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1. Introduction 

The problem of creating an integrated 
monitoring system for inland catastrophic hydrological 
phenomena is longstanding, and recent years have 

from century to century (Avakyan and Istomina, 
2013), and due to the reduction of observation sites 
and limited instrumentation, the forecast of hazardous 
phenomena associated with a rise in the level of river 

the Baikal region was described in (Kichigina, 2018). 

phenomena 
obvious risks, coastal areas are still the most attractive 
for development in terms of economic activity.

In this situation, the development of the station 
that would be able to predict the occurrence of 
hazardous phenomena and characterize the behaviour 
of the main hydrological parameters of the investigated 
watercourses in an autonomous mode is the optimal 
solution of the problem of monitoring the hydrological 
conditions. To develop the algorithm for obtaining data 
on the water level regime in rivers and their further 
application for mathematical modelling, we organized 
the automated monitoring of water level in the upper 

Baikal) using our automated stations designed at 

2. Materials and methods

To solve the problem of monitoring the 
hydrological conditions in rivers, researchers from 
Laboratory of Hydrology and Hydrophysics at 

2018). The station is designed to organize network 
for monitoring the hydrological conditions in water 
bodies and collect related information: meteorological, 
hydrophysical, etc. The measured environmental 
parameters are transmitted in real time or for certain 
periods via wireless communication channels to a 
remote Internet server. Functionally, this server with 
an external IP address is a data collection and data 
processing centre (data centre). Tasks of the data centre 
include receiving data from the network of monitoring 
stations, primary processing, storage and provision of 
the access through the web page (https://hlserver.lin.
irk.ru/shs/monitor/).

A Microchip microcontroller with a 16-bit 
architecture, which is the link connecting all elements, 

is integrated into the device for data transmission 
to the Internet. In the absence of cellular networks 

fully autonomous mode, saving the collected data at 

the memory card is formatted in FAT32, the recorded 
data can be read from any operating system without 
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using specialized software. To ensure the unity of time 
between stations and measurements synchronization, 
the device has an integrated ML8088s receiver of 
geographical coordinates (manufactured by NAVIA 

The station is powered by 12V lead-acid battery and 
charged from a 30W solar panel. A charge controller 
is integrated into the power supply circuit, which 
maintains the optimal charging voltage depending on 
the temperature of the batteries and protects them from 

extends the service life. The presence of external I2C 

analogue input channels, provide the possibilities of its 

The water level is determined by hydrostatic 
pressure measurement with software atmosphere 
pressure compensation. A high-precision digital 
pressure sensor developed in Laboratory of Hydrology 

is a sensitive element for measuring the water level. 
The resolution of the sensor is about 0.2 mm of water 
column.

Meteorological parameters are measured with 

set includes the following sensors: air temperature, 
air humidity, atmospheric pressure, wind speed and 
direction, and precipitation sensor. The extended set 
is complemented with solar radiation and ultraviolet 
radiation sensors.

With hydrostatic pressure level sensors, the 

less than a minute), it surpasses them. The results of 
measurements from the network of such stations and 
their integration into a single system for monitoring 
the ecological condition in Baikal natural territory will 
allow us to receive up-to-date information in real time 
and perform a reliable interpretation of the results. 

unpretentiousness, without additional maintenance by 
a person. Power from solar panels eliminates the cost 
of energy supply, and the cost of data transmission via 
cellular communication channels, as a rule, does not 
exceed one thousand rubles per year.

Study site

- 73.3 km2

source and the mouth of the river is about 1100 m, with 
the length of the main channel of 21 km. Its average 

3/s.

second station (Upper section) was installed upstream, 

cases of freezing of the level sensors. The stations were 
powered only from lead batteries as a testing regime. 

Fig.1.
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Therefore, to save battery power, the obtained data 
were transmitted every four hours. The upper station 

which allowed us to track the main meteorological 
parameters. The stations were installed without 

measurements of level during 30-second period, which 
were carried out every two minutes to save electricity.

3. Results and discussion

The obtained data on the water level at both 
stations for the entire observation period are shown on 
Fig. 2. The stations were installed after heavy rains in 

average, during a month, both in the upper and lower 
sections, the water level decreased by approximately 
200 mm. 

