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Abstract - The present paper states conclusions about the quality of Danube water in the Belgrade Region based on analy-
ses of the invertebrate community. The investigation was performed during periods of high (May, 2002) and low (October,
2002) water conditions. Meio- and macrozoobenthos were observed. Qualitative, quantitative, and saprobiological analy-
ses were performed. The sampling area covered five stations along 66 km of the river. The community was represented by
26 species. Aquatic worms were the principal component of the benthos with respect to both species richness (six species)
and abundance (58.39-99.47 % of the total community). Gastropods were also diverse (six species). Snails were found to
be subdominant as far as participation in the total community density is concerned. Structure of the benthic community
and the saprobity index (S= 2.78-3.43) indicated the presence of organic pollution. No notable differences of estimated
environmental quality were observed between a station upstream from Belgrade and one situated below the exit from the
broader territory of Belgrade. Since Belgrade is recognized as one of the main contaminants in regard to biodegradable
pollutants in the Middle Danube, this finding points to an impressive self-purifying ability of this huge river.
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UDC 574(497.11 Danube)

INTRODUCTION sampling can be done easily, using simple and inexpen-
sive equipment (Rosenberg and Resh, 1993).
The present paper states conclusion about the quality of

Danube water in the Belgrade Region in May (high water The investigated sector is situated in the middle part
condition) and October (low water level) of 2002 based of the Danube basin - the largest segment of the river’s
on analyses of the invertebrate community. Meio- and watercourse from Bratislava to the Iron Gate dams (Ser-
macrozoobenthos were observed. Results of qualitative bia/Romania). It is an interesting area for hydrobiological
and quantitative investigation as well as saprobiological investigations for the following reasons: 1) With its main
analyses were included in the study. tributaries, the Danube represents the most significant Ser-
bian water resource, one which has been extensively used

Aquatic invertebrates were the target group, since for the water supply, irrigation and land melioration, ship
they offer numerous advantages in biomonitoring, which traffic, and hydroelectric energy production; 2) In this part
explains why they are the most commonly used group in the Danube flows through a densely populated area, and
assessing water quality. They are the group most often rec- a permanent risk of pollution is present (M artinovi¢-
ommended for use in aquatic ecosystem surveys because: Vitanovic etal 1999);3) A surface drinking water in-
1) They are a generally well-known group; 2) aquatic in- take is situated in the sector near the settlement of Vinca,
vertebrates are basically sedentary organisms; 3) there is and this that necessitates regular biomonitoring; and 4)
an array of widely distributed species among the group; Due to constructions of the Iron Gate dam (943 km) on the
4) it is a diverse component of the aquatic environment, Danube near Sip, hydrological changes were observed up
one which offers a spectrum of responses to stress; and 5) to Slankamen (1215 km), and they too affected the ben-
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Fig. 1. Sampling stations - the Danube, Belgrade Region, 2002 (sampling stations
correspond to the explanation in the text)

thic fauna in the Belgrade Region (Martinovi¢and
Vitanovié¢ et al. 1999). Those alterations affected
both water quality and the biota(Nedeljkovi¢, 1979;
Jankovié¢ andJovicic¢, 1994; Simi¢ etal 1997).

DESCRIPTION OF THE SAMPLING STATIONS
AND THE METHODS USED

The investigation was performed during periods of
high (May, 2002) and low (October, 2002) water condi-
tions. The sampling area covered five stations along 66
km of the river (Fig. 1):

Station No. 1 - the village of Stari Banovci, down-
stream from the Tisa’s confluence, upstream from the
boundary of the Belgrade Region;

Station No. 2 - Zemun, inside the narrow city area;

Station No. 3 - Visnjica, on the periphery of Belgrade,
situated below the downtown and downstream from the
Sava River’s inflow. Ten municipal sewage outlets are lo-
cated on the right bank upstream from the site. Effluents
from the nearby port and shipyard as well as from several
upstream industrial facilities also affect the river at this
station.

Station No. 4 - the vicinity of a surface drinking wa-
ter intake near the village of Vin¢a, downstream from the
mouth of the River Tamis (a left-hand tributary).

Station No. 5 — the village of Oresac, at the exit from

the broader territory of Belgrade, downstream from the
town of Grocka, where the river enters a region character-
ized by more intensive agricultural activities.

Benthic samples were collected from soft substrates
using a Van Veen dredge with a grab area of 270 cm? in
the shore region. Animals were separated from sediment
with a 200-pum sieve. The samples were preserved with
4% formaldehyde. Sorting and identification were carried
out using a binocular magnifier (5-50 x) and a stereomi-
croscope (10 x 10 and 10 x 40).

