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Introduction
The freshwater bivalve, zebra mussel Dreissena poly-
morpha (Pallas 1771) native to the Ponto-Caspian 
region, quickly spread from Eastern to Western 
Europe in the 19th and 20th century through a corridor 
of river basins interconnected by man-made canals 
(Kinzelbach 1992). Over the last two centuries, ze-
bra mussel has continued its expansion into large riv-
ers throughout much of Western Europe. In contrast, 
Dreissena rostriformis bugensis (Andrusov 1897), 
another Ponto-Caspian species, has been far slower in 
its range expansion (Molloy et al. 2007). European 
dispersal of Ponto-Caspian species has resulted from 
international stocking programs and unintentional 
transport facilitated by human activities including 
commercial shipping and canal net development 
(Tittizer 1997, Tittizer, Banning 2000, Orlova et al. 

2004). The phenomenon of penetration of European 
and North American continental waters (rivers and 
lakes) by invasive and introduced species that origi-
nated mainly from Asia was noticed some 40 years 
ago (Nedeljkovic 1967, 1979, Ricciardi, MacIsaac 
2000, Ojaveer et al. 2002, Reid, Orlova 2002, Bij 
de Vaate et al. 2002, Lyashenko et al. 2004, Dumont 
et al. 2004, Karatayev et al. 2008, Gergs et al. 2008, 
Kipp et al. 2010). We registered the same process in 
our 25-year bottom fauna investigation of the Danube 
River basin in Serbia (Martinovic-Vitanovic, 
Kalafatic 2002, Martinovic-Vitanovic et al. 2006, 
2008, 2009, 2010), and in our present investigations. 
The various aspects of two dreissenid species expan-
sions from the Ponto-Caspian region to freshwater 
habitats of North America and Europe were the object 
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of the investigations of the following authors: Pathy, 
Mackie 1993, Mills et al. 1999, Vanderploeg et al. 
2002, Orlova et al. 2004, Zhulidov et al. 2004, 2005, 
2010, Son 2007, Van der Velde, Platvoet 2007, 
Molloy et al. 2007, Grigorovich et al. 2008, Imo et 
al. 2010. Detailed limnological studies of the Danube 
in the Serbian sector of the river initiated in 1958 have 
continued to the present time (Nedeljkovic 1967, 
Martinovic-Vitanovic, Kalafatic 1990, 1995, 2002). 
The communities of zoobenthos are represented by 
forms typical of lowland rivers, such as the Danube 
River in Serbia, with oligochaetes and molluscs – bi-
valves and gastropods followed by insects (especially 
chironomids) as principal components of the commu-
nity in regard to species richness (Nedeljkovic 1967, 
Martinovic-Vitanovic, Kalafatic 2002, Martinovic-
Vitanovic et al. 2006, 2009, and in our present inves-
tigations). Micu, Telembici (2004) followed by Popa, 
Popa (2006) first recorded the spreading of quagga 
mussel in the Romanian Danube stretch. In 2007 
Hubenov, Trichkova (2007) published the first record 
of the quagga mussel in the Bulgarian Danube stretch. 
Our study represents the first record of the quagga 
mussel in the Serbian Danube stretch, as well as the 
present distribution of quagga and zebra mussels in 
Serbia, and describes the spreading of their European 
and global ranges.

Materials and Methods
In the 10-year period of investigations from 2002 to 
2011, samples were collected seasonally (four times 
per year), and during 2010 Dreissena species, along 
with the quagga mussel for the first time, were re-
corded at the investigated Danube stretch in Serbia 
(eleven standard sampling sites in a 396 km long 
sector of the Danube River from 1260 r-km to 863.4 
r-km).

In this study, the investigated Serbian Danube 
stretch was divided into three parts according to 
Martinovic-Vitanovic et al. (2006):

I – Riverine zone: from r-km 1260 (Ledinci) to 
r-km 1250 (Novi Sad)

II – Flow-through reservoir: from r-km 1192 
(Stari Banovci) to r-km 1072 (Ram); and

III – Lake ecosystems  – Iron Gate I and II 
(Djerdap I and II) reservoirs: from r-km 1059 (Veliko 
Gradiste) to dam Iron Gate I at r-km 942.9, and from 
r-km 934 (Kladovo) to dam Iron Gate II at r-km 
863.4, respectively.

