioidis—
Caricetum chordorrhizae Osvald ex Lapshina 2021
(Lapshina et al. 2021). However, the limited number of
relevés and the transitional nature of these communities,
are the reasons to classify them as variant within wider
distributed association.

Sedge-Sphagnum and low willow-
Sphagnum communities of mineral-poor
minerotrophic mires

Sphagno orientalis—Caricetum stantis ass. nov.
(Table 3, rel. 1-27; Table 8, syntaxa 8—10; Figs 11, 4, 5,
clusters 5.1a, 5.1b, 5.2)

The association encompasses sedge-Sphagnum and sedge-
hypnum-Sphagnum communities in watetlogged polygons in
rim-polygonal mires, dominated by Sphagnun orientale, across
old drained thermokarst lake basins (khasyreis) outside of
river floodplains in the southern tundra subzone in Yakutia.

Holotypus: relevé 6 (author's number — 151E23kt) in
Table 3, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
18.07.2023, author E.D. Lapshina.

Diagnostic species: Carex chordorrhiza, Erigphorum russeo-
lum, Salix fuscescens, Sphagnum orientale (dom.).

Structure and composition. The total cover of the herb
layer varies from 20 to 80 %, while shrub cover ranges from
1 to 25 % or may be absent. The upper layer (30 cm) is
dominated by Carex aguatilis subsp. stans (5-70 %), with
minor presence of tall herbs such as Pedicularis sudetica and

Rumex: arcticus. The second layer (15-20 cm) is composed of
Carex chordorrbiza, Comarum palustre and Eriophorum russeolum.
More or less distinct lower layer, when present, is formed
by short (5 cm) shoots of Salix fuscescens (0.5-25 %). The
continuous moss layer is dominated by Sphagnum orientale
(50-100 %), with S. obtusum and Meesia triguetra in some
communities.

The number of species per sample plot is 5-24 (mean 13),
in association 65, including 7 (11 %) highly constant.

Distribution and ecology. The communities are widely
distributed across waterlogged low-centered polygons in
rim-polygonal mires in the southern tundra subzone in
Yakutia. The surface is undulating or covered with small
hummocks (up to 5 cm high), formed by mosses at the base
of sedge stems. The water level is 1-4 cm below the moss
surface. Peat depth is 30—40 cm. The depth of seasonal
frozen leyer thawing is the same.

Two subassociations are distinguished within this association.

Sphagno orientalis—Caricetum stantis
typicum subass. nov. (Table 3, rel. 1-17; Table 8,
syntaxa 8-9; Figs 11, 4, 5, clusters 5.1a, 5.1b)

Holotypus: relevé 6 (author's number — 151E23kt) in
Table 3, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigitka Lowland,
18.07.2023, author E.D. Lapshina.

Diagnostic species: same as in the association.

Structure and composition. The herb-shrub layer is simi-
lar to that of the association. The continuous carpet of moss
layer forms Sphagnum orientale, with variable participation of
S. obtusum (ap to 30 %, commonly not more than 5 %).

The number of species per sample plot in 6—17 (mean 10),
in subassociation 42, including 7 (19 %) highly constant.

Distribution and ecology. Same as the association.

Within the subassociation 2 variants were identified: typica
and Sphagnum obtusum.

The variant typica (Table 3, rel. 1-8) represents the typical
communities of the subassociation.

The variant Sphagnum obtusum (Table 3, rel. 9-17) is
characterized by the high constancy and high (20-40 %)
presence of Sphagnum obtusum in moss layer.

Sphagno orientalis—Caricetum stantis
meesietosum triquetrae subass. nov. (Table 3,

rel. 18-27; Table 8, syntaxon 10; Figs 4, 5, clusters 5.2)
Holotypus: relevé 23 (author's number — 162E23kt) in
Table 3, Republic of Sakha (Yakutia), Allaikhovskii District,

Berelyokh River basin within theYana-Indigirka Lowland,
18.07.2023, author E.D. Lapshina.
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Table 3. Sedge-Sphagnum (S. orientale) polygon communities in rim-polygonal mires. 1-27 — ass. Sphagno orientalis—
Caricetum stantis: 1-17 — subass. typicum: 1-8 — var. typica (la), 9-17 — var. Sphagnum obtusum (1b); 18-27 —
subass. meesietosum triquetrae (2).

Assocoation Sphagno orientalis—Caricetum stantis (1)
Subassocoation typicum meesietosum triquetrae (2)
Variant typica (la) Sphagnum obtusum (1b) - o
Plant cover, %o—shrubs 10 1 0 5 0 1 1 0:i10 0 20 5 0 0 1 0 20:5 5 35 0 4 251020 0 20 o
herbs 75 30 40 40 55 40 20 20:45 75 55 20 70 60 80 20 50:30 60 20 70 55 15 30 40 80 20 s
mosses 60 60 90 90 100 90 95 90:100100 90 70 100 85 95 80 90:100 90 100 95 100100 70 90 90 80 2
Number of species 7 10 6 8 17 7 14 517 6 8 14 13 8 14 11 13.20 16 25 13 15 18 10 16 24 20 1<)
v - R R R - R 3 Jh R~ R~ i B~ - e v - S v S~ S - v S~ S v S/ ©
SRR ELGEL508558885588588888¢4
Relevé nr. by author SapNca ooy calilca fiycaliycal Hca(iycaliycaliye SiNca e e il Y 6 U laa RYca B a B a R ca J o i o Y o Y o Y <
T A =SS = BV A =L S FTOa T =0E o -0 O a0
O — X 1N AN N ni— 0 N AN >~ W0 — Q90 >N~ N D O F X
SO OO = A IO O OO0 O 0O OO = O
Relevé nr.inthetable i1 2 3 4 5 6% 7 8:9 10 11 12 13 14 15 16 17:18 19 20 21 2223* 24 25 26 27|1la 1b 2 1
Diagnostic species of the ass. S}ghagno orientalis—Caricetum stantis
Sphagnum orientale 4 3 555 5 53 43 4444 4 43 4 4 4 4 4 4 4 4 4|VVVYV
arex chordorrhiza -+ 1 -2 11 +2b12b1 32b2b12b - 32 3 1221 1 +|VVVYV
Salix fuscescens + + - 4+ A+ A+ A+t 2b1 1 - 4+ - 2bi1 1 + 1 2b2a2b + 2b[IVIVV V
Eriophorum russeolum + + + 4+ - - -1+ -1 -1 + 4+ -0 1+ + - - - - [IVIV I I
Diagnostic species of the var. Sphagnum obtusum )
‘S;Dgagﬂumabmmm 111 -4+ - 433332222626+ 1 - - - -+ « -« + - |IVV IIIV

Diagnostic species of the subass. Sphagno orientalis—Caricetum stantis meesietosum triquetrae and
the Caricion stantis

Meesia triquetra + - - -1 -+ i+ - -+ - -1 - 4+ 32b2b2b2a2a2a 1 + 1|III VIV
Scorpidinm revolvens o+ - - -1 i - - o 4 v -« +2b 1 4+ 222b2a - - 4+ 1|1 IIIVII
Pedscnlaris sudetica -+ T e L s S S S S SIS SRR B | B U A VA U8
Psendocalliergon brevifolinm - -+ - - e e e e e+ 4+ 4] N I |
Hamatocanlis vernicosus S e e A S | 11 + |1 1T 11
Anenra pinguis L R + + o+ + 1 + IIT 11
Scapania paludicola S B + + s+ + |1 T 1II0
Diagnostic species of the Caricion stantis
Carex aquatilis subsp. stans 3 3 3 3 3 2b2b2b:2b 4 2b2b2b 3 3 2b2b:1 1 1263 1 1 2b 4 22|V V VYV
Sphagnum squarrosum -+ -1 - - =261 - -2 22 - - - 1 - - - - - 1 4+ - |IIITIII
inclidinm subrotundum L L S S SR S + 20 2a 1| - II II 1II
Pobytrichum jensenii + -+ it ] I 1+ - - 2.1 - |1 II II II
Raumex: arcticus S A s R S SRR o B SN LS B G 0 § B G 0
Me‘m;? chia rutheana . . . . . . . . . . . . . . . . . . . . . . + - . -+ . . I R
CZ”[Z Zﬂ?ﬂ /aflfa/l%lﬂ . . . . —+ . . . . . . . . . . . . . . T . . . . . . . I . I R
Diagnostic species of the ass. Scheuchzerio—Caricetea nigrae
Comarnum palustre 311 - 12+ -+ - - +2b+ 3 - 2212 - - + + 2a2b2a 1|[IVIVIVIV
Warnsto ﬂﬂﬂifﬂﬂf . . . . . . . . . . . . . + + . t . . . . . . + < I I I
Erigphorum angustifolinm -+ - -+ o b e e e ek e e e e e e e T T T
bpl abz'ﬂmpa/mlre . . . . . . . . . . . . . . . + . . + - . . . . + - . 1 1 1
Other species
Aulaconminm turgidum : + o+ + + 1. -1 + 1 1 + + |1 OI I I
Pedicularis pennellii + + o+ + ©o : IrimorI I
Luzula wablenbergii + + + - + -+ I 1 11
Saxifraga foliolosa 1 : + : : + -+ I I 111
Saxifraga cernna + + : + - + +|I I II I
Calliergon richardsonii : + ©+ 1 +] - I II 1
Bistorta w‘v/z‘;mm + : + - + + RS I |
Cephaloziella uncinata LTI - [ t s +] - I I 1
zerochloe pauciflora S T L S N S SN NLI O G G ¢
Arctagrostis latifolia L I o SN [ § S S|
BUﬂlﬂP%ﬂdOﬂZ’qﬂeﬂ"ﬂm . . . . . . . . T . . . . . . . . . . . . . . . . + + . 1 1 1
Bryun neodamense R O O S S I 11
Cg/amagmﬂ‘i; holmii R O S e I 11
jdngﬁlgd radiata . . . . . . . . . . . . . . . . . . . . . . . + + . I R
Betula nana subsp. exilis =+ - 4 - o oo e e e e e b e e e e e e - | T - TR
Rudolgaca fascinifera I s | © II - R

Note. Species found in one relevé with abundance (indicated in brackens): Andromeda polifolia subsB pumila (24 1), Blepharostoma brevirete (18
1), Calamagrostis purpurea (27 +), Caltha arctica (1 1), Cephaloziella divaricata (25 +), C. varians (20 1), Drepanocladus pobyganmmus (25 1), Eriophorum
medinm (20 +), Juncus trighimis (20 1), Loeskypnun badium (20 +), Peltigera sp. (20 1), Polemoninm acutiflornm (26 +), Scapania irrigna vax. rufescens (23
1), Schljakovianthus quadrilobus (20 1), Sphagnum aongstroemii (9 +), S. girgensobnii (9 1), 8. perfoliatum (12 2a), S. tescorum (9 1), Stellaria ciliatosepala
(27 +), Sarmentypnum sarmentosum (19 +).

