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ABSTRACT

The new class Calliergonetea megalophylli cl. now. is described for sub-
merged and amphibious bryophytic veﬁetanon of lakes and other enclosed water
bodies with slow water exchange, with organic and organic-mineral substrates.
The structure of the class is represented by a new order Calliergonetalia
megalophﬁlli ord. nov., two alliances Calliergonion megalophylli all.
nov. and Charo strigosae—Scorpidion scorpioidis all. nov. and 6 as-
sociations. The range of the class covers the tundra and boreal zones and south-
ward to the mountainous regions of the Holarctic. The cenoflora of the class is
characterized, its boundaries in composition, structure and ecology with other
classes of aquatic and mire vegetation, where mosses occupy a significant place,
are outlined.

Keywords: aquatic bryophyte vegetation, Braun-Blanquet classification, lakes, Callier-
gonetea, Calliergonetalia, European North, Altai

PE3IOME

Tereprok B.FO., Aaspunenko O.B., Kunpuanosa A.M. Calliergonetea
megalophylli — HOBBIIT KAacc GpuodurHOi pacTuTeAbHOCTH. OInnicaH
oo kAace Calliergonetea megalophylli cl. nov. aaf morpyxeHHON 1
aMPUOHOTHYECKOW OPpHOMUTHON PACTUTEABHOCTH O3€P U APYIHX 3aMKHYTBIX
BOAOEMOB C MEAACHHBIM BOAOOOMEHOM, C OPIaHIYICCKUMHI U OPraHO-MUHEPAAD-
HeiMn cyOcTpatamn. CTpykTypa KAacca IIpeACTaBAcHA HOBBIM Iopsakom Cal-
liergonetalia megalophylli ord. nov., asyma corosamm Calliergonion
megalophylli all. nov. u Charo strigosae—Scorpidion scorpioidis all.
nov. u 6 acconmanusAMm. APeas KAACCA OXBATHIBACT TYHAPOBYIO H OOPEaABHYIO
30HBI U FO}KHEe — ropueie parionsr I'oaapkruku. [IpuBeaeHa xapakTepucTiKa
IEHO(AOPBI KAACCA, OUYEPUCHBL €0 TPAHUIIBI B COCTABE, CTPYKTYPE H 9KOAOTUH
OT APYTHX KAACCOB BOAHOH M OOAOTHOI PACTHTEABHOCTH, TAC 3HAYHMBI MOXO-
obpasHsIe.

KaroueBbIie CAOBA: BOAHAA MOXOBAS PACTHTEABHOCTD, KAaccuukarus 1o bpayna-baan-

ke, osepa, Calliergonetea, Calliergonetalia, Eppomnetickuit Cesep, Aaraii

In plant communities of hydromorphic habitats bryo-
phytes are often edificators and occupy sometimes large
areas (Krajina 1933, von Hiibschmann 1971, Dierflen 1982,
Marstaller 1987, 2001, 2006, Baisheva 2010, Lavrinenko et al.
2016, Lapshina et al. 2022).

To date, there are two approaches to syntaxonomy of
bryophyte-dominated communities (Berg et al. 2016). The
first is synusial (merocoenotic) (Berg et al. 2016), in which the
bryophyte layer is treated as an independent bryocoenosis.
In such cases, vascular plants are not included in the relevés,
only the biotope in which the described bryocoenosis (bryo-
synusia) is formed is given. The area of relevés in this case
is from 1 to several dm? (Berg et al. 2016). According to the
requirements of the International Code of Phytosociological
Nomenclature (ICPN) (Theurillat et al. 2021), this approach
is legitimate when using floristic-sociological criteria when
making relevés and their processing. Using this approach, al-
most all syntaxa of bryophyte-dominated communities inclu-
ded in EuroVegChecklist2 (Mucina et al. 2016) have been de-
scribed. The second approach is phytocenotic (holocenotic)
(Berg et al. 20106), in which the entire species composition
of communities, including both vascular and cryptogamous
plants, is considered in the relevants. The area of relevés is
usually a few m” The decision on the syntaxonomic status

of communities is based on the presence and abundance of
diagnostic species of the class.

Communities dominated by bryophytes and involving
vascular plants in hydromorphic ecotopes are most often
considered within the classes Scheuchzerio palustris—
Caricetea nigrae Tx. 1937 (Krajina 1933, Dier3en 1982,
Lavrinenko et al. 2016, Lapshina et al. 2022), Montio—
Cardaminetea Br.-Bl et R. Tx. ex Klika et Hadac 1939
(Bardat & Hauguel 2002, Baisheva et al. 2004, Peterka et al.
2023), Utricularietea intermedio—minoris Den Har-
tog et Segal 1964 (Bardat & Hauguel 2002, Matuszkiewicz
2008 ect.), Lemnetea minoris O. de Bolos et Masclans
1955 (Bardat & Hauguel 2002), Littorelletea uniflorae
Br.-Bl. et Tx. ex Westhoff et al. 1946 (Bardat & Hauguel
2002), Platyhypnidio—Fontinalietea antipyreticae
Philippi 1956 (Taran 1997, Baisheva et al. 2004, Taran et al.
2005, Taran & Tyurin 2006 ect.).

