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ABSTRACT. The paper describes the changes that occurred in the ecosystem of soda lake Tanatar VI
during the 2011-2019 period when salinity decreased from 160-250 to 13-14 g/l
Keywords: soda lake, Picocystis, cyanobacteria, biological soil crusts, succession, nitrogen fixation

1. Introduction

salinity. Several types of phototrophic communities
were detected in the Tanatar VI (Table): 1) Bottom,
floating and epiphytic cyanobacterial biofilms (CB);
2) floating and epiphytic Ctenocladus-communities
with filamentous chlorophyte Ctenocladus circinnatus
and cyanobacteria (CC); 3) Blooms of unicellular
algae Picocystis salinarum (P-bloom); 4) Cyanobacterial
blooms (CB-bloom); 5) Biological soil crusts (BSC)
developed on the moist soil between thickets of
Salicornia altaica near the lake. Picocystis-blooms and
BSCs were detected each summer since 2012 during
periods of high and medium salinity. In contrast to
other Kulunda soda lakes cyanobacterial biofilms and
Ctenocladus-communities were not massive (except
2011). High-salinity period was characterized by a
low diversity of cyanobacteria: unicellular Euhalothece
sp. and filamentous Geitlerinema sp., Nodosilinea sp.
The diversity increased during the medium-salinity
period: heterocystous Nodularia harveyana, filamentous
Halomicronema sp., Phormidium cf. etoshii, Spirulina
spp. and unicellular Chroococcus turgidus appeared.
At the low-salinity period littoral area was flooded;
BSCs were replaced by epiphytic cyanobacteria and
Picocystis-blooms – by cyanobacterial blooms. Diversity
of cyanobacteria increased again, and heterocystous
Nostoc cf. paludosum and N. cf. punctiforme, unicellular
cf. Cyanobacterium cedrorum and Merismopedia
warmingiana appeared.
Phototrophic communities with heterocystous
cyanobacteria exhibited higher NF potential compared
to communities without heterocystous cyanobacteria
under the same conditions (Table). Heterocystous
cyanobacteria developed in brine at salinity below 60
g/l with N. harveyana being the most halotolerant. At
higher salinity, no vegetative cells of N. harveyana were
observed in the brine, but they were found in the BSCs.

A great number and variety of saline lakes are
located in the Kulunda Steppe in the Altai Region.
These lakes are exposed to annual and long-standing
fluctuations of temperature, salinity, flooding and
drying periods due to their locality in the zone of
cold arid climate. There are soda lakes among them,
which maintain stable alkaline pH due to a prevalence
of soluble carbonates in the brines. Thereby diversity
and functioning of phototrophic communities of
unique soda lakes are actively studied in recent years
(Samylina et al., 2014; 2019; Namsaraev et al., 2018).
Ecosystem of Tanatar VI possesses some peculiarities
which distinguish it from the previously studied lakes.
In the present work, we describe the salt-dependent
changes in phototrophic communities in this lake.

2. Material and methods
Soda lake Tanatar VI is located near Malinovoe
Ozero village in Mikhailovsky district, Altai Region
(51°37’08.4”N, 79°48’53.0”E). Samples of phototrophic
biomass were collected from the brine, littoral area, and
surface of the moist soil surrounding the lake. Salinity,
pH, soluble carbonate alkalinity and potential nitrogen
fixation (NF) measurements, as well as identification
of algae and cyanobacteria, were performed similarly
to previous studies (Samylina et al., 2014; 2019;
Namsaraev et al., 2018).

3. Results and Discussion
During the observations from 2011 to 2019
the lake passed through periods of high (160-250
g/l), medium (60-100 g/l) and low (13-14 g/l)
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Table. Succession of phototrophic communities in soda lake Tanatar VI (Kulunda Steppe).
Year

pH

Salini- Total
ty(g/l) alkalinity (M)

Sampling
site

Type of community (see
text for abbreviations)

2011 10.0

160

1.7

brine

CC, CB

2012

9.8

250

3.4

brine

P-bloom

2014 10.1

100

0.7

brine

P-bloom

2013

9.8

2015 10.2

2016

100

60

0.6

0.6

9.9

60

0.6

2018 10.1

13

2019

14

n/d

soil

brine
soil

CC

+

+

CC

CC, P-bloom

n/d

brine

?-bloom

n/d

brine

Filamentous

G

N

+ +

H

P

S

Ct Cc Mw

BSC

+ + + +

+

+

Dark

+

n/d

n/d

+

1.02
-

Epiphytic CB

+

+

+ +

+

brine

Epiphytic CB

+

+

+ + + + +

+

+
+

-

n/d

7.14

n/d

-

0.11

0.05

2.29

2.52

-

-

-

0.04

0.07

0.01

n/d

n/d

n/d

+

1.65

n/d

1.23

+ +

+ +

Light

-

+

brine

CB-bloom

E

-

+ + +

+

Average ARR
(nmol C2H4/
ml·h)

Unicellular

+

P-bloom

brine

Dominating cyanobacteria

+ +

green BSC

brine

soil

Nh

CB

brown BSC

littoral

Np

BSC

soil

brine

Hetero
cystous

n/d
n/d

n/d
n/d
n/d

Cyanobacteria: Np – both Nostoc cf. paludosum and N. cf. punctiforme, Nh – Nodularia harveyana, G – Geitlerinema sp., N –
Nodosilinea sp., H – Halomicronema cf. excentricum, P – Phormidium cf. etoshii, S – Spirulina spp., Ct – Chroococcus turgidus, Cc – cf.
Cyanobacterium cedrorum, Mw – Merismopedia warmingiana, E – Euhalothece sp.; NF: ARR – acetylene reduction rates; values in
italics mean that ARR is given in nmol C2H4/g·h; n/d no data.

Since heterocystous cyanobacteria are more efficient
diazotrophs than other groups of cyanobacteria, this
survival strategy may contribute to the supply of bound
nitrogen to soda lake ecosystems during both wet and
dry periods.
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Thus, the ecosystem of soda lake Tanatar VI
includes water body, its littoral area and surrounding
soils. Tanatar VI represents a highly dynamic ecosystem
with long-standing fluctuations of salinity, which cause
succession of phototrophic communities that was not
observed in the other studied soda lakes of this region
(Namsaraev et al., 2018; Samylina et al., 2019).
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