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1. Introduction

Vaucheria DC. is among the richest genera of 
yellow-green algae (Xanthophyceae, Vaucheriaceae) 

coenocytic thalli and oogamous reproduction. The 
species of Vaucheria can be easily discovered by the 

requires thorough microscopic observations to detect 
reproductive structures. The species of Vaucheria occur 
over a wide range of marine, freshwater, and moist 
terrestrial habitats worldwide. In the Lake Baikal region 
(LBR) in Siberia, the studies of Vaucheria have a very 
brief history. There were only a few studies where these 

 Lyngb., 
 (Vauch.) DC. sensu Götz and  

(Vauch.) DC., from some tributaries of Lake Baikal and 
vicinities of Irkutsk. Many years later, Bochka (2000) 
additionally published new records of  and 

 Hass. from small waterbodies of Barguzinsky 
biosphere reserve, eastern shore of Lake Baikal. All these 

survived. The author of the present report has studied 
the genus Vaucheria in LBR. As a result, 15 species 

 Vishnyakov, 
 new species described from the region (Vishnyakov, 

2019a; 2019b; 2021; Vishnyakov et al., 2020; for more 
references see these publications). Although species of 

Vaucheria were revealed among the commonest algae 
in small lakes, rivers, streams, springs, and wet soils 
of LBR, none registered in Lake Baikal (cf. Izhboldina, 
2007), which is the world’s largest freshwater lake. 
Very little is known yet on Vaucheria species inhabiting 
tributaries of Lake Baikal and various waterbodies of 
the nearshore zone.

This report presents new records of Vaucheria 
from LBR, mostly from close vicinities of Lake Baikal, 
with a special focus on
recorded from the lake.

2. Materials and methods

The specimens originate from various aquatic, 
semi-terrestrial, and terrestrial habitats. These were 

and the Republic of Buryatia in 2019-2021. In 

and Khorinski districts were surveyed. The specimens 
were studied alive, where possible, or preserved in 95% 
alcohol or 4% formalin in vials. Some parts of abundant 
specimens were air-dried on cardboard sheets. For 
light microscopy (LM), several small pieces of each 
specimen were rinsed with tap water in Petri dishes 
and then transferred to microscope slides. LM was done 

Ltd, Beijing, China) equipped with a digital camera. 
The voucher specimens were deposited in Vaucheria 
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collection, which is currently housed at the Papanin 
Institute for Biology of Inland Waters, RAS (Borok). A 

below.
V-584 24.08.2019 Irkutsk region. Slyudyanski 

stream, on wet soil. V-585 24.08.2019 Irkutsk 

V-586 24.08.2019 Irkutsk 
region. Slyudyanski district, the Medlyanka River 

water on mosses and , abundantly, 60 
ppm, pH 8.5. V-588 28.08.2019 Republic of Buryatia. 

V-589 29.08.2019 Republic of Buryatia. Barguzinski 
district, the Maksimikha River downstream, 

on mosses, water depth 0–5 cm, abundantly. V-592 

on wet soil. V-593
near “Angara” hotel, on wet soil. V-594 06.09.2019 

Beloborodov’s monument. V-595 04.09.2019 Irkutsk 

soil in  community. V-876 04.07.2020 
Irkutsk region. Bayandaevski district, ephemeral pond 

with  and , electrical 
conductivity 2.4 mS, abundantly. V-877 01.08.2020 
Irkutsk, bank of the Angara River channel, along 

soil. V-878 26.07.2020 Irkutsk region. Irkutski district, 

V-879 12.08.2020 Irkutsk region. 
Shelekhovski district, right channel of the Olkha River 

V-881 
06.07.2020 Irkutsk region. Olkhonski district, Olkhon 
Island (Lake Baikal), small lake near Shebetski Bay, 

conductivity 1.5 mS. V-883 05.07.2020 Irkutsk 
region. Olkhonski district, Sakhyurta, wet meadow 

ephemeral lake, in water of hoofprints and on wet soil. 
V-884 04.07.2020 Irkutsk region. Olkhonski district, 

V-885 

V-886

by cattle. V-887 11.07.2020 Republic of Buryatia. 

