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Abstract—Based on electron-microscope studies of the phytoplankton of two left-bank tributaries of the
Cheboksary reservoir, 30 species of silica-scaled chrysophytes from the Chrysophyceae class, including
3 species new for the Russian f lora and 1 species potentially new for science, have been found. Data on the
abundance and biomass of phytoplankton with the role of chrysophyte algae are presented. The dominance
of silica-scaled chrysophytes in spring and early summer algocenoses of the Kerzhenets River is noted.
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INTRODUCTION

Chrysophyte algae is a widespread group of fresh-
water phytoflagellates belonging to the Stramenopiles
or Heterokontophyta groups, which plays an import-
ant role in the functioning of freshwater ecosystems,
especially in reservoirs of medium and low productiv-
ity (Kristiansen, 1995; Gusev et al. 2020). The struc-
ture of their thalli is characterized by a wide variety of
structural types, including species without hard cell
integuments, with formations in the form of cellulosic
lorica, as well as species with specialized silica forma-
tions (scales) covering cells (Voloshko, 2017b).

Early studies on phytoplankton of the Volga River
(Pavlinova, 1930; Esyreva, 1935, 1945; Korshikov,
1939) provided lists of algal species, including Mallo-
monas spp., Synura uvella Ehrenberg emend. Korschi-
kov, S. echinulata Korschikov, and S. petersenii Kor-
shikov.

The flood control of the Volga River and the cre-
ation of a cascade of reservoirs stimulated the study of
phytoplankton and the composition of chrysophyte
algae. In the latest reports on the algal f lora of the
water bodies of the Volga River, information on 43
taxa of silica-scaled chrysophyte algae from the genus
Mallomonas (Gusev et al., 2019), 18 species of the
genus Synura, 4 species of Spiniferomonas, 4 species of
Paraphysomonas, and 5 species of Chrysosphaerella is
provided (Balonov, 1976; Korneva, 2015).

The diversity of phytoplankton of the Volga River is
formed by, among other things, the impact of the lat-
eral inflow system—small rivers that largely determine
the hydrological and hydrochemical regimes and have
a noticeable effect on the structure of the biota (Okha-
pkin, 1997; Vodeneeva, 2006). In the few available
data on the composition of chrysophyte algae of some
Volga tributaries (the Kerzhenets River), Mallomonas
acaroides var. striatula Asmund, M. caudata Ivanov
emend. Krieger, M. eoa Takahaschi in Asmund et
Takahaschi, M. tonsurata Teiling emend. Krieger,
Synura uvella Ehrenberg emend. Korschikov,
S. petersenii Korschikov, S. petersenii var. glabra
(Korschikov) Huber-Pestalozzi, and S. spinosa
Korschikov (Balonov and Kuzmin, 1975; Balonov,
1976) were mentioned in the composition of phyto-
plankton. Information about silica-scaled chryso-
phytes of the Vetluga River is very limited. According
to the results of a study of the phytoplankton of this
river carried out in the 1970s, Mallomonas akrokomos
Ruttner in Pascher, Mallomonas caudata, Mallomonas
sp., and Synura verrucosa Pascher (Esyreva and
Yulova, 1968; Okhapkin, 1997) were revealed; how-
ever, species identification was carried out only using
light microscopy and requires confirmation by elec-
tron microscopy.

Despite the large amount of literature data on the
composition and structure of phytoplankton in reser-
voirs and watercourses in the basin of the Volga River,
there are few special taxonomic studies on the identi-
fication of silica-scaled chrysophytes using electron
microscopy and molecular genetic methods (Korneva,Abbrevistions: EM—electron microscopy.
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Table 1. Main hydrological and hydrochemical indicators of
the watercourses

Рtotal is total phosphorus. *According to data of the Kerzhenski
State Nature Biosphere Reserve.

