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ASSEMBLAGES OF THE DANUBE RIVER IN THE 
BELGRADE REGION DURING MAY AND OCTOBER 
OF 2004

VESNA MARTINOVIC-VITANOVIC, VESNA DJIKANOVIC, SVETLANA 
OBRADOVIC, VLADIMIR KALAFATIC

“Sinisa Stankovic” Institute for Biological Research, Bulevar despota Stefana 142, 11060 Belgrade, Serbia; 
e-mail: vmartino@ibiss.bg.ac.yu 

Abstract

Martinovic-Vitanovic V., Djikanovic V., Obradovic, S., Kalafatic V.: Composition and structure 
of the Oligochaeta (Annelidae) in benthic assemblages of the Danube river in the Belgrade region 
during May and October of 2004. Ekológia (Bratislava), Vol. 26, No. 2, p. 174–189, 2007.

The present work discusses composition and structure of the Oligochaeta community of the Danube 
river in the Belgrade region, Serbia, as determined in investigation of the bottom fauna in May and 
October of 2004. The investigated region encompassed five locations along 66 km of the river’s 
course. Sixteen species of Oligochaeta (12 genera; 3 families) were determined in the spring, while 
12 species (8 genera; 2 families) were found in the autumn aspect of the assemblages. Aquatic 
worms made up the majority component of the bottom fauna in the investigated part of the river, 
both in regard to the number of species present in the fauna and with respect to their abundance. 
The following species were found most frequently at the investigated locations in May and October: 
Limnodrilus hoffmeisteri C l a p a r e d e , 1862; L. claparedeanus R a t z e l, 1868; L. udekemianus 
C l a p a r e d e, 1862; L. profundicola V e r r i l l, 1871; Tubifex tubifex M ü l l e r, 1774; Psam-
moryctides albicola M i c h a e l s e n, 1901; Branchiura sowerbyi B e d d a r d; and Potamothrix 
hammoniensis M i c h a e l s e n, 1901. In view of the fact that Belgrade is an important urban and 
industrial centre, the influence of organic pollution on the oligochaete and benthic communities 
as a whole was taken into consideration. The Sørensen’s Quotient of Similarity was determined 
to compare benthic assemblages of the investigated locations. 

Key words:  Danube, Belgrade region, Serbia, benthic assemblages, Oligochaeta, species richness, 
spatial and temporal distribution, Sørensen’s Quotient of Similarity, organic pollu-
tion
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Introduction

The Danube is the second-longest river in Europe (with a length of 2,950 km) and the only 
European river that flows from the west to the east. It flows through nine countries and 
for centuries has served as the main trade route between nations. On the sector that passes 
through our country (588 km long), quality of the Danube’s water neither deteriorates nor 
improves. Although it receives great quantities of waste water from large settlements and 
industrial installations on its banks, there is no worsening of water quality owing to the fact 
that the Danube is a large river with a great ability to absorb wastewaters and a considerable 
capacity for self-purification (Martinovic-Vitanovic, Kalafatic, 1995). In the Belgrade region 
Serbia, the river is constantly subjected to heavy loading with matter of mainly organic origin 
(Martinovic-Vitanovic et al., 1999a, b). According to the Regulations for Classification of 
waters of Inter-Republic Water Courses, International Water Courses, and Coastal Waters 
of Yugoslavia (1978) and Regulations for Categorization of Water Courses of Serbia (1968), 
the Danube’s water can be characterized as mesosaprobic in terms of quality.

During the 20th century, especially during the last 30 years, investigators have devoted 
considerable attention to the Oligochaeta assemblages of the Danube and its tributaries 
(Hrabe, 1941; Uzunov, 1979, 1983; Petto, Humpesch, 1992; Sporka, 1998; Sporka, Nagy, 
1998). Altogether, 82 species of oligochaetes have been identified in the Danube to date 
(Uzunov, 1988). Djukic and Karaman (1994) give a list of 24 species in the Danube and its 
larger tributaries. With 24 species in the Belgrade region, aquatic worms (Oligochaeta) are 
more numerous than any other recorded benthos group (Radovic,  Stevanovic, 1998). 

The distribution and abundance of oligochaetes in freshwaters depend upon numerous 
environmental factors, most important of which is the nature of the substrate, the others being 
temperature, flow rate, oxygen concentration and availability of nutrients (Jakovcev et al., 
1995). Several authors have stressed the phenomenon of mass development of oligochaetes 
in polluted waters and their significance in processes of self-purification of watercourses 
(Dumnicka, 1978; Jakovcev et al., 1995).

The objectives of the present work were to establish similarities and dissimilarities in 
composition and structure of the benthic community along the investigated part of the Dan-
ube’s course in May and October of 2004, determine the spatial distribution of oligochaete 
species, and ascertain the frequency of their occurrence. The influence of environmental 
factors (abiotic and anthropogenic) on the aquatic biota is considered, with primary stress 
on how they affect its oligochaete component.

Material and methods

The investigations was performed during periods of high (May, 2004) and low (October, 2004) water condi-
tions.

In order to investigate composition of the Danube’s bottom fauna (especially the group Oligochaeta) in the 
Belgrade region, five locations were selected along a stretch of the river measuring 66 km in length:
Location 1 – the settlement of Stari Banovci, at the entrance into the Belgrade region;
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Location 2 – Zemun, near the city's core;
Location 3 – the settlement of Visnjica, on the periphery of Belgrade, downstream from the mouth of the Sava 

river and the city dump on the right bank (at this location, water quality is also affected by effluents nearly 
port and ship-yard and industrial installations);

Location 4 – the settlement of Vinca, near the water intake of Vinca Waterworks; 
Location 5 – the settlement of Brestovik, at the exit from the Belgrade region (Fig. 1).

