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ABSTRACT

We studied snowbed communities in place of long-lying snow in the typical and
southern tundra subzones of the East European sector of the Arctic. Three new
associations (Salicetum herbaceae-polaris Lavrinenko et Lavrinenko ass.
nov., Salici polaris—Sibbaldietum procumbentis Lavrinenko et Lavrinen-
ko ass. nov. and Myosotido asiaticae—Salicetum polaris Lavtinenko et
Lavrinenko ass. nov.) on siliceous substrates united into a new alliance Vero-
nico alpinae—Salicion polaris Lavrinenko et Lavrinenko all. nov. in order
Salicetalia herbaceae and class Salicetea herbaceae. One new association
(Pinguiculo alpinae—Salicetum reticulatae Lavrinenko, Lavrinenko et Ne-
shataev ass. nov.) on stabilized calcareous soils is placed in a preliminary alliance
Carici parallelae—Salicion reticulatae Lavrinenko, Lavrinenko et Neshataev
rov. in order Arabidetalia caeruleae and class Thlaspietea rotundifolii.
'PTable analysis, cluster analysis of relevés and syntaxa and analysis of association
coenofloras from Fast European tundra, from mountainous areas of Northern
Europe and from Arctic Siberia confirm the reliability of defining new alliances.

Keywords: snowbed vegetation, Salicetea herbaceae, Arabidetalia caeruleae,
Braun-Blanquet classification, tundra zone, Arctic

PE3IOME

Aappunenxo O.B., Aappunenxo M.A., Hemaraes B.B. Husassnasa pac-
TUTEABHOCTh PABHIUHHBIX BOCTOYHOEBPOIICHCKIX TYHAP: HOBBIE COFO3BI U
MECTO B CHHTAKCOHOMUYECKOI1 cucreme. V3ydeHbl HUBAABHBIC COODIECTBA
B MECTAX AOATOTO ACKAHHSA CHEId B IIOA3OHAX THIIHMYHBIX U FOKHBIX TYHAP BOC-
TOYHOEBPOIEHCKOrO ceKTopa APKTHKH. Tp1 HOBBIC ACCOLMALIN HA CHAMKATHDIX
nopoaax (Salicetum herbaceae-polaris Lavrinenko et Lavrinenko ass. nov.,

aFici olaris—Sibbaldietum procumbentis Lavrinenko et Lavrinenko ass.
nov., Myosotido asiaticae—Salicetum polaris Lavrinenko et Lavrinenko
ass. NOV.) OOBEAMHEHDBI B HOBBIH cOr03 Veronico alpinae—Salicion polaris
Lavrinenko et Lavrinenko all. nov. B mopsaake Salicetalia herbaceae u xkaac-
ce Salicetea herbaceae. Oana HOBast accoumanys Ha CrabUABHOM KapOOHAT-
vom cyberpare (Pinguiculo alpinae—Salicetum reticulatae Lavrinenko,
Lavrinenko et Neshataev ass. n0v.§)HOM€H_I€Ha B IIpeABapHTEABHBIH coro3 Caricl
parallelae—Salicion reticulatae Lavrinenko, Lavrinenko et Neshataev prov. B
nopsake Arabidetalia caeruleae u kaacce Thlaspietea rotundifolii. Ama-
AM3 TAOAHIL, KAQCTECPHBIN AHAAH3 OIMCAHII U CHHTAKCOHOB M aHAAHS3 IICHO(PAO
ACCONMAITIH U3 BOCTOYHOEBPOIEHCKHUX TYHAP, M3 TOPHBIX pariono CeBepHOM
Espomst u u3 apkrnyeckoit CHONPU IOATBEPKAAFOT OOOCHOBAHHOCTD OITUCAHISA
HOBBIX COFO30B,

KaroueBbple CAOBA: HHBAABHAA PACTUTCABHOCTD, Salicetea herbaceae, Arabidetalia
cacruleae, kaaccudukarns 110 bpays-Baanke, TyHApOBas 30Ha, APKTHKA

In plain tundra, the presence of hilly or ridged relief,
or, on the contrary, relief dissected by canyon-like river
valleys, i.e. the presence of slopes of different exposures,
significantly enriches the vegetation cover. Herbaceous (low-
herb) meadows and dwarf shrub-herb-moss grasslands with
beautifully flowering arctoalpine and hypoarcto-montane
species are formed on the slopes. The lower parts of the
slopes of the northern exposure in places of long-term
snow cover are occupied by snowbed vegetation with mosses
and dwarf willows. Snowbed communities in ecological,
floristic and physiognomic respects represent one of the
most peculiar types of tundra vegetation. In East European
tundras, these communities are usually developed locally and
have a very small extent. The floristic composition is primarily
determined by the long snow cover. This factor leads to a
significant shortening of the vegetation period, increased soil

moisture due to the inflow of water from melting snowfalls,
and a decrease in soil and aboveground temperatures.

Snowbed vegetation was initially recorded in the moun-
tains of central Europe and subsequently observed in alpine
Fennoscandia, in Iceland and in Arctic Greenland. Creating
a classification of the floristic-sociological hierarchy using
the Braun-Blanquet approach was a complex process, with
different perspectives on understanding the ranking of the
higher syntaxa (see, for example, Molenaar 1976, Dani¢ls
1982, Koroleva et al. 2019).

The modern classification of snowbed communities
based on a combination of floristic and ecological criteria
was introduced by R. Nordhagen (1936, 1943). In Norway,
Nordhagen distinguished four alliances, which he merged into
the order Salicetalia herbaceae Br.-Bl. in Br.-Bl. et Jenny
1926. Later, E. Dahl (1957) revised Nordhagen's classification
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system by giving greater importance to ecological criteria. The
author narrowed down the concept of the order Salicetalia
herbaceae, for the purpose to solely encompass the plant
communities that exist on solifluction soils and have a short
growing season, i.e. snowbed communities specifically of the
alliances Cassiopo—Salicion herbaceae Nordhagen
1943 and Ranunculo—Oxyrion digynae Nordhagen
1943 [in Mucina et al. 2016 reduced to a synonym for Saxi-
frago stellaris—Oxyrion digynae Gjaerevoll 1950].

J.G. de Molenaar (1976) proposed the use of similarities
and differences in ecology and community structure as a
practical solution to classify floristically similar snowpack
communities with their many mutual transitions, using the
approach of Nordhagen (1943) as modified by E. Dahl (1957).
He also distinguished two alliances of snowbed vegetation
in the strict sense of the term. Oligotrafent cryptogamous
and cryptogam-rich dwarf shrub communities, grouped
under the alliance Cassiopo—Salicion herbaceae,
occur on mobile substrates subject to solifluction, with a
superficial, acidic and usually thin but distinct humus layer.
These communities occur only where the upper part of the
substrate is washed away by excessive inputs of mineral-poor
water from nearby snow drifts. The Ranunculo—Oxyrion
digynae wusually combines three-layered mesotrafent
and ecutrafent herbaceous communities dominated by
hygrophytes. These communities are sometimes rich in
cryptogams and occur on stable (or relatively stable) soils
enriched with humus up to peat in the surface layers.

Describing the alliance Cassiopo—Salicion herba-
ceae Nordhagen (1943) noted the fact that acidophityc-
oligotrophic species of the genera Kiaeria, Conostomum,
Anthelia, Gymmnomitrion, Marsupella, Nardia, Pleuroclada as well
as Polytrichum sexangulare provide the greatest coverage in the
composition of its communities. These mosses consistently
create a datk color on the bottom. Sometimes lichens
Cetraria islandica, Cetrariella delisei, Solorina crocea, Cladonia
gracilis elongata (probably C. ecmocyna is behind this name)
dominate along with the mosses. The moss flora of the
alliance Ranunculo—Oxyrion digynae was much more
eutrophic or mesotrophic and was characterised by green or
red carpets of Poblia and Bryum species, Bartramia ithyphylla,
Drepanocladus, Brachythecia.

FJ.A. Daniéls (1982), who conducted a study of the
Greenland snowbed vegetation, also reports that chionophyte
communities are indeed floristically related (sometimes very
strongly), and may show a gradual transitions from one
type to another. However, true snow cover vegetation is
characterised by the same two alliances.

The character species of the alliance Cassiopo—
Salicion herbaceae, comprising arctic and boreo-arctic
late snow-free snowbed dwarf scrub on siliceous substrates
in Scandinavia, Svalbard, Iceland and Greenland (Mucina et
al. 2016), are commonly cited as Anthelia juratzkana, Beckwithia
lacialis (=Ranunculus  glacialis), Carex lachenalii, Conostonmum
tetragonunmt, Dichodon cerastoides (= Cerastium cerastoides), Epilobium
alpinum - (=E.  anagallidifolium), ~ Gymnomitrion  concinnatum,
Harrimanella - hypnoides (=Cassiope hypnoides), Kiaeria falcata,
K. starkei, Marsupella  brevissima (=M. wvarians), Omalotheca
supina (=Gnaphalinm  supinum), Plenrocladula albescens, Poblia

commutata, Polytrichastrum alpinum [incl. var. fragile and var.
septentrionale (=P. norvegicum)), P. sexangulare, Salix berbaceae,
Sibbaldia procumbens, Solorina crocea (Nordhagen 1936, 1943,
Molenaar 1976, Daniéls 1982, Dahl 1987, Dierlen 1992,
1996). O. Gjaerevoll (1950) examines this alliance in the
“Snowbed communities poor in calciphiles, on soils with
highly acid reaction” and “Season-hygrophilous sub-series
with field-layer”. According to Nordhagen (1943) while it
was difficult to divide the alliance Cassiopo—Salicion
herbaceae into sociations and associations, but a pattern
can be detected: Cardamine bellidifolia, Luznla arcuata aggy.
(Luznla arcuata, 1. confusa) and Ranunculus glacialis are found
in the communities located in high-mountain and mid-alpine
belts, while Omalotheca supina, Sibbaldia procumbens and Veronica
alpina have high occurrence and abundance in the low-alpine
snowbed communities, where Phleum alpinum and Rumex
acetosa lapponicus are also present.

The alliance Saxifrago stellaris—Oxyrion digy-
nae [syn. Ranunculo—Oxyrion digynae] unites the
vegetation of herb-rich acidic water-saturated solifluction
snowfields in the alpine belt of Scandinavia and the Middle
Arctic zone (Mucina et al. 20106). The alliance is defined by
the presence of Oxyria digyna and often Saxifraga stellaris, from
which its derives its name; Salix herbacea and Harrimanella
hypnoides are sparingly present, and stead hygrophilous
species such as Arabis alpina, Dichodon cerastoides, Epilobinm
alpinum and Veronica alpina are abundant. The alliance is best
developed in areas where the irrigation by melt water lasts
very long. As a result of melt water erosion, the fine materials
are washed away, consequently causing the communities of
alliance to predominantly occur on stony soil. The bottom
layer is interrupted by scattered rocks. Awthelia juratzfana,
Poblia commutata and P. wablenbergii are prevailing, whereas
the lichens are inconspicuous (Gjaerevoll 1950). Awndreaca
rupestris, Cardamine bellidifolia, Deschampsia alpina, Hymenoloma
crispulum, Luznla arcuata aggy., Poblia drummondii, and Saxifraga
cernua are also character species of the alliance (Lunterbusch
et al. 1997, Koroleva et al. 2019, Koroleva & Kopeina 2020).

The vicarious Salicion herbaceae Br.-Bl in Br.-
Bl et Jenny 1926 from the mountains of Central Europe,
which occurs in similar habitats, is, according to Braun-
Blanquet (1964, cited in Molenaar 19706), a boreo- and arctic-
alpine relict type. The Salicion herbaceae differs from
the Cassiopo—Salicion herbaceae by the presence
of the character (faithful) taxa Akhemilla pentaphyllea and
orther Alhemilla species (see eVeg [websitel), Arenaria biflora,
Cardamine alpina, Potentilla anrea, Sedum alpestre, Soldanella pusilla,
and the absence the northern Carex bigelowii and Harrimanella
hypnoides (Molenaar 1976, Daniéls 1982).

In the past, not all researchers have supported the
separation of snowbed vegetation into these two alliances.
Thus, Gjaerevoll (1950) cited both names as synonyms for
the alliance Herbaceon. K. Dierlen (1992, 19906) also
considered them as synonyms, specifying the ass. Cassiopo—
Salicetum herbaceae (Fries 1913) Nordhagen 1936 as a
nomenclatural type of the alliance Salicion herbaceae.
Daniéls (1982) believed that there is a slight difference
between them, and after some additional research both
alliances might possibly be combined. E. Hadac¢ (1971),
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while conducting research on snow-land communities in
Iceland, discovered the challenges that arise when attempting
to classify them within the phytocoenological system.
There is no doubts on their belonging to the Salicetalia
herbaceae, but it is challenging to find an alliance fully
corresponding with the plant communities found in Iceland.
Although the above character species of the Salicion
herbaceae are absent in the snowbed communities of
Iceland, Hada¢ placed them into this alliance on the basis
of high floristic similarity to Salicion herbaceae from
the Tatra (Krajina 1933). The Salicetum herbaceae
tatricum Krajina 1933 and the corresponding Icelandic
association have the 19 species in common. “We find that
the same character species [in Salicion herbaceae] are
lacking there, too, but nevertheless — even Braun-Blanquet
(1930) has self recognized its communities as belonging to
his Salicion herbaceae” (Hadac 1971: 113).

The literature review shows that floristic differentiation
of snowfield communities is difficult due to the limited num-
ber of species adapting to the conditions of short growing
season and melt water inflow from snowfields. In addition,
these species can form various combinations under the
influence of other (concomitant) environmental factors
on slopes — duration of snow cover, moisture level, habitat
drainage, substrate mobility (presence of solifluction and
cryoturbation), lime content in soil and its acidity, permafrost
depth, etc.

According to the latest vegetation survey of Europe
(Mucina et al. 2016), the alliance Salicion herbaceae
(snowbed communities on siliceous substrates in the alpine
and nival belt of mountain ranges in the nemoral zone
of Europe) belongs to the Last glacial maximum (LGM)
relict group of alliances, whereas Cassiopo—Salicion
herbaceae and Saxifrago stellaris—Oxyrion digy-
nae [FRanunculo—Oxyrion digynae] are assigned to
the Arctic group of alliances.

Until recently, all known snowbed communities in
Europe were classified within the Salicetea herbaceae.
Bedding differentiation is reflected at the order level. The
Salicetalia herbaceae and Arabidetalia caeruleae
Riibel ex Nordhagen 1937 include communities on siliceous
and calcareous rocks, respectively. Within each order, a num-
ber of vicariant alliances have been described (DietBen 1984).

Currently, Mucina et al. (2016) consider calciphile-rich
snowbed communities on near-neutral calcareous soils as
belonging to a different class—Thlaspietea rotundifolii
Br.-Bl. 1948. Order Arabidetalia caeruleae (Vegetation
of snowbeds on stabilized calcareous screes of the arctic zone
and the alpine and subnival belts of European mountains)
combines 2 alliances. The first of these, Ranunculo—
Poion alpinae Gjaerevoll ex Daniéls in Mucina et al. 2016
unites grassy vegetation of snowbeds in the boreo-montane
belt of Scandinavia and the Arctic Archipelago. Daniéls
named the following diagnostic taxa of this validated alliance:
Carex bigelowii s. str., Bistorta vivipara, Poa alpina, Potentilla
crantzii, Ranunculus acris, Saussurea alpina, Solidago virgaurea,
Trollins europeus, 1iola biflora, and mosses Sanionia uncinata and
Hyloconinm splendens (Mucina et al. 2016:155).

The second alliance, Saxifrago oppositifoliae—
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Oxyrion digynae Gijaerevoll 1950 [Salicion polaris
Gjaerevoll 1950 and Saxifrago—Ranunculion nivalis
Nordhagen 1943 are being cited in synonyms] unites the
vegetation of herb-rich snowbeds on stabilized calcareous
soils in the boreo-montane belt of Scandinavia and the Arctic
Archipelago. Character species of the alliance: Cerastium
regelti, Oxyria digyna, Phippsia algida, P. concinna, Ranunculus
nivalis, R. pygmacus, R. sulphureus, Sagina saginoides, Salix polaris,
Saxifraga aizoides, S. cernua, S. oppositifolia, S. rivularis, S. tenuis
(Nordhagen 1943, Gjaerevoll 1950, Dierf3en 1992).