The study included qualitative and quantitative
analysis of the benthic community. The number of ob-
served taxa and community density (number of individu-
als per square meter - ind m?) are presented in order to
describe the distribution of invertebrates along the sector.
Correspondence (reciprocal averaging) analysis or CA

Tab. 1. Qualitative and quantitative (ind/m?) composition of macroinvertebrate
fauna along examined stretch of the Danube River

taxa station: 1 2 3 4 5 1 2 3 4 5
preiod May October
Oligochaeta 18907 34521 4625 30229 3145 14503 29600 3460 6180 1665

74

18833 34521 4625 30229 3145 14503 29600 3460 6180 1665

Branchivra sowerbyi, Bedd. 555 875 37
Tubifex tubifex, (Mull) 42183811 370 | 8510 8127 9990 299 644 407
Limnodrilus hoffmeisteri, Clap. | 592 117945 259 17020 875 1 2960 | 599 11287 481
1. claparediamis, Retz. 9657 2405 740 12311030 74
Linmidrilus (fr. and juy.) 3626 110360 3996 4699 4626 15910 13313219 666

185

i 3 3 i i oI T R

preiod May October

Hirudinea 259

Zrpobdella actoculata 259

Chironomidae 1221 37 1258 ¢ 111 56

Gastropoda 703 148 185 74 666 703 9620 740

111 37

Litoglyphus naticoides, CPf. 703 148 74 74 629 592 9250 296

Bvithinia tentaculaia 370

Acroloxus lacustris 333

Theodoxus danubialis 37
37111 74
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Tab. 1. Continued

taxa station 1 2 3 4 5 1 2 3 4 5
preiod May QOctober
Hydrozoa 37
Hydra sp 37
Bivalvia 111 370 9250 37 37
Sphaerivm rivicla, Lam. 111 3339350
Unio crassus 37
pohymerpha 37 37

111 37 1491 111
Dikerogammarus villossus, 111 185 37
Sow.

Tab. 1. Continued

taxa station 1 2 3 45 273 4 s
preiod May October

LPotamogammarus obessus 74

rvispirim 1406

Asellus aquaticus i 74

Isopoda 37

Nematoda 185 222 2220

37

Total 21238 134706 6327 30451 3848 17463 50690 3516 6217 2701

(Pielou, 1984) was carried out on an input table con-
sisting of 26 rows (taxa) x 5 columns (mean abundance
of taxa per station). This statistical technique resulted in
an ordination diagram, which made it possible to analyze
the relations between stations and fauna. Saprobiological
analysis was performed using combined lists of bioindica-
tors (Sladecek, 1973; Uzunov, 1979; Uzunov et
al. 1988; Moo g, 1995). The saprobic level was estimat-
ed applying the Pantle and Buck (1955) saprobic in-
dex S. Water quality was evaluated according to national
standards (YUFROW, 1985).

RESULTS

During the investigation, the occurrence of 26 taxa
belonging to the following groups was recorded (Tab.
1): Oligochaeta (six species), Gastropoda (six), Bivalvia
(three), Amphipoda (three), Isopoda (two), Hirudinea
(one), Hydrozoa (one), Coleoptera (one) and the groups
Nematoda, Hydracarina, and Chironomidae, which were
not identified to the species level. The number of recorded

taxa per station fluctuated between four (stations 3 and 4,
October) and 14 (station 5, October).

During the period of a high water level, 15 taxa were
recorded, while the number of taxa observed during the
period of a low water level period was 22 (Tab. 1).

Total abundance of benthic organisms varied be-
tween 2,701 (station 5, October) and 50,690 ind m™ (sta-
tion 2, October).

Aquatic worms (Oligochaeta), which were repre-
sented by species belonging to the Tubificidae family,
were the principal component of the community with re-
spect to species richness and abundance. The participa-
tion of aquatic worms in the benthic community varied
between 58.39 % (station 2, October) and 99.47 % (sta-
tion 2, May).

