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Abstract. Eight new morphotypes of chrysophycean stomatocysts for Russia were recorded from 
the plankton of the Omsk Priirtyshye waterbodies. Their descriptions based on the electron mic-
roscopical observations as well as original illustrations are given. The differences of the observed 
specimens from the type ones are discussed. It was shown that presence/absence of lacunae and their 
diameter are rather variable features.
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Резюме. Приводятся описания восьми морфотипов стоматоцист золотистых водорослей 
(Chrysophyceae) по данным сканирующей электронной микроскопии. Стоматоцисты обнару-
жены в планктоне водных объектов Омского Прииртышья и являются новыми для России. 
Обсуждаются отличия найденных экземпляров от типовых. Также показано, что наличие/от-
сутствие лакун и их диаметр являются довольно изменчивыми признаками.
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Golden algae or chrysophytes are a numerous group of phytoflagellates which in-
cludes more than 1200 species (Kristiansen, Škaloud, 2017). Traditionally, in Rus-
sia chrysophytes are considered as a separate division Chrysophyta with two related 
classes, Сhrysophyceae and Synurophyceae (Voloshko, 2017). However, according to 
the current concept, the chrysophytes belong to a single class Сhrysophyceae while 
synurophytes are classified as order Synurales within Chrysophyceae (Kristiansen, 
Škaloud, 2017).
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The ability to produce endogenous siliceous stomatocysts is one of the peculiar fea-
tures of the chrysophytes. Morphologically stomatocysts can be divided into two large 
groups, namely stomatocysts lacking ornamentation and ornamented ones (Duff et al., 
1995; Wilkinson et al., 2001). Sometimes the correct species identification is possible 
based on stomatocyst morphology, but in most cases the links between stomatocysts 
and vegetative stages remain unknown. Furthermore, the simple unornamented sto-
matocysts can be produced by several taxa.

Stomatocysts preserve well in bottom sediments and they are widely used as paleo-
ecological indicators of the past environmental conditions. In recent years, stomato-
cysts has received considerable attention in Russia (e.g., Bazhenova et al., 2012b; Sa-
fronova, 2015; Kapustin et al., 2016, 2019; Firsova et al., 2017, 2018, 2019; Kapustin, 
Kapustina, 2018; Snitko, Voloshko, 2018; Snitko et al., 2018), probably, due to the in-
creased interest in studies of biodiversity under significant anthropoge nic impact. Nev-
ertheless, the studies on chrysophycean stomatocysts from Siberia are limi ted mainly 
to several large oligotrophic lakes, like Baikal (Firsova, Likhoshway, 2006; Firsova, 
2008; Firsova et al., 2008, 2017) or Teletskoe (Mitrofanova, 2012), which have rather 
specific stomatocyst composition. There is a great number of small rivers and shallow 
eutrophic lakes in the south of the Western Siberia, in the basin of the middle riches 
of the Irtysh River (Omsk Priirtyshye), however, diversity of stomatocysts in them is 
still poorly known.

Material and Methods
In this study we used plankton samples collected from the different waterbodies of 

the Omsk Priirtyshye basin: a mouth of the Om River, a right-bank tributary of the 
Irtysh River (Omsk City, 54°59′32″N, 73°22′06″E, VII 2008), a shallow eutrophic wa-
terbody of the Nature Park “Ptichya Gavan” (Omsk City, 54°58′25.4″N, 73°21′05.74″E, 
2008–2012), an oligo-mezotrophic Lake Lenevo in the forest zone of the Omsk Region 
(56°24′24″N, 75°37′23″E, VII 2009).

The general characteristics of the freshwaters of this region are given in Bazhenova 
et al. (2019). The waterbodies considered in this article differ significantly in their 
morphometric and hydrochemical parameters. A characteristic feature of the Om Ri-
ver is a high color of water (55–160о according to Platinum-Cobalt scale) due to its 
bog origin; pH varies from 7.0 to 7.5; the maximum temperature (25оС) is in July. The 
main pollutants are hardly oxidizable organic substances, ammonium nitrogen, com-
pounds of iron, copper, manganese, and phenols (Barsukova, Bazhenova, 2012).

