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A COMPARISON OF FISH DIVERSITY AND ABUNDANCE BETWEEN 
THE MAIN COURSE AND AN ARMLET OF THE DANUBE RIVER NEAR 

BELGRADE (1168-1170 RKM)

DUŠAN NIKOLIĆ1, STEFAN SKORIĆ1, MARIJA SMEDEREVAC-LALIĆ1, ERZSEBET 
FREY2, JASMINA KRPO-ĆETKOVIĆ2

1Institute for Multidisciplinary Research, University of Belgrade, Kneza Višeslava 1, 
11030 Belgrade, Serbia

2Faculty of Biology, University of Belgrade, Studentski trg 16, 11000 Belgrade, Serbia

POREĐENJE DIVERZITETA I BROJNOSTI NASELJA RIBA U GLAVNOM 
TOKU I RUKAVCU DUNAVA KOD BEOGRADA (1168-1170 RKM)

Apstrakt
Diverzitet i struktura naselja riba predstavljaju važne karakteristike dinamike akvatičnih 

ekosistema. Kako nastanjuju različita staništa i pripadaju različitim trofičkim nivoima, ribe 
predstavljaju jedan od najznačajnih elemenata za procenu ekološkog statusa akvatičnih eko-
sistema. Dunav u toku kroz Srbiju nastanjuje 68 vrsta iz 50 rodova i 16 familija (Simonović 
& Nikolić, 1997). Sastav faune beogradskog sektora Dunava karakteriše prisustvo oko 55 
vrsta riba, od kojih oko 25 ima i ribolovni značaj (Hegediš et al., 2013). Važnu ulogu među 
njima imaju i alohtone vrste. Izgradnjom HE “Đerdap” dolazi do kritične ugroženosti ili 
nestanka anadromnih vrsta jesetri (fam. Acipenseridae). Što se biomase tiče, javlja se domi-
nacija tzv. «bele ribe». Pored deverike (Abramis brama), značajan udeo imaju i rečna mrena 
(Barbus barbus), šaran (Cyprinus carpio) i jaz (Leuciscus idus) (ibid.). Cilj ovog rada jeste 
poređenje primenljivosti četiri indeksa diverziteta (Shannonov indeks, indeks ekvitabil-
nosti, Simpsonov i Margalefov indeks) u analizi raznovrsnosti naselja riba na beograd-
skom sektoru Dunava, između 1168 – 1170 rkm, u dve sezone (zima 2014. god. i proleće 
2015. god.) i dva različita tipa staništa (otvorena voda na ušću Save u Dunav kod Velikog 
ratnog ostrva i rukavac Jojkića Dunavac). Indeksi diverziteta se koriste za kvantifikaciju 
raznovrsnosti zajednice, a njihove različite vrednosti mogu ukazati i na različit intenzitet 
antropogenog pritiska. Uzorci riba analizirani u ovom radu potiču iz komercijalnog ulova. 
Izvršeno je 10 uzorkovanja (po 5 u zimskom i prolećnom periodu). Uzorkovanje je vršeno 
mrežama (dužine 20-50 m, dubine 1,4 m i promera okaca 4, 4,5, i 5 cm). U uzorku koji je 
obuhvatio 747 jedinki identifikovano je 20 različitih vrsta riba iz pet porodica. Familija Cy-
prinidae, tzv. “bela” riba, ima najveću zastupljenost (preko 95%). Uočeno je postojanje raz-
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like u sastavu naselja riba između ispitivanih lokaliteta. U mirnijim vodama Jojkića Dunav-
ca prisutne su stagnofilne vrste, štuka (Esox lucius), bodorka (Rutilus rutilus) i grgeč (Perca 
fluviatilis). S druge strane, u otvorenoj i bržoj vodi oko Velikog ratnog ostrva zabeleženo je 
prisustvo reofilnih vrsta, kesege (Abramis ballerus), bucova (Aspius aspius), rečne mrene 
(B. barbus), skobalja (Chondrostoma nasus) i smuđa (Sander lucioperca). Vrednosti ana-
liziranih indeksa pokazale su da je diverzitet vrsta ujednačen na oba lokaliteta. Na osnovu 
vrednosti Shannonovog indeksa, kvalitet vode na oba ispitivana lokaliteta varira između 
II-III i III-IV klase (umereno zagađene vode) u zavisnosti od sezone.