Dates and localities: 1 — 12.07.2023, 70.87229, 145.89302; 2 — 09.07.2023, 70.89325, 145.55047; 3 — 10.07.2023, 70.89633, 145.75894;
4 —18.07.2023, 70.86488, 147.43565; 5 — 15.07.2023, 70.79182, 146.43938; 6 — 18.07.2023, 70.86378, 147.44835; 7 — 18.07.2023, 70.86344,
147.44910; 8 — 18.07.2023, 70.85639, 147.47113; 9 — 09.07.2023, 70.89451, 145.59435; 10 — 12.07.2023, 70.87357, 145.86537; 11 — 10.07.2023,
70.90218, 145.53795; 12 — 11.07.2023, 70.81666, 145.83578; 13 — 20.07.2023, 70.80460, 147.32123; 14 — 11.07.2023, 70.81666, 145.83578;
15 — 09.07.2023, 70.89325, 145.55047; 16 — 10.07.2023, 70.90298, 145.53897; 17 — 09.07.2023, 70.89353, 145.59073;1 8 — 18.07.2023,
70.84611, 147.47066; 19 — 20.07.2023, 70.80415, 147.32201; 20 — 16.07.2023, 70.77615, 146.72318; 21 — 15.07.2023, 70.79182, 146.43938; 22
—15.07.2023, 70.79148, 146.438206; 23 — 18.07.2023, 70.84599, 147.46989; 24 — 16.07.2023, 70.77360, 146.74229; 25 — 17.07.2023, 70.83392,
147.19009; 26 — 21.07.2023, 70.79665, 147.85365;27 — 17.07.2023, 70.83322, 147.19167.

Authors: E.D. Lapshina — rel. 1-11, 13-16, 18-26; L.V. Filippov — rel. 12, 17, 27.
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Mire vegetation in the lower Indigirka River basin (Yakutia)
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The variant Sphagnum squarrosum (Table 4, rel. 35—
48) is characterized by significant (20-25 %) cover of Sphag-
num squarrosum in moss layer.

Salici fuscescentis—Sphagnetum squarrosi
ass. nov. (Table 5, rel. 1-40; Table 8, syntaxa 14—16; Figs
1K-L, 4, 5, clusters 7.1a, 7.1b, 7.2)

Low willow-Sphagnum communities (S. squarrosum) occur
on frozen peat rims and relatively drained areas of rim-po-
lygonal mires within old drained thermokarst lake basins
(khasyreis) outside of river valleys in the southern tundra
subzone in Yakutia.

Holotypus: relevé 19 (author's number — 114F23kt) in
Table 5, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
20.07.2023, author 1.V. Filippow.

Diagnostic species: Aulacomninm turgidum, Calamagrostis
holmii, Pyrola rotundifolia, Salix fuscescens, S. pulchra, Ranunculus
lapponicus, Sphagnum squarrosum (dom.), S. talbotianum.

Structure and composition. The cover of shrubs and
herbs varies widely (1-40 %). The upper sublayer (20—
30 cm) consists of Carex aquatilis subsp. stans, tall herbs
(Arctagrostis latifolia, Pedicularis sudetica, Polemoninm acutiflorum,
Rumex: arcticns) and Salix pulehra shrubs (1-20 %, occasionally
absent), with rare dwarf birch shrubs (up to 40 cm height).
The lower sublayer (5-15 cm) is formed by Salix fuscescens
shoots (1-25 %) and low herbs such as Calamagrostis holmit,
Comarum palustre, Pyrola rotundifolia, Ranunculus lapponicns. The
continuous moss layer (85-90 %) is dominated by Sphagnum
squarrosum, often with presence of S. obtusum.

The number of species per sample plot is 8—26 (mean 14),
in association 53, including 8 (15 %) highly constant.

Distribution and ecology. The communities are developed
on peat rims 2—4 m wide or on more extensive, slightly ele-
vated and relatively dry areas within sedge-Sphagnum rim-
polygonal mires. The surface is slightly undulating, with
stunted sedges and dry, partially decayed sphagna. The peat
layer is up to 60 cm thick. The depth of seasonal frozen
peat thawing is 15-20 cm.

Based on differences in species richness and habitat con-
ditions, two subassociations are distinguished within this
association.

Salici fuscescentis—Sphagnetum squarrosi
typicum subass. nov. (Table 5, rel. 1-26; Table 8,
syntaxa 14—15; Figs 1K, 4, 5, clusters 7.1a, 7.1b)
Holotypus: relevé 19 (authot's number — 114F23kt) in
Table 5, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
20.07.2023, author 1.V. Filippow.

Diagnostic species: same as in the association.

Structure and composition. The herb-shrub layer is the
same as in the association. The continuous carpet in moss
layer is formed by Sphagnum squarrosum. In less drained con-
ditions, there is noticeable admixture of . obtusun (5-30 %0).
Polytrichum jensenii occurs with low abundance but relatively
high constancy, while other species ate rare and scarce.

The number of species per sample plot is 8-24 (mean 14),
in subassociation 48, including 10 (21 %) highly constant.

Distribution and ecology. These communities are deve-
loped at the early stages of permafrost heaving, where
the rise of the permafrost level causes the surface of the
continuous moss carpet to be elevated up to 5-10 (15) cm
above the surrounding polygons and hollows, leading to
drying (which further reduces peat thawing). The depth
of seasonal frozen peat thawing is 15-20 cm. The com-
munities appear to be relatively stable over time and atre

Mire vegetation in the lower Indigirka River basin (Yakutia)

widespread in the southern part of the tundra zone in
Yakutia, occurring in sedge-Sphagnum mires with a more
or less clearly developed polygonal structure.

Two variants are distinguished within the subassociation.

The variant typica (Table 5, rel. 15-26) represents the
typical communities of the subassociation.

The variant Sphagnum obtusum (Table 5, relevés 1-14)
is distinguished by higher constancy and greater abundance
of Sphagnum obtusum (5-30 %) in moss layer. The commu-
nities are associated with slightly wetter conditions and are
characterized by lower frequency of such diagnostic spe-
cies as Calamagrostis holmii, Pyrola rotundifolia and Ranunculus
lapponicus. Higher abundance of Comarum palustre and spora-
dic occurrences of Lauzula wablenbergii are in the herb layer.

Salici fuscescentis-Sphagnetum squatrrosi
sphagnetosum fimbriati subass. nov. (Table 5, rel.
277—40; Table 8, syntaxon 16; Figs 1L, 4, 5, cluster 7.2)
Holotypus: relevé 27 (author's number — 120F23kt) in
Table 5, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
20.07.2023, author 1.V. Filippow.

Diagnostic species: Hylocominm splendens, Sphagnum arcti-
cum, 8. fimbriatum, S. teres.

Structure and composition. The shrub-herb layer is
well-developed, with shrubs ranging 10—45 % and herbs
5-20 %. The upper sublayer (30—40(50) cm) is commonly
dominated by Salix pulchra (20-40 %), occasionally with
minor presence of Betula nana subsp. exilis (1-3 %) and
herb species (Arctagrostis latifolia, Carex aquatilis subsp. stans,
Pedicnlaris sudetica). The lower sublayer (5-20 cm) is formed
by Salixc fuscescens low shrubs (1-30 %, 5-15 c¢m height) and
hetbs (Calamagrostis holmii, Pyrola rotundifolia, Ranunculus lap-
ponicus). The continuous moss layer (85—100 %) is species-
rich, dominated by Sphagnum squarrosum but with significant
sporadic presence (20—40 %) of _Awulacomninm turgidum,
Hylocominm splendens, Sphagnum arcticum, S. fimbriatum, S. tal-
botianum and S. teres.

The number of species per sample plot is 11-26 (mean 17),
in subassociation 45, including 11 (24 %) highly constant.

Distribution and ecology. The communities occur on re-
latively elevated rims (1520 cm) in rim-polygonal mires and
also occupy the periphery of mire complexes within river-
drained zone 20-25 m wide between riparian willow scrubs
and the open mire. The surface is flat or slightly undulating,
The depth of seasonal frozen peat thawing is 20-30 cm.

Sphagno fimbriati—Salicetum pulchrae ass. now.
('llzlble 5, rel. 41-46; Table 8, syntaxon 17; Figs 4, 5, cluster 8)
Sphagnum (S. ct. fimbriatum)-willow (Salix pulchra) commu-
nities of hanging mires along temporary watercourses in
ravines on the slopes of high moraine ridges and uplands in
the southern part of the tundra zone in Yakutia.

Holotypus: relevé 41 (author’s number — 024F23kt) in
Table 5, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
11.07.2023, author 1.V. Filipov.

Diagnostic species: Salix pulchra (dom.), Sphagnum squarro-
sumty S. cf. fimbriatum (dom.), S. teres, Straminergon straminenns,
Psendobryum cinclidioides.

Structure and composition. The shrub layer is formed
by Salix pulchra. Dense fragments with willow (50-70 cm
height) cover ranging from 70-80 % alternate with relatively
open parts (5-10 m across), where willow abundance is 15—
30 % and shrub height is 15-30 cm. Beula nana subsp. exilis
grows sparsely (up to 1 % cover) but with high constancy.
Herb cover varies between 5 and 40 %. The upper herb
sublayer (about 20 cm) is dominated by Carex aquatilis
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Table 6. Dwatf shrub-cottongtrass-Sphagnum bogs of the ass. Ledo decumbentis—Eriophoretum vaginati in
comparison with zonal dwarf shrub-lichen-moss tundras and drwrf shrub-cottongrass tundras. Zonal tundras on

elevated landforms (edomas): 1-2 — low shrub-green moss-lichen tundra; 3 — dwarf shrub-green moss tundra; 4-8 —
tussock cottongrass (Eriophorum vaginatum) tundra on poorly drained mineral soils. 9-25 — ass. Ledo decumbentis—
Eriophoretum vaginati: 9-19 — subass. typicum (la): 9-18 — var. Aconogonon tripterocarpum, 19 —var. typica;
20-25 — subass. sphagnetosum lenenses (1b).