Fig. 1. Map of the Danube in the Belgrade region.

Samples were taken near the right bank of the Danube in May and October of 2004 at depths greater than 1 m, 
i.e. 1–4 m, when the water level was high and less than 2 m when it was low. Samples were gathered two times 
per year, most often one sample per site (10 in total) and sometimes one replica of each. Samples for analysis of 
benthic assemblages came from the riverbank mostly with different bottom facies (see Table 1).

Bottom fauna samples were taken using a Van Veen type of grab (with a grab area of 270 cm2) at all locations 
except Visnjica, where a qualitative sample was taken in May. A sieve (mesh size 200 µm) was used to separate 
aquatic macroinvertebrates from the sediment. Samples were fixed with 4% formaldehyde. For isolation, sorting 
and identification of macrozoobenthic organisms, a stereomicroscope (Krüss; magnification 5–50x) and a binocular 
microscope (Krüss; magnification 10x10 and 10x40) were used. Identification of organisms was carried out to the 
species level (standing for Oligochaeta, Gastropoda, Bivalvia, Diptera – Chironomidae, Hirudinea, Amphipoda, 
Ephemeroptera, Odonata, Trichoptera, Polychaeta, Hydrozoa, and Decapoda) except for Nematoda, Coleoptera, 
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and Mysidacea, which were left at the group level. Taxonomic 
identification of Oligochaeta was conducted using appropriate 
keys (Brinkhurst, Jamieson, 1971; Timm, 1999).

The occurrence frequency of taxa (F) and Sørensen’s Quo-
tient of Similarity (QS) were calculated based on analysis of 
spatial distribution of the benthic species in cenoses.

The former was calculated as the representation, i.e. oc-
currence of a species per location [F = 0–1]:

F = m . M–1,

where m is the number of locations at which the given species 
was found and M is the total number of locations.

Values of the Sørensen’s Quotient of Similarity (QS) 
(1948) are represented in percent, indicating the similarity or 
dissimilarity between locations with respect to composition of 
the macrozoobenthic assemblages: 

QS = 2 c / a + b . 100,

where c is the number of species held in common by two loca-
tions, a is the total number of species at one location, and b is 
the total number of species at the other location.

Results

The 10 samples analysed primarily came from the 
river bank mostly with finely granular types of 
substrates, all sampling sites being characterized 
by the presence of grey mud containing admix-
tures in amounts different at each location: shell 
remains at Stari Banovci and Zemun; clay with 
coarse detritus at Zemun; sand with coarse detritus 
at Visnjica; mud with coarse detritus at Vinca; 
and mud with vegetation at Vinca and Brestovik 
locations (Table 1).

The results of qualitative analysis of the benthic 
community of the Danube in Belgrade region are 
given in Table 2.

In the spring aspect of 2004, a total of 38 taxa 
from 10 faunistical groups were recorded during 
investigation of the Danube in the Belgrade region. 
The dominant group among them was Oligochaeta 
(16 species), accompanied by the insect group 
Diptera, i.e., the family Chironomidae (eight 
species), Gastropoda (four species), Amphipoda T

 a
 b

 l 
e 

 1
. P

hy
si

ca
l c

ha
ra

ct
er

is
tic

s 
of

 th
e 

in
ve

st
ig

at
ed

 lo
ca

tio
ns

.

L
oc

at
io

ns
St

ar
i B

an
ov

ci
Z

em
un

V
is

nj
ic

a
V

in
ca

B
re

st
ov

ik

M
on

th
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
Su

bs
tr

at
e

gr
ay

 
m

ud
,s

he
ll 

re
m

ai
ns

ye
llo

w
is

h-
gr

ay
 m

ud
gr

ay
 

m
ud

,s
he

ll 
re

m
ai

ns
, 

cl
ay

,c
oa

rs
e 

de
tr

itu
s

gr
ay

m
ud

gr
ay

 m
ud

, 
sa

nd
,c

oa
rs

e 
de

tr
itu

s

gr
ay

 m
ud

fi
ne

 g
ra

y 
m

ud
,L

em
na

 
sp

., 
co

ar
se

 
de

tr
itu

s

gr
ay

 m
ud

fi
ne

 g
ra

y 
m

ud
,d

et
ri

tu
s

gr
ay

 m
ud

,
ve

ge
ta

tio
n

D
ep

th
 (m

)
3

0.
5

1
1

4
0.

6
2

1.
3

2
2

D
is

ta
nc

e 
(k

m
)

11
92

11
71

.5
11

62
11

44
.5

11
26



178

SP
E

C
IE

S
L

O
C

A
T

IO
N

S

 
St

ar
i B

an
ov

ci
Z

em
un

V
is

nj
ic

a
V

in
ca

B
re

st
ov

ik

 
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
M

ay
O

ct
ob

er
H

Y
D

R
O

Z
O

A
 

 
 

 
 

 
 

 
 

H
yd

ra
 s

p.
+

 
 

+
 

 
+

 
 

N
E

M
A

TO
D

A
+

+
 

+
 

+
 

+
+

PO
LY

C
H

A
E

TA
 

 
 

 
 

 
 

 
 

H
yp

an
ia

 in
va

lid
a 

G
 r 

u 
b 

e,
 1

86
0

+
 

 
 

