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Abstract. During seasonal studies 2010 (May-October, once/ thrice a month), samples of zooplankton
were collected at the Daugava River section from 10 km upstream to 10 km downstream from the Daugavpils
treatment plant wastewater discharge into the Daugava River. Changes in the quantitative and qualitative
characteristics, saprobity index and species diversity (Shannon-Wiener index) were employed for the analysis of
zooplankton community structure in the Daugava River. The Daugava River is polluted by Daugavpils
wastewater, however the untoward influence of pollution on zooplankton is observed only in years and in
seasons with low water level and discharge. The effect of Daugavpils wastewater pollution on changes in the
zooplankton community is considered.
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Introduction
A number of authors (e.g. Bothar, 1988; Mulani et al., 2009; Gajbhiye & Abidi, 1993) are
indicating to the impact of wastewater on zooplankton. Potentiality of zooplankton as
bioindicator is very high (Ferdous & Muktadir, 2009; Lazareva, 2010; Escribano & Hidalgo,
2000). A great number of authors are drawing attention to possibilities of the use of
zooplankton for assessing the river water quality (Bakaeva & Nikanorov, 2006; Vandish,
2000; Demenik, 1988; Kutikova, 1976; Krylov, 2005, 2006, Mathivanan et al., 2007;
Vanjare, 2010; Mulani, 2009; Marneffe et al., 1996; Whitton, 1975).
Wastewaters from large cities, which are discharged into the Daugava River, are having their
impact on ecosystems and populations of living organisms of the Daugava River (Aunins,
1967; Matisone, 1965). The studies of 1950s and 60s on the Daugava River have shown that
concentration of the dissolved substance and biogenic elements are tightly connected with the
river water flow rate (Matisone, 1965). Laganovska (1963), Springe et al. (1999) concludes
that impact of the Daugava River pollution on zooplankton can be observed at low discharge.
Notable part of pollution flows into the Daugava River within the Daugavpils city
administrative territory. According to the Central Statistical Bureau data, at the beginning of
2010 the city of Daugavpils has a population of 103.922. Before 2009 the Daugavpils
wastewater treatment plant has operated using mechanical and biological purification, which
does not ensure complete wastewater treatment. On 18 September 2009 the advanced
Daugavpils city wastewater treatment plant was opened. After the project implementation the
amount of phosphorus in wastewater has decreased nearly 5 times, which ensures compliance
with the EU Directive (The Ministry of Environment, 2009).
Dynamics of the zooplankton population depends on chemical factors such as ammonium,
nitrates, nitrites, phosphates (Marneffe, 1996; Deksne unpublished).
The aim of the following study is to establish influence of wastewater on zooplankton
community of the Daugava River after Daugavpils wastewater treatment plant modernization.
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Materials and methods
During expeditions to the Krauja — Silupe stretch of the Daugava River (4 sampling sites) in
2010, zooplankton was sampled at the right and left banks, as well as in the middle of the
river (Table 1). At this stage the river is relatively shallow, 2-4 m, with low current velocity
of 0.1-0.2 m sek™,

Table 1.
GPS coordinates of the sampling sites and dates

Sampling site Geographic | Geographic 2010
latitude longitude

No.16 Krauja (10 km 55°54.787'N | 026°40.059'E | 16 May, 2 June, 17 June,
upstream from discharge of 1 July, 12 July, 30 July,
the Daugavpils treatment 19 August, 30 August, 16
plant wastewater into the October, 30 October
Daugava River)
Stinupe (place for discharge 55°52.628'N | 026° 30.093'E | 17 June, 1 July, 12 July,
of the Daugavpils treatment 30 July, 19 August, 30
plant wastewater into the August, 16 October, 30
Daugava River) October
Nr.17 1.5 km downstream of | 55°53.311'N | 026°28.401'E
discharge of the Daugavpils
treatment plant wastewater 16 May, 2 June, 17 June,
into the Daugava River) 1 July, 12 July, 30 July,
Nr.18 Silupe (10 km | 55°57.322'N | 026°24.271'E | 19 August, 30 August, 16
downstream of discharge of October, 30 October
the Daugavpils treatment
plant wastewater into the
Daugava River)

Samples of zooplankton were collected by filtering 100 | of river water with the 65-pum mesh-
sized plankton net. Zooplankton individuals smaller than 65 pm in size were not included in
this research. Collected samples were fixed in 4% formalin. A Carl Zeiss light microscope
was used for the analysis of zooplankton; three subsamples (2 ml each) were examined at
100-400 x magnification. The qualitative study was aimed at identification of the Rotifera,
Cladocera and Copepoda taxa. All the zooplankton taxa were identified using keys of
Kutikova (1970), Borutsky (1960), Manuilova (1964).

