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Abstract

Elton and Baskunchak Lakes were used as an important sourse of the sodium chloride for the Russian
industry, especially for food, since the Middle Ages. Their peculiar environments received now a conser-
vation status. The moss flora of these two protected territories is described. The territory around Baskunchak
Lake in Astrakhan Province is more xeric than that in Elton Lake area in Volgograd Province, despite the
latter is situated only 100 km northward from the former. As a result, the moss flora in most types of
vegetation around the Elton Lake is more diverse, and several species occurring here are absent at the
Baskunchak area. However, the moss flora of Baskunchak area includes a number of epilithic species
that are absent in Elton area. Epilites grow near the Baskunchak Lake shore, on Bolshoe Bogdo Moun-
tain, 150 m alt., the highest point in Cis-Caspian lowland, formed of sandstones continuously uplifted by
a still growing salt body underneath the mountain. Numerous sinkholes and several caves in the Baskunchak
area provide sheltered conditions suitable for mosses. Especially interesting are two larger caves, where
ten species were found, nine of them were absent elsewhere in both Elton and Baskunchak areas. The
total number of species in Baskunchak and Elton areas are 45 and 35 species, respectively, while without
‘cave species’ the diversity is about equal, 36 and 35 species. The most salt-tolerant mosses at lake shores
are Pterygoneurum subsessile and Bryum bicolor.

Pesiome

Osepa DibToH U backyHuak, pacnonoxeHnsie B [Ipukacnuiickoii HU3BMEHHOCTH, UCTIOIb30BAINChH
JUISL TOOBIYH COJIM CO BPEMEH CPEIHEBEKOBbsI. B HacTosiIee BpeMst TEPPUTOPUH BOKPYT HUX MOJYIHIN
OXpaHHBI cTaTyc. B 1aHHO# cTaThe NPUBOJSATCS JaHHBIE O (IIOPE MXOB ITHX JIBYX 0CO00 OXpaHIEMbIX
TepPUTOPHI. YCIOBHS B OKPECTHOCTAX 03epa backyHuak B AcTpaxaHCKoii oGacTu Oosee 3acynlIHBbIe
110 CPABHEHHUIO C TAKOBBIMU B OKPECTHOCTAX 03epa DBTOH B Bonrorpajackoi 001acTi, HAXOIAIIErocs
Bcero B 100 kM k ceBepy or backyHuaka. [TosToMy B OONBLIMHCTBE THUIIOB MECTOOOMTaHMH Ha 03.
DJBTOH YHMCIIO BHAOB MXOB 0O0Jblile, 1 HEKOTOpble W3 HUX Ha backyHdake HaiijaeHsl He ObutH. [opa
bonbiioe borno, 150 M Hax yp. M., camasi Beicokasi Touka [Ipukacnuiickoli HU3MEHHOCTH, CIIOKESHHAs
IeCUaHUKaMHM, MPOJOJIKAIOIIAs MOJHUMATHCS 3a CUET pacTyILero mojx Hei “coisHoro Kymoia”,
OKa3bIBACTCS NMPHUOSKHUIIEM JUISl AITUIINTOB, YTO KOMIIEHCHPYET COKpAIL[EHUE 3/1eCh YhCIa MXOB HM3-3a
OoJsiee 3acylUIMBOTO KinMmaTa. Takke B OKPECTHOCTAX 03. backyHuak MMEIOTCs MHOTOYHMCIICHHBIE
KapCTOBBIC BOPOHKH, B KOTOPBIX CO3[AOTCS 0COOBIC 3allHIEHHBIE MECTOOOUTAHHUS IS MXOB. B
HEKOTOPBIX U3 HUX MMEIOTCS MEIEPhI, U B IBYX M3 HUX ObLTO HaiisieHO 10 BUOB MXOB, U3 KOTOPBIX 9 He
yIaI0Ch HAWTH 3a mpejeiaMu nemep Hu Ha backynuake, Hu Ha DnbToHe. Takum oOpaszom, obinee
quciIo BUIOB Ha backyHuake 45, Ha DnbroHe 35, XOTS €ClM UCKIIOUUTH 3TH ‘HellepHble BUIBI', TO
(JIOpbI MXOB 9THX JIByX TEPPUTOPHI OKa3bIBAIOTCSl COMOCTABUMBIMHU 110 GorarcTBy: 36 u 35 BHIOB.
Haubornee ycTOWYNBBIMHU K 3aCOJICHHIO SABISIIOTCS Pterygoneurum subsessile u Bryum bicolor, koTopbie
pacTyT Ha MOYBE, MOKPHITON KOPKOM COJTM Ha Oeperax o0oux o3ep.
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Fig. 1. Study area and
collecting localities: A:
general map; B: Elton
Lake area; C:
Baskunchak Lake area .“
(see also Table 1).

INTRODUCTION

Mosses are the plants that cannot tolerate really sa-
line environments, so they lack any marine species, un-
like vascular plants and especially Angiosperms. How-
ever, few moss species grow on sea shore cliffs experi-
encing the spray of marine water, and some other moss-
es occur in inland areas with saline soils. Such mosses
are very few, thus raising a special interest to their ecol-
ogy. For example, the number of studies on the habitats
of Entosthodon hungaricus seems to be greater compared
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to other species: see the review of publications in the
paper on this species by Pisarenko et al. (2001). A rela-
tive rarity of such environments determined the present
study of the moss diversity in the areas of two salty lakes,
Elton in Volgograd Province and Baskunchak in Astra-
khan Province.