A detailed analysis of the data on the water level 
at the two stations has revealed that in both sections, 

with precipitation. The daily maximum of the water 
level lags behind the noon of the local time and occurs 

Analysis of the data did not allow us to estimate the 
delay time between stations because the daily rise in 
the water level at the lower station usually began earlier 
than at the upper one, but, at the same time, it was more 
extended in time. At the upper station, respectively, the 
water level rise took place later. We think that this is 

in the area from the upper station to the lower one. 

earlier than the upper station. 

upper station, precipitation fell in the form of snow. In 
2021, we plan to install the stations at the onset of the 
spring season, after snowmelt and breakup of river ice, 

4. Conclusions

The automated hydrometeorological station 

showed high autonomy and accuracy in measuring the 
water level. It proved its worth at Lake Baikal, working 
throughout the year and receiving energy from 30W 
solar panels. And it was successfully tested during a 

of 2020, but it had to be removed with the onset of cold 
weather. The hydrostatic method and a highly sensitive 
pressure sensor ensure high water level measurement 
accuracy. However,  as wee see, this method is not 
suitable for rivers. Many rivers freeze completely in 

will inevitably damage the sensor installed at the 
river bottom or underwater communication cable. 

installation on the river, it is necessary to modernize it, 
in particular, to replace the sensor with a non-contact 
radiowave radar level meter of the ULM-31A1-HF-LC 

Acknowledgements

and technologies for digital monitoring and forecasting 
of the environmental situation on the Baikal natural 
territory”).

Fig.2.



Aslamov I.A. et al. / Limnology and Freshwater Biology 2020 (6): 1080-1083

1083

References

Avakyan A.B., Istomina M.N. 2013. Floods as a global 

Kichigina N.V. 2018. Flood hazard on the rivers of the 

Makarov M.M., Kucher K.M., Aslamov I.A. et al. 2018. 
The monitoring system of hydrophysical and hydrochemical 
parameters of Lake Baikal. 

 [Journal of 

https://www.
davisinstruments.com/product_documents/weather/



Limnology and Freshwater Biology 2020 (6): 1084-1089 DOI:10.31951/2658-3518-2020-A-6-1084

Original Article

© Author(s) 2020. This work is distributed under
the Creative Commons Attribution 4.0 License.

1. Introduction

. 
These features contributed to the formation of endemic 
species, which currently make up approximately 70% 
of the species inhabiting Baikal. The Baikal sponges are 
no exception. The ancestral species of endemic Baikal 
sponges colonized the lake millions of years ago and 

Baikal sponges from the cosmopolitan genera Ephydatia 
(Itskovich et al., 2008), Baikal sponges have lost the 
ability to form gemmules as an adaptation to permanent 

representation of clones in the populations of Baikal 
sponges and a change in the population structure are 

of freshwater sponges is limited to a few studies of 

2018). In this regard, the study of the population 
structure of Lubomirskia baikalensis and E.muelleri is 
highly relevant.

the molecular genetic level has been actively pursued 
in recent years. At the moment, the draft genome of 
L.baikalensis and four transcriptomes from the species 
L.baikalensis, L.abietina, B.bacillifera
and Sw.papyracea (Kenny and Itskovich, 2021) have 
been discovered. For cosmopolitan freshwater sponges, 
the transcriptome of E.muelleri at the chromosomal 
level genome was discovered (Kenny et al., 2020). 

sponges at the level of genomes and transcriptomes, the 
issue of molecular marker development for studying 
the population structure of Lubomirskiidae remains 
uncovered. 

Microsatellite markers are widely used for study 

genetic diversity of endemic Baikal sponges at the 
population level is fundamentally important for the 
conservation of species, especially in the conditions of 
mass mortality observed in Lake Baikal during the past 

microsatellite markers for the analysis of population 
structure. These can be the development of markers 
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 for a target species or testing of previously 
developed markers for closely related species. The second 

The analysis of published data on the development of 
microsatellite markers (Barbará et al., 2007) revealed 
that for invertebrates, on average, 72% of markers were 

species, 77% of which were polymorphic. Moreover, the 
use of cross-species microsatellite markers facilitates 
the comparison of closely related taxa in the study of 
the mechanisms involved in population divergence 
and speciation (Noor and Feder, 2006), which makes 
the approach for identifying universal microsatellite 
markers more attractive. Among freshwater sponges, 
microsatellite markers are currently developed only for 
the species  (Anderson et al., 2010), 
which is closely related to the Baikal endemic sponges.

In this work, we investigated the cross-species 

cosmopolitan freshwater sponge, , within 
the population genetic studies of the closely related 
sponge E. muelleri and the endemic Baikal sponge L. 
baikalensis using bioinformatic and molecular genetic 
methods.

2. Methods
2.1 Sampling

L. baikalensis sponges were 

body shape and size. 

2.2. DNA isolation, PCR analysis and fragment 
analysis 

Microsatellite markers were published previously 

in 2% agarose gel for 40 minutes. Fragment analysis 
was performed for two loci that gave clear single bands 
on the agarose gel. The exact length of the loci was 
determined using fragment analysis on an ABI 3130xl 

3.01 (Hulce et al., 2011).

