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Abstract:

Limnological study of the Danube River in the Belgrade region was performed at five sites along 66 km of
the river flow. Research was carried out during the high (May/June) and low (September/October) water
level periods from 2007 to 2009. The qualitative and saprobiological analyses of meio- and macrozooben-
thic communities with special emphasis on chironomid larvae, as well as investigations of basic physical
and chemical water quality parameters were used for the water quality assessment, thus classifying the
Danube water (in the Belgrade region) in the limits of II-II and III class based on modified National water
assessment standards. Many species of chironomids manifested a distinct response to the presence of dif-
ferent pollutants in the water and bottom sediments, thus serving as indicators of the degree of the water
body pollution. According to CCA, the environmental factors related to the assemblage composition were
COD, BOD., percentage of oxygen saturation, TOC, total phosphates and nitrates.
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Introduction

The Danube River is the second largest European
river, with a length of 2,857 km and a drainage
area of about 817,000 km?, and it is the only large
European river that flows from west to east. The
Serbian Danube sector (587.4 km) is a significant
natural resource. In Serbia, the Danube River before
its damming (in 1970 Djerdap I and in 1984 Djerdap
II), was a typical large lowland river with charac-
teristic potamobenthic communities. After dam-
ming, the Danube River was divided into the Upper
part — Riverine zone, Middle part — Flow through
reservoir, and Lower part — Reservoirs Iron Gate I
and II (MArTINOVIC-VITANOVIC, KALAFATIC 2002,
MarTiNovIC-VITANOVIC ef al. 2006). Two large cit-
ies, Belgrade (1.7 million inhabitants) and Novi Sad
(300,000 inhabitants), lie on the Danube River, as
well as many smaller towns and villages. None of

them have a system for treating municipal waste wa-
ters (VELIKOVIC 2005). 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
waste-waters and a considerable capacity for self-
purification (MARTINOVIC-VITANOVIC ef al.1995).
Limnological studies of the Danube River in
the Belgrade region (belongs to the Middle part —
Flow through reservoir) had a long tradition since
1984, as part of the Water Quality Monitoring
Program designed by Belgrade municipal authori-
ties (MARTINOVIC-VITANOVIC et al. 1999a, b, 2004a).
Different species of chironomid larvae are used as
lotic and lentic water quality indicators, because
their distribution is closely related to the different
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degrees of water depth, dissolved oxygen, organic
matters and temperature (SAETHER 1979). Therefore,
their presence in habitats can be used as indicators in
lake classification, river zonation and water quality
(HART 1974). The family Chironomidae commonly
known as non-biting midges constitutes more than
5000 described species worldwide, with still more
to be described. It includes the most diverse group
of aquatic insects, including many different feeding
groups, habitat preferences, and tolerance levels to
different environmental conditions (EpLErR 2001).
Chironomids are suitable for the ecological char-
acterization of watercourses (DOMMERMUTH 1996,
Janzen 2003, OrenDT 2003).

The objectives of this study were to provide
data about the state of the qualitative composition
and distribution of bottom fauna communities dur-
ing the period 2007-2009, with special emphasis on
the Chironomidae family and to extend knowledge
of the bottom community structure.

Saprobic Water
P Quality Saprobity Level
Index
Class
<1.25 I oligosaprobic
1.25t0 1.75 I-11 oligo- to beta-mesosaprobic
1.76 to 2.25 1I beta-mesosaprobic
2.26t0 2.75 TI-111 beta-meso- to alpha-mesosaprobic
2.76 t0 3.25 1 alpha-mesosaprobic
3.26t03.75 -1v alpha-meso- to polysaprobic
>3.75 v polysaprobic

Materials and Methods
Study area

In order to investigate the Danube bottom fauna
composition in the Belgrade region, five locations
were selected along a stretch of the river measuring
66 km in length (Table 1): Stari Banovci, at the en-
trance into Belgrade region; Zemun, near the city’s
downtown; Visnjica, on the periphery of Belgrade,
downstream from the mouth of the Sava River and
the city dump on the right bank; Vinc¢a, near the wa-
ter intake of Vin¢a Waterworks; and Brestovik, at the
exit from the Belgrade region (see Fig. 1).

