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Abstract — South Ural is a territory with a unique geographical position and heterogeneous
natural conditions. Unexplored biodiversity of the terrestrial cyanobacteria of this territory is
very high. We undertook a floristic study covering all botanical-geographical zones of the
Bashkiria and Bredinskiy district of the Chelyabinsk region. In a total of 85 soil samples
collected, 56 species of cyanobacteria were identified. The number of cyanobacteria was
highest in the boreal-forest zone (39 species) and notably lower in the other zones (18, 29,
and 24 species for broad-leaved forest, forest steppe and steppe regions, respectively).
Leptolyngbya voronichiniana, Leptolyngbya foveolarum, cf. Trichocoleus hospitus,
Pseudophormidium hollerbachianum, Nostoc cf. punctiforme, Microcoleus vaginatus,
Phormidium breve, Phormidium dimorphum, Phormidium corium, and Leptolyngbya cf.
tenuis were detected in all studied zones. Trichormus variabilis and Cylindrospermum majus
were detected in the forest zone, Phormidium ambiguum was typical for forest-steppe and
steppe zones, Pseudophormidium hollerbachianum and Nostoc cf. commune were most
abundant in the steppe. Humidity and heterogeneity of the substrate were likely the most
important factors influencing terrestrial cyanobacteria diversity. For full understanding of the
biodiversity of cyanobacteria in the South Urals, future molecular-genetic research is
necessary.
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INTRODUCTION

Despite the large number of floristic studies of terrestrial cyanobacteria
already published (e.g. Adhikary, 2000; Vinogradova et al., 2000; Hauer, 2007,
2008; Neustupa & Skaloud, 2010; Davydov, 2013), we still lack sufficient information
about cyanobacterial biodiversity of many territories. This problem is very actual for
many regions of Eurasia, including the mountain range of the South Urals.

The region of the South Ural is situated on the border of Europe and Asia
and is characterized by unique natural conditions. The Republic of Bashkortostan
(Bashkiria) occupies a large part of the South Ural between 51°31°N and 56°25°N,
and 53°10°E and 60°00’E (Alekseev et al., 1988) with an area of 143,000 km?
(Akhmadeyeva, 2003). Climatic features of Bashkortostan are explalned by its
position within the continent and the influence of geology that causes significant
daily and annual amplitudes of temperature and precipitation (Tahaev, 1959).

Investigations of terrestrial cyanobacteria in the territory of the South Ural
(mostly in Bashkiria) started in the 1960’s. During long-term studies since the 1970s,
phycologists from Bashkiria investigated cyanobacteria of agricultural lands
(Sayfullina & Minibaev, 1980), urban territories (Sukhanova & Ishbirdin, 1997;
Khaibulina et al., 2005), polluted areas (Kabirov & Lubina, 1988; Kireeva et al.,
2007; Sharipova, 1997, 2007; Kabirov et al., 2010), eroded lands (Dubovik, 2000,
2001, 2010), and caves (Abdullin & Sharipova, 2004; Abdullin, 2009). However, the
overall biodiversity of the cyanobacteria in natural ecosystems in the South Urals
was studied very irregularly. Floristic studies were conducted mostly on forest-
steppe, steppe zones and mountains (Kuzyakhmetov, 1981, 1992, 1998; Shmelev &
Kabirov, 2007; Bakieva et al., 2012). For example, up until the present we lacked
information about cyanobacteria of the northern part of Bashkiria in the zones of
boreal-forest and forest-steppe.

The aim of this paper is to study cyanobacterial communities in different
types of ecosystems in the South-Ural.

MATERIALS AND METHODS

Study sites

Soil samples including soil crusts where available were taken in May-
August 2010 according to standard methods of soil phycology (Gollerbach & Shtina,
1969) from various botanical-geographical regions (zones), covering boreal and
broad-leaved forests, forest-steppe, and steppes of the South Ural region. Botanical-
geographical regions of Bashkiria were established based on peculiarities of
vegetation cover and geographic features (longitude, latitude, terrain, elevation and
land use) (Alekseev et al., 1988). Each sample was a composite of seven subsamples
collected from the site of around 2 m? to a depth of 5 cm. Samples were taken from
the typical biotopes of the region as well as from the sites with heterogenic ecological
conditions (e.g. riversides, ravines, paths), and sites with visible cyanobacterial
growth and microbiotic crusts. A total of 81 samples were collected from 11 localities
in the Republic of Bashkortostan. An additional four samples were taken in the
steppes of the Bredinskiy district of the Chelyabinsk region (Fig. 1). Altogether,
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Fig. 1. Terrestrial cyanobacteria of the South Ural region: map of the sampling sites. Boreal forest
zone (A): 1 — Beloretsk region, 2 — near Pavlovka village; Broad-leaved forest zone (B): 3 — Bakaly,
4 — Iglino, 5 — Krasnousolskiy; Forest-steppe zone (C): 6 — near Dyurtyuli town, 7 — near Tolbazy
village, 8 — edge of Bolsheustikinskoye village, 9 — near Georgievka village; Steppe zone (D) of
Bashkiria and Bredinskiy district of Chelyabinsk region: 10 — near Sibay town, 11 — near Yangelskiy
village, 12 —near Arkaim monument.

85 samples of soil and microbiotic crusts from 12 localities were studied: 17 collected
from boreal forests, 21 from broad-leaved forests, 29 from forest-steppes, and 18
from steppes (Table 1).
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Table 1. Comparisons of cyanobacteria in different zones in the territory of Bashkiria and the
Bredinskiy district of the Chelyabinsk region, South Ural region, Russia. Frequency of occurrence
is expressed using Braun-Blanquet scale with modifications: 1 = 0.1-5%; 2 = 6-10%; 3 =11-20%;
4 = 21-40%; 5 = 41-60%; 6 = 61-80%; 7 = 81-100%. BoF = boreal forest, BrF = broad-leaved
forest, FS = forest steppe, S = steppe, * = including the Bredinskiy district of the Chelyabinsk region

Taxon

Botanical-geographical
region (zone)

BoF BrF FS  S*

Synechococcales
Pseudanabaenaceae

Pseudanabaena papillaterminata (Kiselev) Kukk

Leptolyngbyaceae

Leptolyngbya foveolarum (Rabenhorst ex Gomont) Anagnostidis & Komarek
Leptolyngbya cf. fragilis (Gomont) Anagnostidis & Komarek

Leptolyngbya cf. hansgirgiana Komarek in Anagnostidis

Leptolyngbya cf. subtilissima (Kiitzing ex Hansgirg) Komarek in Anagnostidis
Leptolyngbya cf. tenuis (Gomont) Anagnostidis & Komarek

Leptolyngbya cf. nostocorum (Bornet ex Gomont) Anagnostidis & Komarek
Leptolyngbya cf. notata (Schmidle) Anagnostidis & Komarek

Leptolyngbya voronichiniana Anagnostidis & Komarek

Oculatella sp. 1

Oculatella sp. 2

Oculatella sp. 3

cf. Trichocoleus hospitus (Hansgirg ex Forti) Anagnostidis

D W W B N W

Pleurocapsales
Hyellaceae
Mpyxosarcina cf. tatrica (Starmach) Komarek & Anagnostidis

Chroococcales
Aphanothecaceae

Aphanothece stagnina (Spreng.) A.Braun

Chroococcaceae
Chroococcus varius A.Braun in Rabenhorst

Entophysalidaceae
Chlorogloea cf. purpurea Geitler

Oscillatoriales
Cyanotheceaceae

Cyanothece aeruginosa (Nageli) Komarek

Borziaceae

Borzia trilocularis Cohn ex Gomont

Microcoleaceae
Kamptonema animale (Agardh ex Gomont) Strunecky, Komarek & Smarda

Kamptonema laetevirens (Crouan & Crouan ex Gomont) Strunecky, Komarek
& Smarda

Microcoleus autumnalis (Gomont) Strunecky, Komarek & Johansen
Microcoleus vaginatus (Vaucher) Gomont ex Gomont

Microcoleus sp. 1
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Botanical-geographical

Taxon region (zone)
BoF BrF FS  S*
Microcoleus sp. 2 2
Microcoleus sp. 3 2
Oxynema cf. acuminatum(Gomont) Chatchawan, Komérek, Strunecky, Smarda 2

& Peerapornpisal

Pseudophormidium hollerbachianum (Elenkin) Anagnostidis 4 4

Oscillatoriaceae

Lyngbya martensiana Meneghini ex Gomont

N

Phormidium aerugineo-caeruleum (Gomont) Anagnostidis & Komarek
Phormidium ambiguum Gomont ex Gomont

Phormidium breve (Kiitzing ex Gomont) Anagnostidis & Komarek
Phormidium corium Gomont

Phormidium dimorphum Lemmermann

Phormidium cf. jadinianum Gomont

Phormidium cf. retzii (Agardh) Gomont ex Gomont

Phormidium tergestinum (Kiitzing) Anagnostidis & Komarek

Phormidium uncinatum (Agardh) Gomont

NN N W W N WA

Phormidium sp. 1
Phormidium sp. 2

WA W N
[FSEENUSIEN S BN N )

Gomontiellaceae

Hormoscilla pringsheimii Anagnostidis & Komarek 2

Nostocales
Scytonemataceae

Scytonema sp. 2

Rivulariaceae

Roholtiella bashkiriorum Gaysina & Bohunicka

Roholtiella edaphica Bohunicka & LukeSova 2
Roholtiella fluviatilis Johansen & Gaysina

Roholtiella sp. 2

Nostocaceae
Cylindrospermum majus Kiitzing ex Bornet & Flahault 3 3
Cylindrospermum sp.

