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Abstract. The phytoplankton community and nutrient enrichment
of Hrazdan River have been studied in the Yerevan District, Re-
public of Armenia. Water was sampled in spring and summer of
2019. The content of phosphate, ammonium, and nitrite ions were
significantly higher downstream of the Yerevan District compared
to the stations located upstream. The latter were characterized
by higher abundance of diatoms (Melosira varians and Rhoico-
sphenia curvata), while Oscillatoria limnetica, O. chlorina, and
Anabaena sphaerica dominated downstream, reflecting different
eutrophic state of the river parts.
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Introduction

Rivers passing through megacities are exposed
to high threat by various anthropogenic activities.
Particularly, industrial and household wastewater
discharge is the common source for organic load into
the aquatic ecosystems (Adeyemo et al., 2008). Such
a load poses huge risks for all aquatic organisms and,
in particular, for phytoplankton communities. The
distribution of different algae species depends on
interactions between environmental abiotic and biotic
factors. Deterioration of environmental conditions
due to increased organic matter income leads to
obvious changes in phytoplankton community,
promoting succession from diatoms to Cyanophyta.
Therefore, the use of phytoplankton as an indicator
for ecological status of surface water bodies is widely

accepted (Reynolds et al., 2002; Swaminathan,
2003).

Hrazdan River is one of the major tributaries
of Araks River on the territory of the Republic of
Armenia. It flows from Lake Sevan through the Sevan,
Hrazdan, Charentsavan, Abovyan, and Yerevan
cities; its length is 141 km. However, negative effect of
Yerevan city on ecological status of the river exceeds
the cumulative negative effect of all the settlements
upstream. The water of Hrazdan River is used for
irrigation, energetic, industrial, and other purposes
(Chilingaryan et al., 2002, Stepanyan, 2009).

The study aims to assess the nutrient enrichment
and corresponding changes in phytoplankton
community of Hrazdan River on the territory of
Yerevan District.
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Table 1. Brief characteristics of sampling sites.
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Station no. Latitude Longitude Description of sampling site
1 N 40.280873° E 44.589203° Getamej village, upstream Yerevan City
2 N 40.171° E 44.499669° City center of Yerevan
Upstream Yerevanyan Lich Reservoir,
3 N 40.159089° E 44.1389° downstream the confluence site of Djhrvejh
and Getar tributaries
4 N 40.148791° E 44 589203° Verin Charbakh district, downstream of

Yerevanyan Lich Reservoir

Table 2. The hydrophysical parameters and water pH in Hrazdan River at the territory of Yerevan District. T — water temperature, V — flow velocity.

Station
Parameters 1 2 3 4
Spring Summer  Spring  Summer  Spring  Summer  Spring  Summer
T, °C 13 16 14 21 15 20 15 25
V, m/c 0.3 0.6 0.7 0.5 0.2 0.4 1 0.6
pH 7.5 7.2 8.2 8.5 8.1 7.9 8.0 8.2

Material and methods

Study was carried out during spring (May) and
summer (July) seasons of 2019. Water was sampled
at four stations for hydrochemical and hydrobiologic
analyses (Table 1).

The phytoplankton community was analyzed by
the standard methods (Abakumov, 1983). A 1-L wa-
ter sample was taken from each site and immediate-
ly fixed with 40% formaldehyde solution (0.4% final
concentration) and stored in a dark place until the to-
tal sedimentation of seston. The laboratory analyses
were performed according to V.A. Abakumov (1983).

Quantitative and qualitative analyses of phyto-
plankton were performed under a microscope in the
0.01-mL Nageotte chamber. Phytoplankton biomass
was calculated by the stereometric (cell volume)
method.

The species of planktonic algae were identified
by the taxonomic keys and the manuals for freshwa-
ter ecosystems (Hambaryan and Shahazizyan, 2014;
Proshkina-Lavrenko and Makarova, 1968; Streble
and Krauter, 2001; Tsarenko, 1990).

Water temperature and velocity were measured
at the sampling site. Hydrochemical parameters such
as DO (dissolved oxygen) and pH were measured in
parallel with the hydrophysical parameters by Milwau-
kee (PH 56 PRO) Waterproof pH meter and Milwau-
kee (MW 600) Dissolved Oxygen meter. The nutri-
ents’ concentrations were measured in the laboratory

according to the ISO methods by spectrophotometer.
Ammonium nitrogen concentration was determined
according to the ISO 5664:2006, nitrite nitrogen, 1ISO
6777:1984, nitrate nitrogen, ISO 6777:1984, and
phosphate phosphorus, ISO 6878.