Sampling procedure and techniques

Samples were taken near the right bank of the
Danube in May/June and September/ October from
2007 to 2009. Limnological studies were performed
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using standard methods and techniques (APHA-
AWWA-WEF 1995, SRPS-ISO 5667/1997, SRPS-
ISO 7828/1997). In total, 30 samples for the meio-
and macrozoobenthos analysis were taken from the
river bottom with a Van-Veen type of grab (270 cm?
grab area). The samples were gathered from water
a depth varying between 1 and 7.5 m. Material for
analysis of benthic fauna came from the different bot-
tom facies. Substrate classification was performed by
visual evaluation in situ and in the laboratory based
on the diameter of sediment particles (WENTWORTH
1922), and according to the Serbian national classifi-
cation (MARTINOVIC-VITANOVIC et al. 1995, Lakusic¢
2005). Specimens in each sample were separated
from the sediment by washing and sieving (mesh size
200 pm). Part of the sampled material was examined
on site and the rest was preserved with 4% formalde-
hyde and examined in the laboratory. A stereo zoom
microscope with binocular magnifier (magnification
5-50x), Kriiss, Germany and microscope (10x10
and 10x40), Opton, Germany were used for sorting
and identification of organisms.

Physical and chemical water analysis was per-
formed in situ or in the Institute of Public Health,
Belgrade, using standard methods and tech-
niques (ArHA-AwwA-WEF 1995, SRPS-ISO /IEC
17025/2001). Water temperature (°C), pH, dissolved
oxygen (DO, mg.l"), percentage of O, saturation,
nitrites (mg.l"), nitrates (mg.l") and conductivity
(uS.cm™), were measured in the field with a Horiba
W-23XD multiparametric probe. Biochemical oxy-
gen demand for five days (BOD,), chemical oxygen
demand (COD), total organic carbon (TOC) and to-
tal phosphates (total P) were measured in the labo-
ratory in the Institute of Public Health, Belgrade.
The transparency of the water was assessed using a
Secchi-disc.

Appropriate keys were used for determining
bottom fauna representatives either up to the spe-
cies level or to the lowest possible taxonomic level
(BRINKHURST, JaMiEsoN 1971, Hirvenosa 1973,
LeLLAk 1980, WIEDERHOLM 1983; SLADECEK, KOSEL
1984, Crort 1986, UzUuNOV ef al. 1988, HAMMOND
1997, Timm 1999, MascHwiTz, Cook 2000, PFLEGER
2000, KorntusHIN 2004). Bioindicator species were
determined according to SLADECEK, KoS$EL 1984,
Uzunov et al. 1988 and Mooc 1995, 2002. The
Saprobic index (S), according to PanTLE, Buck
(1955) and classification of saprobity levels, accord-
ing to Mooa (1995, 2002) were used to estimate the
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water quality at each site.

The following scheme shows the classifica-
tion of the Saprobic Index (S), water quality class-
es and saprobity levels (modified National Water
Assessment Standard, according to MARTINOVIC-
Vitanovic et al. 2009):

Correspondence analysis (CA), detrended cor-
respondence analysis (DCA) and canonical cor-
respondence analysis (CCA) were used to check
for the main changes in species composition of
benthic fauna and with the chosen subset of eco-
logical factors according to performed correlation
tests (Pearson’s r). All analyses were performed in
PAST software, version 2.14 (HAMMER et al. 2001).
Environmental variables that did not meet the nor-
mality assumption (Shapiro-Wilk test, p<0.05) were
log (x+1) transformed before the analyses. A Monte-
Carlo permutation test (500 permutations, p<0.05)
was performed to test the significance of the sum of
all eigenvalues (TER BraAak, PRENTECE 1988, TER
Braak, VERDONSCHOT 1995 LEpS, SMILAUER 2003).

Results

The majority of gathered samples were taken from
fine substrates (silt and fine sand) with the presence
of detritus. However, significant parts of gravel with
pebbles and cobbles were present in some samples
taken from Visnjica and Vinca localities (Table 1).

Results of the analysis of physical and chemi-
cal water characteristics obtained from depths of 0.5
m are shown in Table 2. The largest variations in an-
alyzed parameter values were noted with dissolved
oxygen concentration (5.2 to 9.3 mg O,.1"), oxygen
saturation (61 to 105%), total phosphate (0.04 to
0.16 mg P.1"), and BOD; (0.4 to 3.8 mg O,.1") while
nitrites had varied in small amounts (0.01 — 0.03 mg
NO,.I").

