Peertechz

GLOBAL JOURNAL OF

Ecology B e

ecology@peertechz.us

a
=
[=]
-3
(]
(7]
w
o
=z
w
(4]
(7]
w
™
]

Short Communication

Limnological characterization

of the sources of Volga,

Dnieper & Western Dvina

(Daugava)

Vyacheslav Viktorovich Kuzovlev'?* and Martin

Schletterer3#

TFaculty of Nature Management and Ecology, Tver State Technical University, Afanasia Nikitina Nab.

22,170026 Tver, Russia

DOI:  https://dx.doi.org/10.17352/gje

Received: 18 July, 2022
Accepted: 28 July, 2022
Published: 29 July, 2022

*Corresponding author: Vyacheslav Viktorovich Kuzov-
lev, Faculty of Nature Management and Ecology, Tver
State Technical University, Afanasia Nikitina Nab. 22,
170026 Tver, Russia, Tel: +7 920 1622026;

E-mail: v_kuzovlev@mail.ru

ORCID: https://orcid.org/0000-0002-5155-8472

Keywords: Springs; Hydrochemistry; lonic
composition; Catchment; River formation

Copyright License: © 2022 Kuzovlev VV, et al.

This is an open-access article distributed under the
terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

https://www.peertechzpublications.com

“Tver Centre for Hydrometeorology and Environmental Monitoring, Laboratory of Environmental

Monitoring, ul. Efimova 6, 170026 Tver, Russia

3Institute of Hydrobiology and Aquatic Ecosystem Management, University of Natural Resources and

Life Sciences, Vienna, Gregor-Mendel-Strale 33, 1180 Vienna, Austria

“TIWAG - Tiroler Wasserkraft AG, Eduard-Wallnofer-Platz 2, 6020 Innsbruck, Austria

Abstract

'.) Check for updates

Springs are important habitats and determine the characteristics of headwater streams. However, they are rarely studied and usually not included in monitoring
programs. Our study characterizes the sources of three large rivers and contributes to the knowledge about the biggest East European drainage divide. The catchment
area is characterized by dense forests, which are rich in swamps and mires. The paludified catchment is typical for the rivers in this region and it is also determining the
physicochemistry of the water. We provide a first dataset about the physicochemical conditions of the sources of Volga, Dnieper, and Western Dvina, which should build
a basis for further analyses of the springs of these large rivers. We suggest that monitoring the sources of the large rivers in the Valdai hills should be considered as an

extension of the existing monitoring programs.

Introduction

In general, springs are characterized by environmental
stability with reduced seasonal fluctuations of physical and
chemical parameters [1], thus they are even proposed as
“natural laboratories” [2]. It is also known that a few square
meters within spring habitats are characterized by multiple
microhabitats or choriotopes [3]. However, systematic research
about springs only started in the 1990s (Cantonati, et al. 2010
[4] and references therein). The source of a river and a small
headwater stream provides important habitats and changes at
the source can affect the river downstream [5].

In the Valdai hills, the sources of three large east European
rivers are located close together, within a radius of 85 km [6].
The catchment area is characterized by dense forests, that are

parts of the ancient “Okovsky Forest” and also rich in swamps
and mires. The paludified catchment is typical for the rivers in
this region and it also determines the physical chemistry of the
water [7].

Already the Chronicle of Nestor or Kiev Chronicle (Russ.
“Povest vremennykh let” - “Tale of bygone years”) from the
XII century [8] makes an account of this setting: “The Dnieper
flows out of the Okovsky forest and flows south [... to Pontus Euxinus
... = the Black Sea], and the Dvina flows from the same forest, but
goes north and flows into the Varangian Sea [= Baltic Seal. From the
same forest, the Volga flows to the east and flows into the Khvalis Sea
[= Caspian Sea] with seventy branches.” [9]. Thus the “Okovsky
forest”, which included the forests in the Toropetsky,
Ostashkovsky, and Kholmsky districts can be considered a
geographical center, wherefrom the three large East European
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rivers emerge. In the 16™ and 17™ centuries, this forest was
described as the “Volkovisky forest” (Volkonsky by Herberstein
as well as Olearius and Meyerberg and Volkovsky by Gvanini)
(https://ru.wikisource.org/wiki/3CBE/BonkoBuckuii_jec). In
the west of the Tver region, the most preserved part of this
ancient forest is protected by the Central Forest Nature Reserve
(Tsentralno-Lesnoi Zapovednik), which was organized in 1931
[10].