The class Salicetea herbaceae includes only one
homonymous order Salicetalia herbaceae, representing
snowbed vegetation on non-calcareous bedrock exclusively,
with snow during 8 to 10 months or longer; they composed
mainly of mosses, liverworts, hemicryptophytes and creeping,
low chamaephytes. These communities are typically located
in alpine and arctic regions of the northern hemisphere.
They thrive in moist, acid, and humic soils that can be
stony in certain areas. Additionally, they are impacted by
solifluction and cryoturbation but are not affected by strong
erosion (Daniéls 1982). As the study of snowbed vegetation
progressed, information on character (faithful) taxa of class
and order changed, with various species being assigned to
them (Table 1), the most commonly named: vascular plants
Beckwithia glacialis, Carex lachenaliz, Dichodon cerastoides, Epilobium
alpinum, Omalotheca supina, Ranunculus pygmaeus, Salix herbacea,
S. polaris, Saxifraga rivularis, Sibbaldia procumbens, Taraxacum cro-
cetm, Veronica alpina, bryophytes Aunthelia juratzfana, Conosto-
i tetragonunt, Gymnomitrion concinnatunt, Kiaeria falcata, K. star-
kei, Marsupella brevissima, Plenrocladula albescens, Poblia drummon-
dit, Polytrichastrum sexangulare, and lichen Solorina crocea (Hadac
1971, 1985, Molenaar 1976, Daniéls 1982, Dahl 1987, Dier-
Ben 1996, Mucina 1997, Ermakov 2012, Mucina et al. 20106).

In the Russian Arctic, syntaxa of the class Salicetea
herbaceae have been described in the Kola Peninsula
(Koroleva 1999, 20006, Koroleva et al. 2019), Siberia
(Matveyeva 1994, Telyatnikov 2011, Telyatnikov et al. 2013,
2014, 2015, 2019, 2021), Wrangel Island (Kholod 2007), and
Chukotka (Razzhivin 1994) according to the classification
consistent with the Braun-Blanquet approach.

Soviet geobotanists in the tradition of the dominant
approach also described snowbed communities. I.D. Bog’
danovskaya-Guihéneuf (1938), studying the vegetation of
Kolguev Island, did not single out the snowbed communities
as an independent type, but considered it as part of the
meadow type (tundra meadows). She emphasised that
the thickness and duration of snow cover depend mainly
on the topography. Snow accumulates in shallow valleys
and ravines. Slope exposure and the magnitude of runoff
affect the rate of snowmelt. The second most important
environmental factor is moisture, which is generated by
spring and early summer snowmelt. Subsequently, the middle
and lower parts of slopes are constantly moistened by slowly
percolating permafrost water, resulting in constant saturation
and movement of clay soils. However, the slope in all cases
provides effective drainage. In the lower parts of the slopes,
where thick snow cover accumulates on clayey soils for a long
time, two plant communities were identified and classified
into 2 associations: Sakix polaris—Equisetum arvense and Salix
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Table 1. Character species of the class Salicetea herbaceae and the order Salicetalia herbaceae according to the

data of different authors

Hada¢ Molenaar Daniéls Dahl DietBen Mucina Ermakov Mucina et

Taxon 1971 1976

1982 1987 1996 1997 2012 al. 2016

Alchemilla glomernlans*
Alopecurus alpinus
Abnthelia juratzkana +
Astragalus a]/pmm subsp. arcticus
Beckwithia glacialis (=Ranuncnlus glacialis)*
Cardamine bellidifolia
Carex lachenalii +
Cephalozia ambigna
Cerastinm regelit
Conostomum tetragonum +
Deschampsia alpina
Dichodon cerastoides (= Cerastinm cerastoides) + +
Draba alpina
Draba lactea
](E;;n'lobz'ﬂm alpinum (=E. anagallidifolinm) s
Gyﬂmomzﬂzon concinnatim +
mnomitrion corallioides
arrimanella hypnoides (= Cassiope hypnoides)
Kiaeria falcata +
Kiaeria starkei +
Luznla arcuata
Luznla confusa*
Luzula nivalis*
Marsupella brevissima (=M. varians) +
Minnartia biflora
Moerckia blyttii
Omalotheca supina (=Gnaphalinm supinum) * ==
Oxyria digyna
Plenrocladula albescens
Poa arctica
Poblia commutata +
Poblia drummondii
Polytrichastrum a]épiﬂﬂm lincl. var. fragile, var.
jf;zpz‘emfnomz/e (=P norl/e}qzmm)] +
olytrichastrum sexangulare
Racomitrinm lanuginosunr*
Ranunculus propinguns (=R. acris subsp. borealis)
Ranunculus nivalis
Ranunculus pygmaens
Ranunculus 5;5 burens
Sagina saginoides subsp. saginoides* +
Salix herbacea
Salix polaris
S ax{ﬁ"zzjzga cespitosa*®
Saxifraga nivalis
Saxtfraga rivularis*
Saxifraga tennis*
Sibbaldia procumbens +
Solorina crocea +
Stellaria crassipes®
Taraxacum crocenm
Veronica alpina 3 +

+

+ o+t

+4++ +++ A+
A+t A+

+H++++

L

+++
+ A+ Htt+ + A+ A+ A+ A+

+
+ A+ o+ At

+

+

+++ o+

+
++
+

+
+

+4+++ ++ ++
B o o o e e A S

B o o S S S

++ ++ o+

+

Note. Species indicated with an asterisk (*) are also indicative for another class in Mucina et al. (2016).

polaris—Equisetun arvense—Marchantia polymorpha. Z.N. Smirno-
va (1938) also studied the vegetation of Kolguev Island and
described one community with Salix berbacea in the group
of dwatf shrub associations, which can be attributed to
snowbed vegetation.

Our study presents the results of a floristic classification
of snowbed vegetation consisting of dwarf willows, herbs
and mosses distributed in the East European sector of the
Arctic. The paper compares the new syntaxa found in this
study with similar ones identified in other northern regions
and sheds light on their syntaxonomic affiliation with
higher syntaxa.

MATERIAL AND METHODS

Study area

Relevés were made at 11 sites (Fig; 1, sites 1-11) within the
typical and southern tundra subzones of the East European
part of the Arctic (Aleksandrova et al. 1989) in the Nenets
Autonomous Area (according to administrative division).

All sites are characterized by hilly relief or canyon-like river
valleys with numerous gullies, creating suitable slope habitats
for snowbed grasslands. For comparison we have also ob-
tained 2 relevés made by O.V. Lavrinenko in the south of the
Taymyr Peninsula (Fig; 1, site 12).

On Kolguev Island (atea of 5 000 km?) the relevés were
carried out in the drainage basins of the Peschanka and Bug-
ryanka rivers (Fig; 1, sites 1-3). The island comprises of loose
clayey and sandy Quaternary sediments. The central part of
the island is elevated (100—140 m, up to 173 m a.s.l.) compared
to the swampy plain that surrounds it. The center consists
of clusters of low (relative height 25-50 m) loamy hills. The
entire hilly region is intersected by numerous streams, ri-
vers, ravines with springtime streams. The river valleys have
deep cuts, steep slopes and winding channels. In the upper
reaches, there are narrow, V-shaped valleys that reach depths
of up to 15 m deep and become U-shaped downstream,
with depth increasing up to 20 m. Snow blows off the hills
and watersheds, accumulating in several valleys and ravines,
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which results in the relief
of the island being mostly
leveled in the winter. The
hills composed of dark
grey clay, are often prone
to erosion and feature cit-
ques that are open to the
north or northeast.

In the northern part
of the old mountains Ti-
manskii Kryazh the re-
levés were made within
the Belaya River basin
(Fig. 1, site 4). The river
crosses the Timanskii
Kamen Ridge, which
composed of  Devo-

nian sandstones that are
subject to extensive ero-
sion. The hydrographic
network of the area is
dense, which is connec-
ted with intensive erosion
of the Belaya River valley
slopes, constant formation of ravines and temporary water-
courses on their bottoms. Deep valleys, steep walls and
narrow canyons contribute to the accumulation of snow up
to several meters thick, which in the shadow of slopes of
northern exposition may not melt until August. In the Belaya
River basin solifluction (displacement of the loose cover
material) is more often found not at the foot of slopes, but
in high parts of river valleys, because here the process of
water saturation of upper soil horizons and their slow sliding
is shown in a “pure” form.

In the east of the Malozemelskaya tundra snowbed com-
munities are described on the Nenets Ridge Upland, whose
ridges are oriented from northeast to southwest (Fig. 1,
site 5). It’s the terminal moraine (80—140 m a.s.l.) composed
mainly of loam with inclusions of boulders and pebbles. The
hydrographic network in this area is highly developed with
the presence of small rivers (Seduyaha, Sengryyaha, Neryya-
ha), as well as streams that run through narrow valleys with
grassland communities on slopes or with steep landslides.

In the Bolshezemelskaya tundra, investigations were car-
ried out in regions with hilly or hilly- ridges terrain within
the typical and southern tundra subzones (Fig; 1, sites 6—11).
On the Bolvanskii Nos Cape, the Vangureimusyur and Ves-
nimusyur uplands contain groups of hills and ridges (relative
height 20-50 m) that are primarily composed of moraine
loams. The ridges and hills are devided by vast valleys
containing rivers or narrow ravines with streams. Cryogenic
processes are prevalent on the slopes of river valleys’
terraces and their occurrence varies depending on the slope’s
steepness, direction, substrate and location. Solifluction
occurs on slopes with a gradient from 40 to 3°. On various
geomorphological elements in the valleys, there are features
of a nival permafrost landscape, which is distinguished by
prolonged snow accumulation and the development of
nival processes. These landscapes comprise of nival niches,

Figure 1 Study area. 1-11 — field sites by authors. 1-3 — Kolguev Isl. (1 — Peschanka River in the upstream,
2 — Peschanka River in the middlestream, 3 — Bugryanka River basin); 4 — the northern E:art of the Timanskii
Kryazh, Belaya River basin; 5 — Malozemelskaya tundra, Nenets Ridge; 6—11 — Bolshezemelskaya tundra
(6 — Bolvanskii Nose Cape environs; 7 — Bol'shaya Dvoinichnaya River basin; 8 — Yachei River in the
downstream, Bolvanskaya Bay; 9 — Vangureimusyur Upland, Bol'shaya Khekheganyakha River middlestream;
10 — Pakhancheskaya Bay, surroundings of Lutsato Lake; 11 — Vesnimusyur Upland, Shapkina River basin);
12 — Taymyr Peninsula, the confluence of the Kystyktakh and Dudypta rivers.

which are minor depressions on a slope or at the bottom
of an elevation, and cryoplanation terraces, which are leveled
surfaces situates at the base of terraces with inclinations
ranging from 1 to 5° (Neshataev & Lavrinenko 2020).

In the southern tundra subzone of the Taymyr Peninsula,
relevés were made at the confluence of the Kystyktakh and
Dudypta rivers (Fig 1, site 12). The area is characterized by
denudational relief, with numerous river valleys. Two plant
communities were obsetrved, one on the bottom and one on
the slope of a ravine that descends into the Kystyktakh River,
and experiences snowmelt only in early August.

The climate of the East European tundra is maritime
arctic, with long severe winters, short summers, indistinct
transitional seasons and significant cloudiness, with
increasing continentality from west to east. The average
annual air temperature on Kolguev Island is -3°C, on the
coast of the Barents Sea -5°C, in the central part of the
Bolshezemelskaya tundra -6°C. The average air temperature
in January varies between -19 and -11°C. The duration of
snow cover is 200230 days. July is the warmest month, when
the average air temperature ranges from +8 to +12 °C. The
annual precipitation varies between 360 and 450 mm.

The Taymyr Peninsula has a pronounced continental cli-
mate. The mean annual air temperature in the Dudypta River
basin is -12°C, and in January it drops to -30°C. Snow lies on
the territory for about 220-230 days. Despite the short sum-
mer, it is relatively warm. The frost-free period lasts from 50
to 70 days. The average temperature of the warmest month is
+12°C and the average annual precipitation is 350 mm.

Sampling and data analysis

The syntaxonomic analysis is based on 38 relevés, of
which 29 were sampled by O.V. Lavrinenko and L.A. Lav-
rinenko in 2012-2022 in the East European tundra, 2
by O.V. Lavrinenko and S.S. Kholod in 2008 in Timanskii
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Kryazh, 2 by O.V. Lavrinenko, I.A. Lavrinenko and V.V. Ne-
shataev in 2017 in Vangureimyusur Upland, 3 by O.V. Lav-
rinenko and T.V. D’aychkova in 2021 in Nenets Ridge, and
2 by O.V. Lavrinenko in 2021 in the south of the Taymyr
Peninsula. We identified all species (vascular plants, mosses,
and lichens) on 16-25 m” plots (if the area of the plant com-
munity is smaller, within its boundaries) and estimated the
percentage cover (%) in total and for the major plant growth
forms, as well as cover abundance scores using the Braun-
Blanquet scale (Becking 1957, Barkman et al. 1964): r —
solitary plants; + — less than 1 %; 1 — 1-5 %; 2a — 6-12 %;
2b — 13-25 %; 3 — 26-50 %; 4 — 51-75 %; 5 — 76-100 %.
Estimates of species abundance of syntaxa in the papers
of other authors that were used for comparison have been
brought to the same scale.

Soil pits on most sites were dug to a depth of 25 cm.
Coordinates were determined using a Garmin GPS device
(see notes to Tables 2-5).

The vegetation was classified according to the Braun-
Blanquet sorted-table method (Westhoff & van der Maarel
1978). The constancy of the species in the tables is given on
a percentage scale (%): I — > 0-20, IT — 2140, IIT — 41-60,
IV = 61-80, V — 81-100. Species with constancy V and IV
are considered to be highly constant. The median abundance
values (if not given, they are "+" or "t") for each species
were used to characterize the syntaxa. To calculate these, the
Braun-Blanquet scale values were converted to an 8-point
numerical scale.

In describing associations and subordinate syntaxa, we
used the concept of a "differential species combination”
(Beeftink 1965, Molenaar 19706), a group of taxa that are
characteristic of a syntaxon when they occur together,
although each of them individually may not be characteristic.
Differential species combinations were determined by
comparing new syntaxa with syntaxa previously described
from the North European Mountains, European and Sibe-
rian Arctic (broadly defined). The term "characteristic spe-
cies" (exclusive, selective and preferential) was used to refer to
higher syntaxonomic units (Braun-Blanquet 1932, Westhoff
& van der Maarel 1978).

Hierarchical clustering of relevés and syntaxa (all species
are included in the analysis) was performed by the Complete-
linkage clustering (Squared Euclidean distances) in the Statis-
tica 12 package. When analyzing syntaxa, we proposed using
an integral constancy-abundance score for species: constancy
score (from 1 to 5) plus abundance score in increments of 0.2
(from 0.2 to 1.6). Thus, the minimum score for the species
was 1.2, and the maximum was 6.6.

The nomenclature of the species, their geographical and
ecological characteristics followed Sekretareva (2004) for vas-
cular plants; Ignatov et al. (2000) for mosses, Potemkin &
Sofronova (2009) for liverworts and Santesson et al. (2004)
for lichens. The new syntaxonomic units were named accor-
ding to the International Code of Phytosociological Nomen-
clature, 4th edition (ICPN) (Theurillat et al. 2021). The
nomenclature of the higher vegetation units follows Mucina
et al. (2016). Authors of syntaxa are given in the text at first
mention and in Prodromus.

RESULTS

After processing the relevé tables (Tables 2-5, 7) and
cluster analysis, the snowbed communities of East European
tundra were assigned to 5 associations (4 of them new) which
are described below.

In places of long-lying snow accumulation on solifluction
slopes and in nival niches, herb—dwarf willow (Sa/ix polaris,
8. herbacea)—moss communities united into 3 new associations
of the new alliance are formed.

Salicetum herbaceae-polaris Lavrinenko

et Lavrinenko ass. nov. (Table 2, rel. 1-18, Table 7,
syntaxon 10; Fig. 2A-D)

Holotypus: relevé 9 (authot's number K37_13), Kolguev
Island, upper reaches of the Peschanka River, 69.26882°N
48.84036 %, terraced ravine north-western slope 30°,
04.08.2013, authors O.V. Lavrinenko, I.A. Lavrinenko.

