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The phytoplankton and vascular aquatic plants have been studied in 
small lakes Vashutinskoe, Chashnitskoe, Ryumniki, and Zaozer’e, 
located in the southern part of the Yaroslavl Region, Russia. The 
taxonomic composition of phytoplankton comprised 137 species of 
algae belonging to 8 divisions, 18 orders, and 76 genera. The studi
ed water bodies were characterized by high biomass of cyanobac-
teria. Aphanizomenon flos-aquae  (L.) Ralfs  ex  Born  et Flah. and 
the species of the genus Anabaena had a significant contribution 
to the phytoplankton biomass in the lakes Zaozer’e, Chashnitskoe, 
and Ryumniki, Limnothrix planctonica (Wołosz.) Meff. and Microcys-
tis aeruginosa (Kütz.) Kütz, in the Lake Vashutinskoe. In terms of 
phytoplankton biomass, the pelagial and shallow areas of the Lake 
Vashutinskoe belonged to eutrophic reservoirs, of the Lake Ryumni-
ki, to oligotrophic. The phytoplankton biomass in the pelagial zone of 
the lakes Chashnitskoe and Zaozer’e indicated the mesotrophic sta-
tus of these water bodies, in the littoral zone, eutrophic. The study 
of the phytoplankton of the lakes was carried episodically and was 
often performed at different periods of the growing season. There-
fore, the obtained data did not allow one to assess the direction of 
the successional changes in the algal flora. The flora of vascular 
plants of lakes was represented by 118 species belonging to 4 di-
visions, 5 classes, 22 orders, and 37  families. Thirty-four species 
were common to all studied water bodies. The differences in the 
The differences in the flora of vascular aquatic plantsof the studied 
lakes were associated with differences in their trophic status, the 
presence of various biotopes, the nature of anthropogenic load, and 
the degree of eutrophication. During a hundred years of observa-
tions, some species have disappeared, but some have appeared, 
including adventive species (such as Elodea canadensis  Michx., 
Bidens frondosa L., Epilobium adenocaulon Hausskn, Zizania latifo-
lia Griseb., and Juncus tenuis Willd.). The study of the current state 
of rare and protected species of vascular plants made it possible to 
reveal the eventual causes and period of disappearance of some 
species from the lakes. The taxonomic and ecological structure of 
phytoplankton and vascular plants of lakes was quite diverse and 
usual for the water bodies of the European part of Russia.
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Introduction
Small lakes are still a relatively poorly studied 

group of the water bodies (Izmailova et al., 2017; 
Lyashenko et al., 2002). They are most sensitive to 
climate change and are subject to large anthropogenic 
pressure (Belyakov and Garin, 2018; Izmailova et al., 
2017; Lawniczak-Malińska and Achtenberg, 2018; 
Lobunicheva et al., 2013; Slukovskii et al., 2018; 
Strahovenko et al., 2014). The latter affects the 
species richness of macrophytes, which is closely 
related to the natural type and status of the water 
bodies (Mäemets et al., 2010).

The studied lakes Vashutinskoe, Chashnitskoe, 
Ryumniki, and Zaozer’e are located in the Eastern 
Borisoglebsk Upland in the East European Plain. 
In accordance with the classification of the lakes by 
the depth suggested by S.P. Kitaev (1984), the Lake 
Vashutinskoe refers to shallow water bodies, while 
the Chashnitskoe, Ryumniki and Zaozer’e lakes are 
mid-depth water bodies. The lakes Chashnitskoe, 
Vashutinskoe, and Zaozer’e belong to the basin of the 
Klyazminskaya Nerl’ River; the Lake Ryumniki is located 
in the Ryumniko-Osoevskaya Depression, in the 
watershed area of the rivers flowing southeastwards, 
to the Klyazminskaya Nerl’ River and further to the 
Klyazma River, and northwards, to the Sara River 
and further to the Kotorosl’ River (Fortunatov and 
Moskovskii, 1970). The studied lakes are common by 
their glacial origin and the peculiarities of their location, 
but differ by the degree of anthropogenic impact, as 
a result, they have different modern trophic status. In 
addition, according to the Decree of the Government 
of the Yaroslavl Region of November 2, 2017 no. 823-
p “On approval of the regime of special protection 
of the territory of natural monuments of regional 
significance in the Yaroslavl Region” (Postanovlenie..., 
2017), the three lakes (Ryumniki, Chashnitskoe, and 
Vashutinskoe) are included into the list of natural 
monuments of regional significance, the species of 
vascular plants, included into the Red Data Book of the 
Yaroslavl Region (Krasnaya Kniga..., 2015), are found 
in each lake.