Lake Lenevo is situated in the forest zone and currently is a part of the regional 
protected area with the same name. Its square is 0.18 km2, maximum depth is 10.5 m 
and water transparency (according to Secchi disk) is 2.5–3.0 m. The water of this lake 
belongs to freshwaters of a hydrocarbonate class, calcium group, 1st type; рН 7.3–7.9, 
the content of the main biogenic elements (total phosphorus and compounds of the 
nitrogen group) is low and does not exceed the maximum permissible concentrations. 
During our study, the lake belongs to oligo-mesotrophic type (Bazhenova, 2017).
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The waterbody Ptichya Gavan (further — Ptichya Gavan) is located at the nature 
park with the same name in the center of Omsk City. Its maximum depth is 2.7 m, ave-
rage depth is 1.6 m; water transparency varies from 33 to 198 cm. The hydrochemical 
conditions were unstable during our observations. From winter 2010 till spring 2011 
the waters of Ptichya Gavan belonged to a sulphate class, while from summer 2011 they 
belong to a hydrocarbonate class. In the summer–autumn period, water is regularly 
pumped from the Irtysh to this waterbody. According to the level of phytoplankton de-
velopment, Ptichya gavan is an eutrophic waterbody (Bazhenova, Igoshkina, 2014).

The samples were fixed with 40% formaldehyde solution. For scanning electron 
microscopical (SEM) studies the samples were prepared following Balonov (1975) 
and observed with Hitachi S3400N scanning electron microscope (Institute for water 
and environmental problems SB RAS, Barnaul). SEM-micrographs were obtained by 
O. P. Bazhenova and V. E. Shakhoval, a post-graduate student (Department of ecolo-
gy, nature management and biology, Omsk State Agrarian University).

The algal names are given according to Guiry, Guiry (2020). The stomatocysts 
were described according to the International Statospore Working Group (ISWG) 
guidelines (Cronberg, Sandgren, 1986) with modifications described by Duff et al. 
(1995) and Wilkinson et al. (2001).

List of samples analyzed in this study
All samples were collected by the first author. They are stored at the Department of ecology, na-

ture management and biology, Omsk State Agrarian University named after P. A. Stolypin.

Omsk City: O-07/08 — 54°59′32″N, 73°22′06″E, a mouth of the Om River, VII 2008; PG-
07/08 — 54°58′25.4″N, 73°21′05.74″E, a shallow eutrophic waterbody of the Nature Park “Ptichya 
Gavan”, 21 VII 2008; PG-04/09 — ibid., 20 IV 2008; PG-05/09 — ibid., 19 V 2009; PG-07/09 — ibid., 
23 VII 2009; PG-04/10 — ibid., 23 IV 2010; PG-07/10 — ibid., 5 VII 2010; PG-09/11 — ibid., 29 IX 
2011; PG-10/11 — ibid., 19 X 2011; PG-04/12 — ibid., 23 IV 2012; PG-10/12 — ibid., 31 X 2012; 
Omsk Region: L-07/09 — 56°24′24″N, 75°37′23″E, an oligo-mezotrophic Lake Lenevo, VII 2009. 

Results
A lot of chrysophycean stomatocysts were observed in the plankton samples from 

the Omsk Priirtyshye waterbodies and the most diverse and widespread group was 
unornamented stomatocysts (Bazhenova, Shakhoval, 2011; Bazhenova et al., 2012b). 
The descriptions of 8 new morphotypes for Russia are given below.

Stomatocyst 120 Duff et Smol in Duff et al., 1992 emend. Zeeb et Smol, 1993. 
 (Plate I: 1)

Description: Spherical and smooth (diam. 7.09–8.75 µm). Рore concave, 0.51–
1.33 µm in diam.