Indicator Kerzhenets River Vetluga River

Watershed area, km2 16400 39400

River length, km 290 889
Flow rate, m/s 0.1–0.3 0.3–0.5
pH 6.1–7.53* 7.6–8.1
Water color index, deg 98* –
Sum of ions, mg/L 100.7* 133
Specific electrical con-
ductivity, mS/cm

121.9* 197.5

Рtotal, μg/L 55* 30
2006; Gusev et al., 2017; Gusev et al., 2019). Electron
microscopy and the ultrastructure of scales have long
been used in the study of the taxonomy of this group of
organisms. Several genera have been described and
studied exclusively using EM (SEM and TEM meth-
ods). The use of new approaches has shown the signif-
icance of small differences in the ultrastructure of
scales and the possibility of their use in assessing evo-
lutionary relationships (Škaloud et al., 2013a; Gusev et
al., 2016).

The aim of this study was to analyze the species
composition of silica-scaled chrysophytes using mod-
ern approaches (electron microscopy) for determining
this group.

MATERIALS AND METHODS
In terms of morphological parameters (watershed

and length), the studied watercourses are medium
(Kerzhenets River) and large (Vetluga River) rivers.
They are typically plain streams, with a pronounced
spring f lood and a predominance of the snow type of
inflow. Flowing through flat terrain with a predomi-
nance of forests, lakes, and marshes, they have very
curved and shallow channels, small longitudinal
slopes, low flow rates, and well-developed valleys with
gentle slopes passing into the surrounding area. The
watershed area of the two studied rivers is f lat, which
significantly complicates the clear delineation of the
boundaries of the catchment areas of these water-
courses (Panfilov, 1974).

The river f low of the left-bank tributaries of the
Middle Volga is formed in the subzone of the southern
taiga with a forested and swampy watershed. This has
a significant effect on the formation of the chemical
composition of surface waters and is reflected in the
nature and values of mineralization, the content of
biogenic elements, and organic substances of humic
origin (humic and fulvic acids) and it determines the
increased water color index and pH value and reduces
the content of HCO3 ions in comparison with the
Volga River (Table 1).

To investigate the composition of silica-scaled
chrysophytes, phytoplankton samples collected
during the navigation season were used. Samples were
taken during the growing season (May to October)
2017 at a station near the village of Rustai
(56°49′79.12″ N, 44°79′42.40″ E) from the Kerzhenets
River; samples from the Vetluga River were obtained
at the station near the village of Chernysikha
(56°85′73.18″ N, 45°43′74.22″ E) in autumn (October
2019) (Fig. 1). We also analyzed archival materials of
the authors on the seasonal dynamics of phytoplank-
ton in 2014 and 2016.

During the study period, the temperature, pH, and
electrical conductivity of the water were measured
(Table 1).

Quantitative samples were collected in the surface
layer of the f low (0.5 L) and fixed with an iodine-for-
malin fixative. Then the samples were concentrated by
filtration through Vladipor membrane filters with an
MFAS-M membrane with a disk diameter of 35 mm
and a pore size of about 2 μm and the volume was
adjusted to 5 mL.

To investigate the scales of golden algae, the sam-
ples were washed from an iodine-formalin fixative,
incubated for 4–5 min in sulfuric acid with potassium
dichromate, and washed with distilled water. Droplets
of suspension were placed on formvar film-coated
grids (EMS FF200-Cu-50, Electron Microscopy Sci-
ences). The samples were examined under a JEM-
1011 transmission electron microscope at the Center
of Collective Use for Electron Microscopy at the Pap-
anin Institute for Biology of Inland Waters, Russian
Academy of Sciences.

RESULTS
In the phytoplankton of the studied watercourses,

30 species of the class Chrysophyceae—orders Mallo-
monadaceae, Synuraceae, Lepidochromonadaceae,
and Paraphysomonadaceae—were found. Out of
them, 19 species belong to the genus Mallomonas, 9 to
Synura, 1 to Chrysosphaerella and 1 to Lepidochro-
monas. In the Kerzhenets River, all the revealed taxa of
the genera Mallomonas, Synura, Chrysosphaerella, and
Lepidochromonas were detected; only two species of
the genus Synura were recorded in the Vetluga River.