trodden up by cattle. V-888 08.08.2020 Republic of 

up by cattle. V-890 07.08.2020 Republic of Buryatia. 
Tunkinski district, left branch of the Kyngarga River 

V-904 12.06.2021 Irkutsk region. Irkutski district, 

ephemeral lake, on wet soil and leaves. V-905 

wet soil. V-906 12.06.2021 Irkutsk region. Irkutski 

V-907 20.06.2021 Irkutsk, 

V-911

bank of small lake. V-912 04.08.2021 Irkutsk region. 
Olkhonski district, Lake Baikal, Pokoiniki cape, bay 

μS. 
V-913 08.08.2021 Republic of Buryatia. Severo-

V-914 08.08.2021 Republic of 
Buryatia. Severo-Baikalski district, bog in the Ayaya 

V-916
spring near the Bolshaya Kotinka River downstream, 

3. Results and discussion

V. alaskana Blum
Specimens: V-884, 887. Rare species, mostly 

distributed within the Holarctic. In LBR, the species is 
known from a few localities in the vicinities of Irkutsk, 

Island of Lake Baikal (Vishnyakov, 2019a; 2019b). The 
species primarily occurs in semi-terrestrial habitats, 

air when the water level recedes. However, specimen 
V-884 originates from aquatic habitat, being collected 
near the shore.

V. birostris Simons
Specimens: V-888. Rare species with a Holarctic 

distribution. In LBR, the species is known from a few 

Goloustnaya, and Selenga rivers (Vishnyakov, 2019a; 
2019b). The species prefers semi-terrestrial habitats.

V. bursata (O.F. Müll.) C. Agardh
Specimens: V-584, 586, 589, 595, 879, 884, 890, 

distribution, the most common representative of 
the genus in LBR (Vishnyakov, 2019a; 2019b). This 
amphibious species can occur in aquatic, semi-
terrestrial, and terrestrial habitats.



Vishnyakov V.S. / Limnology and Freshwater Biology 2021 (6): 1195-1198

1197

V. canalicularis

888, 905, 907, 911. Cosmopolitan species, which is 
one of the commonest in LBR. However, most of the 
specimens originate from the Irkutsk region, and very 
rarely from the Republic of Buryatia (Vishnyakov, 
2019a; 2019b). The species primarily occurs in aquatic 
and semi-terrestrial habitats.

V. cruciata (Vauch.) DC.
Specimens: V-905. Cosmopolitan amphibious 

species, which was rarely recorded from LBR 
(Vishnyakov, 2019a; 2019b). The species mostly occurs 

V. frigida (Roth) C. Agardh
Specimens: V-905, 906, 914. Cosmopolitan 

amphibious species. In LBR, it is widely distributed in 
various aquatic, semi-terrestrial, and terrestrial habitats 
(Vishnyakov, 2019a; 2019b).

 Vishnyakov
Specimens: V-914, 916. Rare Asian aquatic 

species. The distribution of  appears to be 
disjunctive between LBR and Ola plateau at the Russian 

of Vaucheria ” (Vishnyakov, 2019a; 2019b) and 
accepted as a distinct species only recently (Vishnyakov, 
2021). In LBR, the species was previously known from a 
few riverine localities surrounding Southern Baikal and 
Tunka rift valley. One new specimen (V-916) originates 
from  spring associated with , the Bolshaya 
Kotinka River, a small tributary of Lake Baikal, another 
one (V-914) comes from a small minerotrophic bog 
situated nearby northeastern shore of Lake Baikal. The 
species prefers clean habitats and is currently known 

V. prona

species. In LBR, it was previously known from a few 
localities in Irkutsk and its vicinities, in quarries 
near Cheremkhovo and in the Selenga River delta 

(Vishnyakov, 2019a; 2019b). The species prefers 
terrestrial or semi-terrestrial habitats, which are 
frequently disturbed by human activity.

 (Vauch.) DC.

