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ANALIZA KVALITETA VODE PRITOKA VRUTCI AKUMULACIJE
POMOĆU DIATOMNIH INDEKSA

Apstrakt
Silikatne alge su važna grupa akvatičnih organizama osetljivih na promene u svojoj 

životnoj sredini. Međutim, njihova praktična upotreba kao bioindikatora je relativno nova u 
Srbiji. U ovom istraživanju sakupljeni su epilitski uzorci iz 14 pritoka akumulacije Vrutci u 
toku septembra i oktobra 2014. godine. Identifikovano je ukupno 84 taksona silikatnih algi. 
Najveće populacije u okviru epilitske zajednice silikatnih algi u većini pritoka grade Co-
cconeis placentula var. lineata i Achnanthidium minutissimum var. minutissimum. Rezultati 
izračunavanja dijatomnih indeksa, uz pomoć softverskog paketa OMNIDIA, ukazuju da je 
ekološki status vode većine ispitivanih pritoka odličan do dobar. Samo rezultati dijatomnih 
indeksa za pritoke Simića potok, Konjski potok, Bioštanska Banja i neimenovanu pritoku 
13 pokazuju prisustvo umerene antropogene eutrofikacije.

Ključne reči: biomonitoring, silikatne alge, dijatomni indeksi, akumulacija Vrutci
Keywords: biomonitoring, diatoms, diatom indices, Vrutci reservoir

INTRODUCTION

Algae are essential components of primary production in aquatic ecosystems. Diatoms 
are so ecologically important that they are used as bioindicators in environmental monito-
ring of waters. They form a large part of the benthos communities and therefore they could 
become an important part of water quality monitoring (Ács et al. 2004). Diatoms have been 
used in a number of countries as bioindicators of river pollution (Kelly and Whitton 1995, 



VII INTERNATIONAL CONFERENCE “WATER & FISH” - ZBORNIK PREDAVANJA� 319

Ziller and Montesanto 2004, Ács et al. 2006, Blanco et al. 2004, Gosselain et al. 2005, Solak 
et al. 2012). However, in Serbia it is still a new topic (Andrejić 2012, Krizmanić et al. 2013, 
Vidaković 2013, Jakovljević et al. 2014).

Catchment area of Vrutci reserovir represents a part of Starovlaško-Raških mountains, 
which are part of the Dinarides. Altitude in the area is mainly within the interval from 570 
to 1250 meters above sea level (KRO” Bioktoš” 1986). Average altitude of the catchment 
area of reservoir „Vrutci” of 915 m.a.s.l. (area of 127 km2) indicates an area of particularly 
mountainous and hilly terrain (mountain massifs of Tara, Zlatibor and Mokra Gora). Geo-
logically, catchment of reservoir „Vrutci” is predominantly built from limestone. The do-
minant tributary of reservoir is the Đetinja River, at which a dam was built. The catchment 
area of reservoir is abundant in streams which have a torrential character.

MATERIAL AND METHODS

The material used in the present study was collected in autumn 2014, from 15 tributaries 
of the Vrutci reservoir. Epilithic samples were scraped from the surface of gravel and boul-
ders by using scalpel blade and brush. Samples were fixed immediately with formaldechyde 
to a final concentration of 4%. In the laboratory samples were prepared using the standard 
method with cold acid (Krammer and Lange-Bertalot 1986). After this process the material 
was airdried on coverglasses and mounted in Naphrax®. Light microscope observations 
and micrographs were made using a Zeiss AxioImager.M1 microscope with DIC optics and 
AxioVision4.8 software. The relative abundance of taxa within the diatom community in 
the samples was determined by the valve percentage representation of each taxon relative 
to 400 numbered valve at every permanent slide. The biological assessment of water quality 
was performed using 17 diatom indices calculating by OMNIDIA 5.3 software (Lecointe, 
Coste & Prygiel 1993). The ranges of diatom indices were used together with the water qu-
ality classes and ecological status according to the regulation of the Ministry of Agriculture 
and Environmen (Sl. Glasnik 74/2011).

RESULTS AND DISCUSSION

In this study, a total of 84 diatom taxa were identified. The most numerous were taxa 
of genus: Navicula, Gomphonema and Nitzschia. Seven taxa were defined as dominant in 
all tributaries, those whose percentage participation at a given site was 10% or more. The 
biggest populations were consisting of Cocconeis placentula var. lineata (Ehr.) van Heurck 
and Achnanthidium minutissimum var. minutissimum (Kütz.) Czarnecki, which dominated 
in almost all tributaries. These two taxa dominated in all tributaries alternately or in combi-
nation with some of the other dominant taxa (Tab. 1). These are some of the most common 
diatoms, with a wide ecological range. They prefer waters from oligo- to eutrophic, and 
develop numerously in mountain streams with no anthropogenic impact (van Damm et al. 
1994, Krammer and Lange-Bertalot 2004, Hofman et al. 2013).