This is one of the most widespread morphotypes. It is distinguished from stoma-
tocysts 29 Duff et Smol, 1989 emend. Zeeb et Smol, 1993 and 42 Duff et Smol, 1989 
based on dimensions (Duff et al., 1995).
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Plate I. New chrysophycean stomatocysts for Russia, SEM.
1 — stomatocyst 120 (sample PG-07/08); 2 — stomatocyst 188 (sample PG-10/12); 

3 — stomatocyst 161 (sample L-07/09); 4 — stomatocyst 40 (PG-05/09); 5 — stomatocyst 53 
(sample L-07/09); 6 — stomatocyst 19 (sample PG-04/10); 7 — stomatocyst 39 (sample PG-

05/09); 8 — stomatocyst 115 (sample PG-04/09). Scale bars: 1–3, 5, 7 — 5 µm; 4, 6, 8 — 10 µm. 
All samples collected by O. P. Bazhenova, stored at the Department of ecology, nature management 

and biology, Omsk State Agrarian University named after P. A. Stolypin.
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Studied samples: O-07/08; PG-07/08; PG-05/09; PG-04/10; PG-09/11; PG-10/11; PG-04/12.

Biological affinity:  Stomatocyst 120 can be produced by several species of 
chrysophytes including Chrysosphaerella longispina Lauterborn (Duff et al., 1995). 
This widely distributed species has not been recorded in the Omsk Priirtyshye water-
bodies.

Distribution: This morphotype is known from Canada, USA, and Greenland 
(Duff et al., 1995). This stomatocyst has been found in Canada, the USA (Duff et al., 
1995), Central Europe (Facher, Schmidt, 1996), South Georgia (van de Vĳver,  Beyens, 
1997, 2000), the Spanish Pyrenees (Pla, 2001), Austria (Kamenik et al., 2001), and 
Poland (Piątek, Piątek, 2005).

Stomatocyst 188 Brown et Smol in Brown et al., 1994. (Plate I: 2)

Description: Stomatocyst spherical, 5.00–9.46 µm in diam., with smooth surface. 
Regular pore, 0.36–1.06 µm in diam., surrounded by planar annulus. Collar conical and 
low (basal diam. 1.23–3.50 µm) with round apex. Collar : cyst diam. ratio 0.26–0.39.

According to our data, the range of stomatocyst dimensions (diameter of stoma-
tocyst, its pore, and collar ) is more in comparison with the original description (Duff 
et al., 1995).

Studied samples: PG-05/09; PG-07/10; PG-09/11; PG-10/12.

Biological affinity:  Unknown. 
Distribution: This stomatocyst was recorded from Canada and Greenland (Duff 

et al., 1995).

Stomatocyst 161 Zeeb et Smol, 1993. (Plate I: 3)

Description: Stomatocyst spherical (11.23 µm in diam.), with smooth surface. 
Collar cylindrical (2.54 μm in diam., height 1.10 µm); collar margins ornamented with 
spiral striations, giving a “wrinkled” appearance. Collar : cyst diam. ratio 0.23.

Studied sample: L-07/09.

Biological affinity: Stomatocyst 161 is produced by Dinobryon divergens Imhof 
(Sandgren, 1980). This species is widespread in a plankton of the Omsk Priirtyshye wa-
terbodies, including Lake Lenevo (Bazhenova et al., 2012a, 2019; Bazhenova, 2017).

Distribution: This morphotype was recorded in Canada (British Columbia, the 
Northwest Territories, Ontario) and USA (Minnesota, New York, Michigan) (Duff et 
al., 1995).

Stomatocyst 40 Pang et Wang, 2014. (Plate I: 4)

Description: Stomatocyst spherical (12.2 µm in diam.) and smooth. Regular pore 
(1.4 µm in diam.) surrounded by low and obconical collar (3.8 µm in diam.) with wide 
and thin apex. Collar : cyst diameter ratio 0.31.
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Studied sample: PG-05/09.

Biological affinity: Unknown.
Distribution: China (Pang, Wang, 2014).

Stomatocyst 53 Duff et Smol, 1991 emend. Kapustin, 2018.  (Plate I: 5)

Description: Stomatocyst spherical (10.19–11.42 μm in diam.) and smooth. Re-
gular pore (0.88–1.00 μm in diam.) surrounded by complex of low cylindrical collars 
(height 0.43 µm) twisted around the pore; outer collar diam. 2.19–2.50 µm. Collar : 
cyst dia meter ratio 0.25–0.26.