Ključne reči: indeksi diverziteta, ribe, reofilne vrste, stagnofilne vrste, Dunav 
Keywords: diversity indices, fish, rheophilic species, stagnophilic species, Danube

INTRODUCTION
Diversity and structure of fish assemblages are important features of the dynamics of 

aquatic ecosystems, because changes in diversity reflect changes in various ecosystem pro-
cesses, such as productivity, energy pathways and material flow, disturbance regime, abi-
otic stress, and biological interactions (Brown et al., 2001). As they live in different habitats 
and belong to different trophic levels, fishes have a potential to be used as bioindicators of 
the condition of aquatic ecosystems (Chovanec et al., 2003).

The Danube is an important river for commercial exploitation. This trend, however, 
brings along an increasing number of water management problems, as well as pollution, 
which has become a limiting factor in the rational utilization of rivers (Gavrilović and 
Dukić, 2002). Sixty-eight fish species from 50 genera and 16 families inhabit the Dan-
ube River in Serbia (Simonović and Nikolić, 1997). Fish fauna in the Danube in Belgrade 
consists of about 55 species of fish, of which about 25 species are commercially important 
(Hegediš et al., 2013). Allochthonous species play an important role among them (from 12% 
to 20%). After the construction of the hydroelectric power stations Iron Gate I and II, ana-
dromous sturgeons became critically endangered or extirpated from the upper and middle 
Danube (Lenhardt et al., 2005). On the other hand, the dominance of the cyprinid species 
is recorded, first of all, of the white bream (Blicca bjoerkna), common bream (Abramis 
brama), and roach (Rutilus rutilus). As regards the biomass, besides the common bream, 
species like the common barbel (Barbus barbus), common carp (Cyprinus carpio), and ide 
(Leuciscus idus) play a significant role.

Diversity indices are used for quantification of the community diversity. There are 
many different non-parametric indices. In this study, the following indices were applied: 
the Shannon’s index (H’), evenness index (E), Simpson’s index (D), and Margalef’s index 
(DMg), with the aim to compare their applicability in fish diversity analysis in the investi-
gated section of the Danube in two different habitats (the main channel and an armlet) and 
two seasons (winter and spring). Differences in values of these indices can also indicate the 
intensity of anthropogenic pressure at studied sites.

MATERIAL AND METHODS
All samples of fish were caught at two sites in the Danube River in Belgrade (between 

1168 and 1170 rkm) by professional fishermen, between December 2014 and May 2015. The 
first site (44° 50’ 1.94” N, 20° 26’ 50.74” E) is located at the river mouth of the Sava River 
into the Danube – Veliko ratno ostrvo (VRO), and the second site (44° 50’ 4.90” N, 20° 28’ 
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11.59” E) is located upstream the Pančevo Bridge – Jojkića Dunavac (JD). VRO represents 
the main channel of the Danube, with fast water flow, and JD is a left armlet of the Danube, 
with slow water flow. Both sites are located in the vicinity of the urban part of the city of 
Belgrade and in the vicinity of agricultural areas. Samplings (5 samplings in winter and 5 
in spring at each site) were performed by gill nets (20-50 m length, 1.4 m height, and 4, 4.5, 
and 5 cm mesh size). A total of 747 fish, belonging to 20 different species and five families, 
were sampled. The following indices of diversity were used for the analysis of the fish as-
semblage:

1) Shannon’s index (H’)

where pi is the abundance of the ith species in each individual sample (ni) divided by 
total abundance (N), and S is the total number of species.

2) Evenness index

3) Simpson’s index (D)

4) Margalef’s index (DMG)

The values of H’ and the associated water quality class (Official Gazette of RS, 2011) is 
presented in Table 1.

Table 1. The values of the Shannon’s diversity index and the associated water quality 
class (Official Gazette of the Republic of Serbia, 74/2011).