914, 916. Semi-cosmopolitan species, one of the 
commonest in LBR (Vishnyakov, 2019a; 2019b). The 
species primarily occurs in aquatic habitats, both 

habitats.
V. uncinata Kütz.
Specimens: V-912. Semi-cosmopolitan 

amphibious species, which was recorded 5 times from 
LBR. Previously known localities belong to small 
tributaries of the Irkutsk reservoir on the Angara, 
Bolshaya and Burduguz rivers (Vishnyakov, 2019a; 
2019b). 
in 2021. The locality belongs to Pokoinitski bay, the 
northwestern shore of the lake, where the species was 
locally abundant in a sparse community of  
and  at the shallowest part (Fig. 1A). The locality 
is in sharp contrast with an open shore of Lake Baikal, 

yet connected directly with it. As is currently known, 
the coastal zone of Lake Baikal serves as a home for 
many hydrobionts, both endemics and immigrants 
from the Holarctic waters, and the latter are commonly 
restricted to semi-isolated shallowest parts of the lake 
(Izhboldina, 2007; Timoshkin et al., 2012). In this 
regard,

investigations of the Lake Baikal coastal zone are 
needed to determine whether the Vaucheria species 
is more widely distributed or limited to the known 
locality.

which can be considered common in LBR: , 
, , and . The rest 

are sporadically occurred throughout the region. 

Fig.1. Locality of V ) showing fruiting branch bearing stalked 
antheridium (disintegrated wall is indicated by black arrow) and oogonium without distinctive fertilization pore (white arrow). 
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The most of species show broad geographical ranges 
that often span more than one continent, and there 
is a single species, , restricted to local 
habitats in northeastern Asia. The morphology of all 
studied species was in good agreement with that of 
previously studied (Vishnyakov, 2019a; 2021). As a 

 
is additionally described here. Filaments are 65–140 

pendent oogonia and 1 antheridium (Fig. 1B). Oogonia 

reproduction is unknown. An absence of distinctive 
oogonial fertilization pore allows distinguishing easily 

 from all other species in LBR.
Based on the results of our previous studies, 

we propose here a conspectus of 15 species of the 
genus Vaucheria in LBR. These belong to 6 sections. I. 
Section  (Solms-Laub.) Heer.:  
De Wild. (IR). II. Section  (Walz) Heer.: 

IR, RB). III. Section 
 (Walz) Heer.:  (L.) T.A. Chr. (IR), 

 Vishnyakov (IR, RB),  
Vishnyakov (RB). IV. Section Vaucheria:  
Simons (IR, RB),  (L.) T.A. Chr. (IR, 
RB),  (Vauch.) DC. (IR, RB). V. Section 

 Blum (IR, 
RB),  (Roth) C. Agardh (IR, RB), 
(Skuja) Vishnyakov (IR),  T.A. Chr. (IR, RB), 

 (Vauch.) DC. (IR, RB),  Blum 
(RB). VI. Section  Blum:  Kütz. (IR). 
Abbreviations: IR – Irkutsk Region, RB – Republic of 
Buryatia.

4. Conclusions

distributional ranges of 10 previously reported species 
within the Lake Baikal region, which is particularly 
important for rare species that were previously known 
from a few localities. One such species is , 
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1. Introduction

Sponges are one of the oldest multicellular 
organisms that have survived and thrive today 
(Philippe et al., 2009). More than 8500 sponge species 
were described and accepted worldwide (van Soest 
et al., 2012). Sponges lead an attached lifestyle and 

2012). Most freshwater sponge species are capable of 

and can survive under unfavorable conditions, for 

in the form of resting stages, gemmules. Due to the 
limited swimming ability of the larvae, most sponge 
species are found only in a limited habitat or are 
endemic. However, there are cosmopolitan sponge 
genera that spread through gemmules (Bilton et al., 
2001; Manconi and Pronzato, 2008). Sponges make a 

and freshwater ecosystems (Dröscher and Waringer, 
2007; Bell, 2008; Vohmann et al., 2009). Due to the 

bioindicators of the pollution of aquatic ecosystems 
(Roveta et al., 2021).

Several studies of the population structure were 
conducted for marine sponges (Duran et al., 2004; 

Calderón et al., 2007; Hoshino et al., 2008; Blanquer 

et al., 2011; Guardiola et al., 2012; Noyer and Becerro, 
2012; Riesgo et al., 2016); however, data for freshwater 
sponges are very scarce.