Our specimens have slightly larger diameter than the type (6.91–8.88 µm), but 
other features well correspond with the description. Sometimes the complex collar 
looks not fully developed.

Studied sample: L-07/09.

Biological affinity: Unknown, but such morphotypes can be produced by Uro-
g lena Ehrenb. species (Duff et al., 1995). Taxa from this genus have not been recorded 
from the Lake Lenevo yet.

Distribution: This stomatocyst was recorded from New York, USA (Duff, Smol, 
1991), Canada (Duff et al., 1995) and Bali Island, Indonesia (Kapustin, 2018).

Stomatocyst 19 Duff et Smol, 1988. (Plate I: 6)

Description: Stomatocyst ovate, (6.96)9.13 × (7.86)9.83 µm, and smooth. Pore 
concave (0.48–0.77 μm in diam.). Width : length ratio 0.88–0.92, and that is slightly 
larger than in Duff, Smol (1988).

Studied samples: PG-05/09; PG-07/09; PG-04/10.

Biological affinity: Probably, this stomatocyst is produced by species from the 
genus Epipyxis Ehrenb. (Duff et al., 1995). Taxa from this genus have not been recor-
ded from the Ptichya Gavan yet.

Distribution: Stomatocyst 19 was recorded from different places in Canada and 
USA (Duff et al., 1995).

Stomatocyst 39 Coradeghini et Vigna, 2008. (Plate I: 7)

Description: Stomatocyst spherical, 7.10–8.85 µm in diam. Cyst surface smooth, 
with a row of circular lacunae (up to 0.65 µm in diam.) near equator. Regular pore 
large (1.45–1.75 µm in diam.) and surrounded by a flat annulus (up to 1 µm in diam.). 
Collar cylindrical and very low, 3.38–3.92 µm in diam.; it may be absent in immature 
specimens.

Studied sample: PG-05/09.
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Biological affinity:  Unknown.
Distribution: This morphotype is known from Primavera station, Antarctica 

(Coradeghini, Vigna, 2008) and Cameroon (Piąntek, 2017). Interestingly that circu-
lar lacunae are visible in Fig. 3 (Coradeghini, Vigna, 2008), however, the authors did 
not notice them.

Stomatocyst 115 Pang et Wang, 2017.  (Plate I: 8)

Description: Stomatocyst spherical or slightly irregular (11.9–12.2 μm in diam.) 
with a smooth surface. Collar conical, basal diam. 4.18–4.40 µm, apical diam. 2.14 µm. 
Collar margins flex inwards to form a capsule around the pore. Pore regular, 0.84–
0.94 μm in diam., surrounded by a planar annulus.

The dimensions of our specimens are slightly less than in protologue (Pang, Wang, 
2017).

Studied samples: PG-04/09; PG-05/09.

Biological affinity: Unknown.
Distribution: This stomatocyst was recorded in China (Pang, Wang, 2017).

Discussion
This study is a contribution to the knowledge on the diversity and distribution of 

chrysophycean stomatocysts in Russia.
The record of stomatocyst 39 Coradeghini et Vigna (2008) seems to be rather inte-

resting in terms of biogeography. It has been described from the Argentine Prima vera 
Station in Antarctica (Coradeghini, Vigna, 2008). The authors overlooked the circu-
lar lacunae on its surface and described this morphotype as being smooth. Recently, 
Piąntek (2017) recorded this stomatocyst from Cameroon. However, she illustrated a 
specimen without lacunae. We observed specimens of stomatocyst 39 with very small 
or large lacunae. So, it seems the presence/absence of lacunae and their diameter are 
rather variable feature. Moreover, we observed a specimen with a low conical collar. 
Although the collar was slightly discernable in the specimen depicted by Coradeghini 
and Vigna (2008), it was not mentioned in the diagnosis.

The biological affinity is known for four of eight recorded stomatocysts. How ever, 
only Dinobryon divergens has been identified in the Omsk Priirtyshye waterbodies 
(Bazhenova et al., 2012a). This indicates that chrysophyte diversity is underestimated 
in this region and it requires further studies.
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