The data on the ecosystem state of these water 
bodies are scarce. The composition and some 
quantitative characteristics of their flora are known 
only from episodic observations carried out in the 
XX – beginning of the XXI century. The first data on 
the phytoplankton of lakes were obtained in 1903 
(Blokhontsev, 1903a, b). During this period, 17 species of 
algae were reported for the Lake Ryumniki, 20 species, 
for the Lake Chashnitskoe, and 13 species, for the Lake 

Zaozer’e (Grigor’ev, 1903). Cyanobacteria dominated 
by biomass in the phytoplankton communities of the 
lakes. According to the results of studies performed 
in 1963 (Fortunatov and Moskovskii, 1970), a large 
number of cells of Anabaena elliptica Lemm. was 
registered in the Lake Ryumniki, Aphanizomenon 
flos-aquae  (L.) Ralfs  ex Born.  et Flah., in the Lake 
Chashnitskoe, and Microcystis aeruginosa (Kütz.) 
Kütz., in the lakes Zaozer’e and Vashutinskoe. In the 
2002, cyanobacteria from the genera Microcystis, 
Aphanizomenon, Oscillatoria, Aphanothece, and 
Woronichinia dominated (Lyashenko et al., 2002).

The first data on the flora of higher aquatic plants in 
the studied lakes were obtained in 1902 (Flerov, 1903). 
During this period, in the Lake Zaozer’e, 6  species 
of aquatic and coastal aquatic plants (Potamogeton 
perfoliatus L., Alisma plantago-aquatica L., Sagittaria 
sagittifolia  L., Eleocharis acicularis  (L.) Roem.  et 
Schult., E.  palustris  (L.) Roem.  et Schult., and 
Persicaria amfibia  (L.) Delarbre) were indicated, in 
the Lake Chashnitskoe, 11 species, and in the Lake 
Ryumniki, 21 species. Further studies of these water 
bodies were carried out by A.P.  Belavskaya only 
60  years later, in 1963 (Fortunatov and Moskovskii, 
1970). However, these studies were mainly focused 
on studying the processes of overgrowing of lakes, 
not the floristic composition. Apparently, it has been 
noted that the natural communities of aquatic plants 
have been greatly changed in the Lake Zaozer’e due 
to long-term pollution by waste from livestock farms. 
Significant thickets of the great manna grass Glyceria 
maxima (Hartm.) Holmb. were observed here, in the 
southwestern part of the lake, there were horsetail-
calla floating mats (Fortunatov and Moskovskii, 
1970). Later, in 1985, common spike-rush Eleocharis 
palustris, water smartweed Persicaria amphibia, 
and the species of the genus Carex were found in 
addition to the great manna grass (Trusov et al., 
1988). Studying the flora of the Lake Chashnitskoe, 
A.P.  Belavskaya reported on 21  species of vascular 
plants and noted the widespread association of the 
water horsetail Equisetum fluviatile L. and arrowheads 
Sagittaria sagittifolia, in the southern and southeastern 
parts of the lake, the association of the bottle sedge 
Carex rostrata Stokes and shift-bogbean communities. 
After 25 years, 22 plant species were indicated in the 
floristic lists (Trusov et al., 1988). In the Lake Ryumniki, 
three species were indicated for the first time by 
A.P.  Belavskaya, bulrush Scirpus radicans Schkuhr, 
clasping-leaved pondweed Potamogeton perfoliatus, 
and bottle sedge.
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New data on the flora of vascular plants appeared 
almost a hundred years after the first studies, when 
the survey of the flora of these lakes was carried out 
in September 2001 by G.F. Lyashenko (Lyashenko et 
al., 2002). As a result of these studies, 12 species of 
vascular plants were identified for the Lake Zaozer’e, 
19 species, for the Lake Chashnitskoe, 21 species, 
for the Lake Ryumniki, and 14 species, for the Lake 
Vashutinskoe. Considering all the studies performed, 
the flora of vascular plants of the Lake Zaozer’e 
was presented by about 20  species, of the Lake 
Chashnitskoe, by 31 species, of the Lake Ryumniki, 
40 species, and for the Lake Vashutinskoe, 34 species 
in total.

The study aims to assess the current state and 
nature of changes in phytoplankton and the floristic 
composition of vascular plants of small lakes Zaozer’e, 
Ryumniki, Chashnitskoe, and Vashutinskoe located 
in the Rostov District, the Yaroslavl Region, Russia, 
for more than 50-year period.

Materials and methods
The studies were carried out in mid-July 2018 at 

four lakes (Zaozer’e, Ryumniki, Chashnitskoe, and 
Vashutinskoe) located in the Rostov District of the 
Yaroslavl Region: (Fig. 1).

The Lake Zaozer’e (other names: Zaozerskoe, 
Pokrovskoe, Monastyrskoe) is located in a closed 
depression. The lake is drainless. The area of 
the water surface is 32  hectares, the maximum 
depth is 10  m, the average depth, 5  m. During 
the phytoplankton bloom in the lake, the water 
transparency reaches 10–30 cm, pH, 9.0–9.2, and the 
electrical conductivity, 27.2–30.0 µS. The lake has a 
rounded shape, the shores are gentle. The increased 
content of alkali metal ions associated with water 
pollution with organic matter was noted (Fortunatov 
and Moskovskii, 1970; Grigor’ev, 1903). Regard must 
be paid to a smaller amount of organic matter having 
been entered to the lake for a long time, which is 
primarily due to the closure of livestock farms located 
along the lake shores. The soils near the coast are 
sandy, the silt layer over the sandy bottom increases 
along with the depth increase, the silt has a pungent 
smell of hydrogen sulfide. The sapropel deposits in 
the lake are not found (Lyashenko et al., 2002).