Desmonostoc cf. muscorum (Agardh ex Bornet & Flahault) Hrouzek & Ventura 2 1
Nostoc cf. calcicola Brébisson ex Bornet & Flahault 3
Nostoc cf. commune Vaucher ex Bornet & Flahault

Nostoc cf. ellipsosporum Rabenhorst

Nostoc cf. microscopicum Carmichael ex Bornet & Flahault

2
3
Nostoc cf. punctiforme Kiitzing (Hariot) 6
Trichormus variabilis (Kiitzing ex Bornet & Flahault) Komarek & Anagnostidis 4

2

Trichormus sp.

Number of samples 17 21

29 18

Number of species 39 18

29 24

Minimum/maximum species per site 0/13  0/9

0/14 1/10
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Descriptions of the studied zones are as follows (taken from Alekseev
et al., 1988):

1. Boreal forest zone — characterized by humid conditions and prevalence of
coniferous trees Picea obovata Ledeb. and Abies sibirica Ledeb., with rare
deciduous trees Tilia cordata Mill., Acer platanoides L., Ulmus glabra
Huds. and Quercus robur L. Sample sites were in Beloretskiy region and
near Pavlovka village (Fig. 1, sites 1 and 2). Soils in sites in the Beloretskiy
region are podzolized chernozem, near Pavlovka village — dark gray forest
and floodplain soils (Table 2) (Khaziyev, 2012).

2. Broad-leaved forest zone — contains mixed forests of Quercus robur L.,
Tilia cordata Mill., and Ulmus glabra Huds. This zone is one of the most
damaged parts of Bashkortostan as a result of anthropogenic influence.
Samples were taken near Bakaly, Iglino, and Krasnousolskiy villages
(Fig. 1, sites 3, 4, 5). All samples in this zone were from sites with
podzolized chernozem (Table 2) (Khaziyev, 2012).

3. Forest-steppe zone — combination of forest and steppe communities. Most
of the territory is characterized by forest-steppe of European type with
broad-leaved trees like Quercus robur L., Tilia cordata Mill., and Acer
platanoides L. In only the north-eastern part of this zone (site 8), forests
are dominated by Betula pendula Roth, Betula pubescens Ehrh. and Pinus
sylvestris L. Samples were taken near Dyurtyuli town, and Tolbazy,
Bolsheustikinskoye, and Georgievka villages (Fig. 1, sites 6, 7, 8, 9). Soils
in sample sites near Dyurtyuli and Tolbazy were leached chernozems,
Bolsheustikinskoye — gray forest soils and floodplain soils (Table 2)
(Khaziyev, 2012).

4. Steppe zone — originally, the basis of the vegetation in this zone within
Bashkiria were steppes with dominance of Stipa pulcherrima K.Koch in the
north, Stipa lessingiana Trin. & Rupr. in the south, and Stipa zalesskii
Wilensky in the middle part. Currently, steppes are almost completely
destroyed by human activities. Small areas of the forest vegetation remain
situated in more humid conditions in the valleys, on the slopes of ravines
and floodplains. Samples were taken near Sibay town, Yangelskiy village,
and Arkaim monument (Fig. 1, sites 10, 11, 12). Soils in study sited near
Sibay were characterized as south chernozem, near Yangelskiy and Arkaim —
as ordinary chernozem (Table 2) (Khaziyev, 2012; Prikhod’ko et al. (2012).

Strain isolation and culture observation

For isolation of pure strains, enrichment cultures on solidified BBM medium
(Bischoff & Bold, 1963; Kostikov et al., 2001) and the dilution method of Bohunicka
et al. (2015) were used. For obtaining additional information about cyanobacterial
biodiversity, direct observation of cyanobacteria on cover slips was also used (Lund,
1945; Hoffmann et al., 2007). For this purpose, about 15-20 grams of soil were
placed into a Petri dish and moisturized until 80% of full moisture capacity. The
next day, four sterilized cover slips were put onto the surface of the soil and slightly
pressed. After that between soil surface and cover slip small wet chambers arose,
where cyanobacteria started to grow after 2-4 weeks of cultivation. During strain
isolation, petri dishes with soil placed onto agar solidified media (1.5%) were
incubated at room temperature on an illuminated shelf with 12h:12h light:dark
regime. Pure cultures in tubes on 1.5% agar-solidified media slants were then stored
at 4°C in a refrigerator with transparent door (natural daylight regime).



173

Terrestrial cyanobacteria of the South Urals

IR
Jo adojs yynos
"1 psolouau 10 J5210§ 20S € Th.hE.9S
auoutauy ‘7yems () vpijos syvpdio)) “qapaT vipaoqo vadlg - %09 S[108 3510} KBS Y1ep J9p U0 ) U0 APRD)  N0'61.5ToSS YO0y pay BN L Ld 01
111y oys jo adofs
1] SNOJRYIOI {nos a1 152108 H.0'€EhFE9S
SQNIYS “QaPT MIVA0GO DI PUB SNONPIOA( %07 s[10s 15210] Ke1 yrep Jap 20n1ds U0 SQUIYS N 175656 Y00y pay BN 1 0d 6
JIILELY
Jo adoys yinos
uo 18210y oomids 7./ 8€.pE,96
"1 psodowau duouiauy ‘zyxems () vpijos syppiio) - %0507 §[108 35210} Ke1 y1ep Jop U0 P U0 APRID)  Nob'[7.5T65S Y00y pay IeAN I ol 8
11y 24 Jo adojs
9BA0RO ] DjjHuaYI]Y ] SaplojnIUNULL JUOUAUY Jn0S ) U0 IS0} 695 #E9S
TR XO'qap\ AppuIdlfJo wnovxpAp] “YIN( SIPLIA DLIDIDL] - %09 §[108 35210} KB13 y1ep Jop 00mIds U0 RN NLTHT.5T05S SO0y Pay BN ¢ d L
"] DSoIowU dUouAUY  JOWI] SNOIRJIN0D 18967695
oy pynpuad pjnjag “|N DIDPI0D DIIT “QIPIT DIA0GO DALY PUB SHONPIOA( §[108 15210} KB15 y1ep Jop 15010} 00MIdS  NL€'87.5T08S SO0y Pay BN ¢ o 9
1 pjjuayofy ] DSoLouU AUowAU  JO] SNOIRJIU0D 19000} H.$ 0h£€.9S
oy pynpuad njag “N DIDPI0 DII] “QIPIT DIDA0GO DAL PUB SNONPIOA( %0L §[108 18210} KB15 Y18 J9p oomids Jo a8pT  N.S'8F.ST6SS  AlOJowad eyAO[AR] JeON L u ¢
wikydofig AT HhECI5
‘9830804 T DJIaYILY ST X'Gap 2puIalffo umovxpn] - %001 §[108 18210} KB15 Y18 Jop oppnd o 1N NuTLP.SToSS  A191owa) eyAOjARg BN 11 1d 4
93e[[1A BYAO[ARJ JBOU — T ONS
ozowao Aa87T860LS
wkydokig 1 snyouog “7 asuaatp wmjasinby 7 asuapad untjofi] - %001 pazijozpod {108 JoA MOPBIN N 8FE.610hS aSey[IA sewyny JeaN 8 g ¢
1310}
PaXIU JO 333 Jeau
wozowsayd pazijozpod  mopeaws ‘wreunOW  q, 197 LELS
7 SLysaa)ds snug Yoy vynpuad vjniag “|N DIDPI0D DIIL - %001 ‘densqns Auojg apJoado]S N FTI1obS uone)s 1Ay Jo 28pg ¥ g 4
“98O0R0J “T DIsad DLIDIDLY 15210}
7 SYUDXDS Snqmy T SLSaa)As snuig 7 pupjjoan sndio) 121 SNOIJIUOD WAZOUIAYD PaXIW ‘URIUNOW T, 9°8T.LELS
7 opnuayy snyndog Gy pynpuad vjiag “IYN PIDPIOI D] PUE SHONPLOA] %001 pazijozpod ‘10§ M joado]S  Nul'LTITobS uone)s 1243y Jo a3pg 0 1og |
uo13a1 ysjoo[eg — [ AIS
JU0Z }$9.10) [BAI0g
12400 «2dd) J108 pup 2IDUIP400D punof  ouu 0N
aus ayp v spuojd 12y3iy o uo)a3a aIp.418qng 1PHGPHORIT SdD oot sa12dg  ajduing ajduing