Elton and Baskunchak are famous for their econom-
ic value since the ancient time because of important source
of the edible salt. Having so unusual environments, the
surroundings of the lakes received recently conservation

Fig. 2. Elton Lake area: habitats and images of selected species. A & D: Poa bulbosa+Stipa steppe near the lake (water has a
reddish color because of Dunaliella salina algae); B: Lake low banks with Phragmites (no mosses within); C: Steep lake banks,
almost lacking mosses; E: A relatively mesic steppe in shallow depression, with Fritillaria, Cardaminopsis and minute grass Zingeria,and
Entosthodon hungaricus; F: Bare soil in Poa bilbosa+Eremopyrum grassland, with Pterygoneurum in fissures; G-H: Amaranthaceae
shrublets and Artemisia austriaca dry steppe with Syntrichia ruralis; 1: Eremopyrum + Allium dry steppe without mosses.
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Table 1. Collecting localities and dates

. STEPANOVA, M.S. IGNATOV

#  Locdlity, vegetation/ habitat Coordinates (GPS) Date
ELTON
1  Eltonsettlement, on soil near Park office 49°07'17"N, 46°50'36"E, 10 m alt. 30.1V.2023
2 Grassandwith Zingeria, meso-xeric grassand in shallow depression 49°21'45"N, 46°32'17"E, 20 m alt. 30.1v.2023
2a Shallow depressionin dry Festuca dominated grassiand 49°22'00"N, 46°32'02"E, 10 m alt. 30.1v.2023
3 Elton Lakebank and the N-faced slope of the dam 49°09'19"N, 46°48'13"E, 10 m alt. 1.v.2023
3a Elton Lakebank and the N-faced slope of thedam 49°09'19"N, 46°48'13"E, —10 m alt. 4N.2023
4 KharaRiver, left bank 49°14'15"N, 46°38'52"E, 20 m alt. 1.V.2023
5 NW of Elton Lake, Poa bulbosa grassiand 49°14'41"N, 46°32'15"E, —10 m alt. 1.v.2023
5a Lanzug Creek 49°14'45"N, 46°31'42"E, 20 m alt. 1.v.2023
6  Presnolimansky Upland W of Elton Lake 49°10'14"N, 46°30'37"E, 30 m 1.v.2023
7  Presny Liman, agrassiand 49°09'41"N, 46°30'34"E, 10 m alt. 1.v.2023
8 NEof Elton Lake, agrassland 49°11'01"N, 46°46'14"E, O m alt. 2.V.2023
9 Nof Elton Lake, agrassland 49°12'33"N, 46°43'32"E, O m alt. 2.v.2023
10 ChernavkaCreek, steep banks 49°12'58"N, 46°40'19"E, Om 2.V.2023
10a Chernavka Creek, steep banks 49°12'52"N, 46°40'21"E, Om alt. 3.v.2023
10b Chernavka Creek, steep banks 49°12'53"N, 46°40'27"E, Om alt. 3.v.2023
11 MalayaSmorogda (also Samaroda) Creek near mouth, Halocnemum vegetation 49°05'03"N, 46°43'07"E, —10 m alt. 2.V.2023
11a MalayaSmorogda (also Samaroda) Creek near mouth, Atripex cana vegatation 49°04'58"N, 46°4324"E, -5 m alt. 2.V.2023
12 Bolshaya Smorogda (also Samaroda) Creek near mouth, Halocnemum vegetation 49°07'36"N, 46°46'58"E, —10 m alt. 2.V.2023
12a Bolshaya Smorogda (also Samaroda) Creek near mouth, Halocnemumvegetation 49°07'33"N, 46°47'16"E, -10 m alt. 4N.2023
13 Ulagan Upland 49°10'08"N, 46°51'34"E, 68 m alt. 3.v.2023
13a SWW of Ulagan Upland, gravely steppe 49°10'16"N, 46°51'44"E, 55 m alt. 3.V.2023
13b SW of Ulagan Upland, abandoned quarry 49°09'04"N, 46°51'03"E, 40 m alt. 3.v.2023
14 Oldabandoned arablefields 49°10'37"N, 46°52'39"E, 55 m dlt. 3.v.2023
15 Sandquarry N of Elton settlement 49°08'19"N, 46°50'36"E, 20 m lt. 4.v.2023
BASKUNCHAK
1  PeshchernayaRavine 48°16'52"N, 46°47'47"E, 20 m alt. 7.V.2024
la PeshchernayaRavine 48°16'57"N, 46°47'46"E, 10 m alt. 7.V.2024
1b KristalnayaCave 48°16'57"N, 46°47'46"E, O m lt. 5.v.2002
2 Nof Baskunchak Lake 48°17'39"N, 46°49'34"E, 10 m dlt. 7.V.2024
3 BolshoeBogdoMountain 48°08'41"N, 46°51'26"E, 80 m lt. 7.V.2024
3a BolshoeBogdo Mountain 48°08'42"N, 46°51'24"E, 100 m alt. 7.V.2024
3b BolshoeBogdo Mountain 48°08'41"N, 46°51'14"E, 70 m alt. 8.V.2024
3c Vodyanaya#1 Cave 48°08'41"N, 46°51'26"E, 80 m alt. 4.v.2002
4 Surikov Ravine, upper part 48°08'44"N, 46°50'59"E, 50 m alt. 8.V.2024
5  Surikov Ravine, lower part 48°09'08"N, 46°50'30"E, 30 m alt. 8.v.2024
6  SW of Baskunchak Lake, slopesto lake bar and Kordon Ravinelower part 48°09'51"N, 46°50'09"E, —20 m alt. 8.V.2024
7  Eof BolshoeBogdo Mountain, dry steppe 48°07'37"N, 46°53'35"E, 10 m alt. 9.Vv.2024
7a E of Bolshoe Bogdo Mountain, steppe and upper part of small ravine 48°07'37"N, 46°53'35"E, 10 m alt. 9.v.2024
8 Eof Bolshoe Bogdo Mountain, Sherbulak, 48°07'13"N, 46°51'59"E, 10 m alt. 9.V.2024
9  NEof Baskunchak Lake, steppeand hills 48°14'27"N, 47°01'07"E, Om alt. 10.v.2024
9a NE of Baskunchak Lake, sinkhole 48°14'27"N, 46°51'59"E, 0 m lt. 10.v.2024
10 NE of Baskunchak Lake, Karasun Lake 48°15'40"N, 46°57'31"E, O m alt. 10.V.2024
11 NE of Baskunchak Lake, GorkayaRiver 48°1312"N, 46°58'53"E, —10 m alt. 10.V.2024
11a NE of Baskunchak Lake, GorkayaRiver 48°1310"N, 46°58'45"E, —10 m alt. 10.v.2024
12 Eof BolshoeBogdo Mountain, KrasnayaBaka 48°08'18"N, 46°51'48"E, 30 m alt. 11.v.2024