The Lake Ryumniki (other names: Ryumnikov
skoe, Ryumnikovo). The area of the water surface 
is 153  hectares, the maximum depth is 10  m, the 
average depth, 3 m. The water in the lake is weakly 
mineralized (16–17 mg/L), sulfate class, pH 6.0–6.9. 
The water transparency is 1.4–1.6 m. In the years of 

Fig. 1. Location of the studied lakes in the Rostov District of the Yaroslavl Region, Russia.
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mean moisture regime, the lake is drainless; in high-
water years, part of the water flows out to the swamps 
adjacent to the southwestern coast. The thickness of 
the sapropel layer in the lake basin ranges from 0.5 
to 2.0 m; in the southern part, the sapropel is overlain 
by a layer of peaty silt up to 3-m thick. The coastal 
areas along the northern coast and partially along 
the southern coast are sandy. In the southern part 
of the lake, the shores are steep, formed by loams 
and boulders, in the southeastern part of the lake, 
they are low, gentle. In the northeastern part, there 
is a swampy backwater; the northwestern, western 
and southwestern coasts are highland moors with 
birch forests or wet alder groves (Fortunatov and 
Moskovskii, 1970; Kuzmichev et al., 1990).

The Lake Chashnitskoe (other names: Chashnitsy, 
Chashnikovo, Chashniche). The area of the water 
surface is 54 hectares, the maximum depth of the lake 
is 11 m, the average depth is 4–5 m. The waters of 
the lake are slightly mineralized (19.0–23.5 m/L) and 
are characterized by high transparency. The electrical 
conductivity of the surface water layer ranges from 
36.1 to 43.0 µS, pH, 6.7–7.6. In dry years, the lake 
has no drainage; in high-water years, the water from 
the lake flows through the ravine towards the Lake 
Karash and further, through the Pashma River, into 
the. Klyazminskaya Nerl’ River. The shores and most 
of the littoral zone of the lake are composed by sandy-
pebble or sandy soils and, to a lesser extent, by peat. 
The sediments forming the bottom of the lake are 
also heterogeneous. Thus, in the eastern part of the 
lake, sandy-silty deposits are widespread, sometimes 
with an admixture of pebbles and boulders. Near the 
western and southern coasts, mainly peaty silts are 
found, overlapping gray sapropel (thickness from 
0.10 to 4.5 m) in some areas. In the central part of 
the lake, clayey sapropel dominates, while in the 
southern part, the sapropel stratum is covered by a 
2-m  layer of peaty silt (Fortunatov and Moskovskii, 
1970; Grigor’ev, 1903; Kuzmichev et al., 1990; 
Lyashenko et al., 2002).

The Lake Vashutinskoe (other names: Vashutino). 
The area of the water surface is 310  hectares, the 
maximum depth is 6.5 m, the average depth, 3.5 m. 
The waters of the lake are characterized by sufficiently 
high mineralization of 100 m/L. The water transparency 
ranges from 40–60 cm near the shores to 80  cm in 
the center of the lake; pH is 6.6–7.9; the electrical 
conductivity of the surface water layer is 58–59  µS. 
The lake is open; the Sutyaga River inflows to the lake 
from the north-west, the Dubets Brook, from the north; 
the River Kamenka (a tributary of the Klyazminskaya 
Nerl River) outflows from the southeastern part of 
the lake. The shores of the lake are swampy in the 
northern and southern parts. The bottom is formed 
mainly by peaty silts, overlapping sapropel in some 
areas (Fortunatov and Moskovskii, 1970; Kuzmichev 
et al., 1990; Lyashenko et al., 2002).

Hydrophysical and hydrochemical characteristics 
of water (temperature, electrical conductivity, dissolved 
oxygen) were measured with a multiparameter 
hand-held portable probe YSI-ProPlus (YSI, USA) 
in the surface layer (10 cm), the pH was determined 
using a portable analyzer Combo HI 98129 (Hanna 
Instruments, Germany), the water transparency was 
assessed using the Secchi disk.

Integral samples were taken in the pelagial zone 
and in the shallow waters covered with thickets of higher 
aquatic vegetation in order to determine the biomass 
and species composition of algae. The collection and 
processing of phytoplankton samples was carried out 
according to standard methods (Metodika..., 1975). 
Taxa with biomass equal to or exceeding 10% of the 
total biomass were considered dominants. When 
analyzing the phytoplankton communities of the lakes, 
the microalgae biomass and the species richness of 
phytoplankton were considered. The trophic status 
of the lakes was determined by the phytoplankton 
biomass in accordance with the classification by 
S.P. Kitaev (1984, 2007).