Apmys juasaxd oy unyIm pejos[[od sojduwies pue SIS JO sonsLIvORIRY)) "7 dqeL,



L. A. Gaysina et al.

174

WAzZow3Y) AL LTTTI98 afegpin ougff
“ds 120y “7 patoip vaui) T vLvdndnp snq.iog T .nqos snaiangy IO SNONPLA %S pazijozpod ‘rog 1000] PXIN N T2 IS0t J0 233 wjsam-ypIoN 1 191 w
o3e[[1A oul[3] Jedu — 4 IS
g
WAZOUI Jo souenmwopard 7, 8796,050€S Sage[iA 0A0ZNQRY[TY
80RO T pasan pLp3.L] ‘oY pjnpuad pjniag - %59 pazijozpod 10§ B YIIM 110 POXII  N.O'€€.6005S pue AJexeq usamieq 14 e I
201 au
wazowrdyd  Jo doueurwopard & q.6h0. 150£6 Sade[[1A 0A0ZNqR[TY
s 100y 17 puvjjaap snkio)) “[[IN DIpI02 DILL IOW] SONPIOA %0L pazijozpod 0§ ypis 1510 POXIN  N.T'S1.6065S pue Kjeyeg usaniog I eed 0¢
WAZOWS) 2aTTE0SES safe[[1A oAoznqeNIry
T DI10p DAY “TIN URSOJUAUI0) UINYDLR T SLUSAAJAS Sniul] - %09 pazijozpod ‘rog 35105 durd Sunox  NLO'0T.6065S pue AJexeq usamiog ¥ g 61
980804 ] WZOUId) 1.991.160£6 sade[[iA orozngeyry
D2101p DY) “T[N NS00} WRDLY “QIPT DIPAOGO DAJI  IAPI] SNOJAJIUO)) %0 pazijozpod 10§ 15010§ 20MIdS  NL9'00.6005S pue A[exeq usamiag ¢ Teg 81
a3e[IA AJedeq Jeau — ¢ S
9UO0Z }$3.10J PIABI[-PEOIG
sseid 1p 28 L107698 oAl
3030R0J I SIONPLOA( %0 105 ureldpoo 19 oppnd o 1N N.S'9P.6005S  USEQUPIES Jo pISIoATy £l vid Ll
40707698 oAl
9BA0R0J - %S 1105 ureidpoo 1 PIPARY Nub'9p:60.55  USEQUPIES JO opiSIoAry 8 €ld 91
peor H.S9T.079¢
"1 oY)y “] vanjinf 0Sujissny sseid L1 %09 §[108 15210] Ke13 yIep 1op ) Jeau MOPBIN  NLOThTTSS  [1U yonyy] Anusery JeaN 6 Ud Sl
ukydodag 7 umpag 1 vistuary Bl €€ 096 ofe[iA
“yon( sipria pLIDSDA] ‘STIN Xo'qap apuIdlJo wmopxp.m] - %08 §[108 35210} Kei13 y1ep Jop g oy jo ado[s  N67.5T oSS eYAO]AR{ JO 23pg u 11d l
wkydodig 7 wnpag
“F3IA xoqap appurarffo wmopxpan] “tysadN (1) suadat vidLyAg 1200} 4.9°€E. €95 ageyia
T adppnaiap wnuoskjoq 1 vavfinf oSujissny < vasaa DL3DL] - %01 §[108 J5210] Ke13 ylep 19y onids Jeau duIARY  N.8'8T.STo5S BYAOJAR4 JO 33pg 6 01d <l
] vuttind Il
pjoy| “Men-13y] () papn] vadpe) “ SLiaa vnuILg ‘Z}eMS () Joadojssea oy F.0€E €IS
1PA0S Sijppiio)) “qQapATT IA0GO Dadid “GAPIT PIGIS SAIqK - %08 S[10s 15010f K15 }1ep 1y U0 15210§ 00 Nb'LT.5ToSS SY00Y pay BN I 6d [l
2907 E98
"] DSoLowU UOUAUY “QOPYT DIDAOGO DAILJ  JON| SNOIOJIUO) [AS s[10s Jsa10) Aeid yrep jop  2onuds oy Jopun  NL8'81.5TSS Y00y pay BN I 8d 1
12400 wadd] j1os pup 21DuIP.100D punof  awpu o\
s 2y 1o syuojd 2B T uoynIa3a, aIp.418Gng IPHAPHOLIN SdD ooy sa1adg  apdung  a)dung

(panunuos) Apmys Juasald oy} uryiIm pajoof[od sojdwes pue SIS JO SONISLIOBIRY)) 7 d[qeL



175

Terrestrial cyanobacteria of the South Urals

ageyqa
Anysjosnousery
WozZOWIY) Jored wagsam  ,6'8€.06,95 a3eyqia Anysjosnousery
“ds snutyp) 7 snavpt snqmy 7 anqot snaangy - %0L-09 pazijozpod 10§ o) UIISAI0F YBO  Nu'ST.E60€S J0 yed wiosed JeaN I o 9
WAZOUIA) Sunwerd owd  4..7HT. 16,95
T WRIYIISqD DISHUALIY T SLUSAAJAS Snuig - %S pozijozpod ‘10§ Ieau QUIARI [RWS  N.O'€H.SS.ES  BdS Anysjosnousery JeaN b 60 c¢
1 wnijofojjiu WRZOUId Suguerd .8 €T16:95
DAy “YIN( SIPLUIA DLIDSDL] T WnLjUISqD DISHUaLY - %01 pazijozpod ‘0§ aud Jeaw MOPeR]  N.L'1#.5S.6S  Bds Anysjosnousery JeaN ¥ 8y e
ozouIdyd [ rea H L €T €698
Q80RO T SLUSaAJAS Snuig  JOWN] SNOJOJIUOD) %S pazijozpod 10§ Sunueid aulg  NL9'LESS,ES s Anysjosnousery] 1eaN 4 o €€
ekydofig
7 wnauisqy visuuay 7 SnqAjur wmiioyor) “7 wnuafy vy JUEVATINE ) 1S010] e A 61.16695
“IIUA WnSoJUaI0) WY T SISUALID SHYDUOS “TT SHADPI SHQIY - %408 pazijozpod 10§ o) Jeau MOPeA  N.0'LE.SS.ES  eds Anysjosnousery JeaN S ory ©
wozouIayd Ay 911€98
eifydoAg “mpoen) (1) psouyms snup 191 SnONPLOAQ %07 pazijozpod 10§ 1S000) PV NL(0'9E.SSo€S  Bds Anysjosnousery JeaN 9 o 1€
wazowsayd pazijozpod
‘eidydofg jo aouajenaad ERYARIS
efydodig - %05 1A 1SDID JOIGOIANN prol oY) AN N.9'SE.SS.€S s Anysjosnousery JeaN 6 1y 0¢
ozowiayo Ay 780698
TN wnsopawio) wniay “7 panfinf oSpjissny - %01 pazijozpod ‘Jrog IR IBAN  NoF76.56.6S  eds Arysjosnousery] mwaN ¥ [ 67
WAZOWIAD  PeOI A 1eAU ISA10) T 5010095 JsIp Anysjosnousery
ds psoy “7 puwdnony snq.og “7 nqoi snauangy - 40€ pazijozpod 10§ poaa[-peoIg  NLb'67.65.ES 0 11ed wsaM-YHON L Wl 87
wozowiayp 48710295 1ousip Arysjosnouseryy
“ds psoy “7 prwdnony snqog “7 nqou snaiangy - %0 pazijozpod 10§ 15210] PAABI[-PROIT  N.ZT'6T6505S J0 1ed wISIM-YUON ¢ I Ih4
33e[[IA ADJS[OSnOUSEIY] Jeau — G S
WAzOWaYd el ¥S1Te98 aBe]jiA ourfs]
"7 vupadppod wnipodoSay “IIN wmIAD Snpng  IAN] SHONPIOA %01 pozijozpod 10§ JOAL B} AYI JRON N Z'0Z.ESohS J0 33pa wsam-yHoN ¢ ¢9] 9
ozowia R ATAV afefpin oud
T SHsaas st - %0C pazijozpod ‘[iog Suguerd g N.TP1LESHHS J0 95pa wiaIsam-yuoN 0 il 154
Wz0WIaY) LRI aBe[[iA ourfs]
"1 vLvdnonp snq.iog Wy vjpuad njniag - %51 pazijozpod ‘rog 100§ g NLS'PRISoPS  JO 28pa wiaisam-uoN 0 €9 T
WAzZOw3Y) Aal'61.0098 afefpin ourgff
983004 “dS Djjuayd]y “SIN Xo QAN apudffo wnovxp.y] g %0¢ pazijozpod 10§ MOPBAN  NLO'61.ISsHS J0 38pa wisam-yuoN 8 sl ¥4
) ) 12400 «2dd) J108 pup 2IDUIP400D punof  umu 0N
ans ayp v spupjd oySiy AT —e awasqng 1PHGPYOLI $dD oot sowads  ajdung apdung




