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Abstract—A study of the horizontal and vertical distribution of phytoplankton in Lake Sevan was conducted
in mid-July 2018 during the maximum Cyanoprokaryota blooms. The summer biomass of algae in the pelagic
zone of the lake corresponded to values of mesatrophic waters. The Cyanoprokaryota biomass in Lake Sevan
has horizontal and vertical heterogeneity and is related to the depth, morphometry of the lake parts, distribu-
tion of currents, transparency, temperature, and biomass of Cladocera. The specific number of phytoplank-
ton species and water transparency decreases in areas where water blooms occur. The following factors con-
tribute to the increase in the average phytoplankton biomass when compared to 2013—2017: (1) increased
water temperature, (2) weakening of zooplankton grazing pressure due to the disappearance of Daphnia
magna, and (3) increased phosphorus load due to increased contribution of D. longispina and Diaphanosoma

lacustris to the zooplankton biomass.
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INTRODUCTION

Lake Sevan (Armenia) is the largest water body in
the Caucasus; it is situated at an altitude of ~1900 m
above sea level. The area of the lake is ~1262 km?, the
average depth is 44.3 m, and the maximum depth is
98.7 m (Chilingaryan and Mnatsakanyan, 2010; Inte-
gral’naya otsenka..., 2011). The lake is subdivided into
two parts, Bolshoi and Malyi Sevan, differing in the
time of formation, origin, and morphometry. The
Sevan National Park was founded to preserve water
quality and biological resources in Lake Sevan and the
surrounding areas. According to the Ramsar Interna-
tional Convention, the water body is included into the
list of specially protected objects. Extensive economic
exploitation of the lake started in the 1930s. Since that
time, there was a period of a decrease in the water level
in Lake Sevan (~20 m); however, the water level began
rising significantly in 2002 (Chilingaryan and Mnat-
sakanyan, 2010). Such fluctuations of the water level
affected the dynamics of qualitative and quantitative
composition of hydrobionts and the trophic state of
the lake. During the initial period of the water level
rise, biomass and species richness of zooplankton
increased and fish stocks decreased, which resulted in
considerable changes in the quantitative parameters of
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phyto- and bacterioplankton (Krylov et al., 2013; Ger-
asimov et al., 2010). A decline in poaching levels pro-
motes an increase in the ichthyomass, which causes
structural reorganizations of zooplankton and a
decrease in its biomass (Krylov et al., 2016, 2018).
Taking into account that weakening of the top-down
control and an increase in nutrient loading due to
flooding periodically lead to the increase in intensity
of Cyanoprokaryota bloom in Lake Sevan (Ovsepyan
et al., 2010; Ovsepyan and Khachikyan, 2016), a study
of the autotrophic chain under conditions of the rise in
water level is of special importance.

The aim of this work is to study the phytoplankton
distribution in Lake Sevan during the period of mass
Cyanoprokaryota bloom.

MATERIALS AND METHODS

Integral phytoplankton samples were collected
with a 4-L Molchanov bathometer from the surface to
the bottom every 1—5 m in the middle of July 2018 at
two transects in Malyi (MS) and Bolshoi (BS) Sevan
and one semitransect in BS and in the part overgrown
with macrophytes (1) and open (2) part of the shallow
bay in MS formed after the water-level rise (Fig. 1). To
study the vertical phytoplankton distribution, samples
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Fig. 1. Scheme of sampling stations in Lake Sevan in 2018.

were collected at different horizons of the water col-
umn every 5—10 m at three deepwater stations (I-5,
II-13 and 20). Samples were concentrated in turn by
direct filtration under weak pressure through mem-
brane filters with a pore diameter of 5 and 1.2 um to
determine the qualitative and quantitative composi-
tion of phytoplankton. Phytoplankton was fixed with
Lugol’s solution with the addition of formaldehyde
and glacial acetic acid (Metodika..., 1975). The cells
were counted and identified using a Carl Zeiss Primo
Star light microscope; the biomass was determined by
the counting-volume technique. Phytoplankton was
estimated according to the total and specific number
of species (number of species in a sample), biomass,
ratio of taxonomic groups, and dominant species.
Taxa with a biomass of >210% of the total were classified
as dominant. At the same time, zooplankton samples
were collected with a bucket in shallow parts (to 2 m)
and 25—50 L of water was filtered through gauze with
a mesh size of 64 um; at other depths samples were
collected using a Juday net with a mesh size of 64 um,
pulling it from the bottom to the surface, and with a
4-L. Molchanov bathometer every 1—5 m. The cam-
eral treatment of zooplankton samples was carried
out according to the standard procedure (Meto-
dika..., 1975); the biomass was calculated taking into
account the size of the organisms (Balushkina and
Vinberg, 1979).

