Nature Conservation Research. 3anoeeonasn nayxa 2025. 10(4): 13-30

https://dx.doi.org/10.24189/ncr.2025.020

PHYTOPLANKTON AS AN INDICATOR OF LONG-TERM CHANGES IN THE
AQUATIC ECOSYSTEM OF SEVAN NATIONAL PARK, ARMENIA, 2015-2019

Lusine Hambaryan'*', Lilit Stepanyan'
Armine Mamyan''", Levon Azizyan®

, Termine Khachikyan'
, Gayane Shahnazaryan®

9
, Sophia Barinova*"

IScientific Center of Zoology and Hydroecology, NAS RA, Armenia
2Yerevan State University, Armenia
3SHydrometeorology and Monitoring Center, Ministry of Environment, Armenia
*University of Haifa, Israel
*e-mail: sophia@evo.haifa.ac.il

Received: 15.06.2025. Revised: 19.06.2025. Accepted: 13.09.2025.

Lake Sevan is the second largest high-mountain lake in the Caucasus, with economic, historical and cul-
tural significance. During the study period of 2015-2019, a total of 209 species of algae and cyanobac-
teria from eight taxonomic divisions were identified in the phytoplankton of Lake Sevan. Among them,
diatoms increased their presence during the study period. The abundance and biomass values increased
during the study period, while bloom outbreaks occurred with greater frequency. The Dolichospermum
cyanobacterial species causing bloom in the summer, releasing toxins, were noted as posing a threat to
the rational use of Lake Sevan. The species number in Big Sevan was generally lower than in Small Se-
van. The simultaneous decrease in species richness during the study period from 2015 to 2019 from 53 to
40 species, the Shannon Index from 0.61 to 0.06 and the Saprobic Index from 2.00 to 1.73 reveals a ten-
dency towards restructuring of the ecosystem of Lake Sevan towards simplification. In combination with
an increase in quantitative indicators of phytoplankton and the number of species of eutrophic state in-
dicators, these dynamics show an increase in the imbalance of the ecosystem. Redundance Discriminant
analysis indicates an increase in water pH and copper concentration as negative factors, and an increase
in the total ionic composition and temperature as factors stimulating the development of phytoplank-
ton. Statistical maps revealed points on the coast of Lake Sevan responsible for factors influencing its
ecosystem according to various variables, including copper influx. The analysis also revealed sufficient
capacity of the ecosystem of Lake Sevan for self-purification during the study period. For the first time,
99 species of diatoms and cyanobacteria with [IUCN categories were identified for Lake Sevan, seven of
which are considered threatened. The number of threatened species of categories CR and EN decreased
between 2015 and 2019, indicating adverse impacts on sensitive ecosystem species. An assessment of the
changes occurring in Lake Sevan indicates the need to continue hydroecological monitoring in combina-
tion with bioindication and statistical methods and an inventory of all factors affecting the stability of
the ecosystem of the high-mountain Lake Sevan.
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cal mapping

Introduction

The ecological state and the patterns of func-
tioning of aquatic ecosystems are interrelated as-
pects for assessing the degree of eutrophication
of lakes. Identifying the causes of degradation of
lake ecosystems due to eutrophication is one of
the main areas of modern limnology for the man-
agement and restoration of water resources. Of
great importance for Armenia is Lake Sevan, the
second largest high-mountain landscape-forming
lake in the Caucasus, with economic, historical
and cultural significance (1900 m a.s.l.), which is
simultaneously a strategic reserve of fresh water
for the region, a resource for hydropower and ir-
rigation, an object of cultural heritage, tourism
and recreation, a source of fish products (Hov-
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hanissian, 1994; Hovhanissian & Gabrielyan,
2000; Chilingaryan & Mnatsakanyan, 2010; Ma-
tishov et al., 2016).

Sevan National Park (IUCN Category II, Na-
tional Park) was founded in 1978 with the focus
on protection of freshwater reserves of the lake,
fish stocks, natural and historical-architectural
complexes, recreation and tourism activities
(Khanjyan, 2004). The total area of Sevan Na-
tional Park is 1501 km?, of which 85% is the sur-
face of Lake Sevan.

During the history of Lake Sevan, its eco-
system has undergone changes. In recent years,
noticeable eutrophication of Lake Sevan has
been noted in a fairly rapid time frame, as it was
caused by ecological and economic multifactorial
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influences. The anthropogenic factors primarily
include fluctuations in water levels associated
with the operation of the hydroelectric complex
on the River Hrazdan flowing out of Lake Se-
van, which led to a sharp decrease in the level,
and then to its increase (Khanjyan, 2004). The
constructed water transfer channel to raise the
water level has been operating since 1981, flow-
ing into the bay of the eastern part of Lake Se-
van. Climate change, pollution of the catchment
area, an increase in external load and changing
morphometry and hydrology of Lake Sevan are
also factors of influence leading to a reduction in
biodiversity, and a restructuring of the dynamics
of internal processes of the ecosystem of Lake
Sevan (Khanjyan, 2004; Gevorgyan et al., 2016;
Gabrielyan et al., 2022). The Russian-Armenian
expedition of 2005-2010 studied a new stage of
the rise in the level of Lake Sevan after 2002.
The generalised results of the research were pub-
lished by Krylov (2010). The next stage of the
research covered the period from 2010 to 2014,
where an analysis was carried out in the reorgan-
isation of phytoplankton, zooplankton, fish and
macrophyte communities in the newly formed
biotopes of the flooded coastal zone (Hayra-
petyan et al., 2014; Krylov, 2016).

Previous studies of Lake Sevan, conducted
within the framework of Russian-Armenian co-
operation, have revealed the need for continuous
monitoring of water quality and the state of the
environment in coastal zones with the ongoing
regime of water level fluctuations. It can be defi-
nitely said that the ongoing changes in the littoral
zone are accompanied by various manifestations of
the lake eutrophication processes. In 2009-2014,
with an increase in the water level and a decrease
in the density of the fish population, the effect of
«pseudo-oligotrophisation» or bentification was
observed (Barinova et al., 2017), which was ac-
companied by an increase in transparency, a de-
crease in the quantitative characteristics of phy-
toplankton, including cyanobacteria, against the
background of significant development of a new
species of crustaceans for Lake Sevan — Daphnia
magna Straus, 1820. However, an increase in the
number of fish, including planktophages, was sub-
sequently noted, which set the task of assessing the
ecological state of the littoral zone of the reservoir
using phytoplankton (Krylov, 2016; Krylov et al.,
2021; Hayrapetyan et al., 2022).