Limnological studies were performed using 
standard methods and techniques (APHA-AWWA-
WEF 1995). Sediment samples with benthic organ-
isms were taken with Van-Veen type of grab (270 
cm2; three grabs per site/4 times per year), bentho-
logical dredge, and by hand collecting. In 2010, 
Van-Veen samples sites totalling 35 sites (8 in each 
season – April, June and November equalling 24, 
plus 11 in September). Samples were collected from 
a depth of 1-33 m. Material for the analysis of meio- 
and macrozoobenthos came from the different bot-
tom facies. Substrate classification was performed 
by visual evaluation in situ, and in the laboratory 
(using stereo zoom microscope with binocular mag-
nifier-magnification 5-50x, Krüss, Germany), based 
on the diameter of sediment particles (Wentworth 
1922) and according to the national classification 
(Martinovic-Vitanovic, Kalafatic 1995; Lakusic et 
al. 2005). All samples were preserved in situ with 
4% formaldehyde and transported to the laboratory, 
where they were further processed. In the laboratory, 
mussels were separated from other material under 
a dissection microscope, identified to species when 
feasible, and enumerated. Specimens were assigned 
to either Dreissena polymorpha or D. rostriformis 
bugensis. Species identification was done according 
to traditional dreissenid taxonomy based principally 
on shell morphological attributes (Pathy, Mackie 
1993, Grigorovich et al. 2008): 1-Presence/absence 
of the ventro-lateral carina; 2-Degree of flatness of 
the shell at ventral region; 3-Overlap of valves and 
4-Curvature and asymmetry of the ventral margin of 
valves. The ages of quagga mussels were determined 
by shell sectioning (Hebert et al. 1989). Appearance 
frequencies (F = 0-1) of Ponto-Caspian and intro-
duced (Neozoa) species per site were calculated as F 
= m x M-1, where m stands for the number of sam-
ples in which the particular species was found, and 
M stands for the total number of samples. Eleven 
quagga mussel’s specimens were randomly chosen 
and deposited in the repository (code 11/2010) of the 
Department of Hydroecology and Water Protection 
of the Institute for Biological Research “Sinisa 
Stankovic” (University of Belgrade, Serbia).

Results
Our study represents the first record of the quagga 
mussel in the Serbian Danube stretch. Out of a 396 
km long sector of the investigated Danube River in 
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Serbia, in 137 km long sector of the Danube River, 
the quagga mussel was found for the first time: on 
the 12th of April 2010 at Veliko Gradiste sampling 
site in the Djerdap I accumulation (N 44°46’16.4’’, 
E 021°31’20.8’’; 1059 r-km), and for the second 
time on the 13th of April 2010 at Kladovo sampling 
site in the Djerdap II accumulation (N 44°37’02.7’’, 
E 022°36’34.8’’; 934 r-km). For the third time, on 
the 21st of June 2010, it was found furthest upstream 
near the old town of Ram sampling site in Flow-
through reservoir (N 44°48’42.0’’, E 021°22’16.1’’; 
1072 r-km). After that, the quagga mussel was found, 
for the fourth and final time, on the 9th of September 
2010 at site Tekija in the Djerdap I accumulation 
(N 44°41’11.6’’, E 022°24’11.1’’; 956 r-km). The 
map presents combined data from literature and our 
own results about the distribution of quagga mus-
sels in the Danube River in Romania and Bulgaria, 
and Serbia, respectively (Fig. 1 and Table 1). In to-
tal, 858 specimens of dreissenid species were found, 
among which 802 were identified as D. polymorpha 
and 56 as D. rostriformis bugensis (Table 1). Both 
dreissenid species were found in nine out of 35 sam-
ples collected in 2010 at 11 investigated sampling 
sites. In June, at the Ram sampling site, quagga mus-
sel was found at the bottom, water depth being 11 m. 
In April and September, at Veliko Gradiste, quagga 
mussel specimens were gathered from the bottom, 
water depth being 5 m and 15 m. In September and 
November, at the Tekija site, quagga specimens 
were collected from the bottom, water depth being 
1 m and 33 m. At the Kladovo site, in April, June, 