The only class that unites exclusively aquatic bryophyte
communities according to modern syntaxonomic reviews
(Marstaller 2006, Mucina et al. 2016: EuroVegChecklist2)
is the class Platyhypnidio—Fontinalietea antipyre-
ticae. Since Krajina (1933) and somewhat later Koch (19306)
described aquatic bryophyte communities as independent
syntaxa of higher rank (orders and alliances), their syntaxo-
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nomic content has been repeatedly supplemented and cor-
rected (Schwickerath 1944, Waldheim 1944, von Krusten-
stjerna 1945, Poelt 1954, Hertel 1974, Plamada 1974, Geiss-
ler 1976, Drehwald & Preising 1991 etc.). Both authors
(Krajina 1933, Koch 1936) did not describe an independent
class for aquatic bryophyte communities. This was later
done by Philippi (1956). He presented a generalized system
of aquatic moss communities of the southern Schwalzwald
(Germany) as a first step in the analysis of this vegetation
type. In this paper, Philippi united the aquatic bryophyte
communities into one new class, but did not give it a verbal
characterization. He proposed to distinguish orders by alti-
tudinal gradient and water pH values: Brachythecietalia
plumosi Philippi 1956 — acidic water communities of the
high mountain belt; Leptodictietalia riparii Philippi
1956 — communities of alkaline waters of foothill and plain
areas; Platyhypnidietalia rusciformis Philippi 1956 —
communities of lowland rivers and streams. Based on this
syntaxonomic structure of the class, it can be characterized
as an integration of bryophyte communities in cold run-
ning waters, usually on mineral, less often organic-mineral
substrates. The proposal of von Hitbschmann (1957) to di-
vide aquatic bryophyte communities into four independent
classes on the basis of altitudinal principle, expressed a little
later, did not find support, because it was essentially a re-
petition of the system of bryophyte communities of water-
courses presented by Philippi (1956).

The study of the vegetation of water bodies of the
European North of Russia and the Altai Mountains, as well
as the analysis of numerous publications allowed us to iden-
tify communities of aquatic bryophytes, the syntaxonomic
status of which is either not reflected in the currently exis-
ting generalized classification reviews of both European
(von Hibschmann 1986, Marstaller 2006, Mucina et al.

Table 1. Characterization of the authors’ study areas

2016) and Russian (Korotkov et al. 1991, Ermakov 2012)
phytosociologists, or reflected erroneously.

To date, the syntaxonomic hierarchy of aquatic bryo-
phyte communities in standing and low-flow reservoirs has
not been developed. In this paper, new associations and high
syntaxa are described for aquatic bryophyte communities in
lentic ecosystems.

MATERIAL AND METHODS
Study area

Relevés were made at 9 sites (Fig. 1, Table 1) in the Euro-
pean North of Russia and the Altai Mountains. Climate data
in the table 1 are characterized from the Climate Data (2025).

Sampling and data analysis

Geobotanical studies of aquatic bryophytes were carried
out in the north of the European part of Russia — in the
Nenets Autonomous Area and the Komi Republic, as well
as in the south of Siberia — in the Republic of Altai and Al-
tai Territory (Fig. 1). The material for syntaxonomic analy-
sis was 44 relevés, performed by the authors in the summer
(July — August) from 2005 to 2024. Three relevés taken from
publications of other authors (Podbiclkowski 1967, Taran
1997, Taran & Tyurin 2000) were also included in the analysis.

The survey was carried out according to standard me-
thodologies. Hydro-botanical rakes were used during the
works. In relatively deep lakes (5—7 m) in Altai, scuba diving
equipment and a GoPro 9 camera were used to describe
and photograph underwater plant communities.

Relevés were made within homogeneous contours
of bryophyte vegetation on plots from 4 to 25 (60) m? in
the European North. The area of studied mosses stands
at depths below 5 m vatied from 9 to 100 m? in the Al-
tai. All species of cryptogamous and vascular plants at the

Mean (max)

No. and name of study site Zone / subzone Landscape M%T’ (ranllr}lr)_];llflzn 1\1413111)’
tempetrature, "C

1. Pechora River Delta and adjacent tundra

localities: Lov?_tgldi {j[l.lin the lekchorzl Bgy; Subarctic / typical

eastern part of the Malozemelskaya tundra  Subatctic ical ; L T

(NenetspRidgc), western part of the Bolshe- and southergliundra FA?OS p laéln, hilly tp 1121?989 -23 13 (30)—-17 (-45) 550

zemelskaya tundra (Bolvanskii Nose Cape,  (Aleksandrova et al. 1989) (Aleksandrova etal. )

Ortina, Severnaya and Yachey River basins)

(Nenets Autonomous Area)

2. The south-eastern part of the Bolsheze- Subarctic / southern tundra Upland hilly plain

melskaya tundra (Neé)ets Autonomous Area)(Aleksandrova et al. 1989) (Apleksandrévg et al. 1989) 55 12(30)--18(¢45 700
: ] Subarctic / southern tundra Mid-mountains of subalpine

3. The Polar Ural (Komi Republic) (Aleksandrova et al. 1989)  type (Gladkova 1977) P -53 14 (31)--22(-48) 825

. . Boreal / northern taiga Mid-mountains (Gladkova
4. The Subpolar Ural (Komi Republic) (Aleksandrova et al. 1989)  1977) ( -3.0 15(34)—-19(-35 744
. : . . Boreal / northern taiga Upland plain with ridges and

5. The Middle Timan (Komi Republic) (Aleksandrova et al. 1989) hills (Gg eova 1977>g 0.2 16 (35)—-16 (-46) 676
: : : : Smooth, flat-topped uplands

6. The upper Pechora River basin (Komi ~ Boreal / northern taiga b to 786 m ag) strgtched 03 17035 —-17 (50 712

Repubhcg (Aleksandrova et al. 1989) Engri dionally (Glac)i’kova 1977) (35) 50

7. 'The middle Vychegda River basin (Komi Boreal / middle taiga Gently sloping plain (150