While the ecosystem of Lake Sevan remains
dynamic, data on the species composition of phy-
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toplankton are scattered (Danielyan et al., 2011;
Sakharova et al., 2020; Krylov et al., 2021; Hayr-
apetyan et al., 2022; Fayvush et al., 2023). Bio-
indication methods have not been used, although
mapping of some environmental parameters and
quantitative phytoplankton data has been previ-
ously carried out (Asatryan et al., 2022a,b; Arou-
tiounian et al., 2023; Khosrovyan et al., 2023;
Ginzburg et al., 2024). Even though Lake Sevan
is a Protected Area of the IUCN, there are still
no significant studies on the species composition
and threatened species of algae in its ecosystem
(Khanjyan, 2004), as the Red Data Book of algae
of Armenia has not been compiled yet.

The aim of this study is to identify the spe-
cies composition and development dynamics of
phytoplankton in Lake Sevan during the period
from 2015 to 2019 using bioindication, statisti-
cal methods and ecological mapping, which will
serve as a basis for a comprehensive assessment
of the ecological state and determination of the
vulnerability of Lake Sevan to eutrophication,
and will also allow identifying threatened and
rare algal species as one of the important steps
in assessing the effectiveness of the IUCN Pro-
tected Area.

Material and Methods
Description of study site
Lake Sevan consists of two unequal parts:
Small Sevan (SS), where the maximum depth is
more than 80 m and Big Sevan (BS) 36 m. The
water volume in Lake Sevan in October 2018 was
38.189 km?®, the surface area is about 1278.61
km? (Fig. 1) (Asatryan et al., 2022a). The effect
of algae bloom on the surface layer of Lake Se-
van is observed periodically (Fig. 2).

Sampling procedure and processing of
chemical samples and phytoplankton

The object of this study was the phytoplank-
ton of the littoral part of Lake Sevan (Small Se-
van (SS) and Big Sevan (BS)). Chemical and
phytoplankton sampling points were chosen ran-
domly. Hydrochemical data were provided by the
laboratory of the State Non-Commercial Organ-
isation «Center for Hydrometeorology and Moni-
toring» (Yerevan, Armenia). Chemical protocols
were used for data analysis: Nitrate (NOs) was
measured by ion chromatography (Metrohm Pro-
fessional IC Vario) following ISO 10304-1:2015.
Quantification was based on peak area/height
comparison with standard solutions. Nitrite
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(NO2") was determined spectrophotometrically
(Analytikjena Specord 210 PLUS) via reaction
with sulfanilic acid and 1-naphthylamine, form-
ing ared-violet diazo compound (ISO6777:1984).
The method range was 0.005-0.350 mg N/L
(£ 2% accuracy; detection limit: 0.004 mg N/L).
Ammonium (NH4") was analysed spectrophoto-
metrically (Analytikjena Specord 210 PLUS) us-
ing Nessler’s reagent, yielding a yellow-brown
complex following ISO 7150-1:1984 (range:
0.005-2 mg/L; + 2% accuracy). Phosphate
(PO+*") was measured spectrophotometrically
(Analytikjena Specord 210 PLUS) by phospho-
molybdate complex formation in acidic medium
following ISO 6878:2004 (range: 0.005-2 mg/L;
+ 2% accuracy). Biochemical Oxygen Demand
(BODs) was determined by dilution and incu-
bation at 20°C for 5 days following ISO 5815-
1:2019 (range: 1-6000 mg O2/L). Chemical Oxy-
gen Demand (COD) was analysed via dichromate
oxidation (Cr.0-*") with sulfuric acid and Ag>SOa
catalyst following ISO 6060:1989. Excess dichro-
mate was titrated with Mohr’s salt (range: 5-700
mg O2/L). Heavy Metals (e.g. Fe, Mn, Ni, Cu,
As, Mo, Al) were quantified by ICP-MS (Perki-
nElmer ELAN9000) following ISO 17294-1:2004.
Samples were argon-nebulised, ionised in plasma,

r"’

and analysed via quadrupole mass separation.
Calibration used matrix-matched standards with
indium (In) as an internal reference. The amount
of anatoxin-a in 0.5 mL of water was 0.147 pg L'
(test protocol N1827, product code 1/1720; dated
08.06.2019). Quantitative analysis of anatoxin-A
was done in the STANDART DIALOG LLC RA
testing laboratory.

BS

Lake Sevan

Fig. 1. lSampling points on Sevan Lake, Armenia. Designa-
tions of parts: BS — Big Sevan, SS — Small Sevan.

Fig. 2. The shore of Lake Sevan (Armema) during the per10d of starting algae bloom (a) and during the actlve bloom perlod (b)
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During the study period, more than 570 phy-
toplankton samples were collected and analysed
in 2015-2019, taken from the surface on the 22
sampling stations (Table SI, Fig. 1). Samples
were collected in the coastal zone of Lake Sevan
from the so-called littoral zone (0—10 m deep) at
a depth of 0.5 m. Phytoplankton samples were
collected by season: spring, summer, autumn.
Average annual values of the abundance and bio-
mass of phytoplankton in Lake Sevan were cal-
culated from the data per year.

Collection, preservation and processing of
algae were carried out according to the standard
method (Abakumov, 1983, 1992; Kitaev, 2007).
A one-liter water sample taken from each site was
preserved in 4% neutral formaldehyde solution and
stored in a dark place for 10—12 days. Then, the
samples were concentrated by the sedimentation
method by gradually decreasing the volume from
1000 mL to 100 and then to 10 mL. The identifi-
cation of phytoplankton species was performed by
using the key determinants (Tsarenko, 1990; Stre-
ble & Krauter, 2001; Linne von Berg et al., 2012).
Currently accepted species names are according
Hambaryan & Shahazizyan (2014), but the system
of higher taxa at the level of division was used by
us at the 2020 level, since it was more suitable for
interpreting the dynamics of species composition
because this more recent system combines the dia-
toms, chrysophytes and xanthophyte algae to one
phyla, Heterokontophyta (Hambaryan & Shahazi-
zyan, 2014; Guiry & Guiry, 2021). The qualitative
and quantitative parameters of various groups of
phytoplankton were derived under a microscope in
the Nageotte counting chamber (0.1 mL) (Devlin et
al., 2014). The index diversity of Shannon-Wiener
(Shannon & Weaver, 1949) of phytoplankton com-
munity was calculated with the Biodiversity Pro
2.0 programme (McAleece et al., 1997). Calcula-
tion of similarity and the network graphs was done
as the network analyses in JASP (Jeffreys’s Amaz-
ing Statistics Programme) on the bootnet package
in R (Love et al., 2019). Pearson correlation co-
efficients were determined in Wessa.net program
(Wessa, 2017). Saprobity index of algae commu-
nity was calculated on the base of species-specific
index saprobity and cell abundance of each indica-
tor species (Barinova, 2017). Bioindicator analysis
was performed according to Barinova (2025), with
species-specific ecological preferences of revealed
indicator taxa (Barinova, 2025).