 
+

 
 

 
O

L
IG

O
C

H
A

E
TA

 
 

 
 

 
 

 
 

 
Tu

bi
fi

ci
da

e
 

 
 

 
 

 
 

 
 

Li
m

no
dr

ilu
s 

ho
ffm

ei
st

er
i C

la
p

a
r

e
d

e,
 1

86
2

+
+

+
+

+
+

+
+

+
+

L.
 c

la
pa

re
de

an
us

 R
a

tz
e

l, 
18

68
+

+
+

+
+

+
+

+
+

+
L.

 u
de

ke
m

ia
nu

s 
C

la
p

a
r

e
 d

e,
 1

86
2

+
+

+
+

+
+

+
+

+
+

L.
 p

ro
fu

nd
ic

ol
a 

V
 e

 r 
r i

 l 
l, 

18
71

+
+

+
+

+
 

+
 

+
+

Tu
bi

fe
x 

tu
bi

fe
x 

M
 ü

 l 
l e

 r,
 1

77
4

+
+

+
+

+
 

+
+

+
 

Po
ta

m
ot

hr
ix

 h
am

m
on

ie
ns

is
 M

ic
h

a
e

ls
e

n,
 1

90
1

+
+

 
+

 
+

 
+

+
+

P
sa

m
m

or
yc

tid
es

 a
lb

ic
ol

a 
M

ic
h

a
e

ls
e

n,
 1

90
1

+
+

+
+

+
+

+
 

+
 

P.
  b

ar
ba

tu
s 

G
 r 

u 
b 

e,
 1

86
1

 
 

 
+

 
 

 
 

 
Is

oc
ha

et
id

es
 m

ic
ha

el
se

ni
 L

a
s

to
c

k
in

, 1
93

7
+

 
+

+
 

 
+

 
+

+
A

ul
od

ri
lu

s 
pl

ur
is

et
a 

P
ig

u
e

t, 
19

06
+

 
 

 
 

 
 

 
 

B
ra

nc
hi

ur
a 

so
w

er
by

i B
 e

 d
 d

 a
 r 

d,
 1

89
2

 
+

 
+

+
+

+
+

+
N

ai
di

da
e

 
 

 
 

 
 

 
 

 
Pa

ra
na

is
 fr

ic
i H

 r 
a 

b 
e,

 1
94

1
+

 
+

 
 

 
 

 
 

N
ai

s 
co

m
m

un
is

 P
ig

u
e

t, 
19

06
+

 
 

 
 

 
 

 
 

N
. e

lin
gu

is
 M

 ü
 l 

l e
 r,

 1
77

3
+

 
 

 
 

 
 

 
 

O
ph

id
on

ai
s 

se
rp

en
tin

a 
M

ü
ll

e
r, 

17
73

+
 

 
 

 
 

 
 

 
P

ig
ue

tie
lla

 b
la

nc
i P

ig
u

e
t, 

19
06

+
 

 
 

 
 

 
 

 
St

yl
ar

ia
 la

cu
st

ri
s 

L
in

n
a

e
u

s,
 1

76
7

 
 

 
 

 
 

 
 

+
D

er
o 

ob
tu

sa
 U

 d
 e

 k
 e

 m
, 1

85
5

 
 

 
+

 
 

 
 

 
E

nc
hy

tr
ae

id
ae

 
 

 
 

 
 

 
 

 
E

nc
hy

tr
ae

us
 a

lb
id

us
 H

e
n

le
, 1

83
7

+
 

 
 

 
 

 
 

 
H

IR
U

D
IN

E
A

 
 

 
 

 
 

 
 

 
E

rp
ob

de
lla

 o
ct

oc
ul

at
a 

L
in

n
a

e
u

s,
 1

75
8

 
 

+
 

 
 

 
 

 
P

is
ci

co
la

 g
eo

m
et

ra
 L

in
n

a
e

u
s,

 1
76

1
 

 
 

 
+

 
 

 
+

H
el

ob
de

lla
 s

ta
gn

al
is

 L
in

n
a

e
u

s,
 1

75
8

 
 

 
+

 
 

 
 

 
G

A
ST

R
O

PO
D

A
 

 
 

 
 

 
 

 
Li

th
og

ly
ph

us
 n

at
ic

oi
de

s 
P

fe
if

fe
r, 

18
28

+
 

+
+

 
 

 
 

Va
lv

at
a 

na
tic

in
a 

M
 e

 n
 k

 e
, 1

84
5

+
 

 
+

 
 

 
 

V.
 p

is
ci

na
lis

 M
 ü

 l 
l e

 r,
 1

77
4

 
 

 
+

 
 

 
 

V.
 c

ri
st

at
a 

M
 ü

 l 
l e

 r,
 1

77
4

 
 

 
+

 
 

 
 

Vi
vi

pa
ru

s 
ac

er
os

us
 B

o
u

r
g

u
ig

n
a

t, 
18

62
+

 
 

+
 

 
 

 
Th

eo
do

xu
s 

fl
uv

ia
til

is
 L

in
n

a
e

u
s,

 1
75

8
+

 
 

 
 

 
 

+

T a b l e  2.  Qualitative composition of the macrozoobenthic assemblages of the Danube in the Belgrade region 
during May and October of 2004.
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T a b l e  2. (Continued)
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(three species), and Hirudinea (two species), followed 
by other groups being much less diverse and frequent. It 
was unusual that we did not find representatives of the 
group Bivalvia, an important component of the bottom 
fauna of lowland rivers.