Snails (Mollusca: Gastropoda) and non-biting midg-
es (Diptera: Chironomidae) also made up a significant
part of the benthic community. Dense populations of
snails were observed at stations 5 in May (17.31 %) and
5 and 2 in October (27.40 % and 18.98 %, respectively).
Chironomids were abundant in May at stations 3 (19.88
% of the total community) and 1 (5.75 %). Mussels and
clams (Bivalvia) were represented with 18.25 % of the
total community density at station 2 in October. At the
other stations, representatives of Bivalvia were observed
with considerably lower densities of up to 2.12 % (loc. 1,
May and October; loc. 4 and 5, October) or they were not
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Fig. 2. Ordination diagram based on correspondence (reciprocal averag-
ing) Analysis or CA (Pielou, 1984) - input table 26 rows (taxa) x 5
columns (mean abundance of taxa per station); Sampling stations cor-
respond to Fig. 1 and explanation in the text.
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Tab. 2. Saprobity index [S](Pantle and Buck, 1955) and category of
the watercourse evaluated according to Yugoslav standards (YUFROW,
1985) — the Danube, Belgrade Region, 2002.

Location 1 2 3 4 5
Saprobity index s May 2,96 332 2,91 3,43 2,82
October 2.90 2.89 3.26 3.22 2.78
May I II-IV I II-IV 111
Category
October I juig -1V I juig
detected.

Within the principal benthic group (Oligochaeta), the
following species, adapted to a high organic load, were
observed: Tubifex tubifex, Limnodrilus hoffimeisteri, Lim-
nodrilus claparedeanus, and Branchyura sowerbyi (Tab.
1). Among snails, Litoglyphus naticoides was the most
abundant (up to 96.15 % of the gastropods and up to 18.25
% of the total invertebrate community at loc. 2, October;
up to 40.00 % of the gastropods and up to 10.96 % of the
total invertebrate community at loc. 5 in October). Among
other species of gastropods, worth mentioning in connec-
tion with population density is Acroloxus lacustris, which
was found to represent 12.33 % of the total community at
station 5 in October.

The CA ordination diagram (Fig. 2) shows the rela-
tionships between invertebrates (mean abundance of taxa
per station) and sampling stations. The position of stations
2,4, and 1 on the ordination diagram is determined mainly
by the presence of species that are common to the major-
ity of sampling stations - SG 1 (Fig. 2). Moreover, station
2 (in both periods) and station 4 (in May) were character-
ized by higher total community density in relation to the
other stations. Station 1 was characterized by the presence
of Branchiura sowerbyi (Oligochaeta). This aquatic worm
was also observed at station 5, but it was less abundant. At
the other stations, B. sowerbyi was not recorded. Also, a
high population density of Dikerogammarus vilosus was
observed, at the station 1, which is in keeping with the
station position on the ordination diagram in regard to di-
mension | (Fig. 2). The position of stations 1 and 3 is af-
fected as well by high density of Diptera larvae belonging
to the family Chironomidae. Station 5 was distinguished
from the others by the presence of the snails Theodoxus
danubialis and Acroloxus lacustris, along with the species
Pontogammarus obesus (Amphipoda) and 4sellus aquati-
cus (Isopoda) (Fig. 2, species group “SG” 2). The total
density pattern and presence of the mentioned animals

most strongly affected the position of station 5 on ordina-
tion diagram in relation to the others (Fig. 2).

The results of saprobiological analysis (Tab. 2) indi-
cated that water quality varied within the limits of catego-
ry III according to national standards (YUFROW, 1985).
The Saprobic index (Pantle and Buck, 1955) varied
between S=2.78 (station 5, October) and S=3.43 (station
4, May).

DISCUSSION

During the investigation, 26 benthic taxa were re-
corded. Dominance of four species - [Tubifex tubifex,
Limnodrilus hoffmeisteri, and Limnodrilus claparedeanus
(Tubificidae: Oligochaeta) and Litoglyphus naticoides
(Gastropoda)] was observed. The sampling stations were
distinguished by variation in total density and principal
components of the community, as well as by the presence
and distribution of taxa with minor participation in the to-
tal invertebrate association, present affected the CA ordi-
nation diagram (Fig 2).

Relations between the community present and sap-
robic conditions have been extensively discussed in the
literature (Kovacev and Uzunov, 1986; Rosen-
berg and Resh, 1993). Thus, a small number of taxa
recorded, together with dominance of one a or few spe-
cies, indicates the presence of stress (Chapman,
1996). Mass development of oligochaetes, accompanied
by reduction of other benthic species, points to the occur-
rence of organic matter in both water and the substratum
(Slepukhina, 1984; Timm, 1987).

The dense populations of aquatic worms of the fam-
ily Tubificidae (adapted to high organic loads) which were
observed during the investigation indicate the presence of
organic pollution. The number of animals indicating low-
er saprobity levels was considerably smaller.