Results and discussion

Abiotic parameters

The hydrophysical parameters are presented in
Table 2. Water temperature ranged from 13 to 25 °C,
flow velocity, from 0.2 to 1.0 m/s.

According to A.M. Nikanorov (2001), the
optimal pH range for sustainable aquatic life varies
from 6.5 to 8.5. Thus, optimal pH conditions have
been registered at all stations of the studied part of
Hrazdan River (Table 2).

Generally, the dissolved oxygen concentration
(DO) was lower in summer than in spring. Moreover,
DO was significantly higher upstream Yerevan city
than atthe other stations. The lowest DO concentration
(2.9 mgQO,/L) was registered at the station no. 3 in
summer, partly due to the urban sewage discharge
brought to this site by the Getar River, a tributary of
the Hrazdan River (Fig. 1).

Similarly to 2003-2006 (Stepanyan, 2009),
significant nutrient enrichment has recorded in the
Hrazdan River in 2019. Nitrate content was high at
the stations nos. 1 and 3, which was still within the
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Fig. 1. Dissolved oxygen concentration at the sampling sites. Hereinafter, the background environmental values are indicated according

to State Standards of Republic of Armenia.

Fig. 2. Nitrate concentrations at the sampling sites.

ecological norm standards for the river ecosystem
health and biodiversity conservation’ (Fig. 2).

The concentrations of nitrite and ammonium ions
in the riverine waters usually varied from hundredths
to tenths of a milligram per liter (Figs. 3, 4). Within our

" Government Decision No. 75-N “On defining the standards for
water quality of each water basin management area depending
on local characteristics”. Web page. URL: https://www.e-gov.am/u_
files/file/decrees/kar/2011/02/11_0075.pdf (accessed: 27.01.2021)

study, nitrite content varied from 0.01 to 0.32 mgN/L.
In summer, nitrite content significantly increased at
the stations located within the Yerevan city (stations
nos. 2, 3, and 4).

Ammonium concentration also exceeded ecological
norm at the stations nos. 3 and 4 at both seasons (Fig. 4).
High nitrite and ammonium content corresponds to the
eutrophic status of the waters (Nikanorov, 2001).

Phosphate concentrations were exceptionally
high in summer almost at all sampling sites except
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Fig. 3. Nitrite concentrations at the sampling sites.

Fig. 4. Ammonium concentrations at the sampling sites.

station no. 4 (Fig. 5). Such pattern observed
downstream Yerevanyan Lich Reservoir could be
explained by the algal bloom in the reservoir itself. As
the algae consume phosphates, a bloom may minimize
the phosphate content in the outflowing water.

Phytoplankton community

Earlier studies of phytoplankton carried out
in 2004—-2006 in Hrazdan River at the territory of
Yerevan District revealed 108 species belonging
to six phytoplankton groups (Stepanyan, 2009).

During present study of phytoplankton community,
55 species belonging to six phytoplankton groups
have been registered (Table 3). As found generally,
diatoms dominated, but Cyanophyta were
characterized by higher abundance than usually
observed. Although some species of Dinophyta and
Euglenophyta, new groups of algae for Hrazdan
River, were recorded in 2019, total species diversity
of phytoplankton decreased comparing to previous
studies (Badalyan et al., 2005; Stepanyan et al.,
2005; Stepanyan, 2009).
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Table 3. List of phytoplankton species at the sampling sites. “+” — species is present; “~” — species is absent. Chorological types (Geo):
¢ — cosmopolite; b — boreal, a-a — Arctic-Alpine. Halobity (Hal): mh — mesohalobe; i — oligohalobe-indifferent; hl — oligohalobe-halophilous;
hb — oligohalobe-halophobous. Habitat types (Hab): B — benthic; P — planktonic; P-B — planktonic-benthic. Saprobity (S): o — oligosaprobic;
o-B — oligo-beta-mesosaprobic; B — beta-mesosaprobic; 3-o0 — beta-oligomesosaprobic; B-a — beta-alfa-mesosaprobic; a-f — alfa-beta-
mesosaprobic; x — xenosaprobic; x-0 — xeno-oligosaprobic; x-B — xeno-beta-mesosaprobic; o-x — oligo-xenosaprobic, o-a — oligo-alfa-
mesosaprobic; p — polysaprobic; “-” — no data (Barinova et al, 2006).