Statistical maps were created in the Statistica
12.0 programme based on the Garmin Montana
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680t GPS device co-ordinates of sampling points for
each biological and chemical variable. Redundance
Discriminant analysis (RDA) was carried out with
CANOCO programme for calculation of biological
dominated variables and environment variables re-
lationships (Ter Braak & Smilauer, 2002). Rare and
endangered species are marked based on data on the
distribution of well-studied diatoms in Central Eu-
rope (Hofmann et al., 2018) and cyanobacteria in
Bulgaria (Stoyneva-Gértner et al., 2016) in compar-
ison with the International Union for Conservation
of Nature (IUCN) criteria (IUCN, 2012).

Results

Taxonomic content of phytoplankton

Altogether 209 species were revealed in phy-
toplankton during the study period 2015-2019
(Table S2) from eight taxonomic divisions. Most
of the species (178) belong to three divisions,
namely Bacillariophyta, Chlorophyta and Cya-
nobacteria, that is over the standard deviation
(33). Small Sevan had with 161 species a larger
diversity compared to Big Sevan with 144 spe-
cies (Fig. 3a). The species richness of diatoms
was dominant in both parts of Lake Sevan at the
class, family and genera level. In phytoplankton,
species of the genera Nitzschia and Navicula had
a higher diversity in Big Sevan, while in Small
Sevan they were joined by species of the genus
QOocystis from green algae. Fig. 3b shows the
role of each division of the parts of Lake Sevan.
Chrysophyte species were presented in the Small
Sevan only, the dinophyte species was also suf-
ficiently greater in this part of Lake Sevan.

Chemical data

Surface water samples showed, according to
chemical analysis, that the water in Lake Sevan
is slightly alkaline, sufficiently saturated with
oxygen at all stations, and has low TSS and fairly
low indicators of chemical and biological oxygen
consumption (Table S3). The concentration of
production elements (nitrogen and phosphorus),
which were almost exhausted by autotrophs, is
noteworthy. The saturation with mineral salts
was also low, characterising the water as fresh.
Copper ions, as one of the strongest pollutants
affecting photosynthetics, were in minimal quan-
tities or absent. The influence of Cu causes an
ecotoxicological reaction and oxidative stress, a
bioaccumulative effect in algae, but such small
concentrations can slightly stimulate its growth
(Nawaz et al., 2024, 2025; Zeng et al., 2025).
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Fig. 3. Distribution of the number (a) and proportion (b) of algae and cyanobacteria species in the phytoplankton of Big Sevan
and Small Sevan in 2015-2019 by taxonomic divisions on the base of Table S2.

Abundance and biomass of phytoplankton

Data on the distribution of phytoplankton
species richness, its abundance and biomass by
taxonomic divisions over the years of research
are presented in Table S4. On the long term, a
dominance of diatoms was observed in quantita-
tive (abundance, biomass) and qualitative indica-
tors, an increase in the proportion and diversity
of cyanobacteria in Lake Sevan phytoplankton
indicators (Table S4, Table S5). Representatives
of the Charophyta and Dinophyta groups were
rare in the studied period of 2015-2019, and had
an average quantitative development, but they
expanded the diversity of algae indicators.

The maximum values were recorded in 2019
with 4.32 min. cells L' (SS — Shorzha, Gavaraget,
Hayravank, D model) and 2.5 min. cells L' (BS —
Artanish, Tsapatagh, Noradus), and the minimum
values were in 2015 with 0.24 min. cells L' in SS
(Hayravank, Norashen, D model) and 0.14 min.
cells L' in BS (Artanish, Tsapatagh, Gilli). In gen-
eral, the average quantitative indicators of littoral
phytoplankton in Small Sevan prevailed over those
in Big Sevan, except for 2018, when an intense cya-
nobacterial bloom began in Lake Sevan, disrupting
the course of seasonal phytoplankton succession.

Diatoms are the most diverse group of the
phytoplankton community of Lake Sevan but the
average annual value of which in the study pe-
riod were quite low in terms of abundance and
biomass (Table S5). Most abundant were Aula-
coseira granulata (Ehrenberg) Simonsen, Steph-
anodiscus hantzschii Grunow, Pantocsekiella
kuetzingiana (Thwaites) K. T.Kiss & E.Acs, and
Fragilaria capucina Desmazicéres.

During the study period, an increase in average
annual values of Chlorophyta algae was observed in

Small Sevan. The dominant complex contained Bi-
nuclearia lauterbornii (Schmidle) Proshkina-Lav-
renko (dominant species), Qocystis lacustris Chodat,
Botryococcus braunii Kiitzing, Mucidosphaerium
pulchellum (H.C.Wood) C.Bock, Proschold & Krien-
itz, Sphaerocystis schroeterii Chodat. Blooms of the
species Binuclearia lauterbornii (B-mesosaprobic
species) were periodically observed in both parts of
Lake Sevan; the maximum value was in spring 2019,
in SS (D model) (4-12 min. cells L' and 2-6 mg
L"), containing 98% of phytoplankton abundance
and 87% of the total biomass.

Cyanobacteria were found in all seasons and
at all observation points, but their average values
were not very high, except for the blooming pe-
riods since 2018 in Big Sevan and Small Sevan.
The main species were Anathece clathrata (West
& G.S.West) Komarek, Kastovsky & Jezberova,
A. stagnina (Sprengel) A.Braun, Microcystis aeru-
ginosa (Kiitzing) Kiitzing, Pseudanabaena limnet-
ica (Lemmermann) Komarek, and Dolichosper-
mum flos-aquae (Bornet & Flahault) P.Wacklin,
L.Hoffmann & Komarek. A special role in phyto-
plankton was played by species of the genus Doli-
chospermum, which, starting in 2016, were peri-
odically found, and from June to July 2018 their
average abundance and biomass were up to 16 mln.
cells L' and 66 mg L', causing toxic algal blooms.
In the summer of 2019, where the detected species
Dolichospermum flos-aquae, D. lemmermanii, and
D. spiroides amounted to 217 min. cells L' and
1302 mg L', in terms of abundance and biomass,
and the amount of anatoxin A in 0.5 mL of water
was 0.147 mkg L (test protocol N1827, product
code 1/1720; dated on 06.08.2019). The cyanobac-
terial species of the genus Dolichospermum / Ana-
baenausually dominate in summer, and the analysis
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of the water samples for the presence of anatoxin-a
and microcystin carried out in 2019 showed a posi-
tive result (Hambaryan et al., 2020a,b).