For the freshwater sponge, , 
an analysis for compliance with the hypothesis of 

Gelas and De Meester, 2005; Muñoz and Pacios, 2010), 
bryozoans (Hoare et al., 2001; Massard and Geimer, 
2008) and rotifers (Mills et al., 2007; Fontaneto et al., 
2008) was carried out. For samples from Central Italy 

from Italy and Hungary, located more than 600 km apart. 
Sponges in terms of their genetic relationships between 
populations are similar to rotifers and crustaceans 
and can be used in combination with these organisms 
for further studies of the monopolization hypothesis 

structure of sponges inhabiting the River-Sieg system 
was studied for the  freshwater sponge. That 

populations living at a distance of up to 50 kilometers 
(Li et al., 2018). The population structure of freshwater 
sponges has not previously been studied for large 

ABSTRACT. Cosmopolitan freshwater sponges inhabit Lake Baikal. They are of great interest for 
carrying out population genetic studies. Microsatellite markers are best suited for population genetic 
studies of sponges. To date, no markers have been developed for the species  that 
is widespread in Lake Baikal and found across the northern hemisphere. In the course of this study, 
a search was carried out for microsatellite markers in the previously published complete genome of 

. The most promising microsatellite loci were selected among those found in the genome data. 
Selected loci were tested on 
was developed and tested for further population genetic studies of . Also, the Maloye More 
Strait area of Lake Baikal was surveyed to determine the sites of mass accumulation of the Spongilliadae 
family representatives. An analysis of the species composition of cosmopolitan sponges was carried out 

 (72%) and  (18%).
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ancient lakes. However, the relevance of such studies 

Cosmopolitan sponges live only in shallow 
waters; therefore, their settlement and distribution 
pattern in Lake Baikal is not obvious. According to 
paleontological data, sponges have lived in Baikal for 
at least 10 Ma (Veynberg, 2009). Since the formation of 
Lake Baikal, catastrophic events have occurred several 
times, causing a dramatic change in the level of the 
lake (Arzhannikov et al., 2017; 2021). There is no 
evidence that the episodes of the water levels changes 
led to the disappearance and subsequent recolonization 
by cosmopolitan sponge species of Lake Baikal or 
they developed continuously in the water area of the 
lake. The level of migration of cosmopolitan sponges 
between the bays separated from the main water area 
of Lake Baikal is also not obvious. The search for the 
answers to these questions is of interest and requires 
the study of the population genetic structure of Baikal 
cosmopolitan sponges. Also, endemic sponges inhabit 
Lake Baikal. Baikal endemic sponges have a common 
ancestor with the cosmopolitan genus 
(Itskovich et al., 2008). During the formation of an 
endemic family, Baikal endemic sponges lost their 
ability to form gemmules and acquired a long-term life 
cycle. The question remains open of how such changes 

migrate within Lake Baikal. It is necessary to carry 
out a comparative analysis between the population 
structures of the cosmopolitan sponges of the genus 

 inhabiting Lake Baikal and the endemic ones.
According to the data from the recent revision of 

of four genera of the cosmopolitan family Spongillidae: 

,  Lamarck, 1816,  
Gray, 1867, and Vejdovsky, 1888. We 
found massive concentrations of individuals of this 
species in the Maloye More Strait. Therefore, this 
species was chosen as a promising one for carrying out 
population genetic studies of cosmopolitan freshwater 
sponges in Lake Baikal.

Molecular genetic markers were used for 
carrying out population genetic studies of sponges. The 
low resolution of mitochondrial markers such as COI 
was indicated for sponges (Yakhnenko and Itskovich, 
2020a); however, microsatellite markers were used 
quite successfully. Several sets of microsatellite markers 
were published for marine sponge species (Duran et 

Hoshino and Fujita, 2006; Noyer et al., 2009; Anderson 
et al., 2010; Dailianis and Tsigenopoulos, 2010; 

al., 2018). For freshwater sponges, microsatellite 
markers were developed only for (Anderson 
et al., 2010). As we have shown previously (Yakhnenko 
and Itskovich, 2020b), these markers are not suitable 
for population genetic studies of other species of the 

, although 

Fig.1. Spongillidae mass accumulation sites near the 
Maloye More Strait.