Republic) s ( (Aleksandrova ct al-1989)  (200) in asl. I 1977y 17 18G4 —-14(¢46 700

8. Kolyvanskii Ridge of Altai (Altai Boreal / south taiga Low-mountains (500—-600 m

Terrltory) i§ a mountain range in the (Kumirova 1960) 2ol Bsminowa 1960 28 18EY--1450) 877

: . PRI : Plat 1800-2100 m a.s.l.
9. The Mountain Altai (Ulaganskii district, Boreal / south taiga de?s ISla}:laissecte d by g:, grs > 23 15 ©8)—-21(32) 681

Republic of Altai) (Kuminova 1960)

erosion (Kuminova 1960)
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plots are included in the relevés. The material was collec-
ted and analyzed according to the Braun-Blanquet’s phyto-
sociological approach (Westhoff & van der Maarel 1973)
taking into account phytocenotic (holocenotic) approach
in studying bryophyte communities (Berg et al. 2016). The
cover of each species in a plant community was assessed
by the old Braun-Blanquet’s scale (Becking 1957): "t" — ex-
tremely rare; "+" — rare with low cover; "1" — cover up to
5 %; "2" — 5-25 %; "3" — 25-50 %; "4" — 50-75 %; "5" —
75-100 %. Estimates of species abundance in the papers of
other authors have retained the original. The constancy of
the species in the tables (for 5 and more relevés) is given on a
percentage scale (%0): I —> 0-20, IT — 2140, IIT — 41-60, IV
—61-80, V — 81-100. Diagnostic (dominant) and constant
species were established when distinguishing syntaxa of
association level and above (Chytry 2011). Additional infor-
mation includes depth, mechanical composition, and type
of substrate on which communities form.

When processing relevés, the integrated botanical infor-
mation system IBIS was used (Zverev 2007). Clustering of
relevés (all species ate included in the analysis) was petfor-
med by the cluster analysis (Ward’s method), detrended cot-
respondence analysis (DCA) ordination and assessment of
ecological conditions of habitats in the PAST 4.03 package
(Hammer et al. 2001).

S

Figure 1 Study sites: 1 — Pechora River delta and adjacent Malo-
zemelskaya and Bolshezemelskaya tundra localities (Nenets Ridge,
Bolvanskii Nose Cape, Ortina, Severnaya and Yachey rivers basins;
2 — the south-eastern part of the Bolshezemelskaya tundra; 3 — the
Polar Ural; 4 — the Subpolar Ural; 5 — the Middle Timan; 6 — the
upper Pechora River basin; 7 — the middle Vychegda River basin;
8 — Altai Territory (Kolyvanskii ridge); 9 — the Mountain Altai
(Ulaganskii District)

Measurement of water hydrogen index (pH) and its sa-
linity (TDS) during fieldwork was carried out using a por-
table conductometer HANNA-98129.

Plant identification has been carried out and confirmed
for mosses by O.M. Afonina (Komarov Botanical Institute
RAS — BIN), G.V. Zheleznova (Institute of Biology Komi
SC UB RAS —IB Komi SC) and E.Z. Baisheva (Ufa Institute
of Biology UFRC RAS — UIB UFRC), for macrophytes —
by A.A. Bobrov (Papanin Institute for Biology of Inland
Waters RAS — IBIW).

The nomenclature of taxa of vascular plants, is given
according to the World Flora Online (WFO 2025), mosses —
the annotated checklist of bryophytes (Hodgetts et al. 2020),
algae — Listing the World’s Algae (Guiry & Guiry 2025).

The new syntaxonomic units are named according to
the International Code of Phytosociological Nomenclature
(ICPN) (Theurillat et al. 2021). Authors of syntaxa are gi-
ven in the text at first mention and in Prodromus.

RESULTS

Based on the analysis of the summary table of relevés
of moss communities of standing and slow-flowing water
bodies, 6 associations divided into 2 alliances were identified
(Table 2). Relevés grouped in associations reflect real com-
binations of species and form well-differentiated groups on
the cluster tree and in DCA ordination analysis (Fig. 2A, B).

All. Calliergonion megalophylli Lavrinenko ex
Teteryuk, Lavrinenko et Kipriyanova all. nov. hoc loco

Holotypus: ass. Calliergonetum megalophylli Lav-
rinenko et D'yachkova 2021 (Lavtinenko & D'yachkova
2021: P. 39 (rel. 1.54) and P. 37-38 (Table 2, syntaxon 2)).

Name-giving taxon: Calliergon  megalophyllum  Mikut.
(Bryoth. Balt. No. 141. 1908).

Diagnostic species: Calliergon megalophyllum, Drepanocladus
aduncus, Sarmentypnum exannulatun, S. trichophyllum.

Synonym: Calliergonion megalophylli O. Lavrinenko
in Lavrinenko, Lavrinenko, Tsyvkunova et D'yachkova 2024
all. prov. (Art. 3b ICPN).

Description. Submerged (up to 1 m deep) and amphibious
bryophyte vegetation in the shallow, well-warmed meso-
and eutrophic lakes of wvarious origins, enclosed water
bodies and permanently watered depressions of relief in
tundra and boreal zones of the Holarctic and in tundra and
forest belts of mountains of South Siberia.

Ass. Sarmentypnetum trichophylli Lavrinenko
et D'yachkova 2021 mut. Lavrinenko, Lavtinenko,
Tsyvkunova et D'yachkova 2024 (Table 2, rel. 1-10;

Fig. 3A, B)

Name-giving taxon: Sarmentypnum trichophyllum (Warnst.)
Hedenis (J. Hattori Bot. Lab. No. 100: 133. 20006).