status. The protected area of the Elton Nature Park (since
2001) includes 1060.40 km?, with partly protected sur-
roundings 149 km? (since 2024). Bogdo-Baskunchak
Strict Nature Reserve covers 184.78 km? (since 1997).
Some botanical and zoological exploration has been con-
ducted for the various groups on plants, animals, and
vegetation (Safronova, 2005, 2006, 2012; Kalyuzhnaya, 2007).
However, mosses of the Elton and Baskunchak areas were
never the subject of a special floristic exploration.
Occasional collections from these areas were accu-
mulated in herbaria, e.g. specimen of Syntrichia canin-
ervis collected at Bogdo in 1926 by S.G. Grigoriev (det.
L.I. Savicz, LE); then botanists from Moscow (Belyani-
na, 1984), Volgograd (V.A. Sagalaev, 1992, and 1. Zem-
lyaskaya, 1997, 1999), and Tolyatti (V.V. Sinyakina,
1990) collected few samples deposited in MHA. The first
large collection of mosses, 30 species, in Baskunchak

area was gathered by Suragina in 2002 near Bogdo Moun-
tain and in several caves in that area, which were pub-
lished within the annotated list of mosses of Astrakhan
Province (Suragina et al., 2002).

The present study is the first bryological exploration
of the total territories of protected areas around Elton and
Baskunchak lakes, describing species diversity in main
vegetation types. Though the distance between two lakes
is only 100 km, the Baskunchak area is more xeric. We
combine data on mosses of both territories in one publica-
tion to provide differences in ecology for some character-
istic species.

STUDY AREA

Elton and Baskunchak are the largest lakes with the
sodium chloride deposits in the European Russia. They
are situated in Cis-Caspian lowland, at 17 m and 21.6 m
below sea level, covering area 152 km? and 106 km?, re-
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Fig. 3. Elton Lake area: habitats and images of selected species. A: Steep slope to Chernavka Creek valley, with high diversity

of mosses near its base under scattered small shrub canopy; B: Khara River, Spiraea and Caragana shrubs, with a rather diverse
moss species diversity under them; C: Lanzug Creek, temporarily flooded; D: ravine with gentle grassy slopes, with few mosses,
including Tortula acaulon; E: abandoned field, invaded recently by Lagoseris, with ahigh disersity of mosses (Acaulon tri-
quetrum, Microbryum curvicolle, etc.); F: Ulagan hill, with dry gravelly soil, with scattered Pterygoneurum spp. and Aloina
rigida; G: Acaulon triguetrum; H: Pseudocrossidium hornschuchianum; 1: Ceratodon purpureum var. conicus; J: Tortula lindbergii;
K: Microbryum curvicolle; L: Pterygoneurum subsessile; M: Physcomitrium arenicola.

spectively (Fig. 1). The depth of Elton is up to 1.5 m in
spring, and only 5-7 cm in summer, while in Baskunchak
the deepest place is 3 m, but the median depth is zero, so
in summer the lake looks as a giant piece of salt and only
in spring the shallow water covers its surface.

The underground “salty masses” caused the uplifting in
the lake proximities; thus, in 4-5 km north-east from Elton
Lake there is the Ulagan hill, 68 m above sea level, the
highest point in Volgograd Province east of Volga River,

and it continues uplifting for ca. 2 mm a year. In Baskun-
chak area, the Bolshoe Bogdo Mountain (hereafter Bogdo)
is 150 m above sea level (at base ca. 5 X 3 km. It is the
highest point of the Cis-Caspian Lowland, that continues
uplifting for ca. 0.8 mm a year, raising Permian and Juras-
sic sandstones and Triassic variegated strata.

In 1980-90, the mean annual temperature in Elton and
Baskinchak was ca. +8°C and annual precipitation was
300 mm in Elton and 270 mm in Baskunchak. However,
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Fig. 4. Baskunchak Lake area: habitats and images of selected species. A: Bogdo Mountain, dry Stipa steppe in front view; B:
Baskunchak Lake, temporary with water layer above salt, that is exposed and mained in summer, resulted in stripped appearance; C—F:
sandstones and variegate stratae of slopes of Bogdo Mt.; G-I: karst sinkholes; J: Syntrichia caninervis; K: Bryum caespiticium; L:
Gorkaya River, the only tributary to Baskunchak Lake; K: Salicornia, on pure NaCl, forming monospecific vegetation at lake shore; M:;
N-P: cushions approachin to ball-shaped due to wind erosion, of Pterygoneurum subsessile (N), P. ovatum (O), Grimmia plagiopodia (P).
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in2001-2011, in Baskunchak the mean temperature raised
up to +9.9°C and annual precipitation raised to 334 mm
(Amosov, 2012), while maximal temperature reached
+44°C and minimal one was —36° (Amosov, 2012).