Fig.2. Sponge sample of the genus from Site 1.

these species are closely related. Thus, it is necessary to 

for . To solve this problem, an analysis of the 
chromosomal level genomic data of  published 
previously (Kenny et al., 2020) will be carried out.

To assess the prospects for analyzing the genetic 
distances between the populations of cosmopolitan 
freshwater sponges in Lake Baikal, it is also necessary 

the Maloye More Strait at Lake Baikal to select the site 
of mass accumulation of the Spongillidae members.

2. Materials and methods

2.1. Sampling

Sponges were collected in November 2019, July 
and November 2020 in four bays and lagoons in the 
area of the Maloye More Strait at Lake Baikal (Fig. 1; 
Fig. 2; Table 1) at depths of 0 to 1.5 meters. Most of the 
sponge samples were collected from the back surface of 
the stones.
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immediately after collection. After 24 hours ethanol was 

Some samples in the form of gemmules were washed 
from the remains of the skeleton and were placed in a 

sunlight.

characteristics such as appearance, length and shape 
of spicules and gemmosclera using a light microscope. 
Spicules were isolated from a small fragment of the 
sample. The organic part was dissolved by decolorant; 

water.

2.2. Microsatellite markers development

complete genome data on (Kenny et al., 
2020) were searched for using the STR detection tool 

microsatellites, primer pairs were designed and tested. 
Primers were searched for using Primer-BLAST NCBI 

(Moscow, Russia) and Syntol (Moscow, Russia).

 
genotyping

DNA from sponge samples was isolated using 
the CTAB method (Gustincich et al., 1991). PCR was 
performed in a Peltier Thermal Cycler (MJ Research, 

The PCR program was optimized. Initial denaturation 

Table 1. Coordinates of sampling sites

Sampling site No Coordinates

1

2

4

7

PCR products were visualized in a 2% agarose gel 

Genetic Analyzer (Syntol, Moscow) and analyzed with 

3. Results and discussion

were surveyed in the area of the Maloye More Strait 
at Lake Baikal. Mass accumulations of freshwater 
cosmopolitan sponges were found at four out of seven 
locations (Fig. 1).

We analyzed species composition for Site 1. The 
collections contained samples of two species: 

 (18%) and  (72%).
Based on the analysis of the  genomic 

data, we selected 28 promising microsatellite loci 

of primers. A pair of primers for each locus was 

of  Fragment analysis was carried out for 
17 loci, giving clear bands in the gel electrophoresis. 
Among the analyzed loci, 11 were variable, which were 
included in the set of microsatellite markers (Table 2). 

Table 2. Coordinates of microsatellite markers in genomic data on (Kenny et al., 2020)

Locus Name Query start* Query end* Sequence 
length

Repeat type n of 
alleles

(CT)14 4

1810514 1810717 204 2

295 (CG)6(CA)21 2

868299 867998 (CA)18 2

289 (TG)9

197 (GTG)5 2

541061 540749 (GT)27

6087901 6087619 (TGG)7

278 (CA)28 2

2188522 2188841 2
*In genome assembly from (Kenny et al., 2020)
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As shown by González-Ramos et al. (2015), 

conduct a population genetic study of sponges. It was 
also revealed that with 12 loci or more, the analysis 

showed the presence of genetic structure within 
and between populations of marine sponges as well 

the genetic structure between geographically distant 
locations for the  marine sponge 

studies of freshwater sponges used the same set of 11 

2018).
Thus, the most appropriate number of 

microsatellite loci for sponges can be from 9 to 12, 
taking into account that with a smaller number of 
microsatellite markers, it is also possible to reveal 
the population genetic structure, albeit with a lower 
resolution. Our set of microsatellite markers includes 
11 loci and meets all the requirements for high-quality 
population genetic analysis.

4. Conclusions

of mass accumulations of Spongillidae representatives 

1. The species  was the predominant species. 

was successfully developed and tested for the . 
Thus, we prepared a basis for population genetic studies 
of cosmopolitan freshwater sponges in Lake Baikal and 
further possible studies of the population structure of 

around the world.
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