The relationship between the biomass of phyto-
plankton, green algae, and cyanoprokaryotes and some
abiotic and biotic parameters of the lake was deter-
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mined using the Spearman’s rank correlation coeffi-
cient (p < 0.05). The Kholmogorov—Smirnov test was
used to check for normal distribution of the data. The
hierarchical cluster analysis was performed based on the
complete list of algae at each station. Grouping of hab-
itats according to the presence or absence of the species
was made by Ward’s method.

Hydrophisical characteristics of water (tempera-
ture, oxygen content, and conductivity) were mea-
sured with a YSI ProPlus handheld multiparameter
meter with 1—2 m increments. Water transparency was
measured using a Secchi disk.

Sentinel-2 satellite images were obtained from
USGS Earth Explorer website (https://earthexplorer.
usgs.gov/). Atmospheric correction was made for all
selected images using SCP module of Quantum GIS
software. Further, channels 3, 5, 7 (B3: 542.5—577.5 nm,
resolution of 10 m, B5: 697.5—712.5 nm, resolution of
20 m, B7: 773.0—7930 nm, resolution of 20 m) were
used in the combination of 7—5—3. This combination
provides images similar to natural colors, but makes it
possible to clearly distinguish shallow zones from the
coastal area and the color of water appears to vary from
light blue to dark blue. Cyanoprokaryotes are colored
from emerald green to ultramarine depending on the
stage of development.

RESULTS

Abiotic parameters. Water transparency varied
from 0.2 to 4 m; the lowest values were recorded at

No.1 2020
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Table 1. Hydrophysical and hydrochemical parameters of the studied parts in Lake Sevan in July 2018

Station number Depth, m Transparency, m | Temperature, °C |Electrical conductivity, mS/cm 0,, mg/L
I-1 3 To the bottom 21.2 @ 9.13
20.7 767 9.21
I-2 7 _ — _ _
I-3 15 2.8 21.3 767 9.46
19.0 770 7.98
1-4 30 3.8 205 766 10.24
8.1 781 7.93
I-5 80 3.8 21.2 767 9.15
1-6 30 3 21.3 623 9.74
7.9 784 6.25
1-7 15 0.2 223 760 10.51
19.9 774 6.40
-8 7 0.2 - _ _
1-9 2 0.2 — _ _
11-10 2 To the bottom 22.7 732 9.31
19.3 761 9.09
1-11 9 3 23.6 742 10.64
20.2 695 9.13
-12 16 4 20.2 694 9.23
17.9 668 7.34
11-13 30 4 21.0 708 10.88
7.6 523 4.37
11-14 16 4 21.0 702 9.96
13.0 599 6.33
11-15 10 3 20.4 693 10.05
19.9 688 8.63
I1-16 2 To the bottom 20.8 685 11.57
20.4 686 10.19
20 30 0.2 222 708 10.00
7.5 522 4.09
I11-17 2 To the bottom 23.1 719 11.36
22.4 706 10.49
I11-18 9 0.2 22.8 728 9.42
20.6 731 1.58
111-19 15 0.2 225 709 10.55
14.0 615 6.26

The surface layer is above the line and the near-bottom layer is under the line; a hyphen indicates that data are absent.

stations [-7—I-9 in MS and at depth of 9 and 15 m of
the semi-transect III at a deepwater station 20 in BS
(Table 1). Water temperature varied from 20.2 to
23.6°C on the surface and from 7.5 to 22.4°C near the
bottom; the difference between surface and near-
bottom layers increased with increasing depth. Water
conductivity varied from 623 to 766 mS/cm in the
surface horizon and from 522 to 784 mS/cm in the near-
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bottom layer. The maximum concentrations of dis-
solved oxygen were recorded in the surface layer in BS.
The highest difference in the oxygen concentration
was observed between surface and near-bottom hori-
zons at semi-transect 111 in BS (I11-18).