L. A. Gaysina et al.

176

JILELL

T wnoypAAS wniup.an) “ U0 JS10F Yo1q 81,9786 10018
SISUAALID SHNAJoAII0)) T WnIUISGD ISy Yoy vnpuad vniag - %I 1108 JS210f Ae16)  IBQU QUIABI [[BWS  NL('Lb.LSoSS efewsoSeN 1wau [ 8 g 8
A3e[[IA QK0 SUDISNAYS[Og Jedu — § IS
98T £605S
7 s wnijjy “YHog voysamop SHvjy - %SS Wozoway) payaea] ‘(10§ UoPIED  Nu6'T0.1007S oy Azeqpof, I 9L Ly
‘[T uinan Ha9'9€.T6+5S TIOAISSRI
snpvg 7 vLvdnony snqog “T opundou 1oy 7 vjnuay snjndog - %0 WAZOUIA) Payaed] ‘[10§ Sunuerd uadsy  N.Z7'6%.0004S punofiapun 1eaN 0 SL 9
HaL'6T.2565S
ds wnyppey 7 snsdy) wnospqia) T wnyuISqy DISIUALLY - % WozouIdyd payaed] ‘o puod oy 1eau adog N, §€S. 00015 puod afjor] TeaN L s o
LR ZATEISY
"1 D0js1q w03 og Yoy vnpuad vjnjag - %1 WOZOWIAY) PAYIRa] ‘10§ 150107 B[O NLZ'FS.000FS puod afjor] TeaN 9 L b
Wozowao RIS
“ds wnypey “ds pyjuuayopy “ds wmijofiiy “ wmyisqp visALy - %86 poyaea] 9o anorqoadry  puod oty Jeau adojS  N..0'8S.0064S puod afjor] TeaN e u %
puod g €TT5SS
7 Sipuia DLDSDL] - %1 WAZOWIAYD PAYIEI] ‘10§ ) 1O JWARY NS85 0001 puod afjor] JeaN 9 1L W
o3e[1a Azeqjo], Jedu — £ 9IS
1L TE6hoHS Inéumiq
aea0v0 “331p\ X2 "qap\ opputanffo umovxpany “ds smyndogq - [AS| WAZOUIAY) PAYIL] 10§ Sunuerd rejdod  NL.£60.475S -J(] PROJ Ay JeaN I a It
T pson D3DLf 18910} AS6T.6PsS Hnuniq
“S3p o “qap\ appundiffo umavxvany Yoy vjnpuad vjniag IV SKONPIOA(] %S WAZOUIAY) PAYIRY] 10§ YANQ AP JoBPT  Nub'60.HT0SS -gJ(] Peor Ay JeaN. ¢ «a 0r
9BA0BOJ T DISAA DLID3DL] 1010 L 'ST6bobS 1nApnAq
“8310 %2 "qap\ appusoiffo wmopxv.py Yoy vnpuad njnag  JON SHONPL] %07 WOZOWIOY) PoYoed] ‘0§ Yonq P Jo a8pg  NuL'60.5T0SS ~gJ(] Peor Ay JeaN. 0 1a 6¢
uMmo) I[NAJNA( Jeau — 9 S
Juoz addays-saroq
WOZOUIOd peor 7860695 oSeyia Arysjosnousery
331 X0 “qap, oppuaffo wnavxapy <7 sngdiur wntioyd1) - %08 pazijozpod ‘10§ ) Jeau MOPBA  N.8'81.£60€S 0 J1ed u1a)sed JeaN 9 un 8¢
T puLiasup vjjyuaiog “SN Xa "qaN apputonffo wmovxpn] WOZOUIOd 1010]  .9'T.05,9S oSeyia Arysjosnousery
“TITN tnsopuaio} wntiay “TA WAD Snpog T nqo. Snaangy - %0L pazijozpod rog Yeo o J0 a8pT  NLZ'81.£60£6 70 11ed wolses JeaN. 7 1 1€
12400 wadd] j1os pup 21DuIP.100D punof  awpu o\
ous oy v syupid 1oySi o uol)a3a, aIp.418Gng IPHGPHOLIN SdD oot sa1adg  apdung  a)dung

(panunuos) Apmys Juasald oy} uryiIm pajoof[od sojdwes pue SIS JO SONISLIOBIRY)) 7 d[qeL



177

Terrestrial cyanobacteria of the South Urals

i 1 ‘qap AL Teal H97ThSTo8S ueq Yoy
appuidffo wnopxpan] “7 Jolbow 03pjup|g “T WRLIUISGD DISIUILLY - %0L T10s urejdpooy ojensqns ApueS  N.8'L0.LSSS “JOALI Y] JO OPISIOATY 9 crng 09
J1os
urefdpooy ‘[10s uo o5
"1 dolbw 08pup)g “7 vividvpod wmpodoZay “7 varolp vl 2e8[e pue euojeqouekd 19200) o L'67.5108S Yueq Jydu
1 ddpy wnyoay “YN wniap snpog “widen (1) vsouynys sniy - %08 oidoosoroejy  uredpooy W peoy Nl '80.LS6SS JOALI Y] JO OPISIOATY ¥l ng 65
o0y utedpooy A, TESTo86 yueq Su
"1 papfanf 0dvjissny “33p\ X2 “qap\ djputaffo unomxp.] g %08 10s urejdpooy{ 122U MOPBIN  No£'60.LS0SS “TOALL Y] JO OPISIATY 6 1ng Iy
Jlos
uredpoog ‘[1os uo yimo§
aeS[e pue eLojeqouekd 1.8'St.5186 Jueq 9|
T anfif oSvpssny “ds xjpg - %08 aidoasosoey 159105 MOTIIA  N8'81LSoSS OAL Y] JO PISIOARY L oIng LS
AL F0708.5T088 Jueq oy
S pupILYDJY 1 SISUGALID SNYDUOS T UINIYIUISGD DISIUOLLY - %001 Jlos urejdpoof oY) JU MOPBIN  ‘NLT.LSoSS JOALL Y] JO OPISIOATY 6 ong 96
1 wniyupdv wnpiodoig)
“7 asuapnad umjofii] “SIN xo QN aputdrffo wnovxp.n] AL A b€6.6186 Yueq 3o
1 puLiasup vjjyuajoq “7 vddpy wnyoy “ voto1p vaL - %06 Jtos urejdpoo o) JeoU MOPEIN  N§'6E.LSSS JOAL Y] JO OPISIOATY ¢ gng 48
108
ure[dpoog ‘[10s uo yimois
"1 pvidppod ae8[e pue eLojRqoURkd WBRW 0755185 yueq 9|
umipododay 71 vuLiasup vjjuajod “1 vavjinf 0Svjissny - %08 91d0dS010B I JOJRM PUB [I0S  ‘NuLFeL§oSS TOALL Y] JO PISIATY ¢ ng 1S
Jios
urefdpooy ‘[10s uo ypmois
T aanoiap wnuodAjog oeS[e pue euojoeqoueko T.0°€5.5T486 yueq 1o
“BBUA X2 “qap, appuriffo wmovxpan] “ olow 03pun)g - %S 91d02s010B Wed  NulbeLSoSS TOALL Y[ JO OPISIAATY <l ong 5
820804 “T auLivdp 19910]  F0PSSI86  Yueq JoO[ TajeA 0} WG|
wnggg) ] snfow wniuopyjaiy) “upden) () vsoun3 snujy - %S Ji0s uredpoof oud e uradojg  N.9'8h.LoSS ‘oAl y o ojadojg g ag S
19910} HuL'95.STo8S ueq Yoy
T SHISaNIAS snutd - [[ef SNOIHUO) %1 J10s urefdpoof oud e ur adojg  N.0'6h.LoSS “ToALr Y[ oy o1 adoyg 4 ! I$
"] 09524 406091088 1038
LDSDA Ny () wnutyinby wnipLialg <7 SLUSaAALS Snug - %0¢ 108 15010§ AB10) £mg N 8$7.LSoSS efewsodeN 1wau I I g 0S
08191086 1ooms
"] vosaa pLDSHL] YOY vjnpuad vjnag - %0p 108 15310} Ae1n) 190007 RGN 9bLSoSS efewsodeN 1eau [IH 9 wng 6
) ) 12400 «2dd) J108 pun 2IDUIP400D punof  umu 0N
s oys v syuvid 12ySigy oM U013, aIp418qng IPHADHOLIY SdD ooy sa12dg  ajduing  ajduing