Synonym: Warnstorfietum trichophylli Lavrinenko
et D'yachkova 2021 nom. inept. {ICPN Att. 45).

Description. Submerged (up to 1 m deep) communities of
Sarmentypnum trichophyllum in the lakes and other water bo-
dies with slow water exchange.

Composition. Diagnostic species: Sarmentypnum trichophyllun
(dominant). Mosses of medium to large size (10-15, up to
20 cm long) form single-species stands. Macrophytes are
found occasionally (Sparganium hyperborenm) and once (Hippuris
vulgaris) with low abundance. Total number of taxa registered in
association is 3: 2 herbs and 1 moss; 1-2 species in communities.
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Calliergonetea megalophylli —a new class of bryophyte vegetation

Figure 3 Communities of the associations: A, B—Sarmentypnetum tricho-
phylli: A —in the shallow water of the river-formed lake (Ortina River, Bolshe-
zemelskaya tundra), mosses with abundant sporophytes; B — underwater on the
bottom of a thermokarst lake on mineral substrate (Lovetskii Isl. in the Pechora
Bay). Photo by O.V. Lavrinenko. C, D — Calliergonetum megalophylli: C —
on the shore of a drying lake (Nenets Ridge, Malozemelskaya tundra), photo by
O.V. Lavrinenko; D — in the shallow water of a quarry (middle taiga subzone,
Komi Republic), photo by B.Y. Teteryuk. E, F — Myriophyllo sibirici—Sar-
mentypnetum exannulati: E — in the shallow water of the Mokhovoye Lake
(Altai Territory, Kolyvanskii ridge), photo by .M. Kipriyanova; F — in the shal-
lows of an overgrown floodplain lake (Pechora River delta), photo by O.V. Lav-
rinenko. G, H— Charo globularis—Calliergonetum gigantei at the bottom
of the lake at a depth of 6 m: G — Uzunkel Like; H — Kidelyu Lake (Mountain Al-
tai, Ulaganskii District). Photo by R.I. Vorobyov. I — Charo strigosae—Scor-
pidietum scorpioidis at the bottom of the lake Sarulukel at a depth of 2 m
(Mountain Altai, Ulaganskii district), photo by L.M. Kipriyanova

more northern areas and in the Southern Urals (Hedenis
& Ignatov 2022). On this basis, the range of the associa-
tion can be extended to the north of the European part of
Russia, Sibetia and the Far East.

Note. According to Hedends & Ignatov (2022), sporo-
phytes are not known in S. #richophyllum specimens from
Russia. Mats of this moss with mass development of spo-
rophytes were found in floodplain lakes in the west of the
Bolshezemelskaya tundra (Fig. 3A).

Ass. Calliergonetum megalophylli Lavrinenko
et D'yachkova 2021 (Table 2, rel. 14-20; Fig. 3C, D).

Name-giving taxon: Calliergon megalophyllum Mikut. (Bryoth.
Balt. No. 141. 1908).

Description. Submerged (up to 1 m deep) and amphibious
bryophyte communities of Calliergon megalophyllum in the
lakes and other water bodies with slow water exchange.

Composition. Diagnostic species — Calliergon megalophyllum
(dominant). Very large mosses (10-20, up to 40 cm long)
often form almost single-species stands. Littoral Hippuris
lanceolata is the constant species with low in abundance,
which is explained by the location of the studied commu-
nities in coastal areas. Other aquatic bryophytes are also
found in the moss mats (Drepanocladus aduncus, Fontinalis
hypnoides, Hamatocanlis lapponicus, Sarmentypnum exannulatum,
S. trichophyllum). Macrophytes are occasionally found in the
moss mats, among which there are diagnostic species of
classes Potamogetonetea Klika in Klika et Novak 1941
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(Myriophyllum  verticillatum, Potamogeton natans, P. sibiricus),
Lemnetea (Lemna trisulca, Utricularia minor, U. vulgaris) and
alliance Sparganion hyperborei Teteryuk, Lavrinenko
et Kipriyanova 2022 (Sparganium hyperboreum). All companion
species have low abundance (r—2) and total cover less than
5% (20 % in 2 communities only). Total number of taxa
registered in association is 16: 10 herbs and 6 moss; 1-7
species in communities.

Structure. The communities of the association have a
single layer. Moss Calliergon megalophyllum grows underwater,
in the entire water column at a depth of about 40 cm (only
shoot tips protrude above the surface) and in mats floating
in the near-surface water layer, as well as in mats on over-
watered shores of drying lakes.

Habitats. Shallow waters of well-warmed, overgrown
cutrophic lakes and river-formed lakes and artificial reser-
voirs (old overgrown quarry) with water pH close to neutral
(pH = 7.5 in rel. 21 (T24-060)), with silted sandy, silted clay
and mud bottoms, as well as over-watered shores of lakes.

Distribution. Communities have been described in the
north of European Russia. Most communities are studied
in the tundra zone: in lakes in the eastern part of the Malo-
zemelskaya tundra (Nenets Ridge), western part of the Bol-
shezemelskaya tundra (Bolvanskii Nose Cape), on Lovetskii
Isl. in Pechora Bay and in the Pechora River delta. One
community was described in the shallow water of a quarry
in the middle taiga subzone of the Komi Republic. The spe-
cies with circumpolar range inhabits the northern parts of
Russia, but does not occur in the high-latitude Arctic, and
finds in the boreal zone are sporadic (Czernyadjeva & Ig-
natova 2022). Based on the distribution of the species, the
range of the association can be extended to the entire tund-
ra zone and the northern part of the taiga zone of Russia.