In the autumn aspect, a total of 13 faunistical groups 
and 44 taxa of macrozoobenthos were recorded. In this 
case, too, Oligochaeta were the dominant group, with 12 
species. The indicated group was followed by Gastropoda 
(nine species), Bivalvia (six species), Chironomidae 
(six species), Hirudinea (two species), and Amphipoda 
(two species). Ephemeroptera, Odonata, Trichoptera, 
Hydrozoa, Polychaeta, Coleoptera, and Nematoda were 
represented each one by one taxa. Greater diversity of 
the insect component of the benthofauna is noticeable in 
this sampling period.

In the year 2004, 15 faunistical groups with 62 taxa 
were found in the macrozoobenthos of the Danube in 
Belgrade region.

The percentage representation of Oligochaeta and all 
other groups of bottom fauna at different locations on 
the Danube is given in Figs 2 and 3.

As the most significant and numerous component 
of the benthos of large lowland rivers, the oligochaete 
community was dominant in the Danube in Belgrade 
region during the spring and fall of 2004. Table 2 gives 
the results of detailed qualitative analysis of the oligo-
chaete community.

The oligochaete fauna of the Danube in the Belgrade 
region was found to be characterized by the presence of 
16 species belonging to 12 genera and three families (Tu-
bificidae, Naididae, and Enchytraeidae), and 12 species 
belonging to eight genera and two families (Tubificidae 
and Naididae) during high and low water level period, 
respectively. 

During research on the Oligochaeta community of 
the Danube in the Belgrade region, it was found that its 
composition is typical for large lowland rivers subject 
to organic pollution. In May, diversity of the oligocha-
ete cenoses on the investigated sector of the Danube 
fluctuated from seven (Visnjica) to 15 (Stari Banovci) 
species. Oligochaetes were recorded at all of the inves-
tigated locations with participation in the benthofauna 
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Fig. 2. Participation (%) of Oligochaeta and other groups of bottom fauna in the macrozoobenthic assemblages 
of the Danube in the Belgrade region during May of 2004.

Fig. 3. Participation (%) of Oligochaeta and other groups of bottom fauna in the macrozoobenthic assemblages 
of the Danube in the Belgrade region during October of 2004.
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ranging from 53.6% (Stari Banovci) to as much as 100% (Brestovik), where they were the 
only recorded benthos group. The following species from the family Tubificidae had the 
highest occurrence frequency at all of the investigated locations: Limnodrilus hoffmeisteri, 
L. claparedeanus, L. udekemianus, L. profundicola, Tubifex tubifex, and Psammoryctides 
albicola (F = 1); and Isochaetides michaelseni (F = 0.8). At Stari Banovci location, the 
majority of oligochaete species (9) belonged to the family Tubificidae (32.1%). Naididae 
were represented by five species four of them with a frequency of F = 0.2, while the species 
Paranais frici had a frequency of F = 0.4 (found also at location Zemun). Enchytraeidae 
were represented by only one species (F = 0.2). Representatives of these two families were 
present at the Stari Banovci location with participation in the bottom fauna of 17.8% and 
3.6%, respectively.

In the fall of 2004, diversity of oligochaetes of the Danube in the Belgrade region ranged 
from six species (Visnjica, Vinca) to 11 species (Zemun). The major component at this time 
too was made up of members of the family Tubificidae (10 species). The participation of 
oligochaetes in the bottom fauna ranging from 35.5% (Zemun) to 66.7% (Stari Banovci). 
At all locations, the following species from the family Tubificidae were the most frequent: 
Limnodrilus hoffmeisteri, L. claparedeanus, L. udekemianus, Branchiura sowerbyi, and 
Potamothrix hammoniensis (F = 1). Only two representatives of the family Naididae were 
found at the Zemun (Dero obtusa) and Brestovik (Stylaria lacustris) locations, with the 
occurrence frequency of F = 0.2, both.

The Visnjica location yielded the smallest number of oligochaete species (six in Octo-
ber, seven in May), all of them belonging to the family Tubificidae (species of the genus 
Limnodrilus, which are tolerant of organic pollution). This location is characterized by the 
presence of intensive organic pollution originating from inadequately purified communal 
and industrial wastewaters. 

The complex of environmental factors (abiotic and anthropogenic) is what dictates the 
composition, structure, and distribution of the Oligochaeta assemblages on the investigated 
sector of the watercourse. 

The faunistical similarity of macrozoobenthic assemblages was determined according to 
Sørensen’s Quotient of Similarity (1948) in order to compare all five investigated sampling 
locations of the Danube in Belgrade region. In May, the least similarity (29.3%) was found 
between the Stari Banovci and Visnjica locations, the greatest (73.7%) between the Zemun 
and Brestovik, and Vinca and Brestovik locations. In October, the least similarity (31.1%) 
was between the Zemun and Vinca, and Zemun and Brestovik locations, the greatest (52.2%) 
between the Stari Banovci and Visnjica locations. The values of the Sørensen’s Quotient of 
Similarity (QS) at both times of the year 2004 are shown in Figs 4 and 5.

According to Sørensen’s bottom fauna communities Quotient of Similarity (QS), in May, 
the majority of locations – 30% show a faunistical similarity between 40 and 50%. Two 
groups of localities (20% each) have similarity between 50 and 60%, and between 70 and 
80%, respectively. A lesser number of localities show a similarity between 20 and 30%, 30 
and 40%, and 60 and 70% (10% each). There are no locations with similarities less than 
20% and greater than 80%. In October, the majority of locations (50%) have similarity 
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Fig. 5. Calculated values of the Sørensen‘s Quotient of Similarity (QS) along the investigated sector of the Danube 
in the Belgrade region during October of 2004.