2.3. Genome data analysis

To study the suitability of the  
microsatellite markers for population genetic analysis of 
the Baikal endemic sponges of the L.baikalensis species, 

markers in the draft genome of L.baikalensis (Kenny et 
 (Table 2). To assess the level of cross-species 

regions of the  microsatellite markers in the 
genome assembly of the E.muelleri chromosomal level 

likely to connect by a centromere (Kenny et al., 
2020) 

of microsatellite markers (left and right separately) 

Table 1. Fluorescent labels for primers and repeat type for the  microsatellite markers

GenBank
Accession no.

Locus
-

FAM 
(CA)22
(ATT)8

FAM 

FAM (CA)8T(CA)3

FAM 
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Table 2. Hits found in the L.baikalensis

Locus

P

N
u Sequence

Sequence 
+ + 1

cov_14.1171
263 1

+ + 1 478 M

+ - 2+ 883 M

- - - - - -
+ + 1 M

- - - - - - Two bands
- - - - - -

+ - 1 434 288 M

+ + 3+

+ + 1 643

- - - - - - Two bands

 (Anderson et al., 2010) and on the primer 

2018). We also carried out an analysis of the matching 
of the 
in the genomes of L.baikalensis and E.muelleri (Table 4).

3. Results and discussion 

Based on the results of bioinformatic analysis 
of genomic data of L.baikalensis and E.muelleri, we 

E.muelleri, the 

et al., 2020) allows us to assess the real picture of the 

based only on bioinformatic analysis, without testing in 
the laboratory. When analyzing the genome, hits were 
found for seven markers (Table 2), while microsatellite 

two markers, more than one coincidence was found in 

For L.baikalensis, the published draft genome 
is incomplete. Therefore, in addition to bioinformatic 

genome analysis, we detected hits for seven markers, 

in the E.muelleri genome (Table 2). Microsatellite 

E.muelleri genome. More than one 

with three samples of L.baikalensis and only for two 

were obtained on gel electrophoresis (Table 2). Based 
on the results of the fragment analysis, the length of the 

in the L.baikalensis draft genome may be caused by 

length was approximately 213 base pairs. All three 
samples at both loci were homozygous and had the 
same length. The rest of the markers did not produce a 

The analysis of the matching of the  

of L.baikalensis and E.muelleri revealed that the pairs 
of primers published for microsatellite markers of 
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Table 3. Hits found in the E.muelleri 

Locus

P

N
u Sequence

Sequence 

+ + 1 13008032
+ + 1
+ - 4+ 24234 24672

21422

alignment
- 1 4327264

+ + 1
+ + 1 11767
- - - - - -
- - - - - -

+ + 2+
12667346

- - - - - -
- - - - - -

Table 4.

CCAC  - - - - -  - - - - - - - - ACCACA
E.muelleri CCACAGTGGTA CAAACACTTTCTTTTAGTGCCA ACG T GTT

CCAC  AACTACCACA
L.baikalensis CCATAGT TCACTGTGGTGACTAACAGG TCG T G GTT

E.muelleri T ACACTACC TGTACATATGTGTATGT TGTGT
L.baikalensis A A TTCACCAGACAT C - AT AAT

   -  - - 
E.muelleri C ATGCAAAATGT AAG TAATCTTCC C

L.baikalensis T ATGCAAAATGT GAG TAGTCTTCCA C

E.muelleri G  - - - TGT CACTCAAAGCTATACTAGC
 - TTCTCTC 

L.baikalensis AC TGT CTCAACTCTTCTATCACAACA T

E.muelleri AT CACCTGAA ATG C CAC T
 - 

L.baikalensis G T CCA TCCTCA CAACACA

E.muelleri CCAA C ATCAG CCACACACTA CGGATGTGCGTGTCTCTGCGA
L.baikalensis ATATAAG CCACACACTA CGGATGTGTGTGTCTCTGCGA

L.baikalensis TAATAATT AAGTGTT CTG
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L.baikalensis and E.muelleri 
species, since the genome regions containing primer 

for L.baikalensis samples.

L.baikalensis
number of tested markers, and for species E.muelleri, 

those tested. This is 10% lower than the average value 

invertebrates (Barbará et al., 2007) 

for population genetic analysis of E.muelleri and 
L.baikalensis

their use for population genetic studies can lead to 

E.muelleri and L.baikalensis, which 
indicates a high variability of this genome region.

4. Conclusions

Microsatellite markers developed and successfully 
used for population genetic studies of  

2018) are not suitable for population genetic studies of 
the E.muelleri and L.baikalensis species.