Floristic composition of phytoplankton in the lake.
In July 2018, 80 taxa of the rank below genus belonging
to 17 orders, 55 genera, and 8 divisions were identified

No. 1 2020
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Fig. 2. Depth (a), distribution of the relative richness of phytoplankton (b), and biomass of cyanoprokaryotes (c) at the studied

stations.

in the phytoplankton composition in Lake Sevan.
Green algae (41% of the total number of species), dia-
toms (21%), and cyanoprokaryotes (14%) made the
greatest contribution to the floristic diversity of algae.

The species richness of phytoplankton varied from
11 to 28 species. The largest number of species in a
sample was recorded in the deepwater part of the lake
with depths of 15—30 m, I-4 and II-12 (28 and 27 spe-
cies, respectively (Fig. 2). The relative richness of spe-
cies reduced with decreasing depth (»=0.50, p = 0.04,
n=17). The exception was semitransect 111, where the
reverse trend was seen. It is found that the number of
species in a sample decreased with increasing biomass
of cyanoprokaryotes (r = —0.52, p = 0.03, n = 17).

In a shallow bay of MS, 67 taxa of the rank below
genus belonging to 40 genera, 13 orders, and 7 divi-
sions were detected. The greatest number of taxa
belonged to the division of green algae (43% of their
total number). Fifty-five species of phytoplankton were
recorded in the open part of the shallow bay and 48 spe-
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cies in the part overgrown with macrophytes in MS,
which is considerably higher than in the main area of
MS and BS.

When clustering the floristic composition of phy-
toplankton, three groups of stations were distin-
guished: (1) a shallow bay of MS, (2) BS above the
depths of >2 m, and (3) MS and parts above depths of
<2 m in BS (Fig. 3). The largest number of taxa was
recorded at the first group of stations (67 taxa of the
rank below genus), among which there were 29 taxa of
green algae and 10 taxa of diatoms and cyanoprokary-
otes (each of them). In contrast to other groups of sta-
tions, this group of stations was characterized by a high
diversity of the genus Scenedesmus and the presence of
species of the genus Cosmarium. In addition, the diver-
sity of cyanoprokaryotes was higher at these stations.
Among them, species were detected which did not
occur in the main area of Lake Sevan: Aphanocapsa
delicatissima West & G.S. West, Merismopedia tenuis-
sima Lemmermann, Merismopedia punctata Meyen,

No.1 2020



64 SAKHAROVA et al.

Station

1-8
B

I-1

1-3

-6 ——

m10 ——|
-4

111-17

II-16
I1-12

1-15
O R
11-19
11-18 :'_

II-11

Overgrown part EE—
Open part e —
1 1 1
2 4 6

8 10 12 14 16

Euclidean distance
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Anabaena sp., Planktothrix agardhii (Gomont) Anag-
nostidis & Komarek, and Oscillatoria tenuis C. Agardh
ex Gomont. The second group of stations was charac-
terized by the lowest number of taxa (37 taxa of the
rank below genus); the division of green algae was the
most diverse (18), but the number of diatoms was the
lowest and dinoflagellates were absent. The third
group of stations (61 taxa of the rank below genus) was
also characterized by the highest diversity of green
algae (24) but, at the same time, the maximum diver-
sity of diatoms from the genera Epithemia, Gompho-
nema, Navicula, Nitzschia, and Rhoicosphenia was
found.

Biomass of phytoplankton. The maximum biomass
of phytoplankton was observed at shallow station 1-9
with a depth of 2 m in MS (110.46 mg/L). As the
depth increased at transect I, the biomass of phyto-
plankton decreased (Fig. 4a) and it decreased more
than 70 times at the deepest station I-5 (62 m).

The high biomass of phytoplankton cells was also
observed in a shallow part I-1 (3 m), but it was only
4.5 times higher than at station I-5. In BS, the trend
toward declining the algae biomass recurred (Fig. 4b):
its lowest values were recorded at station II-13 with a
depth of 32 m (1.87 mg/L) and were 3 and 9 times
higher, respectively, at a depth of 2 m (stations 1I-10
and II-16). On the contrary, the biomass increased
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with increasing depth at semitransect I11I (Fig. 4c), but
the mass of phytoplankton cells was insignificantly
higher in respect to the data obtained at transects I and
II (2 times). In general, a negative significant correla-
tion was found between the phytoplankton biomass
and depth in the lake (r = —0.48, p = 0.04, n = 19).

