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PREFACE

The 30™ international conference Ecological Truth & Environmental Research — EcoTER 23
kept three areas in focus: ecology, environmental protection and sustainable development.
The conference will be held on Mt Stara Planina in hotel Stara Planina, Serbia, 20-23 June
2023. The monograph is published on the occasion of the 30th anniversary of the conference.
On behalf of the scientific and organizing committee, it is a great honor and pleasure to wish
all the participants a warm welcome to the conference.

The monograph is published on the occasion of the 30™ anniversary of the conference.

We hope to convey the message of the conference, which is that a transformation of attitudes
and behavior would bring the necessary changes. This is also an opportunity for the
participants who are experts in this field to exchange their experiences, expertise and ideas,
and also to consider the possibilities for their collaborative research.

The 30" international conference Ecological Truth & Environmental Research — EcoTER 23
Is organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the
University of Banja Luka, Faculty of Technology, the University of Montenegro, Faculty of
Metallurgy and Technology — Podgorica, the University of Zagreb, Faculty of Metallurgy —
Sisak, the University of Pristina, Faculty of Technical Sciences — Kosovska Mitrovica and the
Association of Young Researchers, Bor.

These Proceedings 103 papers from the authors coming from the universities, research
institutes and industries in 11 countries: Australia, USA, Brazil, Spain, Portugal, Libya, Italy,
Bulgaria, Bosnia and Herzegovina, North Macedonia, and Serbia.

As a part of this year's conference, the 5™ Student Session — EcoTERS 23 is being held. We
appreciate the contribution of the students and their mentors who have also participated in
the conference.

The support of the Gold donor and their willingness and ability to cooperate has been of
great importance for the success of the EcoTER’23. The organizing committee would like to
extend their appreciation and gratitude to the Gold donor of the conference for their donation
and support.

We appreciate the effort of all the authors who have contributed to these Proceedings. We
would also like to express our gratitude to the members of the scientific and organizing
committees, reviewers, speakers, chairpersons and all the conference participants for their
support to the EcoTER 23. Sincere thanks go to all the people who have contributed to the
successful organization of the EcoTER '23.

Prof. Snezana Serbula,

President of the scientific and organizing committee
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PRELIMINARY ECOLOGICAL STATUS ASSESSMENT OF THE GROSNICA
RIVER BASED ON PHYTOBENTHOS

Snezana B. Simi¢!", Kristina A. Markelji¢?

tUniversity of Kragujevac, Faculty of Science, Department of Biology and Ecology,
Radoja Domanovic¢a 12, 34000 Kragujevac, SERBIA

2University of Kragujevac, Faculty of Agronomy in Cadak, Cara Dusana 34, 32102 Cagak,
SERBIA

“snezana.simic@pmf.kg.ac.rs

Abstract

The research on the GroSnica River was conducted to obtain data on benthic algae diversity and
provide a preliminary assessment of water quality due to the absence of prior studies. Benthic algae
sampling and analysis were carried out in May 2022. In five selected localities, a total of 28 taxa of
benthic algae were detected: Cyanobacteria (3), Rhodophyta (1), Chlorophyta (2), Ochrophyta
(Xanthophyceae) (1), and Bacillariophyta (21). A preliminary assessment of the ecological status was
carried out according to the guidelines of the Water Framework Directive and national legislation,
using the IPS diatom index. In addition, literature data on the indicator properties of observed
macroalgae were examined. Based on the obtained values at localities L1, L2, L3 (upper course), a
good ecological status was determined, while at locality L4 (middle course) a moderate ecological
status was determined, and in at locality L5 (lower course) a good ecological potential of the
Grosnica river was determined. The occurrence of massive growth of macroalgae Cladophora
glomerata and Vaucheria sp. in the middle (L4) and especially in the lower reaches of the river (L5)
indicates an increased amount of nutrients and deterioration of water quality.

Keywords: water quality, benthic algae, diatoms, macroalgae, ecological status assessment.

INTRODUCTION

The Grosnica River flows through the municipality of Kragujevac along its entire course. It
is 18 km long and flows from the spring called Hajducka voda (800 m altitude) in the Gledi¢
Mountains to its confluence with the Lepenica River (187 m altitude). It is the most densely
networked river in the Kragujevac basin (1429 m/km?) [1]. The establishment of a dam on the
Grosnica River in 1938 led to the formation of the GroSnica reservoir, which serves as a
source of drinking water for a portion of Kragujevac city. Above the dam, many smaller ones
have been built on the river to protect against sediment deposition and to slow down the
erosion process [2]. According to the National Regulations [3,4], the Grosnica River is
classified as a TYPE 3 water body (small and medium-sized rivers, up to 500 m altitude,
dominated by large substrate granulation). Although it is a significant tributary of the
Lepenica River, it has been poorly studied in terms of water quality [5-9].