T : Cottongrass . . . .
Association/Community Tundra tundra Ledo decumbentis—Eriophoretum vaginati (1)

: : sphagnetosum
Subassocions - typicum (la) lienegnse (1b) 5
Cover, % — shrubs 25 10 30:50 20 60 20 20:80 20 5 25 10 20 25 5 20 20 20 25 10 10 20 10 1 =

herbs 15 15 25:40 25 20 25 60:25 65 15 25 20 55 25 15 55 70 40 15 50 5 20 15 25 7
mosses 80 90 90:90 60 9510070:80 90 90 100 95 95 90 95 60 80 80 100100100100100100 g
Number of species 51 46 41:39 43 38 40 46:22 39 26 24 22 41 30 22 31 34 22 16 19 14 16 10 10 Q
oo v} > e > v Q- | > i B (v i~ > v Q- - S i [ i i g - S i
8488848888488 3884888888
Relevé nr. by author 2y G = O i cu I S VI i R < D Gl 6o <a R G SR < DN (N U c D < (Y 6 [ ca < S do (N N < D R <
2285385888238 3808¢¢8
— — OO0 O — — =IO O O O O O O O — — — O O O O — O
Relevé nr. in the table 1 2 3 45 6 7 8:9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25|1a|lb 1
Species of zonal low shrub-lichen-moss tundra
Cladonia spp. 2b 2b - - Co + R
Achoriphragma nudicanle + + Co :
}\"/?ﬁe/ ia coccinea + + - -
Dym"e//a  julacea ror o co
istichinm capillacenm ror Co
Cephaloziella varians ror o Co
Lophozia silvicola + + + + -
Luznia confusa + -+ -
Pedicnlaris capitata + -+ i+ + -
Cassigpe tetragona e S + +
Petasites frigidus S + +i
Species of zonal dwatf shrab-lichen-moss tundra and dwatf shrub-cottongrass tundra
omentypnum nitens 31 42212+ 3¢+ + - - ¢ - - + + - - - - - - |- 1II
Dryas punctata 1 + +i1 + 2a + + - - o e e e e e e e e e e e e
Saxifraga nelsoniana + + +i1 + + + . .
Valeriana capitata + + +i+ + + + + - : :
Vaccininm liginosum subsp. microphyllum & -+ + 1 - + + + + - : + R R
Rhytidinm rugosum 1+ i+ -+ 4+ 4+ . .
P[zz/gz'oz‘/aetmm berggrenianum + - i+ + + -+ . + + 1 1
Sanionia uncinata 1+ i+ 4+ - + 4+ - + 4+ I I
Carex bigelowii subsp. arctisibirica =1 1 +:1 - 1 + - - 4+ - R R
Salix glanca + + 1:2a - 1 1 - - - :
Dicranum acutifolinm 11 +i4+ - + - 4+ :
Arctous alpina + + +:1 - 1 + -0 + R R
Pobhlia nutans t o i+ -+ + + I I
Stellaria ciliatosepala + + +i4+ -+ A+ : :
Gowardia nigricans + 1 +: - + + +i - + : R R
Peltigera aphtosa + + +i4+ 1 + rior + + 1I 1
Species of tundra communities entering cotton grass—Sphagnum bogs
Lyloconzinm splendens 2b1 3.3 1°2b 372bi - + + -+ + 4+ 22 - - - - - - - |IV| - 1
Salix pulchra 111122+ 11 +11+11+1 -+ 1+ - - - - -|VIIIV
Cetraria islandica + 1 +i+ + 1 2a +:+ - + + + - 1 + + + IV T I
Sphenolobus minntns 11 ++++ + 1 - + 4+ + + + ¢ + + : v| - I
Stereodon holmenii 1 - +i4+ -+ + + + -+ r + + r + : Iv| - I
Dactylina arctica + 1 1:1 - 1 1 + 4+ - 4+ + - + + - . + + IIT| IT 111
Arclagrostis latifolia 1 + +i4+ + + + + + r + + -+ : I - II
Lophozia murmanica + - i+ o -+ 1 + - - 4+ + -+ Ir - 1
Philidinm ciliare -1 -1+ 12b + 2a + + o+ + + 1 - - - - - I - I
Diagnostic species of the ass. Ledo dec meentis—Eriolzahoretum vaginati and the alliance S]lahagnion lenense
Erigphorum vaginatum 4+ +i2b2b2b2b 322 3 2b2a2b 3 2b2b 3 3 2b 1 1 - - |VIIVV
?p/yagﬂum lenense o1 - - 4 4 3 45 343 3 454555 5|V|IVYV
kpbagnﬂm balticum + 222b - 2a2b - 22 1 2b2b - 2b2a 1 1 - |VI|IVIV
 phagnum capillifolinm o+ + + + 2b 1+ + 1 - 1 - - [IVIIIIII
Diagnostic species of the var. Aconogonon tripterocarpum and Carex aquatilis subsp. stans
Aconggonon tripterocarpum [ S S I S I ST S s S Gl L e IV| - III
Carex aquatilis subsp. stans P P it e e - -+ -y |[RIIVITD
Diagnostic species of the Rubo chamaemori-Dicranion elongati and Rubo chamaemori—Cladonietalia arbusculae
Rubus chamaenmorns oo oo = 2b -+ 22+ -+ + - - 2b 1 2b 1 2b2b 2b|II|V IV
Ledum palustre subsp. decumbens  :2a 1 2bi2a 2a 3 1 2a:5 2a + 2b 1 2a 2b + 2a 2b 2b 2b 2b 22 2b 22 22|V |V V
Vaccinium vitis-idaea subsp. minus © - 1 1:2b 2a2b 1 2bi2b2a 1 1 1 221 1 2b2b1 1 3 1 + 1 +|V|V V
Flavocetraria cuenllata - 2b+i22 + 2a2b+2b+ 1 261 +2b+ + 1 +2b - 1 1 + 1|V|V V
Aulacomminm turgidum 1 2b2:1 2221 1:1 11+ ++ 1+ 1+ 11+ + 1 - +|VIVV
Dicranum elongatum 1 1 2a2b2a2a2b 1228 - + 22 - + 1 - 22221 - - - - - |Vl I
Dicranum laevidens 11 +1 -1 - 11+ + + + + 1 +2+ 1 + + + - V[T V
Orthocaulis binsteadii oo +i+ 11+ +i1 ++ 1+ + 1 +26261 + + + r VIIV V
Other species
Betula nana subsp. exilis 2b 1 1 :2b 2a 1 1+ 2+ 1 12 1 12+ 1 11 + 1 VIIV V
Calamagrostis holmii + - 1+ + R A S -+ -1+ + + - r r +|IVIV IV
Polytrichum strictum N S e o SR + 1 + + 1 - 1 1 1 + +|II}V IV
Autlacommninm palustre o il 4+ 22+ 1 r -+ 1 + + + + III} 1T 11X
Luzula nivalis + + i -+ + N o+ co : 1I 11
Blepharostoma brevirete : : + + + ror r r 1I 11
Pedicularis labradorica e co o+ : -+ 1I I
Calypogeia muelleriana e + - + + 11 1
Psendotritomaria hetergphylla rocoocior roor oo 1 1
Empetrum subbolarcticum e R R s s 1 1
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Table 6. Continued.

5 6 7 8:9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25(1a 1b 1

Sf/y/ akovia kungeana + 9+ ot o+ o+ 1
lenostoma Sp. EEELE S S O B S 1
X hagnum tescornm DS S S - N e
. . . + + . . . . . . . . . . . R

1

R

Relevé nr. in the table 1 2 3:4

ritomaria quinguedentata
Plagiothecium svalbardense S .
Dicranella subulata SR .
Cephalozia pleniceps . -
lebagﬂﬂm aongstroemii L T e o DT I | G

olytrichum jensenii E R S i S I IR I § G |
Sphagnum arcticum R T e [ A B i

apamaparwfo/m . . . . . . . . . . . . . . . . . . . . . .
Cep/m/ozm bicuspidata L T T S R I | |
Straminergon straminenm L T T S N N i}
Bistorta of}?mm/w DS S B S . - - D
Egquisetum arvense s -
Riccardia latifrons D A
S ﬂbzpaﬂm paludicola
X chistochilopsis grandiretis

Sphagnum concinnum I A e

Zp arostoma trichophyllum L S S
Solenostoma sphaerocarpum R R EEE .
Plenrozinm schreberi
sz/o 33 Ulnm sp.

/96/10/ bits mmw‘m subsp. grandis :

p/?rwem integrifolia L N
Salix fuscescens S e S S
Pedicutaris sudetica T P
Erigphornm angustifolinm S T AR .

T o
.

- .

[
-
[
—
=

+r+=
e la)

—

—
—

Note. Species found in on relevé with abundance (indicated in brackets): Alvina brevirostris 83 1), Andromeda polifolia sabsp. pumila (25
8 Abnthelia juratzkana (8 1), Arnellia fennica (1 1), Bryum algovicnm (1 2 Bryum amblyodon (1 1), Bryum psendotriguetrum 55 +), Bryum sp. (1 1),
a/} ogeza Jz/mgmm/a (21 1), Cladonia amanrocraea (12 +), Delphinium cheilanthum (6 F), Flavocetraria nivalis (2 +), Leiocolea collaris (5 K/]La])/yo 3la
18 1), L. guttnlata (1 +) L. ventricosa subsp. /oﬂgéﬂom (1871), L. weﬂ{e/zz ;2 +), Laphagzapm olaris (8 1), Marmpe//a sprucei (10 1), Meesia minor
, Nardia geaﬂ phus (8 1), Orthilia obtusata (2 +), Pedicularis sp. (6 +), Solenostoma hyalinum (10 1), Poa alpigena (3 +), P. arctica (1 +), Poblia
pm gem 11), Po itrichum hyperborenm (2 +), Saxifraga foliolosa (11 +), f/yz;tw/yz/op:u incisa (8 +), Schhakovianthus qua ilobus (5 +), Sphaerophorus
%{olmsm 5 +), Sphagnum angustifolinm (9 1), . /ﬁ mbriatum (18 +), 8. jensenii (9 +), S. talbotianun (18 1), Stereodon sp. (7 +), 8. subimponens (1 1),
etraplodon mmnioides (14 +), Tomentypnum involutum (8 ), Warnstorfia fluitans (14 +).

Dates and localities: 1 — 19.07.2023, 70.76471, 147.21767; 2 — 19.07.2023, 70.76498, 147.22009; 3 — 10.07.2023, 70.89393, 145.75137;
4—10.07.2023, 70.89383, 145.75050; 5 — 17.07.2023, 70.82636, 147.17443; 6 — 21.07.2023, 70.798006, 147.85907; 7 — 21.07.2023,
70.79840, 147.85861; 8 — 17.07.2023, 70.82639, 147.17346; 9 — 10.07.2023, 70.89552, 145.76089; 10 — 11.07.2023, 70.81434, 145.81543;
11-11.07.2023, 70.81658, 145.80952; 12 — 16.07.2023, 70.77601146.73433; 13 — 11.07.2023, 70.81448, 145.81407; 14 — 11.07.2023,
70.81419, 145.81346; 15 — 15.07.2023, 70.79839, 146.45679; 16 — 11.07.2023, 70.81448, 145.81407; 17 — 15.07.2023, 70.79839, 146.45679;
18 — 16.07.2023, 70.77608, 146.43721; 19 — 19.07.2023, 70.76134, 147.22525; 20 — 12.07.2023, 70.87433, 145.90989; 21 — 12.07.2023,
70.87344, 145.90633; 22 — 12.07.2023, 70.87348, 145.90805; 23 — 12.07.2023, 70.87433, 145.90989; 24 — 18.07.2023, 70.85578, 147.47279;
25 —16.07.2023, 70.86387,147.43254.

Authors: E.D. Lapshina — rel. 1, 4, 6, 8-10, 14, 17-19, 21, 22, 24; L.V. Filippov — rel. 2, 3, 5, 7, 11-13, 15, 16, 20, 23, 25.

subsp. szans (0.5-20 %), while the lower one is formed by cumbens. The continuous carpet of moss layer is dominated
Comarum palustre, Calamagrostis holmii and Stellaria crassifolia. by Sphagnun balticum.