Qualitative composition of the bottom fauna is
presented in Annex 1 as a list of all taxa recorded
within the studied period (2007-2009) for each site.
Alongside the 66 km of the Danube in the Belgrade
region, a rich zoobenthic community was found with
Chironomidae and Oligochaeta as dominant groups,
followed by Bivalvia and Gastropoda. During the
whole period of study, a total of 67 taxa were found;
these taxa belonged to 14 taxonomic groups. Specific
benthic groups had the following percentage of par-
ticipation in the total bottom fauna list: Chironomidae
— 23 taxa (34.33%), Oligochaeta — 17 taxa (25.37%),

Bivalvia — 8 taxa (11.94%), Gastropoda — 5 taxa
(7.46%), Hirudinea — 4 taxa (5.97%), Amphipoda —
2 taxa (2.98%). Nematoda, Polychaeta, Turbellaria,
Isopoda, Odonata, Trichoptera, Ephemeroptera
and Ceratopogonidae were represented by single
taxa. The family Chironomidae, that had the high-
est diversity, was represented by four subfamilies:
Chironominae (16 taxa), Orthocladiinae (4 taxa),
Tanypodinae (2 taxa) and Prodiamesinae (1 taxon).
Larvae of P. scalaenum and Ch. gr. plumosus were
found in all sites while Ch. riparius was found in four
out of five sites (absent from site 2). Co-dominant
Oligochaeta were represented by three families, 13
genera and 17 species. Oligochaete species belong
to the families of Tubificidae (10 species or 58.82%
of the oligochaete community), Naididae (6 species
—35.29%) and Lumbricidae (1 species — 5.89%). L.
hoffmeisteri and L. claparedeanus were found in all
sampling sites. Molluscs were a subdominant com-
ponent in zoobenthic communities, with 19.40%
participation in the total bottom fauna. The groups
of Gastropoda and Bivalvia were found during all
investigated years and in all sites.

Calculated values of Pantle-Buck’s saprobic
index (S) of bottom fauna communities are given in
Table 3. The values varied from minimum S = 2.24
(locality 1 in Sept 2009 = S22) to maximum S = 3.24
(locality 4 in June 2008 = S17), indicating the range
from beta-meso- to alpha-mesosaprobic conditions.
Seventeen out of twenty-three identified chironomid
species had individual saprobic values in the range
from 0.80 to 3.60. Nine of these species had individ-
ual saprobic values in the beta-mesosaprobity class,

Brestovik

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

507



Popovi¢ N., V. Jovanovi¢, M. Rakovi¢, V. Kalafati¢, V. Martinovic-Vitanovic

*s1
154 :
1,24
084 : : 512
*515
55 H *s3
04 :
: : "saz2
*s25 P es b
o i HE, 2 |
2 g i T s -SSRSO
< 520
. o .
; S26 S30 S v
: . : 528
o] : 513 1 S8 s *s10
: : 2,
P sat “sig
Po"sm
T e
+0.84 s 519 *s14 :
1,2 *s9
164
-2 =16 =12 -08 =04 [1] 04 08 12 16
Axis 1

Fig. 2. Correspondence analysis of sampled meio- and macroinvertebrate communities. Abbreviations: S1 — S30 —
samples (for details see Appendix 1)
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Fig. 3. Detrended correspondence analysis — plot of sample scores. Length of the first axis is 330 SD

and six bioindicators had saprobic valences in the plained 8.79% of the total variation. Along the first
alpha-mesosaprobity class. Hence, the majority of CA axis the extremely divergent samples were S15
recorded chironomid bioindicators indicated mesos- and S25, with the samples S5 and S26 nearly as di-
aprobic conditions. vergent. These four samples were from the same lo-