The vegetation cover of the lakes was studied 
according to the methods generally accepted in 
hydrobotany (Katanskaya, 1981; Shennikov, 1964; 
etc.). The material was collected by the route method 
using a rowing boat and going round the lake along 
the shore. During the field surveys, the taxonomic 
composition of the flora of the vascular plants of the 
lakes was taken into account (Papchenkov, 2001), 
the depth of plant growth and the nature of the soil 
were noted. When compiling a plant species list of the 
lake, materials from our own research were used. The 
species of vascular plants were determined using the 
taxonomic keys of local flora (Lisitsyna et al., 2009; 
Maevskii, 2014). Latin names of taxa were verified in 
accordance with the summary of P.F. Maevskii (2014), 
recent taxonomy was also taken into account for a 
number of taxa. For example, the nomenclature of 
ferns is given here in accordance to M.M. Christenhusz 
and M.W.  Chase (2014), the nomenclature of the 
genera Ranunculus  L. and Lysimachia  L., by the 
APG  IV system (Byng et al., 2016; Emadzade et 
al., 2010; Hao et al., 2004). Taxonomic, ecological, 
and ecobiomorphological analyzes of the flora were 
performed in accordance with the recommendations of 
V.G. Papchenkov (2001).

The plant species lists are presented for each 
lake (Appendices 1 and 2), these species were those 
observed in the lake area in mid-July 2018.

Results and discussion
The greatest depth and the lowest water 

transparency during the study period were registered in 
the Lake Zaozer’e (Table 1). The highest temperature, 
dissolved oxygen content, and pH were also recorded 
here, which was apparently associated with a high 
biomass of cyanobacteria. It should be noted that the 
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Lake

Parameter
Chashnitskoe Zaozer’e Ryumniki Vashutinskoe

P OL P OL P OL P OL

Sampling depth, m 7 1 9 0.4 3.5 0.9 2.6 1.2

Water transparency, m 1 0.9 0.3 0.1 1.4
down 
to the 
bottom

0.6 0.4

Water temperature, °C 21.6 21.8 22.3 23.4 22.2 22.0 21.4 22.1

Dissolved oxygen, mg/L 8.89 8.62 12.40 11.90 8.36 7.83 – –

Oxygen saturation, % 100 99 139.7 132 96 91 – –

Total dissolved solids, 
mg/L 31.9 31.2 29.9 27.3 17.6 17.6 – –

рН 6.8 6.8 9.0 9.2 6.5 6.9 6.6 7.0

Table 1. Some abiotic characteristics of small lakes in the Rostov District of the Yaroslavl Region in July 2018. P – pelagial zone,
OL – overgrown littoral zone, «–» – no data.

active photosynthesis exactly causes an increase in 
water pH and an increase in the oxygen concentration 
in the reservoir during the phytoplankton bloom 
(Kellar and Paerl, 1980; Paerl and Ustach, 1982). The 
lowest water transparency was characteristic of the 
shallowest of the studied lakes, the Lake Vashutinskoe, 
the highest water transparency in the pelagial and 
littoral zones was observed in the lakes Ryumniki and 
Chashnitskoe. The lakes Vashutinskoe, Ryumniki, 
and Chashnitskoe did not differ significantly in terms 
of pH and dissolved oxygen content. The lowest 
mineralization was observed in the Lake Ryumniki, the 
highest, in the Lake Chashnitskoe.

Algal flora
In total, 137 species of algae belonging to 8 

divisions, 18 orders, and 76 genera were identified in 
the studied lakes of the Rostov District of the Yaroslavl 
Region. The largest number of species was found 
in the Lake Vashutinskoe (81 species), followed by 
the lakes Chashnitskoe and Zaozer’e (69 species 
each), in the Lake Ryumniki, 65 species were found 
(Appendix 1). The largest number of species in the 
pelagial zone was found in the Lake Vashutinskoe (68 
species), the lowest, in the Lake Chashnitskoe (50 
species). The number of phytoplankton species in the 
pelagial zone in the lakes Zaozer’e and Ryumniki was 
53 and 54 species, respectively. In the shallow waters 
of the lakes, the number of algal species was lower 
than that in the deep-water part: 29 species in the Lake 
Zaozer’e, 37, in the Lake Ryumniki, and 46 species 
each in the lakes Chashnitskoe and Vashutinskoe.

The lowest phytoplankton biomass in the pelagial 
zone was recorded in the Lake Ryumniki (0.65 mg/L), 

the highest, in the Lake Vashutinskoe (7.13  mg/L) 
(Fig.  2A). According to the algae biomass, the 
pelagial zone of the lakes Chashnitskoe and Zaozer’e 
was characterized by mean values (2.18  mg/L and 
3.38 mg/L, respectively). The phytoplankton biomass 
in the pelagial zone of the lakes turned out to be 
generally lower than that in the littoral zone overgrown 
with higher aquatic vegetation (Fig. 2A). The greatest 
difference was observed in the Lake Zaozer’e, where 
biomass in the littoral zone was 6  times greater 
comparing to the pelagial zone, the lowest, in the 
Lake Ryumniki (1.5  times more in the littoral zone 
than in the pelagial zone).