The biomass of phytoplankton in the lake was largely
composed of cyanoprokaryotes (Figs. 4a—4c). Their
biomass decreased with increasing depth, which is indi-
cated by a significant correlation (r = —0.45, p = 0.05,
n =19, Fig. 2). The proportion of cyanoprokaryotes in
the total biomass varied from 30 to 99%, Anabaena
lemmermannii P.G. Richter was an absolutely domi-
nant species, and the proportion of other species was
less than 1% of the biomass. The proportion of green
algae was considerable in the total phytoplankton bio-
mass (0—72%). Large-sized algae QOonephris obesa
(West & G.S. West) Fott (0—72%) were among the
dominant species; other representatives of this divi-
sion constituted no more than 1% in the total bio-
mass. The contribution of other divisions of phyto-
plankton (diatoms, dinophytes, cryptophytes, golden
algae, and euglenids) did not exceed 2% of the total
biomass of algae.

The biomass of algae ((7.21 mg/L) in the open part
of the shallow bay in BS was higher than in the part
overgrown with higher aquatic vegetation (4.97 mg/L)

No. 1 2020
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(1) Cyanoprokaryotes, (2) green algae, and (3) others (diatoms, dinophytes, cryptophytes, golden algae, and euglenids).

(Fig. 5), which is comparable with values of phyto-
plankton biomass at similar depths in the main area.
Dinoflagellates prevailed in the biomass (73—74% of
the total biomass); species of the genus Glenodinium
dominated. Green algae constituted from 17 to 19% of
the total biomass due to the dominance of 7efraédron
minimum (A. Braun) Hansgirg (12—13% of the total
biomass). The proportion of cyanoprokaryotes was
4—5% of the total biomass of algae. Anabaena lemmer-
mannii, dominant in the main area of Lake Sevan, was
absent in the considered part.

The maximum biomass of phytoplankton at deep-
water stations was recorded in the surface water layer;
it was two times higher in BS than in MS (Figs. 6a—6c).
The biomass of algae decreased 3—33 times toward the
near-bottom horizon. The maximum difference in the
phytoplankton biomass was observed in BS between
surface and near-bottom horizons (a decrease of 10—
33 times). The phytoplankton biomass was basically
formed by cyanoprokaryotes and green algae in all
horizons of deepwater parts. Cyanoprokaryotes (50—
94% of the total biomass) dominated in the surface
layer due to Anabaena lemmermannii. Their biomass
decreased and that of green algae increased due to the

mg/L
8 —

6
4|

Open part Overgrown part

W] @2 83 04
Fig. 5. Biomass of phytoplankton in a shallow bay of Malyi
Sevan. (I) Cyanoprokaryotes, (2) dinophytes, (3) green

algae, (4) other (cryptophytes, yellow-green algae, dia-
toms, and euglenids) algae.
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dominance of Qonephris obesa as the depth increased.
The proportion of other divisions (diatoms, dinophytes,
cryptophytes, golden algae, and euglenids) was in total
no more than 6% of the total phytoplankton biomass.

Dependence of phytoplankton distribution in the
lake on abiotic and biotic factors. Water transparency
in MS positively correlated with the biomass of green
algae and negatively correlated with the total biomass
of phytoplankton and cyanoprokaryotes (Table 2).

A significant positive correlation was found
between water temperature and the biomass of
cyanoprokaryotes in MS. The control by plankton
invertebrates was a key factor determining phyto-
plankton development. During the study period, the
biomass of zooplankton was high; it was 18.2 =+
6.1 g/m? in MS and 16.4 = 5.6 g/m? in BS. It was
mainly composed of Cladocera, 80.7 and 78.6%,
respectively. Cyanoprokaryotes correlated with the
biomass of Cladocera differently in two parts of the
lake: positively in MS and negatively in BS. In addi-
tion, the biomass of green algae negatively correlated
with the biomass of Cladocera in MS and the total
biomass of phytoplankton positively correlated with
the biomass of green algae in BS.