Composition. Differential species combination in the
association: dwarf shrub Salix herbacea (median abundance
score 2a), hetbs Deschampsia glanca, Pedicularis sudetica SubS}).
arctoenropaea, Petasites  frigidus, some bryophytes _Anthelia
Juratzkana (2a), Gymmnomitrion concinnatum (1), Timmia austriaca
(1). Three species (Salix herbacea, Anthelia juratzfana and
Gymmomitrion concinnatun) are also character of the class
Salicetea herbaceae. The other character species of the
class: Sibbaldia procumbens (1), Omalotheca supina (1) and the
mosses Kiaeria starkei (2b) and Polytrichastrum alpinum (1) occur
consistently and often with high abundance. Present are all
character species of the new alliance Veronico alpinae—
Salicion polaris all. nov. (described below).

Based on differences in species composition that reflect soil
habitat conditions, two variants were identified typica and
inops. The depleted vatiant (Table 2, rel. 1-4) is characterized
by high abundance Salix berbacea (3—4) and absence or rare
occurrence of taxa of association and alliance differential
species combinations, include S. polaris (see Table 2).

Total number of taxa registered in association is 128: 72 —
vascular plants (5 shrubs, 6 dwarf shrubs, and 61 herbs), 29 —
bryophytes, 27 — lichens; 22 — highly constant species (17 %),
63 species with constancy score I (49 %); 3058 species in
communities (mean 39).

Structure. The total cover in the communities is 70-100 %,
with the mean cover of dwarf shrubs 55 %, herbs 15 % and
mosses 40 %. Shrubs and lichens have a minimal projective
cover typically less than 1 % and a maximum of 5p %. Only
in one community (rel. 2) the lichen cover was 50 % due to
the abundant Cladonia ecmocyna. This lichen is found in humid
areas in arctic and alpine regions. It grows in the vicinity of
late snow banks on humus-rich soils (Thomson 1967). Up to
30 % of the area is covered by patches of open loam and clay
as a result of solifluction processes. The bry(%phytes Kiaeria
starkei, Polytrichastrum alpinum, Sanionia uncinata form the basis
of the vegetation cover. On top of this base, a well-developed
dwarf shrub layer with 1-2 cm in high has been formed by
willows Salixc polaris and S. herbacea (only S. herbacea in var.
inops). The first species of willow is more abundant downbhill,
while and the second species occupies the uphill. In some
communities the liverworts Anthelia juratzkana, Gymmnomitrion
concinnatum are co-dominant alongside mosses and form mats
mainly at the slope’s foot. Herbs are typically low-growing
(5-10 cm), Sibbaldia procumbens, Omalotheca supina and Festuca
rubra subsp. arctica predominate. Cladonia ecmocyna is the most
conspicuous among the lichens (podetia up to 6 cm tall).

Habitats. Snowbed herb—dwarf willow (Sakix polaris, S. ber-
bacea)—moss communities are present in the lower third of
the slopes of loamy low hills, ravines, bedrock riverbanks,
and their foothills. The slopes are predominantly north-
facing and steep (with a slope of 20° to 40° steep), resulting
in well-drained habitats. Typically, snow persists in such ha-
bitats until mid to late July, and occasionally until early to
mid August. Solifluction processes are frequently observed
on slopes, resulting in terraced topogtraphy: turf breaks and
slides gown the slope, forming steps that are 5-15 cm high
or knolls. Stones measuring 10—30 (up to 50) cm across can
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be found on the surface. Organic layer of these soils has a small thickness (1.0-1.5 cm)
and low degree of decom&aosition. All soils of communities of var. typica are loamy,
but exhibit regional specificity. The soils at the southern part of Kolguev have a weak
structure of mineral hotizons. The structure of soils in tﬁe central part of Kolguev is
more cleatly expressed. Soils of communities of var. inops also have a thin organic
layer but are characterized by coarser fine earth composition: soils of the Nenets Ridge
they are sandy loamy and on Kolguev they are sandy. The latest have morphological
evidence of iron-illuvial process.

Distribution. The range of the association lies to the west of the Pechora River en-
compassing Kolguev Island and the Malozemelskaya tundra. It comprises of sub-zones
of typical and southern tundra. Communities have been described in the Bugryanka
River basin, and the upper and middle reaches of the Peschanka River on Kolguev
Island (Fig, 1, sites 1-3), and on the hillsides of the Nenets Ridge (Fig. 1, site 5).

Note. In the 1930s, Soviet geobotanists, while working on Kolguev Island, to describe
communities with character species of the class Salicetea herbaceae within a
dominant approach. Thus, Smirnova (1938) described the ass. Frutices—herbs—Cladonia
gracilis (see Table 2) on a steep slope of the Goltsovka-Yaga River (a tributary of the
Peschanka River) and referred it to the group of dwarf shrub tundra. The commu-
nities contain Salix herbacea, S. polaris, éarex lachenalii, Dichodon cerastoides, Omalotheca
supina, Sibbaldia procumbens, Veronica alpina, Polytrichastrum alpinum, Cetrariella delisez, Solorina
crocea, and several other species in similarity with the new association (the name Cladonia
gracilis appears to be followed by C. emnocyna, which was not distinguished). Since the
name ot the association does not correspond to Art. 10 ICPN, it cannot be validated.
Bogdanowskaya-Guihéneuf (1938) has also described several floristically heterogeneous
communities found on hillsides and valleys and assigned them to the group of tundra
meadow associations. In areas where snow cover accumulates for long periods in the
lower parts of slopes or in ravines on clay soil, associations Sa/x fa aris—Equisetum
arvense and Salix polaris—Equisetum arvense—Marchantia polymorpha were described, whose
community composition varies greatly (see Table 2). As we have already mentioned,
Soviet geobotanists conducted performed descriptions on large areas within the natural
boundaties of communities rather than on plots, since the purpose of their work was
to assess the reserves of fodder plants in reindeer pastures. We can only say that these
tundra meadows described by Bogdanowskaya-Guihéneuf undoubtedly belong to a
new alliance.

authors O.V. Lavtinenko, V.V. Neshataev; rel. no. 26 (authot’s no. — BA71), Bolshezemelskaya

Salici polaris—Sibbaldietum procumbentis Lavrinenko et Lavrinenko
ass. nov. (Table 2, rel. 19-24, Table 7, syntaxon 11; Fig. 2E-G)

Holotypus: relevé 22 (author's number Ban62), Bolshezemelskaya tundra, Van-
gureimusyur Upland, Bolshaya Khekheganyakha River, 68.35450°N, 56.49181°E,
terraced ravine northeastern slope 10° steep, 21.07.2017, authors O.V. Lavrinenko,
LA. Lavrinenko.

pland, Bolshaya Khekheganyakha River; K — Kolguev Isl; HI' — Nenets Ridge; ITI" — Pakhancheskaya Bay

ay.

pper reaches of the Peschanka River, 04.08.2013, authors O.V. Lavrinenko, I.A. Lavrinenko; rel. no. 22 (author’s no.
. 21.07.2017,

—09.26882, 48.840306; 10 — 69.24470, 48.88551; 11 — 69.23948, 48.843606; 12 — 69.24340, 48.84297; 13 — 68.86743, 49.20974; 14 — 68.86956, 49.215106; 15 — 68.87488,

49.27056; 16 — 68.86134, 49.22145; 17 — (68.88272, 49.22668; 18 — 68.87428, 49.25708; 19 — 68.48761, 57.19583; 20 — 68.48769, 57.19539; 21 — 68.48742, 57.20369; 22 — 68.35450, 56.49181; 23 — 68.07167,

GPS coordinates (WGS 84) (N, Eg: 1-68.35253, 53.17342; 2 — (68.36442, 53.15311; 3 — 69.18907, 49.43276; 4 — 68.86647, 49.25490; 5 — 69.21520, 48.87241; 6 — (69.23274, 48.81718; 7 — 69.20041,
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Snowbed vegetation in the East European tundra

Fh

Figure 2 Communities and habitats. A — snowbed stands of the ass. Salicetum herbaceae-polaris var. typica on a steep slope of the
northern exposition of a ravine in the upstream of the Peschanka River on Kolguev Island (Table 2, rel. no. (l)3 (K11_13)); B — close up of
previous variant (Table 2, rel. no. 11 (K100_13)); C — loamy soil under the community of previous variant (Table 2, rel. no. 12 (K91_13)); D —
sandy soil under the community Salicetum herbaceae-polaris var. inops (Table 2, rel. no. 3 (K145_13)); E — snowbed stands of the ass.
Salici polaris—Sibbaldietum procumbentis on the gentle lower part of the ravine slope in the valley of the Bolshaya Khekheganyakha
River on the Vangureimusyur Ulla_land (Table 2, rel. no. 2§ (Bau62)); F — close up of previous association (same rel.); G — sandy soil under
previous community (same rel.); H — snowbed stands of the ass. Myosotido asiaticae—Salicetum polaris on the steep solifluction slope
of the northern e)g)osure of the bedrock bank of the Bolshaya Dvoinichnaya River (Table 2, rel. no. 25 (BAG9)); I — close u% of previous
association (Table 2, rel. no. 26 (bA71)); ] — loamy soil with buried organic material under the previous community (same rel.); K — snowbed
stands of the ass. Pinguiculo alpinae—Salicetum reticulatae on a cryoplanation terrace on the Vangureimusyur Upland (Table 3, rel.
no. 1 (Ban65)); L. — close up of previous association ST able 3, rel. no. 4 (BaH4i;); M —loamy soil with thickness organic layer and contains stones
under the community of previous association on Bolvanskii Nose Cape (Table 3, rel. no. 5y H3_20)), the soil pit was made by A.G. Shmatova;
N — loamy soils with thin organic layer under the community ass. Veratro lobeliani—Salicetum herbaceae (Table 4, rel. no. 1 (57)); O —
snowbed stands of the ass. Veratro lobeliani—Salicetum herbaceae at the foot of sandstone outcrops in the Timanskii Kryazh (same
rel.); P — close up of previous association (same rel.); Q — Lagotis glanca subsp. minor and Ranunculus nivalis in snowbed stands in the southern

tundra of the Taymyr Peninsula (Table 5, rel. no. 1 (Ta98))

Myosotido asiaticae—Salicetum polaris
Lavtinenko et Lavrinenko ass. nov. (Table 2, rel. 25-28,
Table 7, syntaxon 12; Fig. 2H-])

Holotypus: relevé 26 (authot's number BA71), north-
western part of Bolshezemelskaya tundra, Bolshaya Dvoi-
nichnaya River, 68.39786°N 55.12920°E, bedrock bank
north-western slope 30° steep, 23.07.2016, authors O.V. Lav-
rinenko, I.A. Lavtrinenko.

Composition. Differential S})CCiCS combination in the asso-
ciation: herbs Achillea millefolinm, Agrostis mertensii subsp. bo-
realis, Artemisia tilesit, Bistorta elliptica, Cardamine pratensis subsp.
angustifolia, Myosotis asiatica (median abundance score 1), Par-
nassia palustris, Saxi) mgz cernua and Viola biflora, and some
mosses: Muinnm: blyttii, Oncophorus integerrinus (2b) and Philonotis

tomentella (1). Character species (fxcept Cladonia ecmocyna) of
the new alliance Veronico alpinae—Salicion polaris
and the class Salicetea herbaceae are frequently and
continuously present with high abundance (see Table 2).

Total number of taxa registered in association is 86: 56 vascu-
lar plants (4 shrubs, 3 dwatf shrubs, and 49 herbs), 21 bryo-
phytes, 9 lichens; 4751 species in communities (mean 49).

Structure. The total projective cover in the communities
is 70-95 %, with mean cover of dwarf shrubs 20 %, herbs
45 %, mosses 60 %. The projective cover of shrubs and li-
chens is negligible (<1 %). Communities in this syntaxon
are distinguished by a well-developed layer of herbs, with a
higher cover compared to the associations described earlier
and a greater species richness of herbs present, with an ave-
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rage of 30 species in one community compared to 19 or 20
in others. Bistorta vivipara (2a) and Myosotis asiatica (1) are quite
abundant along with common herbs found in snowbed com-
munities (S7bbaldia /‘)rommbem, Omalotheca supina, Epilobinm
alpinum, Veronica a fz'm). The dwarf shrub layer, on the
contrary, is pootly formed, in addition to Salix polaris (2b),
calciphytic dwarf willow S. reticulata (1) sometimes occurs in
it. Ground cover is co-dominated by Sanionia uncinata (2a) and
cryophilous mosses.

Habitats. Herb—moss snowbed communities with a non-
dense Salix polaris layer are found on the lower half of slopes
near bedrock banks of rivers and hills. These slopes are
north-facing, steep (with a slope 20-30° steeF), solifluctional,
terraced, with patches of raw clay due to soil sliding and turf
rupture, with stones on the surface. Soils combine layers of
sand and loam. Organic layer is thin: 1-2 cm. It contains both
weakly and well decomposed organic material. As a result of
solifluction (or another geomorphological processes), some
of it may be buried. Mineral part of the soil is poorly struc-
tured and has some gley features.

Distribution. Communities belonging to the association
have been described on both riverbanks of the Pechora
River. These are located in the Malozemelskaya tundra on the
hillsides of the Nenets Ridge (southern tundra) and in the
west of the Bolshezemelskaya tundra on the bedrock banks
of the Bolshaya Dvoinichnaya River (typical tundra) (Fig; 1,
sites 5, 7).

We propose a new alliance for calciphiles-poor snowbed
communities on acid soils within the plain tundra of the East
European sector of the Arctic.

All. Veronico alpinae—Salicion polaris
Lavrinenko et Lavrinenko all. nov.

Description. Herb—dwarf willow—moss vegetation with
chionophilous species in the snowbed habitats located on
solifluction slopes facing northward, as well as of bedrock
river banks and ravines on siliceous substrates in the plain
East European tundra.

Name-giving taxa: Veronica alpina 1. s. str., Salix polaris
Wahlenb.

Holotypus: ass. Salici polaris—Sibbaldietum procum-
bentis Lavrinenko et Lavrinenko ass. nov. (this paper,
Table 2, rel. 19-24, Table 7, syntaxon 11).

Character species (including selective and preferential):
dwartf shrub Salix polaris, hetbs Carex lachenalii, Dichodon ceras-
toides, Pyrola minor, Ranunculus glabriusculus and Veronica alpina,
cryophilous (psychrophilous) lichens Cetrariella delisei, Cetraria
islandica subsp. islandica, Cladonia ecmocyna and  Stereocanlon
rivulorum plus character species of the class Salicetea
herbaceae: Omalotheca supina, Sibbaldia procumbens, Kiaeria
starkei and Polytrichastrum alpinum.

Habitats. Snowbed communities form in regions with a dis-
sected landscape, characterized by hilly terrain or V-shaped ri-
ver valleys. The presence of leeward slopes and niches where
snow accumulates in winter is a major factor that determines
their distribution. These communities are found on the lower
sections of the slopes of low hills, ravines, bedrock river-
banks, and their foothills. Slopes mostly face a northerl
direction, occasionally north-western or north-eastern, Wit}Z
an incline ranging from 5 to 40°. Sometimes slopes are con-
cave-shaped, cirqus-like, known as “niches of nivation”.
Usually, snow persists in these habitats until mid — late July,
occasionally until early — mid August. Solifluction processes
are very of%’en observed on the slopes, resulting in terracing;
Habitats on steep slopes are well drained, while those on
gentle slopes and foothills tend to be wetter due to inflow
of melt water, close permafrost and proximity to streams in
ravines. As a rule, the area of communities is small; extending
2-6 m down the slope from top to bottom, along the slope
— within ten meter range. The soils are sandy or loamy with
thin (<1-2 cm) organic layer. At the end of July, permafrost
was detected at a %epth of 25-37 cm in the lower parts of
the slopes.

Distribution. The alliance’s scope covers the typical and

southern tundra subzones in the Malozemelskaya and Bol-
shezemelskaya tundra, and Kolguev Island. The communities
are predominantly distributed in areas with hilly or highly
dissected landscape, with loamy sediments coming to the
surface.