The number of species per sample plot is 11-18 (mean 14), Distribution and ecology. Communities dominated by
in association 30, including 11 (37 %) highly constant. Carex aquatilis subsp. stans and Sphagnum balticum are not

widely distributed across the mires in the Furasian tundra
zone. These communities were not recorded in the tundra
zone in the European Russia (Lavrinenko 2016), Western
Siberia (Lapshina et al. 2021, 2022, Telyatnikov et al.
2014, 2015, 2019a, b, 2021), or on the Taymyr Peninsula
(Matveyeva 1994, 1998). In the southern tundra subzone in
Yakutia, this community type was described twice in a flat-
palsa-hollow mire within extensive mire system. The water
level is about 5 cm below the surface of the moss carpet.
The depth of seasonal frozen peat thawing is about 30 cm.

Distribution and ecology. The communities are developed
on slopes and terraced ledges in the upper reaches of V-sha-
ped valleys of small streams and temporary watercourses on
morainic hills and elevations (yedomas). On flat or gently
sloping mire surfaces, nanorelief is absent. On steeper sites, it
is formed by large rounded hummocks of Sphagnum mosses,
between which water flows during snowmelt. Peat depth,
determined from exposure along the bank of temporary
watercourse, is 1.5-2 m. Under undisturbed moss layer, the
depth of seasonal frozen peat thawing is 20—30 cm.

Note. Close associations are Carici stantis—Sphag-

Sedge-Sphagnum communities of netum lindbergii Lavrinenko et al. 2016, Carici ra-
oligotrophic hollows in flat-palsa mires riflorae—Sphagnetum baltici (Andreev, 1932) Lavri-
, . . nenko etal. 2016 and Carici rotundatae—Sphagnetum

Only two relevés of this category were made in study baltici Lapshina et al. 2022,

area in hollows of the flat-palsa mire complex.
Vegetation of frozen cottongrass mires

Commumtz t}lpe Carex aquatilis subsp. stans— and dry peat mounds of the class
Sphagnum balticum (Table 4, rel. 49-50) Oxycocco-Sphagnetea: Eriophorum-
Diagnostic species: Carex aquatilis subsp. stans, Sphagnun Sphagnum communities

balticum (dom.). Ledo decumbentis—Eriophoretum vaginati

Structure and composition. The sparse (10-15 %) herb Lagshina in Lavrinenko et al. 2022 (Table 6, rel. 9-25;
layer 15-20 cm tall, is formed by Carex aquatilis subsp. stans, able 8, syntaxa 18-19; Figs IM-N, 4, 5, clusters 9.1, 9.2)
Erigphorum angustifolinm and E. russeolum, Betula nana subsp. The association includes tussock dwarf shrub-cottongrass-
excilis and low abundant (0.5-3 %) Ledum palustre subsp. de- Sphagnum communities dominated by Eriophorum vaginatum

Botanica Pacifica. A journal of plant science and conservation. 2025. 14(2): 61-87 77



Lapshina & Filippov

Table 7. Dwarf birch (Befula exilis)-green moss (Polytrichum strictum, Dicranum spp.) frozen peat mounds (palsa). Ass. Dicrano
laevidentis—Betuletum exilis: 1-6 subsp. typicum (la), 7-22 — subass. ledetosum decumbentis (1b).

Associations Dicrano laeveidentis—Betuletum exilis (1)

Subassocions typicum (la) ledetosum decumbentis (1b)

Cover, % — shrubs 50 85 70 60 40 80:70 85 90 85 95 90 40 90 40 70 60 60 50 90 70 30 oy
herbs 10 5 15 5 5 5:3 0 0 0 0O 3 1 0 1 10 15 20 60 1 15 30 g
mosses 80 95 80 100 100 90 100 100 100 95 100 95 90 100 70 90 100 90 90 70 85 90 @

Number of species 20 19 18 24 19 29 19 18 21 13 20 27 19 14 22 19 21 15 24 23 23 21 g

2 2 ¥ Z og 2 o8 Z oL L oL L oo oo oo o8 o5 g L g g o

Relevé nr. by author e - = < B ¢ o G € Yl i Sl

(=2 o N O o N e} o je=) [se) — O (=2 o N el — N — Lo el o
sz cocsdgIifbssadggdszesrxrggags
Relevé nr. in the table * 2 3 4 5 6 7 8 9 10 11* 12 13 14 15 16 17 18 19 20 21 22| 1 1a 1b
Diagnostic species of the ass. Dicrano laevidentis—Betuletum exilis
Betnla nana subsp. exilis 3 4 22 2b 3:3 5 5 4 5 2b 22 3 3 3 22 4 4 3|V V V
Salixc pulchra 1 22 + 3 2 .2+ + 1 + + 1 . 1 1 1 + . + . +|V V V
Polytrichum strictum 2a 2b 2a 2a 2b 2b:2a + 22 3 2a 2a 1 22 1 + 1 + + 1 1 1|V V V
Dicranum laevidens 2b2b + 3 1 3:1 3 4 26203 + 1 + 1 3 21 3 3 3|V V V
Dicranum elongatum 2 3 1 1 3 3 2222 3 3 2b 3 4 3 3 2 3 1 3 3 26|V V V
Diagnostic species of the subass. typicum
Tomentypnum nitens 1 + 3 + + + 1 + vV 1 10
Pyrola rotundifolia + + . 1 + +:+ . V R 1I
S’Zz/z’x - fuscescens 1 . 1 . + 2b v .1
Pedijcilaris labradorica AR + ..+ 111 .
Luznla wablenbergii A + . + 111 1
?p/yagﬂﬂm squarrosum 1 . .+ 1 111 1
kp/m(gmtm aongstroemii ..+ + + + or 1 I
anionia uncinata .1+ + B + + o1 1 1II
Diagnostic species of the subass. ledetosum decumbentis
Ledum palustre subsp. decumbens = + . . . . +:.1 1 1 + 3 1 2b 5 2b 3 3 3 3 2b 2a 1|11 V V
Flavocetraria cucullata . . . . . .+ 22 1 1 22 1 3 2b 1 4+ 4 22 2b + 2a 2b vV IV
Orthocanlis binsteadii e i 1+ 1 . 1 1 1 1 1 . + +|1 VIV
Cladonia amanrocraea ...+ s+ 1T .+ + 2+ + + 1 1|1 IV I
Ptilidium ciliare ... . .+ . 22 + + + 22 + + + + + . 1 1|1 IV 1
Sphenolobus minutus - [ .. 2a T+ . .+ . .+ .+ + 4+ I 11
Vaccininm vitis-idaea sobsp. minns: .~ 1 .+ + + + . 1 + 2a 2b 2b 3 2b 2b 3|11 IV IV
Other species
Aulaconminm palustre 1 21 3 . 203 2b 1 2b 2a 2b . + . 1 + + 2 + 1|V V V
Aulacomnium turgidum 26 . r + 220+ . + . 1 1 1 4+ 1 22 + . + 1 + +|V V V
Calamagrostis holmii 2 + 2 1 1 + 4+ + + + 4+ 1 + 4+ + + 4+ + + 4+ + +|V V V
Peltigera aphtosa + r + .+ i+ 1 . 1 1 . A T R . |1V III IIX
Arctagrostis latifolia A T T .+ + + + . + IIT III III
Plagiothecium berggrenianum + + . .+ .+ . r + . + .. .F I II III
Erigphorum vaginatum A T I .+ o+ r| I III II
Stereodon holmenii .o+ .+ L+ o+ + + . . Imr I 1II
Hylocominm splendens ... 22 1 . . . 1 . 2b + 1 I 1 1II
Cgrex aquatilis subsp. stans e | . .o F I . I
fplmgﬂmﬂ talbotiannm 1 + + . I |
bagnum obtusnm 1 1 + Im . 1
edicnlaris sudetica e 2 O 1§ T 1§
Dicranum acutifolinm B S P 1§ T L8
Pedicnlaris lapponica .0 O 1§ S 8
Tephroseris integrifolia + .+ . . i .. ... . . . . . . . . . .o’ . R
Lophozia silvicola R I e A PR + . 4+ 4+ 4+ |1 II IO
Cladonia sp. B | + ..+ . 1 r + . + . O I A 11 0
Cladonia cornuta B e T T o + + + + |1 II II
Dactylina arctica B N e + .+ +| . II II
Cetraria islandica e 1 + .+ + . II II
Lophozia murmanica T T e R + .. . .. I I
Poblia nutans + + . . .+ . + + I II II
Tritomaria quinquedentata B U S S + .. I 1 1
Blepharostoma brevirete B o T . I R R
Tetraplodon mnioides T S . I R R
Sphagnum capillifolinm . I . - + . . I R
Aconogonon mpteromépum - . . . . i . . ... . + + I R
Plagiothecium svalbardense - [ T [ I R
Lophozia sp. R T T I R

Note. Species found in one relevé with abundance (indicated in brackets): Blepharostoma trichophylium (13 +), Cabpogeia muelleriana (11 1),

Cetraria sp. (17 +), Cladonia gracilis (22 1), Dicranum sp. (9 +;), Laphoziopsis polaris (6 1), Orthilia obtusata (15 +), Petasites frigidus (4 1), Plagiochila

arctica (6 +), Poa arctica (5 +), Polytrichum hyperborenm (6 +), P. jensenii ({ﬁ 2 +), Riccardia latifrons (6 1), Rubus chamaemorns (21 +), Salix glanca (21

1), Scapania (pa/mlz‘m/a (6 1), Sthljakovia kunzeana (8 +), Sphagnum arcticum (1 +), S. beringiense (9 +), S. fimbriatum (3 +), S. lenense (19 3), Stellaria
5

cliatosepala (5 +), Tritomaria exsectiformis (12 1), Valeriana capitata (4 +).

Dates and localities: 1 — 10.07.2023, 70.90343, 145.54166; 2 — 14.07.2023, 70.79199, 146.53749; 3 — 10.07.2023, 70.90272, 145.53704;
4 -14.07.2023, 70.81335, 146.39667; 5 — 14.07.2023, 70.81409, 146.39665; 6 — 10.07.2023, 70.90218, 145.53795; 7 — 14.07.2023, 70.79148,
146.53196; 8 — 18.07.2023, 70.86470, 147.43307; 9 — 12.07.2023, 70.87348, 145.90805; 10 — 14.07.2023, 70.78948, 146.556906; 11 — 12.07.2023,
70.87348, 145.90805; 12 — 16.07.2023, 70.77658, 146.72211; 13 — 18.07.2023, 70.86387, 147.43254; 14 — 10.07.2023, 70.89511, 145.76421;
15 — 18.07.2023, 70.86294, 147.45332; 16 — 16.07.2023, 70.77634, 146.72178; 17 — 18.07.2023, 70.86470, 147.43307; 18 — 16.07.2023,
70.77187, 146.74164; 19 — 10.07.2023, 70.89523, 145.76148; 20 — 16.07.2023, 70.77583, 146.73709; 21 —12.07.2023, 70.87349, 145.90702;
22 —12.07.2023, 70.87349, 145.90702.