DISCUSSION

The development of phytoplankton in the lake in
July 2018 was determined by water bloom caused by
cyanoprokaryotes Anabaena lemmermannii. The mass
development of the species in the lake was first
recorded in 1964—1965, when the water level
decreased by 17 m (Legovich, 1979). Since then, the
species was constantly recorded in the composition of
summer phytoplankton (Ovsepyan et al., 2010). The
distribution of A. lemmermannii in the lake area was
uneven in July 2018: the maximum bloom was
observed in shallow parts (Figs. 4, 7).

It is known that the distribution and quantitative
parameters of phytoplankton depend on the topology
of the water body and its temperature regime (Abaku-
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mov and Izrailsky, 2012). BS is characterized by more
vast littoral zone (Chilingaryan and Mnatsakanyan,
2010; Integral’naya otsenka..., 2011) and higher water
temperatures in the summer season, which is indicated
by the data: it was on average 22.2 + 1.2°C in the sur-
face layer in the littoral zone and 21.7 = 1.2°C in the
pelagic zone of BS, whereas the water temperature in
MS was 21.2 £ 0.1°C and 21.4 £ 0.5°C, respectively.
Cyanoprokaryotes prefer well-warmed waters, as con-
firmed by significantly positive correlations between
the biomass of cyanoprokaryotes and water tempera-
ture obtained in some water bodies (Kozitskaya, 1991;
Korneva et al., 2014). However, our studies demon-
strated that MS was characterized by higher trophic
status in July 2018, although comparatively high
parameters of phytoplankton were recorded earlier in
BS (Legovich, 1979; Ovsepyan and Gambaryan, 2013;
Ovsepyan and Khachikyan, 2016). This is apparently
due to certain features, first to the uneven distribution
of cyanoprokaryotes in the lake area determined by
currents. Thus, the maximum biomass of 4. lemmer-
mannii was recorded in the southwestern part of the
littoral zone of MS, which is characterized by the
highest surface velocity of water current inflowing
through the strait. The main water exchange between
two parts of the lake occurs along the shores of the
strait, and the current velocity here is 1.5—2 times
higher than in its central part (Filatov, 1991). This
apparently determined the similarity of the algae com-
position in MS and shallow zone of BS (Fig. 3), the
communities of which, unlike the deepwater zone of
BS, were characterized by higher species richness,
including green algae and diatoms and mixotrophs,
dinophytes, and euglenids. In addition, the peak of
bloom in the most rapidly warming waters of BS

Table 2. Spearman’s rank correlation coefficients between the phytoplankton biomass (green algae and cyanoprokaryotes)
and some abiotic and biotic parameters in Bolshoi and Malyi Sevan

Malyi Sevan Bolshoi Sevan
Parameter biomass of green algae biomass biomass of green algae biomass
of cyanoprokaryotes of cyanoprokaryotes

Temperature —-0.37 0.89 —0.35 —0.18

(r=0.42,n=06) @®=0.02,n=06) (»=0.33,n=10) (»=0.63,n=10)
Oxygen —0.09 0.54 —0.01 0.33

(»p=0.80,n=06) (»=0.24,n=06) »=0.99,n=10) (»=0.35,n=10)
Electrical conductivity 0.20 —0.77 —0.25 —0.20

(»p=0.66,n=06) »=0.10,n=06) »=0.49,n=10) (»p=0.58, n=10)
Transparency 0.82 —0.89 0.06 0.25

®=0.02,n=28) @=0.01,n=38) (»=0.86,n=10) (»=0.49,n=10)
Biomass of Copepoda —0.33 0.10 0.53 —0.52

»=0.39,n=28) (»=0.84,n=238) (»=0.12, n=10) (» =0.13,n=10)
Biomass of Cladocera —-0.71 0.76 0.04 —0.66

@=0.05,n=238) @=0.04,n=298) @»=0091,n=10) @=0.04,n=10)

Significant correlations (p < 0.05) are in bold, p is the significance level, and » is the number of observations.

CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 13

No. 1 2020



HORIZONTAL AND VERTICAL DISTRIBUTION OF PHYTOPLANKTON 67

July 26, 2018

July 11,2018

Fig. 7. Algal bloom in Lake Sevan in July 2018 according to the data of remote sensing on different dates of surveys.

occurred during the period before sampling and the
active development of cyanoprokaryotes continued in
adeeper MS. During our studies in July 2018, the aver-
age biomass of algae was 18.23 mg/L in MS and
4.05 mg/L in BS; the average biomass of cyanobacte-
ria was 17.04 mg/L in MS and 2.93 mg/L in BS. This is
evidenced by the data of satellite image analysis (Fig. 7).
Thus, in the image obtained on July 1, 2018, we
observe the beginning of Cyanoprokaryota bloom in a
shallow southeastern part of BS (the area of the Mas-
rik River). Later on, it developed, reaching the maxi-
mum by July 11, 2018, when the satellite once again
passed over the area under study. The processes of the
beginning of Cyanoprokaryota dying off are clearly
visible in the southeastern part and in the littoral zone
of the southwestern part of BS; the peak of their bloom
shifts toward the middle and northwestern part of BS.
In MS, the active bloom is notable in the area of Chay-
achiy Island and along the boundary of cyclonic and
anticyclonic currents. By the end of the month (July 26,
2018), we can observe the practically complete
absence of bloom in BS and vast areas of cyanopro-
karyote in MS.

The active development of cyanoprokaryotes nega-
tively affects the species richness of plankton algae

CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 13

(Korneva, 1993). As a rule, littoral parts are distin-
guished by the largest number of algae species
(Sakharova and Korneva, 2018; Pokrovskaya et al.,
1983), which is facilitated by the high changeability of
environmental factors and the nutrient enrichment of
littoral zones (Sakharova and Korneva, 2018). How-
ever, cyanobacteria have a competitive advantage in
the consumption of nutrients and cause light limita-
tion for other phytoplankton species (Paerl and Huis-
man, 2009). There was such a situation in Lake Sevan
in July 2018, when the mass development of cyanopro-
karyotes led to the reduction in the relative richness of
algae, which is evidenced by the negative correlation
between the biomass of cyanoprokaryotes and the
number of species in a sample. In addition, the active
development of cyanoprokaryotes decreases water
transparency (Paerl and Huisman, 2008), which was
observed in Lake Sevan and confirmed by a significant
negative correlation between the biomass of cyanopro-
karyotes and water transparency in MS (Table 2).

Changes in the water level play an important role in
the summer phytoplankton development. Its rise leads
to the appearance of well-warmed vast areas over-
grown with higher aquatic vegetation and an increase
in the concentration of nutrients (Sakharova and Kor-
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Table 3. Average biomass of phytoplankton in the pelagic
zone and average daily air temperature in Lake Sevan in July
in different years

Year Biomass Air temperature,
of phytoplankton, mg/L °C

2013 0.33+0.12 17.0

2014 0.36 £ 0.21 18.0

2016 0.58 £ 0.16 17.5

2017 0.50 £ 0.11 19.2

2018 3.04 £ 2.47 20.7

neva, 2018). A high variability of environmental fac-
tors and active nutrient enrichment of the littoral zone
leads to the high biodiversity of these parts; they are a
source of species richness in the water body as a whole
(Pollock et al., 1998; Hanley and Barnard, 1999;
Naiman et al., 2005). In this regard, the study of
flooded coastal areas in Lake Sevan is of particular
importance. The increase in the water level in Lake
Sevan caused the formation of a vast shallow bay over-
grown with higher aquatic plants, which is character-
ized by slow water exchange with the lake (Airapetyan
et al., 2014). The specific community of plankton
algae was formed in the bay, which is evidenced by
phytoplankton clustering according to the species
composition (Fig. 3) and the peculiarities of the ratio
of the main taxonomic groups in the phytoplankton
biomass. The species and specific richness of phyto-
plankton reached comparatively larger values in a
shallow bay in MS. In addition, dinophyte algae were
recorded in the composition of dominant species
which are capable of mixotrophic feeding and develop
en masse in water bodies with high concentrations of
organic substances (Slddecekova and Sladecek, 1993;
Sakharova and Korneva 2017). The difference in the
biomass between the open area and a part overgrown by
macrophytes may be due to the activity of higher plants,
which have an advantage in consumption of nutrients
(Pokrovskaya et al., 1983). This explains the high buffer
function of overgrown shallow zones, which reduce the
high inputs of nutrients to the water body (Schlosser
and Karr, 1981; Decamps et al., 2004).