Species of Euglenophyta were found both in
SS and BS, during the study period having low
quantitative development. The abundant were Tra-
chelomonas volvocina (Ehrenberg) Ehrenberg, T.
hispida (Perty) F.Stein and 7. armata (Ehrenberg)
F.Stein. A feature of phytoplankton development in
SS in spring 2017 was the mass development of
the Euglenophyta group, which made up 36% and
60% of the total community abundance.

The Xanthophyta group of species was weakly
developed. The most favourable conditions were
for the development of Tribonema monocloron
Pascher & Geitler and T. vulgare Pascher.

Bioindicators

Changes in water quality affect the structure
and composition of phytoplankton. Indicator spe-
cies thus help identifying changes in environmental
parameters in a long-term series of phytoplankton
composition and abundance. A total of nine water
parameters could be assessed based on the com-
position of indicator species of algae and cyano-
bacteria in Lake Sevan (Table S2, Table S6). Fig.
4a shows that species preferring to vegetate both
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in the water column and in the bottom community
predominate. Indicators of temperature conditions
(Fig. 4b) were represented mainly by habitat spe-
cies with moderate water temperatures and moder-
ate oxygen saturation (Fig. 4c). The water of Lake
Sevan was also fresh, with a small number of halo-
philes in both parts of the water area.

Indicator species show that there is no acidifi-
cation in either part of Lake Sevan, and the water
was slightly alkaline (Fig. 5a). Organic pollution
by diatom indicator algae was not high, and in
Small Sevan pure water species reached more
than 50% of the abundance in all years, and in Big
Sevan in 2016 and 2017 they were less than 30%
in communities (Fig. 5b). An assessment of the
type of nutrition of the species that make up the
community indicates the intensity of the photo-
synthetic process. Fig. 5d shows that in all years
of the study period, up to 90% of the species were
autotrophs (ats and ate), and in Big Sevan there
were also a small number of species with mixo-
trophic nutrition in the period 2016-2018. An im-
portant part of the analysis is the dynamics of the
assessment of the trophic status of the reservoir
by the composition of indicator species, espe-
cially in conditions where phosphates are almost
depleted by phytoplankton communities (Fig. 6).
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Fig. 4. Distribution of algae and cyanobacteria species indicators number in the phytoplankton of Lake Sevan in 2015-2019
by ecological groups of habitat, temperature, oxygen, and salinity on the base of Table S2, Table S6. Designations: Habitats: P
— planktonic, P-B — plankto-benthic, B — benthic, Ep — epiphytes; temperature preferences: cool — cool-water, temp — temper-
ate, eterm — eurythermic, warm — warm-water; oxygenation and water moving: aer — aerophiles, str — streaming water, st-str —
low streaming water, st — standing; H,S — sulfides; salinity ecological groups: hb — oligohalobes-halophobes, i — oligohalobes-

indifferent, hl — halophiles; mh — mesohalobes; eh — euhalobes.
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Fig. 5. Distribution of algae and cyanobacteria species indicators number in the phytoplankton of Lake Sevan in 2015-2019
by ecological groups of pH, Watanabe organic pollution, type nutrition as autotrophy or heterotrophy, and trophic state on the
base of Table S2, Table S6. Designations: pH preferences groups: alb — alkalibiontes; alf — alkaliphiles, ind — indifferent; acf
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mesotraphentic; m — mesotraphentic; me — mesoeutraphentic; ¢ — eutraphentic; o-e — oligo to hypereutraphentic.
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Fig. 6. Distribution of algae and cyanobacteria species indicators number in the phytoplankton of Lake Sevan in 2015-2019
by ecological groups of water quality classes on the base of Index S of phytoplankton community, species-specific index
saprobity given in Table S2, Table S6.

The saprobity index, calculated based on toplankton, as well as community complexity
the number of indicator species with a species- according to Shannon indices and organic mat-
specific index (Table S6), turned out to be fairly ter saturation according to saprobity indices was
consistent at all 22 stations. It ranges from 1.73  carried out for both parts of Lake Sevan during
in Small Sevan in 2019 to 2.05 in Small Sevan in  2015-2019. Table S4 shows that the species rich-
2017, remaining within the 3™ water quality class ness of phytoplankton varied in Big Sevan from

at all stations studied (Table S4). 75 species in 2016 to 40 in 2019. Small Sevan had
a higher overall species richness, ranging from
Comparative analysis 92 in 2016 to 40 in 2019. However, the diver-

A comparative analysis of the dynamics of sity spikes in both parts of Lake Sevan coincided
species richness, abundance and biomass of phy-  with the maximum in 2016 and the minimum in

19



Nature Conservation Research. 3anoeeonasn nayxa 2025. 10(4): 13-30

https://dx.doi.org/10.24189/ncr.2025.020

2019. A comparison of the dynamics of phyto-
plankton structure according to Shannon indices
(Table S4) showed that the structure changes
over time in both parts of Lake Sevan with virtu-
ally no fluctuations, indicating a tendency toward
community simplification and destruction of in-
ternal connections. The saprobity indices varied
slightly within class 3 (Table S4), which indicates
a period of relative stability of the ecosystem of
Lake Sevan during the study period.

The statistical approach in the analysis of the
data obtained showed that the similarity of the
species composition of Lake Sevan per year and
its parts represents a tree with a division into two
clusters at a similarity level of 50% (Fig. 7). The
first, more connected cluster unites the communi-
ties of Small Sevan, but also includes the phyto-
plankton of 2015 Big Sevan, which singles out
this community for the next stage of analysis.

The analysis of data by groups of indicators,
total abundance, biomass and indices of sapro-
bity S of the phytoplankton of Lake Sevan in
2015-2019 on the basis of Table S4, Table S5 is
shown in Fig. 8. Three clusters are visible, sepa-
rating the biological data of Small Sevan and Big
Sevan in 2015 (cluster 1), as well as the data of
2019 (cluster 3) from the rest of the data (cluster
2). Here, the similarity per year of observation is
evident in the broader data, when separate clus-
ters include data from the beginning of the study
period in 2015 and its end in 2019.