A list of the species is provided below with a brief
description of the morphology of scales and their dis-
tribution. The species are illustrated with original pho-
tographs of the scales obtained using a transmission
microscope.

Mallomonas akrokomos Ruttner (Fig. 2a). Discov-
ered in the Kerzhenets River for the first time. The
species is widespread. It was recorded in the water
bodies of northern Russia (Voloshko, 2017b) and in
the Upper Volga (Balonov, 1976).
INLAND WATER BIOLOGY  Vol. 14  No. 4  2021
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Fig. 1. Map of the investigated watercourses with sampling stations indicated.
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M. annulata (Bradley) Harris 1967 (Figs. 2b–2d).
Discovered in the Kerzhenets River for the first time.
The species is widespread in Europe, Central and
South America, Asia, and Australia (Kristiansen, Pre-
isig, 2007). In the territory of Russia, it was noted in
the Volga River (Balonov, 1976) and in the water bod-
ies of northern Russia (Voloshko, 2017b).

M. alata Asmund, Cronberg et Dürrschmidt
(Fig. 2e). Discovered in the Kerzhenets River for the
first time. The species is widespread (Kristiansen, Pre-
isig, 2007). Found in European countries and Russia
(Voloshko, 2017b).

M. allorgei (Deflande) Conrad (Fig. 2f). Discov-
ered in the Kerzhenets River for the first time. The
species is widespread and was revealed in the water
bodies of Europe, North, Central and South America,
Africa, and Australia (Kristiansen, Preisig, 2007). In
Russia it was recorded in northern water bodies
(Voloshko, 2017b).

M. calceolus Bradley (Fig. 2g). Discovered in the
Kerzhenets River for the first time. The species is
widespread (Kristiansen, Preisig, 2007). In Russia it
was recorded in Karelia (Balonov, 1979), Nevskaya
Bay, Vologda oblast, and water bodies of the Bol-
shezemelskaya tundra (Voloshko, 2017b; Siver et al.,
2005).

M. сaudata Ivanov emend. Krieger (Fig. 2h). Pre-
viously revealed in the plankton of the Kerzhenets
River and Volga reservoirs (Balonov, Kuzmin, 1975).
One of the most widespread species, cosmopolitan
(Kristiansen, 2005) and oligosaprobiont (Watson,
Satchwill, 2003). In addition to the reservoirs of the
Volga cascade, it was found in large tributaries of the
INLAND WATER BIOLOGY  Vol. 14  No. 4  2021
Volga (Shosha, Soz, Oka, Kama) (Balonov and Kuz-
min, 1975).

M. сostata Dürrschmidt (Fig. 2i). Discovered in
the Kerzhenets River for the first time. The species is
widespread; it was found in water bodies of Europe,
North America, Asia, Australia, and in water bodies of
northern Russia (Bolshezemelskaya and Vorku-
tinskaya tundras) (Siver et al., 2005; Voloshko, 2017b).
Acidophilus, in water bodies with low salinity.

M. crassisquama (Asmund) Fott var. crassisquama
(Fig. 2j). Discovered in the Kerzhenets River for the
first time. The species is widespread, especially in
temperate latitudes (Kristiansen, Preisig, 2007).
Recorded in water bodies of northern Russia (Volos-
hko, 2017b).

M. heterospina Lund (Fig. 2k). Discovered in the
Kerzhenets River for the first time. The species is
widespread (Kristiansen and Preisig, 2007). It was
recorded in the plankton of the Rybinsk Reservoir
(Balonov and Kuzmin, 1975) and in water bodies of
northern Russia (Voloshko, 2017b).