] wnupgou wmofie] “|[ed wnsoa wndRIAIY “SPuy Sisuainid
omisa,] “) (W) DLDUID SYILIGON() TIPS X2 "GIN\ DAILIAS
visiually “ueldny psoddajs 03pjunjq 150y vsoddays viajg
“100Y] () SHoupqy yasas T snudjp aisy T vSoiaqn) S0y

T ajpaioq umnine) ‘YSAN ('SS37) WMIOLASAP UOYILLOIIOF T0'ThEhs8S oYe[ uequyy Jeou
“QapaT Xa “YosL] SLnatop snyumiq 7 viwjidvd vdyg - %06 WAZOWIAYD Ynos ‘(10§ oddags ssexS-quof  “Nup0.8€.7S 111y 2y jo 2doys ynog ¢ S 0L
T wnupjuow unijofil]
“I[ed wnsoda wnidpia1Ey Sy Sisuapd ponisa,y “WGIRS X2 "GAp WOZOUIOYD YINos ‘Jsnio b L1.TH8S umoy Aeqrg
1a0LIas misiuaLly “ueldny psoddajs o3ppup)g 7 vijdv vdyg - %06 onoiqosom Jenoisay  addajs sseid-qio  N0'0€. 0762 J0 33pa Jo 1red ynog 4 S 69
T wnuppout untjofiig
“[led wnsodia wndvAIE “SPNF Sisuaid panjsa, “WIGIANS X Gap WAZOUIAY) YIN0S IS1I 0817188 umoj Aeqrg
1201128 ISl “ueldny psoddajs o3ppup)g 7 viwjdvd vdyg - %06 10IQOIOI JR[NOISIA addays sse13-qio]  NL9TE0P0CS Jo a8pa jo ed yynog I IS 89
umo} Aeqr§ Ieou — ()] 9IS
Juoz addyng
Hub€EET9S
. SIOMOY UopIeD) - %05 WAZOWA) PAYILa] 10§ Pl NI'TZ.EloS aBe[[IA BYADIBI09D) L D L9
S WOZOUIAY)
bS] POYIRa] “A[[1A2ID)
m (snoeuur) umpjnun.is
@ unipdog eS[e jo oI Bl 195
2 7 asuaan umjasinby - %08 o1doasozaew ‘[10 Jop PUBIOM.  Nu8'SS.Z1obS puod ayy JeaN ¢ [45) 99
O 1 asuapad wngjofia] 7 sypudyffo vqiosmsung
< 7 appatd wmany 1 snqdur winioyor) “7 pindauio}d sydong < WOZOUIA) T TE£1698
i asuapad umpupia0) 7 dofou 03viup]g 7 vULASUD DYjIUAI0] - %1 payoeay ‘[10s Jop WARY Nt 10.E16bS prol A} JBON ¢ 0 9
ds pLvaLypy WOZOUJAYD Payoed]
“ds xopdiyy 7 snqdyun wnnioydr) T wniyuIsqy vIstLY ‘e3[e pue BLIAJOBQOUBAD Nu6'70.€ 1S
“7 ol 0Spup]g “T )AL WHAL) T DULIASUD DIIUI0] - %S J0 qusoI5 ordoosoroey oUABY  NW6TETobS peox gy JeoN 7 9 9
a3e[[1A BYAQISIOAD) IBAU — G NS
20909108 aBeyjia
"] viag “7 snonnq - %0L ios urefdpoof{ UOPIES-UAAY NI .LSaSS afoysurynsnaysjog 4 9Ing £9
19091488 ageqia
T WIS SoqRY YOG DIUSaOp SHBY - %0¢ Jios uredpoorg UopIB) Nl €1eLSoSS akoysurynsnaysjog 14 ging 4]
"1 aannouap wnuosAjoq “7 vddpy wnyoy Bpuq 48675185 yueq 9]
SN X0 "qap\ apputdfo wmdxpL] T WNIYISGD DISHUALLY - %08 1os urejdpoof o) JeAU PUNOY  NuI'€1.LS0SS JOALL Y[ JO OPISIOATY ¥ ying 19
12400 wadA] j1os pup 21DuIP.100) punof  auwu oN
ans oy v syupyd yStgy onrT uo)a3a, aIp.418qng 1HquyORIN SdH fgpooq saadg  opduwg  a)dung
00
= (panunuos) Apmys Juasald oy} uryiIm pajoof[od sojdwes pue SIS JO SONISLIOBIRY)) 7 d[qeL



179

Terrestrial cyanobacteria of the South Urals

(Z107) 70 12 OpOYYiig Jo vIep o} pue (7]07 NaIzeyy) eHryysee Jo A10jia} 3y 1oj deut 110s Supioooyy,

1 wntjofajjuu vajjyay “wendny] vsoddays oSpjuv)g ‘wipten) WAZ0UIAY) ATeuIpIo ISnIo 1581666 JUIWNUOWI WIRITY
X2 "YIIA[YIS poIsapa panisa,] “Idny 12 uu] pumiduissa) vdig %08-SL ovd[e pue [euojpeqouek)  addors sseiS-qiof  NLO'6E.85.7S J0 98pa wsam-yinog 8 Iy 8
WOZOUIOY)
1 winijofojnu vayuyoy “vendny vsoddais 03pjup)q ‘wipnes) Kreurp1o ‘euiajoeqoue£d Al 977666 JUIWNUOW WIRIIY
X2 "YOIA[YIS povIsapa panisa,] “idny 10 “uii] pumiduissa) ndig %08-5L pue dedje ‘sossopy  addays sseiS-quog  N.T'8%.8€.7S Jo a8pa wasam-yimog I Iy 8
WAZOUIAY) AIewpIo
T winijofojuu vajupoy “wendny nsoddais 0pjup)q ‘wipnes) ‘SUayaI1| Jo dudeAld q6°L0.7€06S JUWNUOU WIETY
X2 "YOIA[YIS ovIsapa panisa,] “Idny 10 “uii] puviduissa) ndyg %08-SL s jsnid onorqonory addons sseaS-quog  NLZ'SE.86.76 J0 23pa wisam-yinog L Wy 8
WAZOUIAY) ATRIpIO ISnId
[e110J08qOUEAD ‘S|
T winijofojnu vajiyoy “wendny nsoddais 03pjup)q ‘wipnes) Jo douerd ym AP 1€068 JUAWNUOU WIBTY
X2 "YOIAYIS ovIsapa panisa,] “Idny 10 “uii] puviduissa) ndg %08-SL 10 onolqoson ‘log  addas sseiS-qio]  N.9'81.LEoTS J0 28pa wrsom-yimog e 1y 8
JUSWINUOW WIBIIY JBdU — 7 IS
puod [eoyne 4,771 o8 aBea Anysjosueg
830804 “PIIIN SMHafii00 xauimy %56 WOZOUIOYY ATRUIpIO ‘(10§ Jowerdpoolf  N.LP1SIoES  Jo a3pa Jo ped wiasap ¢ 8 18
"1 oppaiog EREIRAY aBe[a Anyspasues
unypy) “wendny vsoddais odvpun)q “ds vistuary “ds vdyg %09 WAZOWIY) ATeuIpio 10§ addors sseiB-quog  N.STI.S1.66  Jo a8pa jo ped wasay 01 e 08
"1 a[paioq 4919785 aBeypa Arysjoduey
wnyne) “uendny psoddays o3vpup)g “ds visnuapty “ds vdig %08 WoZOuIY) AIeuIpio 10§ addors sseiB-qi0g  N.p91.51.66  Jo a5pa Jo med wiisap 9 [N 6L
980080 “d§ faenb  F.9°€T 16086 oFeyia ArysjoSueg
ISty “dodg () asuawy WISl T SISUAAD SH]NA]OAU0)) %0607 WAZOUIAY) ATRWIPIO ‘10§ 9[qIeW PAUOPUEQY N[ 'STS1oES  JO 3pa Jo yred wijseq 9 A 8L
‘uendny] psoddays AL T1.16086 aBeyqia Anysjodues
03DjuD|d “WYIANG X2 "N DaILIS DIStdLy 7T pawjjidp) ndig %05-07 WAZOWIY) ATeuIpio io§ addons ssei3-quog  N.8FTS1.6  Jo apa jo ped widseq 4 IS m
a3e[[ia ApjsjeSuex Iedu — [] 9IS
1 wnupjuout I 6 o
wnijofid] “|ed wnsodia unioviaigy “spuy sisuaiwad vomisa,] “ ! 8S SL
(W) prpu2iD S1yLIGoNQ WIS X2 "QIN VaILIaS DISHUALIY . IS "
“ueudny] psoddays o3up]g 10408 psoddais viajpg Y0y WAZOUIAY) YIN0S ‘S)SNId Al L7785 e[ ueqnyjmy Jeau
. « A %06 addass ssexs-qiog !
(7) swounqyy 1jasag T snuidjp Jajsy “7T Soiaqn) SuojyJ [eLI010RqOURAD SIOLIEA N8S.LEZS I o Jo adofs gynog 4 98 tL
“T ajpaioq umnine) ‘YSAON ('SS3T) WMIOLASIP UOYILLOIIIE] 6 G U
“QapaT Xa "YosL] SLumatop snyumiq 7 viwjidd vdyg
9 S IL
) ) 12400 «2dd) J108 pun 2IDUIP400D punof  umu 0N
ons ayp v spuvjd 1ySiE —e amasqng oIgYOIN $dD fyoor sowodg  ajdung ajduing