The  development of microsatellite 
markers based on the genomic data of E.muelleri and 
L.baikalensis is more promising. Universal microsatellite 

E.muelleri and L.baikalensis 

underway.
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1. Introduction

Filamentous green algae of the family 
Zygnemataceae (Charophyta), and particularly its 
most species-rich genera Spirogyra
Zygnema (210), and  (173) are globally 
distributed and abundant in various fresh and brackish 

are crucial in species delimitation. Thus, in many parts 

Zygnemataceae, i.e., three 
species and one forma of , four species of 
Spirogyra, and one species of Zygnema, from the Lake 

small tributaries of the lake, i.e., Turka, Bolshaya 

records of Zygnemataceae from Lake Baikal, including 
Spirogyra, two  species, and one Zygnema 

species. These were the only data on Zygnemataceae 
from the lake for an extended period (cf. Volkova et al., 
2018). A few additional records appeared as a result 

total, 30 species of Zygnemataceae were reported from 
the Lake Baikal region, including Sirogonium sticticum 

no descriptions or pictures of the collected specimens 
and environmental data on sampling sites. Many other 

sterile members of Zygnemataceae in Lake Baikal and 

zygnemataleans, especially Spirogyra, have become 

2018). Their mass proliferation manifested the serious 

(Timoshkin et al., 2016). In this regard, special studies 
of the family Zygnemataceae, including their taxonomy, 
peculiarities of their development, and distribution 
over the lake water area, are relevant.

In our previous work (Volkova et al., 2018), 
Spirogyra taxa based on thorough 
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ABSTRACT. Spirogyra, , and Zygnema
family Zygnemataceae, are globally distributed. However, in many regions of the world, including the 

Spirogyra, , and Zygnema from 24 new 

Spirogyra species, including 
one variety. S. circumlineata Spirogyra, three 
of Zygnema, and two of  are likely new species for the region. Spirogyra is more widespread 
than Zygnema and  in the region. The taxa of all three genera are dynamic components 

occur together. Their ability to develop both attached and unattached communities facilitates their 
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of the family Zygnemataceae in Lake Baikal and its 
surrounding area based on materials collected during 
the summer of 2020.

2. Materials and methods

zygnemataleans from 26 locations, including Lake 

List of the studied locations: 
1. 

2. Barguzinskyi Bay, Lake Baikal, opposite Maksimikha 

3. 

4. 

6. 
7. 

8. 

10. 
11. 

12. 

13. 
14. 

16. 
17. 
18. 

20. 

21. 
22. 

23. 

24. 

2 m by hands or using a perforated shovel, plankton 

The water temperature, pH, and electrical conductivity 

delivered to the laboratory in vials placed in refrigerant. 
The specimens were further stored in Petri dishes on 
the north window at a room temperature (20oC) and a 

and the ToupView 3.7 software. If there was no sexual 

at least one of the following characteristics: the type 
of chloroplast (spiral chloroplast(s) in Spirogyra, 
stellate chloroplast in Zygnema, lamellar chloroplast 
in ), the number of chloroplasts in a cell, 
the type of a cell septum, the width and length of 

photographed. In addition, co-occurring macroalgae 

or 4% formalin. The collection of labeled samples and 
micrographs are stored in the Limnological Institute 

Zygnemataceae

nomenclature of the studied taxa is according to Algae 
Base 

3. Results

Zygnemataceae 
in the studied area. Thirteen taxa belong to the genus 
Spirogyra Zygnema. In total, 23 
species and one variety of macroscopic algae (thallus 

Here, we provide morphological accounts of the 
discovered members of the family Zygnemataceae, new 
geographical locations together with environmental 
characteristics, co-occurring macrophytes and algae.

Class Zygnematophyceae
Zygnematales

Zygnemataceae
Genus Spirogyra Link

Spirogyra circumlineata 

μm μm 

μm μm
μm

μm
μm μm long. 
μm μm

mesospore yellow-brown, smooth.
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Fertile thalli of S. circumlineata have been 
encountered in 2 new locations: 1 - June 2020, in the 

oC, pH 
 cm-1, metaphyton (Ulothrix  (F. 

S. , S. condensata, 
S. decimina var. juergensii, S. circumlineata, , 
Spirogyra sp. ster. 1, Spirogyra sp. ster. 2, Spirogyra sp. 
ster. 3, Spirogyra sp. ster. 4, Spirogyra 2 - 
June 2020, on the water surface, water temperature 

o

algae, metaphyton (Spirogyra spp. ster., , S. 
, Spirogyra sp. ster. 1, Spirogyra 

sp. ster. 2, Spirogyra sp. ster. 6, Spirogyra sp. ster. 7, 
Spirogyra sp. ster. 8, 
in macrophyte communities dominated by Elodea 
canadensis Michx. (40%) +  spicatum L. 
(30%) + Potamogeton sp. (10%). 