M. jubata Němcová, Kreidlová, Pusztai &
Neustupa (Figs. 2l–2n). A recently described species
isolated from the M. pumilio group (Němcová et al.,
2013). First find in the territory of Russia. Recorded in
the Kerzhenets River. The scales of the species are
characterized by a number of morphological features.
Apical scales forming the collar are asymmetric, elon-
gated, with an expressed dome (Fig. 2l). Body scales
are rhombic without a dome (Fig. 2m, 2n). The retic-
ulum of the shield consists of irregular cells and con-
tains one to three pores. The size of the scales in the
population from the Kerzhenets River ranged from 3.9
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Fig. 2. Scales of taxa of the genus Mallomonas: (a) M. akrokomos, (b–d) M. annulata, (e) M. alata, (f) M. allorgei, (g) M. calceolus,
(h) M. сaudata, (i) M. сostata, (j) M. сrassisquama var. crassisquama, (k) M. heterospina, (l–n) M. jubata, (o) M. mangofera, (p)
M. multinuca, (q, r) M. munda, and (s, t) M. papillosa var. papillosa.
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to 4.7 μm in length and 2.6 to 3.1 μm in width. Distrib-
uted in European countries (France and Greece) in
small ponds, basins, and sphagnum bogs. Occurs at
pH 4.6–7.2 (Němcová et al., 2013).
M. mangofera Harris et Bradley (Fig. 2o). Discov-
ered in the Kerzhenets River for the first time. The
species was described from the water bodies of the
United Kingdom (Harris and Bradley, 1960); it was
INLAND WATER BIOLOGY  Vol. 14  No. 4  2021
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found in other regions of Europe (Němcová et al.,
2012; Škaloud et al., 2013b). The species is considered
cosmopolitan (Kristiansen and Preisig, 2007); how-
ever, recent studies have shown that the detected mor-
photype is characteristic in the European territory,
while morphotypes from other regions (South Amer-
ica, tropical Asia, and Africa) are other species (Gusev
et al., 2019). In Russia, it was previously recorded only
in the northwest of the European part (Safronova,
2014).

M. multiunca Asmund (Fig. 2p). Discovered in the
Kerzhenets River for the first time. The species is
widespread. Recorded in water bodies of northern
Russia (Voloshko, 2017b) and reservoirs of the Volga
cascade (Balonov and Kuzmin, 1975) and in Europe,
North and Central America, and Asia (Kristiansen
and Preisig, 2007).

M. munda (Asmund, Cronberg & Dürrschmidt)
Němcová (Figs. 2q, 2r). Discovered in the Kerzhenets
River for the first time. Initially, scales of this type
were described as M. pumilio var. munda Asmund,
Cronberg & Dürrschmidt (Dürrschmidt, 1982). Geo-
metric morphometry allowed us to increase the rank
of the variety to species, distinguishing it from the
M. pumilio group (Němcová et al., 2013). Bipolar spe-
cies (Kristiansen and Preisig, 2007). In Russia it was
recorded in water bodies of the Bolshezemelskaya tun-
dra (Siver et al., 2005), in the karst lakes of Central
Russia (Gusev, 2013), and in small water bodies in
Leningrad oblast. (Safronova, 2014).

M. papillosa Harris et Bradley var. papillosa
(Figs. 2s, 2t) was discovered in the Kerzhenets River
for the first time. (Kristiansen and Preisig, 2007). The
species was found in the Volga River (Balonov, 1976)
and the water bodies of northern Russia (Voloshko,
2017b).

M. punctifera Korschikov var. punctifera (Figs. 3a, 3b).
Discovered in the Kerzhenets River for the first time.
The species is widespread, common in northern and
temperate latitudes (Kristiansen and Preisig, 2007). It
was recorded in the plankton of the Volga reservoirs
(Balonov and Kuzmin 1975) and in the water bodies of
northern Russia (Voloshko, 2017b).

M. retifera Dürrschmidt (Figs. 3c, 3d). Recorded
for the first time in the territory of Russia in the Ker-
zhenets River. The scales are three-sided, slightly
asymmetric, 4.7–4.8 μm long and 2.1–2.9 μm wide.
They have a dome with scattered papillae. There is a
V-shaped rib with expressed hood. The anterior sub-
marginal rib is thick. The posterior edge is wide,
smooth; the anterior margin is narrow with rows of
papillae. It occurs in Europe (Pichrtova et al., 2007;
Němcová et al., 2012), South America (Dürrschmidt,
1982), and East Asia (Kristiansen and Preisig, 2007).
It is a rare species.

