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ASSESSMENT OF FISH SPECIES DIVERSITY AND WATER QUALITY IN 
FIVE RESERVOIRS IN SERBIA BASED ON THE SHANNON’S DIVERSITY 
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PROCENA DIVERZITETA VRSTA RIBA I KVALITETA VODE U PET 
AKUMULACIJA U SRBIJI ZASNOVANA NA ŠENONOVOM INDEKSU 

DIVERZITETA

Apstrakt
Značaj riba kao bioindikatora kvaliteta vode potvrđen je brojnim istraživanjima, a za-

sniva se na njihovoj dugovečnosti, mobilnosti, pripadnosti različitim funkcionalnim tro-
fičkim grupama i osetljivosti na širok spektar antropogenih stresora. Cilj ovog istraživanja 
bilo je poređenje diverziteta vrsta riba u akumulacijama Garaši, Perućac, Zaovine, Ovčar 
i Međuvršje na osnovu Šenonovog indeksa diverziteta (H), kao i procena kvaliteta vode 
na osnovu poređenja vrednosti ovog indeksa sa rezultatima merenja fizičkih i hemijskih 
parametara vode. Uzorkovanje riba je vršeno mrežama (20-50 m dužine, 1.5-2 m visine i 
28-100 mm promera okca) tokom leta 2017. godine. Ukupno je uzorkovano 795 jedinki riba 
koje pripadaju 21 vrsti. Multiparametarska sonda YSI 6600 V2-2 korišćena je za prikuplja-
nje podataka o fizičkim, hemijskim i biološkim karakteristikama ispitivanih akumulacija. 
Praćene su vrednosti pH, rastvorenog kiseonika (DO) i hlorofila a. Prema vrednostima 
Šenonovog indeksa diverziteta za pomenute akumulacije, diverzitet naselja riba pokazao 
je sledeći trend: Perućac (H = 1.81) > Ovčar (H = 1.69) > Garaši (H = 1.52) > Zaovine (H 
= 1.45) > Međuvršje (H = 1.27). Akumulacije Garaši, Perućac i Ovčar imale su kvalitet 
vode koji spada u II-III klasu, dok je lošiji kvalitet (III-IV klasa) zabeležen za akumulacije 
Zaovine i Međuvršje. Procena kvaliteta vode na osnovu Šenonovog indeksa diverziteta 
poklapa se sa procenom kvaliteta vode baziranom na merenju pH vrednosti, rastvorenog 
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kiseonika (DO) i hlorofila a, osim za akumulaciju Zaovine. Rezultati istraživanja sugerišu 
da kombinovanje Šenonovog indeksa diverziteta i merenja fizičkih i hemijskih parametara 
može pružiti pouzdanu procenu kvaliteta vode u istraživanim akumulacijama.

Ključne reči: diverzitet vrsta, riba, kvalitet vode, akumulacije, Šenonov indeks diverziteta 
Keywords: species diversity, fish, water quality, reservoirs, Shannon’s diversity index

INTRODUCTION
Species diversity is related to the function of ecological systems and it helps to under-

stand the effects and mechanisms of environmental disturbances (Connel, 1978; Wootton, 
1998). Rise of concern regarding the water quality and water availability have lead to a 
development of effective ecological tools capable of detecting the extent of anthropogenic 
impact. Necessity to monitor water quality arise from the obligation of each European 
country to protect and restore aquatic ecosystems and preserve environmental conditions 
(EC, 2000). According to the European Water Framework Directive, fish fauna is conside-
red one of the key biological quality elements for the classification of ecological status of 
surface waters. The significance of fish as biological indicators of water quality has already 
been well documented, and it relies on their longevity, mobility, diversity of functional guil-
ds, and sensitivity to a wide spectrum of anthropogenic stressors, including physical habitat 
degradation, organic enrichment and acidification (Karr, 1981; Wootton, 1992). The aim of 
this study was to compare fish diversity and water quality in five reservoirs in Serbia using 
the Shannon’s diversity index (H) (Shannon and Weaver, 1949).