Ass. Myriophyllo sibirici—Sarmentypnetum
exannulati Teteryuk in Teteryuk, Lavrinenko et
Kipriyanova ass. nov. (Table 2, rel. 21-38; Fig. 3E, F)

Holotypus: Relevé 38 in Table 2 (authot's no. — T07-030).
27.06.2007; Komi Republic, Kortkerosskii district, vicinity
of Mordino village, floodplain lake (N 61.3456, E 51.8832).
Author — B.Yu. Teteryuk.

Name-giving taxa: Myriophyllum sibiricnn Kom. Repert. (Spec.
Nov. Regni Veg. 13: 168 (1914)), Sarmentypnum exannulatum
(Schimp.) Hedends (J. Hattori Bot. Lab. No. 100: 132. 2000).

Synonym: Warnstorfietum exannulati Szankowski
1998 nom. inval. ICPN Art. 1).

Description. Aquatic dense “carpet” communities of Sar-
mentypnum exannulatum with submerged and free-floating hyd-
rophytes in lakes and reservoirs with slow water exchange.

Composition. Diagnostic species — Sarmentypnum exannu-
latum (dominant). Moss is dark or brownish green, often
with wine-red pigmentation, with a floating or erect stem
5-10(20) cm long. Total number of taxa registered in asso-
ciation is 33: 5 moss and 28 herbs; average number of species
in the community — 4. Hydrophytes, most of which belong
to diagnostic species of the classes Potamogetonetea
and Lemnetea, account for more than half of the species
composition (Table 2). Their general cover in communities
does not exceed 10 %.

Structure. The communities are fully submerged moss
“carpets” with sparse submerged and floating near the
water surface hydrophytic plants (Lewna trisulea, Myriophyl-
lum - sibiricum, Ulricularia vulgaris). The submerged rooting
hydrophyte Myriophyllum sibiricum is present in communities
quite often (III1). Aquatic forms of helophytes (Sparga-
ninm emersum vax. fluitans) are found along the periphery of
the phytocoenoses on the shore side. Some helophytes are
occasionally found in shallow areas near the shoreline.

Habitats. The communities of the association are formed on
wind-protected areas of shallow waters with silty, sandy-silty,
peaty-silty soils, less often clay and stony soils, but with silt
deposits. The water has a slightly acidic (pH = 6.27) to slight-
ly alkaline (pH = 8.52) reaction and low (0.04-0.16 g/dm’)
mineralization. No desiccation of habitat occupied by com-
munities was observed. Assessment of ecological conditions
of habitats according to the Ellenberg scales showed (Fig. 4)
that they are characterized by good light and belong to meso-
and meso-eutrophic.

Distribution. Communities of the association have been
described in the European North of Russia and the Altai
Mountains. A little eatlier they were described in Poland un-
der the of Warnstorfietum exannulati (Szafkowski
1998, Szankowski & Klosowski 2004). Sarmentypnum exan-
nulatum — widespread and massive species in the Arctic and
in the boreal zone (Ignatov & Ignatova 2003, Hedenis &
Ignatov 2022). The range of the association appears to
coincide with the distribution of this phytocoenosis-for-
ming species and covers all sectors of the Holarctic.

Note. In 1933, V. Krajina described ass. Drepanoclade-
tum exannulati Krajina 1933 within the class Scheuch-
zerio palustris—Caricetea nigrae, which unites
moss—sedge mires. He noted that the association's commu-
nity habitats are only moderately moistened by water and can
dry out significantly during extended petiods of drought.
Even communities of facies typicum do not grow in high-
ly watered habitats («...Allerdings wichst nicht einmal die
Fazies typicum in groBeren Wassermengen, nur von leicht
flieBendem Wasser ist diese Assoziation maBig befeuchtet»
(Krajina 1933:138). The differential taxa of the association
V. Krajina designated Caltha palustris subsp. laeta, Deschanpsia
caespitosa, Ligusticum mutelliana (= Mutellina adonidifolia). Hydro-
phytes are completely absent in its composition (Krajina
1933: 136-137, table 59). This radically distinguishes the mire
communities of the ass. Drepanocladetum exannulati
from those of the association we have described.

We also include the ass. Drepanocladetum adunci
Taran 1997 (Taran 1997, Taran et al. 2005, Taran & Tyurin
2000) to the alliance Calliergonion megalophylli.

Ass. Drepanocladetum adunci Taran 1997
(Table 2, rel. 11-13)

Name-giving taxon: Drepanocladus aduncus (Hedw.) Warnst.
(Beih. Bot. Centralbl. No 13: 400. 1903).

Diagnostic species: Drepanocladus aduncus (dominant).

Description. According to the authot's definition (Taran
1997) the association unites communities dominated by
hypnum moss Drepanocladus aduncus that occupy temporary
water bodies in temporarily flowing hollows of the Ob
River floodplain.

Note. “During flooding, the communities are moss mats
attached to the ground or suspended in the water column
... about 15 cm high. By late summer, dried moss carpet up
to 2—4 cm thick are colonized by explerents [R strategy]
(Rorippa palustris, Agrostis stolonifera) as well as juvenile and
immature individuals of helophytes (Comarum palustre,
Cicuta virosa, Ranunculus gmelinii, Stellaria palustris, Cardamine
pratensis, Pedicularis karoz, Rumex: aquaticus), the general cover
of which is very small” (Taran 1997:76).