Our short communication summarizes information about
the sources of three large East European rivers and their role in
the formation of those systems.

Materials and methods

Samples were collected during the summer low flow
period in 2019 (Volga & Western Dvina) as well as in 2021
(Dnieper) (Figure 1). Air and water temperature, pH, and
electrical conductivity were determined at the sampling
site. The ionic composition of water was determined by
capillary electrophoresis. With the hydro-chemical data,
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the ionic composition of the water from the three rivers was
characterized according to Kurlov & Sobkevich [11].

Results and discussion

The source of Volga (228 m asl), Europe’s longest river (3551
km), is a limnokrene located near the village Volgoverkhovije.
Several meters downstream of its source the Volga River forms
a small runnel not wider than half a meter, but soon it is
becoming a creek. Downstream of the Upper Volga Lakes the
free-flowing section towards Tver evolves [12]. The Dnieper,
which is Europe's 4™ longest river (2201 km), emerges at the
village Bocharovo (220 m asl) near Smolensk, before flowing
through Belarus and Ukraine to the Black Sea [13]. Daugava
or Western Dvina (1020 km) emerges near the former village
of Koriakino (221 m asl) and soon after enters Lake Okhvat,
a humic lake, wherefrom the river emerges [14]. The Western
Dvina flows through the territory of three countries (Russia,
Belarus, and Latvia) and discharges into the Gulf of Riga (Baltic
Sea).

The data from field measurements and laboratory analyses

Figure 1: Sources and corresponding catchments of Volga (green), Dnieper (red), and Daugava (yellow), base map from https://www.mapsland.com/maps/europe/large-

detailed-physical-map-of-europe.jpg
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Table 1: Values of hydrochemical indicators of the sources of the Volga, Dnieper,

of water samples from the sources of the three rivers are and Western Dvina.
presented in Table 1. The water at the sources of all three || N N | i D
rivers has low mineralization (less than 100 mg/l) with a Sampling date 24.07.2019 26.07.2021 24.07.2019
predominance of bicarbonate and calcium ions. Due to more Water temperature, °C 146 78 149
feeding, the water is highly saturated with organic substances pH 5.40 729 3.8
and has high chromaticity and low pH. Official monitoring Conductivity, jS/cm 53 490 58
points along the three rivers indicate good quality in their Chromaticity, ° 554 135 705
headwater sections. HCO,, mg/ 35 215 2

S0,%, mg/I 0.12 49 0.67

The Volga and the Western Dvina (Daugava) flow out of

the mires (Figure 2). Due to mire feeding the water is highly Cr, mg/l 0.21 1.51 1.21
saturated with organic substances and has high chromaticity NO,, mg/I 0.017 0.026 0.023
(600-700°), low values of pH (3-5) and mineralization (50- NO,, mg/I 0.057 0.146 0.363
60 mg/1). The source of the Dnieper is located on mineral soil PO, mg/I 0.153 0.138 0.087
(Figure 2). The water has a neutral pH, a chromaticity of 135°, F, mg/| 0.005 0.323 0.005
and mineralization of 420 mg/l. The ionic composition in the Ca?, mg/I 10.6 75.7 9.08
sources of all three rivers is dominated by bicarbonate and Mg, mg/I 23 18.3 0.94
calcium ions (Table 2). Na*, mg/I 0.89 57 0.68
. . K+, mg/I 0.31 22 0.91
In 2005, during an expedition along the Upper Volga, the
. . . NH,", mg/I 0.076 0.390 0.053
Institute of Geography of the Russian Academy of Sciences N 0,042 0235 0.044
determined the elemental composition of water taken at the r.ma ’ ‘ :
source of the Volga [15]. Of the 61 elements determined by the Water hardness, mg-eq/1 0.72 >3 0-53
Sum of ions, mg/| 50 424 46