RESULTS AND DISCUSSION
A total of 747 individuals were caught, 322 in winter, and 425 in spring (Table 2). VRO 

and JD are sites with different habitat configurations – JD is a side channel with slower 
flow, and VRO represents the main channel with fast open water. These characteristics led 
to different composition of fish assemblages. Stagnophilic species, such as northern pike 
(Esox lucius), roach (R. rutilus), and European perch (Perca fluviatilis), were caught in 
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Shannon’s index (H') Water quality class

2,20 I-II

2,19-1,50 II-III

1,49-1,20 III-IV

1,19-0,50 IV-V

 

Taxon 

No. of 
individuals Taxon 

No. of 
individuals 

VRO JD VRO JD 

Esocidae 0 4 Rutilus pigus 1 0 

Esox lucius 0 4 Rutilus rutilus 11 31 

Cyprinidae 486 235 Vimba vimba 11 3 

Abramis ballerus 71 8 Lotidae 2 0 

Abramis brama 57 95 Lota lota 2 0 

Abramis sapa 25 4 Percidae 11 7 

Aspius aspius 1 0 Gymnocephalus 
cernuus 1 0 

Barbus barbus 4 0 Perca fluviatilis 1 4 

Blicca bjoerkna 288 89 Sander lucioperca 7 2 

Carassius gibelio 6 0 Sander volgensis 2 1 

Chondrostoma 
nasus 8 3 Centrarchidae 2 0 

Leuciscus 
cephalus 1 0 Lepomis gibbosus 2 0 

Leuciscus idus 2 2 
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higher numbers at JD. On the other hand, rheophilic species, such as blue bream (Abramis 
ballerus), asp (Aspius aspius), barbel (B. barbus), nase (Chondrostoma nasus), and pike-
perch (Sander lucioperca) were caught in higher numbers at VRO (cf. Hirzinger et al., 
2004).

The values of the estimated diversity indices (Shannon’s, evenness, Simpson’s, and 
Margalef’s) are shown in Table 3. The values of all diversity indices, except for DMg, were 
somewhat lower in the spring than in winter at VRO, probably due to the dominance of the 
white bream (B. bjoerkna) in the spring sample (pi = 0.63). At JD, the values of H’, E, and D 
were higher in spring, again probably because of the dominance of the common bream (A. 
brama) (pi = 0.43) and the white bream (pi = 0.37) in the winter sample.

Based on the values of the Shannon’s index, the section of the Danube River in Belgrade 
can be classified as moderately polluted, in both seasons and at both sampling sites (Table 
3).

Table 2. A list of species and the number of caught individuals at two sampling sites in 
the Danube – Veliko ratno ostrvo (VRO) and Jojkića Dunavac (JD).

Shannon’s index (H') Water quality class

2,20 I-II

2,19-1,50 II-III

1,49-1,20 III-IV

1,19-0,50 IV-V

 

Taxon 

No. of 
individuals Taxon 

No. of 
individuals 

VRO JD VRO JD 

Esocidae 0 4 Rutilus pigus 1 0 

Esox lucius 0 4 Rutilus rutilus 11 31 

Cyprinidae 486 235 Vimba vimba 11 3 

Abramis ballerus 71 8 Lotidae 2 0 

Abramis brama 57 95 Lota lota 2 0 

Abramis sapa 25 4 Percidae 11 7 

Aspius aspius 1 0 Gymnocephalus 
cernuus 1 0 

Barbus barbus 4 0 Perca fluviatilis 1 4 

Blicca bjoerkna 288 89 Sander lucioperca 7 2 

Carassius gibelio 6 0 Sander volgensis 2 1 

Chondrostoma 
nasus 8 3 Centrarchidae 2 0 

Leuciscus 
cephalus 1 0 Lepomis gibbosus 2 0 

Leuciscus idus 2 2 
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Table 3. Estimated values of diversity indices and water quality classes (associated with 
the Shannon’s index) of the fish assemblage at two sampling sites in the Danube – Veliko 

ratno ostrvo (VRO) and Jojkića Dunavac (JD).

CONCLUSIONS
The results indicate that the composition of fish assemblages at two studied sites were 

different, because of the differences in water flow and habitat preferences of rheophilic and 
stagnophilic fish species. The limitation of the Shannon’s, evenness, and Simpson’s indices 
is that their values are impacted by the dominance of one or two species. The Shannon’s 
index is the only diversity index that is included in the national legislation of the Republic 
of Serbia, as it indirectly indicates the level of pollution and the quality of water. Both sam-
pling sites, in both seasons, can be classified as moderately polluted, between the II-III and 
III-IV water quality class.
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