All. Charo strigosae—Scorpidion scorpioidis
Kipriyanova et Baisheva all. nov.

Holotypus: ass. Charo strigosae—Scorpidietum scor-
pioidis Kipriyanova et Baisheva ass. nov. (described bellow).
Name-giving taxa: Scorpidinm scorpioides (Hedw.) Limpr.
(Laubm. Deutschl. 3: 571. 1899), Chara strigosa A. Braun
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Figure 4 A comparison of aquatic bryophyte associations by means of Ellenberg indicator values. Associations: St — Sarmentypnetum
trichophylli,Da—Drepanocladetum adunci,Cm—Calliergonetum megalophylli,Se—Myriophyllo sibirici—Sarmentypnetum
exannulati, Cg— Charo globularis—Calliergonetum gigantei, Ss — Charo strigosae—Scorpidietum scorpioidis

(Neue Denkschriften der Allgemeinen Schweizerischen
Gesellschaft fur die Gesammten Naturwissenschaften. No.
10(3): 16. 1849).

Diagnostic species: Calliergon gigantenn, Chara strigosa, Ni-
tella flexilis, Scorpidinm scorpioides.

Description. Communities of aquatic bryophytes in deep,
transparent lakes and water bodies with similar hydrological
regimes in the forest and forest-tundra belts of the moun-
tains and the boreal and tundra zones of the Holarctic.

Note. Deep water prevents the helophytes and hydrophytes
characteristic of shallow littoral depths from penetrating the
communities of this alliance. Thus, if in the communities
of the alliance Calliergonion megalophylli species of
the genus Hippuris and Sparganium and other diagnostic spe-
cies of the class Phragmito—Magnocaricetea Klika in
Klika et Novak 1941 are found with good consistency, then
in the communities of the alliance Charo strigosae—
Scorpidion scorpioidis, carried out at depths of up
to 6 m, only real hydrophytes were noted — vascular plants
and charophytes.

Ass. Charo globularis—Calliergonetum
gigantei Kipriyanova et Baisheva ass. nov. (Table 2,
rel. 40-43; Fig. 3G, H)

Holotypus: Relevé 42 in Table 2 (authot's no. — K-y23-8),
09.08.2023; Republic of Altai, Ulaganskii District, Uzunkel
Lake (50.47914N 87.6228GE). Author — L.M. Kipriyanova.
Name-giving taxa: Calliergon giganteum (Shimp.) Kindb.
(Canad. Rec. Sci. No. 6(2): 72 1894), Chara globularis Thuiller
(Flore des environs de Paris, Ann VII [éd. 2]. p. 472. 1799).

Description. Aquatic “carpet” communities of Calliergon

giganteum with submerged hydrophytes in the lakes and
other water bodies with slow water exchange.
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Composition. Diagnostic species — Calliergon gigantenm (do-
minant). The mosses are large, green, golden or brownish-
green, stem 5-20 cm long. Total number of taxa registered
in the association is 7: 2 — bryophytes, 2 — vascular plants, 2 —
charophytes, 1 — other macroalgae; 2—4 species per commu-
nity. Some diagnostic species of the Potamogetonetea
(Myriophyllum ~ sibiricum) and Charetea intermediae
F. Fukarek 1961 (Nitella flexilis, Chara globularis) classes are
present in the composition of the association communities.

Structure. The communities are moss “carpets” completely
submerged in water, with rare inclusions of hydrophytes
submerged. The height of moss shoots in the studied com-
munities reaches 44 cm.

Habitats. Communities of Calliergon giganteun are formed
in the littoral zone of the lakes up to 6 m depth with a
predominance of rocky soils silted on top. The lakes are
ultra-fresh (mineralization from 0.03 to 0.06 g/dm?), hyd-
rocarbonate-calcium. The waters range from slightly acidic
(pH = 6.7) to slightly alkaline (pH = 8.0). The trophic
status changes from oligo-mesotrophic lakes Uzunkel and
Kidelyu to mesotrophic Balyktukel.

Distribution. Communities were observed in the lakes of
the forest and forest-tundra belts of the Altai Mountains
(Uzunkel, Kidelyu (Fig. 3G, H), Balyktukel), and most likely
of the other mountain regions of the Holarctic. Given the
widespread distribution of mass moss Calliergon gigantenm
in the boreal regions of the Holarctic, communities of the
association will be discovered during a detailed examination
of lakes in the boreal and tundra zones.

Notes. T. Lipmaa (1933) does not provide relevés, but
indicates that its association Drepanocladus lycopodioi—Calli-
ergon giganteum-Ass. is characteristic of bogs — “This bog
association is typical of calcareous bogs.” Therefore, it was
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necessary to desctibe a new association with Ca/liergon gigan-
teum as a dominant — which, in conditions of deep trans-
parent reservoirs, can successfully grow at depths of up to
6 m, which includes species of true hydrophytes, both vas-
cular and cryptogamous.

Ass. Charo strigosae—Scorpidietum
scorpioidis Kipriyanova et Baisheva ass. nov.
(Table 2, rel. 44-47; Fig, 31I)

Holotypus: Relevé 45 in Table 2 (authot's number — K-18-
39. 09.08.2023; Republic of Altai, Ulaganskii District, Lake
Sarylukel, 09.07.2018, (N50.45978, E 87.51718). Author —
L.M. Kipriyanova.

Description. Aquatic “carpet” communities of Scorpidium
scorpivides with submerged hydrophytes in the lakes and
other water bodies with slow water exchange.