Previously, we discovered this species in the Bolshaya 

report of this species for Lake Baikal. S. circumlineata is 
morphologically similar to 

Spirogyra condensata

μm μm 

μm μm
μm μm 

62.1 μm μm
μm μm 

yellow-brown, smooth.
Fertile thalli of S. condensata have been 

1 - June-July 2020, in 
oC, pH 

-1, metaphyton (Ulothrix ,  S. 
, S. condensata, S. decimina var. juergensii, S. 

circumlineata, , Spirogyra sp. ster. 1, Spirogyra 
sp. ster. 2, Spirogyra sp. ster. 3, Spirogyra sp. ster. 4, 
Spirogyra 2 - June 2020, in the water column 
and on the water surface, water temperature 18.3oC, pH 

-1

algae, or metaphyton ( , S. condensata, 
, Spirogyra sp. ster. 1, Spirogyra sp. ster. 2, 

Spirogyra sp. ster. 6, Spirogyra sp. ster. 7, Spirogyra sp. 

Fig.1. Light microscopic images of Spirogyra S. circumlineata S. 
condensata
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ster. 8, 
community dominated by Elodea canadensis (40%) + 

 spicatum (30%) +  globularis Thuill. 
3

substrate, water temperature 16o

-1, periphyton ( , S. condensata, 
Ulothrix , Tetraspora cylindrica var. bullosa K.I. 
Meyer, 4

oC, 
-1, periphyton (S. condensata

Ulothrix 5 - June 2020, in the water column and 
on the water surface, water temperature 17oC, pH 7.2, 

-1, metaphyton (S. condensata, Ulothrix 
,  K.I. Meyer, Zygnema sp. 

ster. 1,  sp. ster.1).

S. condensata from 3 sites of Lake Baikal (Volkova et 
al., 2018).

Spirogyra decimina var. juergensii 

μm μm

both gametangia with slight predominance by the male 

μm μm

μm μm
μm

μm
Fertile thalli of S. decimina var. juergensii have 

been encountered in 2 new locations: 1 - June 2020, 
oC, 

 cm-1, metaphyton (Ulothrix , 
S. , S. condensata, S. decimina var. juergensii, S. 
circumlineata, , Spirogyra sp. ster. 1, Spirogyra 
sp. ster. 2, Spirogyra sp. ster. 3, Spirogyra sp. ster. 4, 
Spirogyra 11
sand, water temperature 24.1o  
cm-1, periphyton (S. decimina var. juergensii , Ulothrix 

).
Widespread species and variety (Kadlubowska, 

S. decimina var. 
juergensii from 6 other sites of Lake Baikal (Volkova et 
al., 2018).

μm μm

formed by both gametangia, sometimes predominantly 

μm wide, 
μm

60 μm μm

μm μm
mesospore brown, thick, distinctly multilayered, 
reticulate, sometimes wrinkled.

Fertile thalli of  have been 
encountered in  single location: 7 - June 2020, depth 

oC, pH 
Ulothrix , Tetraspora cylindrica 

var. (K.I. Meyer) 
Vishnyakov, ).

S. 

Spirogyra varians

μm μm

by both gametangia with predominance by the male 

μm μm
μm 

μm
μm μm
μm μm

yellow-brown, thick, smooth.
Fertile thalli of  have been encountered 

in 3 new locations: 1 - June-July 2020, in the water 
o

 cm-1, metaphyton (Ulothrix , S. , 
S. condensata, S. decimina var. juergensii, S. circumlineata, 

, Spirogyra sp. ster. 1, Spirogyra sp. ster. 2, 
Spirogyra sp. ster. 3, Spirogyra sp. ster. 4, Spirogyra sp. 

2
o

 cm-1, synusia of unattached algae, or metaphyton (S. 
, , Spirogyra sp. ster. 1, 

Spirogyra sp. ster. 2, Spirogyra sp. ster. 6, Spirogyra sp. 
ster. 7, Spirogyra sp. ster. 8, 

Elodea 
canadensis (40%) +  spicatum (30%) + 

 globularis 6 - June 2020, in the water 
column and on the water surface, water temperature 
18o  cm-1, metaphyton (Spirogyra 

, ).

from two sites of Lake Baikal and two of its tributaries 
(Volkova et al., 2018).  is among the 
commonest in Lake Baikal and its surroundings, which 
corresponds to the cosmopolitan status of the species 

Spirogyra 
μm wide, 132-340 μm 

turns per cell. 
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Fig.2. Light microscopic images of Spirogyra species from the Lake Baikal region: (A, B, C) S. decimina var. juergensii  
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Spirogyra 
morphotype for the region. Spirogyra sp. ster. 1 has 

1 - June-July 
2020, in the water column and on the water surface, 

o

-1, metaphyton (Ulothrix , S. , S. 
condensata, S. decimina var. juergensii, S. circumlineata, 

, Spirogyra sp. ster. 1, Spirogyra sp. ster. 2, 
Spirogyra sp. ster. 3, Spirogyra sp. ster. 4, Spirogyra sp. 