Note. Dwarf willow Sakix herbacea (key character species
of the alliance Cassiopo—Salicion herbaceae) — is
a chionoifhilous and psychrophilous arctoalpine oceanic
(Amphiatlantic) species, its range is restricted eastward to the
Pechora River. The species is Eighly uncommon in the Bol-
shezemelskaya tundra and has recently been newly discovered
in its western part (Lavrinenko et al. 2016). In snowbed com-
munities east of the Pechora River it is replaced by Salix
polaris, a chionophilous arctic Eurasian species. The ranges
of these two dwarf willows only intersect in a small territory.
Within the scope of this study, this includes Kolguev Island
and the eastern section of the Malozemelskaya tundra
(Tolmachev 1966).

When determining the diagnostic significance of dwarf wil-
lows, it is necessaty to consider the c%ﬂange in their activity in
the landscape across a latitudinal gradient. Thus, in southern
tundra Salix polaris is rarely found only in intrazonal habitats —
within snowbed communities located on northern slopes. In
typical tundra, this species is the prominent in coenoflora of
not just snowbed, but also zonal communities on the inter-
fluves (upland surfaces). While in arctic tundra it becomes
the main dominant species in numerous communities
2Matveyeva 1998, Lavrinenko & Lavrinenko 2018). Salix

erbacea exhibits a similar behavior pattern: in the southern
tundra on northern part of the Timanskii Kryazh it grows
only in snowbed habitats, in tygical tundra on Kolguev Island
it is constant and often abundant in snowbed communities
and occasionally can be found in zonal tundra. A number
of other species demonstrate analogous characteristics in
mountainous areas. At high altitudes, certain snow species
(e.g., Blepharostoma trichophyllum, Luzula arctica, Salix herbacea)
are also present in communities of other classes, due to which
Sieg et al. (2000) believe that their diagnostic value is reduced.
However, these species hold significant importance when
considered in conjunction with other taxa of differential
species combination in the associations and alliances.

The species-rich communities of herb—dwarf willow (Sa/x
reticulata)—moss communities are found on cryoplanation ter-
races with outcrops of stony material showing signs of car-
bonateness. They are assigned to one new association placed
in a provisional alliance.

Pinguiculo alpinae—Salicetum reticulatae
Lavrinenko, Lavrinenko et Neshataev ass. nov. (Table 3,
rel. 1-6; Table 7, syntaxon 13, Fig, 2K-M)

Holotypus: relevé 2 (authot's number Ban49), Bolsheze-
melskaya tundra, Vangureimusyur Upland, Bolshaya Khe-
heganyakha River, 68.35144°N 56.47003°E, cryoplanation
terrace in the river valley, 19.07.2017, authors O.V. Lavrinenko,
LA, Lavrinenko.

Composition. Differential species combination in the asso-
ciation: dwarf shrub Salix reticnlata (selective and preferen-
tial species, median abundance score 3), herbs Carex capillaris,
C. parallela subsp. redowskiana, 1.agotis g/aﬂ[a subsp. winor,
Pinguicula alpina (1), Potentilla crantzii, Selaginella selaginoides,
Silene acanlis, Tofieldia pusilla, mosses Brachythecium erythrorrhizon
(D, Campylinm  stellatum, Dicranum Jpzzdz'ym/m (2a), Ditrichum
[lexcicanle, T—J;]/om;ﬂz'axlmm Dpyrenaicun, Om/azp/ﬂom: integerrinus (2a),
Poblia cruda (1) and lichen Cladonia pocillum (1). Most of these
species are hemicalciphytes. Three species Sakix reficulata,

tlene acantis and Thalictrum alpinum are present in the list of
characteristic species of the order Arabidetalia cacruleae
and the class Thlaspietea rotundifolii (Mucina et
al. 2016). Character species of the order Salicetalia
herbaceae and class Salicetea herbaceae were observed
in these communities, but they mostly have low constancy
and abundance here. Arctoalpine and hypoarcto-montane
hetbs (Anthoxanthum odoratum subsp. alpinum, Bartsia alpina,
Bistorta vivipara, Thalictrum cz]/ﬁz'nﬂm, Trollins enrgpaens), which are
character species of the alliance Potentillo—Polygonion
vivipari Nordhagen 1937, occur in low abundance. The
alliance has been recently reestablished for slope grasslands
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in the Fennoscandian mountain-tundra belt (Koroleva et al.
2019) (see Table 3).

Total number of taxa registered in association is 141: 75
vascular plants (5 shrubs,% dwarf shrubs, and 63 hetbs), 40
bryophytes, 26 lichens; 41 highly constant species (29 %),
57 species with constancy score I (40 %); 30—78 species in
communities (mean 61).

Structure. Total plant cover in the communities is rangin,
from 70-100 %; with a predominance of dwarf shrubs an
mosses éaverage cover is 55 % and 50 % respectively), average
cover of hetbs — 15 %, lichens — 3 %, shrubs — <1 %. The
horizontal structure mainly consists of fractured-polygonal
formations with a large-mesh stone grid. The polygons are
1.0-2.5 m across, with a convex surface, filled with fine soil,
occupied by herb—dwarf willow—moss communities. Coarse
clastic stony material ranfging from 10-50 cm in size is sor-
ted and found in cracks framing the polygons, repeating the
structure of polygonal ground-ice Wec?ges. Rarely, the ve-
getation turf is ruptured by the emergence of disordered
groups of stones, covering up to 30 % of the surface area.
If the cover is solid (Table 3, rel. 5, 6), stones are still present
and are located in the near-surface soil layer. All vegetation
layers are close and are located within 10 cm. The ground
cover is mossy (0.5-1.5 cm high), multispecies (14—%4 spe-
cies in communities with polygonal structure and 7-9 — with
continuous turf).

Mosses (Dicranum spadicennt, Oncophorus integerrimus, Hyloconni-
astrum pyrenaicun, Sanionia uncinata) are overlain by a dense
layer of dwarf willows rising 1-2 c¢cm above the mosses;
Salix reticnlata takes precedence, although in certain habitats
it is co-dominant with S. polaris. Hetbs are generally low-
growing (5-10 cm), and although they have a large number
of species (with a range of 22 to 37 taxa identified in relevés),
they are low in abundance. Astragalus alpinus subsp. arcticus,
Bistorta vivipara, Carex parallela subsp. redowskiana, Equisetum
arvense subsp. boreale, E. variegatun, Pinguicnla alpina, Ranunculus
propinguus reach up about 5 % of the cover, while other
species constitute less than 1 %.

Habitats. The communities inhabit areas within the nival
frozen landscape characterized by the prolonged presence of
snowfields — cryoplanation terraces composed of rough-clas-
tic stonc}z material. These are elevated surfaces with inckines
of 1-5° located at the base of north-facing rocky riverbank
slopes. The communities extend along the slopes for tens
of meters. These soils differ in the relative thickness of the
organic horizon: up to 7 cm. It consists of well-decomposed
organic material in varying proportions with a mineral com-
ponent. Mineral part of the soil is Eoorly structured and
contains stones. According to A.G. Shmatova (private data)
water pH of soil (rel. 5 in Table 3) is about 7.

The variety of ecological niches present in the habitats ex-
plains the growth of species with different ecological charac-
teristics, among which there are many hemicalciphytes — Sa/ix
reticulata, Bartsia %/pz'mz, Carex parallela subsp. redowskiana, Equi-
setum variegatunm, Pedicularis oeders, Pingnicula alpina, Silene acanlis,
Thalictrum  alpinum, Hylocomiastrun: = pyrenaicuns, "Tomentypnunm
nitens, Cladonia flzzotz'//um. This indicates that base-rich soils are a
characteristic feature of these habitats.

Distribution. The association is found within the subzone of
typical tundra in two areas with hilly relief located in the west
of Bolshezemelskaya Tundra — the Vangureimusyur Upland
and Bolvanskii Nose Cape (Fig. 1, sites 0, 9). Appatently, its
range is wider and covers areas with hilly moraine landscapes,
where the hills are composed of loams with inclusions of
stony material.

Note. Hertb—dwarf willow—moss stands at the Vangureimu-
syur Upland were described earlier (Neshataev & Lavrinenko
2020) in the rank of community type Silene acanlis—Salix
reficulata com. type.

We compared the new association with previously described
syntaxa with Salix reticulata in other areas of the Far North.
The ass. Salici reticulatae—Caricetum parallelae Te-
lyatnikov 2011 has been described in Siberia, in the north-
western part of the Putorana Plateau in the lower parts of
mountain gentle slopes of the subgoltz belt in snowbed
habitats. These habitats are classified by the author as nival

Snowbed vegetation in the East European tundra

meadows dominated by Carex parallela subsp. redowskiana and
Salix reticnlata in the alliance Salicion polaris Du Rietz
1942 em. Hadac 1989 [synonymized with Eaxifrago oppo-
sitifoliae—Oxyrion digynae] and the class Salicetea
herbaceae, despite the small number of character species of
these higher syntaxa in the communities (Cardanine bellidifolia,
Cerastinm reg /z)'z', Oxyria digyna, Salix polaris, Polytrichastrum alpi-
nunmi) (Telyatnikov 2011).

Another ass. Salici reticulatae—Trollietum europaei
Koroleva et Kopeina in Koroleva et al. 2019 described in the
European part, in mountainous areas of the Kola Peninsula
(Khibiny, Lovozero Mountains, Monche tundra). These
grasslands contain various species of hetbs (Anthoxanthum
odoratum subsp. alpinun, Bistorta vivipara, Geraninm sylvaticuns,
Sanssurea alpina, Solidago lapponica, Trollius eurpacus, etc.),
dwarf shrubs (Sakix reticulata) and mosses (Sanionia nncinata,
Hylocominm splendens) are widespread in the lower part of
the mountain-tundra belt along streams, within cirques
and carrs, and on gentle slopes. They are assigned to the
alliance Potentillo—Polygonion vivipari, which is
mainly comprised of low-grass meadows on southern slopes
and base-rich rocks. As of now, this alliance has not been
classified into a specific order and class (Koroleva et al. 2019).

The new ass. Pinguiculo alpinae—Salicetum reticu-
latae shares many species with the ass. Salici reticula-
tae—Caricetum parallelae (see Table 3); all of them are
hemicalciphytes, implying that they have similar habitats of
communities of these associations. However, they differ sig-
nificantly in terms of the various species they contain. In par-
ticular, the ass. Pinguiculo alpinae—Salicetum reticu-
latae has twice the number of species, primarily due to the
presence of mosses (40 species vs. 6). With the grassland
ass. Salici reticulatae—Trollietum europaei, the new
association has less similarity in terms of both composition
and in physiognomy.

Snowbed vegetation on calcium-containing substrates in
the East European sector of the Arctic we propose to unite
into a new alliance Carici parallelae—Salicion reti-
culatae prov. in the order Arabidetalia caeruleae,
which has been left in the status of provisional as only one
association has been described.

In the westernmost region of our study, situated in the
northern part of the Timanskii Kryazh, in areas of long-
standing snow, Lavrinenko and Kholod, described two
dwartf willow (Salix herbacea)—herb—moss communities with
chionophilous vascular plants and almost solid moss and
liverwort cover, related to the ass. Veratro lobeliani—
Salicetum herbaceae Koroleva 2006.

Ass. Veratro lobeliani—Salicetum herbaceae
Koroleva 2006 (Table 4, rel. 1-8; Table 7, syntaxon 3;

Fig. 2N-P)

In addition to Phleum alpinum, Saxifraga stellaris and Veratrum
lobelianum which are diagnostic for the association (Koroleva
2000), Agrostis mertensit subsp. borealis (median abundance
score 1), Avenella flexnosa (1) and Oxyria digyna (see Table 4)
can also be included in the differential species combination.

The association was originally described by Zinserling (1935)
and the author (Korof%gva 2006) on the Murman§< coast
of the Kola Peninsula. Communities inhabit areas of sea-
facing slopes and ravines with long-lasting snow cover. In
the northern part of the Timanskii Kryazh, snowbed stands
are described at the southern limit of the tundra zone in the
Belaya River valley with tributaries that cut across Devonian
sandstones. At lower levels of the river valley, communities
occupy lower parts of leeward slopes and narrow, gorge-
shaped valleys where snow masses remain unmelted until the

ndp of July. Soils are loamy and humid. Organic layer is thin.
Mineral part of the soil is structured. Gley Z%eatures is absent.

This leads to the expansion of the range of the association
beyond the Kola Peninsula to the Timanskii Kryazh in the
east.
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Table 3. Association Pinguiculo alpinae—Salicetum We present relevés of two communities that we have
reticulatae in East European tundra and comparison with garned out in snowbed habitats on siliceous substrate
comparable European and Sibetian syntaxa. in the southern tundra of the Taymyr Peninsula (Table
5, rel. 1-2; Fig, 1, site 12). The two communities exhibit
Projective cover, %: total 80 80 80 70 100100 differences in their habitat and dominant species, and
shrubs <1<1<1<13 0 they appear to belong to distinct syntaxa. In the first
dwarf shrubs 50 50 50 40 70 70 community, found on a slope of northern expositionina
herbs 10 20 20 25 10 5 ravine, Salix polaris dominates, while Sanionia uncinata and
bryophytes 40 40 40 40 70 60| , Poblia nutans dominate the ground cover. Among herb
Number of o eCieS!ltc(iZlils é (5) 718 615 655 526 31 6 R ifecies, Lagotis glanca subsp. minor, Rannnenlus nivalis and
P " shrubs 323 4 31|33 & Dygmacns are present with most abundance (Fig, 2Q).
dwarfshrubs 3 5 3 5 6 2|2 & © The second community is dominated by hygrophilous
herbs 29 37 33 27 26 22| & s 3 and psychrophilous mosses and lichens, while Sa/x
bryophytes 15241417 9 718 o g polaris and chionophilous herbs grow in low abundance.
lichens 1510 1212 12 4|2 5 3 We were unable to identify them using the syntaxa
= = =3 z|8 82 described in the Siberian sector of the Arctic. The most
Date S . R R = floristically similar ass. Deschampsio—Cerastietum
S S = Sl O H regelii Matveyeva 1994 is also described in Taymyt, but
a2 & | E é é it 1s located further north, in the northern part of the
Slope aspect N N NENE N| & & 5 typical tundra subzone (and two relevés from the arctic
inclination 21 2 3 5 g s B tundra subzone).
= = 8 .8
Relevé nr.: by author g s 3 :l € @ E
ve nt.: by au EE gag %:Q S DISCUSSION

in the table 1 2 4 5 6 E &G To establish the position of the associations

identified within the syntaxonomic space of snowbed

Differential species combination of the

uiculo alpinae—
Salicetum reticulatae

vegetation, we compiled a overview of syntaxa that

=
=
+++++~PP+++++~ oo [w|Band5 —2Z 18.07.2017

Pz';zégm'm/a alpina + 11 2a + +[V7] T were discovered in mountainous regions of Northern
! v ay N
gzriifﬁzﬁz’?ﬁ% * i I }r i ¥+ L Europe, Arctic islands and Siberian Arctic (Table 6),
Potentilla crantzii P-P ro+ A and recorded associations in a unified synoptic table
Silene acanlis Ac r 1« VY. IF ble 7). Sub 1 1 lvsis of
Selaginella selaginoides P-P N 1 sl (Table 7). Subsequently, a cluster analysis of syntaxa
Dicranum spadicenm 2a 1 22 2a . |VR| .. and relevés was conducted, and the outcomes offer
Oncaphorus integerrinius . 2a 2a 2b 3 |V* 1 points for di .
Hylocomiastrum pyrenaicum 2a 1 1 1 + |V several points for discussion.
Czjz/mp]/iﬂm stellatum + + + + + |V, . . ) .
Ditrichum flexicanle + 4+ o+ 1|V Phytocenological diversity of
grzj@fbeféﬂmWﬂ?mrﬂﬂzﬂﬂ ! % % - % .o snowbed vegetation in different
C”/ﬂjjﬂg’fmfd//m 1 PNt habitats in the East European Arctic
Species common to the associations Pinguiculo alpinae—_Salice- Snowbed communities were identified in the

ceti ioi reti ECari .
tum reticulatae and Salici reticulatae—Caricetum parallelae westernmost area of our study — on the slopes of