Cyanobacteria dominated by biomass in the Lake 
Chashnitskoe (~ 50% of the total biomass), followed by 
green algae (15–25%) (Fig. 2B). Bacillariophyta (14%) 
and Dinophyta (10%) also prevailed in the pelagial zone 
of the lake, Chrysophyta (13%), in the littoral zone. In 
the deep-water part of the Lake Chashnitskoe, the 
dominating species were Snowella lacustris (Chod.) 
Kom.  et Hind. (21%), Anabaena  sp. (17%), and 
Aulacoseira ambigua (Grun.) Sim. (12%); in shallow 
waters, these were Anabaena  sp. (37%), Dinobryon 
divergens Imhof (12%), and the species of the genus 
Chlamydomonas Ehrenb. (10%) (Appendix 1).

In the Lake Zaozer’e, cyanobacteria dominated 
also (91–99%) in the studied biotopes (Fig.  2B). 
Aphanizomenon flos-aquae prevailed in the pelagial 
and littoral zones of this water body (84% and 
78%, respectively). In shallow waters, Microcystis 
aeruginosa (18%) was a subdominant (Appendix 1).

The ratio of the dominant algae divisions was 
different in the pelagial and littoral zones of the Lake 
Ryumniki (Fig. 2B). In the deep-water part of the lake, 
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Fig. 2. Phytoplankton biomass (A) and the share of different groups of planktonic algae in regard to the total biomass (B) in different parts of 
the studied lakes of the Rostov District of the Yaroslavl Region, Russia, in July 2018.

the biomass was dominated by Dynophyta (48%), 
Chlorophyta (17%), and Cyanobacteria (16%), while in 
shallow water, Cyanobacteria (63%) and Cryptophyta 
(19%) prevailed. Ceratium hirundinella (O.F.  Müll.) 
Schrank dominated by biomass (43%) in the pelagial 
zone, in the littoral zone, these were Aphanizomenon 
flos-aquae (34%), Anabaena  sp. (25%), and 
Cryptomonas marssonii Skuja (17%) (Appendix 1).

In the Lake Vashutinskoe, the dominant algae 
divisions were cyanobacteria (53% in the pelagial 
and 37% in the littoral zones) and diatoms (26% and 
52%, respectively) (Fig. 2B). Limnothrix planctonica 
(Wołosz.) Meff. (30%), Aulacoseira ambigua (19%), 
and Microcystis aeruginosa (13%) prevailed in the 
deep-water area, Aulacoseira ambigua (51%) and 
Limnothrix planctonica (26%), in shallow waters.

Based on the phytoplankton biomass data 
obtained for the pelagial zone, the Lake Vashutinskoe 
belongs to the eutrophic water bodies, the lakes 
Chashnitskoe and Lake Zaozer’e, to mesotrophic, 
and the Lake Ryumniki, to oligotrophic (Kitaev, 
1984, 2007). Shallow areas of the reservoir are 
characterized by a higher phytoplankton biomass 
than deep-water ones; according to the trophicity 
scale, the lakes Chashnitskoe, Zaozer’e, and 
Vashutinskoe are classified as eutrophic reservoirs. 
Shallow waters of the Lake Ryumniki have an 
oligotrophic status. In should be noted that the 
coastal areas are characterized by higher enrichment 
with biogenic elements, which probably contributes 
to the active development of phytoplankton in these 
zones (Korneva, 1983; Solov’eva and Korneva, 

20
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2006). The lowest species richness of phytoplankton 
has been noted in the shallow waters, which also 
confirms the advantage of cyanobacteria (whose 
biomass is higher in the littoral zone than in the 
pelagial zone) in high rates of nutrient consumption, 
so they are responsible for the light limitation for other 
phytoplankton species (Paerl and Huisman, 2009). 
The study of the processes occurring in the shallow 
waters is especially important in regard to their role in 
the ecosystem of the entire water body. It is known that 
the eutrophication processes beginning in the littoral 
areas are then observed in the deep-water zones of 
the reservoir (Sakharova and Korneva, 2018).

The study of the phytoplankton of these lakes 
was very episodic, the sampling was carried out only 
in September (Fortunatov and Moskovskii, 1970; 
Lyashenko et al., 2002); therefore, the available 
data do not allow us to conclude on the vector of 
successional changes in the algal community. The 
predominance of cyanobacteria in all lakes was 
noted both in our studies and earlier (Fortunatov 
and Moskovskii, 1970; Grigor’ev, 1903; Lyashenko 
et al., 2002). Decreasing role of Aphanizomenon 
flos-aquae and species of the genus Anabaena was 
reported earlier (Lyashenko et al., 2002), but these 
algae made a significant contribution to biomass 
(up to 80%) during our studies. As it was observed 
in September 2001 (Lyashenko et al., 2002), during 
our studies, phytoplankton of the Lake Vashutinskoe 
was similar in composition of the dominant complex 
(genera Microcystis and Limnothrix) with other 
shallow eutrophic lakes, for example, the Lake Nero 
(Babanazarova et al., 2011).

Vascular plants
Currently, the flora of vascular plants of all studied 

lakes includes 118 species belonging to 4 divisions, 
5  classes, 22  orders, and 37  families. A full list of 
vascular plants is presented in Appendix 2.

