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Phytoplankton quantitative and qualitative parameters in “Yerevanyan Lich”
Reservoir and the Hrazdan River were investigated in April and June—August
2015. The results of the study showed that algal bloom registered in “Yerevanyan
Lich” Reservoir in summer 2015 created new environmental conditions which led
to significant changes in reservoir’s phytoplankton dominant complex, affecting
also phytoplankton composition in the Hrazdan River sites located downstream
from the reservoir.
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Introduction. The Hrazdan River originated from Lake Sevan is the longest
tributary (141 km) of the transboundary Araks River in the territory of Armenia.
This river ecosystem and “Yerevanyan Lich” Reservoir constructed in the Hrazdan
River canyon in the south-west of Yerevan City have high importance for the
development of Armenian economy as the waters are used for irrigation, energetic,
recreational, industrial and other purposes [1]. Previous phytoplankton studies
carried out by Stepanyan et al. showed that during the summer period for the years
2003 through 2006, algal bloom occurred in “Yerevanyan Lich” Reservoir, which
allows to think that this phenomenon in “Yerevanyan Lich” Reservoir has
continuous nature [2—4]. An algal bloom is a rapid increase or accumulation in the
number of algal cells [5, 6]. Algae are microscopic plants living in the aquatic
environments. They are vital primary producers for both marine and freshwater
ecosystems. Their growth is influenced by many different processes ranging from
physical, chemical to biological and ecological processes and more [7]. Algal
bloom occurs in freshwater as a result of the excess of nutrients in warm and sunny
conditions [8, 9]. It may cause eutrophication and the depletion of oxygen level
through excessive respiration or decomposition and adversely affect the growth of
biological communities [7, 10, 11]. The aim of the present study was to investigate
the growth of phytoplankton community in “Yerevanyan Lich” Reservoir and the
Hrazdan River in the conditions of algal bloom.
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Materials and Methods. The quantitative and qualitative parameters of
phytoplankton community in “Yerevanyan Lich” Reservoir and the Hrazdan River
were investigated. Phytoplankton studies in the aquatic ecosystems were performed
in 5 monitoring sites: 2 river sites located upstream from “Yerevanyan Lich”
Reservoir (no. 1 and 2), 2 river sites located downstream from the reservoir (no. 4
and 5) and a “Yerevanyan Lich” Reservoir site located near the dam (no. 3) (Fig. 1).
Phytoplankton samples were collected once a month in April and June—August
2015. A 1-liter water sample taken from each site was preserved with 40% formal-
dehyde solution (0.4% final concentration) and stored in a dark place. Further study
was carried out under laboratory conditions. The fixed phytoplankton samples were
settled in a dark space for 10—12 days, and then the volume of the experimental
samples was decreased from 1000 mL to 100 mL by a siphon (50 um). Repeating
the same process for the second time, the volume of the experimental samples was
reduced to 10 mL [12]. The qualitative and quantitative analyses of phytoplankton
were executed under a microscope using Nageotte chamber. Taxonomic groups of
phytoplankton were identified using the keys/determinants of freshwater systems
[13—17]. Water temperature measurements were conducted in field conditions,
using a digital thermometer (ST9265).

Fig. 1. Map of monitoring and sampling sites in “Yerevanyan Lich” Reservoir and the Hrazdan River.

Results and Discussion. Phytoplankton community in “Yerevanyan Lich”
Reservoir was represented by 6 groups: Bacillariophyta (diatom algae),
Chlorophyta (green algae), Cyanophyta (blue-green algae), Xanthophyta (yellow-
green algae), Euglenophyta (euglenoids) and Dinophyta (dinoflagellates). During
the investigation in April, the representatives of diatom algae prevailed
quantitatively in “Yerevanyan Lich” Reservoir, nevertheless, a significant change
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in the phytoplankton community occurred in June: due to green algae bloom in the
reservoir, green algae became a quantitatively dominant group in the phyto-
plankton community, and the quantitative parameters of phytoplankton increased
significantly (Fig. 2).
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Fig. 2. Quantitative parameters (abundance in left side and biomass in right side)
of phytoplankton in “Yerevanyan Lich” Reservoir (sampling site no. 3).

Green algae bloom in the reservoir was on account of the increased growth
of such species as Chlorella vulgaris (1288 cells/mL, 6.44 mg/L), Monoraphidium
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contortum (282 cells/mL, 0.23 mg/L) and M. griffithii (550 cells/mL, 0.46 mg/L).
However, significant changes in the quantitative parameters of phytoplankton
groups also occurred during July—August, and phytoplankton groups causing an
algal bloom were shifted as follows: green algae—diatom algae-blue-green and
green algae (Fig. 2). Rapid increase in the quantitative parameters of diatom and
blue-green algae in the reservoir was mainly on account of the increased growth of
the organic pollution indicator species Fragilaria crotonensis (diatom algae)
(18625 cells/mL, 52.15 mg/L), Dolichospermum flos-aquae (1462.5 cells/mL,
0.52 mg/L) and Aphanizomenon flos-aquae (blue-green algae) (1380 cells/mL,
9.66 mg/L) and may have been conditioned by increased organic matter level
resulted from algal blooms (it’s known that algae are short-lived, and algal bloom
in a reservoir may result in the elevated level of organic matters) [7, 18].