M. striata Asmund var. striata (Fig. 3e). Discov-
ered in the Kerzhenets River. A widespread species,
noted in the plankton of the Volga reservoirs and in
INLAND WATER BIOLOGY  Vol. 14  No. 4  2021
the large Volga tributaries (Shosha, Soz, Oka, Kerzhe-
nets, and Kama) (Balonov and Kuzmin, 1975).

M. sp. (Fig. 3f). Discovered in the Kerzhenets
River. The scale that was found does not match the
description of the previously known species. Belongs
to the Striatae Asmund & Kristiansen section. Scales
are elliptical, 4.6 μm long and 2.8 μm wide. The dome
of the scale is almost rounded, with longitudinal ribs.
The shield has 18 arcuate curved transverse ridges. It
has a widely rounded V-rib with a well-defined hood.
Several large pores are located in the corner of the V-
shaped rib. The anterior edge with ribs. It is a new spe-
cies for science, requiring a more detailed study for the
description.

M. tonsurata Teiling emend. Krieger (Fig. 3g). Dis-
covered in the Kerzhenets River. Previously the spe-
cies was noted in the plankton of the Kerzhenets River
(Balonov and Kuzmin, 1975). Cosmopolite, revealed
in the Volga reservoirs and the delta of the Volga River,
and recorded in the north of European Russia (Balo-
nov and Kuzmin, 1975; Voloshko, 2017b).

Chrysosphaerella brevispina Korschikov (Figs. 3r, 3s).
Registered in the Kerzhenets River; widespread (cos-
mopolitan), common in freshwater plankton: rivers,
lakes, reservoirs, and sphagnum bogs (Snit’ko et al.,
2016; Voloshko, 2017b).

Lepidochromonas poteriophora (Moestrup & Kris-
tiansen) Kapustin & Guiry (syn. Paraphysomonas
poteriophora Moestrup & Kristiansen, Clathromonas
poteriophora Scoble & Cavalier-Smith) (Fig. 3t). First
discovered in the territory of Russia in the Kerzhenets
River. It is characterized by reticulate scales, rounded
at the base, forming a protrusion (outgrowth),
expanding at the end (Thomsen et al., 1981). It was
found in only five European habitats in Denmark
(Thomsen et al., 1981), Germany, Great Britain (Fin-
lay and Clarke, 1999), and the Czech Republic (Ška-
loud et al., 2013b). A revision of the genus Paraphyso-
monas carried out in 2014 using molecular genetic
methods (Scoble and Cavalier-Smith, 2014) showed
the importance of a number of characters (the shape of
the basal plate, the length and shape of the spine,
crown scales, etc.) for the identification of the species.
As a result, a new genus was identified,
Clathromonas Scoble & Cavalier-Smith, whose repre-
sentatives were characterized by scales with a reticular
structure. However, this genus is invalid (Art. 52.1 of
the International Code of Nomenclature for Algae,
Fungi, and Plants), since it includes the phylum of the
genus Lepidochromonas Kristiansen—L. diademifera
(E. Takah.) Kristiansen. The authors of the study
(Kapustin and Guiry, 2019) restored the forgotten
genus Lepidochromonas and transferred the species of
the genus Clathromonas into it.

Synura echinulata Korschikov (Figs. 3h–3j). Dis-
covered in the Kerzhenets River for the first time. The
species is widespread. Previously it was detected in the
Upper Volga basin (Balonov and Kuzmin, 1974), in
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Fig. 3. Scales of taxa of the genus Mallomonas, Synura, Chrysosphaerella, and Lepidochromonas: (a, b) Mаllomonas
punctifera var. punctifera, (c, d) M. retifera, (e) M. striata var. striata, (f) Mallomonas sp., (g) M. tonsurata, (h–j) Synura echinu-
lata, (k, l) S. multidentata, (m) S. punctulosa, (n) S. spinosa f. spinosa, (o) S. spinosa f. longispina, (p, q) Synura uvella, (r, s)
Chrysosphaerella brevispina, and (t) Lepidochromonas poteriophora.