MATERIAL AND METHODS
A total of 795 individuals, belonging to 21 fish species, were caught during the summer 

of 2017 in the following reservoirs in western Serbia: Garaši, Perućac, Zaovine, Ovčar, and 
Međuvršje (Fig. 1). Sampling was performed by gill nets (20-50 m length, 1,5-2 m height, 
and 28-100 mm mesh size).

Figure 1. Map of the sampling sites.
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Multiparameter water quality probe YSI 6600 V2-2 was used for physicochemical and 
biological water analysis. Measured parameters included pH value, dissolved oxygen (DO), 
and chlorophyll a.

The Shannon’s diversity index (H) was used for fish species diversity analysis:
where pi is the proportion of individuals of a particular species (ni) divided by the total 

number of individuals of all species (N), and S is the total number of species.
The classification of physicochemical, and biological parameters and associated water 

quality class (WQC) in Serbia is shown in Table 1 (Official Gazette of RS, 74/2011).

Table 1. Physicochemical and biological parameters and associated water 
quality class (Official Gazette of RS, 74/2011).

RESULTS AND DISCUSSION
The list of fish species and the number of individuals sampled in each reservoir are 

presented in Table 2.
According to measured pH values, all reservoirs were between II-III and III-IV WQC 

(Table 3). Based on DO, Garaši, Zaovine, and Ovčar pertain to II-III WQC, while Perućac 
and Međuvršje pertain to III-IV WQC. No difference in WQC was observed as relates the 
chlorophyll a (II-III WQC).
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Parameter Unit Water quality class (WQC) 

II-III III-IV IV-V

PHYSICOCHEMICAL PARAMETERS1 

pH value 6.5–8.5 6.5–8.5 < 6.5–8.5 < 

Dissolved oxygen (DO) mg l-1 7 5 4 

BIOLOGICAL PARAMETERS 

Chlorophyll a g  50 100 250 

Shannon’s diversity index (H) 1.5 1.2 0.5 
1The value of physicochemical parameters is determined as the average value at three points 
along the water column: at 0.5 m from the surface, at central depth of the thermocline, and at 
10% depth from the bottom. 
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Table 2. The list of fish species sampled in each reservoir in western Serbia.

Table 3. Water quality class (WQC) of the studied reservoirs based on values of pH, 
dissolved oxygen (DO), and chlorophyll a (Chl).

B. meridionalis + + 
Carassius auratus + 
Chondrostoma nasus + + + + 
Cyprinus carpio + + 
Gobio gobio + 
Leuciscus cephalus + + + + + 
Rhodeus sericeus + 
Rutilus pigus + 
Rutilus rutilus + + + + + 
Gymnocephalus cernuus + 
Perca fluviatilis + + + + 
Sander lucioperca + 
S. volgensis + 
Lepomis gibbosus + 
Silurus glanis + + + 
Ictalurus nebulosus + 
Number of individuals 71 163 175 167 219 

pH DO Chl 

Values WQC Values 
(mg/l) WQC Values 

(µg/l) WQC 

Garaši 7.86 II-III / III-IV 8.10 II-III 4.93 II-III
Perućac 6.77 II-III / III-IV 7.12 II-III 2.30 II-III
Zaovine 7.29 II-III / III-IV 7.50 II-III 2.31 II-III
Ovčar 7.46 II-III / III-IV 7.08 II-III 3.06 II-III
Međuvršje 7.74 II-III / III-IV 5.45 III-IV 3.20 II-III

Species Garaši Perućac Zaovine Ovčar Međuvršje 
Oncorhynchus mykiss + 
Esox lucius + 
Abramis brama + + 
Alburnus alburnus + + 
Barbus barbus + + + + 