180 L. A. Gaysina et al.

Observations of cyanobacteria were conducted using a Zeiss Axio Imager A2
microscope with DIC optics and Axio Vision 4.9 visualization system. Microphotographs
were taken with an Axio Cam MRc camera on magnifications x400 and x1000. For
identification of the taxa and classification, the relevant reference sources were used
(Anagnostidis & Komarek, 1988; Guiry & Guiry, 2016, Komarek & Anagnostidis,
1999, 2005; Komarek, 2013; Komarek et al., 2014). Typical morphological features
of filamentous taxa, such as filament, trichome, and cell dimensions, sheath color, cell
color, heterocyte and akinete dimensions, length of apical cells in filamentous taxa,
degree of constriction at crosswalls, special features associated with end cells and
necridia, filament polarity, tapering, and type of branching, when present, were
observed and measured for each taxon and the proper identification was supplemented
with the knowledge on the ecological data. For coccoid taxa, planes of cell division,
cell shape, degree of lamellation of the cellular and colonial mucilage, sheath and cell
color, and dimensions and shape of cells were used for identification.

The species list was created based on frequency of occurrence according
Braun-Blanquet scale with modifications: 1 = 0.1-5%; 2 = 6-10%; 3 =11-20%;
4 = 21-40%; 5 = 41-60%; 6 = 61-80%; 7 = 81-100% (Braun-Blanquet, 1951).
Frequencies represent abundances in samples resulting from direct observation and
from counting of cultures.

Statistical analysis

Using the R package ‘vegan’ (Oksanen et al., 2017), a principle component
analysis (PCA, Jolliffe, 1986) was performed to characterize compositional variation
in soil cyanobacterial community data, using the combined data for each of the 12 sites.
Species data were Hellinger transformed prior execution of the ordination. This
transformation linearizes species data and alleviates the double zero problem, thereby
allows analysis via Euclidean-based ordination methods, such as PCA (Legendre &
Gallagher, 2001). Environmental factors were fitted onto the ordination using ‘envfit’
function, the goodness of fit was assessed using a permutation test (n = 999). All
statistical analyses were performed in R software, version 3.4.0 (R Core Team, 2017).

RESULTS

Fifty-six cyanobacteria were identified. The total number of species was
highest in the boreal-forest zone (39) and notably lower in the other zones (18, 29,
and 24 for broad-leaved forest, forest steppe and steppe regions, respectively).
Maximum species per site was higher in forest-steppe and boreal forests, and lower
in steppes and broad-leaved forests (Tables 1, 2). Descriptions of all species
encountered (Table 3) as well as images of most taxa (Figs 2-57) are presented so
that evaluation of the taxonomy adopted in the study is possible.

Several species of cyanobacteria were detected in all studied zones:
Leptolyngbya voronichiniana (Fig. 10), Leptolyngbya foveolarum (Fig. 3), cf.
Trichocoleus hospitus (Fig. 14), Pseudophormidium hollerbachianum (Fig. 29),
Nostoc cf. punctiforme (Fig. 55), Microcoleus vaginatus (Fig. 24), Phormidium
breve (Fig. 32), Phormidium dimorphum (Fig. 34), Phormidium corium (Fig. 33),
and Leptolyngbya cf. tenuis (Fig. 7) (Tables 2, 3). Phormidium, Leptolyngbya and
Nostoc (including Desmonostoc, Figs 50-55) were the most abundant genera with
11, 8 and 6 species respectively.
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Figs 2-22. Terrestrial cyanobacteria of the South Ural region: 2. Pseudanabaena papillaterminata
(Kiselev) Kukk, 3. Leptolyngbya foveolarum (Rabenhorst ex Gomont) Anagnostidis & Komarek,
4. Leptolyngbya cf. fragilis (Gomont) Anagnostidis & Komarek, 5. Leptolyngbya cf. hansgirgiana
Komarek in Anagnostidis, 6. Leptolyngbya cf. subtilissima (Kiitzing ex Hansgirg) Komarek in
Anagnostidis, 7. Leptolyngbya cf. tenuis (Gomont) Anagnostidis & Komarek, 8. Leptolyngbya cf.
nostocorum (Bornet ex Gomont) Anagnostidis & Komarek, 9. Leptolyngbya cf. notata (Schmidle)
Anagnostidis et Komarek, 10. Leptolyngbya voronichiniana Anagnostidis & Komarek, 11. Oculatella
sp. 1, 12. Oculatella sp. 2, 13. Oculatella sp. 3, 14. cf. Trichocoleus hospitus (Hansgirg ex Gomont)
Anagnostidis, 15. Myxosarcina cf. tatrica (Starmach) Komarek & Anagnostidis, 16. Aphanothece
stagnina (Spreng.) A.Braun, 17. Chroococcus varius A. Braun in Rabenhorst, 18. Chlorogloea cf.
purpurea Geitler, 19. Cyanothece aeruginosa (Nageli) Komarek, 20. Borzia trilocularis Cohn ex
Gomont, 21. Kamptonema animale (C.Agardh ex Gomont) Strunecky, Komarek & Smarda,
22. Kamptonema laetevirens (Crouan & Crouan ex Gomont) Strunecky, Koméarek & Smarda. Scale
bar = 10 pm, applies to all figures.
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Figs 23-41. Terrestrial cyanobacteria of the South Ural region: 23. Microcoleus autumnalis (Gomont)
Strunecky, Komarek & Johansen, 24. Microcoleus vaginatus (Vaucher) Gomont ex Gomont,
25. Microcoleus sp. 1, 26. Microcoleus sp. 2, 27. Microcoleus sp. 3, 28. Oxynema cf. acuminatum
(Gomont) Chatchawan, Komarek, Strunecky, Smarda & Peerapornpisal, 29. Pseudophormidium
hollerbachianum (Elenkin) Anagnostidis, 30. Phormidium aerugineo-caeruleum (Gomont) Anagnostidis
& Komarek, 31. Phormidium ambiguum Gomont ex Gomont, 32. Phormidium breve (Kiitzing ex
Gomont) Anagnostidis & Komarek, 33. Phormidium corium Gomont, 34. Phormidium dimorphum
Lemmermann, 35. Phormidium cf. jadinianum Gomont, 36. Phormidium cf. retzii (Agardh) Gomont ex
Gomont, 37. Phormidium tergestinum (Kiitzing) Anagnostidis & Komarek, 38. Phormidium uncinatum
(Agardh) Gomont, 39. Phormidium sp. 1, 40. Phormidium sp. 2, 41. Hormoscilla pringsheimii
Anagnostidis & Komarek. Scale bars = 10 um, for figures 23-40 the bar is placed in figure 40.
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Figs 42-57. Terrestrial cyanobacteria of the South Ural region: 42. Scytonema sp., 43. Roholtiella
bashkiriorum Gaysina & Bohunicka, 44. Roholtiella edaphica Bohunicka & LukeSova, 45. Roholtiella
Sluviatilis Johansen & Gaysina, 46. Roholtiella sp., 47. Cylindrospermum majus Kiitzing ex Bornet &
Flahault, 48. Cylindrospermum sp., 49. Lyngbya martensiana Meneghini ex Gomont, 50. Nostoc cf.
calcicola Brébisson ex Bornet & Flahault, 51. Nostoc cf. commune Vaucher ex Bornet & Flahault,
52. Nostoc cf. ellipsosporum Rabenhorst, 53. Nostoc cf. microscopicum Carmichael ex Bornet &
Flahault, 54. Desmonostoc cf. muscorum C.Agardh, 55. Nostoc cf. punctiforme Kiitzing (Hariot),
56. Trichormus variabilis (Kiitzing ex Bornet & Flahault) Komarek & Anagnostidis, 57. Trichormus sp.
Scale bars = 10 pm, for figures 47-54 the bar is placed in figure 47.
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Many species were found only in the boreal-forest zone: Aphanothece
stagnina (Fig. 16), Hormoscilla pringsheimii (Fig. 41), Leptolyngbya cf. hansgirgiana
(Fig. 5), Leptolyngbya cf. nostocorum (Fig. 8), Kamptonema animale (Fig. 21),
Kamptonema laetevirens (Fig. 22), Microcoleus sp. 1 (Fig. 25), Microcoleus sp. 3
(Fig. 27), Oxynema cf. acuminatum (Fig. 28), Phormidium aerugineo-caeruleum
(Fig. 30), Phormidium cf. retzii (Fig. 36), Phormidium tergestinum (Fig. 37),
Phormidium uncinatum (Fig. 38), Phormidium sp. 1 (Fig. 39), Nostoc cf.
ellipsosporum (Fig. 52), Scytonema sp. (Fig. 42), Trichormus sp. (Fig. 57)
(Tables 2, 3). Lyngbya martensiana was detected in all zones, excluding the broad-
leaved forest zone; it was most abundant in the boreal forest zone (Fig. 49)
(Tables 2, 3).