184

between 30 and 40%, another 40% sites show similarity between 40 and 50%, and only 
10% between 50 and 60%. There are no sampling sites with similarities less than 30% and 
greater than 60%.

In May, the least similarity determined according to Sørensen’s Quotient of Similarity 
was between the Stari Banovci and all other investigated locations (29.3–46.1%) and between 
Visnjica and other locations (29.3–58.3%). According to the QS values, the Vinca, Brestovik 
and Zemun locations showed the similarity in the range from minimal 35.9–44.4–46.1% 
to maximal 73.7%, respectively. In October, the least similarity was between the Zemun 
and all other locations being in the narrow range from 31.1 to 37.2%. All other investigated 
locations showed somewhat greater similarity between each other, but with lower values 
of QS than those reported in May, in the range of 35.7–52.2%.

The majority of locations in Belgrade region in May and in October 2004, 60%, and 
90%, have medium similarity values from 30 to 60% and from 30 to 50%, respectively. In 
May, only, the high QS values between 60–80% have 30% of investigated locations, as is 
the case with the little similarity between 20 and 30%, only – 10% of investigated locali-
ties. The little percentage (10%) of sampling sites show greater, but yet, medium similarity 
between 50 and 60%, in October.

Discussion

The macrozoobenthos community of the Danube in the Belgrade region during May and 
October of 2004 was made up of 15 faunistical groups: Oligochaeta, Chironomidae, Gastro-
poda, Bivalvia, Amphipoda, Ephemeroptera, Odonata, Trichoptera, Coleoptera, Hirudinea, 
Decapoda, Hydrozoa, Polychaeta, Mysidacea, and Nematoda, with 62 taxa. Bearing in 
mind that in present investigation of the Danube in Belgrade region some taxa: Nematoda, 
Coleoptera, and Mysidacea, were not identified to species level, the total number of taxa is 
certainly much higher. It was characterized by dominance of the oligochaete component, 
as was also the case in earlier years (Jakovcev, 1987, 1988; Martinovic-Vitanovic et al., 
1999b, 2004, 2006), accompanied by Chironomidae, Gastropoda, Bivalvia, Amphipoda 
and Hirudinea, and followed by other groups being less diverse and frequent. In the Danube 
across Serbia, during a 16-year period (Martinovic-Vitanovic et al., 2006), a rich invertebrate 
community with 136 potamobenthos taxa from 22 groups was established. Oligochaeta 
was dominating group accompanied by Gastropoda, Bivalvia, and Hirudinea, other groups 
being less frequent and diverse. 

The spring aspect of the communities was characterized by absence of the group Bivalvia, 
whereas in the fall this group was present with a relatively small percentage of the bottom 
fauna. It was unusual that we did not find representatives of the group Bivalvia, an important 
component of the bottom fauna of lowland rivers. This is atypical for potamobenthos of the 
Danube in the Belgrade region (Martinovic-Vitanovic et al., 2004) and was caused by factors 
of an unknown nature. In addition, remains of Mollusca shells were found in the substrate 
at the Stari Banovci and Zemun locations. These remains came not only from organisms 
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that lived at the given locations, but also from ones carried there by the river’s current. In 
October of 2004, we recorded a greater number of insect groups (Ephemeroptera, Odonata, 
Trichoptera, Coleoptera and Diptera – Chironomidae) in the benthofauna of the investigated 
sector of the Danube. The other macrozoobenthic groups were common to both aspects.

Aquatic oligochaetes are one of the main groups in lowland rivers. According to Jakovcev 
et al. (1995), the total number of oligochaete species of inland waters in Serbia (Yugoslavia) 
is 77, while Uzunov (1988) reported 82 species of oligochaetes in the Danube. Moog (1995) 
listed 107 species of freshwater oligochaetes occurring in Austria, of these 61 species were 
also found in the Austrian stretch of the River Danube and its backwaters (Moog et al., 
2000). Fesl and Humpesch (2003) report 35 oligochaete species found, which accounts for 
more than half of the species known to occur in the Austrian Danube, including 25 species 
that were recorded in the region downstream of Vienna for the first time.

Qualitative composition of the oligochaete assemblages on the given sector of the Danube 
in May of 2004 was richer than in October in regard to the number of species – 16 and 12, 
genera – 12 and eight and families – three and two, respectively.

The family Tubificidae is distributed everywhere in the world, but it originated in the 
Northern Hemisphere ((Brinkhurst, Jamieson, 1971). Members of this family are adapted for 
entrenchment in a soft substrate. They live in muddy substrates, tolerate organic pollution, 
and are indicators of an alpha-mesosaprobic or polysaprobic zone. Concerning qualitative 
composition, the given worms are found in zoobenthos samples more often than are other 
representatives of Oligochaeta (Timm, 1987). Tubificidae are dominant at depths exceed-
ing 1 m. The densest and most frequently occurred populations of their representatives are 
found in rivers polluted by communal sewage.