Water discharge data were obtained from the company "Latvian Environment, Geology and
Meteorology Centre” database.

Species diversity was calculated according to the Shannon-Wiener index (Shannon, 1948;
Krebs, 1999). The analysis of similarities across sites and years was carried out using the
Renkonen index.

Saprobity index (S) was calculated according to Sladechek’s method, using the species —
bioindicators’ catalogue created by P.Cimdins for the Latvian conditions (Cimdin$ et al.,
1995).

Results and discussion
During the 2010 studies, 71 taxa were found, among which there were 39 Rotifera, 23
Cladocera and 9 Copepoda taxa. 68% of the species found on the examined stretch of the
Daugava River were indicator species of saprobity, which is a sufficient amount to consider
the river pollution level according to zooplankton. Kutikova (1976) indicates that it is difficult
to consider the river saprobity if there are few indicator species of saprobity in the river.
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During the 2010 research, the maximum discharge as 981 m* s* was observed on 15 May,
the minimum discharge as 131 m* s™ on 19 August. During the 2010 vegetation season when
the upgraded Daugavpils wastewater purification plant was already operating, the negative
impact of wastewater from Daugavpils on the zooplankton was evident in the form of
zooplankton abundance decline at the wastewater influx site, established only at the lowest
water level (85.05 m.a.s.l.) and flow rate on 19 August (Figure 1). With a slightly higher
discharge (up to ~280 m* s™*) and water level (up to ~85.55 m.a.s.l.), decrease in numbers of
zooplankton occurred 1.5 km downstream the place of wastewater discharge.
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Fig. 1. Abundance of zooplankton and water level during the 2010 research

Similar conclusions when the number of zooplankton organisms in the Daugava River
downstream of Daugavpils wastewater discharge decreased were made also in August 2008
at the water discharge125 m®s™ (Figure 2).

An excessive inflow of biogenic substances into the river is having adverse effect on
zooplankton expressed as reduction in terms of species diversity and increase of the
Simpson's diversity index (Kononov, 2010). The given research at water level of 85.05
m.a.s.l. has observed reduction in numbers of taxa and the Shannon-Wiener index at the
wastewater influx site. Number of taxa decreased from 23 to 2, the Shannon-Wiener index
decreased from 7.5 10 km upstream from the Daugavpils wastewater influx site to 2.0 at the
wastewater inflow site (Figure 3). When the water level is higher (up to ~85.55 m.a.s.l.) in
the same way as during the summer of 2008, reduction in numbers of taxa and the Shannon-
Wiener index is observed 1.5 km downstream from the wastewater influx site (Skutelis &
Deksne unpublished).

In 2010, 2009 and 1962 (Skute,1971), when the water discharge were exceeding ~264 m* s,
water level was above 85.55 m.a.s.l., adverse effect of Daugavpils wastewater on the
Daugava zooplankton cenoses was not evident (Figure 1, 2, 3, 4).
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Fig. 3. Number of zooplankton taxa and the Shannon-Wiener diversity index during the
summers of 1962, 2008 - 2010

In August 2010, like in the summer of 2008, reduction in the zooplankton abundance at the
wastewater influx into the Daugava River and 1.5 km downstream from the Daugavpils
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wastewater influx site has occurred not only at the expense of dominant species, but also at
the expense of reduction or even complete disappearance of the oligosaprobes, at the right
bank none of the oligosaprobe species was found, while quantities of B and a-p saprobe
organisms increased (Figure 4). In August 2010 at the water level of 85.05 m.a.s.l. saprobity
changed from o - saprobity, which describes a slight contamination (S = 1.26) upstream of
Daugavpils wastewater influx site to the B - mezosaprobity, which describes a medium-level
pollution (S = 2.2) at the wastewater influx site (Figure 4). At a higher water level (up to
~85.55 m.a.s.l.) increase of saprobity occurred 1.5 km downstream from the wastewater
influx site (Skutelis & Deksne unpublished).
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Fig. 4. Percentage distribution of the zooplankton abundance according to saprobity
and saprobity index in the summers of 1962, 2008 - 2010