Name-giving taxa: Chara strigopsa A. Braun (Neue Denk-
schriften der Allgemeinen Schweizerischen Gesellschaft fir
die Gesammten Naturwissenschaften. No. 10(3): 16. 1849),
Scorpidium scorpioides ( Hedw. ) Limpr. (Laubm. Deutschl. 3:
571.1899).

Composition. Diagnostic species — Chara strigosa, Scorpidinm
scorpivides (dominant). Moss large, black or dark purple,
stem 5-15 cm long. Total number of taxa registered in
association is 8: 2 — bryophytes, 4 — vascular plants, 2 — cha-
rophytes; 3—6 species in communities. Charophytes are the
diagnostic species of the class Charetea intermediae.

Structure. The communities are moss “carpets” completely
submerged in water, with rare inclusions of hydrophytes
submerged.

Habitats. Communities of Scorpidium scorpioides are formed
in the littoral zone of the lakes up to 3.6 m depth with a
predominance of rocky soils silted on top. The lakes are
ultra-fresh (mineralization from 0.09 to 0.11 g/dm?), hydro-
carbonate-calcium. The waters range from slightly acidic
(pH = 6.7) to slightly alkaline (pH = 8.1). The trophic water
status is mesotrophic.

Distribution. Communities have been described in the
lakes of the forest and forest-tundra belts of the Altai
Mountains (Sarulukel, unnamed lake above the Forel fishing
base), and most likely of the other mountain regions of the
Holarctic. Moss is widespread in the Arctic and northern
boreal zone; penetrates southward into the mountains of
Eurasia. Apparently, communities of the association will be
discovered during a detailed examination of lakes in the bo-
real and possibly tundra zones of the Holarctic.

Notes. Lipmaa (1933) indicates that his association Scorpidi-
umr scorpioides-Ass. is characteristic of mires, so, as in the case
of Calliergon gigantenn communities, we described a new asso-
ciation characteristic of deep clear lakes, including other spe-
cies of true hydrophytes, both vascular and cryptogamous.

We propose to combine the two alliances described
above into a new order and class of bryophyte vegetation
of the same name.

Cl Calliergonetea megalophylli Teteryuk,
Lavrinenko et Kipriyanova cl. nov.

Holotypus: ord. Calliergonetalia megalophylli Tete-
ryuk, Lavrinenko et Kipriyanova ord. nov. (described below).

Name-giving taxon: Calliergon  megalophyllum  Mikut.
(Bryoth. Balt. No. 141. 1908).

Diagnostic species: Calliergon giganteum, C. megalophyllum,
Drepanocladus aduncus, Sarmentypnum exannulatum, S. trichophyl-
lume, Scorpidium scorpioides.

Description. Submerged and amphibious bryophyte vege-
tation in lakes of various origins, enclosed water bodies and

permanently watered depressions of relief in tundra and
boreal zones and southward in the mountainous regions of
the Holarctic.

Ord. Calliergonetalia megalophylli Teteryuk,
Lavrinenko et Kipriyanova ord. nov.

Holotypus: all. Calliergonion megalophylli Lav-
rinenko ex Teteryuk, Lavrinenko et Kipriyanova all. nov.
(described in this paper).

Description, Name-giving taxon and Diagnostic spe-
cies. Same as class.

Syntaxonomic structure of the class
Calliergonetea megalophylli

Class
Order
Alliance
Association
Calliergonetea megalophylli Teteryuk, Lavrinenko
et Kipriyanova cl. nov.

Calliergonetalia megalophylli Teteryuk,
Lavrinenko et Kipriyanova ord. nov.

Calliergonion megalophylli Lavrinenko ex
Teteryuk, Lavrinenko et Kipriyanova all. nov.

Calliergonetum megalophylli Lavrinenko et
D'yachkova 2021

Sarmentypnetum trichophylli Lavrinenko
et D'yachkova 2021 mut. Lavrinenko, Lavrinenko,
Tsyvkunova et D'yachkova 2024

Myriophyllo sibirici—Sarmentypnetum
exannulati Teteryuk in Teteryuk, Lavrinenko et
Kipriyanova ass. nov.

Drepanocladetum adunci Taran 1997

Charo strigosae—Scorpidion scorpioidis
Kipriyanova et Baisheva in Teteryuk, Lavrinenko et
Kipriyanova all. nov.

Charo globularis—Calliergonetum gigantei
Kipriyanova et Baisheva in Teteryuk, Lavtinenko et
Kipriyanova ass. nov.

Charo strigosae—Scorpidietum scorpioidis
Kipriyanova et Baisheva in Teteryuk, Lavrinenko et
Kipriyanova ass. nov.

DISCUSSION

TheclassCalliergonetea megalophylliisdescribed
on the basis of the authors' own data from the European
North of Russia and the mountains of South Siberia, as well
as on published data for Western Siberia (Taran 1997, Taran &
Tyurin 2000) and Central Europe (Podbielkowski 1967). The
core of the coenoflora of the class is composed of broad-
areal species with predominantly Holarctic (60 % of the
coenoflora of the class) and hemocosmopolitan (17 %) dist-
ribution. These groups include all the phytocoenosis-forming
species of the class. In latitudinal respect, distinct arcto-boreal
features characterize the geographical structure of the class
coenoflora. It is dominated by species of temperate latitudes
(41 %), with about a third of species (36 %) distributed in the
Arctic. The remaining species (23 %), among which mosses
Drepanocladus aduncus and Sarmentypnum exannulatum, have an
almost ubiquitous (plurizonal) distribution.
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The ecotopes occupied by communities of the class
(shallow waters of floodplain, thermokarst, mountain-val-
ley and mountain lakes, watered depressions in river flood-
plains, shallow waters of overgrown bays of reservoirs,
roadside ditches, overgrown quarries, reclamation ditches)
determined the ecological spectrum of its coenoflora. Hyd-
rophytes make up more than half of the coenoflora com-
position (57 %). Aquatic-mire species (hygrohelophytes and
helophytes) account for 24 % and 17 %, respectively.