Authors: E.D. Lapshina — rel. 2, 4-6, 8-12, 14, 17, 20; L.V. Filippov — rel. 1, 3, 7, 13, 15, 16, 18, 19, 21, 22.
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on poortly drained concave slopes and footslopes of elevated
landforms (yedomas), as well as dwarf shrub-cloudberry-
Sphagnum communities on flat frozen surfaces and low peat
mounds within flat-palsa complexes in the tundra zone in
the Asian part of Russia.

Diagnostic species: Ledun palustre subsp. decunibens, Erigpho-
rum vaginatune, Sphagnum balticuns, S capillifolinm, S. lenense (dom.).

Structure and composition. The upper dwarf shrub la-
yer (up to 15 cm) is formed by Ledum palustre subsp. de-
cumbens, with Betula nana subsp. exilis. Dominants in the
lower herb-dwarf shrub layer are Erigphorum vaginatum
(15-40 %) and Vaccinium vitis-idaea subsp. minus (515 %).
The continuous moss layer is primarily formed by Sphagnum
Jenense, with occasional presence of S. balticum and, more
rare, S. capillifolinm. Green mosses Aulaconminm turgidum,
Dicranum elongatum, D. laevidens, Polytrichum strictum and the
liverwort Orthocanlis binsteadii are low abundant but with
high or moderate constancy.

The number of species per sample plot is 10—41 (mean 23),
in association 67, including 14 (23 %) highly constant.

Distribution and ecology. The association was described
in the southern tundra subzone in the northern West Si-
beria (Lavrinenko et al. 2022). It is also widely distributed
in the southern tundra subzone in the Taymyr Peninsula
(Konstantinova et al. 2023) and in the northern Yakutia.
Communities are developed in poorly drained sites in the
lower parts of gentle slopes of hills and on low flat peat
mounds within polygonal and flat-palsa mires.

Cottongrass tussocks are small and flat (20-30 cm in diame-
ter, 5 cm high). The soils are peaty, with peat layer thickness
from 0.5 to 1.0 m. The depth of seasonal frozen peat
thawing is 2025 cm.

‘Two subassociations are distinguished within this association.

Ledo decumbentis—Eriophoretum vaginati
typicum (Table 6, rel. 9-19; Table 8, syntaxon 19; Figs
1M, 4, 5, cluster 9.2)

Diagnostic species: the same as in association.

Structure and composition. The upper layer (15 cm) is for-
med by Ledum palustre subsp. decumbens and Betula nana subsp.
exczlzs with highly constant but low abundant Salix pulchra. A
character feature is the constant presence, in low abundance,
of green mosses Dicranum elongatum, Hylocominm splendens,
Stereodon holmenii and liverworts Lophozia murmanica, Ptilidinm
ciliare, Sphenolobus minutus in the ground layer as well as lichens
Cetraria islandica, Dactylina arctica, Flavocetraria cucnllata — species
typical of zonal and cottongrass tundra stands (Table 0).

The number of species per sample plot is 22—41 (mean 28),
in subassociation 67, including 19 (28 %) highly constant.

Distribution and ecology. The subassociation is widely
distributed in the southern part of the tundra zone in the
Asian part of Russia, where it occurs on gently concave sur-
faces and at the footslopes of hills.

Variants typica u Aconogonon tripterocarpum are
identified within the subassociation.

The variant typica (Table 6, rel. 19) are typical communities
of the subassociation.

The variant Aconogonon tripterocarpum (Table 06,
rel. 9-18) with the presence of the variant name species
predominates in the study area.

Ledo decumbentis—Eriophoretum vaginati
sphagnetosum lenenses Lapshina et al. 2023 (Table 6,
rel. 20-25; Table 8, syntaxon 18; Figs 1N, 4, 5, cluster 9.1)

The subassociation was first described in the Yamalo-Ne-
nets Autonomous Okrug in the northern part of Western
Siberia (Lapshina et al. 2023) and, according to our obset-

Mire vegetation in the lower Indigirka River basin (Yakutia)

vations, also occurs in the southern Taymyr Peninsula. The
detection of these communities in the southern tundra sub-
zone in Yakutia significantly extends the known range of
the subassociation in the Asian part of Russia.

The subassociation includes dwarf-shrub (Ledum palustre
subsp. decumbens)-cloudberry-Sphagnum communities domi-
nated by Sphagnum lenense, occurring on frozen low peat
mounds in flat-palsa mires and polygonal mire complexes.

Diagnostic species: Rubus chamaemorns (dom.), Sphagnum
Jenense (dom.).

Structure and composition. Floristically weakly differen-
tiated but easily recognizable in the field, these communities
are distinguished due to the bright reddish-orange color
of the continuous Sphagnum lenense carpet (Fig. 1N). The
herb-dwarf shrub layer (15-50 %) is formed by Ledum
patustre subsp. decumbens and Rubus chamaemorus (3-5 cm),
with a more or less noticeable (0.5-15 %) presence of
Vaccininm vitis-idaea subsp. minus. Scattered shrubs of Betula
nana subsp. exiis and less frequently sedge Carex aquatilis
subsp. stans 10-15(20) cm in height, rise above the herb-
dwarf shrub layer. Eriophorum vaginatum is low abundant
(0.5-5 %) or absent. The continuous moss layer is formed
by Sphagnum lenense, often with S. balticum and minor amount
of Aulacomninm turgidum and Flavocetraria cucnllata.

The number of species per sample plot is 10—19 (mean 14),
in subassociation 23, including 13 (57 %) highly constant.

The species richness in the subassociation and communities
in the southern tundra subzone in Yakutia is generally lower
than in Western Siberia (Lapshina et al. 2023), although the
number of constant species is the same.

Distribution and ecology. The communities occur on flat
and slightly convex peat mounds (20-25 cm above the level
of wet hollows) in flat-palsa mires, often forming periphery
around higher dry peat mounds, as well as on flat-centered
frozen polygons of polygonal mire complexes in the sou-
thern tundra subzone in Western Siberia, the Taymyr Pe-
ninsula and Yakutia. The surface is flat or slightly undulating,
The depth of seasonal frozen peat thawing is 15-20 cm.

Vegetation of frozen cottongrass mires
and dry peat mounds of the class
Oxycocco-Sphagnetea:

dwarf birch-green moss communities

Dicrano laevidentis—Betuletum exilis ass.
nov. (Table 7, rel. 1-22; Table 8, syntaxa 20-21; Figs 10, 4,
5, clusters 10.1, 10.2)

Dwarf birch-green moss communities of frozen peat
mounds in flat-palsa mires, dominated by Dicranun spp. and
Polytrichum strictuns in the moss layer, in the tundra zone in
the Asian part of Russia.

Holotypus: relevé 1 (authot's number — 009F23kt) in
Table 7, Republic of Sakha (Yakutia), Allaikhovskii District,
Berelyokh River basin within theYana-Indigirka Lowland,
10.07.2023, author L.V. Filippov.

Diagnostic species: Aulaconminm palustre, Betula nana subsp.
excilis (dom.), Dicranum elongatum (dom.), D. laevidens (dom.),
Peltigera aphtosa, Polytrichum strictum (dom.), Salix pulchra.

Structure and composition. Floristically poorly differen-
tiated communities, but easily recognizable in the field by
a dense (60-90 %) low layer of dwarf birch Betwla nana
subsp. exi/is (10=15(20) cm), often with noticeable presence
of willows (Salix fuscescens, S. pulchra). Dwarf shrub Ledum
palustre subsp. decumbens sometimes beeing dominant, is
accompanied by Vaccinium vitis-idaea subsp. minus (2-3 cm).
Herbs are scarce, with total cover up to 5 %. The ground
layer is formed by dense sod of green mosses, primarily
Dicranum elongatum, D. laevidens and Polytrichum strictum.
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Table 8. Synoptic table. Associations of mire vegetation in the lower Indigirka River basin (southern tundra

subzone, Yakutia): 1-2 — Hamatocauli vernicosi—Caricetum stantis, 3-5— Meesio triquetri—Caricetum
chordorrhizae, 6 — Ranunculo pallasi—Caricetum chordorrhizae, 7—Ranunculo pallasi—Caricetum
stantis, 8-10 —Sphagno orientalis—Caricetum stantis, 11-13 —Sphagno obtusi—Caricetum stantis, 14-16
—Salici fuscescentis—Sphagnetum squarrosi, 17 —Sphagno fimbriati—Salicetum pulchrae, 18-19 — Ledo
decumbentis—Eriophoretum vaginati, 20-21 — Dicrano laevidentis—Betuletum exilis.

Flgy e numberinte 41 12, 2a 26 2 3 4 51a5b52 6a 6b 6c Tda7b72. 8 91 92 101102
Syntaxon nr. in the table 1 2:3 4 5:6:7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Diagnostis species of the ass. Hamatocauli vernicosi—Caricetum stantis

Hamatocanlis vernicosus vV IV 11 1 : I 1 - mur: - :

Campylinm stellatum vV V|1 200 : : : 1

Saxcifraga hirculus vV V|1 1 : : I : : :

Cz'm/z'aétw latifolium v v .o 1mom 2. - : I - 1 : : :

Polenoninm acutiflorum v oI - : : : : : : : : : S O R U0 G O O

Saxifraga cernua Vo Har| i I LIV I I I:¢« I II:II I i1

Bryum psendotriguetrum v myimn omomo2 1 Iy I I : : : : :

Diagnostis species of the subass. Hamatocauli vernicosi—Caricetum stantis calamagrostietosum neglecti
Calamagrostis neglecta Victir T - : : : : : : : : : . : : : : :
Stellaria palustris v 1o : :

Brachythecinm mildeanum V| 1o
Calliergon gigantenn sabsp. sibiricuny, N | 11
Peltigera gemopb/ebz'a IV ]t
Plagionninm curvatulum V|
Chrysosplenium sibiricum IV |1
Ca/'/zelggaﬂ cordifolinm v | -
Brachythecium boreale vV | - : : : : : : : : : : : : : :
Warnstorfia fxeﬂdoﬂ‘mmz’ﬂm vV |1 - : : : : : : : : - Ir - - II
Drepanocladus polygamus 11 | - : : : : : : : : : : : : . :

Diagnostis species of the subass. Hamatocauli vernicosi—Caricetum stantis typicum
Salix reptans IV : : : : : : : : : :

Calliergon richardsonii I j1v, 1 1 1 : : - Iy : : :
Bistorta vivipara IV T 11 : : r - 1. - : ror
Carex marina I || r : : : : : : : : : : :
Minnartia stricta I | I | -
Pedicutaris sceptrum-carolinum 11 | 111

Diagnostis species of the ass. Meesio triquetri—Caricetum chordorrhizae
Psendocalliergon brevifolinm o vVilv 1v. 2| - ¢ - S 1)

Saxifraga radiata Ir 1 1 1 1 : : : 1
Scorpidinm scorpioides : SoIr 1 40 - : . : :