The Lake Zaozer’e was characterized by the 
poorest species richness (50 species; Table 2). This 
was caused by the anthropogenic disturbance of its 
vegetation cover, associated with the income of the 
organic-rich wastewater from two livestock farms, 
which were previously located on the shores of the 
lake (Fortunatov and Moskovskii, 1970). It should be 
noted that the farms have not been operating for a 
long time; however, the lake still “blooms” strongly in 
the summer months, and so the water transparency 
drops sharply and thus inhibits the development of 
submerged aquatic plants. The oligotrophic Lake 
Ryumniki was characterized by the richest species 
composition (82  species; Table  2); apparently, this 
was due to a significant number of different biotopes 
(both natural and anthropogenically disturbed).

Cyperaceae Juss and Poaceae Barnhart were 
the dominant families of the flora of all studied lakes 
(Table 3). Their share in the total composition of the 
flora reached 22.0% in the Lake Zaozer’e, about 
24.0%, in the Lake Chashnitskoe, 23.1%, in Lake 
Ryumniki, and 27.3% in the Lake Vashutinskoe. 
Redard must be paid to a significant share of 
grasses in the flora of the studied lakes, which 
can serve as an indicator of an increase of the 
anthropogenic load (Teteryuk, 2012). In the Lake 
Ryumniki, Ranunculaceae Juss may also be included 
into the list of dominant families. The floras of the 
lakes Chashnitskoe, Ryumniki, and Vashutinskoe 
were characterized by a pronounced distinctness 
along with the common leading genera Carex  L., 
Persicaria  (L.) Mill., and Potamogeton  L. (Table  3). 
Thus, Juncus L. and Sparganium L. were the leading 
genera in the Lake Chashnitskoe, in addition to the 
genera listed above, Salix L. and Ranunculus L., in 
the Lake Ryumniki, and Calamagrostis Adans, in the 
Lake Vashutinskoe.

When considering ecological and coenotic 
structure, hygrophytes were the leading group of 

Number of taxonomic groups
Lake

Chashnitskoe Zaozer’e Ryumniki Vashutinskoe

Species 71 50 82 76

Genera 51 37 59 56

Families 30 24 37 31

Orders 21 16 23 23

Classes 4 4 5 3

Divisions 2 2 3 2

Table 2. The taxonomic structure of the flora of small lakes in the Rostov District of the Yaroslavl Region in July 2018.
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the flora of each of the studied lakes: 44.0% in the 
Lake Zaozer’e, 39.4% in the Lake Chashnitskoe, 
39.0% in the Lake Ryumniki, and 36.8% in the 
Lake Vashutinskoe. The second place belonged to 
hygrohelophytes (24.0% each in the lakes Zaozer’e 
and Chashnitskoe, 25.0% in the Lake Vashutinskoe), 
followed by hydrophytes (14.0%, in the Lake Zaozer’e, 
17.0% in the Lake Chashnitskoe, and 19.7% in the 
Lake Vashutinskoe). It should be noted that in the Lake 
Ryumniki, in contrast to the other lakes, hydrophytes 
(22.0%) dominated over hygrohelophytes (20.7%). The 
share of helophytes, as usual, was much lower: 16.0% 
in the Lake Zaozer’e, 15.6% in the Lake Chashnitskoe, 
12.0% in the Lake Vashutinskoe, and 7.4% in the Lake 
Ryumniki. Mesophytes were either absent (the Lake 
Zaozer’e), or are present by no more than one or two 
species (2.4% in the Lake Ryumniki, 1.4% in the Lake 
Chashnitskoe, and 1.3% in the Lake Vashutinskoe).

The flora of small lakes was traditionally 
dominated by herbaceous plants; their contribution to 
the species richness of each particular lake ranged as 
90.2–96.0%. Perennials and annual / biennial plants 
formed the basis of the vegetation cover of lakes 
(89.4–94.7%). This group also included polycarpous 
and sporulating species (Isoetes echinospora Durieu, 

Equisetum fluviatile, and Thelypteris palustris Schott). 
Annuals made up to 5.3–7.8%. It is interesting that in 
the Lake Ryumniki annual plants were represented 
not by 3–4 species (as in other lakes), but by 8 species 
(9.7% of the lake flora).

The rare and protected species of the Yaroslavl 
Region (Krasnaya Kniga..., 2015) were represented by 
Nuphar pumila (Timm) DC. in the Lake Vashutinskoe 
and Isoetes echinospora in the Lake Ryumniki. 
Sparganium gramineum Georgi was recorded in all 
studied water bodies.

Thirty-four plant species were found in all the 
studied water bodies, of which 4 were hydrophytes: 
Elodea canadensis Michx., Lemna minor L., Spirodela 
polyrhiza  (L.) Schleid., Sparganium gramineum; six 
species were helophytes (Equisetum fluviatile  L., 
Alisma plantago-aquatica, Sagittaria sagittifolia, 
Glyceria maxima, Phragmites australis (Cav.) Trin. ex 
Steud., and Typha latifolia  L.), and two species 
were hydrohelophytes (Eleocharis acicularis and 
E. palustris).