The dwarf semishrub and bunch-grass steppe (desert-
steppe) vegetation prevails in both areas, with abundant
occurrence of Artemisia lercheana, A. santonica, A. pauci-
flora, Bassia prostrata, Tanacetum achilleifolium, Cam-
phorosma monspeliaca, Festuca valesiaca, Agropyron
desertorum, and Stipa sareptana. Soils in Baskunchak area
are at places sandy, where more commonly occur Stipa
lessingiana, S. pennata, Agropyron desertorum, A. frag-
ile, Koeleria glauca and Artemisia marschalliana. In dry
steppes, a relatively large mosses Syntricha ruralis and S.
caninersis form at places a significant cover. The most
frequent mosses in such communities are also Pterygo-
neurum subsessile, P. ovatum, and Bryum caespiticium,
though they rarely grow in abundance.

Grasslands in shallow depressions among flat steppe
may have a more mesophytic, with the minute grass of
the genus Zingeria (Elton area), but such vegetation type
is very rare.

In Elton area, shrub vegetation (Spiraea spp., Pru-
nus spinosa, Rosa spp., Prunus tenella, Caragana spp.)
occurs on ravine slopes, and the larger and steeper the
slope is, the more diverse are mosses in such communi-
ties. On gentler slopes to shallow depressions, under the
same shrubs, a dense grass cover develops, so mosses are
scattered if any in such habitats.

Scattered trees of Eleagnus, Populus, Ulmus, and
Malus occur in few most sheltered and wet places in both
Elton and Baskunchak areas; however, we were unable
to find even scanty, depauperate mosses on their trunks,
and no mosses were found on soil under their canopy as
well. Likewise, there were no mosses on banks of brooks
and creeks.

On the shores of Elton and Baskunchak lakes, mon-
odominant communities of Salicornia without any other
plants occur, while at some distance from the shore, they
are replaced by hyperhalophytic dwarf semishrub vege-
tation of Halocnemum strobilaceum, Halimione verru-
cifera, and Limonium suffruticosum. Selected vegetation
types of Elton area are illustrated in Figs. 2 and 3, and of
Baskunchak in Fig. 4.

METHODS AND MATERIALS

In order to reach a reasonably complete moss flora
exploration, the field trips were conducted in Elton in
2023 and in Baskunchak in 2024, both in late spring
(Table 1), when sporophytes are developed in most spe-
cies, and also because the summer drought makes moss-
es partly damaged and difficult to find, considering also
the strong winds covering their tufts with the fine dust.

The localities for more detailed studies were selected
based on general habitat diversity. The most common

' — names of vascular plants follow Skvortsov (2006) and

Reshetnikova (2018, 2026).

types of steppe vegetation were observed in many places
at short stops; however, in such habitats, mosses are usu-
ally represented by Bryum caespiticium, Syntrichia ru-
ralis, S. caninervis, and Pterygoneurum subsile, rarer by
few other species, or at places we failed to find even a
single moss. Therefore the special attention was addressed
to a selected localities with steep eroded slopes, sites with
rocky substrates, wetter places closer to lake shores, etc.,
so each vegetation type enriched in moss species diversi-
ty was more closely investigated. Collections are kept in
MHA, with duplicates in MW and VOLG.

Some nearby collecting sites are combined in maps
in Fig. 1, and in further discussion we consider localities
as combined, meaning one number is one locality. The
collection of Suragina in 2002 and few other herbarium
specimens are included in the analysis of species distri-
bution. The less known species and those which are dif-
ficult to identify are commented and illustrated using the
present collections.

RESULTS

The records of species from the main collecting lo-
calities are shown in the Table 2. Species names are giv-
en according to Brinda & Atwood (2026). In total, 52
species were revealed in study area in the course of stud-
ies in 2023-24, with addition of the previous data pub-
lished by Suragina et al. (2002). The moss flora of Elton
area includes 35 species and of Baskunchak area 45 spe-
cies; however, in the latter area, nine species were col-
lected only in deep caves in karst sinkholes, so in gener-
al their moss diversity is almost equal.

DISCUSSION

Widespread species in Elton and Baskunchak

Like in many other xeric regions, the widespread spe-
cies are few. Only nine species in Elton and Baskunchak
areas can be referred to rather common species, which are
defined here as occurring at least in half of the studied
localities. Among them, only three species, Bryum caes-
piticium, Pterygoneurum ovatum and P. subsessile, are
common in both areas. Three species are common in El-
ton area only (Entosthodon hungaricus, Physcomitrium
arenicola, and Syntrichia ruralis) and three species are
common in Baskunchak area only (Encalypta vulgaris,
Pseudocrossidium hornschuchianum, and Syntrichia ca-
ninervis).

A comparison of species which are common in each
area proves that the environments of Elton area are more
mesic. Especially contrasting is the abundance of En-
tostodon hungaricus and Physcomitrium arenicola in
Elton and their rarity or absence in Baskunchak. These
representatives of the family Funariaceae are mesic plants,
having leaves with large, thin-walled cells; they can tol-
erate xeric environments largely because of their ephem-
eral life strategy. Spring time, when snow is melting, is
sufficient for their rapid development, capsules matur-
ing and spore spreading.
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Table 2. Distribution of moss species in localitis of Elton and Baskunchak areas (cf. Fig. 1 and Table 1); specially markets
records from Krystallnaya Cave (1K) and Vodyanaya #1 Cave (3V).