JASP Network analysis of algae and cya-
nobacteria species content in the phytoplankton
communities of Lake Sevan in 2015-2019 (Table
S2) showed two types of communities in Small
Sevan in 2015-2016 and 2017-2018, separating
from all communities in Big Sevan except 2019
(Fig. 9). This indicates a period of restructuring
of phytoplankton communities in Small Sevan
between 2016 and 2017.

The same type of analysis carried out on the
summary data of Table S4 and Table S5 showed
that the communities of Small Sevan in 2017 and
2018 (cluster 1) are close, but they are signifi-
cantly separated from the communities of Small
Sevan in 2015-2016 and Big Sevan in 2015 (clus-
ter 2) (Fig. 10). The communities of cluster 3 in-
clude mainly Big Sevan for the entire study pe-
riod and one from Small Sevan for 2019. Here, a
significant grouping of biological data by the two
parts of Lake Sevan is visible, and the Big Se-
van community of 2015 is combined with that of
Small Sevan, showing an initially similar state of
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the entire lake. At the same time, the Small Sevan
community in 2019 is included in the Big Sevan
cluster, showing the direction of changes in the
Small Sevan ecosystem towards similarity with
the Big Sevan communities in the time series.

Bray-Curtis Cluster Analysis (Single Link)
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2015-BS
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Fig. 7. Similarity tree of algae and cyanobacteria species
contents in the phytoplankton of Lake Sevan in 2015-2019

on the base of Table S2.
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Fig. 8. Similarity tree of algae and cyanobacteria groups of
indicators, total abundance, biomass and indices of saprobity
S of the phytoplankton of Lake Sevan in 2015-2019 on the

base of Table S4, Table S5.
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1
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, © Small Sevan
1

Fig. 9. JASP Network plot (similarity > 0.5) of comparison
of algae and cyanobacteria species content in the phytoplank-
ton communities of Lake Sevan in 2015-2019 on the base
of Table S2. The thickness of the lines is proportional to the
strength of the connection, indicated by the numbers. Blue
lines — positive correlation, red lines — negative correlation.
Clusters marked as 1, 2 and 3.
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© Large Sevan
© Small Sevan

Fig. 10. JASP Network plot (similarity > 0.5) of compari-
son of algae and cyanobacteria species number, abundance,
biomass in taxonomic divisions, and indices saprobity S in
the phytoplankton communities of Lake Sevan in 2015-2019
on the base of Table S4, Table S5. The thickness of the lines
is proportional to the strength of the connection, indicated
by the numbers. Blue lines — positive correlation, red lines —
negative correlation. Clusters marked as 1, 2 and 3.

Species-environmental relationships

An analysis of the relationship between the
main biological indicators and water quality data
was carried out in the CANOCO programme
based on Table S3 and Table S4. RDA shows a
complex multifaceted impact of water indica-
tors on phytoplankton communities in Lake Se-
van. Fig. 11 shows the grouping of pH and BOD,
(cluster 1), which have a negative impact on the
number of diatoms. Cluster 2 includes only cop-
per, which does not prevent the development of
green algae. Indeed, the influence of Cu causes
an ecotoxicological reaction and oxidative stress,
a bioaccumulative effect in algae, but in small
doses it can stimulate growth and development
(Nawaz et al., 2024, 2025; Zeng et al., 2025).
Cluster 3 also consists of one indicator, water
TSS, which has a negative impact on the total
abundance of phytoplankton. The total amount
of dissolved ions is grouped with the amount of
chemically consumed oxygen, but this pair has
not been significantly linked to biological indica-
tors, except for a slight stimulation of the num-
ber of diatoms. The diversity and weakness of the
impact of chemical properties of water indicate
the importance of analysing the biological com-
ponents of the ecosystem in Lake Sevan.

Floristic comparison
Lake Sevan is one of the largest lakes in Eur-
asia. In order to assess its place among other lakes
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with similar environmental parameters, where
microalgae floras have been studied, we selected
seven more lakes for comparison, located in the
Tien Shan and Pamir Mountains (Mambetalieva,
1963a,b; Kulumbaeva, 1982; Barinova & Niyat-
bekov, 2018, 2019). The main environmental and
morphometric parameters are shown in Table S7.
It is evident that the data of Lake Sevan are in
the series of the selected lakes. The taxonomic
indices of microalgae floras are shown in Table
S8. The species richness of Lake Sevan, as in
other compared floras, is noticeably enriched
with diatoms. However, it should be noted that
only diatoms were found in Pamir Lake Rang-
kul. Comparison of the taxonomic composition
of the floras of eight lakes (Fig. 12) revealed a
high individuality of the Pamir microalgae (clus-
ter 1) and a significant similarity between the
floras of Lake Sevan and Lake Issyk Kul (cluster
2). These lakes are high-mountain: Issyk-Kul —
1607 m a.s.l., Sevan — 1900 m a.s.l., both have a
similar structure of the drainage basin, more than
30 rivers flow into Lake Sevan, 1 flows out, more
than 80 rivers flow into Lake Issyk-Kul, but there
i1s no source, which speaks in general about the
resemblance of the hydrology of the lakes, they
have a slow water turnover. Also in common is
that in the summer the process of water evapo-
ration is active, and there is a densely formed
coastal zone for recreation. In general, the com-
monality can be in a certain isolation of these
ecosystems by mountainous relief. In the past, an
endemic species of trouts, Salmo ischchan Kes-
sler, 1877, was introduced from Lake Sevan to
Lake Issyk-Kul (the decision was academically
and scientifically justified, just as whitefish was
transported from Ladoga for acclimatisation), in
regard the similar water parameters and tempera-
ture conditions for the development of this spe-
cies. Similar morphometric parameters of both
lakes may also be the reason for the formation of
a similar species stock of phytoplankton with a
predominance of diatoms.

Statistical mapping

Based on the available data on the chemical
composition of water, biodiversity and quantita-
tive indicators of phytoplankton, statistical maps
were constructed showing the distribution of
each of the mapped indicators over the surface of
Lake Sevan. The points on the maps in Fig. 13,
Fig. 14, and Fig. 15 correspond to the co-ordi-
nates of the sampling stations in Table S1. The
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maps of the phytoplankton abundance distribu-
tion are shown in Fig. 13. The total abundance
is the highest in the southeastern part of Small
Sevan and the «throat» between the two parts
of Lake Sevan (Fig. 13a) and is similar to the
distribution of diatoms (Fig. 13b). Green algae
are most developed in the coastal parts of Lake
Sevan (Fig. 13c), and cyanobacteria actively de-
velop in Big Sevan, especially prevailing in its
northwestern part (Fig. 13d). Here, Euglenophyta
were found more abundantly in the strait between
the two parts of Lake Sevan (Fig. 13¢), and Xan-
thophyta were confined to the southwestern part
of Lake Sevan (Fig. 13f)

The distribution maps of phytoplankton bio-
mass (Fig. 14) were very similar to the distribu-
tion of abundance (Fig. 13). Thus, the total bio-
mass and the biomass of diatoms were confined
to the strait between the two parts of Lake Sevan
(Fig. 14a, b). The development of green algae
was also observed in this area, but their biomass
in communities was distributed in spots (Fig.
14c). The average biomass of cyanobacteria (Fig.
14d) had three spots close to the coast of Small
Sevan and Big Sevan, as well as the biomass of
Xanthophyta (Fig. 14f), and euglenophytes cre-
ated a dense spot of biomass around the strait
between the two parts of Lake Sevan (Fig. 14e).