The broad-leaved forest was characterized by the wide distribution of cf.
Trichocoleus hospitus (Tables 2, 3). Myxosarcina cf. tatrica (Fig. 15) and Chroococcus
varius (Fig. 17) were also detected only in this type of ecosystem.

Trichormus variabilis (Fig. 56), Cylindrospermum majus (Fig. 47),
Microcoleus autumnalis (Fig. 23), and Nostoc cf. microscopicum (Fig. 53) were
widely distributed in forest and forest-steppe zones.

Phormidium ambiguum (Fig. 31), was typical for forest-steppe and steppe
zones. In the forest-steppe zone, some rare species, like Borzia trilocularis (Fig. 20),
and Pseudanabaena papzllatermmata (Fig. 2), were detected. Cylindrospermum sp.
was also found in forest-steppe (Fig. 48) (Tables 1, 2, 3).
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Fig. 58. Principal Component Analysis using Hellinger transformed species data for the combined
data from the 12 sites. Community codes (BF, BL, FS, S) are placed in the centroid position of their
respective data clouds. Hollow circles represent species, the outer taxa only being named. PC axis
1 roughly corresponds to an aridity gradient (high humidity to left, low humidity to the right), while PC
axis 2 roughly corresponds to an organic matter/leaf litter gradient (high organic matter at the bottom,
mineral soil at the top).
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Pseudophormidium hollerbachianum and Nostoc cf. commune (Fig. 51)
were most abundant in steppe. Leptolyngbya cf. notata was found only in steppe
(Fig. 9). Cyanothece aeruginosa was also found in steppe in a sample collected from
a forb-grass steppe near Sibay town (Fig. 19, Tables 2, 3). Phormidium cf. jadinianum
was detected in the steppe and boreal-forest zones (Fig. 35) (Tables 2, 3).

The principal components analysis (PCA) of the 12 sites suggested that the
boreal forest and broad-leaved forest communities were floristically separate, while
significant overlap occurred between the forest-steppe and steppe communities
(Fig. 58). The centroids for the boreal forest and broad-leaved forest were well away
from each other and the forest-steppe and steppe regions. One boreal forest site
(site 2) was close to the forest-steppe swarm of sites, while the other boreal forest
site (site 1) was very distant from all other sites. The broad-leaved forest has
considerably more leaf litter cover than the other three zones, and so it is not
surprising to see that this zone is floristically separate. Forest-steppe and steppe
zones are more arid and have higher irradiance due to less leaf litter cover. The first
two axes of the PCA together explain almost 20% of the total variation in the
community composition. Correlation between PCA scores and factors was not
significant (12 = 0.376, p = 0.186).

DISCUSSION

In this study of terrestrial cyanobacteria of the South Ural region, in which
56 taxa of cyanobacteria were identified and documented, several unusual taxa were
encountered. For example cf. Trichocoleus hospitus is very interesting. It is
characterized by thin trichomes (0.6-0.7 um wide), with cells 0.7-1 um long, solitary
or densely aggregated in sheaths 2.5-3.9 um wide. Apical cells are round or thickened.
It prefers to grow on the sheaths of other cyanobacteria or in the mucilage of green
algae. The assignment of our finding to the genus Trichocoleus could not be
confirmed with certainty, because typical cyanobacteria of this genus lack a calyptra
or the thickened apical cell observed in the investigated specimen (Fig. 14). Another
unusual cyanobacterium found in our sampling area is Chlorogloea cf. purpurea
(Fig. 18). This taxon is similar to the description of Chlorogloea purpurea
(mucilaginous irregular colonies with pink cells), but it possess smaller cells (0.8-
1.5 um in diameter compared with 1.5-2.5 in Chlorogloea purpurea). Additionally,
Chlorogloea purpurea is a freshwater species, while our population is from a
terrestrial habitat. Myxosarcina cf. tatrica was morphologically similar to the
description published by Komarek & Anagnostidis (1999), but M. tatrica was
originally described from a moist rock in Poland. Phormidium cf. jadinianum has
trichomes about 6 um wide, constrictions at cross-walls, with acute end cells. It is
an unclear, incompletely described species, which was originally described from
India (Komarek & Anagnostidis, 2005). Oxynema cf. acuminatum is also possibly
another species, new to science. The morphological features of this species are
similar to descriptions: trichomes 3.9-4.3 um wide, attenuated motile with a relatively
rapid oscillation, acute-conical long end cell (Komérek & Anagnostidis, 2005). But
it differs by short cells and very different ecology. Oxynema acuminatum inhabits
thermal springs high in salinity or sulfur, whereas this taxon is terrestrial. Several
species of the genus Microcoleus were recorded (Table 2, Figs 23-27). Microcoleus
sp. 1 is a cyanobacterium putatively new to science. It has long trichomes, 6.7-
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7.1 um wide, is unconstricted at the cross-walls, is aggregated within sheaths, and
is reddish in color. Cells are almost isodiametric. Apical cells are conical, without
calyptra. All of the above mentioned unclear species are putative new taxa that
should be studied in detail, including molecular characterization in future studies.

Three species of Oculatella (Figs 11-13) were identified and are potentially
new to science. Especially interesting is Oculatella sp. 2 with flexuous filaments and
sheaths, 2.2-2.6 um wide, with constrictions at the cross-walls, with more or less
isodiametric cells, and with the apical cell widely rounded with slightly sloped
crystal-like or orange spot in the apex of the cell (Fig. 12). Despite morphological
similarity with some previously described taxa (Zammit et al., 2012; Osorio-Santos
et al., 2014), these populations are likely to be separate species based on ecology.
Oculatella has a wide distribution in the studied area. Possibly, it was earlier
incorrectly identified as Leptolyngbya foveolarum. We found many other populations
of Leptolyngbya, which fit Leptolyngbya foveolarum in the keys (blue-green, curved,
flexuous, constricted at the cross-walls of the trichomes). Possibly, they represent
several cryptic species of this genus. A similar situation occurs in the case of
Leptolyngbya voronichiniana with colorless thin sheaths. Another group problematic
for identification were Phormidium and Phormidium-like taxa, especially
morphotypes with acute-conical apical cells, for example Oxynema cf. acuminatum
and Phormidium cf. jadinianum. For correct identification of these taxa, observation
of all stages of the life cycle together with understanding of their ecology is crucial.