According to the Water Framework Directive [10], the National Law [11] and Regulation
[4], the assessment of ecological status for this type of water body is based on physical and
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chemical parameters and biological elements (phytobenthos and macroinvertebrates). The use
of phytobenthos (especially diatoms) is recommended for assessing the ecological status of
surface waters, due to the significant bioindicator properties of this community. Although
they are not included in national legislation, the use of other groups of benthic algae
(non-diatom) as an addition to existing methods is significant. This approach would yield
more precise insights into water quality, especially the trophic status [12].

The aim of this study is to present the diversity of benthic algae in the Grosnica River with
an assessment of the river's ecological status/potential in accordance with WFD [10], National
Law [11] and Regulations [3,4].

MATERIALS AND METHODS

Field research of the Grosnica River was conducted in May 2022 at five localities:
L1 - upstream of the small dams (N 43°53'38.9", E 20°54'27.3", 426 m as.l.);
L2 - downstream of the small dams (N 43°53'58.5", E 20°54'55.1", 387 m as.l);
L3 - Tresnjevak (N 43°54'08.3", E 20°54'58.4", 394 m a.s.l.); L4 - Grosnica (N 43°57'34.0",
E 20°2'31.1"E, 232 m as.l); L5 - near the confluence with the Lepenica River
(N 43°59'32.4", E 20°53'13.7", 194 m as.l.). In the upper stream (localities L1, L2), the
Grosnica River flows through a forested, sparsely populated area where no pollutants have
been identified. In the middle and lower stream, it flows through villages and the industrial
part of the city (localities L3, L4, L5).

Kragujevac
Kparyjesay

Figure 1 The Grosnica River Basin with position of investigated localities at the Grosnica River:
L1 - upstream of the small dams; L2 - downstream of the small dams; L3 - Tresnjevak; L4 - Grosnica;
L5 - near the confluence with the Lepenica River

Hydro-morphological, physical, and chemical water characteristics were recorded at all
mentioned localities, and phytobenthos samples were collected. Physical and chemical
parameters (Table 1) were measured directly using set of field laboratory photometer system
"AQUALITIC AL450", according to the standard SRPS EN 5667 (1-9) [13].

Sampling in the field, preparation of samples, identification, and quantification of diatoms
and macroalgae were carried out in accordance with the methodology presented in Simi¢ et al.
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[14]. Based on the qualitative and quantitative analysis of diatoms, the IPS (Pollution
Sensitivity Index) [15] diatom index was calculated in the OMNIDIA software.

The category of surface waters was determined according to Regulations [3,4,16]. The
channel and banks of the Gro$nica River have been arranged (significantly modified) at
location L5. Accordingly, the ecological status was assessed at localities L1-L4, and
ecological potential at locality L5.

RESULTS AND DISCUSSION

The measured physical and chemical parameters of the Grosnica River localities are
presented in Table 1.

Table 1 Physical and chemical water parameters of the Grosnica River

Metric / Locality L1 L2 L3 L4 L5
Water temperature (°C) 115 13.1 13.1 21.7 21.2
Conductivity (uS/cm?) 380 380 380 450 530
Water hardness (CaCOs) (mg/L) 180 190 190 210 320
pH (0-14) 7.97 8.13 8.13 8.33 7.93
Oxygen concentration (mg/L) 10.33 1033 1033 146 1237
Oxygen saturation (%) 99.2 99.2 99.2 1716 133

Qualitative analysis of the phytobenthos in the Grosnica River in May 2022 recorded a
total of 28 taxa, classified into five divisions: Cyanobacteria (3), Rhodophyta (1),
Chlorophyta (2), Ochrophyta (Xanthophyceae) (1), and Bacillariophyta (21) (Table 2).

Of all the recorded taxa, the greatest diversity was observed within the division
Bacillariophyta (21 species). The highest number was observed at locality L2 (13), while the
lowest number of species was found at L1 (6). Quantitative analysis showed that the most
domiant species of diatoms at L1 was Gomphonella olivacea, at L2 Cymbella sp., at L3
Encyonema lange-bertalotii, at L4 Ulnaria ulna, and at L5 Cocconeis peduculis.

Four macroalgae (Audouinella pygmaea, Cladophora glomerata, Stigeoclonium tenue,
Vaucheria sp.) and two microalgae (Phormidium breve, Chroococcus sp.) forming
macroscopic aggregations were found at the surveyed localities. Of all the recorded
macroalgae, only C. glomerata was found at all localities, but with significant differences in
coverage, length, and color of the filaments. Its coverage was <5% at L1 and L2, 10% at L3
(with filaments length up to 30 cm), 30% at L5, while at L4 it reached a maximum of 80-90%
coverage of the riverbed surface (with filaments length up to 1 m). The color change was
related to the amount of epiphytic diatoms (Cocconeis placentula and Gomphonema sp.) that
covered the filaments. The green algae S. tenue formed macroscopic aggregations on rocky
substrates, as well as on filaments of C. glomerata at L4. It occurred in traces, with coverage
less than 1%. Mats of the macroalgae Vaucheria sp. were registered with coverage of 10% at
L3 and 70% at L5. The red algae A. pygmaea was found at L2, in traces with coverage <1%.
The cyanobacterium P. breve formed blue-green macroscopic aggregations on rocks at L2 and
L3. Orange macroaggregations of the microalga Chroococcus sp. were also observed at L3.
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Table 2 List of taxa recorded along the Grosnica River