Distribution of the species Isochaetides michaelseni is linked with the Danube river. To-
gether with Tubifex tubifex, the species Limnodrilus hoffmeisteri builds dense assemblages 
in the Danube’s water. These two species are the leading forms in meso- and polysasaprobic 
mud in all larger streams (Schwank, 1982). Limnodrilus claparedeanus frequently occurred 
together with L. hoffmeisteri and being typical representative in high-polluted waters (Uzu-
nov et al., 1988; Uzunov, 1983; Moog, 1995) therefore indicate alfa-mesosaprobic conditions 
(indicator value 2.9). Limnodrilus udekemianus is present with small populations in as well 
oligosaprobic as polluted waters (Timm, 1987). Branchiura sowerbyi withstands elevated 
water temperatures i.e. thermal pollution. The Balkan Peninsula is the centre of distribution 
of the genus Psammoryctides (Dumnicka, 1978). The presence of Psammoryctides albicola 
is characteristic of large lowland rivers, while P. barbatus is an inhabitant of rivers with 
muddy and sandy substrates.

Naididae live on erosive substrates of rocks and gravel. The main factors determining 
their distribution and abundance are the nature of the substrate and the presence and type of 
vegetation. Representatives of this family favour dense and luxuriant vegetation, maximal 
development of the periphyton offering shelter for their most abundant populations. Their 
occurrence is characteristic of oligo- to beta-mesosaprobic zones. Hrabe (1941) described 
Paranais frici from material collected in 1934 from Čilistov side arm of Czechoslovak 
section of Danube. This is the first finding of Paranais frici, and according to Brinkhurst 
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and Jamieson (1971), its presence is characteristic of the Danube. Stylaria lacustris is the 
leading form to a depth of 1 m in zones overgrown with vegetation in organically polluted 
rivers. The greatest abundance of its populations is achieved during the period from May 
to November. The response of species of the family Naididae (Nais elinguis, N. communis) 
to different types of pollution of the watercourse varies, but it has been established that 
organic pollution of rivers with a hard erosive substrate dictates significant increase in the 
abundance of representatives of this family (Learner et al., 1978). 

The only species of the family Enchytraeidae was the species Enchytraeus albidus.
As the leading component of the benthos of polluted large lowland rivers, Oligochaeta 

are of considerable significance for their self-purification and improvement of water qual-
ity (Dumnicka, 1978). Oligochaete species that are tolerant of organic pollution of the 
watercourse – Tubifex tubifex, Limnodrilus claparedeanus, L. hoffmeisteri, and Nais com-
munis – develop dense populations (Schwank, 1982). The high occurrence frequency and 
dominance of species from the family Tubificidae (and their high abundance too) found in 
our investigations indicates the presence of great amounts of biodegradable organic sub-
stances (Timm, 1987; Finogenova, 1996; Martinovic-Vitanovic et al., 1999a, b) in water of 
the Danube in the Belgrade region during May and October of 2004.

The Danube in the Belgrade region is exposed to constant pollution of mainly organic 
origin because Belgrade is one of the rare cities in Europe in which urban communal waste-
waters are not adequately treated (Martinovic-Vitanovic et al., 1999a). For this reason, the 
given sector of the Danube is an increasingly less natural ecosystem that represents an ideal 
habitat for development of an abundant oligochaete community (Finogenova, 1996).

Tubificidae that prefer a muddy substrate and tolerate a high organic load are character-
istic of a-mesosaprobic and even polysaprobic water (Uzunov, 1979; Uzunov et al., 1988). 
With participation in the oligochaete assemblages from 60% to 100%, members of this 
family were dominant at all of the investigated locations in both May and October. At the 
Brestovik location in May, this was the only recorded group of the potamobenthos, with 
eight identified species. With the total number of species (11) and their participation of 
57.9% in oligochaete assemblages in May and October of 2004 (total number of species 
19) Tubificidae are the dominant oligochaete family. In spring as compared with fall, the 
family Naididae was more diverse and constituted a greater percentage of the oligochaete 
fauna, its participation then comprising values of 33.3% (Stari Banovci) and 12.5% (Ze-
mun), whereas the family’s participation was less than 10% at the Zemun location (9.1%) 
and 12.5% at the Brestovik location in the fall.

The complex of environmental factors (abiotic and anthropogenic) is what dictates the 
composition, structure, and distribution of the Oligochaeta and other benthic groups, as-
semblages on the investigated sector of the watercourse. 

The results of investigations of the potamobenthos with the special emphasis on Oligo-
chaeta in the Danube on the sector of the river in Belgrade region during 2004 show that 
the composition and the structure of benthic assemblages depends on abiotic factors such 
as flow rate (i.e. streambed stability as a function of hydrological conditions) and sediment 



187

composition. Both abundance and species richness of an oligochaete assemblage may be 
affected by habitat stability that is lower under less stable conditions. Sediment composi-
tion, and homogeneity of the habitat are the major structuring forces of the oligochaete, 
and other benthic groups, communities regarding species richness (Fesl, Humpesch, 2003; 
Martinovic-Vitanovic et al., 2006), so is a substrate type (Dumnicka, 1978; Sporka 1998). 
Fesl (2002) and Fesl and Humpesch (2003) report that beside habitat stability heterogene-
ity of the substrate had a strong effect on benthic community structure in Danube. In the 
present study the substrate/habitat which is of mixed type exerts noticeable influence on 
composition and distribution of the bottom fauna and Oligochaeta assemblages in Belgrade 
region affecting species richness, as confirmed by results from 16 years of investigations 
(Martinovic-Vitanovic et al., 2006).

The faunistical similarity of macrozoobenthic assemblages at all investigated locations 
of the Danube in Belgrade region during 2004 was in the range of medium and high QS 
values, and in broader zone from 29.3 to 73.7% recorded in May, while in October QS 
values were lower and grouped in narrower range from 31.1 to 52.2%. 