Despite the fact that the lake corresponded to
mesotrophic water bodies in respect to values of the
algae biomass averaged for a vegetation period
(Ovsepyan et al., 2010; Ovsepyan and Khachikyan,
2016), the vertical distribution of phytoplankton in
July differed from that in other deep stratified
mesotrophic lakes (Fkosistema ozera Pleshcheevo,
1989; Trifonova, 1990). In view of active water bloom
and low transparency, the maximum biomass of algae
was recorded in the surface layer, which is typical of
eutrophic water bodies (Trifonova, 1990). The role of
large-celled green algae Qonephris obesa increased in
the meta- and hypolimnion.
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As was mentioned above, the phytoplankton bio-
mass in the lake corresponded to values typical of
mesotrophic waters (Kitaev, 2007); however, in July
2018, the phytoplankton biomass substantially
increased in the lake compared to 2013—2017
(Ovsepyan et al., 2010; Ovsepyan and Khachikyan,
2016) (Table 3). This is apparently due to the increase
in water temperature in the lake, which is indirectly
evidenced by the data on average daily air temperature
in July (Table 3).

In addition to the above factors, the top-down con-
trol plays a major role in the phytoplankton develop-
ment, which is indicated by significant negative correla-
tions between Cladocera and the biomass of dominant
phytoplankton divisions (green algae and cyanopro-
karyotes). The positive correlation between Cladocera
and cyanoprokaryotes in MS is probably due to the
higher concentration of the latter in this part of the lake.
When forming large aggregations, they are not available
for consumption by plankton invertebrates.

An increase in the density of fish populations
reported in the lake during the past years led to a
reduction in the abundance and biomass of zooplank-
ton (Gerasimov et al., 2016; Krylov et al., 2016). How-
ever, the total abundance and biomass of plankton
invertebrates increased in 2018 due to Cladocera,
which could also affect the state of phytoplankton.
This is due, first and foremost, to the disappearance of
Daphnia magna Straus, 1820 from the composition of
plankton invertebrates which formed the basis of zoo-
plankton in 2011—-2014 and played a key role in the
structural organization of plankton in Lake Sevan
(Krylov et al., 2016, 2018).

In this regard, the zooplankton grazing pressure
on phytoplankton decreased in 2018, which may be
one of reasons for a sufficient increase in the algal
biomass. The abundance and biomass of smaller spe-
cies, D. longispina O.F. Mueller, 1776 and Diaphano-
soma lacustris Kofinek, 1981, simultaneously increased
with the disappearance of D. Magna: compared to the
period before the appearance of Daphnia magna, the
abundance of the first species increased on average
1.4 times; the biomass increased 1.8 times; and the
abundance and biomass of the second species
increased 36.6 and 38.6 times, respectively. Compared
to the period of the mass development of D. magna
they increased 3.3 and 2.5 times and 6.8 and 9.1 times,
respectively. It is known that species of Cladocera
characterized by smaller sizes are distinguished by the
highest rates of phosphorous excretion (Ferrante,
1976). An increase in the phosphorus excretion in 2018
(0.77 £ 0.18 gP/(m?3day)) to values exceeding the val-
ues during the period before Daphnia magna introduc-
tion to the lake (0.33 £ 0.09 gP/(m?3day)), and during
its mass development (0.13 & 0.03 gP/(m? day)) due to
D. longispina and Diaphanosoma lacustris also could
promote an increase in the phytoplankton biomass in
July 2018. Cyanoprokaryota bloom in water bodies
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under the increasing phosphorus load, including excre-
tion by zooplankton, has been described in some works
(Vollenweider, 1971; Sirenko and Gavrilenko, 1978).

CONCLUSIONS

The phytoplankton biomass in Lake Sevan in July
2018 corresponded to values typical of mesotrophic
waters. The development of cyanoprokaryotes in Lake
Sevan had horizontal and vertical heterogeneity and
depended on depth, distribution of currents, tempera-
ture, and biomass of Cladocera. The relative richness
of phytoplankton and water transparency decreased in
parts affected by water bloom.

The following factors contributed to an increase
in the average phytoplankton biomass when com-
pared to 2013—2017: (1) increase in the water tem-
perature, (2) weakening of zooplankton grazing pres-
sure due to the disappearance of Daphnia magna, and
(3) an increase in the phosphorus load due to the
increasing contribution of D. longispina and Diapha-
nosoma lacustris to the zooplankton biomass.
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