Zooplankton abundance and species diversity increased 10 km downstream from the
Daugavpils wastewater influx site during all years and seasons (Figure 1, 2, 3). At high flow
rates, which were observed in the summers of 1962 and 2009, and in the spring, autumn
seasons of 2008 and 2010, zooplankton abundance and numbers of taxa increased just 1.5 km
downstream from the Daugavpils wastewater influx site. Increase of zooplankton abundance
and growth of diversity of species can be explained by the river self-purification processes, in
this stretch of the river favorable wastewater dilution area is built up with richly developed
bacteria plankton, which is very good feeding base for the development of zooplankton.
Favorable condition for development of zooplankton downstream the Stinupe River is also
greater depth of the river with relatively little less stream velocity. Several authors are
reporting on the importance of zooplankton in the efficiency of self-cleaning processes
(Kutikova, 1976; Bakaeva & Nikonorov, 2006; lvanova, 1976).

Upon comparison of the zooplankton cenoses on the right bank according to the Renkonen
index 10 km upstream and 1.5 km downstream from the Daugavpils wastewater influx site,
similarity between these sites was higher in 2009 (72%) than in 2008 (35%) and 2010 (23%)
when water levels and flow rates were low, therewith the wastewater dilution degree was low
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and the Daugavpils wastewater adversely affected the cenoses of zooplankton, thus changing
the structure of zooplankton upstream and downstream the Daugavpils wastewater influx site
(Table 2). When comparing the cenoses of zooplankton in 2008, 2009 and 2010 on the right
bank 10 km upstream from the Daugavpils wastewater influx site, the similarity constitutes
58%, 49% and 47%. While the similarity is lower when cenoses are compared 1.5 km
downstream from the Daugavpils wastewater influx site, in 2008 and 2009 the similarity is
12% and in 2009 and in 2010 - 26%. When comparing zooplankton cenoses at the same site
in 2008 and in 2010 when under the impact of wastewater at low discharge changes in
cenoses are taking place, the similarity was higher - 38%. Consequently in 2008 and 2010
when there were low water levels and discharge, under the impact of wastewater there were
more considerable changes in the zooplankton structure than in 2009 when the water level
was high.

Table 2.
Establishment of similarity according to the Renkonen index
2008 2009 2010
15km | 10km | 10km | 1.5km | 10km | 10km | 1.5km | 10 km

D D U D D U D D

© 10 km U 35 22 58 66 45 49 10 42
§ 1.5kmD 14 8 12 17 8 38 15
10kmD 10 33 43 50 19 43

o 10 km U 72 33 47 0 10
§ 1.5kmD 58 33 26 13
10 km D 12 9 46

S| 10kmU 23 18
& | 15kmD 15

U = upstream from discharge of the Daugavpils wastewater into the Daugava River;
D = downstream from discharge of the Daugavpils wastewater into the Daugava River.

However, it is recalled that the zooplankton dynamics depends not only on pollution and
trophic status, but also on other factors (I'pumankoB & Cremanosa, 2009; Deksne
unpublished).

Conclusions
Daugavpils wastewaters pollute the Daugava River, however the adverse effects of pollution
on zooplankton are exposed only in years and in seasons when water level (<85.55 m.a.B.s.l.)
and discharge (<264 m® s is low. Also after modernization of the Daugavpils wastewater
treatment plant the wastewater discharged into the Daugava River are affecting the
zooplankton cenosis. The adverse effect of wastewater is expressed as decrease in the total
abundance of zooplankton organisms, taxa and species diversity, increase of saprobity.
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Anotacija. Zooplanktona paraugi ievakti 2010. gada sezondalo (maijs-oktobris/ vienreiz lidz trisreiz

menesi) pétijumu laikd Daugavas upes posma 10 km augsSpus lidz 10 km lejpus Daugavpils attiriSanas iekartu
notekiidenu ieplides Daugava. Daugavas zooplanktona cenozu struktiiras analizei izmantots to kvantitativais
(organismu  daudzums, taksonu skaits) un kvalitativais raksturojums, saprobitates un Senona-Vinera
daudzveidibas indeksa izmainas. Daugavpils notekiideni piesarno Daugavas upi, tacu piesarnojuma nelabveliga
ietekme uz zooplanktonu paradas tikai gados un sezonas ar zemu udens caurplidumu un limeni. Notekiidenu
nelabveliga ietekme izpauzas ka kopeja zooplanktona organismu skaita, taksonu un sugu daudzveidibas
samazindjums, saprobitates pieaugums.
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