Diagnostis species of the ass. Ranunculo pallasi—Caricetum chordorrhizae ) ) )
Saxifraga foliolosa ‘mr o mom o1mo1|vjmii1 1 Imii 1 - iI - - Tl
Scapania paludicola I < IIT 1T . A\ R | I TIII: - : D . oI o

Diagnostis species of the ass. Ranunculo pallasi—Caricetum stantis
Ranunculus /‘)a//afii : B | 1 V]V ] - : 1 1
Hamatocanlis lapponicus P I : 1 LI - : :

Diagnostis species of the ass. Sphagno orientale—Caricetum stantis

Sphagnum orsentale P T JIV OV 311 V V V[ - I IIi1l I ¢ 1+ =i -
Salix fuscescens ; Inmr L vy - ; vV IV v[Ior v v Vv vV Iv|ino: - i -

Diagnostis species of the ass. Sphagno obtusi—Caricetum stantis ) ) )

L’gp agnum obinsum P : roo- oo oIV V. IV V VIV IV - N i |
Sriophorum russeolum I+ 11 I 3 i1 VIV IV I |V IV V|1 . D I coq o :
Diagnostis species of the ass. Salici fuscescentis—Sphagnetum squarrosi
Sphagnum squarrosum I r:1 I - : - I HOI I I IV V|V VvV V|V . : - I
olytrichum jensenii : S HroIr : RN T § (O (R O VA A 0 I O O B O | : :
Sphagnum ialbotianum : : : : : : : : : : EE S § G0 U U G U AVAR I O U O : - I
anunciulus gzp 0nicis : : : : : : : . : : : : oo v : : : :
Pyrola rotundifolia : : : : : : : : : : : : S O 0 B A VA : Cor
J%bagnﬂw arcticnm : : . : : : : . : : : . S O O 00 B R U O :

Diagnostis species of the ass. Sphagno fimbriati—Salicetum pulchrae
g;bizgnmﬂ Sfimbriatum : : : : : : : : : : : : : I r [IV]V
Spbagmm/ teres : : : : : : : . : : : : i I IV :
Straminergon stramineum : : : : : : : : : : : : : : r I |V 11
Pseudobryum cinclidioides : : : : : : : : : : : : : roo © LIV :

Diagnostis species of the Caricion stantis
Meesia triguetra vV VIV VvV 4 7V | 1I:10 1Hr{v,y| - - r
Anenra pinguis I o 1iv 3 |V |1 - oI :

Bryum neodamense oo 11 s IvoIve: - 1|1

Scorpidium revolvens Im V[V VvV 3 Iv: 11 I [IV

Mesoptychia rutheana Soars I 1o : : -1 : : : : : : : : : :
Carex aquatilis subsp. stans v vVv:V vV 4:V V.V V V:V V V:V V IV:V IV r - 1
Pedicutaris sudetica oIV vo1 SR T 8 SR § "/ (O 0 G 0 O 0 O AV AV S G B : - II
Cinclidium subrotundum Iv..1 Iv 1 1 m:agr. - mur m:r I ¢ ¢ - : : : : :
Rumex: arcticus I I I Imr 1 : : I I I r I I II IV ¢

Caltha arctica R O O A S U G | : : : : : : : : :

Diagnostis species of the Scheuchzerio—Caricetea nigrae
Comarum palustre vV IV:iIV 11 2 II HIreiv 1v 1v:1v. VvV VvV IV IV 1I 1
Carex chordorrhiza - v Vv 4|V VIIV V Im o i - ¢ - :

Erigphorum angustifolinm v o1o:1 1 1 oo are o - I IvVoIL I o«
Epilobium palustre VAR G A S A B VA O 0 O I 1 : : : : : :

Species common to associations drainage habitat of the classes Scheuchzerio—Caricetea and Oxycocco—Sphagnetea
Salix pulchra - I - : : : : - I 1¢- I - |II' V ViV I 'V "V V
Calamagrostis holmii O e | : : : : 1 1 r I IV V V IV:V IV:V V
Aulaconminm turgidum I I 11 1 - -1 I m:i 1 oI VIV V. ViIIVIV ViV V

Diagnostis species of the ass. Ledo decumbentis—Eriophoretum vaginati and subass. sphagnetosum lenense
. . . . . . . . . . . . . . . . I

Eriophorum vaginatum B I 1
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Table 8. Continued.

Syntaxon nr. in the table 1 2:3 4 5 6 7:8 9 10 11 12 13 14 15 16 :17 (18 19 20 21

Sphagnum lenense : : : : : : : : : : : : : : : : - |V V
Rz;/)agﬂm balticum : : : : : : : : : : : : : : : : IV vV
bus chamaenorus : : : : : : : : : : : : : : : : A 11
Sphagnum capillifolinm : : : : : : : : : : : : : : : : L IV I
Diagnostis species of the ass. Ledo decumbentis—Eriophoretum vaginati subass. typicum
Aconogonon tripterocarpum : : : : : : : : : : : : : : : : : IV T :
Hylocominm splendens : : : : : : : : : : : : : r s LD - IV I 1o
Cetraria islandica e L e N I I e DA A T
Stereodon holmenii : : : : : : : : : : : : : : : : : IV I III
Sphenolobus minutus : : : : : : : : : : : : : : : : : S IV I -
ophogia murmanica : : : : : : : : : : : : : : : : : RN
Dactylina arctica : : : : : : : : : : : : : : : : < I IO 1T
Diagnostis species of the ass. Dicrano laevidentis—Betuletum exilis
Dacranum elongatum : : : : : : : : : : : : : : : : : - IV V. V
Aulaconminm palustre v oo | : : : : : U S N S I 1 N G 0 O VA V)
Peltigera aphtosa : : : : : : : : : : : : : : : : : - I LI IV
Diagnostis species of the subass. Dicrano laevidentis—Betuletum exilis ledetosum decumbentis
Cladonia amanrocraea : : : : : : : : : : : : : : : : : : IV T
Ptilidium ciliare : : : : : : : : : : : : : : : : : - I [IV | 1
L;p/aozz‘a silvicola : : : . : : : : : . : : : : : : : : S| HD | I
Cladonia sp. : : : : : : : : : : : : : : : : : : r [II] T
Diagnostis species of the subass. Dicrano laevidentis—Betuletum exilis typicum
Tomentypnum nitens : 1 : : : : : : : : : : : I I III: I - I IV
Sanionia uncinata I r : : : : : : : : : : : 1 I : 1 1 |10
Plagiothecium berggrenianum : : : : : : : : : : : : : : : : : : 1 11 | III
Pea??m/am labradorica 1 r r : - I - |10
Sphagnum aongstroemii I N | : - I T L

Diagnostis species of the Rubo chamaemori—Dicranion elongati and Rubo chamaemori—-Cladonietalia arbusculae
: : : : : 1 : I I 1 1II \a Y \

Betula nana subsp. exilis - 11 IIr  r III V. VvV
Ledum palustre subsp. decumbens ;- : : : : : : : : . : : : r - ¢ 1|V V. V I
Polytrichum strictum : : : . : : : : : . . : : : R U U N I VA 1 1 0 B VAR
Dicranum laevidens : : : : : : : : : : : : : I | vV oV
Orthocalis binsteadii T T e e A A
Vaccininm vitis-idaca subsp. minus; : : . . : . : : . . . . . : . . VvV Vi1V ]I
Flavocetraria cucullata S L N N SN A VAN VA0 B VA
Other species
Luzula wablenbergii : o ua 11 -1 1 1 ¢« I - : : : : it
Arotagrostis latifolia m o - - - 1 . m 1 - ¢ I - I II IN - - I I I
Hierochloe paucifiora r m:1 1 - : : - o I ¢ IIOII:ID - r 1 : : : :
Cephaloziella sp. : SN T O N G U 0 O O O A O | : : : :
Cephaloziella nncinata : : roo : S U U R G 0§ roo r : : : : :
Dohlia nitans NN BT BT BEU P I - o1 - ImomoI
Brachythecinm turgidum I r : : : : : : : :
Brachythecium ndnm 1 -
The number of species per sample plot is 13—29 (mean 20), Structure and composition. Dense (40-85 %) low shrub
in association 73, including 12 (16 %) highly constant. layer (10-15 cm) is formed by Betula nana subsp. exilis and
Distribution and ecology. The communities are wide- willow species (Salix pulchra, S. fuscescens). Herbs are sparse,
spread in mires across the northern Yakutia, where they with occasional occurrence of Calamagrostis holmii, Luzula
are common on convex frozen dry peat mounds, 30-35 wablenbergii, Pedicnlaris labradorica and Pyrola rotundifolia. The
(up to 60) cm high and 5-20 m in diameter, among flat moss layer is dominated by Dicranum elongatun, D. laevidens
watetlogged sedge-Sphagnum hollows within palsa-hollow and Polytrichum strictum, with small amount of Aulacommninm
(Fig. 1D) and palsa-hollow-polygonal mire complexes. palustre, A. turgidum, Sanionia uncinata, Sphagnum aongstroemii,
The surface of the frozen peat mounds is segmented by S. squarrosum and Tomentypnum nitens. Among lichens, only
shallow grooves or deep frost cracks (up to 20 cm) into Peltigera aphthosa is highly constant.
convex fragments 20—50 cm in diameter. The depth of sea- The number of species per sample plot 18-29 (mean 22),
sonal frozen peat thawing is 20-30 cm. in subassociation 52, including 12 (23 %) highly constant.
Note. Communities, similar in terms of ecology and physio- Distribution and ecology. This subassociation represents
gnomy, were previously r.eported from th? Avam tundra in advanced stage of permafrost-induced peat mound deve-
the southern Taymyr Peninsula (Konstantinova et al. 2023). lopment, characterized by slightly convex or dome-shaped
Based on differences in habitat conditions and species com- surfaces up 40—-60 (occasionally up to 80) cm in height. The
position, two subassociations have been distinguished. combination of well-warmed upper peat layers and long-
term frozen peat at the depth 20-25 cm maintains optimal
Dicrano laevidentis—Betuletum exilis soil moisture during the summer, leading to significant de-
typicum subass. nov. (Table 7, rel. 1-6; Table 8, composition of the peat.
syntaxon 21; Figs 10, 4, 5, cluster 10.2)
Holotypus: relevé 1 (author's number — 009F23kt) in Dicrano laevidentis—Betuletum exilis
Table 7, Republic of Sakha (Yakutia), Allaikhovskii District, ledetosum decumbentis subass. nov. (Table 7,
Berelyokh River basin within theYana-Indigirka Lowland, rel. 7-22; Table 8, syntaxon 20; Figs 4, 5, cluster 10.1)
10.07.2023, author LV. Filippov. Holotypus: relevé 11 (author's number — 071E23kt) in
Diagnostic species: Luzula wablenbergii, Pedicularis labrado- Table 7, Republic of Sakha (Yakutia), Allaikhovskii District,
rica, Plagiothecium berggrenianum, Pyrola rotundifolia, Salix fusces- Berelyokh River basin within theYana-Indigirka Lowland,
cens, Sanionia uncinata, Sphagnum aongstroenii, Tomentypnum nitens. 12.07.2023, author E.D. Lapshina.
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Diagnostic species: Cladonia amanrocraea, 1edum palust-
re subsp. decumbens, 1ophozia silvicola, Ptilidinm ciliare. Diffe-
rential species comparing to the typical association include
character taxa of the alliance and order the Rubo cha-
maemori—Cladonietalia arbusculae Lapshina et al.
2023: Flavocetraria cucullata, Orthocanlis binsteadii and 1V accinium
vitis-idaea subsp. minus.