The majority of samples were clustered in cality (locality 3), which was characterized by the
the CA graph (Fig. 2), with some samples signifi- presence of intensive organic pollution originating
cantly differing in species composition. The first from inadequately purified wastewaters and the city
CA axis explained 10.35%, while the second ex- dumpsite on the bank. This locality differed signifi-
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Fig. 4. CCA ordination plot of meio- and macroinvertebrate communities and environmental variables. Quantitative
environmental variables are indicated by vectors (O, — percentage of oxygen saturation, BOD, — biological oxygen
demand for five days, COD — chemical oxygen demand, TOC — total organic carbon, total P — total phosphates, cond
— conductivity and nitrates. Codes of species showed on plot: Cha dia — Chaetogaster diaphanus, Der _dig — Dero
digitata, Nais_bar — Nais barbata, Oph_ser — Ophidonais serpentine, Unc_unc — Uncinais uncinata, Psa_alb — Psam-
moryctides albicola, Eis_tetr — Eiseniella tetraedra, Sty lac — Stylaria lacustris, Erp_oct — Erpobdella octoculata,
Glo_com — Glossiphonia complanata, Glo_het — Glossiphonia heteroclita, Hel sta — Helobdella stagnalis, Pla_tor
— Planaria torva, Jae_sar — Jaera sarsi, Bit_ten — Bithynia tentaculata, Viv_ace — Viviparus acerosus, Ano_cyg — An-
odonta cygnea, Uni_tum — Unio tumidus, Sin_woo — Sinanodonta woodiana, Sph_cor — Sphaerium corneum, Cor_flus
— Corbicula fluminalis, Sph_sol — Sphaerium solidum, Pyr nym — Pyrrhosoma nymphula, Hyd ang — Hydropsyche
angustipennis, Bae rho — Baetis rhodani, Cer — Ceratopogonidae, Dic_pul — Dicrotendipes pulsus, Dic_not — Di-
crotendipes notatus, Dic_ner — Dicrotendipes nervosus, Pol_con — Polypedilum convictum, Pol — Polypedilum sp.,
Parach — Parachironomus sp., Par_alb — Paratendipes albimanus, Cri_syl — Cricotopus sylvestris, Cri_bic — Cricoto-
pus bicinctus, Cri_tre — Cricotopus tremulus, Ort — Orthocladius sp., Pro_oli — Prodiamesa olivacea, Clad_man — Cla-
dotanytarsus mancus, Pol_ped — Polypedilum pedestre, Pol alb — Polypedilum albicorne, Ein_pag — Einfeldia pagana,
Dem vul — Demicryptochironomus vulneratus

cantly in BOD, and total phosphates content from
all other sites. On the other extreme of the first CA

were: BOD,, percentage of oxygen saturation, ni-
trates, TOC, COD, total phosphates and conductivity.

axis some samples (S1, S12) from the least polluted
locality (locality 1) were positioned. Results of DCA
analysis (Fig. 3) showed great heterogeneity in the
structure of studied communities, i.e. big overturn in
species composition among the samples. This over-
turn in diversity did not follow river flow gradient, or
seasons. To a certain extent, it could be described as
the gradient of pollution. Since the highest score on
the x-axis of DCA was notably higher than 4.SD, the
CCA analysis was employed for the gradient analy-
sis of the effect of ecological factors on community
composition. At the community level, CCA analysis
based on a presence-absence matrix was performed.
Environmental variables included in the analysis

The first two CCA axes had eigenvalues of 0.31 and
0.26, explaining 51.19% of variation in the relation-
ship between species and environmental factors (Fig.
4). COD and BOD, had the highest negative correla-
tions with the first CCA axis and the percentage of
oxygen saturation was positively correlated with the
second CCA axis. Hirudinea species, E. octoculata
and G. heteroclita, had the highest scores on the first
CCA axis, and were found at sites with high total
phosphates, BOD, and COD levels. Positive correla-
tions with COD and BOD, were found for C. bicinc-
tus, C. sylvestris, P. convictum, Orthocladius sp., O.
serpentina, D. digitata, N. barbata, S. lacustris and
Ch. diaphanus; while positive correlations with total
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Table 3. Values of the Pantle-Buck saprobic index based on saprobiological analysis of the benthic communities of
the Danube River in the Belgrade region, Serbia in the years 2007-2009 with saprobity level (sl.): o — oligosaprobic;
B — beta-mesosaprobic; o — alpha-mesosaprobic; p — polysaprobic and water quality class (cl.): I-IV