2 µm 2 µm 2 µm 2 µm

2 µm

2 µm

2 µm

2 µm 2 µm

2 µm

5 µm

2 µm2 µm 2 µm

2 µm

2 µm

2 µm 2 µm 2 µm

2 µm

(a)

(f)

(k)

(р) (q) (r) (s) (t)

(l) (m) (n) (o)

(g) (h) (i) (j)

(b) (c) (d) (e)



TAXONOMIC COMPOSITION AND MORPHOLOGY OF SILICA-SCALED CHRYSOPHYTES 363

Table 2. Sizes of the anterior scales and their structural elements in taxa of the genus Synura (section Peterseniae)

Indicator S. petersenii S. conopea S. glabra

Scale length, μm 3.9–4.8 3.2–4.0 3.4–3.8
Scale width, μm 1.6–2.7 1.7–1.9 2.3–2.5
Diameter of the opening of the basal plate in the apical part, μm 0.25–0.38 0.25–0.37 0.16–0.37
Diameter of basal plate pores, nm 30–55 30–60 30–45
Diameter of median ridge pores, nm 35–60 90–130 41–75
Number of cross ribs 21–31 23–27 19–23
Ratio of the scale length of the scale width 1.5–2.2 1.8–2.1 1.4–1.6
Ratio of the width of the scale to the width of the median ridge 2.8–3.7 2.4–2.7 3.1–3.9
the water bodies of northern Russia (Voloshko,
2017b), and in small rivers of anthropogenically trans-
formed landscapes (Gusev et al., 2017). It is typical for
fresh water bodies of different types with pH from neu-
tral to slightly acidic.

S. multidentata (Balonov et Kuzmin) Péterfi et
Momeu (Figs. 3k, 3l). Discovered in the Kerzhenets
River for the first time. The species is confined to the
water bodies of temperate latitudes. Found in Europe
and North America. In the territory of Russia it was
recorded in the Upper Volga (as a variety of S. echinu-
lata f. mulidentata Balonov et Kuzmin), in the water
bodies of the Vologda region (Balonov, 1980), in the
Chukotka Peninsula, and in the basin of the Kolyma
River (Kuzmin, 1985).

S. punctulosa Balonov (Fig. 3m). Discovered in the
Kerzhenets River for the first time. The species is rare,
being recorded in temperate latitudes. It was detected
in Europe and Asia. In Russia it was registered in the
basins of the Upper Volga (Balonov, 1976) and the
Lower Yenisei (Bessudova, 2016).

S. spinosa Korshikov f. spinosa (Fig. 3n). The spe-
cies was previously found in the Kerzhenets River
(Balonov and Kuzmin, 1974). It was registered for the
first time in the Vetluga River. Cosmopolitan. It was
noted in most of the studies devoted to the silica-
scaled chrysophytes (Balonov, 1976; Balonov, 1979;
Balonov and Kuzmin, 1986; Siver et al., 2005; Volos-
hko, 2010; Safronova and Voloshko, 2013; Voloshko,
2017b; Gusev et al., 2017).

S. spinosa f. longispina Petersen et Hansen
(Fig. 3o). Discovered in the Kerzhenets River for the
first time. The species is widespread, but it was infre-
quently detected. In Russia, it was shown to exist in
the basin of the Volga River (Balonov and Kuzmin,
1974; Balonov, 1976), the water bodies of northern
European Russia (Voloshko, 2017b), and the Polar
Urals (Voloshko, 2010). There were findings in the
small rivers of the urban area (Gusev et al., 2017).

S. uvella Ehrenberg emend. Korschikov (Figs. 3p,
3q). It was previously noted in the plankton of the Ker-
zhenets River (Balonov and Kuzmin, 1974). Cosmo-
politan. Found in the water bodies of the Volga basin
INLAND WATER BIOLOGY  Vol. 14  No. 4  2021
(Balonov, 1976), in northern European Russia (Volos-
hko and Gavrilova, 2001; Safronova and Voloshko,
2013), in the polar Urals (Voloshko, 2010), in the karst
lakes of the Vladimir oblast (Gusev, 2013), and in a
small river in Nizhny Novgorod (Gusev et al., 2017).