Carex parallela subsp. redowskiana 11 . + 1 + ) ‘ ; . B )
Lagotis glanca subsp. minor + ot + + r [VF . north-facing ridges in the Timanskii Kryazh, an ancient
Poa alpina + + r + S IVEIVE T ; ;
Pachyplestum alpinam e v rnount.am .forma.tlon. They belong to the ass. Ve r.atro
Pedicularis oeders r . or r . |Orar . lobeliani—Salicetum herbaceae (alliance
?Z:/ZZZZZ i‘;”%;f;’”gc PP i 41_ 21a : g%i %i : Cassiopo—Salicion  herbaceae), previously
Cetrariella delisei ’ + o+ 1+ 1|V . known on the East Murman shore of Kola Peninsula
Differential species combination of the Salici reticulatae- (Koroleva 2006). They are brought together by the
cgfgl/;; ;,Z;?ﬂ %?rsagf)lae + B e prevalence of dwarf willow Salix herbacea, the presence
Dryas octopetala ’ R R I of  Agrostis mertensii subsp. borealis, Avenella flexnosa,
Salix saxatilis B I AV Oscvria di Phi Ibi Sanci tellari d
Carex sabynensis B I 01 G gra digynd, eum _alpinum, Saxifraga steliars an
Dmbamp%ia borealis T S | 1 Veratrum lobelianum in the herb layer and the ground
Differential species combination of the Salici reticulatae— cover of snowbed mosses (Kiaeria falcata, K. starkei,
Tch;:;; Z;;u;;ﬁﬂ;;;op aet T Polytrichastrum alpinuni) and liverworts.
Juncus trifidus o Herb—dwarf willow—moss communities are found
Narduys stricta B 011 :
Anthaxantbum odoratum subsp. alpimm PP + . .|+ v on Kolguev Island as well as in Bolshezerrlle':lskaya
Bartsia alpina P-P | oIV and Malozemelskaya tundra. These communities are
Character-species of the Salicetea herbaceae typically established on siliceous substrate (loams and
i;l/jx P”//ﬂ’if/ _ b J 2+b 213 ' 41‘ o+ IVV:IEI . sands) in nival niches and on solifluction slopes with
paﬁﬁ%ﬁjtfﬂ”f/}f,;,,jp' s + r r . mrm T northern exposure where the snow melts later than
ko 0”.”“f“{’g”.” St i + III; - 1II' " on flat tundra areas. Characterized by a dense cover
‘y;Z;Z/Lj{Zi,iZMi;mbm n I I S i mostly of snowbed mosses Kiaeria starkei, Polytrichastrum
Omalotheca supina T I alpinum and other mosses (Sanionia nncinata) and with
Ranunculus pygmacus O I S . o .
CZMX ./M/yg;%,/ Z'_;'./ﬂe P S L participation of psychrophilic lichens (Cetraria islandica
g;’; ‘;J,ZZZB’” E%Zz’zfo /s S0-0 %ﬂ subsp. islandica, Cetrariella  delisez, Cladonia ecnocyna,
Sagina saginoides R B | L Stereocanlon rivulornm) in the bottom layer, on top of

Character-species of the Arabidetalia caeruleae which a cover of dwarf willows leaves and a layer of

Salix reticulata 2b 3 3 3 4 4[V Y:E IV* low herbs is formed, among which the most abundant
Saxifraga oppositifolia N JIC
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Table 3. Continued. are the key chionophilous (snow-loving) species
(Omalotheca supina, Sibbaldia procumbens, Carex lachenalii
and Veronica alpina). Three associations were recorded

Relevé nr. in the table 123 4 5 6]

Character-species of the Potentillo—Polygonion vivipari in the studied area. In the communities of the ass.

Trollius europaens roror . o oIV V! . . .
Distichinm f%f//ﬂ“’”’” o+ 11 .. 1 Salicetum herbaceae-polaris which spread to
SV”’;[’]Z”Z?”;?M“ B + % IIIII* the west of the Pechora River (Kolguev Island and

Highly constant species of syntaxa Malozer‘nelskaya t.undra), both species of dwarf willows
Sanionia uncinata 1 1 1 2a2b 2alVveT1>= V! co-dominate: Salix herbacea (East American-European
Bistorta vivipara P-P 1+ + 1 + +|vovy . . L . i
Vcsininm ”fgmmm subsp. micropbylir © + + r 2a . |V* I II speaes) and . po/arz‘x.(Eurasmn West A@eﬂcan spe
Ranunculus pr/apz'ﬂqum 11 1 + r +|ViIr . cies). In the communities of the ass. Salici polaris—
I(:;ff%’flgfe canm i i H I i i gi Sibbaldietum procumbentis, whose range is
Lauznla multiflora subsp. frigida ) cast of the Pechora River (Bolshezemelskaya tundra),
E Z;;’Z’Z }Z;ﬁf;;%:;bsp boreale }_ i - i ;ﬂ 1 ¥+ o there is only Salix polaris in the dwarf shrub layer, high
%’Zrdamz’ne pratensis subsp. angustifolia v ¢t r . r ot |V . . coverage of herbs (dominated by Sibbaldia procumbens

estuca ovina 1+ + + . VT ; (e

Cares: bigelowii subsp. archisibirica I and  Omalotheca supina). Communities of another
?06;.4/57@6% Lo+ o+ o+ e LIV . association with Salix polaris — ass. Myosotido
XZ;;;ZZ%ZWW/WW{ Zra i _f_ _f_ T i I‘X H.I I asiaticae—Salicetum polaris, are notable for their
gez‘mia z'f/&}z;;jz’m subsp. islandica L A AR high herb species diversity. Along with chionophilous
Pultisons rufooont Snor o VW herbs, Adhillea millefolinm, Artemisia tlesii, Bistorta ellptica,
g/z/z‘danialmmi era Toe v o+ IV Cardamine pratensis subsp. angustifolia, Myosotis asiatica,
Voal[;i;,zp ;%O/Zfz[l?m I\\/f* Parnassia palustris, Saxifraga cernua, 1 iola biflora etc. are
Carex: bigelowii s. str. R T A also present here.

O%E;Zﬂsyfl’;j,‘;sﬂmm 22 N ' On cryoplanation terraces situated along the
Saxifraga cernna + 0N+ L i northern slopes, characterized by stony carbonate
%@gﬁﬂ@”%%yﬂm : i 1’ H . {H+ . material and deluvium washed down by meltwater,
f@b/ymﬂ;m integrifolia B T S 111 snow persists for longer periods compared to
g;;’ﬁ’;;ftfﬂm subsp. stans N DR H% : placors. The ass. Pinguiculo alpinae—Salicetum
Carex juncella ror o+ . reticulatae that has been described here, bringing
Mﬂﬁ?ﬂ;ﬁi’%‘;fi"bﬂl‘m 1 " o Lo IIIIII : together communities with a large participation of
Draba sibirica 1+ .+ ot calciphyte species, including the dominant Salix
Betula nana ..ot or + . |arIm I .

Empetrum hermaphroditum ro.or + (I L I reticulata.

Cladonia arbuscula r .+ 4+ . mrr . I .. R

Andromeda polifolia subsp. pumila . i N | S The place of associations in the

Salix glanca ror 1 syntaxonomic space and the

Dicranum majus . b .. I reasonableness of the necessity to

Vaccininm vitis-idaea subsp. minus B T B A i defi i

Salixc myrsinites R S I HT efine new alliances

Cetraria islandica subsp. crispiformis P S I G . -

Carex vaginata subsp. gu mf aginata R T Initially, we assumed that the associations found

gladqnia ij;zlz’; N N R in plain East Furopean tundra would be referred

Ajj;;;%‘z];ﬂilgﬂg;a N r % %1 to the alliance Cassiopo—Salicion herbaceae,

garzx saxatilis subbs . laxa - - - |- H% . the earliest described in the mountainous regions

CZ?::Z%’;;ZZZIZJ “ o of Northern Europe, for which all major species

%@f]’gg‘{ ”"/W,”l'd”:; » e - of the class Salicetea herbaceae are listed as

rionmaria quinguedeniaia . o . . . . . . . .

character species. The only source of confusion was

Note. Species found in 1-2 relevés with an abundance of r or + (others that both name-oivine taxa (Harrimanella hypnoides

are indicated in brackets): herbs — Achillea mi//;fa/z'um 1, 2; Alopecurns pra- . gving . X. (Harrimanella j]? ‘

tensis subsp. alpestris 5,6; Chrysosplenium alternifolinm 1; Cortusa matthiol: 3, and Salix herbacea) have a limited range. As previously

5; Dianthus superbus 3, 4; Equisetum palustre 5 (1); E. pratense 5; E. scirpoides mentioned, the range of Salix herbacea is bordered by

3, 6 (1); Euphrasia frigida 3, 4; Festuca rubra sabsp. arctica 5; Hﬁger{m selago . . L

subsf. appressum 5; Pingnicula vulgaris 5; Polemonium acutiflornm 2; Pyrola the Pechora River to the east. Harrimanella hypnoides is
randifiora 5 (1); Ranunculus monophyllus 3; Saxifraga bieracifolia 2; Tanacetum a rare species included in the Red Data Book of the

il])iﬂﬂﬂl‘ﬂm 1, 55 Trisetum spicatum Z,y bryophytes — Bryum moravicum 1;

B. rutilans 2, 4; Bryum 55. 4; B. uliginosum 2; Calliergonella lindbergii 1; Cyr- Nenets Autonomous Area (Matveyeva et al. 2020).

tompinm bymenophylium 2, & Dicranoweisia crispula 1, 2; Didymodon rigidulus The species is exclusive to snowbed habitats located

2; Encalypta alpine 1; Fissidens osmundioides 3; Leptobryum pyriforme 2; Lim- . .

prichtia revolvens 2, 4 Meesia uliginosa 3, 4 Mninm blyttii 6; Orthothecium in upland and mountainous landscapes, such as the

chrysenm 2; Philonotis fontana 6 (1); Poblia wablenbergii 2; Ptilidinm ciliare 3 Timanskii Kryazh. Conversely, it displays a disjointed

1); Rhizomninm andrewsianum 5; Schistidinm sordidum 2 ;5 8. submuticum 3; .
hagnum warnstorfii 1; Tayloria lingnlata 2; Timmia austriaca 4, 6; Tortella range on the plains.

/’]Zlg"f 2; liverworts 5 (1); lichens — Cladonia bellidiflora 5; C. cariosa 4; The cluster analysis results of relevés of snowbed

C. chlorophaea 5; C. gracilis subsp. elongata 1, 3; C. macroceras 1; Lobaria linita . . i .
1, 5; Nephroma expallidum 5; Ochrolechia frigida 3, 4 (1); Protopannaria pc*zz'ﬁaz'- stands with Salix herbacea and S. polaris (Fig. 3) indicate
des 1 (1), 2; Psoroma hypnorum 2, 3; Solorina saccata 3; Stereocanlon alpinum 4; that the ass. Veratro lobeliani—Salicetum
S. glareosum 4; S paschale 1.

Species with constancy I ot II found also in association by M.Yu. Telyat- . - ; .
nikov (2011): Alnus fruticosa, Androsace chamagjasme subsp. arctisibirica, Arct- Timanskii Kryazh (b7, B34), are grouped in a single

agrostis latifolia, Cardaminopsis umbrosa, Chamaenerion latifolium, Erigphorum cluster together with other European associations of
vaginatnm, Festuca rubra s. str., Hedysarum bedysaroides subsp. arcticuns, Juncus i

biglmis, Minnartia rubella, M. stricta, Pedicnlaris hirsuta, Petasites sibiricis, Ru- the alliance Cassiopo—Salicion herbaceae. This

herbaceae communities, including 2 relevés from the
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Table 3. Continued.

bus arcticus, Rumex acetosa subsp. lapponicus, R. arcticus, Saxifraga
spinulosa, Tofieldia coccinea, Trisetum molle, Dicranum sp.; by N.E.
oroleva et Kopeina (2019): Juniperns sibirica, Salix phylicifolia,
Calluna vulgaris, Phyllodoce caernlea, Alchemilla jzébz'm, Alchenilla
zp., Antennaria dioica, Athyrinm distentifolinm, Avenella flexnosa,
ampannta rotundifolia, Chamaenerion angustifolinm, Cirsium hete-
rophyllum, Cryptogramma crispa, Diphasiastrum alpinunm, Hieracinm
alpinum, Omalotheca norvegica, Pedicularis lapponica, Phlenm alpinum,
Potentilla erecta, Pyrola minor, Ranunculus acris, Taraxacum croceum,
Aulaconminm turgidum, Barbilophozia lyeopodioides, Bucklandiella
microcarpa, Diplophyllum taxifolium, Hzfpaﬂlbm Sflotovianus, Kiaeria
Jacialis, Lencorchis albida, Lophozia sudetica, L. ventricosa, Moerckia
hyttii, Plewrozinm schreberi, Rhigomninm psendopunctatum, Schljakovia
kunzeana, Sphagnum compactum, Sphenolobus minutus, Cladonia gracilis.
GPS coordinates (WGS 84) (N, E): 1 - 68.35075, 56.47919;

2 —68.35144, 56.47003; 3 — 68.34372, 56.47839; 4 — 68.34731,
56.47825; 5 — 68.29119, 54.49575; 6 — 68.35058, 56.47869.

Authors rel. no. 1, 6 — O.V. Lavrinenko, I.A. Lavrinenko,
V.V.Neshataev; rel. no. 24— O.V. Lavrinenko, I.A. Lavrinenko,
rel. no. 5 — O.V. Lavrinenko, T.V. D’aychkova.

Abbreviations.

Locality (in author’s relevé no.): BH — Bolvanskii Nose Cape; Ban
— Vangureimusyur Upland, Bolshaya Khekheganyakha River.
Character-species (next to the name of the taxon) of the
higher syntaxa: P-P — Potentillo-Polygonion vivipari;
So-O — gaxifrago oppositifoliae—Oxyrion digynae; Ac —
Arabidetalia coeruleae; Tr — Thlaspictea rotundifolii.

* — nomenclatural types (holotypus): rel. no. 2 (authot’s no. —
Ban49), Bolshezemelskaya tundra, Vangureimusyur Upland,
Bolshaya Khekheganyakha River, 19.07.2017, authors O.V.
Lavrinenko, I.A. Lavrinenko.

Table 4. Association Veratro lobeliani—Salicetum
herbaceae in the Timanskii Kryazh and the East
Murman shore

Covet, %: total 95 8 - 7550 75 - -
herbs and dwarf shrubs 60 35 - 75 50 50 - -
bryophytes 80 8 - 3550 75 - -
lichens 5 <1 - 5 <1<l - -|g

Slope aspect NENE - - - - - - |3

inclination 1515 - - - - - - §

g g .