2

o

-1, synusia of unattached algae, or metaphyton (S. 
, , Spirogyra sp. ster. 

1, Spirogyra sp. ster. 2, Spirogyra sp. ster. 6, Spirogyra 
sp. ster. 7, Spirogyra sp. ster. 8,  sp. ster. 1) 

Elodea canadensis (40%) +  spicatum 
(30%) +  globularis 3

o -1, periphyton 

Fig.3. Light microscopic images of Spirogyra morphotypes from the Lake Baikal region: (A) Spirogyra
(B) Spirogyra Spirogyra Spirogyra Spirogyra Spirogyra  

Spirogyra Spirogyra
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( , S. condensata, Ulothrix , Tetraspora 
cylindrica var. bullosa K.I. Meyer, 
8 - June-July 2020, on the water surface an in the 

o

cm-1, metaphyton (Spirogyra sp. ster. 1.,  sp. 
 - June 2020, in the water column and on the 

o

-1, metaphyton (Spirogyra sp. ster. 1,  
12 - June-July 2020, depth ~ 2 m, stones, 

water temperature 13oC, metaphyton (Ulothrix , 
Spirogyra 13 - July 2020, algal accumulations 

-

1, synusia of  Spirogyra sp. ster. 1, Spirogyra sp. ster. 2.

Spirogyra 
μm μm 

turns per cell. 
Spirogyra 

morphotype for the region. Spirogyra sp. ster. 2 has been 
2

2 m and on the water surface, water temperature 18.3-
o -1, synusia of unattached 

algae, or metaphyton ( , S. condensata, 
, Spirogyra sp. ster. 1, Spirogyra sp. ster. 2, 

Spirogyra sp. ster. 6, Spirogyra sp. ster. 7, Spirogyra sp. 
ster. 8, 
community dominated by Elodea canadensis (40%) 
+  spicatum (30%) +  globularis 

13 - July 2020, algal accumulations on the 
-1, 

synusia of  Spirogyra sp. ster. 1, Spirogyra 14 
-1, 

metaphyton (Spirogyra 15 
-1, metaphyton 

(Spirogyra sp. ster.2).

Spirogyra
Vegetative cells 23-24 μm wide, 101-120 μm 

per cell.
Spirogyra morphotype 

for the region. Spirogyra
encountered in a single location: 1 - June-July 2020, 
in the water column and on the water surface, water 

o  cm-1, 
metaphyton (Ulothrix , S. , S. condensata, 
S. decimina var. juergensii, S. circumlineata, , 
Spirogyra sp. ster. 1, Spirogyra sp. ster. 2, Spirogyra sp. 
ster. 3, Spirogyra sp. ster. 4, Spirogyra

Spirogyra 
μm μm 

turns per cell.
Spirogyra morphotype 

for the region. Spirogyra
encountered in a single location: 1 - June-July 2020, 
in the water column and on the water surface, water 

o  cm-1, 
metaphyton (Ulothrix , S. , S. condensata, 
S. decimina var. juergensii, S. circumlineata, , 

Spirogyra sp. ster. 1, Spirogyra sp. ster. 2, Spirogyra sp. 
ster. 3, Spirogyra sp. ster. 4, Spirogyra

Spirogyra
μm μm 

turns per cell.
Spirogyra 

morphotype for the region. Spirogyra
1 - June-July 

2020, in the water column and on the water surface, 
o  

cm-1, metaphyton (Ulothrix  (Ulothrix , S. 
, S. condensata, S. decimina var. juergensii, S. 

circumlineata, , Spirogyra sp. ster. 1, Spirogyra 
sp. ster. 2, Spirogyra sp. ster. 3, Spirogyra sp. ster. 4, 
Spirogyra

Spirogyra
Vegetative cells 14-16 μm μm 

turns per cell.
Spirogyra 

morphotype for the region. Spirogyra sp. ster. 6 has been 
2 

2 m and on the water surface, water temperature 18.3-
o -1, synusia of unattached 

algae, or metaphyton (Spirogyra spp. ster., , 
, Spirogyra sp. ster. 1, Spirogyra 

sp. ster. 2, Spirogyra sp. ster. 6, Spirogyra sp. ster. 7, 
Spirogyra sp. ster. 8, 
in macrophytes community dominated by Elodea 
canadensis (40%) +  spicatum (30%) 
+  globularis 3

o -1, metaphyton 
(S. , S. condensata, Ulothrix , Tetraspora 
cylindrica var. bullosa,  sp., Spirogyra 
sp. ster. 1, Spirogyra sp. ster.6, Zygnema 6 
- June 2020, in the water column and on the water 
surface, water temperature 18o -

1, metaphyton (  Spirogyra Spirogyra sp. ster. 2).