Identifying representatives of the genus Synura
from the Peterseniae section is particularly difficult,
since the determination is carried out based on the size
of the scales and their structural elements (Table 2,
Fig. 3).

S. conopea Kynčlova et Škaloud (Figs. 4a, 4b; Table 2).
Discovered in the Kerzhenets River for the first time.
Earlier the species was recorded in small urban water-
courses in the city of Nizhny Novgorod (Gusev et al.,
2017). Found in the water bodies of Europe and South
America (Škaloud et al., 2012).

S. glabra Korshikov em. Škaloud et Kynčlova in
Škaloud (Figs. 4c–4e, Table 2). The species was
revealed in the Kerzhenets River. Previously was noted
as S. petersenii var. glabra (Balonov and Kuzmin,
1974). A widespread species (Balonov and Kuzmin,
1974; Balonov, 1976; Kuzmin, Kuzmina 1987; Volos-
hko, 2010; Voloshko, 2017b; Gusev et al., 2017). The
species was found in different types of water bodies.

S. petersenii Korshikov (Figs. 4f–4j; Table 2).
Found in all studied watercourses (in Kerzhenets and
Vetluga rivers). Previously recorded in the plankton of
the Kerzhenets River (Balonov and Kuzmin, 1974).
The species is widespread (Škaloud et al., 2012; Boo
et al., 2010). Identification based on the structure of
the scales does not allow making an unambiguous
conclusion about the taxonomic affiliation, since con-
fusion with other previously described species of the
S. petersenii complex is possible. Molecular genetic
analysis based on strains from the collection of algae of
the Papanin Institute for Biology of Inland Waters,
Russian Academy of Sciences (Gusev et al., 2016), con-
firmed the presence of this species in European Russia.

DISCUSSION
Despite more than a century of studying the phyto-

plankton of water bodies and watercourses in the
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Fig. 4. Scales of taxa of the genus Synura, section Peterseniae: (a, b) S. conopea, (c–e) S. glabra, and (f–j) S. petersenii.
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Nizhny Novgorod region, specialized studies of chrys-
ophyte algae using electron microscopy only started in
the 1970s. (Balonov, 1976) and continued further
based on the example of small rivers in the city of
Nizhny Novgorod (Gusev et al., 2017; Gusev et al.,
2019). The lists of algal f lora provided in studies of
A.G. Okhapkin and E.L. Vodeneeva contain informa-
tion on the composition of chrysophyte algae on the
left-bank Volga tributaries (Okhapkin, 1997; Vodene-
eva, 2006); however, these findings were not con-
firmed by electron microscopic studies and required
clarification.

Chrysophyte algae are an important component of
algocenoses in the total abundance and biomass of
phytoplankton in the studied watercourses. As a rule,
the seasonal dynamics of phytoplankton in the studied
watercourses is characterized by three increases in bio-
mass: in spring, summer, and autumn. Diatom and
chrysophyte algae provide the spring and autumn
development of phytoplankton; summer development
is provided by green algae, diatoms, often with the
involvement of chrysophyte algae and blue-green
algae.