Dominant and frequent species identified in the epilithic communities of the Vrutci 
reservoir tributaries, such as: Cocconeis placentula var. pseudolineata (Geitler) Lange-
Bertalot, Amphora pediculus (Kütz.) Grunow ex A.Schmidt, Planothidium frequentissi-
mum (Lange-Bertalot) Lange-Bertalot, Planothidium lanceolatum (Brébisson ex Kützing) 



320� VII INTERNATIONAL CONFERENCE “WATER & FISH” - CONFERENCE PROCEEDINGS

Lange-Bertalot, Achnanthidium pyrenaicum (Hust.) Kobayasi, were also found in other 
aquatic ecosystems with a good water quality, e.g. Baryczka stream (Noga et al. 2013).

Rivers and streams with water characterized by a low level of pollution are also cha-
racterized by higher species diversity (Kwandrans et al. 1998; Rakowska and Szczepocka 
2011), which is the case with tributaries of the Vrutci reservoir. Further, a substantial part 
of the diatom species identified in these tributaries are species that prefer water with low 
level of pollution, β-mesosaprobic zones, according to indicator values after the OMNIDIA 
5.3 database.

Table 1. Dominance in diatom communities in tributaries of the Vrutci reservoir in Sep-
tember and October 2014

[%] occurrence:

Diatom indices
In order to determine the water quality of Vrutci reservoir tributaries 17 diatom indices 

were counted with OMNIDIA software. IPS and CEE were taken into consideration as 
legally obliged indices in the assessment of ecological status of small rivers and their water 
quality in Serbia.

The results of the diatom indices analysis show an excellent ecological status of the 
tributaries Krnda 2 and Cvetića bay stream in the investigated period, with the absence of 
organic pollution and anthropogenic eutrophication.

Ecological status of tributaries Simića stream and Konjski stream, based on the analysis 
of phytobenthos community, could be classified as moderate to good, with moderate ant-
hropogenic eutrophication.

The tributaries Jasik, Jovac, Bioštanska Banja and nameless tributary marked with 10 
in the investigated period showed good to moderate ecological status accompanied by the 
absence of organic pollution and anthropogenic eutrophication. These tributaries in Octo-
ber changed their composition of phytobenthos community, which was manifested by the 
dominance of typical planktonic algae from the Vrutci reservoir Fragilaria crotonensis and 

0 <10 10-20 21-35 >35
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Cyclotella ocellata. This was due to changes of the water level in the reservoir, when the 
water from the reservoir spilled over into these tributaries.

Ecological status of the tributary Ročnjak and two unnamed tributaries marked with 12 
and 13 in the investigated period, can be classified as excellent to good, along with mode-
rate anthropogenic eutrophication in September.

The tributaries Đetinja and nameless tributary marked with 15 in the investigated pe-
riod showed good to moderate ecological status accompanied by the absence of organic 
pollution and anthropogenic eutrophication.

CONCLUSIONS

Collected samples of benthic communities consisted of 84 diatom taxa. The most do-
minant in all tributaries were Cocconeis placentula var. lineata and Achnanthidium minu-
tissimum var. minutissimum.

Based on the obtained values of diatom indices it can be concluded that all tributaries 
of the reservoir Vrutci had no major variations of water quality during the observed period. 
The water had mostly excellent to good ecological status. Moderate anthropogenic eutrop-
hication can be noticed based on the results from Simića stream, Konjski stream, Bioštan-
ska Banja and unnamed tributary 13.

ACKNOWLEDGMENT
This study was supported by the Ministry of Education, Science and Technological De-

velopment of Republic of Serbia (project numbers TR37009 and ON 176020).

REFERENCES

Andrejić, J. (2012): Floristic-ecological analysis of diatoms (Bacillariophyta) from the 
Nišava River and tributaries Jerma and Temska Rivers. Doctoral Dissertation, University 
of Belgrade, Belgrade. 279 pp.

Ács, É., Szabó, K., Tóth, B., Kiss, K.T. (2004): Investıgatıon of benthic algal communi-
ties, especially diatoms of some Hungarian streams in connection with reference conditions 
of the Water Framework Directives. Acta Botanica Hungarica 46, 255-277.

Ács, É., Szabó, K., Kiss, A.K., Tóth, B., Záray, G., Kiss, K.T. (2006): Investigation of 
epilithic algae on the River Danube from Germany to Hungary and the effect of a very dry 
year on the algae of the River Danube. Arch. Hydrobiol. Suppl. Large Rivers, 16, 389-417.

Blanco, S., Ector, L., and Bécares, E. (2004): Epiphytic diatoms as water quality indica-
tors in Spanish shallow lakes. Vie et Milieu 54, 71–79.

Gosselain, V., Coste, M., Campeau, S., Ector, L., Fauville, C., Delmas, F., Knoflacher, 
M., Licursi, M., Rimet, F., Tison, J., Tudesque, L., Descy, J.P. (2005): A large-scale stream 
benthic diatom database. Hydrobiologia 542, 151-163.