Spirogyra
μm μm 

turns per cell.
First encountered in a single location: 2 - June 

o  cm-1, synusia 
of unattached algae, or metaphyton (Spirogyra spp. 
ster., , , Spirogyra 
sp. ster. 1, Spirogyra sp. ster. 2, Spirogyra sp. ster. 6, 
Spirogyra sp. ster. 7, Spirogyra sp. ster. 8,  sp. 

by Elodea canadensis (40%) +  spicatum 
(30%) +  globularis

Spirogyra 
Vegetative cells 10-11 μm μm 

turns per cell. 
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First encountered in a single location: 2 - June 

o  cm-1, synusia 
of unattached algae, or metaphyton (Spirogyra spp. 
ster., , , Spirogyra 
sp. ster. 1, Spirogyra sp. ster. 2, Spirogyra sp. ster. 6, 
Spirogyra sp. ster. 7, Spirogyra sp. ster. 8,  sp. 

by Elodea canadensis (40%) +  spicatum 
(30%) +  globularis

Genus Mougeotia
Mougeotia 

Filaments without rhizoids. Vegetative cells 18-
23 μm wide, 40-270 μm
with 1 axial lamellar chloroplast.

 
morphotype for the region.  sp. ster. 1 has 

5 - June 2020, 
in the water column and on the water surface, water 
temperature 17o  cm-1, metaphyton 
(S. condensata, Ulothrix ,  
K.I. Meyer, Zygnema sp. ster. 1,  
8 - June-July 2020, on the water surface and in the water 

o  cm-1, 
metaphyton (Spirogyra sp. ster. 1.,  sp. ster. 

 - June 2020, in the water column and on the water 
o -1, 

metaphyton (  - June 2020, 
sandy substrate, water temperature 17 -1, 
synusia of unattached algae, metaphyton (Zygnema sp. 
ster. 1, 
community dominated by  sibiricum Kom. 
(30%) + Elodea canadensis (20%) + Potamogeton spp. 
(10%) + 16  

oC, pH 
7.1, metaphyton (Zygnema sp. ster. 1, Zygnema sp. ster. 
3, 17

oC, pH 6.8, 
metaphyton (Zygnema sp. ster. 1, 
18 oC, synusia 
of  sp. ster. 1. in macrophytes community 
dominated by Potamogeton sp. and  

o -1, 
algal mats (  sp. ster. 1, Zygnema sp. ster.1).

Mougeotia 

μm wide, 30-200 μm
with 1 axial lamellar chloroplast.

 
morphotype for the region.  sp. ster. 2 has been 

 - July 2020, sandy 
o -1,  

metaphyton (  - June 2020, at 

12oC, metaphyton of 
macrophytes community dominated by Potamogeton sp. 
(30%) + 22 - July 2020, sandy 

-1, in 

23 - 

-1, metaphyton (  sp. ster. 2).
 sp. ster. found in Angaro-Kicherskoye 

Kotelnokovskyi Cape (Lake Baikal) (Izhboldina, 2007), 

2007).  
in Anga Bay, Proval Bay, Nizhneangarsky Bay (Lake 

.  (A. Br.) Wittr. was 

Genus Zygnema
Zygnema

Filaments without basal rhizoids. Vegetative 

Fig.4. Light microscopic images of  and Zygnema morphotypes from the Lake Baikal region: (A) 
(B) Zygnema Zygnema Zygnema
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cells 32-38 μm μm
plane, 2 stellate chloroplasts in each cell. 

Zygnema morphotype 
for the region. Zygnema
encountered in 6 locations: 3

oC, pH 
-1, metaphyton (S. , 

S. condensata, Ulothrix , Tetraspora cylindrica 
var. bullosa,  sp., Spirogyra sp. ster. 1, 
Spirogyra sp. ster.6, Zygnema 5

the water surface, water temperature 17oC, pH 7.2, 
-1, metaphyton (S. condensata, Ulothrix 

,  K.I. Meyer, Zygnema sp. 
ster. 1, 

-1

or metaphyton (Zygnema sp. ster. 1,  sp. 

by  sibiricum (30%) + Elodea canadensis 
(20%) + Potamogeton spp. (10%) + 
16 

oC, pH 7.1, metaphyton (Zygnema sp. 
ster. 1, Zygnema sp. ster. 3, 17 

oC, pH 6.8, metaphyton (Zygnema 
sp. ster. 1, 21 - June 2020, 

oC, pH 7.2, among of unattached 
Zygnema sp. ster, 

Zygnema
Filaments without basal rhizoids. Vegetative 

cells 23-24 μm wide, 68-78 μm
plane, 2 stellate chloroplasts in each cell. 