September and November, quagga specimens were 
collected from the bottom, water depth varying be-
tween 1 and 9 m. Quagga mussels were found at 
four sampling sites with hard and soft substrates 
(cobble, pebble, sand and silt) while zebra mussels 
were found at nine sampling sites with similar sub-
strate types (Table 1). Of the total number of found 
dreissenid (n=340) at the four sampling sites in the 
Serbian Danube River during 2010, the number of 
quagga mussels (n=56) in relation to zebra mussels 
(n=284) was 1:5. Specimens were assigned to either 
D. rostriformis bugensis or D. polymorpha based 
upon the examination of shell characters (Fig. 2): – 
Shell shape, actual size and colour: rounder (26 mm) 
and triangular (16 mm), respectively. Zebra mussels 
ranged in size from 1-5 mm (for juveniles) to greater 
than 15 mm (for adults). Their minimum shell length 
was 20.25 mm; mean length was 22.96 mm, while 
the maximum length was 24.90 mm. Another dis-
tinguishing characteristic for its identification is the 
shell shape. Quagga mussels have a pointed um-
bone, are rounded ventroposteriorly, have a much 
more rounded ventral surface with little or no ven-
trolateral shoulder or ridge, and may have a more 
rounded and higher dorsoanterior slope or winglike 
extension. In addition, there may be a difference in 
the colour pattern or marks between the ventrolateral 
and dorsolateral sides (Fig. 2A). An often useful dis-
tinguishing feature of the quagga mussel is the ap-
pearance of a white stripe or line across the middle 
of the shell from the umbone toward the posterior 
end. As with D. polymorpha, the quagga mussel has 

Fig. 1. The distribution of quagga mussels in the Danube River:  (1) Cernavoda, Romania in 2004 (Micu, Telembici 
2004); (2) Koshava, Bulgaria in 2006 (Hubenov, Trichkova 2007); (3) Sandrovo, Bulgaria in 2007 (Hubenov, Trich-
kova 2007); (4) Drobeta Turnu Severin, Romania in 2005 (Popa, Popa 2006); (5) Kladovo; (6) Tekija; (7) Veliko Gradiste 
and (8) Ram, Serbia in 2010 (present study)
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large variability in shell shape, colour, and colour 
pattern. D. rostriformis bugensis had a ventral view 
with an obvious ridge and ridge absence, the valves 
are asymmetrical with no straight midventral line, 
while D. polymorpha had the valves bilaterally sym-
metrical with a straight midventral line (Fig. 2B). In 
D. rostriformis bugensis and D. polymorpha both the 
anterior adductor and anterior byssal retractor mus-
cles attach to the myophore plate. Both external shell 
features were utilized to investigate the diagnostic 
usefulness of the anterior adductor and anterior 
pedal retractor muscle scars on the myophore plate. 
D. rostriformis bugensis was reported to possess an 
elongated scar outline nearly twice as long as it was 
wide, whereas that of D. polymorpha was character-
ized by more even dorsal and ventral aspects (Fig. 
2C). In the Serbian Danube investigations, from 13 
non-native invertebrate species found during 2010, 
the majority were of Ponto-Caspian origin. Table 2 
presents nine Ponto Caspian relict and invasive spe-
cies together with alien so-called introduced taxa 
(Neozoa) in the benthofauna of the Danube River 

in Serbia with their frequency of occurrence. Apart 
from D. rostriformis bugensis, D. polymorpha, and 
Ponto-Caspian relicts, seven other Ponto-Caspian 
species were recorded: Hypania invalida (Grube 
1860), Manayunkia caspica Annenkova 1928, 
Isochaetides michaelseni (Lastockin 1937), Jaera 
sarsi Valkanov 1936, Corophium curvispinum Sars 
1895, Lithoglyphus naticoides (C. Pfeiffer 1828) and 
Theodoxus danubialis (C. Pfeiffer 1828). In total six 
of them are denoted as invasive species (Table 2). 
From Ponto-Caspian species with the highest occur-
rence, frequencies are as follows: F = 1 – Dreissena 
polymorpha and F = 0.73 – Corophium curvispinum. 
Five species have medium F values (0.31-0.60) be-
ing in the range of F = 0.36-0.54. Only two species 
have low frequencies of occurrence – F = 0.18. Four 
alien species recorded in our investigations of the 
Serbian Danube stretch are so-called introduced 
taxa – Neozoa: Corbicula fluminea (Muller, 1774), 
C. fluminalis (Muller, 1774), Sinanodonta woodiana 
(Lea, 1834) and Theodoxus fluviatilis (Linnaeus, 
1758), the first three being from Eastern Asia. Their 

Fig. 2. Dreissenidae of the Serbian 
Danube – Morphological characteris-
tics of Dreissena rostriformis bugensis 
(Andrusov, 1897) and D. polymorpha 
(Pallas, 1771): A. Shell shape and ac-
tual size; B. Ventral view; C. Anterior 
muscle scars – myophore plate (Photo 
M. Rakovic)

A B

C



354

Rakovic M., N. Popovic,V. Kalafatic, V. Martinovic-Vitanovic

occurrence frequencies were in a wide range from 
0.09 to 0.64  (Table 2).