Structure and composition. Communities are characte-
rized by the high constancy and often dominance of Ledum
palustre subsp. decumbens within the dense, low shrub layer
of Betula nana sabsp. exilis. Vaccinium vitis-idaea subsp. minus
(2-3 cm) is also highly constant and may be abundant. The
herb layer is poorly developed, with total cover less than
0.5-3 %. The ground layer is dominated by green mosses,
with consistent presence and cover between 1-5 % up to
60 % of lichens (Cladonia spp., Dactylina arctica, Flavocetraria
cucnllata, Peltigera aphthosa). Also constant are liverworts
Orthocaulis binsteadii, Ptilidinm ciliare and Sphenolobus minutus.
The number of species per sample plot is 13—27 (mean 20),
in subassociation 52, including 14 (27 %) highly constant.
Distribution and ecology. The communities are typically
developed on lower, flat to slightly convex frozen peat
mounds, 30—40 cm above the surrounding wet depressions.
The depth of seasonal frozen peat thawing is 25-30 cm.
Note. Physiognomically similar communities, with moss
layers dominated by Dicranum elongatum and Polytrichum stric-
tum, were previously described under the name Betulo
nanae—Dicranetum elongati [Art. 2b, ICPN] in the
southern tundra subzone in the Taymyr Peninsula (Zanokha
2007). However, the species composition of communities
in the northern Yakutia differs substantially from those
described earlier.

DISCUSSION

Within the framework of the ecological-floristic classi-
fication, the phytocoenotic diversity of mire vegetation in
the lower Indigirka River basin (southern tundra subzone
in Yakutia) is represented by 10 associations, 10 subassocia-
tions, 12 vatiants and 2 community types within the classes
Scheuchzerio—Caricetea nigrae and Oxycocco—Spha-
gnetea. Nine associations and eight subassociations are es-
tablished as new, primarily due to the previously limited study
of the area and the relatively high diversity of mire types.

Prodromus of the mire vegetation
in the lower Indigirka River Basin
Class
Order
Alliance / Suballiance
Association / Community type
Subassociations
Variant
Scheuchzerio—Caricetea Tx. 1937
Caricetalia nigrae Koch 1926
Caricion stantis Matveyeva 1994

Hamatocauli vernicosi—Caricetum stantis
ass. nov.

typicum subass. nov.
calamagrostietosum neglecti subass. nowv.

Ranunculo pallasi—Caricetum stantis ass.
nov.

Community type Erigphorun angistifolinm

Ranunculo pallasi—Caricetum
chordorrhizae ass. prow.

Meesio triquetro—Caricetum
chordorrhizae ass. nov.

typica

Sphagnum orientale
Scorpidium scorpioides

Salici fuscescentis—Sphagnion squarrosi all.
nov.

Sphagno orientalis—Caricetum stantis ass.
nov.

typicum subass. nov.
typica
Sphagnum obtusum

meesietosum triquetri

Sphagno obtusi—Caricetum stantis ass. nov.

typica
Comarum paluste
Sphagnum squarrosum

Salici fuscescentis—Sphagnetum squarrosi
ass. nov.

typicum subass. nov.

typica

Sphagnum obtusum
sphagnetosum fimbriati subass. nov.

Sphagno fimbriati—Salicetum pulchrae ass.
nov.

?gczlslfuchzerietalia palustris Nordhagen ex Tx.

Scheuchzerion palustris Nordhagen ex Tx. 1937

Caricenion rariflorae Lavrinenko, Matveyeva et
Lavrinenko 2016

Community type Carex aguatilis subsp. stans—
Sphagnum balticum

Oxycocco—Sphagnetea Br.-Bl et Tx. ex Westhoff et
al. 1946

Rubo chamaemori—Cladonietalia arbusculae
Lapshina et al. 2023

Sphagnion lenenses Lapshina 2023

Ledo decumbentis—Eriophoretum vaginati
Lapshina in Lavrinenko et al. 2022

typicum

typica

Aconogonon tripterocarpum
sphagnetosum lenenses Lapshina et al. 2023

Rubo chamaemori—Dicranion elongati
Lavrinenko O. et Lavrinenko I. 2015

Dicrano laevidentis—Betuletum exilis ass.
nov.

typicum subass. nov.
ledetosum decumbentis subass. nov.

The ecological-floristic classification of mire vegetation
in the region, developed in accordance with the principles
of the Braun-Blanquet approach, largely corresponds to the
preliminary assessment of mire typological diversity based
on habitat conditions and general physiognomy. This corres-
pondence is clearly demonstrated by the synoptic table (Table
8) and the cluster dendrogram of the identified syntaxa
(Fig, 5), where three distinct clusters are distinguished.

Two of the clusters include all communities belonging
to the class Scheuchzerio—Caricetea nigrae. The
first group (Fig. 5, clusters 1-4) encompasses sedge and
sedge-hypnum communities of the alliance Caricion
stantis, which was suggested by Kholod (2007) to be
placed within the order Caricetalia nigrae. This alliance
was established in the Taymyr Peninsula and proposed for
moss-rich mire communities in low-centred polygons of
polygonal mires, around lakes and in wide flat or U-shaped
stream valleys (Matveyeva 1994, 1998). Diagnostic species:
Caltha arctica, Calliergon gigantenm s. 1., Carex aquatilis subsp.
stans, Drepanocladus arcticus, Dupontia fisheri, Hamatocaulis ver-
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nicosus, Mesiptychia rutheana, Pedicularis sudetica (Matveyeva
1994). We also consider Cinclidinm latifolium, C. subrotundum,
Meesia triquetra, Rumex: arcticus and Scorpidinm revolvens are
worth to be added to this group.

Initially, the ass. Meesio triquetris—Caricetum
stantis Matveyeva 1994, the nomenclatural type of the
alliance, comprises all sedge-moss communities occurring
in depressions with moist soils persisting throughout the
entire growing season across the tundra zone in the Taymyr
Peninsula. As a result, the diagnostic species of the associa-
tion include the majority of species that regularly occur in
waterlogged habitats throughout the tundra zone and cha-
racterize the alliance as a whole.

In the tundra mires in Yakutia, we describe the new ass.
Meesio triquetri—Caricetum chordorrhizae ass.
nov., with three variants (Table 8, syntaxa 3-5; Fig. 5, clusters
2a, 2b). These communities are widespread and typically
occur on low-centred polygons in rim-polygonal mires across
numerous drained thermokarst lake basins (khasyreis) and
along the margins of lakes on low river terraces. Ecologically
and floristically, the new association is closely related to the
previously described Meesio triquetris—Caricetum
stantis Matveyeva 1994 in the Taymyr Peninsula. However,
the similarity primarily reflects shared diagnostic species at
the alliance level, while the full species set differs substantially.

More distinct floristic differences are in the ass. Hama-
tocauli vernicosi—Caricetum stantis ass. nowv.
(Table 8, syntaxa 1-2; Fig, 5, clusters 1.1, 1.2), whose commu-
nities establish in river floodplains under regular short-term
flooding (subass. calamagrostictosum neglecti) or
inundation by floodwaters (subass. typicum) and the ass.
Ranunculo pallasi—Caricetum chordorrhizae ass.
prov. (Table 8, syntaxon 6; Fig, 5, cluster 3), described in the
periodically flooded hollows within palsa-hollow mire comp-
lex near the large lake within the drained thermokarst lake ba-
sin (khasyrei) and characterized by reduced species richness.

Theass. Ranunculo pallasi—Caricetum stantis ass.
nov. (Table 8, syntaxon 7; Fig. 5, cluster 4) also belongs to this
group of syntaxa. These communities develop in thermokarst
depressions, deep waterlogged hollows and concave polygons
of tundra mires, but they never cover extensive areas.

The second cluster of syntaxa (Fig; 5, clusters 5—8) comp-
rises two physiognomically distinct groups of communities.

The first group includes associations Sphagno
orientalis—Caricetum stantis ass. nov. (Table 8§,
syntaxa 8—10; Fig. 5, clusters 5.1a, 5.1b, 5.2) and Sphagno
obtusi—Caricetum stantis ass. nov. (Table 8, syntaxa
11-13; Fig. 5, clusters 6a, Gb, 6¢). These associations encom-
pass mesotrophic and meso-oligotrophic sedge-Sphagnum
communities that are developed in waterlogged polygons
and hollows in rim-polygonal and flat-palsa mires. Both
associations are widespread throughout the study region.

The second group consists of low willow-Sphagnum
(8. squarrosum, S. fimbriatum cf.) communities of the ass.
Salici fuscescentis—Sphagnetum squarrosi ass.
nov., represented by two subassociations and two variants
(Table 8, syntaxa 14-16; Fig. 5, clusters 7.1a, 7.1b, 7.2).
These communities occupy rims and relatively well-drained
sites with seasonally thawed peat layer no deeper than 15—

Mire vegetation in the lower Indigirka River basin (Yakutia)

20 cm in rim-polygonal mires. Although being widespread,
they cover relatively small areas, as rims and drained sites
generally account for no more than 30 % of the surface
area of rim-polygonal mires.

Close to these communities is the comparatively rare
ass. Sphagno fimbriati—Salicetum pulchrae ass.
nov. (Fig, 5, cluster 8), which occurs exclusively on hanging
mites at the sources of intermittent streams on the slopes
of elevated landforms (yedomas).

The syntaxa of the second block occupy an intermediate
position between the typical sedge-hypnum moss commu-
nities of the alliance Caricion stantis, occurring in wet
hollows and shallow depressions of minerotrophic tundra
mites and the vegetation of comparatively dry peat mounds
of the class Oxycocco—Sphagnetea. They share with
the former the constant presence of diagnostic species
of the Caricion stantis — Carex aguatilis subsp. stans,
Cinclidinm subrotundum, Pedicularis sudetica and Rumex arcticus
—as well as character species of the class Scheuchzerio—
Caricetea nigrae — Carex chordorrhiza, Comarum palustre,
Epilobinm palustre and Eriophorum angustifolium. In contrast,
only few widespread non-bog species — _Aulacommninm
turgidum, Calamagrostis holmit, Salix fuscescens and S. pulchra
— shared with communities of the class Oxycocco—
Sphagnetea show wide ecological amplitude (Table 8).