Species Elton Baskunchak
Acaulon triguetrum 4,10, 14 1,6,8,9
Aloina aloides 10 -—-

Aloina rigida 13 ---
Amblystegium serpens -
Barbula unguiculata 4,10, 13 1,3,6,9
Brachytheciastrum collinum 10 1
Brachytheciastrum velutinum 4 -
Brachythecium rutabulum -—- 1K
Bryoerythrophyllum recurvirostrum - 1K

Bryum argenteum 4,13, 15 4,6,7
Bryum caespiticeum 2,3,4,5,6,7,8,9,10, 13, 14 1,3,5,6,7,8,9,12
Bryum capillare 9 2

Bryum creberrimum 14

Bryum dichotomum 1, 11, 12 5

Bryum kunzei 5,12 6

Bryum lonchocaulon - 8

Bryum moravicum -

Bryum pseudotriguetrum - 6

Bryum subapiculatum - 6

Bryum violaceum 4,10 -—-

Ceratodon purpureus 2,4,5,7,13, 14 ,4,5,7,8,9,10
Didymodon rigidulus -
Didymodon vinealis -— 1K, 3V,|8
Encalypta vulgaris 10 1,2,3,4,5,7,9, 11, 12
Entosthodon fascicularis - 11

Entosthodon hungaricus 2,3,4,5,6,8, 10, 11 1,5,6,7,11
Entosthodon pulchellus 4,10 1,3,8,9
Funaria hygrometrica 3,4,5,10, 15 6,7

Grimmia anodon -— 1,3,5,12
Grimmia laevigata -—- 12

Grimmia plagiopodia -—- 3,4,12

Grimmia pulvinata -—- 1

Leptobryum pyriforme -

Microbryum curvicolle 4,10 1,3,4,5,9
Physcomitrium arenicola 2,3,4,5,6,7,10, 11 -

Platydictya jungermannioides -
Pseudocrossidium hornschuchianum 8,10, 13 1,3,6,7,8,9, 11
Pterygoneurum ovatum 1,3,4,5,6,7,8,10, 13, 14, 15 1,3,4,5,6,7,12
Pterygoneurum subsessile 3,4,5,7,8,10, 11, 12, 13 1,3,4,5,6,7,9, 11, 12
Pterygoneurum volgense 2,3,10 1

Schistidium sinensiapocarpum - 1K
Streblotrichum convolutum 4

Syntrichia caninervis 3,4,5,7,10, 13, 15 1,2,3,4,5,6,8,9, 10
Syntrichia pseudohandelii 10 12

Syntrichia ruralis 2,3,4,6,7 3,12

Tortula acaulon 2,4,5,6,9,10 1,3,4,6,7
Tortula lindbergii 3,4,10, 13, 14 1, 11

Tortula mucronifolia 8, 10 -

Tortula muralis 3,11, 14 1,3,5,8,12
Tortula protobryoides 2,4,5,6,8,10, 14 1,5,7,8,9
Weissia cf. brachycarpa (ster) 10 -

Weissia longifolia 4 2,3
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Fig. 5. The species diversity in Elton area (locality num-
bers shown below bars are according to Table 1). The maxi-
mal diversity is 23 species in Khara River (#4); 21 species, in
Chernavka Creek (#10). Other localities possess a consider-
ably lower species diversioty: 12, in Lanzug Creek (#5); 10
on Elton lake dam and nearby lake banks (#3) and in Ulagan
Upland (#13).

30
25 1

20 1

15 1 i)

dilnl i

1 3 9 6 4 57 812 2 11 10

Fig. 6. The species diversity in Baskunchak area (locality
numbers shown below bars are according to Table 1). The maxi-
mal diversity is 27 species in Peshchernaya ravine, including
Krystallnaya Cave (#1); 17, in Bogdo Mountain, including
Vodyanaya #1 Cave (#3); 15, in hills and sinkhole area NW of
Baskunchak Lake (#9); 12, at bank of Baskunchak lare at
Kordonnaya ravine and in its lower course (#6). Red boxed
mark species found in caves only.

A relative abundance of Syntrichia ruralis (common
in Elton, rarer in Baskunchak) and opposite relative abun-
dance in Baskunchak of more xerophilous S. caninervis is
also revealing: the former species occurs in most regions
of Russia, whereas the latter very rarely crosses the north-
ern limit of the steppe zone. Encalypta vulgaris also rare-
ly penetrates into the forest zone; it is common on open
calcareous soil, chalk and other calcareous rock outcrops.

Even more interesting is distribution of Pseudocros-
sidium hornschuchianum in the studied areas. This is
more southern and western species in European Russia,
with northern limit in Volgograd Province. Being com-
mon and locally abundant in Baskunchak area, it was
found only in three localities in Elton area, being associ-
ated there with a number of other southern xerophytic
mosses: Tortula lindbergii, Aloina aloides, Microbryum
curvicaule, Entosthodon puchellus, E. hungaricus, and
Acaulon triquetrum. In these localities were also found
an endemic of Cis-Caspian lowland Pterygoneurum vol-
gense, a rare southern species Syntrichia pseudohandelii
(see more about it in Ignatova et al., 2026) and Aloina
aloides, known in Russia outside the Caucasus only in
Elton area. Among moderately common species also oc-
curring with the above-mentioned mosses are 7ortula pro-
tobryoides, T. acaulon, Aloinarigida, and Encalypta vul-
garis (the latter species was found only once in Elton
area, whereas in Baskunchak area it is fairly common).
Since the group of these species needs to be mentioned
below, we denote it as ‘Acaulon—Microbryum group’.

Hotspots of moss diversity in Elton and Baskunchak

Among the studied localities in Elton area, a note-
worthy is the highest species diversity in only two plac-
es: on steep, permanently eroded soil bank of the Khara
River, the largest tributary of the Elton Lake, and on
slopes to Chernavka Creek, with the especially strongly
winding riverbed (Fig. 5).