Hofmann, G., Werum, M., Lange-Bertalot, H. (2013): Diatomeen im Süßwasser – 
Benthos von Mitteleuropa. Bestimmungsflora Kieselalgen für die ökologische Praxis. 
Koeltz Scientific Books. Königstein. 908 pp.

Jakovljević, O., Krizmanić, J., Cvijan, M. (2014): Water quality assessment of the DTD 
hydrosystem by diatom indices. Matica Srpska J. Nat. Sci., 127, 23-33.



322� VII INTERNATIONAL CONFERENCE “WATER & FISH” - CONFERENCE PROCEEDINGS

Kelly, M.G., Whitton, B.A. (1995): The Trophic Diatom Index: a new index for monitor-
ing eutrophication in rivers. Journal of Applied Phycology 7, 433-444.

Komunalna radna organizacija „Bioktoš“ (1986): Projekat sanitarne zaštite akumulacije 
„Vrutci“, OOUR „Vodovod“, Titovo Užice.

Krammer, K., Lange-Bertalot, H. (1986): Bacillariophyceae. 1. Teil: Naviculaceae. In: 
Ettl, H., Gerloff, J., Heynig, H., Mollenhauer, D., (Eds.), Süßwasserflora von Mitteleuropa 
2. G. Fischer Verlag. Jena, 876 pp.

Krammer, K., Lange-Bertalot, H. (2004): Bacillariophyceae. 4. Teil: Achnanthes, 
Kritische Erganzungen zu Navicula (Lineolatae), Gomphonema Gesamtliteraturverzeich-
nis Teil 1-4 [second revised edition]. In: Ettl, H., Gerloff, J., Heynig, H., Mollenhauer, D., 
(Eds.), Süßwasserflora von Mitteleuropa 2/4. Spektrum Akademischer Verlad. Heidelberg, 
468 pp.

Krizmanić, J., Subakov Simić, G., Predojević, D. (2013): Algae as water quality bioin-
dicators of the River Djetinja. VI International Conference „Water & Fish„ – Conference 
proceedings, 342-348 pp. Belgrade-Zemun, Serbia, June, 12-14.

Kwandrans, J., Eloranta, P., Kawecka, B., Wojtan, K. (1998): Use of benthic diatom 
communities to evaluate water quality in rivers of southern Poland. Journal of Applied 
Phycology, 10 (2), 193-201.

Lecointe, C., Coste, M., Prygiel, J. (1993): „Omnidia“: software for taxonomy, calcula-
tion of diatom indices and inventories management. Hydrobiologia 269/270, 509-513.

Noga, T., Stanek-Tarkowska, J., Kochman, N., Peszek, Ł., Pajączek, A., Woźniak, K. 
(2013): Application of diatoms to assess the quality of the waters of the Baryczka stream, 
left-side tributary of the River San. Journal of Ecological Engineering, 14 (3), 8-23.

Rakowska, B., Szczepocka, E. (2011): Demonstration of the Bzura River restoration us-
ing diatom indices. Biologia, 66 (3), 411-417.

Službeni glasnik Republike Srbije (74/2011): Pravilnik o parametrima ekološkog i hemi-
jskog statusa površinskih voda i parametrima hemijskog i kvantitativnog statusa podzem-
nih voda. Uprava za zajedničke poslove republičkih organa.

Solak, C.N., Barinova, S., Ács, É., Dayioğli, H. (2012): Diversity and ecology of diatoms 
from Felent creek (Sakarya river basin), Turkey. Turk J Bot 36, 191-203.

Van Dam, H., Mertens, A., Sinkeldau, J. (1994): A coded checklist and ecological indi-
cator values of freshwater diatoms from the Netherlands. Netherlands Journal of Aquatic 
Ecology 28, 117-133.

Vidaković, D. (2013): Assessment of the ecological status of Raška River based on epi-
lithic diatoms. Master Thessis, University of Belgrade, Belgrade. 79 pp.

Ziller, S., Montesanto, B. (2004): Phytobenthos (diatoms) and water framework direc-
tive implementation: The case of two Mediterranean rivers in Greece. Fresenius Environ. 
Bull. 13, 128-138.



CIP - Каталогизација у публикацији
Народна библиотека Србије, Београд

639.2/.3(082)

INTERNATIONAL Conference "Water & Fish" (7 ; 2015 ; Zemun)
Conference Proceedings / VII International Conference "Water & Fish",
Belgrade-Zemun, Serbia June, 10-12. 2015. ; [editors in chief Vesna
Poleksić and Zoran Marković]. - Belgrade : University, Faculty of
Agriculture, 2015 (Novi Sad : Graphic). - 572 str. : ilustr. ; 30 cm

Na spor. nasl. str.: Zbornik predavanja / VII Međunarodna konferencija
"Voda i riba", Beograd-Zemun, Srbija, 10-12. jun, 2015. godine. - Tiraž
400. - Bibliografija uz svaki rad. - Apstrakti.

ISBN 978-86-7834-224-0

a) Рибарство - Зборници
COBISS.SR-ID 215521292