The majority of locations in Belgrade region in May and in October 2004, 60%, and 
100%, respectively, have medium similarity from 30 to 60%. In May, only, the greatest 
similarity between 60–80% have 30% of investigated locations, as is the case with the least 
similarity between 20 and 30%, only 10% of investigated localities.

The distribution and diversity of potamobenthos communities in Danube River in Bel-
grade region is mostly affected, apart from influence of the substrate – presence of different 
habitat types, by the permanent presence of biodegradable organic pollution received from 
tributaries (Tisa, and Sava) and/or with poorly treated industrial or communal wastewaters. 
Thus, besides the changes in characteristics of the Danube in investigated transitional zone 
(part between riverine and lacustrine sections), as a result of damming the river (Chapman, 
1997), according to Martinovic-Vitanovic and Kalafatic (2002), Jakovcev (1988) and Mar-
tinovic-Vitanovic et al. (1999b, 2004, 2006), the saprobic status of the Danube in Belgrade 
region as judged from the benthic fauna saprobial analysis in present study being in the 
α-mesosaprobic zone corresponds to a-meso- and polysaprobic conditions reported for 
the same sector of the Danube in the studies of whole course of the Danube in Serbia dur-
ing 2001, and a 16-year period from 1987 to 2003 (Martinovic-Vitanovic, Kalafatic, 2002; 
Martinovic-Vitanovic et al., 2006).
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Acknowledgements

The study was supported by the Ministry of Science and Environment Protection of the Republic of Serbia – Grants 
No. 101628 and 146021. We are grateful to R. Dooley English teacher and biology translator for improving the 
English.



188

References

Brinkhurst, R.O., Jamieson, B.G.M., 1971: Aquatic Oligochaeta of the World.  Oliver & Boyd, Edinburgh, 
860 pp.

Chapman, D. (ed.), 1997: Water quality assessments. A Guide to the Use of Biota, Sediments and Water in Envi-
ronmental Monitoring. 2nd. Chapman & Hall, London, 626 pp.

Djukic, N., Karaman, S., 1994: Qualitative and quantitative structure of the bottom fauna with the special reference 
to the oligochaeta community. In Jankovic, D., Jovicic, M. (eds), The Danube in Yugoslavia – contamination, 
protection and explotation. Publs. Inst. for Biol. Research, Belgrade, Inst. for Development of Water Resources, 
»J. Cerni«, Belgrade, Commission of EC, Brussels, p.119–123.

Dumnicka, E., 1978: Communites of oligochaetes (Oligochaeta) of the River Nida and its tributaries. Acta Hy-
drobiol. (Kraków), 20, 2:117–141.

Fesl, C., 2002: Biodiversity and resource use of larval chironomids in relation to environmental factors in a large 
river. Freshwat. Biol., 47: 1065–1087.

Fesl, C., Humpesch, U.H., 2003: Community structure and resource use of oligochaetes (Annelida) in relation to 
hydrophysical factors in a large river. Arch. Hydrobiol. Suppl., 147 (Large Rivers 14): 307–326.

Finogenova, N.P., 1996: Oligochaete communities at the mouth of the Neva and their relationship to anthropogenic 
impact. Hydrobiologia, 334: 185–191.

Hrabe, S., 1941: Contribution to the knowledge of the Danube’s oligochaetes (in Czech). Acta Soc. Scient. Natur. 
Moravicae, 137: 1–37. 

Jakovcev, D., 1987: Die saprobiologische Analyse der Donau im Belgrader Gebiet Anhand der Boden Fauna. 26. 
Arbeitstagung der IAD, SIL, Passau, Deutschland, Wissenschaftliche Referate, p. 529–532.

Jakovcev, D., 1988: Die saprobiologische Wasseranalyse der Donau im Belgrade Region Aufgrund der Benthofauna. 
27. Arbeitstagung der IAD, SIL, Mamaia, Rumanien, Limnologische Berichte Donau 1988, p. 265–269.

Jakovcev, D., Kalafatic, V., Martinovic-Vitanovic, V., 1995: The diversity of Oligochaeta in Yugoslavia’s land 
water with the survey of internationally important species. In Stevanovic, V., Vasic, V. (eds), The biodiversity 
of Yugoslavia with a survey of species of international significance. Faculty of Biology and Ecolibri, Belgrade, 
p. 279–284.

Learner, M.A., Lochhead, G., Hughes, B.D., 1978: A review of the biology of the British Naididae (Oligochaeta) 
with emphasis on the lotic environment. Freshwat. Biol., 8: 357–375.

Martinovic-Vitanovic, V., Kalafatic, V., 1995: The basic hydrobiological characteristics of inland waters in Yugosla-
via. In Stevanovic, V., Vasic, V. (eds), The biodiversity of Yugoslavia with a survey of species of international 
significance. Faculty of Biology and Ecolibri, Belgrade, p. 97–115.

Martinovic-Vitanovic, V., Kalafatic, V., Martinovic, J.M., 1999a: Saprobiological water quality investigations of 
the Danube in Belgrade region based on plankton analysis. In Proceedings of 1st Congress of Ecologists of 
the Republic of Macedonia with International Participation. Section V Ecological Monitoring. Special issues 
of the Macedonian Ecological Society, Skopje, 5: 492–503. 