Taxa / Locality L1 L2 L3 L4 L5
Cyanobacteria

Phormidium breve (Kitz. ex Gomont) + +

Anagnostidis & Komarek

Spirulina sp. +

Chroococcus sp. +

Rhodophyta

Audouinella pygmaea (Kiitz.) Weber Bosse +

Chlorophyta

Cladophora glomerata (Linnaeus) Kiitz. + + + + +
Stigeoclonium tenue (C. Agardh) Kiitz. +
Ochrophyta (Xanthophyceae)

Vaucheria sp. + +
Bacillariophyta

Cocconeis peduculis Ehrenb. +
Cocconeis placentula Ehrenb. + + + +
Cyclotella meneghiniana Kitz. + +
Cymbella lanceolata (C. Agardh) C. Agardh + +

Cymbella sp. + + +

Cymbella affinis Kitz. +

Diatoma vulgaris Bory + + +
Encyonema sp. + +

Encyonema leibleinii (Agardh) Silva et al. + +

Encyonema lange-bertalotii Krammer + + +
Gomphonema olivaceoides var. densestriata +
Gomphonella olivacea (Hornem.) Rabh. + + +
Gyrosigma attenuatum (Ktz.) Rabenh. + +

Meridion circulare (Grev.) C.Agardh + +

Melosira varians C. Agardh + + + +
Navicula tripunctata (O. F. Miill.) Bory + + +

Navicula viridula (Kitz.) Ehrenb. +
Nitzschia sigmoidea (Nitzsch) W.Sm. + + + +
Rhoicosphenia abbreviata (C. Agardh) + + +
Surirella brebissonii Krammer and Lange- + +

Ulnaria ulna (Kiitzing) Compére + +
Total number of taxa: 28 7 17 16 12 11

By comparing the values obtained by calculating the IPS diatom index [15] at the surveyed
localities and the limit values of the classes from the National Regulation [4] for TYPE 3
water bodies, a good ecological status was determined at localities L1, L2, and L3, a moderate
ecological status at L4, and good ecological potential at locality LS5 of the Grosnica river
(Table 3). Estimations of water quality of this river based on algae as indicators were carried
out prior to the implementation of the WFD [5-7] and indicated the second class of water
quality (B-mesosaprobic). After the implementation of the National Law [11], the Serbian
Environmental Protection Agency (SEPA) conducted a water quality assessment of this river,

whose results, based on the IPS index values, indicate the second class in the upper course of
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the river (year 2015/16) and the third class of ecological status in the lower course of the river
(year 2020) [8,9].

Table 3 Ecological status/potential” assessment of the Grosnica River based on diatom community

Metric / Locality L1 L2 L3 L4 L5
IPS index 15.9 15.6 15.7 13.2 145
Ecologial status/potential” assessment I I I Il "
Class of ecological status/potential” good  good good  moderate good”

Detected macroalgae can also provide some insight into the water quality status of the
Grosnica River. Species C. glomerata, an indicator of B-mesosaprobic water according to
Sladecek [17], was found in both localities with good and moderate ecological status, with an
increasing coverage in areas where the status is worse and where organic pollution is present
(L4). The species S. tenue, which is known to tolerate significant organic pollution and heavy
metal loading [18] and is considered to be an indicator of a-mesosaprobic water [17], was also
found at the L4 locality. Vaucheria sp. thalli were massively developed in class Il water (L3,
L5). Generally, species of this genus inhabit weakly polluted streams and rivers, but they can
be found in polluted water and in that case, they occur together with Cladophora species [19],
which was observed in this study. It is generally accepted that red algae inhabit clean,
well-aerated, and organic-poor waters [20]. The presence of the red alga A. pygmaea only in
the upper reaches of the river (L2), where a good ecological status (class Il) was determined,
confirms this.

CONCLUSION

The ecological status/potential of the Grosnica river, determined according to Regulations
[3,4] based on the IPS diatom index, worsens from the upper to the lower course and its
confluence with the river Lepenica. The ecological status is assessed as good (class Il) in the
section passing through sparsely populated areas (localities L1, L2, L3), moderate (class I1I)
in the middle course in the settlement of Grosnica (locality L4). At locality L5, a good
(class 1) ecological potential has been determined. The extensive development of macroalgae
at localities L4 (C. glomerata) and L5 (C. glomerata and Vaucheria sp.), as well as the
presence of the species S. tenue at locality L4, indicate an increased amount of nutrients in the
water, but further research is necessary to determine the exact cause of this phenomenon. In
order to obtain a more precise assessment of the ecological status of the Grosnica river in the
future, it is necessary to use all biological elements (phytobenthos, macroinvertebrates,
macrophytes, fish) and physico-chemical parameters of water quality according to
recommendations of WFD [10].
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