Date 3L - o lks

S & S0

S 5 S

Locality B BMMMMM M/B3E
Authors G Z KKK Z 7 g
+ < < =

Relevé nr.: - L |8

by author 5RO é 5 % -

in the table 1 2 3 4 5 6 7 8

Differential species combination of the Veratro
lobeliani—Salicetum herbaceae

Veratrum lobelianum + 1 + + + + + . [V+
Saxifraga stellaris ror + .. .+ + IV
Phleun alpinum r .+ 1 + + LI+
Agrostis mertensii subsp. borealis 2a 2a .o+ 4 iyl

venella flexuosa + 1 . 3 1 . . .|
Oxyria digyna .o+ + 4+ + |+

Character-species of the Cassiopo—Salicion herbaceae,
Salicetalia herbaceae and Salicetea herbaceae

Salix herbacea 3 2b + + 3 3 + + [VZ
Sibbaldia procumbens 2. + + 1 . . . [
Omalotheca supina 2. + + + . . . |+
Pobytrichastrum alpinum .22+ . . . . .|
Carex lachenalii 2. + . . . . . |1
Anthelia juratzkana T 112b
Solorina crocea + I+
Kiaeria falcata 4 3 . . . . . . |l4
Kiaeria starkei P L
Ranunculus pygmaens B + + |1+
Veronica alpina R a1
Plenrocladula albescens A T €
Other species

Loiseleuria procumbens ro+ .+ .0 |+
Vaccininm uliginossm subsp. mioroplylm ¢ I

Table 4. Continued.

in the table 1 2 3 4 5 6 7 8
Carex aguatilis subsp. stans 1+ 1
Deschampsia glanca 1 1 1
Epilobﬂmf davnricnm ror 1t

quisetum arvense subsp. boreale +  + 1+
Juncus filiformis + o+ I+
Vablodea atr?pm"pﬂmz + + I+
Cetrariella delisei 1 + ... |In
Bistorta vivipara + . . . .+ 0 I+
Ranunculus propingquus + .+ .. ..+ I+
Trisetum spicatum O S o D1 C
Empetrum hermaphroditnm .+ + .. I+
Diphasiastrum alpinum r + .. oI+
Chamaepericlymenum suwecicum . . .+ . . + [+
Cerastinm sp. A + |11+
Rumex acetosa subsp. lapponicns .. + .+ I+
Saxifraga rivularis A T I+
Solidago lapponica 1 + . 111
Dicranum /ﬁxz'mﬂ/e L. L3+ 112a
Diplophyllum taxifolinm A 1+
Laophozia longiflora A T I+
Sanionia nncinata A T S I
Cladonia coccifera T 1 €
Liverworts L e it

Note. Species found in 1-2 relevés with an abundance of r or +
others are indicated in brackets): dwarf-shrubs — Phyllodoce caerulea
o Vaccininm myrtillus 4; hetbs — Anthoxanthum odoratum subsp.

alpinnm 1, At@j/ﬂ‘mﬂ distentifolinm 8, Bistorta elliptica 1, Equisetum

sybvaticnm 1 (1), Festuca ovina 2, Juncus trifidus 4, Lugula SGP 5, Poa
alpigena 1, P. alpina 1, Pyrola nunor 1, Saxifraga cespitosa 6, S. nivalis

o, %ﬁeﬂlalz‘& enropaea 2, V'iola biflora 1, 1iola epipsila 2; bryophytes —

Cephalozia bicuspidata 6, Dicrannm majus 4, D. spadicenm (8, Kiaeria

biyttii &, K. glacialis 5, Limprichtia cossonii 5 (3), Lophogia sudetica 4,

C;rt/wm%/ﬁ kunzeanus 4, Plilidinm ciliare 3, Racomitrium microcarpum

5 (1), Sphagnum girgensobnii 6; lichens — Baeomyces carnens 2, Cetraria

islandica subsp. istandica 4, Cladonia bellidiflora 2, C. ecmocyna 2, C.

maxima 4, Peltigera scabrosa 1, Stereocanlon paschale 1 (1), 8. rivulorum

GPS coordinates (WGS 84) (N, E): 1 - (67.28553, 48.95833; 2 —
67.3125, 49.02081.

Abbreviations. Authors: I, Kh — O.V. Lavrinenko, S.S. Kholod;
K —N.E. Koroleva and Z — Yu.D. Zinserling (Koroleva,
2000).

Locali%’: b — the northern part of the Timanskii Kryazh, Belaya
River; M — East Murman shore.

enables the alliance to extend the range to the mountainous
areas of the western part of the East European tundra
(Kanin Kamen, Timanskii Kryazh).

The relevés of associations Salicetum herbaceae-
polaris, Salici polaris—Sibbaldietum procumben-
tis and Myosotido asiaticae—Salicetum polaris
on siliceous substrates form their own cluster. Meanwhile,
the relevés of Siberian snowbed communities residing on
the Gydan Peninsula — the closest geographically — are
differentiated from European ones at the highest level.

The relevés related to the ass. Sibbaldietum
procumbentis from southwest Greenland (Molenaar
1976) do not form a single cluster with relevés assigned to
the same association from southwest Iceland (Hadac¢ 1971).
In contrast, some of the relevés from different associations
— Sibbaldietum procumbentis and Gnaphalietum
supini (Molenaar 1976) form a common cluster. This
is explained by small (sometimes at the level of species
abundance) floristic differences between North European
syntaxa (see Table 7, syntaxa 6-9).

Synoptic table 7, which includes the East European
syntaxa, contains some North (mountainous) FEuropean
and Siberian ones. It shows that the syntaxa of the East
European tundra have common groups of species with
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Table 5. Two relevés of snowbed Table 5. Continued. both sectors. Many of these species are cha-
stands in the southern tundra of the - racter of the class Salicetea herbaceae.
Taymyr Peninsula (Kystyktakh River  in the table 1 2 The syntaxa of the East European tundra
basin). Cladonia pocillum + iffer £ he oth .
Pogonatum urnigerum + differ from the others mentioned above by
Cover, %: total 100 100 Tojieldia coccinea + their own group of character species, these
shrubs <1 <1 Pyrola incarnata + lecti h . f th
davart shrubs 80 <1 ﬁ,)mm biglumis ; are selective character species of the new
herbs 15 7 g‘%jﬂpz f”’;’ﬂ”ﬁ; : alliance Veronico alpinae—Salicion
;e oLyrrichum hyperboreun? . . . . .
) Psoroma hypnorum L olaris — Veronica alpina, Dichodon cerastoides,
e 08 R polrts i, Diimris
Slope aspect N NE Liverworts t o Epilobium alpinum, as well as Pyrola minor,
Note. GPS coordinates (WGS 84 nunculus glabrinsculus, Cladonia ecmocyna.
inclination 20 )(N, Rua Y (g/ b J Clad 0y
F) and habitat: 17094311, 91.24147 It is evident that in Salix berbacea domi-
Date (gentle bottom of a ravine, where snow . .
lies for a long time and melt water runs nates in North (mountainous) European
P

off, loam with stones); 2 — 70.94475,
91.246006 (solifluction slope of northern 2 . ; .
exposure in a ravine with a snowbed). licion herbaceae, while Salix polaris

Author rel. no. 1,2 — O.V. Lavrinenko. replaces it in syntaxa located in East Euro-

pean (east of the Pechora River) and Siberian

syntaxa of the alliance Cassiopo—Sa-

Relevé nr.: by author

= | Ta98 08.08.2021
N [ Ta77 05.08.2021 —

in the table

Character-species of the Salicetea

herbaceae
g”lﬁ'”/’?f””’” alpinim % 1 Table 6. The codes of the syntaxa discussed in the paper from mountainous
CZZZ?[/Z [Zf?;g ;Wm I regions of Northern Europe, East European and Siberian sectors of the Arctic.
Abnthelia juratzkana . 2b -
Character-species of the class Code Syntaxon Region
Salicetea herbaceae and constant THL Thlaspictea rotundifolii
species in syntaxa of East European THL Arabidetalia cacruleae
and Siberian sectors of Arctic A Ranunculo—Poion alpinae
§Z/ZXID 0/‘/”” ol ? Z-E) Al Trollins enropaeus-soc. (Gjarevoll 1950)
C:;f;é%;;;g%gwm ¢ 2 B Saxifrago oppositifoliae—Oxyrion digynae
Detasites frigidns + B1 Salicetum polaris Gjarevoll 1950
Saxifraga Egmm + HER Salicetea herbaceae
Carex bigelowii subsp. arctisibirica — t 1 HER  Salicetalia herbaceae
Poa arctica r C Cassiopo—Salicion herbaceae
c1 Veratro lobeliani—Salicetum herbaceae Koroleva 2006

Character-sﬁ)ecies of the class (includes Belaya River relevés)

Northern Europe (mountainous areas)

Salicetea e:‘bacefag'lz;n(.l const?nt C2 Salicetum herbaceae Nordhagen 1943
(S)Pf"iggiién syntaxa of siberian sectors C3 Sal%ici lherbacleae—Caricetum bigelowii Koroleva et Kopeina in
. oroleva et al.
g””””“;,/w nivalis }_ }_ C4 Gnaphalietum supini Molenaar 1976
Ld’g”;‘.z Lyna b . 1 C5 Sibbaldietum procumbentis Hada¢ 1971
Sg}gc%jzgad;j/ia;l;a;g ot i i Co Sibbaldio—Salicetum herbaceae Hadac¢ 1971
L%gﬂ/agamtéta aggr. + c7 Sibbaldietum procumbentis Molenaar 1976 + Gnaphalietum
Luzula nivalis + __supini
Poblia drummondii + HER Salicetea herbaceae

Differential species combination of gER Sz{}metaha herbaceae . §
the Deschampsio—Cerastietum eronico alpinac—Salicion polaris 2
regelii Matveyeva 1994 D1 Salici herbaceae-polaris ass. now. ®.9

Cerastinm regelsi P Dila Salici herbaceae-polaris var. inops £

Saxifraga hieracifolia r Di1b Salici herbaceae-polaris var. typica ) &E

Deschampsia borealis ¢ D2 Salici polaris—Sibbaldietum procumbentis ass. nov. ee

Rumex arcticus . D3 Myosotido asiaticaec—Salicetum polaris ass. nov. =i
Constant species of snowbed THL Thlaspietea rotundifolii Eﬂ.. K
syntaxa THL Arabidetalia caeruleae @

Sanionia uncinata 4 + E Carici parallelae—Salicion reticulatae prowv. =

Stereocanton alpinum 1 2a El Pinguiculo alpinae—Salicetum reticulatae ass. nov.

%gjz;g”ﬁ;’z}f;m subsp. boreale i _}_ N ? (Siberian snowbed vegetation on stabilized calcareous soils)

Cladonia m];fta 1+ N1 Salici reticulatae—Caricetum parallelae Telyatnikov 2011

Cetraria islandica subsp. islandica t . N ? (Siberian snowbed vegetation on siliceous substrates) )

Distichinm capillacenn: + . N2 Tanaceto bipinnati—Salicetum polaris Khitun in Telyatnikov et

Betnla nana ror al. 2021 . . .

Salix glanca ot N3 Chrysosglemo sibirici—Polemonietum acutiflorum g

Vagaininm ulginosum subsp. miroplylluns r , Telyatnikov, Troeva, Ermokhina et Pristyazhnyuk 2019 ' 131

Sagina intermedia P N4 ? Deschampsio—Cerastietum regelii var. Peltigera canina <

. (Telyatnikov et al. 2015) o

Other species N5 — (2 relevés by Lavrinenko O.) k-

Antennaria lanata o+ N6 Deschampsio—Cerastietum regelii Matveyeva 1994 var. typica =

Saxcifraga tennis o+ N6a Deschampsio—Cerastietum regelii vat. typica o

%’)’m/‘ma/qu)am/ . o N6b Deschampsio—Cerastietum regelii var. Deschampsia borealis &

S'Z;]g’[;agr%fb; ;ZZ;” ; N7 g}ymfnomitrio—PhiSp}fsietum colncim}Elfl: Matlx(feye}fa 1994 Q

Pl PSP axifrago tenuis—Salicetum polaris Telyatnikov, Troeva.

g”)‘%’.’[ﬂm ;” detica subsp. interioroides 21) N8 Gogolgva, Cherosov, Pestryakoga et Pristya}zhnyuk 2013 .§

Dgz'fernZZ/iﬂfzdifwm T N9 Eutremo edwardsii—Sanionietum uncinatae Telyatnikoy; o

Straminer 0]2 traminenm H ~ Troeva, Gogoleva, Cherosov, Pestryakova et Pristyazhnyuk 2013 ﬁ

Droto amﬁm’ape ipides . CHY Carici arctisibiricae~Hylocomietea alaskani .

pgb/;fl) sp R i CHY Caricetalia arctisibiricae-lugentis Matveyeva et Lavrinenko 2023

Ce ba/az;e//a sp. + F Carici arctisibiricae—Hylocomion alaskani Matveyeva et

Nz]];})otm/mm elongatum . 2a jlgavnneni(o %02 3 éz_orslallyegetanon) s Telvatnikov. Ti

s : stragalo frigidi—Salicetum reptantis Telyatnikov, Troeva,

Stellaria peduncularis -t F1 Prist}%azhnyukg, Gogoleva, Cherosgv et Pestrya}i{ova 2015
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Table 7. Synoptic table of syntaxa of snowbed vegetation from Northern (mountainous) Europe, East European and Siberian sectors of
the Arctic. For the codes of the syntaxa see Table % Sites: SL — Swedish Lapland; MT — Murman+Timan; N — Norway; Kh — Khibiny;

G - Greenland; IG — Iceland+Greenland; I — Iceland; K — Kolguev; BT — Bolshezemelskaya tundra; BM — Bolshezemelskaya and
Malozemelskaya tundras; P — Putorana; Gy — Gydan; In — Indigirka; T — Taymyr; A — Anabar. Characteristic species (next to the name

of the taxon): Sh — Salicetea herbaceac and Salicetalia herbaceae; C-S = Cassiopo—Salicion herbaceae; 8s-O — Saxifrago
stellaris—Oxyrion digynae; Ac— Arabidetalia caeruleae; So-O — Saxifrago oppositifoliae—Oxyrion digynae; R-P —
Ranunculo—Poion alpinae.

Class THL HER THL HER CHY
Order THL HER THL |- |- |- —-|—-|—-|—|—|CHY
Alliance A|B C D El-|-|-|-1-|1-1-1-1—-1F
Association (syntaxon) Al|B1[c1]c2]c3]ca]cs5]ce|C7]D1][D2]D3|E1[N1[N2|N3|N4[N5|[N6|N7|N8[N9| F1
Site SL SLMT N Kh G IG 1 G K BTBMBT P GyGy In T T T A A In
Number of relevés 10 4 8 2 10 6 16 20 16 18 6 4 6 4 7 15 8 2 22 14 6 6 4
Number of syntaxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Character-species of the Salicetalia herbaceae and Salicetea herbaceae

Pobytrichastrum alpinum [incl. var. fragile, var. 3 OI0 IIF V2 V2 V2 TV V2 TV I 12 1 1 2

sptentrionale (=P. norvegioum)] Sh, C-S D 1 U L U G U G VA Vo A G VAR VALl A VAud U0 LU R § L/

Carex lachenalii Sh, C-S U ESVATES UL O GRS § S § S O SO %A VA 00 G I GRS § 0 A 00 L G

Sibbaldia procumbens Sh, C-S SR U L 0 S L 0 0 60 0 G VAT AR AN I Al YA 4 AR SR | § S

Omalotheca supina Sh, C-S . It T ves Ir V& VEIVE Ve VE VR T T L L

Kiaeria starkei Shy C-S R V215 VEIVEIVH IO . v Iviive .o .

Solorina crocea Shy C-S B § S L 10 S I § A M .

Sagina saginoides S’h, So-O LI P L L O 1

Character-species of the alliances and class Salicetea herbaceae and constant species in syntaxa of mountains
in Northern Europe

Salix herbacea Shy C-S ' 1 V& VR IV VE Vs V3[VE] . ..
Anthelia juratzkana Sh, C-S . ap = 1 v IIn I . T 1 I T
Laophozia sudetica éZI . zl/é)?fﬂi.l‘) D A"/ S G § 0 B A VAR 05 A § GO P
Poblia commnutata Sh, C- m vt . . v . 1
Conostomum tetragonum Sh, C-S .. It ot oot motoIr . 1t
Plenrocladula albescens Shy C-S FRRS S S 00 O S § D (O
Harrimanella hypnoides Sh, C-S PN § GO Lol U G i r I
Taraxacum crocenm (+ 1. lgﬁzim/z'y) Sh II' 1r* . I* . OIr- VT I v
Carex bigelowii s. str. R- vE o AARRARR AR A
Deschampsia alpina Sh, Ss-O P e VAR AV
Kiaeria /zzz)/mlzz h, C-S P | S L |V
Gymmomitrion concinnatum Sh, C-S A L .
Saxifraga rivularis Shy So-O P | L
Differential species combination of the Ranunculo acris—Poetum alpinae (Trollius europaeus-soc.)
Trollins wro]paem R-P vE e ... v
Saussurea alpina R-P ver oo . . . . T . T .
Anthoxanthum odoratum subsp. alpingm ' . 1" 1mr*mre .. . . I . It ...
Festuca rubras. stt. v . .. m» . 1
Tritomaria quinguedentata vt . I S
Plagiochila asplenioides 1! P
Differential species combination of the Salicetum polaris
Stereocanlon paschale B L L A A
Salix herbacea x polaris .V . S
Erigeron uniflorus T
Pohlia wahlenbergii B P § A
Differential species combination of the Veratro lobeliani—Salicetum herbaceae
Veratrum lobeliannm R A TS G VAR VAN VAR 0 § R
Phlenm alpinum RS G 1 AV IS GO Ir r . .. ..
Saxifraga stellaris Ss-O . IM vt 11+ ro.rimw . . .
Avenella flexnosa U 17 U T | R |
Differential species combination of the Salicetum herbaceae
Marsnpella brevissima C-S LN
Polytrichastrum sexangulare C-S B /T A
oerckia blyttii C-S P 1 1A .
Beckwithia glacialis Shy Ar L
Differential species combination of the Salici herbaceae—Caricetum bigelowii
Barbz'/aé,?/yagﬁig Dyeopodioides T A
Daplophyllum taxifolinm A § A 1A
LV‘gp/mgia wenzelil B L 100y
accinum myrtillus R e O L
Differential species combination of the Gnaphalietum supini
Polytrichum pilifernm T L e e T
Bartsia alpina rmoTo. . rmorrr . ommro. . 1.
Differential species combination of the syntaxa from Iceland
Z;zp/?atm/wm canescens Lo T IvEVE L
20la palustris A A LA I .
Alchemilla alpina L Lo Ive IO T P
Festuca vivipara U 8 5 L 1
Luzula spicata . I 1r 1°

Differential species combination of the Sibbaldietum procumbentis + Gnaphalietum supini in Grenland
Hieracium alpinum aggy. L L 1 S
Tortula hoppeana (=Desmatodon latifolins) e e VA

Character-species of the alliances and class Salicetea herbaceae and constant species in syntaxa of East European and
Siberian sectors of Arctic
Salix polaris Sh, So-O v . .. [VIVEVE VIV VR IVRIVZ 22 IV! I0I° V3 v

18 Botanica Pacifica. A journal of plant science and conservation. 2024. 13(1)



Snowbed vegetation in the East European tundra

Table 7. Continued.