Table 1

Phytoplankton abundance (cells/mL) in the Hrazdan River (NR is not registered)

Taxonomic Sampling site number
group 2 4 >

Apr| Jun| Jul | Aug| Apr| Jun| Jul | Aug| Apr| Jun| Jul | Aug| Apr| Jun| Jul | Aug
Cyanophyta 25 | NR | 368|378 | 108| 24 | 38 | 20 | 44 | 14 | 84 | 138| 38 | 32 | 52 | 42
Bacillariophyta | 664 | 462 |3285| 687 | 152 94 | 40 | 40 | 462 | 72 | 78 | 212|942 202| 74 | 50
Chlorophyta 10 [NR| 35| 15 | NR|NR|{NR| NR|NR| 2 | 54| 12 | 20 | 82 | NR| NR
Xanthophyta 2 | NR{NR|NR|NR|NR|[NR|NR|NR|NR|NR|NR|NR|NR|NR|NR
Euglenophyta | NR|NR| NR|NR | NR|NR|NR|NR|NR|NR|NR| 4 | NR|NR|NR| 2
Total 701|462 [3688(1080| 260 | 118 | 78 | 60 | 506 | 88 | 216| 366|1000| 316 | 126 | 94

Table 2

Phytoplankton biomass (mg/L) in the Hrazdan River (NR is not registered)

. Sampling site number
Ta;:);?;,mc I 2 7 5

Apr |Jun | Jul |Aug |Apr [Jun |Jul |Aug |Apr |Jun |Jul |Aug |Apr |Jun | Jul |Aug
Cyanophyta 0.07 | NR | 1.50 [1.00 |0.25 {0.05]0.10 |{0.05 [0.10 |0.04 {0.30 |0.40 |0.11 [0.13 |0.14 |0.10
Bacillariophyta [3.05 |1.75 |14.50 [4.10 |0.97 {0.53 [0.20 [0.20 |2.66 [0.40 0.40 | 1.00 |3.98 |0.98 {0.30 |0.40
Chlorophyta 0.04 | NR [0.20 [0.10 [NR [NR [NR | NR [NR |0.01 {0.25]0.01 {0.09 [0.37 | NR [NR
Xanthophyta [0.04 |[NR | NR | NR |[NR |NR [NR |NR |NR [NR |NR | NR [NR |NR |NR |[NR
Euglenophyta |[NR |[NR | NR |[NR |NR |NR |[NR [NR |NR |NR [NR [0.20 |[NR [NR |NR [0.10
Total 3.201.75(17.50 [5.20 |1.22 {0.58 |0.30 |0.25 |2.76 |0.45 [0.95 | 1.61 |4.18 [1.48 |0.44 |0.60

Planktonic algae groups recorded in the investigated observation sites of the
Hrazdan River were the followings: Bacillariophyta, Chlorophyta, Cyanophyta and
Xanthophyta in the observation site no. 1, Bacillariophyta and Cyanophyta in the
observation site no. 2, Bacillariophyta, Chlorophyta, Cyanophyta and Euglenophyta
in the observation site no. 4 and 5. No obvious regularity in monthly phytoplankton
dynamics in the Hrazdan River sites located upstream from the reservoir (no. 1 and 2)
was registered, and phytoplankton growth in these river sites was probably affected
by natural and non-permanent anthropogenic factors. It’s necessary to mention that
in June, a significant increase in the quantitative parameters of green algae was
registered in the observation site no. 5, which is explained by the impact of
“Yerevanyan Lich” Reservoir. An increase in the abundance and biomass of green
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algae wasn’t expressed in the observation site no. 4, because the river velocity in
this site increased (due to water let out from “Yerevanyan Lich” Reservoir), and
most of phytoplanktonic organisms were moved by the water flow (Tabs. 1, 2).

Table 3

Thermal regime in the Hrazdan River and “Yerevanyan Lich” Reservoir waters

Sampling site Water temperature, °C
number Apr Jun Jul Aug
1 13.1 16.8 19.8 14.5
2 16.2 18.9 20.3 18.2
3 19.6 25.9 27.6 26.2
4 13.9 18.8 21.0 18.5
5 15.0 19.8 21.8 20.1

It’s known that blue-green algae grow well at high temperature conditions
[19]. Despite decreased water temperature in August, the quantitative parameters of
blue-green algae in the river observation site no. 4 increased significantly, which is
explained not only by the direct impact of the rapid growth of blue-green algae in
“Yerevanyan Lich” Reservoir, but also increased river organic matter and nutrient
level caused by the reservoir algae bloom (Tabs. 1-3). In August the significantly
increased quantitative parameters of diatom algae in this river site was mainly
registered on account of the species Fragilaria crotonensis (88 cells/mL, 0.25 mg/L),
which is also explained by the impact of “Yerevanyan Lich” Reservoir, where this
species reached massive growth in July (18625 cells/mL, 52.15 mg/L) and August
(252.5 cells/mL, 0.71 mg/L) (Tabs. 1, 2). In July and August, the appearance of the
representatives of the group Euglenophyta in the river observation site no. 4 and 5
and “Yerevanyan Lich” Reservoir (observation site no. 3) is explained by increased
organic matter level caused by the reservoir algae bloom as this group generally
abundant in waters rich in organic matters (Fig. 2, Tabs. 1, 2) [20].

Conclusion. The results of the study have confirmed the opinion that algal
bloom in “Yerevanyan Lich” Reservoir occurs every year in summer period. Algal
blooms registered in “Yerevanyan Lich” Reservoir in summer 2015 caused water
quality loss in the reservoir, which in turn led to significant shift in quantitatively
dominant complex of reservoir phytoplankton (green algae—diatom algae-blue-
green and green algae) and resulted in the increased growth and appearance of
phytoplankton organic pollution indicator species not only in the reservoir, but also
the Hrazdan River sites located downstream from the reservoir.
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