Distributions of the main taxonomic groups
of phytoplankton by abundance and biomass in
Fig. 13 and Fig. 14 were compared with the dis-
tribution of the main chemical parameters in Fig.
15. It is evident that the hydrochemical elements
have an uneven distribution, forming spots on
the surface of Lake Sevan. Thus, pH, oxygen and
BOD form three spots with the highest values in
the northwestern corner of Small Sevan, in the
northern part of Big Sevan and the strait, as well
as around the centre and south of Big Sevan (Fig.
15a,b,c). Exactly the opposite distribution was
observed for TDS and nitrates (Fig. 15d,e). The
presence of copper in the water of Lake Sevan
revealed two areas of pollution by this element
toxic to phytoplankton: the southeastern parts of
Small Sevan and Big Sevan (Fig. 15f). Thus, on
the maps, the strait between the two parts of Lake
Sevan is shown as a critical place where the bulk
of plant phytoplankton is formed. Factors of in-
creasing pH and oxygen values are stimulating,
and decreasing TDS and nitrate removal are de-
pressing, as well as the presence of toxic copper
in the water of individual parts of Lake Sevan,
the spread of which can be associated with the
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influx of water from the mouths of rivers. How-
ever, no significant influence of water from the
transfer channel in the eastern part of Lake Sevan
was recorded. Although a noticeable change in
both environmental and phytoplankton indicators
was noted at the source of the River Hrazdan.
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Fig. 11. RDA plot for chemical (Table S3) and biological
variables (abundance and biomass in taxonomic divisions)
(Table S4) relationships in Lake Sevan in 2015-2019. Clus-
ters outlined by coloured dashed lines and numbered as 1-4.

— -

Fig. 12. JASP Network plot (similarity > 0.5) of comparison
of algae and cyanobacteria species number in the lakes of
Pamir, Issyk-Kul and Sevan (Table S8). The lines thickness
is proportional to the strength of the connection, indicated
by the numbers. Blue lines — positive correlation, red lines —
negative correlation. Clusters marked as 1 and 2.
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Fig. 13. Statistical maps of distribution of cells abundance in taxonomic divisions of Lake Sevan phytoplankton, 2015-2019
based on data from Table S1 and Table S5.
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Fig. 15. Statistical maps of distribution of chemical variables of Lake Sevan, 2015-2019 based on data from Table S1

and Table S3.

Biodiversity analysis of IUCN categories of
microalgae in Sevan National Park

Since Lake Sevan makes up to 90% of the
territory of the IUCN National Park, we assessed
the species composition of microalgae in rela-
tion to the protection categories. Of course, the
Red Data Book of Armenia has not been com-
piled for microalgae yet, but regionally close
data on the European lists helped to identify po-
tentially threatened species, the study of which
should be given attention to when monitoring
the ecosystem of Lake Sevan. Only diatoms and
cyanobacteria were included in the assessment
of the [IUCN categories, which amounted to a to-
tal of 99 species. Table S9 shows that most of
the studied list is not in a threatened state. Rare
and endangered species were not found. How-
ever, three diatom species are classified as Criti-
cally Endangered, and four species are classified
as Endangered. Cyanobacteria in the latter cat-
egory are represented by one species, and two
species are classified as Vulnerable.

Table S10 shows the occurrence of threat-
ened species and their ecological preferences.
It is evident that they are found both in Big Se-
van and Small Sevan. Moreover, the species of
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the CR category are more represented in Small
Sevan, while those belonging to the EN cate-
gory were found in Big Sevan. The ecological
preferences of the identified species from both
categories do not have significant differences
in pH and oxygen preferences and are com-
mon in mesotrophic waters in plankton-benthic
communities. However, in terms of tempera-
ture, two species of the EN category are distin-
guished, preferring cold waters with low salin-
ity. We found that the abundance of threatened
diatom and cyanobacterial species in Lake Se-
van communities declined between 2015 and
2019, indicating adverse impacts on sensitive
ecosystem components.

Discussion

The main external effects of lake eutrophica-
tion are an increase in phytoplankton biomass,
where cyanobacteria often dominate and, as a
result, dangerous blooms are observed, causing
a decrease in water transparency and a sharp dif-
ference in the oxygen regime between vertically
located layers, up to the formation of a com-
pletely deoxygenated hypolimnion (Cooke et al.,
2005; Dodds, 2006).



Nature Conservation Research. 3anoeeonasn nayxa 2025. 10(4): 13-30

https://dx.doi.org/10.24189/ncr.2025.020

Hypoxia in the hypolimnion can lead to a
release of phosphorus from the sediment, which
increases the internal phosphorus load and, in
turn, enhances the eutrophication of the ecosys-
tem (Wetzel, 2001). The littoral zone of lakes, in
contrast to the deep-water part, is distinguished
by a unique biogenic element regime, hydrologi-
cally active mixing of water, often this is an area
with a higher species diversity, where fish re-
produce and algae can rapidly develop, causing
water «blooms» (Wetzel, 2001). The level of an-
thropogenic load, together with the morphomet-
ric characteristics of the lake, are decisive factors
in determining the rate of eutrophication of wa-
ter bodies. Deeper, larger and less anthropogenic
water bodies, as a rule, do not pass the mesotro-
phic stage of development (Dodds, 2006).