Distinctive feature of the Sphagnum-dominated com-
munities of tundra mires within the class Scheuchzerio—
Caricetea nigrae is the dominance of mesotrophic and
meso-oligotrophic Sphagnum species, namely, S. orientale,
S, fimbriatum, S. squarrosum and S. obtusum. These are
regularly accompanied, though with lower constancy on
relatively well-drained frozen sites, by Sphagnun talbotianum,
S. teres, S. girgensobni, S. concinnum, S. olafii and S. arcticum,
none of which occur in the ombrotrophic communities
of the class Oxycocco—Sphagnetea. Altogether, this
confirms the clear affiliation of these communities with the
class Scheuchzerio—Caricetea nigrae.

More difficulties arose in determining the place of the
newly described associations of tundra mires, dominated
by mesotrophic and meso-oligotrophic Sphagnum species,
to the higher units of the subordinate level (alliance
and order). Assigning these communities to the alliance
Caricion stantis would result in highly heterogeneous
group in both ecological and phytocoenotic terms.

Given their clear differences in habitat conditions,
structure and species set from the typical sedge-hypnum
communities traditionally included within the alliance Ca-
ricion stantis, we propose to place these in new alliance
Salici fuscescentis—Sphagnion squarrosi all. nowv.
Due to the comparatively spatse shrub layer of low willows
(with cover usually up to 25 %, rarely more) and the minor
abundance of herbs, we place the dominant moss species,
which determines the structure and physiognomy of these
communities, in the second position in the alliance name.

Salici fuscescentis—Sphagnion squarrosi all.
nov.

Holotypus: The nomenclatural type of the alliance is the
ass. Salici fuscescentis—Sphagnetum squarrosi
(Table 5, relevés 1-40, this study).
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The alliance comprises sedge-Sphagnum and low willow-
Sphagnum communities occurring on weakly concave poly-
gons, rims, low ridges and relatively drained areas dominated
by mesotrophic and meso-oligotrophic Sphagnum species.
These communities are found in rim-polygonal mires and
tundra-mire complexes in the southern tundra subzone in
Asian Russia (Taymyr Peninsula and Yakutia).

Diagnostic species: Salix fuscescens, Sphagnum squarrosum,
S. concinnum, S. ct. fimtbriatum, S. obtusum, S. orientale, S. tal-
botianum, S. feres.

At the current stage of the tundra mire vegetation
knowledge, the alliance includes the ass. Salici fusces-
centis—Sphagnetum squarrosi ass. nov. with two
subassociations (typicum and sphagnetosum fim-
briati), as well as three additional associations: Sphagno
orientalis—Caricetum stantis ass. nov. with two sub-
associations (typicum and meesietosum triquetri),
Sphagno obtusi—Caricetum stantis ass. nov. (with
three variants) and Salici pulchrae—Sphagnetum
fimbriati ass. nov. In the future these associations may be
assigned to different alliances within new circumpolar order
that will unite the mire vegetation of the class Scheuch-
zerio—Caricetea nigrae in the tundra zone in Eurasia
and North America.

Unlike minerotrophic mire vegetation, ombrotrophic
hollow communities dominated by Sphagnum with exclu-
sively atmospheric precipitation, belonging to the alliance
Scheuchzerion palustris (suballiance Caricenion
rariflorae) of the monotypic order Scheuchzerietalia
palustris, class Scheuchzerio—Caricetea nigrae
(Mucina et al. 20106), are extremely rare in the southern
tundra subzone in Yakutia. Within the study area, this sub-
alliance is so far represented by only two relevés, considered
as community types, which are not shown in the cluster
dendrogram and in the synoptic table.

The third cluster identified in the synoptic table and
cluster dendrogram (Table 8, syntaxa 18-21; Fig, 5, clusters
9-10) corresponds to the class Oxycocco—Sphagnetea.
In the southern tundra subzone in Yakutia, communities
of this class occur on tussock dwarf shrub-cottongrass-
Sphagnum bogs with peat layers 20-40 cm thick and on
frozen peat mounds elevated 30-60 cm above adjacent
waterlogged hollow surfaces in flat-palsa mires.

Two associations of this class were recorded in the study
area, each assigned to different alliance — Sphagnion le-
nenses and Rubo chamaemori—Dicranion elonga-
ti — within the recently established order Rubo chamae-
mori—Cladonietalia arbusculae (Lapshina etal. 2023).

The alliance Sphagnion lenenses includes oligotro-
phic dwarf shrub-cloudberry-Sphagnum and dwarf-shrub-
cottongrass-Sphagnum bogs dominated by Sphagnum lenense
and S. balticum. Diagnostic species: Aulacomninm turgidum,
Dicranum laevidens, Eriophorum vaginatun, Orthocaulis binsteadii,
Sphagnum balticum, S. lenense.

In Yakutia, it is represented by the ass. Ledo de-
cumbentis—Eriophoretum vaginati with two sub-
associations (Table 8, syntaxa 18-19; Fig. 5, clusters 9.1,
9.2). The communities of the subass. sphagnetosum
lenenses show consistent physiognomy across northern
West Siberia, southern Taymyr Peninsula and the southern

tundra subzone in Yakutia, occuring sporadically on low
frozen Sphagnum mounds or along the margins of larger
peat mounds in flat-palsa mires.

It is more difficult to identify dwarf shrub-cottongrass-
Sphagnum communities of the subass. Ledo decumben-
tis—Eriophoretum vaginati typicum and to dif-
ferentiate them from tussock cottongrass stands on clay
soils within zonal vegetation of the class Carici arctisi-
biricae—Hylocomietea alaskani Matveyeva et Lavri-
nenko 2023 (Table 6, syntaxa 4-8), widespread across the
tundra zone in Asia and Alaska.

For such zonal tundra stunds on the uplands of Alaska,
the ass. Sphagno—Eriophoretum vaginati Wal-
ker M., Walker D. et Auerbach 1994 (Walker et al. 1994)
[Art. 3¢ ICPN] was described. Unlike cottongrass stands on
interfluve sites, cottongrass-Sphagnum bogs are developed
on peat soils and are characterized by continuous cover of
oligotrophic Sphagnum mosses (S. lenense, S. balticum), con-
sistent presence of Rubus chamaemorus and the absence of
most species typical of zonal cottongrass and dwarf shrub-
lichen-moss tundra stands (Table 6, syntaxa 9-19). Only
few zonal tundra moss and lichen species extend into the
cottongrass-Sphagnun bogs.

The syntaxonomic position of the new ass. Dicrano
laevidentis—Betuletum exilis ass. nov., including
two subassociations (typicum and ledetosum decum-
bentis) (Table 8, syntaxa 20-21; Fig. 5, clusters 10.1, 10.2),
remains somewhat uncertain. This association comprises
dwarf birch-green moss (Dicranum spp., Polytrichum strictum)
communities occurring on dry peat mounds within flat-
palsa mire complexes.

At the current stage, we assign these communities to
the alliance Rubo chamaemori—Dicranion elongati,
due to presence of come diagnostic species of this alliance
and the order Rubo chamaemori—Cladonietalia
arbusculae.

The alliance Rubo
elongati includes oligotrophic dwarf shrub-cloudberry-

chamaemori—Dicranion

moss (Dicranum spp., Polytrichum strictun) and dwarf birch-
moss-lichen communities of palsa and polygonal mires
in the southern tundra subzone in Eurasia (Lavrinenko &
Lavrinenko 2015). Diagnostic species: Andromeda polifolia
subsp. pumila, Betula nana, Cetraria islandica, Cladonia arbuscula,
Dicranum  elongatum, Empetrum  bermaphroditum, Flavocetraria
nivalis, Ledum palustre subsp. decumbens, Polytrichum strictum,
Rubus  chamaemorus,  Vaccininm  vitis-idaea  subsp.  minus,
V7 uliginosum sabsp. microphyllum.

The ass. Dicrano laevidentis—Betuletum exilis
ass. nov. is characterized by the absence of oligotrophic
Sphagnum species and Rubus chamaemorns and the presence
of tundra herbs, mosses and liverworts non typical for mire
vegetation (Table 8, syntaxa 20-21).

Similar peat mound communities, lacking the main diag-
nostic features (presence of Sphagnunm species), previously
were assigned either to the alliance Rubo chamaemori—
Dicranion elongati (Lavrinenko & Lavrinenko 2015)
or to the class Oxycocco—Sphagnetea without alliance
placement (Zanokha 2007), awaiting further clarification as
more data becomes available.
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The full set of relevés was ordinated in multidimensional
space using t-distributed stochastic neighbor embedding
(t-SNE) (Fig. 4). A dendrogram based on hierarchical clus-
tering was constructed to assess the similarity among the
syntaxa, revealing three major community groups (Fig. 5).

The first two clusters encompass all syntaxa of the class
Scheuchzerio—Caricetea nigrae. They include typical
sedge-hypnum moss communities of the alliance Caricion
stantis in its original concept (Matveyeva 1994, 1998), as
well as sedge-Sphagnum communities (Sphagnum obtusum,
S. orientale) of waterlogged hollows and low willow-Sphagnun:
communities (8. squarrosum, S. fimbriatum agg.) on rims and
in relatively drained sites with depth of seasonal frozen peat
thawing 15-20 cm, assigned to the newly proposed alliance
Salici fuscescentis—Sphagnion squarrosi all. nov.

Communities of both alliances are widespread in the
region, occupying most of the areas of rim-polygonal and
partially flat-palsa mires.

A third cluster comprises vegetation of the class
Oxycocco-Sphagnetea, including frozen cottongrass-
Sphagnum bogs of the alliance Sphagnion lenenses
found at the footslopes, flat depressions among zonal
tundra stands and on low peat mounds of flat-palsa bogs.
Dwarf birch-green moss communities on dry frozen
peat mounds, preliminarily assigned to the alliance Rubo
chamaemori—Dicranion elongati, are also included
in this cluster.

CONCLUSIONS

The mire vegetation of the southern tundra subzone in
the lower Indigirka River basin (Yakutia) was classified based
on 280 relevés. We distinguished 10 associations, 10 subas-
sociations, 12 variants and 2 community types, assigned to
three alliances (Caricion stantis,Salici fuscescentis—
Sphagnion squarrosi and Scheuchzerion palust-
ris) within the class Scheuchzerio—Caricetea nig-
rae and two alliances (Sphagnion lenenses and Rubo
chamaemori—Dicranion elongati) within the class
Oxycocco-Sphagnetea. Nine associations (one provi-
sionally) and eight subassociations are newly described. New
alliance, Salici fuscescentis—Sphagnion squarrosi,
is established to encompass sedge-Sphagnum and low
willow-Sphagnum communities dominated by mesotrophic
and mesooligotrophic species (Sphagnum ct. fimbriatum,
S. obtusum, S. orientale, S squarrosum) on rim-polygonal mires
and tundra-mire complexes in the southern tundra subzone
in Asian Russia.

The syntaxonomic position of dwarf birch-green
moss communities of dry frozen peat mounds within
the class Oxycocco—Sphagnetea is discussed. These
communities are distinguished by the absence of Sphagnum
mosses — a key diagnostic feature of the class. In future,
as more data are accumulated, the structure of higher
syntaxonomic units of tundra mire vegetation at the level
of alliances and orders may be revised and refined.
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