Since 1950s, I. echinospora, Elatine hydropiper L., 
and E. triandra Schkuhr. have disappeared from the 
flora of the Lake Chashnitskoe; in the Lake Zaozer’e, 
these are Persicaria amphibia, and Potamogeton 
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Table 3. Contribution of the dominant families and genera of vascular plants to the species richness of the flora of small lakes in the Rostov 
District of the Yaroslavl Region in July 2018.

Lake Family Contribution to the 
species richness, % Genus Contribution to the 

species richness, %

Chashnitskoe

Cyperaceae 12.6 Carex 5.6
Poaceae 11.3

Juncus, Persicaria, 
Potamogeton, 
Sparganium

4.2 eachAraceae, Lamiaceae, 
Polygonaceae, 

Typhaceae
5.6 each

Zaozer’e

Cyperaceae 12.0

Sparganium, Carex, 
Galium 6.0 each

Poaceae 10.0
Typhaceae 8.0

Araceae, Lamiaceae, 
Rubiaceae 6.0 each

Ryumniki

Poaceae 13.4 Carex 6.1
Cyperaceae 9.7 Salix, Ranunculus 5.0 each

Ranunculaceae 6.1
Potamogeton, 

Persicaria 3.6 eachAraceae, Lamiaceae, 
Salicaceae 5.0 each

Vashutinskoe

Poaceae 14.3 Carex 7.8
Cyperaceae 13.0 Calamagrostis, 

Potamogeton, 
Persicaria

~ 4.0 eachAraceae, Lamiaceae, 
Polygonaceae 5.2 each
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perfoliatus; in the Lake Rymniki – Elatine 
callitrichoides (W. Hyl.) Kauffm., Nuphar pumila, Carex 
elongata L., Sparganium natans L., and Potamogeton 
lucens L.; in the Lake Vashutinskoe – I. echinospora, 
Potamogeton berchtoldii Fieb., P. natans L., Caulinia 
flexilis Willd., Zizania palustris L., Carex caespitosa L., 
Ranunculus trichophyllum Chaix, R.  reptans  L., 
Elatine hydropiper, Callitriche hermaphroditica  L., 
and Galium trifidum L.

The disappearance of Isoetes echinospora from 
the flora of the lakes Chashnitskoe and Vashutinskoe 
could have occurred during the period from 1965–
1972 to 1985; apparently, it is associated with an 
increase in the trophic status of these water bodies 
(Fortunatov and Moskovskii, 1970; Lyashenko et 
al., 2002). Currently, this species has survived only 
in the oligotrophic Lake Ryumniki, where the state 
of its population can be considered satisfactory. 
I.  echinospora grows here along the southern and 
southeastern coasts at the depths from 0.15 to 
1.0  m; the sediments are sandy, less often sandy 
with thin deposit of spring floods. It is found as single 
specimens and does not form clusters or thickets. 
It should be noted that the data on the growth of 
I. lacustris L. in the Yaroslavl Region, given earlier for 
the lakes Ryumniki, Vashutinskoe, and Chashnitskoe, 
are erroneous (Garin, 2015).

Sparganium  × longifolium Turcz.  ex Ledeb., 
which is a hybrid between the boreal-montane 
Eurasian species Sparganium gramineum, preferring 
ultra-fresh water bodies with a nearly neutral pH, 
and S.  emersum Rehm., a plurizonal Holarctic 
species with a wide ecological amplitude (Belyakov 
et al., 2017), registered during our studies in the 
lakes Chashnitskoe and Zaozer’e, is an indicator of 
an increase in the degree of trophicity as a result 
of vigorous economic activity (Fortunatov and 
Moskovskii, 1970; Lyashenko et al., 2002).

Active water blooming (transparency of 10  cm 
and less) in the summer in the Lake Zaozer’e was 
apparently a consequence of the extremely low 
number of submerged hydrophytes found here. Thus, 
the Potamogeton perfoliatus and Persicaria amphibia 
previously noted here were not found in the lake in 
2001 (Lyashenko et al., 2002), although in the early 
summer period, when the water in the lake is still 
clear, Elatine hydropiper, Potamogeton crispus  L., 
and Ceratophyllum demersum  L. are found here. 
It should be noted that the last two species are the 
indicators of the eutrophication of the reservoir. In 
addition, both parental species of bur-reed and their 
hybrid co-grow on this lake. The alternating groups 
of Sparganium gramineum and S. × longifolium are 
located in a narrow strip along the northern and 
northwestern shores of the lake, while S. emersum 
is distributed exclusively along the southern coast. 
In the future, this situation may lead to the loss of 
S. gramineum from the flora of the lake.

Due to eutrophication and active overgrowth of 
the north-eastern shore of the Lake Vashutinskoe, 
Nuphar pumila (Timm) DC are endangered, as well as 
a single small clump of Sparganium gramineum (no 
more than 1 m in diameter); in addition, the appearance 
of Stratiotes aloides  L., an indicator species of 
eutrophication, in this lake raises concerns. Absence 
of Chara strigosa A. Br. in 2018, a relict species listed 
in the Red Data Book of the Yaroslavl Region (2015), 
is another indicator of the eutrophication processes 
in the Lake Vashutinskoe. Chara strigosa is a 
stenothermal cold-water freshwater, predominantly 
light-loving plant that is considered an indicator of 
oligotrophic waters (Langangen and Mjelde, 2010; 
Romanov et al., 2014). For the first time, this species 
was noted in the Lake Vashutinskoe in 1972, and the 
last time it was found here in 2017 in the form of a few 
and strongly suppressed shoots.