According to the available data and our re-
search, the main groups of phytoplankton of Lake
Sevan during long-term monitoring in various
trophic periods are: Bacillariophyta, Cyanobac-
teria, Chlorophyta, Euglenophyta, Xanthophyta;
these groups are of great importance for the for-
mation of water quality and the composition of
indicators characterising changes in the ecosys-
tem of Lake Sevan (Hambaryan, 2001; Cooke et
al., 2005; Hambaryan et al., 2007,2016, 2020a,b;
Hovsepyan et al., 2013, 2018; Hovsepyan &
Khachikyan, 2016a,b; Hambaryan & Mamyan,
2016; Mamyan et al., 2017; Hovsepyan, 2017;
Hayrapetyan et al., 2022; Fayvush et al., 2023).
Phytoplankton communities include both peri-
phytic and benthic forms of algae that enter the
plankton as a result of waves, wind surges, and
changes in the water level in Lake Sevan. Table
S6 shows that plankto-benthic and benthic forms
predominate in Lake Sevan, rather than plank-
tonic forms properly. Of particular interest in the
surface of Lake Sevan is the dynamics of phyto-
plankton biomass in the water area under chang-
ing environmental factors (Hambaryan et al.,
2016, 2020a,b; Hambaryan & Mamyan, 2016;
Mamyan et al., 2017; Hovsepyan, 2017; Hov-
sepyan et al., 2018; Hayrapetyan et al., 2022;
Ginzburg et al., 2023).

In this study, statistical mapping of phyto-
plankton data and water chemistry on Lake Se-
van surface has been carried out for the first time,
and similar groups and indicators were identi-
fied, as well as factors stimulating or suppressing
the quantitative development of phytoplankton.
The statistical maps show that elevated pH and
oxygen values are stimulating, while desalina-
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tion, nitrate removal and the presence of copper
turned out to be suppressing factors.

Considering the structural features and the
possible influence of the catchment area (Hov-
hanissian, 1994; Gabrielyan et al., 2022) on the
formation of phytoplankton in the littoral of Lake
Sevan, a historical analysis of the data on phy-
toplankton communities of the main tributaries
and an assessment of the water quality were con-
ducted (Hambaryan et al., 2016). It was revealed
that the heterogeneous development of river phy-
toplankton is due to the features of their hydrol-
ogy, the degree of pollution and corresponded
to the categories of water quality: «good» and
«satisfactory» of quality classes 2 and 3 accord-
ing to the results of bioindication, conducted for
the first time by us for Lake Sevan. Bioindicator
analysis also showed a tendency to increase the
pH of the water and an increase in the participa-
tion of true autotrophs in the utilisation of nutri-
ents over time during the study period.

It should be noted that the bloom covered
the entire Lake Sevan area and was quite intense
according to visual observations. Cyanobacteria
bloom was first observed during the most eutro-
phic period in 1964, but such a massive bloom
has not been observed in the last ten years (Ham-
baryan et al., 2020b). It is known that phyto-
plankton bloom, especially cyanobacteria, affects
the development of all links in the food chain and
contributes to unpredictable changes in quantita-
tive and qualitative indicators (Legovich, 1979;
Paerl et al., 2001, 2011).

It was previously found that species of the
genus Dolichospermum, causing blooms in the
summer, secrete the toxins microcystin and ana-
toxin-a (Gevorgyan et al., 2016; Hambaryan et
al., 2020b), which has a catastrophic effect on
the water quality. An increase in the amount of
phosphorus, along with an increase in water tem-
perature, may be a stimulating factor in the in-
crease in cyanobacteria biomass (Hambaryan et
al., 2020a,b; Khosrovyan et al., 2023).

Taking into account global climate change,
it is necessary to reconsider unjustified water re-
leases from Lake Sevan and assess the quantity
and quality of incoming water from the catch-
ment area, the volume of which has decreased
due to the implementation of the small hydro-
electric power station programme and total pol-
lution, especially in the estuaries of rivers. At
the same time, a number of important aspects of
the functioning of the ecosystem of Lake Sevan
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remain insufficiently studied to date, which com-
plicates the development of a holistic systems
approach to solving restoration and management
issues. To assess the ability of the ecosystem to
self-purify and restore, it is important to con-
duct bioindication and statistical mapping as a
simple and visually accessible tool for assessing
the dynamics of the ecosystem of Lake Sevan.
It is planned to create an ecological model of
Lake Sevan and catchment area, using numerous
examples of already created models for holistic
and effective integrated management of Lake
Sevan and catchment area, forecasting blooms
and their distribution, anthropogenic changes
in water levels, and the transfer of both autoch-
thonous and allochthonous pollutants. Changes
in the direction of currents both in the surface
layer and the bottom of the basin of Lake Sevan,
which have not been studied since 1975, affect-
ing the dynamics of ecosystem parameters, will
allow us to understand the mechanism of transfer
and accumulation of pollution in various parts of
Lake Sevan.

Microalgae, as a very diverse part of the
aquatic ecosystem of lakes, when comparing the
floras of eight lakes, revealed a high regional
individuality of the species composition, show-
ing the similarity of the flora of Lake Sevan with
the flora of Lake Issyk-Kul. At the same time,
an assessment of the species composition of the
studied communities of Lake Sevan according to
IUCN categories revealed eight threatened spe-
cies of diatoms and cyanobacteria, the number
of which in several communities in 2015-2019
decreased, and the species that prefer cold, clean
waters with low salt saturation were especially
sensitive. The first-used method of constructing
statistical maps based on indicators of not only
the ionic composition, but also the number and
biomass of phytoplankton helped to establish the
importance of the isthmus as the most vulnerable
place of Lake Sevan, loaded with population and
tourism (Khanjyan, 2004), and did not reveal a
significant negative impact of waters flowing
from the transfer channel.