Number of syntaxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Cetrariella delisei JUNNILENE vt vt Ir V* NGIVAN. 20(vy oIt .
Stereocanlon rivulornm LI IV IV I V 22 L I IRV
Tanacetum bipinnatum . . VTV II* . oL
DPetasites frigidus . . A S G § S G VA VA . 11!
Saxifraga cernna Ss-O "I LI T [VEIr VI I 20 VO Ve VPOV
Myosotis asiatica .o I V! |II* . IV1 Ive 1ar vt vt

rtemisia tilesii . Ir v . I . I r
Cardamine pratensis . . Ir Vive .
Ranunculus propinguns Shy R-P A4 U 1 mr I . I oI vt H1
Poa arctica Sh L . I 1 1r H+ VI IV‘
Carex bigelowii subsp. arctisibirica . Jusg I I Iv* 1! .
Affmga[zgf alpinus subsp. arcticus Sh ' . I v T

Character-species of the Veronico alplnae Sallclon polarls

Veronica alpina Sh I' vt Ir- 1 I 1+ IOr I vr ive vrm
Dichodon cerastoides Shy C-S JILENIE I+ 1t I [TVt vVt V*
Epilobinm alpinum Sh, 'C-S . . T . vt . V! .
Pyrola minor . I R | G G G ) A AR VAR U O & 1"
Ranunculus glabrinscnlns . . III* IV* 11T .
Cladonia ecmocyna I I I [V V!

Differential species combination of the S alici herbaceae-p olarl s
Deschampsia glanca jig [TV
Pedicnlaris sudetica subsp. arctoenrgpaea 11 . .

Timmia austriaca LI . . I"
Differential species combination of the SallCI polarls Slbb aldletum procumbentis
Trisetum spicatum UL 00 L § S U S L DV B AVAN D G I*
Diphasiastrum alpinum A 1 IS L) A I .
Polytrichum strictnum . . I |IV! > =
Peltigera scabrosa Ir I* I | V| . mr oI
Trientalis enropaea I . I 1I- . .
leferentlal species combination of the Myosotido asiaticae— Sallcetum polaris
/p/yomx integerrimns . . I NG ﬂ .
Viola biffora R-P ViIroT I I* O ve T .
Achillea mz’//;/o/z'ﬂm . I It | V| I
Parnassia palustris m o .. T VA
Agrostis mertensii subsp. borealis ! I%m I I m .|V . .
Bistorta elliptica I | TV 1 m 1=
Philonotis fomentella A . .
Mninm byttii ) S Y I O L
Differential species combination of the Plnﬁulculo alplnae Sallcetum reticulatae and Salici reticulatae—
Caricetum parallelae (from Arabidetalia caeruleae)
Salix reticnlata Ac T I" I 1II'fve[vel . I . .
Carex parallela subsp. redowskiana . T A A A B . .
Pﬂ[/?)/p/ﬂtrﬂlﬂ alpinum . - I I | Iveor 1~ 1o 1 .
isetum variegatnm . I N 10 £ 5 0 L . .
Za/m‘mm alpinum Ac T Ir r r ™ 1I+| I . . .
Pedjcularis oederi T | 11! I+ I vtV

Differential species combination of the P1ngu1culo alplnae Salicetum reticulatae
Pinguicula alpina . I e N
Toﬁge/dm pusilla R | G . . VeI
Carex capillaris Lo L . Voo
Potentilla crantzii R-P vt . . v+
Silene acanlis Ac LIt I 1Ir . v+
Selaginella selaginoides vt I I .. 111" . .

Dicranum spadicenm N .o I V& P 1 I

C]/am;ma;tmm pyrenaicum . . . . v . . . . .
ampylinm stellatum I . Vel oo I
Ditrichum flexicanle . . AN BT A .

Brachythecinm erythrorrhizon . T 00 .

Pobira cruda I I 1 I v rrr .

Cladonia pocillum . Ir A 1*

Differential species combination of the SallCI retlculatae Caricetum parallelae
Dryas octopetala T va I+ I»

Salix saxatilis v
Carex sabynensis I

Character species of the alliances and class Sallcetea herb aceae and constant species in syntaxa of Slberlan sectors of Arctlc
éagom f{/gmm ssub ;sﬂmg Lo . . 3 . V! X IV11 %i RS V& V11 V!

ria digyna Ss-O, So- I' 101 I r r 1 . r 11 1I v r It
LZ%%/{Z aronata aggr. Sh, Ss-O oI m It r I oI 1 [Ive E[XT] I v
Saxifraga nelsoniana . . I+ oIt mrt v 2t ve I ve vt vt
Ranunculus nivalis Sh, So-O I LI Irt[Ive 2t oIt IIr I .
Alopecnrus alpinus . . Lot v . oIt It veoovh Ir
Valeriana capitata " v . AR A%
Saxifraga birculus T I! COIVE I I VOV
Cerastium regelii Shy So-O I" 20 [(vVE VI o1t
Deschampsia borealis . .o IR r . 1|\vtvyr ..
Saxifraga hieracifolia [T 1Ir I I Lo ItoIt o2 | VeIt It Ir
Rannnculus pygmaens Sh, S0-O I I I Ir I I rIrr .20V .. .
Saxifraga nivalis Sh e . .. .. I L IViIr art . [v
Cardamine bellidifolia Sh, Ss-O I' (1] . iy R e | S
Luzula nivalis S o . LIt o1t I 1t | Iv?
Poblia drummondii Sh, Ss-O T 1* L.
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Table 7. Continued.

Number of syntaxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Minnartia biflora Sh rmoT . . . . . . . . . . 1
Draba alpina Sh .

Differential species combination of the Tanaceto b1p1nnat1 Sahcetum polarls

I

Ochrolechia frigida P L § e e § L M .
Huperzia arctica L .

Differential species combination of the Chrysosplenlo slb1r1c1 Polemonletum acutiflorum

1"

Polemonium acutiflornm e L § S G E . . V!
Chrysosplenium alternifolium e S e AN RO .
Nephroma expallidun S 0 § CHDRNNS RN A 1115 B S G .
Differential species combination of the ? Deschampslo Cerastietum regelii var. Peltigera canina
Pedjcnlaris sudetica subsp. albolabiata e . I i ..
Carex aquatilis subsp. stans I § N § 6001 A4 ) GRS O I* I* [IV7] .
Bistorta plumosa s LoV
Salixc pulhra S |
Peltigera canina g LI . g I I
Differential spec1es combination of the Gymnomltrlo Phlpp51etum concinnae and Deschampsm Cerastletum regeln
Canpylinm polygamnm . r
Draba glacialis . I i
Distichum m/)z//m‘eﬂm m ... . .
Encabpta alpina e
Stellaria edwardsii . .
Differential species combination of the Deschampsm Cerastletum regelu
Nostoc commune VT
Cladonia symphicarpa e LIV I
Rumex: arcticus T & 1 17 [IVH| I
Niphotrichum ericoides ..o r
Ranunculus sulphurens So-O \LIT|
Differential species combination of the Gymnomltrlo Phlppsletum concinnae
Phippsia concinna So-O S . T [V 1!
Gymmnomitrion corallioides . I [V
Brachythecinm mildeanum . T I [TV
Preissia quadrata R A . I | VY
Differential species combination of the Saxlfrago tenuis— Sallcetum polarls
Saxifraga tennis Shy S0-O LI ro.o2r 1 [V,
Minuartia arctica e N A
Eritrichium villosum e . wr
Marchantia polymorpha P LA 1 L S N AV
Juncus biglumis T 1 § I § . 1 Imt vy .o
Papaver § apponicum sabsp. orientale S . N VAR E
Taraxacum macilentum v o
Petasites glacialis e . v* .
Stellaria peduncularis I 1§ 8 i 1 IV 1Tt
Differential species combination of the Eutremo edwardsu Samometum uncinatae
Eutrema edwardsii e Ir 1T I I+ 1 [VI[IV?
Tammg/pﬂmﬁ nitens O 1 I* 11* N A
locominm splendens R-P 1V I e A I 1r . Va |y
Djéfay /)ﬂﬂ[l‘ﬂfﬂ C . I" I IV v
Erigphornm angustifolinm O § S & I* VR
Ptilidinm ciliare L S E § I* I* v
Ranunculus affinis . . . I! . I (r
Tephroseris atropurpurea . T I I
Differential species combination of the Astragalo fr1g1d1 Sallcetum reptantls
Astragalus frigidus e .
Draba lactea . !
Cetrariella fastigiata I v+
Constant species of syntaxa
Bistorta vivipara R-P AVAR'/AT0 § S SN S 0§ G VAR VAR VAl A VAR VARNR VALl VAR VARNR VAR VAl V0 L 2* i ve v
Eguisetum arvense subsp. boreale mor o . . . I" I IT VeV VR VR TVAR VZ“ H1 1" 1>
Sanionia uncinata R-P A I 12 It I IV Ive T8 V2 V& 2 V& 12 [va v V4 22b ' SV VOV
Poa alpina R-P A3 VIS GRS G L 14 G0 ) D 1 D IVJr .o I
Cetraria islandica sabsp. islandica S G A 01 L 0 L \ARAR VA IV+ \ m TR C CO
Empetrum hermaphroditum SRS VN (D (O ) GO G010 A VAl AV Al 1) GO . .
Cladonia arbuscila S (O (O S S § GO 4 GO S 4 A GRS 11 Sl A VA e .
Stereocanlon alpinum .. . . rrr . rIr . I . OFIVIIN 2% IF IF IvE 1t
Solidago lapponica R-P 8 O ¥ L L § P § G e .
Eunphrasia frigida R § R S 00 G G S S § L .
Poa alpigeia (VA U O (NS A AT AU VAR | (I oL
Salix glanca O 0 G VA § G 0 G A Gl § S I v
Salix lanata e O § S 00 N 6 G A VAR 0 D 010 L VA G .
Festuca rubra subsp. arctica P AD A A L 0§ L G iy 1
Salix hastata O 0§ G 00 A . . .
Luzula multiflora subsp. frigida m . . . ... L IVPIVEIVE VR L I
Nephroma arcticum B LA A% I I .
Betula nana S RS A VA AVC0 1 0 ) G VD O .
Vaccininm wliginosum subsp. microphyllye .. 1" .. 1I* mo* 1 . 1 VvV o voIarmr o oror g
Cladonia stricta .. ... . . . . I . ur o2 .
Alopecurns pratensis subsp. alpestris .. . .. . . . . I'urim Ir .
Cladonia bellidiflora U L G 08 L G G 00 L . . .
Peltigera aphthosa mr . rr . . . I'Iir v v m v I* V!
Caltha palustris e \ A . . .
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Table 7. Continued.

Snowbed vegetation in the East European tundra

Number of syntaxon 1 2 3 4 5 6 7

1 12 13 14 15 16 17 18 19 20 21 22 23

Allium schoenoprasnm
Comarnum palustre
Brachythecinm rutabulum
Distichinm capillacenm
Sagina intermedia
Bryum psendotriquetrum
Bryum rutilans
Peltigera neckeri
Bartramia ithyphylla
Triplenrospernmum hookeri
Pogonatum unrnigerum
Dichodontinm pellucidum
Psoroma hypnorum
Festuca ovina
Cladonia coccifera
Peltigera rufescens
Dmia sibirica
Geum rivale
Carex juncella
ﬁpbmmﬁy iﬂt?grgfa/ia
lyxcobilimbia lobulata
Saxifraga oppositifolia Ac, So-O
Cassiope tetragona
Carex saxatilis subsp. laxa
Polytrichum juniperinum
Polytrichum hyperborenm
Dicranum elongatnm
Autlacommninm turgidum
Dactylina arctica
Cladonia chlorgphaea
Cladonia nncialis
Sphenolobus minutus
ladonia gracilis subsp. elongata
Vaccininm vitis-idaea subsp. minus
Carex vaginata subsp. quasivaginata
Poblia nutans
Plenrozinm schreberi
Cladonia amanrocraea
Cladonia stygia
Arctocetraria andrejevii
Cladonia plenrota
Cladonia subfurcata
Ledum palustre subsp. decumbens
Flavocetraria nivalis
Hierochloé alpina
&F”p/merop/oorm lobosns
S mpetrum subbolarcticum
Antennaria lanata
Flavocetraria cucnllata
Arctagrostis latifolia
Brachythecinm turgidum
Arctagrostis arundinacea
Salix reptans
Draba oblongata
Parrya nudicanlis
Lloydia serotina
Pedicularis capitata
Cochlearia arctica
Draba am}z’ﬂym
Pedicularis hirsuta
Luzula tundricola
Bryocaulon divergens
C;Zi"ﬂﬂ-ﬂ islandica subsp. crispiformis
Saussurea tilesii
Saxifraga spinulosa
Bryoria nitidula
Ochrolechia androgyna
Delphinium chamissonis
Lecanora epibryon
15) 05077';14 J‘aé}ft;ld y
eltigera polydactylon
T/Jﬂﬁmo/zziz i/erm?f/ﬂ/am
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Note. Other species with constancy only I and II are not included in the table. The diagnostic species of associations cited from the authors

are taken in the frame.

regions. The only exception witnessed is the ass. Salicetum
polaris Gjaerevoll 1950, placed in the eponymous alliance
Polarion (orig. form), which Gjaerevoll (1950) described
in Swedish Lapland, therefore this syntaxon was included
in the analysis. In the proposed snowbed calciphytic com-

Botanica Pacifica. A journal of plant science and conservation. 2024. 13(1)

munities of the alliance with circum-neutral, calcareous
soils feature Salix reticulata and are dominated by S. polaris.
“Like Salix herbacea it may form dense carpets. It is accom-
panied by other calciphiles: Saxifraga oppositifolia, Silene acanlis
and Thalictrum alpinum and in the bottom layer Distichium

21



Lavrinenko et al.

800

capillacenm, — Preissia  quadrata
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class Thlaspietea rotundifo-
lii. We also included in analysis
the relevés of the community 200 |
Trollius europaeus-soc. (ass. Ra-
nunculo acris—Poetum alpi-
nae Daniéls in Mucina et al. 20106)

from the alliance Ranunculo—
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N2

Veronico alpinae-
Salicion polaris

D3

Cassiopo+Salicion herbaceae

c1)

Cé

C5

Poion alpinae, combining
grassy snowbeds on stabilized
calcareous soils, in the same order
and class. “They are shining in syntasa sce Table 6
yellow colours from Ranunculus

propinquus,  Trollius  eunropaens,

Potentilla crantzii and Taraxacum croceun?’ (Gjaerevoll 1950:
416); important species are also Carex bigelowii s. str., Poa
alpina, Parnassia palustris, Saussurea alpina.