Communities of the class, forming in water bodies with
slow water exchange, consist of species with a wide ecolo-
gical amplitude (60 %), indifferent to the presence of water
current according to the factor “mobility of water masses”
(59 %). The remaining species (41 %) prefer ecotopes with
standing water (lentibionts). Two species (Calliergon gigantenn:
and Drepanocladus aduncus) from among phytocoenosis-for-
ming species are indifferent to the mobility of water masses,
but their communities were not found in rivers on the stream.

Ecological analysis of the class coenoflora using Ellen-
berg scales demonstrates confinement to mesotrophic,
well-lit habitats with pH from slightly acidic to slightly alka-
line (Fig., 4). The coenoflora of the class is composed of
cold-tolerant species whose areal tends to regions with sub-
oceanic and subcontinental climate. The above characteri-
zation of the coenoflora gives a basis to consider that com-
munities of the class Calliergonetea megalophylli
have a predominant distribution in the Arctic and temperate
latitudes of the Holarctic.

The main difference between alliances in this class is the
characterization of habitats: communities of the alliance
Calliergonion megalophylli are distributed mainly in
shallow mesotrophic and meso-eutrophic plain water bo-
dies, while communities of the alliance Charo strigosae—
Scorpidion scorpioidis are formed in relatively deep
oligo-mesotrophic lakes. An additional distinctive feature
of the second alliance is the significant participation of char
algae in its communities (Table 2).

The class Calliergonetea megalophylli (CAL)
has characteristic features that distinguish it from other
aquatic and mire classes where bryophytes are important —
Platyhypnidio—Fontinalietea antipyreticae (PLA)
and Scheuchzerio palustris—Caricetea nigrae
(SCH) (Table 3). These differences in composition, leading

ecobiomorphs, and habitats emphasize the distinctive fea-
tures of the class Calliergonetea megalophylli and
constrain it well in syntaxonomic space.

CONCLUSIONS

The new class Calliergonetea megalophylli is pro-
posed for bryophytic vegetation of lakes and other enclosed
water bodies with slow water exchange, with organic and
organic-mineral substrates (clay, peat, sandy, muddy). Mosses
(families Amblystegiaceae, Calliergonaceae, Scorpidiaceae
etc.) form mats or carpets of several tens and hundreds
of square meters in different ecotopes — underwater at the
bottom of lakes, in the entire water column, floating in the
near-surface water layer, as well as on waterlogged shores
of drying lakes. Bryophytes form complete communities in
which the participation of vascular plants is insignificant.
These are mainly low abundant hygro- and hydrophytes,
characteristic of other classes of aquatic vegetation, which
do not influence the structure of bryophyte communities
(in particular, they are not a supporting framework for
mosses and do not form an independent layer). The class
Calliergonetea megalophylli is cleatly distinguished
from other aquatic and mire classes where bryophytes are
important — Platyhypnidio—Fontinalietea antipy-
reticae (epilithic bryophyte vegetation in running water
courses and cascades growing submerged inwater and
splashzones) and Scheuchzerio palustris—Caricetea
nigrae (sedge-moss vegetation of fens, transitional mires
and bog hollows).

The order Calliergonetalia megalophylli and the
alliances Calliergonion megalophylli (submerged and
amphibious bryophyte vegetation in the shallow, well-war-
med meso- and eutrophic lakes and other enclosed water
bodies) and Charo strigosae—Scorpidion scorpioi-
dis (communities of aquatic bryophytes in deep, clear oligo-
mesotrophic lakes) are described in the new class. There
are currently 6 associations included in the class, but the
number may increase significantly as research progresses.

The newly described syntaxa expand the understanding
of the syntaxonomic structure of the vegetation cover of
hydromorphic habitats. Its further study will make it possible
to judge with greater objectivity the functioning and succes-
sional processes of overgrowth of aquatic ecotopes.

Table 3. Comparative characterization of the communities of the classes Calliergonetea megalophylli (CAL),
Platyhypnidio—Fontinalietea antipyreticae (PLA) and Scheuchzerio palustris—Caricetea nigrae (SCH)

Indicator Class
cato
PLA CAL SCH
* Constancy and abundance of the same diagnostic species (for alliances)
Fontinalis antipyretica VI-V® I -
Fontinalis hypnoides VI-V® It -
Sarmentypnum exannulatum — \& Vs

Habitats watercourses (rivers, streams)

Substrate mineral (stones, gravel, pebbles)

Leading ecobiomorphs

enclosed water bodies (lakes,

organic / otganic-mineral (clay,

hydro- and hygrohelophytic mosses  submerged hydrophytic mosses

mires, wet waterlogged banks of

ponds, reservoirs) water bodies

organic / mineral-organic (peaty),
overwatered mineral

peaty, sandy, silty)

Helophytic graminoids and bog and
mire mosses

Note. * — calculated from published data (Taran 1997, Baisheva et al. 2004, Chemeris 2004, Bobrov & Chemeris 2005, 2006, Taran & Tyurin
2006, Baisheva 2010, Chepinoga 2015, Lavrinenko et al. 2016, Kipriyanova 2019, Kipriyanova & Kleshchev 2019, Ermolaeva et al. 2022,

Sokolova et al. 2023).
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