Martinovic-Vitanovic, V., Kalafatic, V., Martinovic, J.M., Paunovic, M., Jakovcev, D., 1999b: Saprobiological 
analysis of benthic communities in the Danube in Belgrade region. In Proceedings of 1st Congress of Ecolo-
gists of the Republic of Macedonia with International Participation. Section V Ecological Monitoring. Special 
issues of the Macedonian Ecological Society, Skopje, 5: 504–516.

Martinovic-Vitanovic, V., Kalafatic, V., 2002: Limnological investigations of the Danube River in Yugoslavia. 
Report of the Joint Investigation of the Danube River on the Territory of the FR Yugoslavia within the In-
ternational JDS-ITR Program, Publ. Republic of Serbia, Ministry for Protection of Natural Resources and 
Environment, Federal Hydrometeorological Institute, Belgrade, p. 75–105 (also on CD).

Martinovic-Vitanovic, V., Jakovcev-Todorovic, D., Djikanovic, V., Kalafatic, V., 2004: Water quality studies of 
the Danube in Belgrade Region based on benthic fauna saprobial analysis. In Proceedings of the 35th IAD 
Conference, Novi Sad. Limnological Reports, 35: 289–295. 

Martinovic-Vitanovic, V., Jakovcev-Todorovic, D., Kalafatic, V., 2006: Qualitative study of the bottom fauna of 
the river Danube (river kilometre 1433-845.6), with special emphasis on the oligochaetes. Arch. Hydrobiol. 
Suppl., 158, 3 (Large Rivers 16, 3): 427–452. 

Moog, O. (ed.), 1995: Fauna aquatica Austriaca. Katalog zur autöcologischen Einstufung aquatischer Organismen 
Österreichs. Teil III, B, Matazoa. Bundesministerium f. Land- u. Forstwirtschaft, Wien.



189

Moog, O., Brunner, S., Humpesch, U.H., Schmidt-Kloiber, A., 2000: The distribution of benthic invertebrates 
along the Austrian stretch of the River Danube and its relevance as an indicator of zoogeographical and water 
quality patterns. Part 2. Arch. Hydrobiol. Suppl., 115 (Large Rivers 11): 473–509.

Petto, H., Humpesch, U.H., 1992: Time Series Analysis of Development Cycles of Oligochaetes in relation to 
Environmental Factors in the River Danube. Arch. Hydrobiol., 124: 53–67.

Radovic, I., Stevanovic, V., 1998: Biodiversity in the Yugoslav sector of the Danube. In  Vlavianos-Arvanitis, A., 
Morovic, J. (eds), Biopolitics. The Bio-Environment, 6, Danube River Bonds. B.I.O., Athens, p. 170–184.

Regulations for Categorization of Water Courses of Serbia, 1968: Sluzbeni glasnik SRS, No. 5/68. 
Regulations for Classification of Waters of Inter-Republic Water Courses, International Water Courses, and Coastal 

Waters of Yugoslavia, 1978: Sluzbeni list SFRJ, No. 6/78.
Schwank, P., 1982: Turbellarien, Oligochaeten und Archianneliden des Breitenbach und anderer oberhessischer 

Mittelgebirgsbache. III. Die Taxozonosen der Turbellarien und Oligochaeten in Fliessgewassern – eine syn-
ökologische Gliederung. Schlitzer Produktionsbiologische Studien (43-3). Arch. Hydrobiol. Suppl., 62, 2: 
191–253. 

Slepukhina, T.D., 1984: Comparison of different methods of water quality evaluation by means of oligochaetes. 
Hydrobiologia, 115: 183–186. 

Sporka, F., 1998: The typology of floodplain water bodies of the Middle Danube (Slovakia) on the basis of the 
superficial polychaete and oligochaete fauna. Hydrobiologia, 386: 55–62.

Sporka, F., Nagy, S., 1998: The macrozoobenthos of parapotamon-type side arms of the Danube river in Slovakia 
and its response to flowing conditions. Biologia (Bratislava) 53, 5: 633–643.

Sørensen, T., 1948: A method of establishing groups of equal amplitude in plant sociology based on similarity of 
species content and its application to analyses of the vegetation on Danish commons. Det Kongelige Danske 
Videnskabernes Selskab Biologiske Skrifter V, Kobenhaun, 17 pp.

Timm, T., 1987: Aquatic Oligochaeta of the North Western part of the USSR (in Russian). Akademiya nauk 
Ehstonskoi SSR, »Valgus« Tallin, 299 pp. 

Timm, T., 1999: A guide to the Estonian Annelida. Issued by the Estonian Naturalists’ Society. Estonian Academy 
Publishers, Tartu-Tallinn, p. 1–208.

Uzunov, Y.I., 1979: Aquatic Oligochaeta: A supplement to the list of limnosaprobic bioindicators. Proc. Bulg. 
Acad. Sci., 32, 8: 1101–1103.

Uzunov, Y.I., 1983: A short contribution to the study of aquatic Oligochaeta from the south Danube delta (St. 
Gheorghe’s Arm). Hydrobiology (Sofia), 18: 84–87. 

Uzunov, Y.I., 1988: Die Wasseroligochaeten der Donau: gegenwärtiger Zustand der Artenzussammensetzung. 
Limnologische Berichte Donau 1988. Kurzreferate und Ű bersichtsreferate 27 Arbeitstagung der IAD, Ma-
maia,  p. 299–301.

Uzunov, Y.I., Koshel, V., Sladecek, V., 1988: Indicator value of freshwater Oligochaeta. Acta Hydrochim. Hyd-
robiol., 16, 2: 173–186.

Received 26. 1. 2005