The dendrogram of syntaxa allowed us to identify
blocks of floristically similar associations (Fig, 4). Fast
European associations (syntaxa D1-E1) are divided from
both North European associations (from Swedish Lapland,
Norway, Kola Peninsula, Greenland, Iceland) (syntaxa
A1-C7) and Siberian associations (from Gydan Peninsula,
Taymyr Peninsula, Anabar Plateau, lower reaches of the
Indigirka River) (syntaxa N1-N9) at the highest level.

The cluster of East European snowbed vegetation is
not homogeneous. Three syntaxa on siliceous substrates
form a single cluster (syntaxa D1-D3), which we merged
into a new alliance Veronico alpinae—Salicion
polaris in the Salicetea herbaceae. At a higher level,
the association (syntaxon E1) of snowbed vegetation
on stabilized calcareous soils was separated from them.
A provisional alliance Carici parallelae—Salicion
reticulatae prov. in the order Arabidetalia caeruleae
and the class Thlaspietea rotundifolii has been
proposed for it.

Similarly, among North European syntaxa: both syntaxa
of alliances Ranunculo—Poion alpinae (syntaxon Al)
and Saxifrago oppositifoliae—Oxyrion digynae
(B1) from the order Arabidetalia caeruleae are sepa-
rating at a higher level from associations from the alliance
Cassiopo—Salicion herbaceae (syntaxa C1-C7) of
the class Salicetea herbaceae. In the Siberian syntaxa,
the cluster (N1-N9) ass. Salici reticulatae—Caricetum
parallelae (syntaxon N1) on carbonate substrates
separated from the other syntaxa at the highest level.

That is, the cluster analysis (Fig. 4) demonstrates well

that regional differences in the species composition of
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Figure 3 The similarity of relevés of snowbed stands from different sectors of the Arctic,
established by the Complete-linkage clustering (Squared Euclidean distances). For the codes of the

syntaxa “outweigh” differences in habitat ecology. This
justifies the necessity of combining syntaxa into vicarious
alliances taking into account ecological conditions at the
level of large meridional-latitudinal regions.

In the order Salicetalia herbaceae and
Salicetea herbaceae for the North European Cas-
siopo—Salicion herbaceae the vicarious alliance is

class

the East European Veronico alpinae—Salicion po-
laris, and in order Arabidetalia caeruleae and class
Thlaspietea rotundifolii for Saxifrago opposi-
tifoliae—Oxyrion digynae the vicarious alliance is
Carici parallelae—Salicion reticulatae prov.

Snowbed vegetation in the Siberian
sector of the Arctic

In the Taymyr Peninsula, in the High Arctic (arctic
tundra and in the northern part of the typical tundra sub-
zones), Matveyeva (1994) described 2 associations that were
united into one cluster (syntaxa 19 and 20 in Table 7, syntaxa
N6 and N7 in Figs 4, 5). She identified Phippsia concinna,
Cerastinm regelii, Salix polaris, Sanionia uncinata and Cetrariella
delisei as the main species of snowbed vegetation for the
northern part of the tundra zone. We have carried out only
two relevés of snowbed vegetation in the southern tundra
of the Taymyr Peninsula, which vary in species composition
and habitats. Nevertheless, they were closer to the “Taymyr”
syntaxa than to the “Gydan” syntaxa (Fig. 5, N5). The listed
core species can be added to the ones commonly found in
snowbed stands in the southern and northern Taymyr: De-
schampsia borealis, 1agotis glanca subsp. minor, Luzula arcuata
aggt., Oxyria digyna, Poa arctica, Ranunculus nivalis, R. pygmacus,
Saxcifraga cernua, S. nelsoniana, S. hieracifolia.

Cluster analysis at the syntaxa level (Fig, 4) showed that
they group well into low-level clusters according to the re-
gional latitude-longitude principle: two associations on

Botanica Pacifica. A journal of plant science and conservation. 2024. 13(1)



Snowbed vegetation in the East European tundra
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Figure 4 The similarity of syntaxa of snowbed communities
from different sectors of the Arctic, established by the
Complete-linkage clustering (Squared Euclidean distances).
For the codes o% the syntaxa see Table 6

the Taymyr Deschampsio—Cerastietum regelii and
Gymnomitrio—Phippsietum concinnae Matveyeva
1994 (syntaxa NG and N7), two associations on the Anabar
Plateau Saxifrago tenuis—Salicetum polaris Telyat-
nikov et al. 2013 and Eutremo edwardsii—Sanionie-
tum uncinatae Telyatnikov et al. 2013 (syntaxa N8
and N9). However, there are some exceptions. Thus, the
syntaxon described in the lower Indigirka River (Telyatnikov
et al. 2015) as Deschampsio—Cerastietum regelii
var. Peltigera canina has little in common with the
“Taymyr” ass. Deschampsio—Cerastietum regelii,
floristically it is closer to Chrysosplenio sibirici—
Polemonietum acutiflorum Telyatnikov et al. 2019
and united in one cluster with it (syntaxa N3 and N4).

The ass. Tanaceto bipinnati—Salicetum polaris
Khitun in Telyatnikov et al. 2021 recently studied on the
Gydan Peninsula departs from the general pattern. It is
interesting to note that it exhibits syntaxa characteristics
that are more similar to those found in North Europe than
to other associations of Gydan and in Siberia as a whole
(Fig. 4, syntaxon N2). The author grouped 7 communities
into the association, the composition of which is highly
variable among them (Telyatnikov et al. 2021: Table 2, rel.
1-7 in Appendix 1 on the journal website) and two of them
lack character species of the class Salicetea herbaceae.
The authot's relevés covered an extensive area, ranging from
50 to 100 m?, which is too latge for snowbed communities.
The quality of the relevés and the correctness of the synta-
xonomic solution are questionable in this case.

In the synoptic table and in the analysis, we also
included the Astragalo frigidi—Salicetum
reptantis Telyatnikov et al. 2015, which the authors
labeled as graminoid—dwarf shrub—green mossy nival
tundra. It is detached from all others at the highest level
(Table 7, syntaxon 23 and Fig. 4, syntaxon F1). During the
compilation of the Russian Arctic vegetation checklist, this

ass.

association with ground cover consisting of _Aulacommninm

Botanica Pacifica. A journal of plant science and conservation. 2024. 13(1)
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Figure 5 The similarity of relevés of snowbed stands from Siberian sector of
the Arctic (Taymyr and Gydan), established by the Complete-linkage clustering
(Squared Euclidean distances). For the codes of the syntaxa see Table 6

turgidum, Hylocominm splendens and Tomentypnum nitens was
reclassified as the zonal tundra vegetation class Carici
arctisibiricae—Hylocomietea alaskani Matveyeva
et Lavrinenko 2023 (Matveyeva & Lavrinenko 2021, 2023).
This decision has proven to be accurate.

Matveyeva (1994: 823) wrote: “There are many plant
communities on snowbeds in different parts of the tundra
zone of Taymyr and they probably belong to more than
one class. Their species composition varies greatly within a
single site as well as in different subzones”. New alliances
for snowbed vegetation in the Siberian sector of the Arctic
have yet to be described as data is collected. Nevertheless,
alliances with a circumpolar range are potentially achievable
for this type of vegetation in the high Arctic. This is due to
the progressive reduction of vascular plant flora along the
latitudinal gradient from southern to Arctic tundra and the
overall scarcity of community diversity as we move north-
wards. Matveyeva predicted that in the high Arctic “syn-
taxonomic impoverishment occurs not only at the level
of associations, but also of higher rank units” (Matveyeva
1998: 88).

Analysis of the coenoflora of vascular
plants within syntaxa of snowbed
vegetation along a longitudinal gradient
In the coenofloras of North (mountainous) European
syntaxa (Fig. 0A, syntaxa A1-C7) the proportion of
European and amphiooceanic species is comparable with
circumpolar species, and about 10-20 % are Eurasian
species. In the coenofloras of syntaxa of the East
European Arctic (syntaxa D1-E1) these proportions atre
very different: the percentage of Eurasian species is compa-
rable with circumpolar species, while the part of European
species remains at around 10-15 %. In the Siberian Arctic
coenofloras (syntaxa N1-N9, F1) are rich in species of the
circumpolar fraction, the proportion of Eurasian species is
comparable with Asian and Asian-American species, while

23



Lavrinenko et al.

mnA
|I|I|l]|l|| I
Riliiiin
11 1
| labet e
§ -J

C
I'I'III|I|||||III“'“I"“""""""u"-u

M Bt C1 CZCS C-lCSCB CT D1 0253 E1 N1 N2N3M&N5 NBN? NB NS Fi A1B1C1C2CD c&C5CSCTD1 DZD3IE1 N1 N2 N3 N4 NS NG NT NSNS F1 A1 B‘l c1 CZCSC-‘CS CGC? o1 023351 N1 N2 N3 N4 N5 NG N?N&N! F1

MNorthern (mountainous) East Siberian Arctic Morthern (mountainous) East Siberian Arctic Morthern (mountainous) East Siberian Arctic
European Europe European Europe European
Arctic Arctic Arctic
P L] L Artic mHypoarctic = Boreal yg meurytopic =

Figure 6 The percentage of species of different longitude (A), latitude (B) and ecological (C) groups in syntaxa coenofloras. For the codes of

the syntaxa see Table 6

European species are almost absent.

The analysis of latitudinal geographic groups (Fig, 6B)
revealed that the coenofloras of all syntaxa are dominated by
species of the arctic fraction (including arctoalpine species).
Within each region, the proportion of boreal species well
reflects the affiliation to the botanico-geographical zone/
subzone. In the East European Arctic, the share of boreal
species in syntaxa increases along the typical — southern
tundra gradient.

Thus, the analysis cleatly illustrated the geographical
features and differences of the snowbed vegetation of Fast
European syntaxa from North (mountainous) Furopean
and Siberian ones.

Ecological-biological analysis (spectra of life forms and
ecobiomorphs) well reflects the habitat conditions. Meso-
phytes, including hygromesophytes, are the prevailing in all
syntaxa of snowbed vegetation. Even though the high hu-
midity of habitats is due to meltwater inflow, the percentage
of hygrophilous and eurytope species is comparable to each
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Figure 7 The percentage of chionophylous species (A) and species of different ecological groups in
relation to soil acidity (%) in syntaxa coenofloras. For the codes of the syntaxa see Table 6
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other and overall lower than that of mesophytes (Fig. 6C).

Syntaxa of different regions differ in the proportion of
chionophilous species in coenofloras (Fig. 7A). Their share
in North (mountainous) European syntaxa reaches 45 %, in
East European Arctic — 35 %, and in Siberian syntaxa it is
mainly 15-25 %.

The content of acidophytes and hemicalciphytes in
snowbed syntaxa (Fig. 7B) cleatly indicates the belonging of
the associations to different orders. In North (mountainous)
European syntaxa Al and B1, related to Ranunculo—
Poion alpinae and Saxifrago oppositifoliae—Oxy-
rion digynae in the order Arabidetalia caeruleae,
the proportion of hemicalciphytes is similar or higher
compared to acidophytes. The percentage of hemicalci-
phytes is two times higher also in syntaxa E1 and N1 —
these are associations with Sa/ix reticulata on carbonate
stable substrates in the East European and Siberian Arctic.
Hence, the analysis verifies the validity of the separation of
the alliance Carici parallelae—Salicion reticulatae
prov. in the order Arabidetalia
caeruleae in the East European
tundra. A higher proportion of
hemicalciphytes is also present
I in two associations studied

by Matveyeva (1994) in the
1
[l

= hemicalciphytes

northern Taymyr (syntaxa N6
and N7), a finding that should
be emphasized when assessing

l | |

whether these syntaxa belong to

East
European
Arctic

Sibedan Arctic higher ranks. Each association

contains 6—8 character species
of the
oppositifoliae—Oxyrion
digynae (see Table 7).

The spectra of life forms
and ecobiomorphs are com-

alliance Saxifrago

parable across various syntaxa

(Fig. 8A and B), implying
uniform ecological conditions
in their respective habitats,

despite minor distinctions. The
foundation of plant communi

North tais East Siberian Arctic North tail East Siberian Arctic : :
. | " e | el eran ties consists of herbs and bryo-
Arctic Arctic .
shrubs Cdwarfshrubs Bherbs @bryophytes  mlichens locseturly - dense-turfy = 1o root m ach oot m orther phytes (mOSSCS and hVCrWOftS).

%l)lre 8 The percentage of species of different life forms in total coenoflora (A) and the same for
aceous plant fracture (B) in syntaxa coenofloras. For the codes of the syntaxa see Table 6
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The insignificant presence of
bryophytes in certain Siberian
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syntaxa (such as N1) is likely due to challenges in identi-
fication. Long- and short-rhizome species (38—-56 %) pre-
dominate among herbaceous plants in snowbed commu-
nities. In North (mountainous) European syntaxa (A1-C7),
a high proportion of dense- and loose-turfy plants (about
30 % in total), and in Siberian syntaxa (N1-N9) — species
with top and adventitious roots (30—40 % in total). East
European syntaxa (D1-E1) are in the middle — about 20 %
of dense- and loose- turfy species and the same percentage
of species with top and adventitious roots. North European
syntaxa are described in mountainous areas, apparently, this
explains the large proportion of dense- and loose-turfy
herbs in its spectrum.

Prodromus of snowbed vegetation of East
European tundra

Class
Otrder
Alliance
Association

Variant
Salicetea herbaceae Br.-Bl. 1948

?glzlécetalia herbaceae Br.-Bl in Br.-Bl. et Jenny

Cassiopo—Salicion herbaceae Nordhagen
1943

Veratro lobeliani—Salicetum herbaceae
Koroleva 2006

Veronico alpinae—Salicion polaris
Lavrinenko et Lavrinenko all. now.

Salicetum herbaceae-polaris Lavrinenko et
Lavrinenko ass. nov.

typica
inops
Salici polaris—Sibbaldietum

procumbentis Lavrinenko et Lavrinenko ass.
nov.

Myosotido asiaticae—Salicetum polaris
Lavrinenko et Lavrinenko ass. nov.

Thlaspietea rotundifolii Br.-Bl. 1948

11X9r3abidetalia caeruleae Riibel ex Nordhagen
7

Carici parallelae— Salicion reticulatae
Lavrinenko, Lavrinenko et Neshataev prov.

Pinguiculo alpinae—Salicetum
reticulatae Lavrinenko, Lavrinenko et Neshataev
ass. nov.

CONCLUSIONS

The bryophyte cover is well developed in the snowbed
communities of Hast European tundra, which is almost
always covered with small rounded leaves of strongly squat
dwarf willows (Salix herbacea and S. polaris). Low-growing
herbs often have sparse cover and are accompanied with
the abundant chionophilous species. In Northern Europe,
snowbed communities are common in mountainous areas
with long slopes and diverse nival habitats. In plain East
European tundra, the slopes of hills and gullies are less
long (within ten meters), and communities occupy small
patches located at the bottom of north-facing slopes and
at their foothills. In contrast, in the East European tundra,
the number of species occurring in independent communi-
ties and syntaxa is almost twice as large, and includes many
species of bryophytes and grasses, many of which belong
to the class Salicetea herbaceae. The new alliance
Veronico alpinae—Salicion polaris, with three asso-

Snowbed vegetation in the East European tundra

ciations, brings together snowbed communities on siliceous
substrates. In addition to its own group of characteristic
species, the alliance shares species of the North European
and Siberian syntaxa and occupies an intermediate posi-
tion between them in terms of botanical-geographical and
ecological-biological characteristics of the coenoflora.

A new association is defined for snowbed communities
on stable carbonate substrates. This association consolidates
herb-dwart willow (Salix reticulata)—moss communities with
a considerable number of hemicalciphytes and placed in
the provisional alliance Carici parallelae—Salicion
reticulatae intheorder Arabidetalia caeruleae,which
now belongs to the class Thlaspietea rotundifolii.

Cluster analysis of syntaxa from the Northern (moun-
tainous) Burope, FEast European, and Siberian sectors
of the Arctic revealed that regional variations in species
composition “outweigh” differences in habitat ecology.
This validates the necessity of combining associations into
vicarious alliances considering the ecological conditions at
the level of large meridional-latitudinal regions.
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