Sites S. Banovci Zemun Visnjica Vinca Brestovik
Year Month S sl., cl. S sl., cl. S sl., cl. S sl., cl. S sl., cl.
2007 June 248 |B-o, II-IIT| 2.50 |B-o, O-IIT| 3.04 a, 111 3.16 a, 111 3.00 a, I
October 2.70 | B-o, II-III|  3.11 o, 11 3.20 o, 111 2.95 o, 11 2.79 a, 11
2008 June 3.03 a, 11 291 o, 11 2.94 o, 11 3.24 o, 111 3.18 a, 11
September 237 |B-o, II-IOI|  2.77 o, 11 3.17 o, 11 3.09 o, 111 3.05 a, 11
2009 May 3.1 o, 1T 2.97 a, I 2.81 a, 1T 3.07 a, 111 2.95 a, 1T
September |  2.24 B, 11 2.74 |B-o, O-1IT| 3.09 a, 1T 2.79 a, 11T 3.23 a, 1T

phosphates and TOC were found for the remaining
Hirudinea species and chironomids: D. notatus, D.
nervosus, Parachironomus sp. Among chironomids,
affinity toward the sites with higher conductivity lev-
els was shown by D. vulneratus, C. tremulus, P. albi-
manus and E. pagana, showing at the same time the
negative correlations with total phosphates, BOD,
and COD. Chironomids P. albicorne, P. pedestre, C.
mancus and P. olivacea were positively associated
with the percentage of oxygen saturation.

Discussion

The invertebrate benthic assemblage of 67 taxa from
14 faunistic groups, recorded in the Danube River in
the Belgrade region, may be considered as a rich one.
In the previous paper (MARTINOVIC-VITANOVIC et
al. 2006) the number of benthic species recorded in
the Belgrade region was the same, although the total
of 136 taxa were recorded from the whole Danube
course in Serbia. Chironomidae and Oligochaeta
represent the main components of benthic commu-
nities in the Danube as a large lowland river.

In our present paper five recorded taxa are de-
noted as invasive species: H. invalida, B. sowerbyi,
L. naticoides, D. polymorpha and C. curvispinum.
Also new species (Neozoa) of the Danube’s inver-
tebrate fauna, C. fluminea and C. fluminalis, were
recorded in three and seven samples, respectively
(MaRrTINOVIC-VITANOVIC et al. 2006). Distribution
of the oligochaete species I. michaelseni in Serbia
is linked with the Danube River (MARTINOVIC-
Vitanovic et al. 2006). Among Gastropoda, only
V. acerosus was known as an endemic species in
the Danube River (MARTINOVIC-VITANOVIC et al.
2006). The core of the benthic community in the in-
vestigated part of the Danube River can be inferred
from taxa common at all sampling sites. This group

includes: oligochaetes (B. sowerbyi, T. tubifex, L.
hoffmeisteri, L. claparedeanus, L. udekemianus, P.
hammoniensis, P. albicola), chironomids (P. scalae-
num, Ch. plumosus, Ch. riparius), gastropods (7. flu-
viatilis and L. naticoides), bivalves (C. fluminea and
C. fluminalis), with the occurrence of nematodes,
crustaceans (Gammaridae and J. sarsi) and polycha-
ete H. invalida. The identified bottom fauna commu-
nity is common for the Danube in the Belgrade re-
gion (MARTINOVIC-VITANOVIC ef al. 1999a, 2004a).
Comparing the obtained results with those of other
authors for the Danube River (ILLIES 1978, JANKOVIC
1978, Moo 1995, 2002, Russev et al. 1998,
MARTINOVIC-VITANOVIC et al. 1999a, b, 2004a, b,
MARTINOVIC-VITANOVIC et al. 2006, 2008, FEsL
2002) we noticed a similarity and correspondence in
terms of community composition. This community-
type was also reported from the middle lowland sec-
tor of the Volga River (ZiNcHENKO 2006).