Zygnema morphotype 
for the region. Zygnema

24 - 

 cm-1.

Zygnema 
Filaments without basal rhizoids. Vegetative 

cells 40-43 μm wide, 31-40 μm
plane, 2 stellate chloroplasts in each cell. 

Zygnema 
morphotype for the region. Zygnema sp. ster. 3 has been 

16 - August 2020, 

oC, pH 7.1, metaphyton (Zygnema sp. ster. 1, 
Zygnema sp. ster. 3,  sp. ster.1).

ygnema species was found 
Zygnema 

sp. ster. were found in Maloe More Bay, Lake Baikal 
(Izhboldina, 2007). In the Lake Baikal surrounding 
area, Zygnema

2007).

4. Discussion

Zygnemataceae are 
scarce, being commonly reduced to simply mentioning a 
generic name without the description of specimens. This 

estimates, fertile specimens may occur only in 10-20% 

believe it is essential not only to name the taxa but 
also to provide morphological descriptions, although 

taxonomic surveys dealing with sterile zygnemataleans 
as biologically meaningful as possible and a practical 

algae would help assess their bio-indicating role and 
proliferation degree to respond to water pollution (Hainz 

2018). For instance, when the massive proliferation of 
Spirogyra occurred in Lake Baikal ten years ago, it was 
uncertain whether native or invasive species caused 

the records that mentioned zygnemataleans from this 
region earlier were not focused on describing either 

of the blooming of uncommon zygnemataleans in 

challenging, but also understanding their origin and 
life history. In addition, the description of morphology 

morphological plasticity. It is relevant, especially given 
the problems inherent in the existing species concept in 
Zygnemataceae

genera, Spirogyra, , and Zygnema. Spirogyra 
was the most diverse genus with thirteen taxa. Two and 
three taxa belong to  and Zygnema genera, 

Spirogyra 
species, including one variety. S. circumlineata is 

this species was found only in the Bolshaya Kotinka 

Spirogyra 

not correspond to descriptions of the already known 
species and likely represent eight species new for the 

 
and Zygnema. The  and Zygnema morphotypes 

dimensions of sp. ster. 1, sp. ster. 
2, and Zygnema sp. ster. 1, Zygnema sp. ster. 2 are close 
to those in  , , and Z. 
cruciatum, the species already known from Lake Baikal 
(Izhboldina, 2007). However, these may also represent 
previously unknown species since the morphology of 

Spirogyra, the lack 
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 and Zygnema
the species level.

Based on presented data and previous taxonomic 

2018), Spirogyra appears more widely distributed than 
 or Zygnema among the sites investigated. 

In this study, Spirogyra, , and Zygnema were 
found in 14, 12, and 7 out of 24 locations, respectively. 
The distributions of the taxa are likely broader than 
reported here since most of the species of all three 

in its exceptional biodiversity, one could also expect 

2018).
Algae of the family Zygnemataceae often 

dominate periphyton or metaphyton assemblages 

communities or act as an optional component, namely 

zygnemataleans were part of 4 attached (periphyton) 

consisted of green algae, such as Ulothrix , 
Tetraspora cylindrica var. bullosa,  
simplex, and diatom  sp. These are 

an active hydrodynamic regime (Izhboldina, 2007). 
The composition of metaphyton varied depending on 
location and biotope. In four investigated sites (Anga 

Spirogyra, Zygnema, and  

communities dominated by  sibiricum, 
 spicatum, Elodea canadensis, Potamogeton spp., and 

 globularis

Bay, the bay opposite Kultuk, Listvennochniy Bay, 

warmed-up areas of the studied rivers (the Chernaya 

Spirogyra and/or , Zygnema, and occasionally 
Ulothrix , 

and  .

5. Conclusion

This study is a new taxonomic report on 
Zygnemataceae from the Lake Baikal region with 
morphological descriptions of the discovered taxa, 
characteristics of their environment, and accounts of 

18 taxa of the genera Spirogyra, Zygnema, and  

the family already known from the area, we described 
thirteen potentially new species. Spirogyra is more 
diverse and widespread than Zygnema and  
in the Lake Baikal region. However, the taxa of all 
three genera regularly present in the communities. The 
predomination of sterile specimens complicates their 

optimal conditions for the vegetation of zygnemataleans 
and their biomass growth. The members of the family 
Zygnemataceae represent a dynamic component of 

communities in the studied area. This, on the one hand, 

to their actual distribution, in particular, in the littoral 
zone of Lake Baikal.
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