1 2 3 4
(spring/  (spring/  (spring/  (spring/ Geo Hal Hab S
summer) summer) summer) summer)

Cyanophyta
Anabaena sphaerica L e e _ . :
Bornet & Flahault / / / f+ c : P o-B
Aphanothece clathrata _ ;
West & G.S. West i * * e c i+ P B
Microcystis aeruginosa Kutzing +/+ -/+ +/+ +/+ c hi P o-a
M. wessenbergii _
Komarek in Joosen H H H H c P o-a
Oscillatoria chlorina e e _ _ }
Kutzing ex Gomont / ! I+ H c P-B P
Oscillatoria limnetica i i _ _ _ ; :
Lemmermann / ! I+ * c PB  of
Bacillariophyta
Achnanthes taeniata Grunow =/+ =/- ++ +/- - hi B -
Amphora ovalis _ e _ _ . _
(Kiitzing) Kiitzing f+ / 4 a ¢ 1 B of
Ceratoneis arcus e e _ e :
(Ehrenberg) Kitzing / ! + ! a-a : B 0-X
Cocconeis placentula _ _
Ehrenberg ++ I+ I+ +/+ c i P-B o
C. pediculus Ehrenberg -+ -/- -/- -/+ C i B o-a
Cyclotella comta Kiitzing +/- =/- -/- =/- [ i P B-o
C. stelligera _ e e e )

(Cleve & Grunow) Van Heurck + / / ! ¢ : P-B X
Cymatopleura solea e i _ i : )
(Brébisson) W. Smith / / [+ ! c i PB o

Cymbella prostrata e e e _ )
(Berkeley) Cleve / / / f+ ¢ ' B o-B
C. ventricosa C. Agardh ++ -/- -/- -+ c i B o-a

Diatoma hiemale var. hiemale _

D. vulgaris Bory +/- -/- -/- -/- c i P-B B
Fragilaria capucina _ :

Desmaziéres H f+ H H ¢ : B °

F. construens ++ —- /- —/+ c i P-B o

(Ehrenberg) Grunow

F. crotonensis Kitton +/- +/- +/+ ++ c hi P a-3
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1 2 3 4
(spring/  (spring/  (spring/  (spring/ Geo Hal Hab S
summer) summer) summer) summer)
Gomphonema constrictum _ I _ e .
Ehrenberg in Kitzing I+ / I+ / c : B 0
Gomphonema olivaceum _ I _ e ;

(Hornemann) Brébisson + ! + / ¢ ! B B-a
Melosira varians C. Agardh +/+ +/+ +/- +/+ c h P-B o-
Navicula cryptocephala Kutz. +/- -/- ++ +/+ c i B X-0
N. menisculus Schumann -/- +/- -/- -/- c i B X-

N. pupula Kutzing +/- -/- =/- =/ c hi B X-0
N. pygmaea Kiitzing -/- -/- -/+ -/- c mh - -0
N. radiosa Kutzing =/- -/- +/- -/- c i B o}
N. rhyncocephala Kutz -/- -/- +/- -/- c hi B B
Nitszchia amphibia Grunow -/- -+ -/- =/- c [ P-B o}
N. dissipata e e _ e .
(Kutzing) Rabenhorst ! / + ! ¢ ' B X
N. linearis W. Smith -/- -/- -/- +/- c [ B X
Pinnularia virdis Ehrb. +/+ +/+ +/+ —/+ c i P-B  o-x
P. leptosoma (Grunow) Cleve +/+ -/- +/- -/- b [ B o}
Rhoicophenia curvata _ _ _ . ) :
(Kutzing) Grunow + H & Al c ! P8 xo
Stephanodiscus astraea _ _ .
(Kutzing) Grunow H H & H c ! P B
S. hantzschii i e _ /- i
Grunow in Cleve & Grunow / / + / ¢ ! P a-p
Surirella biseriataBrébisson _ e e e : _ )
in Brébisson & Godey H / / / ¢ : o-p
S. ovata Kitzing +/- -/- -+ -/- c i B o-a
Surirella sp. -/- +/- -/- =/- - - - -
S. tenera var. tenera Greg. -/- -/- -/+ -/- c i P-B o]
Chlorophyta
Ankistrodesmus falcutus __ _/_ _/ - -
(Corda) Ralfs / / / + c hb  P-B B
Binuclearia lauterbornii
(Schmidle) Proschkina- -/- -/+ -/- -/- - - - -
Lavrenko
Characium nasutum _ e e e _ _ _ _
Rabenhorst + / ! /
Chroococcus sp. -/- +/- -/- -/- - - - -
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1 2 3 4
(spring/  (spring/  (spring/  (spring/ Geo Hal Hab S
summer) summer) summer) summer)
Dictyospﬁagri\t;\ll‘lz) c,())é/lch«s'llum -- —/- - —+ c i =) B
Pandorina morum (Mull) Bory -/- -+ -/- -/- c i P B
Scenedesmus armatus var. —/- /- -/~ —/+ c - P-B o-a
armatus (Chod) G.M. Smith
Scenedesmus opolensis i I _ _ _ .
var. opolensis P. Richt. / ! / + c P-B B
Selenastrum gracile Reinsch -/- —/+ -/- -/- c - P-B o
Trebouxia humicola G.S. West —/- -- - +/- - - - -
& F.E. Fritsch
Euglenophyta
Trachelamonas volvocina _ e e :
(Ehrenberg) Ehrenberg + ! / H c : B B
Dinophyta
Peridinium willei Huitfeldt-Kaas -/- -/- -/- -/+ - hi P o-B
Xanthophyta
Tribonema monochloron —/- -- —)- _/+ _ _ _ _