The average long-term abundance and biomass of
phytoplankton in the Kerzhenets River for the growing
seasons of 2014–2016 did not differ significantly; they
ranged from 1.95 ± 0.78 to 4.79 ± 0.29 million cells/L
and from 1.39 ± 0.24 to 2.07 ± 0.68 g/m3 and corre-
sponded to value of these indicators of mesotrophic
waters. The amount of phytoplankton in the Vetluga
River varied from 4.34 ± 0.76 to 6.6 ± 1.3 million
cells/L and biomass varied from 0.74 ± 0.11 to 1.51 ±
0.42 g/m3. The development of chrysophyte algae in
the studied rivers was not the same throughout differ-
ent periods of the hydrological cycle; the maximum
values of indicators were recorded in spring. In the
Vetluga River, the abundance of chrysophyte algae
reached 33% of the total abundance (0.33 million
cells/L) and 28% of the total biomass of phytoplank-
ton (0.11 g/m3). Among chrysophyte algae, represen-
tatives of the genera Dinobryon (D. divergens
O.E. Imhof, D. sociale (Ehrenberg) Ehrenberg),
Chrysococcus (C. biporus Skuja) prevailed; the propor-
tion of silica-scaled chrysophytes in the formation of
the abundance and biomass of algocenoses was insig-
nificant (<5%). The contribution of silica-scaled
chrysophytes to the formation of plankton in the Ker-
zhenets River was more essential. In 2017, the domi-
nance of species from the genus Mallomonas spp. and
Synura spp. was noted in spring and early summer
algocenoses; the abundance and biomass of these species
reached 0.15–0.19 million cells/L and 0.12–0.16 g/m3,
respectively.

Despite the low rates of development of silica-
scaled chrysophytes in the studied watercourses, their
composition turned out to be relatively rich (30 species
from 4 genera). Among them, Mallomonas jubata,
Mallomonas retifera, and Lepidochromonas poterio-
phora were revealed for the first time in Russia. Most
of the species in the studied rivers were found for the
INLAND WATER BIOLOGY  Vol. 14  No. 4  2021
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first time. An analysis of the geographical distribution
showed that most of the identified taxa are cosmopol-
itan and widespread species. A bipolar range is charac-
teristic for a number of species (Mallomonas jubata,
M. munda, and M. retifera); some taxa were recorded
in northern and temperate latitudes (M. allorgei,
M. multinuca, M. punctifera, and Synura multidentata).

The high taxonomic diversity of this group is in
good agreement with the results of other studies in the
region (Gusev et al., 2017, 2019). This diversity was
probably influenced by the unique location of the
studied watercourses in the zone of the boreal-
nemoral ecotone, the boreal part of which is charac-
terized by the predominance of forests, lakes, and
bogs. Despite the high species richness, silica-scaled
chrysophytes occupy a leading position only in the
spring algocenoses of the Kerzhenets River.

Most of the species were found in the Kerzhenets
River, characterized by oligo-acidic waters with an
increased value of water color index. In a number of
studies (Ilmavirta, 1988; Korneva, 2006; Voloshko,
2017a) it was noted that the main factor forming the
composition of the f lora of chrysophyte algae in lake
ecosystems is the pH of the water, and their represen-
tation in algocenoses is determined by a set of indica-
tors: pH, trophy level, water color index, and total
nitrogen concentration. The presence of rivers with
swampy watersheds has a significant effect on the
composition of the f lora of chrysophyte algae. Studies
carried out earlier based on the example of the rivers of
Nizhny Novgorod, f lowing from bogs, showed a high
diversity of silica-scaled chrysophytes (Gusev et al.,
2017; Gusev et al., 2019).

CONCLUSIONS

The species composition of silica-scaled chryso-
phytes of two left-bank tributaries of the Volga River is
rich and includes 30 species and intraspecific taxa
from the genera Mallomonas, Synura, Chrysosphaer-
ella, and Lepidochromonas from four families with a
predominance of species of the genus Mallomonas.
The species richness of the studied group of chryso-
phytes is definitely associated with the set and variety
of environmental factors formed in watercourses and
maintaining high species richness (variation of pH val-
ues characteristic of oligo-acidic-neutral waters, high
water color indices and trophy of waters, and biotopic
heterogeneity of river systems). Most species have a
wide geographical distribution, three of them were
characterized by a bipolar range, three species (Mallo-
monas jubata, Mallomonas retifera, and Lepidochro-
monas poteriophora) were discovered in Russia for the
first time, and one species is potentially new to sci-
ence. The indicators of the quantitative development
of the studied algae group, in contrast to their species
richness, turned out to be insignificant; however, the
maximum abundance and biomass observed in the
INLAND WATER BIOLOGY  Vol. 14  No. 4  2021
spring algocenoses of the Kerzhenets River reached 48
and 43% of the total indicators, respectively.
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