Conclusions
During the study period of 2015-2019, a
total of 209 species of algae and cyanobacteria
were identified in the phytoplankton of Lake
Sevan, which, according by the Shannon index,
indicates an unstable level of diversity of the
community and the limnosystem as a whole. The
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lowest number of species was recorded at the end
of the period in 2019, which correlates with an
increase in the proportion of eutrophic indicator
species and more frequent periods of cyanobac-
terial bloom. Thus, the period 2015-2019 was
characterised by several features in the develop-
ment of the main links of the trophic chain, an
increase in the trophic indicators of the reservoir
and cyanobacterial blooms affecting the entire
water area of Lake Sevan. Species of the genus
Dolichospermum, causing blooms in the summer,
releasing toxins, pose a threat to the rational use
of Lake Sevan. Long-term monitoring of the role
of individual species has shown that in the group
of cyanobacteria, Anathece clathrata and Micro-
cystis aeruginosa are background species, which
were found in all seasons, and in some places
reached high quantitative development. The in-
crease in trophic conditions of Lake Sevan, start-
ing in 2018, is evidenced by both an increase in
the number of eutrophic indicator species and an
increase in the intensity of blooms throughout
Lake Sevan, correlating with the amount of nu-
trients and high water temperature, which draws
attention not only to the runoff from the catch-
ment basin, but also to the dynamics of climate
change. At the same time, an increase in the self-
cleaning capacity of the ecosystem of Lake Se-
van was revealed. For the first time, 99 species of
diatoms and cyanobacteria with [IUCN categories
were identified for Lake Sevan, seven of which
are considered threatened. The number of threat-
ened species decreased between 2015 and 2019,
indicating adverse impacts on sensitive ecosys-
tem components. An assessment of the changes
occurring in Lake Sevan indicates the need to
continue hydroecological monitoring in combi-
nation with bioindication and statistical methods
and inventory of all factors affecting the stability
of the ecosystem of the high-mountain landscape
of Lake Sevan. The data obtained show that it is
necessary to study the multifactorial impact on
the ecosystem of Lake Sevan, the results of which
will be submitted to the relevant authorities mak-
ing decisions on the ecology of Lake Sevan, to
the Ministry of Environment. Apparently, the
most important destabilisers of the ecosystem of
Lake Sevan are anthropogenic fluctuations in the
water level. This explains the relevance of study-
ing the «littoral» of Lake Sevan, which changes
very quickly, and the impact extends to deeper
areas. Uncontrolled poaching, as well as the fact
that there are no treatment facilities on the rivers
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of the catchment area of Lake Sevan leads to its
eutrophication. Long-term analysis of the sensi-
tive autotrophic link revealed some improvement
and increased potential of the ecosystem, but it is
clear that scientific data are needed as one of the
components of a multifactorial analysis for the
benefit of a realistic model of restoration of the
ecosystem of Lake Sevan.
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O3epo CeBaH — BTOpOE 110 BEIMUMHE BEICOKOrOpHOE 03epo KaBkaza, uMeroniee JKOHOMUYECKOE, UCTOPUUYECKOE
U KyJIbTypHOE 3HaueHue. B nepuox uccnenosanuii 2015-2019 rr. B puromnankrone 03. CeBaH ObIIO BBISBICHO
209 BHIOB BOAOpOCTCH M MHAHOOAKTEPUI W3 BOCBMH TaKCOHOMUYECKUX OTAENOB. Cpely HUX B TCUCHHE
MepHO/Ia UCCIICIOBAaHUN YBEINUMUIOCHh MPUCYTCTBUE TUATOMOBEIX Bomopocieil. [lokazaTenn 9ucIeHHOCTH |
OmoMacchl BO3POCIH B TEUCHHE TIEPUOJIa UCCICIOBAHMIA, B TO BPeMs KaK BCIIBIIIKH I[BETCHIS MTPOUCXOIIIIA
¢ Ooupmieil wactoTod. Bumel mumanoOaxtepuit poma Dolichospermum, BBI3BIBAIOIINE IIBETCHHUE JIETOM U
BBIICTISONINE TOKCHHBI, OBUTH OTMEYEHBI KaK PECTABIAIONINE YIPO3Y PAllHOHAIEHOMY UCIIOIB30BAHUIO BOJI
o3epa. YucinenHocTs BuoB B bonpmom CeBaHe Obliia B iejoM Hike, 4eMm B Manom CeBane. OTHOBpEeMEHHOE
CHIDKEHHE BUIOBOTO OoraTcTBa 3a mepuop ucciegoBanuid ¢ 2015 r. mo 2019 . ¢ 53 no 40 BumoB, mHIEKCA
Illernona ¢ 0.61 mo 0.06 u mHAekca campodHOCcTH ¢ 2.00 m0 1.73 BBIABISACT TEHACHIMIO K MEPECTPOMKE
9KOCHCTEMBI 03epa B CTOPOHY YIPOUICHHs. B codeTaHHMM C pPOCTOM KOJNHYECTBEHHBIX IIOKa3aTelei
(UTOIIAHKTOHA U YUCJIA BUIOB HHINKATOPOB IBTPO(HOTO COCTOSIHHS 3Ta THHAMUKA ITOKA3BIBACT YBEITUICHUC
nucbOanaHca dKOCUCTEMBI. JIMCKpUMUHAHTHBINA aHAIH3 N30BITOYHOCTH yKa3bIBaeT Ha yBenmdeHue pH Bombl u
KOHIICHTpAIINH MEIU KaK Ha HETraTUBHBIC (PAKTOPHI, a YBEIHUYCHHE OOIIETO HOHHOTO COCTaBa M TEMIIEPaTyPhI
KaK Ha (aKTOpbhl, CTUMYIUPYIOMIHE pa3BUTHE (HUTOIIAHKTOHA. CTAaTHCTUYCCKUE KAPTHI BBISBIUIA TOYKH HA
moOepeKbe 03epa, OTBETCTBEHHBIC 32 (DAaKTOPHI, BIHSIOIIAE Ha €0 IKOCUCTEMY IO Pa3IMYHBIM ITEPEMEHHBIM,
BKJIFOYAs TOCTYIUICHUE MEIW. AHAIH3 TaKKe BBIABIWII JOCTATOYHYIO CIOCOOHOCTH SKOCHCTEMBEI 03epa
K CaMOOYHWIICHHUIO B MEPHOJ HcclenoBaHuil. Briepsrie mist 03. CeBaH BBIABICHO 99 BUIOB TUATOMOBEIX H
nuaHoOakrepuit, oTHOcsAmmxcs K kareropustMm MCOII, ceMb U3 KOTOPBIX CUHUTAIOTCS HAXOMSIIAMUCS IO
yrpo3oii ucuezHoBeHus. KonuuecTBO BHUAOB, HaXOASIIMXCS MOJ Yrpo3oil ucue3HoBeHus, kareropuit CR
u EN, cokparunocek B nepuog ¢ 2015 r. mo 2019 ., yTo CBUAETENLCTBYET O HEraTUBHOM BO3JIEHCTBUM Ha
ysi3BUMbIE BUJbI B 9kocucTteMe 03. CeBaH. OLEHKa NPOUCXOIALIMX B 03€pe U3MEHEHUM CBUAETENILCTBYET O
HEO0OXOIUMOCTH MPOAOIDKEHUS THAPOIKOIOTHISCKOTO MOHUTOPHHTA B COUCTAHUH ¢ OMOMHIUKAITMOHHBIME H
CTaTHCTUYCCKAMHU METONIaMH, a TAK)KE y4eTa BCEro pasHooOpa3us (paKTOPOB, BIHUSIONINX HA YCTOHYHBOCTH
9KOCHCTEMEI BEICOKOTOPHOTO 03. CeBaH.
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