B. meridionalis + + 
Carassius auratus + 
Chondrostoma nasus + + + + 
Cyprinus carpio + + 
Gobio gobio + 
Leuciscus cephalus + + + + + 
Rhodeus sericeus + 
Rutilus pigus + 
Rutilus rutilus + + + + + 
Gymnocephalus cernuus + 
Perca fluviatilis + + + + 
Sander lucioperca + 
S. volgensis + 
Lepomis gibbosus + 
Silurus glanis + + + 
Ictalurus nebulosus + 
Number of individuals 71 163 175 167 219 

pH DO Chl 

Values WQC Values 
(mg/l) WQC Values 

(µg/l) WQC 

Garaši 7.86 II-III / III-IV 8.10 II-III 4.93 II-III
Perućac 6.77 II-III / III-IV 7.12 II-III 2.30 II-III
Zaovine 7.29 II-III / III-IV 7.50 II-III 2.31 II-III
Ovčar 7.46 II-III / III-IV 7.08 II-III 3.06 II-III
Međuvršje 7.74 II-III / III-IV 5.45 III-IV 3.20 II-III

Species Garaši Perućac Zaovine Ovčar Međuvršje 
Oncorhynchus mykiss + 
Esox lucius + 
Abramis brama + + 
Alburnus alburnus + + 
Barbus barbus + + + + 
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As indicated by the values of the Shannon’s diversity index (H), the diversity of the fish 
assemblages in the reservoirs had the following trend: Perućac > Ovčar > Garaši > Zaovine 
> Međuvršje (Fig. 2). Based on this values three reservoirs – Perućac, Ovčar, and Garaši 
pertain to II-III WQC, whereas Zaovine and Međuvršje pertain to III-IV WQC.

Figure 2. Values of the Shannon’s diversity index (H) for studied reservoirs. Horizontal 
line represents the boundary line between II-III and III-IV water quality class.

There was no difference in WQC in relation to the values of the Shannon’s diversity 
index (H) and values of pH, DO, and chlorophyll a for Garaši, Perućac, and Ovčar. For the 
reservoir Međuvršje, the values of the Shannon’s diversity index matched pH and DO, but 
not chlorophyll a. Finally, in the reservoir Zaovine there was a mismatch between the valu-
es of the Shannon’s diversity index and values of pH, DO, and chlorophyll a.

CONCLUSIONS
The Shannon’s diversity index (H) accounts for both abundance and evenness of the 

species present. Based on its values, the highest diversity of fish species was observed in the 
reservoir Perućac, and the lowest in the reservoir Međuvršje. Furthermore, the same values 
indicated that the reservoirs Garaši, Perućac, and Ovčar pertained to II-III WQC, whereas 
Zaovine and Međuvršje pertained to III-IV WQC. Water quality assessment obtained from 
the Shannon’s diversity index coincide with the assessment based on values of pH, DO, and 
chlorophyll a, except for the reservoir Zaovine. The results suggest that the combination 
of the Shannon’s diversity index and physicochemical parameters could provide an overall 
and reliable assessment of water quality in the studied reservoirs.

ACKNOWLEDGEMENT
This study was supported by the Ministry of Education, Science, and Technological 

Development of the Republic Serbia, Project No. OI173045 and Project No. TR37009.



8TH  INTERNATIONAL CONFERENCE “WATER & FISH” - CONFERENCE PROCEEDINGS� 231

REFERENCES
Connell, J.H. (1978): Diversity in tropical rain forests and coral reefs.  Science,  199: 

1302–1310.
European Community (EC) (2000): Directive 2000/60/EC of the European parliament 

and of the council of 23 October 2000 establishing a framework for community action in 
the field of water policy. Official Journal of the European Communities, Legislation, 27: 
1–72.

Karr, J. R. (1981): Assessment of biotic integrity using fish communities. Fisheries, 6: 
21–27.

Official Gazette of RS 74/2011 (2011): Regulation on the parameters of ecological and 
chemical status of surface waters and parameters of chemical and quantitative status of 
groundwaters.

Shannon, C.E., Weaver, W. (1949): The Mathematical Theory of Communication. Uni-
versity of Illinois Press, Urbana-Champaign, USA, 117 pp.

Wootton, R.J. (1992): Fish Ecology. Chapman and Hall, New York, 212 pp.
Wootton, J.T. (1998): Effects of disturbance on species diversity: a multitrophic perspec-

tive. The American Naturalist, 152(6): 803–825.