In the present study, the highest species rich-
ness in the fauna of Chironomidae was recorded
for the subfamily Chironominae (16 taxa), while
species richness among three other subfamilies
(Orthocladiinae, Tanypodinae and Prodiamesinae)
was significantly lower (4, 2 and 1 taxa, respective-
ly). Previously, Jankovi¢ (1978) recorded 73 spe-
cies of Chironomidae in the Serbian stretch of the
Danube River, 47 species have been identified in the
Bulgarian section of the Danube River (Russev et
al. 1998), while Fittkau, Reiss (1978) stated that
the total number of chironomids in Europe’s inland
waters was 1,404. Larvae of dominant chironomid
species (P. scalaenum, Ch. plumosus and Ch. ripar-
ius) were found in almost all samples. Some chirono-
mid species can tolerate low oxygen and strongly
polluted conditions (Curry 1961), e.g. Ch. riparius
larvae have a wide range of ecological tolerance to
low pH values (Havas, HutcHiNsoN 1982) and low
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oxygen saturation of water (HEmnis 1993). Larvae of
the genus Polypedilum are also known for inhabiting
all types of freshwaters (LENz 1962).

The 30 analyzed samples were taken from
prevailing soft bottom substrates (silt, sand and de-
tritus). The distribution and diversity of potamob-
enthos communities (expressed by species richness)
are affected by the nature of substrates. In soft, mud-
dy sediments, we recorded dominance of ubiquitous
taxa of Chironominae and Tubificidae. Substrate
type is also assumed to be an important abiotic fac-
tor governing the species richness of aquatic in-
vertebrates. Species richness may be affected by
habitat stability, being lower under less stable con-
ditions (FesL 2002). Differentiation in the compo-
sition of the zoobenthic community of the Danube
River in the Belgrade region was mostly driven by
the following environmental factors: COD, BOD,,
total phosphates and oxygen saturation percentage
(Fig. 4), all of them strongly related to water pol-
lution. Also, the changes in overall characteristics
of the Danube River in investigated riverine, tran-
sitional (Flow through reservoir — Danube in the
Belgrade region) and lacustrine zones could be the
result of river damming (MARTINOVIC-VITANOVIC et
al. 2006, CuaPMAN 1997). Conductivity was gener-
ally as expected for Danube-type rivers (SRPS-ISO
7828/1997), so it was not stressful for the communi-
ties, as well as for the levels of nitrates and TOC.
Oxygen parameter variations (dissolved oxygen,
percentage of oxygen saturation and BOD) are ef-
fects of waste water inflow bringing abundance of
easily degradable organic matter and the inabil-
ity of water plants and algae to recuperate, through
photosynthesis, oxygen used for its decomposition
(MARTINOVIC-VITANOVIC et al. 2004a, b). The distri-
bution and diversity of potamobenthos communities
in the Danube River in Serbia are mostly affected,
apart from the presence of different habitat types,
by the permanent presence of biodegradable organic
pollution (received from tributaries such as Tisa and
Sava rivers) and poorly treated industrial or com-
munal wastes (MarTINOVIC-VITANOVIC 2006). This
type of anthropogenic influence on the Danube bot-

512

tom can be easily seen in the community structure of
Visnjica samples. These samples differed from both
upstream and downstream localities (Fig. 2), which
suggests that there is a huge impact at this locality.
This impact is brought by communal waste, which
changes the BOD, and total phosphates content at
the site. Phosphate becomes available following the
biological decomposition of domestic sewage. These
changes in the chemical composition of the water are
followed by significant changes in the structure of
the biota, some of which exploit the increased nutri-
ents and others which can tolerate reduced oxygen
concentrations. Positive correlation with total phos-
phate, COD and BOD, showed pollution tolerant or-
ganisms (E. octoculata, G. heterolitica). However,
there was also a huge capacity for self-purification:
communities downstream from Visnjica restored the
standard structure.

Positive correlation with percentage of oxy-
gen saturation showed species which are pollution
sensitive (e.g. P. albimanus, C. mancus). The genus
Cladotanytarsus may colonize all kinds of freshwa-
ter and brackish environments, but shows a prefer-
ence for those with rather coarse sediments and low
organic matter contents (MCGARRIGLE 1980, Bass
1986). A sufficient supply of dissolved oxygen is
essential for the integrity of river ecosystems and
vital to the self-purification process within rivers
(OLIVER 1983).

Our results are consistent with the results of
other authors dealing with benthic community com-
position of large lowland rivers (Russev et al. 1998;
ZINcHENKO 2006). This is a confirmation of the
statement that large lowland rivers are characterized
by a typical potamobenthic community in which the
highest species richness was recorded for subfamily
Chironominae.
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