Pascher & Geitler in Pascher

Microalgal communities of the Hrazdan River are
represented by benthic, planktonic, and planktonic-
benthic algae, mostly by benthic algae (Table 3). Forty-
five phytoplankton species are indicators of organic
pollution, presented mostly by [B-mesosaprobic
species. Four ecological groups of salinity indicators
have been identified, the representatives of
oligohalobe-indifferent group predominate. Most
species are eurybionts.

In spring, diatoms strongly prevailed at the
station no. 1, comprising 96% of phytoplankton
community. Melosira varians dominated both by
abundance (45%) and biomass (53%).

Downstream the station no. 1, there was
a decrease in the quantitative parameters of
phytoplankton, the dominant groups of algae changed
as well. Cyanophyta prevailed at the stations nos. 3
and 4. Correspondingly, Microcystis aeruginosa and
Aphanothece clathrata were the most abundant
species at these stations. Representatives of
Chlorophyta and Euglenophyta were also revealed in
spring at the study sites.

Compared to spring, both the quantitative and
qualitative parameters of microalgae increased in
summer (Figs. 6, 7). However, diatoms still dominated
at the stations nos. 1 and 2 due to Melosira varians
and Rhoicosphenia curvata, respectively.

Significant increase of Cyanophyta abundance
was registered at the stations nos. 3 and 4 following
the nutrients’ dynamics. Bloom of Oscillatoria species
(O. limnetica and O. chlorina) was observed; they
comprised 77% of the total abundance and 59% of
the total biomass at the station no. 3; 75% and 59%
at the station no. 4, respectively.

Oscillatoria  species  reach  considerable
abundance in naturally eutrophic and polluted streams
and lakes (Babanazarova et al., 2013; Prowse, 1969).
They are generally benthic by preferable habitat, but
may develop actively in plankton communities. Both
registered species of this genus refer to the indicators
of organic pollution (Table 2) (Barinova, 2006).

Ability of Cyanophyta to produce toxins attracts
much attention, especially when these species
dominate in eutrophic waters, making concern to
water quality (Codd, 2000). Oscillatoria species are
the most common agents of freshwater toxic blooms.
They produce hepatotoxin microcystin (Chia et al,
2018). Microcystin is reported to cause death of
wild animals and agricultural livestock (Carmichael,
1988), it has been as well recognized as a potential
threat to the human health in the countries, where
water supplies are contaminated with cyanobacteria
(Banerjee, 2020; Gkelis and Zaoutsos, 2014; Yu,
1989). Therefore, the bloom of Oscillatoria species
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Fig. 5. Phosphate concentrations at the sampling sites.
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Fig. 6. Seasonal dynamics of phytoplankton abundance at the sampling sites.
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Fig. 7. Seasonal dynamics of phytoplankton biomass at the sampling sites.
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could cause a serious harm to the economy of the
agriculture and recreational capacities of the area,
since these sectors of economics are the main water
consumers.

Abundance of nitrogen-fixing species Anabaena
sphaerica (148,000 cell/L) were observed at the station
no. 4. Our observations performed in Yerevanyan
Lich reservoir during summer of 2019 evidenced on
the dominance of Oscillatoria chlorina and Anabaena
Sphaerica, proving the impact of the reservoir on the
Hrazdan River (Annual Report..., 2019).

Conclusion

As a corollary, we conclude that high content of
phosphates and nitrogen lead to increase of algae
growth rates and ultimately reduce dissolved oxygen
concentration in water. Nutrient enrichment at the
stations nos. 3 and 4 is significantly higher than at
the sites located upstream. The Oscillatoria bloom
has been registered in the stations nos. 3 and 4 in
summer. The influence of Yerevanyan Lich reservoir
on phytoplankton community of these stations is obvi-
ous. Therefore, better management and strict control
of the nutrient load to Hrazdan River from Yerevan
city is urgently needed.
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