Interesting findings also include Kamptonema animale and K. laetevirens.
Kamptonema was recently separated from Phormidium (Strunecky et al., 2014) and
this is the first record of these species in the territory of South Ural. Observation of
the aquatic Cyanothece aeruginosa in a steppe region is unusual. This taxon is
widely distributed in aquatic habitats around the world, but is not common in
terrestrial ecosystems (Komarek & Anagnostidis, 1999). It was reported as
Synechococcus aeruginosus Nigeli from shrub-steppe soils in the Great Basin and
Columbia Basin of North America (Johansen, 1993). Our finding is a significant
addition to the knowledge of the ecology of Cyanothece aeruginosa.

During our investigations, several strains were identified as Scytonema and
Tolypothrix. These strains were described in detail by a polyphasic approach in a
separate study (Bohunicka et al., 2015). It was found that they belong to the new
genus Roholtiella, which contained 4 new species, 3 of which were found in the
territory of South Ural: Roholtiella bashkiriorum, R. edaphica, and R. fluviatilis
(Figs 43-46). An interesting observation was the additional discovery of another
Roholtiella type within our collections, characterized by bright green filaments
(Fig. 46). It is similar to Roholtiella mojaviensis, but it was isolated from a
very different habitat (Bohunicka et al., 2015); we provisionally name it here as
Roholtiella sp.

Many species of cyanobacteria were previously mentioned in lists of
cyanobacteria compiled during floristic studies in the territory of the South Ural.
For example, Phormidium ambiguum, Phormidium breve, Phormidium dimorphum,
Phormidium retzii, Phormidium tergestinum, Phormidium uncinatum, Leptolyngbya
foveolarum, Leptolyngbya voronichiniana, Nostoc commune, Nostoc microscopicum,
Nostoc punctiforme, Microcoleus vaginatus, Pseudophormidium hollerbachianum
and several other species were recorded in flora of steppe and forest-steppe zones
of Bashkiria (Kuzyakhmetov, 1992; Khaibullina et al., 2005; Bakieva et al. 2012).
But unfortunately these publications lack information about morphology of taxa, and
the taxonomy of many genera has since been revised. This circumstance prevents
comparison of previous results with our data. Microcoleus vaginatus, Leptolyngbya
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foveolarum, and Phormidium breve characterized by wide distribution in this study
are congruent with previous studies of other regions in Russia (Aleksakhina &
Shtina, 1984) and territories of other countries (Kostikov et al., 2001; Komarek &
Anagnostidis, 2005; Skaloud, 2009; Neustupa & Skaloud, 2010; Davydov, 2013;
Strunecky et al., 2013). Pseudophormidium hollerbachianum, frequently found in
this study, is a widely distributed taxon in soils, and was previously found in Russia,
Austria, Czech Republic, Denmark, Greece, Poland, and Sweden (Komdarek &
Anagnostidis, 2005). Trichormus variabilis, Cylindrospermum majus, Microcoleus
autumnalis, and Nostoc microscopicum also have wide distribution, but are possibly
sensitive to deficiency of water and high solar insolation.

The combined use of several methods during floristic studies allows
identification of more taxa. In our study, cyanobacteria were isolated into strains as
well as directly observed on cover slips. It is difficult to isolate some cyanobacteria
into pure culture, and the spectrum of species obtained might be limited by this
method if used in isolation. For example, cf. Trichocoleus hospitus lives in the
mucilage of other organisms, and it is impossible to divide it from those other
species. In this case, the cover slip method was useful, because it allowed us to
observe the cyanobacterium and to make preliminary identification of the taxon. We
also found most of the species of Leptolyngbya only on cover slip surfaces, for
example, Leptolyngbya cf. fragilis (Fig. 4), Leptolyngbya cf. subtilissima (Fig. 6),
and Leptolyngbya cf. tenuis (Fig. 7).

The differences in the taxonomic composition found in each zone can be
attributed to the influence of zonal factors, which have an effect on climate, soil
type, and higher plant communities. In this connection, the most important factor
was humidity of the substrate. The heterogeneity of the substrate had also considerable
impact on the occurrence of the cyanobacterial taxa. In our study, the samples from
humid and/or heterogenic conditions were characterized by the highest cyanobacterial
diversity (Table 1). The highest number of cyanobacteria, (14 species), was found
in sample 59 (Bul2) with visible cyanobacteria and algae growth on the road in the
floodplain of the forest-steppe zone. Thirteen species were detected in two samples:
sample 17 (P14) from the boreal-forest zone, taken from the riverside of Saldubash
river, and sample 53 (Bu6) from forest-steppe zone from path from the riverside of
the Ik River. Twelve species were identified in sample 14 (P11) from a ravine in the
boreal-forest zone (Table S1). The importance of humidity as one of the most
important ecological factors affecting the soil cyanobacteria was discussed by
Gollerbach & Shtina, (1969). According to their data, the optimal humidity for
typical soil algae (including cyanobacteria) is 60-80 % of the full moisture capacity.
However, in some species of nitrogen-fixing cyanobacteria, maximal growth was
observed at 80-100% soil humidity.

Species detected only in the boreal-forest zone, such as Aphanothece
stagnina, Leptolyngbya cf. hansgirgiana and Kamptonema animale, in general are
moisture-loving cyanobacteria (Komdarek & Anagnostidis, 1999, 2005). Cyanobacteria
distributed in forest and forest-steppe zones such as Trichormus variabilis and
Cylindrospermum majus, were previously reported as more drought-tolerant
(Komarek, 2013). Pseudophormidium hollerbachianum and Nostoc cf. commune,
abundant in steppes, belong to the subaerophytic species, resistant to water deficiency
(Komarek & Anagnostidis, 2005; Komarek, 2013). Microcoleus vaginatus was
dominant in dry soils of steppes, which is in agreement with previous observations
that filamentous cyanobacteria from the order Oscillatoriales are the most resistant
to drought. Nostoc commune, Scytonema ocellatum and Microcoleus vaginatus form
so called “Nostoc-Scytonema coenoces of steppes and semi-deserts” (Gollerbach &
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Shtina, 1969). Species of Microcoleus were also frequent in the boreal-forest zone,
but the population density in steppes was much higher.

The PCA reveals, that steppe and forest-steppe zones were characterized by
very similar biodiversity of cyanobacteria (Fig. 58). Species composition of the
broad-leaved forest zone is very different. The boreal forest has only two sites, one
that is very different from all sites, and one that shares species with the forest-steppe
community. The surface soils of these biomes vary along two gradients, soil organic
matter/surface leaf litter and humidity, with the most organic and humid soils being
boreal forest and the most mineral and dry soils being within steppe.

Influence of microhabitat conditions including heterogeneity of the substrate
on terrestrial cyanobacterial diversity has been little studied. E.A. Shtina (1976)
mentioned that visible growth of algae and cyanobacteria was detected mostly on
sites with irregularities in microtopography. The strong influence of ecotope
conditions on soil algae and cyanobacteria has been discussed in several publications
(Kuzyakhmetov, 1981, 1992). Possibly, in heterogenic conditions, the cyanobacteria
thrive from less competitive conditions with higher plants.

Higher plant communities also may have an impact on the cyanobacterial
flora. We did not detect any cyanobacteria in five of the 85 samples (1, 24, 25, 39,
45). These samples were collected in different types of forests and plantings
(Table 1). Rarity of cyanobacteria in forest soils was also reported by Gollerbach &
Shtina, 1969; Hoffmann et al., 2007 and Khaybullina et al., 2010.

Our results confirm the known assumption that cyanobacteria play an
important role in primary colonization of various substrates. In this connection, most
prominent are filamentous species. For example, in sample 78 from an abandoned
marble quarry in the steppe zone, Leptolyngbya voronichiniana, Leptolyngbya cf.
tenuis, Microcoleus vaginatus, Lyngbya martensiana, Phormidium dimorphum and
cf. Trichocoleus hospitus were all detected (Tables 1, 3).

Our study reveals that the territory of the South Ural hosts a wide variety
of soil cyanobacteria including several taxa potentially new to science. For future
molecular-genetic research, the frequently encountered representatives of the genus
Microcoleus (Figs 25-27) and Phormidium (Figs 39-40) could be especially
interesting.

CONCLUSIONS

Floristic studies should be the first step in the investigation of biodiversity
of cyanobacteria. This type of research allows us to make preliminary assessment of
dominant taxa, identify potentially new species and even new genera, and creates a
strategy for further molecular-genetic research. To our knowledge, for Chlorogloea
cf. purpurea and several species of Oculatella, this is the first record of their presence
in the territory of the South Ural region. Strains obtained in this study will provide
a valuable starting point for future molecular studies.
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