In Baskunchak area, the number of species may look
as having a superficially similar distribution (Fig. 6). How-
ever, the situation there is markedly different: subtracting
the species found only in caves (red boxes in Fig. 6), the
number of species per locality appears more even.

This difference has a simple explanation in the num-
ber of watercourses inflowing to the lakes. The Elton Lake
has seven tributaries, including Khara River, the largest
among others (Fig. 3B) and Chernavka Creek (Fig. 3A),
one of the smallest, but forming steep slopes in narrow
valley. The species of ‘Acaulon—Microbryum group’ are
the best represented in these two localities. Some of El-
ton tributaries are flooded only temporary, e.g. Lanzug
Creek (cf. Fig. 3C). The Baskunchak Lake has only one
tributary, the Gorkaya River (Fig. 4L). The slopes to this
river and nearby ravines, however, are too dry and windy,
thus not contributing considerably to the moss species
diversity. The low river banks have in many sites saline
soils with Halocnemum dominated vegetation.

Sheltered areas in Baskuschak are very different from
those in Elton. First of all, these are Bogdo Mountain
cliffs and steep slopes and, second, the karst sinkholes,
continued in some of them into caves.

Bogdo is a spectacular hill with rocky substrates
(Fig.5A); however, even in narrow valleys on its slopes
in many places no bryophytes were found, apparently due
to an easily eroded soil (Fig. 5D, E). Its cliffs are shaped
by wind erosion, and bryophytes are rarely present only
in deep cracks and under overhangs, where solitary cush-
ions of Tortula muralis and Grimmia anodon are able to
survive. Other mosses in Bogdo area occur only in stream
beds with very rarely running water. Acidophilous epiliths
Grimmia anodon, G. plagiopodia, and G. laevigata occur
in such habitats, being accompanied at places by Totrula
muralis, Pterygoneurum subsessile, P. ovatum, Syntrichia
canivervis, S. preudohandelii, and Weissia longifolia.
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v50.5' yi m
Fig. 7. Syntrichia caninervis variation. A—B: plants from soft gymsum in a karst sinkhole bottom, developing rhizoid gemmae

(B, magnified in inset); C—D: most common habitat and habit on open rock faces; E & H: upper parts of leafy shoots, dry; F: upper
part of male shoot; G: upper part of female shoot; I: plant with sporophyte, dry.

Mosses mentioned for Elton area as a specific com-
plex of species growing on steep, eroded slopes, including
Acaulon triquetrum, Microbryum curvicolle, Entosthodon
pulchellus, Tortula lindbergii and some others, were found
in Baskunchak area in two types of habitats. One of them
is Surikov Ravine, the biggest one on Bogdo Mountain,
situated on its north-western side. However, its slopes are
formed by sandy soil, covered by grass vegetation; they
are not especially steep, having few places with bare soil
where the species of ‘Acaulon-Microbryum group’ can
grow, which causes their rarity in this locality.

Other habitats for this species complex are karst sink-
holes; they are numerous in Baskunchak area. However,
only the large ones maintain any moss diversity: for ex-
ample, Acaulon triquetrum was found only in four sink-
holes and Microbryum curvicolle in three ones. In many
smaller sinkholes, Syntrichia caninervis was the only moss
species; it grew in a broad range of habitats, including

wet, paste-like masses in sinkhole bottom and holes in dry
rock outcrops on sunny slopes (Fig. 7). In wetter places its
plants were largely buried in gypsum, they looked depau-
perate and sometimes developed rhizoid gemmae, where-
as at the border of sinkhole they were well developed, look-
ing so different that it was difficult to believe that such
plants may represent the same species.

Many sinkholes in Baskunchak area possess caves,
mostly not big, sometimes inhabited by wolves. Some out-
standingly large caves were studied in 2002 by botanists
from Volgograd, with the help with moss collecting from
the speleologist I.V. Golovachev, who gathered mosses in
Krystalnaya Cave at depth of 10—-12 m. The cave entrance
is almost vertical, thus sunlight at that depth is sufficient
for the moss growth. This collection includes nine spe-
cies: Amblystegium serpens, Brachythecium rutabulum,
Bryoerythrophyllum recurvirostrum, Bryum creberrimum,
B. moravicum, Didymodon rigidulus, D. vinealis, Lepto-
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Fig. 8. Halocnemum strobillaceum communities on wet salty shore of Elton Lake (locality 12, Bolshaya Smorogda). A: general
view; B-D: soil pieces with salt deposits, with Pterygoneurum subsessile; E: P. subsessile strongly covered by salt, but still able to
produce sporophytes; F: Bryum dichotomum plants encrustated by salt.

bryum pyriforme, and Schistidium sinensiapocarpum. Most
of them were not found in other places either in Baskun-
chak or Elton area. Only Didymodon vinealis was found
outside the caves in one steppe locality; this species and
Didymodon rigidulus were also found in another cave,
Vodyanaya #1. Only in the latter cave, Platydictya junger-
mannioides was collected (also in 2002).