The saturation of the flora of lakes with adventive 
species is extremely low. Elodea canadensis, Bidens 
frondosa  L., and Epilobium adenocaulon Hausskn 
were noted in all studied lakes. Zizania latifolia Griseb. 
and Juncus tenuis Willd. were also registered in the 
lake Vashutinskoe. The high adaptive potential of 
these plants allows them to colonize quickly and hold 
successfully their niches in phytocenoses. It should 
be noted that E. canadensis, apparently, could appear 
in the studied lakes not earlier than in the 1980s and 
currently does not form significant thickets in the water 
bodies. Cultivation of the Far Eastern perennial Zizania 
latifolia and the Canadian annual plant Z. palustris in the 
Lake Vashutinskoe was associated with the presence 
of a hunting farm on its shore, which is still functioning. 
Apparently, these species were planted along the Lake 
Vashutinskoe as early as in 1960s and 1970s in order 
to increase the food supply and improve the habitat 
conditions for semiaquatic animals (Lisitsyna et al., 
2009; Maltseva and Bobrov, 2017). Two more North 
American invasive species, Epilobium adenocaulon 
and Bidens frondosa, are now widely distributed in 
all areas of the middle zone of the European part of 
Russia (Lisitsyna et al., 2009; Maevskii, 2014).

Conclusions
In the studied water bodies, 137 species of algae 

belonging to 8 divisions, 18 orders, and 76 genera were 
identified. The algoflora of the Lake Vashutinskoe is the 
richest (81 species), followed by the lakes Chashnitskoe 
and Zaozer’e (69 species each), 65 species inhabit the 
Lake Ryumniki. Despite the fact that phytoplankton 
of the studied water bodies is known only from 
episodic observations, cyanobacteria predominate 
in the lakes. A significant contribution to the biomass 
of Aphanizomenon flos-aquae and species of the 
genus Anabaena was noted in the lakes Zaozer’e, 
Chashnitskoe, and Ryumniki, in the Lake Vashutinskoe, 
they were Limnothrix planctonica and Microcystis 
aeruginosa. According to the phytoplankton biomass of 
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the pelagial zone, the Lake Vashutinskoe is classified 
as eutrophic water body, the lakes Chashnitskoe and 
Zaozer’e, as mesotrophic, and the Lake Ryumniki, as 
oligotrophic. By trophicity, shallow waters of the lakes 
Chashnitskoe, Zaozer’e, and Vashutinskoe belong to 
the eutrophic water bodies, while the littoral zone of the 
Lake Ryumniki has an oligotrophic status. The irregular 
nature of the observations carried out in different years 
and periods of the growing season does not allow us 
to conclude on the vector of the successional changes 
in the algal flora.

The total list of vascular plants of the studied 
lakes includes 118  species belonging to 4  divisions, 
5 classes, 22 orders, and 37 families; 34 species are 
common for all studied lakes. The Lake Ryumniki is the 
richest by the species composition, the Lake Zaozer’e, 
the poorest. In general, the differences in the taxonomic 
composition of the flora of certain lakes are associated 
with both the diversity of biotopes and the different 
level of conservation of the vegetation cover, as well as 
with the degree of eutrophication of a particular water 
body. The low species richness of the flora of the Lake 
Zaozer’e is mainly due to the monotonous nature of the 
coastline and the active blooming of water in summer. In 
accordance with the ecological-coenotic characteristics 
of the flora of the lakes, the group of hygrophytes is 
traditionally the largest in number of species, followed 
by hygrohelophytes, and then hydrophytes. In the 
oligotrophic Lake Ryumniki, the representatives of 
the ecological group of hydrophytes prevail over 
hygrohelophytes. The prevalence of herbaceous plants 
found in the studied lakes is natural and characteristic of 
aquatic flora. After 1950s, two species have disappeared 
from the Lake Zaozer’e, three species, from the Lake 
Chashnitskoe,  five species, from the Lake Ryumniki, 
and eleven species, from the Lake Vashutinskoe. For 
example, I.  echinospora was not found after 1965 in 
the Lake Chashnitskoe and after 1972 in the Lake 
Vashutinskoe. Caulinia flexilis was not found in the 
Lake Vashutinskoe since 1972. Potamogeton crispus, 
Sparganium × longifolium, Ceratophyllum demersum, 
Elodea canadensis, Stratiotes aloides and some other 
species are among the main indicators of eutrophic 
waters observed in the studied lakes. The saturation 
of the flora of lakes with adventive species is low: 
only two adventive species was registered in the Lake 
Chashnitskoe over the entire period of research, five 
species, in the Lake Ryumniki, and ten species, in the 
Lake Vashutinskoe.
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