Comparable results of investigating the zoobenthos
community along the Serbian reach of the Danube River
were reported previously. A high density of aquatic worms
was observed along the Serbian part of the river (Djuki¢
et al. 1987, 1994; Simi¢ et al.1997; Martinovi¢-
Vitanovi¢é ef al. 1999). A tendency toward increase
in the density of eutrophic species of oligochaetes af-
ter damming of the Danube was also emphasized
(Nedeljkovi¢ 1979;Djuki¢ etal 1987,1994). The
results presented here corroborate earlier drawn similar
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conclusions concerning zoobenthos and water quality of
the Danube in the Belgrade Region (Jakovcev, 1987,
1988; Martinovic¢and Vitanovi¢ etal 1999) - all
studies reported the same community structure (domi-
nance of aquatic worms and mollusks) and confirmed
that water quality was within limits of the third category
according to national standards (YUFROW, 1985). This
means that the Danube is exposed to the constant inflow of
a high organic load. On the other hand, in spite of the high
pollution level, the significant self-purifying ability of this
huge river was confirmed. Our investigations, as well as
previous studies (Jakovcev, 1987; 1988; Jankovi¢
and Jovici¢, 1994; Martinovi¢-Vitanovic et
al. 1999), showed that there is no considerable difference
of water quality between stations upstream and down-
stream from the narrow city area.
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AHAJIM3A KBAJIMTETA BOJAE IYHABA Y PETHOHY BEOI'PAJA, 3ACHOBAHA HA BEHTOCHUM
KUBOTUIHAMA - INIEPHOJ BUCOKHUX U HUCKHUX BOJA TOKOM 2002. TOJMHE

JAVIA JAKOBUEB-TOJOPOBUR', M. IAYHOBUR', BOJAHA CTOJAHOBUR!, B. CUMWR?,
BECHA BUKAHOBUR'u AHA BEJbLKOBUR?

Unemumym 3a 6uonowxa ucmpasxcusara ““Cunvwa Cmanxosuh”, 11000 Beorpan, Cp6uja u Llpua I'opa
*Uncmumym 3a 6uonoaujy u exonoaujy, Ilpupoono-wamemamuuxu gaxynmem Ynusepsumema y Kpazyjesyy,
34000 Kparyjesar, Cpouja u L{puaa ['opa

Pan mpencrasiba crymujy kBamurera Bome JlyHaBa
y peruony beorpaza koja je 06aB/beHa y BpeMe mepuosa
Bucokor (maj 2002) 1 Huckor Bogoctaja (okrodap 2002) u
Koja je Oa3upaHa HA aHAIM3H 33jCIHUIC OCCKUUMEHHaKa.
Pasmarpan je meno- u makpo3oobentoc. [Ipukasyjy ce
pe3yaTaTH KBAIUTATHBHUX M KBAHTUTATHMBHUX Calpo-
OMOJIOIIKNX ~WCTpakuBama. [loapydje y30pKoBama
00yXBaTWJIO je TeT JoKajaureTa ayK 66 km peke. Y
OKBHPY 3ajeqHHIIE KOHCTartoBaHo je 26 Bpcra. Oligo-
chaeta cy Owie Haj3HauajHMja KOMIIOHCHTa OEHTOCA Y
OJIHOCY Ha Pa3HOBPCHOCT (IIECT BpCTa) M aOyHIaHILY
(58,39-99,47 % yxynue 3ajemnurie). [lyxkeBu (Gas-

tropoda) cy 3acTylubeHH ca MIECT BPCTa U OHHU CYy
CYyOJIOMUHAHTHA TpyIa y OJHOCY Ha ydenihe y YKYITHO]
ryctuan 3ajeqaune. CTpykTypa OCHTOCHE 3aje/IHUIIC,
Kao W BPEIHOCTHU HMHJCKca canpoOHocTH (S = 2,78-3,43)
yKazyje Ha opraHcko 3araljeme peke. butHe paznmke
y TMpPOUCHCHOM CTalmy OKPYKCHha Ha JIOKaJIUTCTHMA
Y3BOJIHO U HHU3BOJIHO OJ Y)KEr mojpydja beorpaga Hucy
youene. Kako je beorpan mpeno3Hat/buB Kao jefaH of
mIaBHHUX 3araljuBaua OwomerpagaOMIHUM Marepujama y
cpenmeM TOKy JlyHaBa, oBaj Hajla3 MUCTHYE UMIPECUBHY
criocoOHOCT camornpeunihaBama oBe MONHE peke.