Salt-tolerant mosses

The poorest in moss species diversity are salty habitats
at lake shores. The shore of Baskunchak lake is covered
by sodium chloride crust, where only Salicornia can sur-
vive (Fig. 3M). Further zones with a somewhat less salin-
ity were described by Ilyin (1927) for Elton lake area, where
the vegetation of the shore transits to less halophytic types
with the zone dominated by Halocnemum, Fig. 8A. In Elton
area, these communities were both wet and mesic, while
in the lower course of Gorkaya River, the only tributary of
Baskunchak Lake, Halocnemum occurs mostly on more
raised terraces. The wetter Halocnemum vegetation on

Elton Lake banks is conspicuous, especially by salt ridges
intermingling the clayish soil surface (Fig. 8). The most
common moss here is Pterygoneurum subsessile; it devel-
ops abundant sporophytes and often has unusually light
green leaves (Fig. 8D), not dark greyish- or blackish-brown,
common in xeric habitats in the study areas (its identity
with more ‘typical’ specimens of the species were con-
firmed by molecular barcoding, cf. Fedosov et al., 2025).
The plants of P. subsessile are encrusted with salt (Fig.
8E), and a similar crust occurs also on Bryum dichoto-
mum plants (Fig. 8F).

COMMENTS ON SELECTED SPECIES
Acaulon triquetrum — this species is here at the northern
border of its distribution in East European sector; it grows
on bare soil on slopes, rarer in flat areas: on abandoned
field in Elton and in karst sinkholes in Baskunchak
area, almost always with sporophytes (Fig. 3G).
Aloina aloides was found as a single tuft at the base of
slope to Chernavka Creek in Elton area (Fig. 3A), to-
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Fig. 9. Spores of Physcomitrium arenicola (A) and Entosthodon hungaricus (B), showing difference in ornamentation and
dimensions, making possible species identification in poorly preserved capsules.

gether with mosses of ‘Acaulon-Microbryum group’.

A. rigida was collected only in Ulagan (Elton area) in
dry windy place, on exposed gravely soil (Fig. 2I).

Amblystegium serpens surprisingly was found nowhere
excepting Kristalnaya Cave (Baskunchak area), where
it was represented by few sterile shoots.

Barbula unguiculata occurs mainly in the same localities
with Acaulon, Microbryum, Pseudocrossidium, and En-
tosthodon puhlellus, but it was also found on sandy soil
banks with Bryum caespiticium.

Brachytheciastrum collinum in Elton area was found only
on steep slope to Chernavka Creek, and in Baskun-
chak area only in Peshchernaya Balka; in both locali-
ties it formed extensive mats.

B. velutinum — only one small collection was made under
Spiraea shrubs on slope to Khara River in Elton area.
Brachythecium rutabulum — the species was collected in
a cave at 10 m deep from the entrance, after which the
cave form a vertical tube of ca. 15 m; the place used to
have enough light, so the plants formed rather large
mat with dense foliage and even mature deoperculate

sporophytes.

Bryum argenteum — in Elton area, grows on various soil
banks on slopes and in disturbed places; in Baskun-
chak area, was found only once in disturbed site in
open dry steppe.

B. caespiticium is very common in dry steppes and occa-
sionally grows in a wide range of other habitats; sporo-
phytes were seen in more mesic places.

B. capillare — very rare, found in wetter sites in ravine
and at slope base.

B. creberrimum — two findings: one in adandoned field,
another one in the cave.

B. dichotomum — sporadic in a broad range of habitats,
including saline soil (Fig. 8).

B. kunzei — in dry steppe, rare.

B. lonchocaulon — in Baskunchak area in one sinkhole,
on wet bottom.

B. moravicum —in Baskunchak area, in Kristallnaya cave,
at 10 m deep.

B. pseudotriquetrum — at base of steep slope to the
Baskunchak Lake bar.

B. subapiculatum — in Baskunchak area, on soil on slope
and near a small karst sinkhole.

B. violaceum — in Elton area, on steep grassy slope, near
a rodent hole.

Ceratodon purpureus — sporadically occurs in moderately
dry steppes and on slopes. In most places the plants form
extensive populations. Having leaves with strongly ex-

current costae, such plants resemble not Ceratodon but
Didymodon species (Fig. 31). In wetter places plants with
sporophytes were collected, with capsules inclined to
horizontal, as in most common morphs of this species,
despite their leaves have a strongly excurrent costae.

Didymodon rigidulus — in Baskunchak area, in Kri-
stallnaya and Vodyanaya caves.

D. vinealis — in Baskunchak area, found with the previ-
ous species in two caves and also once in a sinkhole.
Encalypta vulgaris — in Baskunchak area, this species
occurs on ravine slopes, banks of Gorkaya River, and
sinkhole walls; in Elton area, it was found only on
slopes to Chernavka Creek together with species of

‘Acaulon—Microbryum’ group.

Entosthodon hungaricus — this species was previously
thought to be infrequent in Volgograd Province; how-
ever, in May in Elton area we found it in most visited
localities: at lake shore, in wetter places in steppe and
temporary watercourses, and in some other places; in
Baskunchak area it was seen fewer times, growing in
small groups in wetter places. In Elton area, this spe-
cies occasionally co-occurs with Physcomitrium areni-
cola; sometimes it is difficult to distinguish them, es-
pecially when the capsules are old. In this case, mod-
erately finely vs. coarsely papillose spores provide their
reliable distinction (Fig. 9).

E. pulchellus — grows mainly with species of ‘Acaulon—
Microbryum’ group.

Funaria hygrometrica — in Elton area, it was found in
more or less wet habitats (e.g., Fig. 3C), on lake dam
and in quarry bottom; in Baskunchak area, it is rare,
growing at base of slopes to the lake and to Gorkaya
River (Fig. 4L).

Grimmia anodon — on sandsone outcrops and cliffs in
Bogdo Mountain, and on cliffs in the lower part of
Surikov Ravine; grows with Tortula muralis in extreme-
ly xeric conditions.

G. laevigata — Baskunckak area, one collection of I. Zem-
lyanskaya (1997), mixed with Encalypta vulgaris and
Tortula muralis.