Figure 2: Source of the Volga River (a) 1910 (photo by Sergei Mikhailovich Prokudin-Gorskii, permalink: https://Iccn.loc.gov/2018680341) and (b) 2019 (photo: Martin

Schletterer). Source of the Dnjepr in 2021 (c + d) (photo V.V. Kuzovlev). Source of the Western Dvina (e) 1910, near the village of Kariakino three versts from Lake Peno in

Tver Province, Ostashkov District (photo by Sergei Mikhailovich Prokudin-Gorskil, permalink: https://Iccn.loc.gov/2018680337) and (f) 2019 (photo: Martin Schletterer).
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analysis (Table 3), the concentrations of aluminum, vanadium,
manganese, iron, copper, and zinc at the source of the Volga
exceeded the MPC for fish (highlighted in bold in Table 3). Of
the 71 water samples taken in the Volga on a 450-kilometer
section from the source to the city of Tver during the expedition
of 2005, the maximum concentrations of such trace elements
as silicon, cobalt, lead, and thorium is observed at the source
of the river [15].

This underlines that trace elements can be used as an
indicator of the extent of the krenal region [16]. For example,
trace elements are also very useful indicators at geothermal
springs [17] as well as for alpine springs [18].

Conclusions

Due to the stable characteristics of springs, they are valuable
sites for long-term monitoring [19], both for Physico-chemical
and biological parameters. Especially diatoms turned out to be
a good indicator for spring ecosystems [3,20]. Thus, analyses
of the sources of the large rivers in the Valdai hills, using
the herein proposed physico-chemical as well as biological
parameters (diatoms), should be considered as an extension of
the existing monitoring programs. Besides, sampling should be
carried out at additional locations along a longitudinal gradient
from the source towards a few kilometers downstream. This
would enable the characterization of the krenal region and its

Table 2: Coordinates of the sources of the three large East European Rivers Volga,
Dnieper, and Western Dvina as well as the corresponding Kurvol formulae in the
summer low flow period (M - mineralization in g/I, the concentration of ions - in
%-equivalents).
Volga . HCO,98CIINO,0,7S0,0,4 © pH5 4
57°15'04.7'N 32°28'04.4"E " Ca69Mg25NaSKINH,0,7 -
Dniepr HCO0,97S0,2Cl1
55°52'18.0'N 33°4327.4'E **? Ca6TMg27Na4K INH, 0,4

Western Dvina (Daugava)
56°52'13.9'N 32°31'54.8"E

t°,pH7,3

HCO,91C1650,2NO, 1

LT OO, o pH33
Ca77Mgl3NaSK4NH,0,5

0,05 s

Table 3: Concentrations of trace elements (ug/l) in the water of the source of the
Volga, 07.08.2005 (data from [14]).

Li 0,62 Co 061 cd 012 Ho 0,005
Be 0,011 NI 116 In 0,00 Er 0012
B 5,75 Cu 1,03 sSn 012 Tm 0,003
c 9018 Zn 10,37 sb 050 Yb 0013
Na 1006 Ga 029 [ 1,77 Lu 0002
Mg 4784 Ge 005 Cs 003 Hf 0,039
Al 5358 As 140 Ba 21,93 Ta 0,001
Si 4738 Se 1,09 La 018 W 0018
K 447 Br 4981 Ce 0461 T 0016
Ca 10677 Rb 1,11 Pr 0,061 Pb 0,978
Sc 475 St 8243 Nd 0204 Bi 0,023
Ti 2336 Y 0,26 Sm 0036 Th 0,063
v 1,18 Zr 259 Eu 0011 U 0055
cr 4,64 Nb 01 Gd 0032
Mn 131,52 Mo 006 Tb 0,005
Fe 8986 Ag 002 Dy 0025

significance for the headwaters of the large rivers. Herein we
provide a first dataset about the physico-chemical conditions
of the sources of Volga, Western Dvina, and Dnjepr, which
should build a basis for further analyses of the springs of these
large rivers.
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