G. plagiopodia — Bogdo Mountain and immediate sur-
roundings, on rocks along brooks (Fig. 4G).

Grimmia pulvinata — Baskunckak area, on boulder in
dry steppe near the sinkhole with caves.

Leptobryum pyriforme — Baskunckak area, in Kristallnaya
cave at 10 m deep, with Bryoerythrophyllum recurvi-
rostrum.

Microbryum curvicolle — in Elton area, only in two lo-
calities with well represented species of ‘Acaulon—Mi-
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Fig. 10. Tortula lindbergii (A—E, G-1) and T. mucronifolia (F). A: plant , dry; B: plants, wet; C: peristome; D-E: cota in upper
part of leaf, with shallow projections of venrtal epidermis; F—I: costa transverse setion, showing smooth ventral epidermis in T.
mucronifolia and papillose cells on ventral side of costa in T. lindbergii, which jas also conspicuous doral stereid band.

crobryum’ group; in Baskunchak area, in ravines near
Bogdo Mountain, and in few karst sinkholes.

Physcomitrium arenicola — this is the only species which
is fairly common in Elton area and totally absent in
Baskunchak area. Its habitats are similar to those of
Entosthodon hungaricus. Growing in depressions in
dry steppe, it occasionally forms conspicuous orangish
patches (Fig. 3M).

Platydictya jungermannioides — Baskunckak area, found
once in Vodyanaya cave at | m from the entrance.

Pseudocrossidium hornschuchianum — in Baskunchak area,
this species occurs on ravine slopes, sometimes in abun-
dance, and in sinkholes; in Elton area, it is contrasting-
ly rarer, found only in the locality with maximally di-
verse mosses of the ‘Acaulon—Microbryum’ group, and
in Ulagan. This species is very variable in leaf shape: in
wet places in sinkhole bottom, its leaves are lanceolate,
while on dry slopes of shallow ravines and in dry steppe
they are ovate-triangular (Fig. 3H).

Pterygoneurum ovatum — common in steppe (Fig. 40),
on bare soil on slopes, and on rock outcrops; often grows
intermixed with P. subsessile, and sometimes interme-
diate morphotypes, with cup-shaped capsules on setae
1-2 mm long, are observed.

P, subsessile — this species is probably the most common
in both areas, well tolerating dry steppe environments,
where it grows hidden in soil cracks; it is also most

salt-tolerant, growing alone or with Bryum bicolor in
salty habitats on lake shores (Fig. 8). In windy places,
its dense cushions can be semiglobose or even ball-
shaped (Fig. 4N).

P. volgense — this is a very rare species, growing in small
groups on bare soil, especially where the species of
‘Acaulon—Microbryum’ group are well represented. The
species was previously referred to P. lamellatum; how-
ever, its distinctions, including genetic ones, appeared
to be sufficient for its recognition as a separate species
(Fedosov et al., 2025).

Schistidium sinensiapocarpum (reported by Suragina et
al., 2002 as S. apocarpum) was found in Baskunchak
area in Kristalnaya Cave.

Streblotrichum convolutum — very rare in both areas,
found as a small admixture to other terrestrial mosses.

Syntrichia caninervis — this species is fairly common in
Baskunchak area and less abundant in Elton area. It is
discussed in more details by Ignatova et al. (2026).

S. pseudohandelii — this species was identified by Kram-
er (2023) in collection of I. Zemlyanskaya from Bogdo
area. It is discussed in detail by Ignatova et al. (2026).

S. ruralis — common and at places abundant in steppes
in Elton area and in more mesic grasslands in Baskun-
chak area.

Tortula acaulon — this species grows sporadically both
in Elton and Baskunchak areas on moderately dry
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slopes of ravines, among grasses or on disturbed soil,
usually in small amount.

Tortula lindbergii and T. mucronifolia — the record of
the latter species by Suragina et al. (2002) actually
belongs to the former one. The difference between
these species was scarcely understood at the time of
that publication. However, they differ considerably in
structure of ventral epidermis of costa in the distal
leaf part. In T. lindbergii, the cells above the guide
cells are convex and papillose, which can be observed
even without leaf transverse section (Fig. 10D, E),
whereas in T. mucronifolia cells on the ventral side
of costa are smooth (Fig. 10F). Tortula lindbergii com-
monly co-occurs with the species of ‘Acaulon—Micro-
bryum’ group in both areas (Fig. 3J), while 7. mu-
cronifolia grows in a wetter habitats, and it was found
only in Elton area.

T, muralis — this species is the most troublesome in the
study area. Growing on sandstone closer to the top of
Bogdo Mountain, usually in fissures or under over-
hangs, it is represented by small and rigid plants, hav-
ing leaves with variable hyaline awns, sometimes even
lacking. However, its plants on gypsum in sinkholes
are much larger, they have broad leaves with slightly
recurved margins and long, delicate, flexuose hyaline
awns. Plants growing on concrete of artificial construc-
tions are somewhat different from both of above-men-
tioned morphotypes. The most morphologically devi-
ated plants from sinkholes were sequenced for nrITS,
and no difference from other GenBank accessions of 7.
muralis were revealed.

T. protobryoides — in Elton and Baskunchak areas; this
species grows mainly where the species of ‘Acaulon—
Microbryum’ group occur: on ravine slopes, under Spi-
raea shrub canopy, and on abandoned fields.

Weissia cf. brachycarpa — found once of slope of ravine
to Chernavka Creek valley, on bare soil on steep slope.
It was collected without sporophytes, so its certain iden-
tification was impossible; however, its rather short per-
ichaetial leaves exclude W. longifolia.

W. longifolia — in Elton area, it was collected once under
Spiraea on slope to Khara River; in Baskunchak area,
a single collection was made in ravine on Bogdo Moun-
tain slope.
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