Discussion
During our previous 16-year and up-to-date investi-
gations of the Danube River zoobenthic community, 
along with 33 Mollusca species we found all together 
142 potamo-benthic taxa, representatives of 23 fau-
nistic groups (Martinovic-Vitanovic, Kalafatic 
2002, Martinovic-Vitanovic et al. 2006, 2009, 2010, 
2013). The following 14 groups were identified in 
2010 with 59 taxa in all: Nematoda (1), Polychaeta 
(2), Oligochaeta (18), Hirudinea (2), Bryozoa (1), 
Amphipoda (2), Isopoda (1), Mysidacea (1), Diptera-
Chironomidae (14) and Ceratopogonidae (1), Odonata 
(1), Trichoptera (2), Gastropoda (5) and Bivalvia (9). 
Respective faunistic lists did not include D. rostri-
formis bugensis as invasive species originated from 
the Ponto-Caspian region (Martinovic-Vitanovic et 
al. 2006, 2009). Therefore its finding in the present 
study may be considered its first record in the Serbian 
Danube River and a new species for the invertebrate 

fauna of Serbia. Besides zebra mussels and quagga 
mussels in the benthocenoses of investigated Danube 
sections we also found the Ponto-Caspian freshwater 
snails Lithoglyphus naticoides and Theodoxus danu-
bialis. Within the sediment, Unio tumidus was present 
together with numerous Asian clams Corbicula flu-
minea and C. fluminalis. Material for the analysis of 
meio- and macrozoobenthos came from the differ-
ent bottom facies. The samples were gathered from 
the bottom, water depth varying between 1 and 33 
m. Both dreissenid species were found in nine out 
of 35 samples collected in 2010 at 11 investigated 
sampling sites, and larger numbers were recorded 
on hard substrates (cobble, pebble, sand) and water 
depth between 11 and 33 m. The high concentrations 
of zebra mussels on sandy substrates on the east-
ern side of Lake Michigan between 15 m and 30 m 
and expanding populations between 30 m and 50 m 
(Nalepa et al. 2001) benefit from low wave energy 
and the deep chlorophyll layer that intersects the bot-
tom at these depths. With zebra and quagga mussels 
clumping together, the chance of misidentification 
between these two Dreissena species or forms is 

Table 2. Non-indigenous invertebrate species found in Serbian Danube fauna during 2010: Ponto-Caspian relict, inva-
sive and introduced species in the benthofauna of Danube (Serbia) with Frequency of occurrence by Localities (Sam-
pling site numbers grouped in Parts I-III) - F = 0-1; number of locations where a taxon was found (for two dreissenid 
species found in 2010, see also Table 1) - n = 1-11; ( ) - Ponto-Caspian species by its origin; (*) - Invasive species; 
(**) - Introduced species (Neozoa).

PONTO-CASPIAN SPECIES PARTS I-III / LOCALITIES
Polychaeta
* Hypania invalida (Grube 1860) II-III / 5, 6, 7, 8, 9, 10 (F = 0.54)
*Manayunkia caspica Annenkova 1928 III / 7, 10 (F = 0.18)
Oligochaeta
Isochaetides michaelseni (Lastockin 1937) II-III / 5, 6, 7, 8, 9 (F = 0.45)
Isopoda
Jaera sarsi Valkanov 1936 II-III / 5, 6, 7, 10 (F = 0.36)
Amphipoda
* Corophium curvispinum Sars 1895 II-III / 3, 4, 5, 6, 7, 8, 9, 10 (F = 0.73)
Gastropoda
*Lithoglyphus naticoides (C. Pfeiffer 1828) II-III / 4, 5, 6, 8, 9, 11 (F = 0.54)
Theodoxus danubialis (C. Pfeiffer 1828) III / 9, 10 (F = 0.18)
Bivalvia
* Dreissena polymorpha (Pallas 1771) I, II and III / 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 (F = 1)
* Dreissena rostriformis bugensis (Andrusov, 1897) II and III / 6, 7, 9, 10 (F = 0.36)
INTRODUCED SPECIES (NEOZOA)
Gastropoda
**Theodoxus fluviatilis (Linnaeus 1758) II and III / 3, 5, 6, 7, 10 (F = 0.45)
Bivalvia
**Corbicula fluminea (Muller, 1774) I, II and III / 1, 3, 5, 6, 7, 9, 10 (F = 0.64)
**Corbicula fluminalis (Muller,1774) II and III / 6, 7 (F = 0.18)
**Sinanodonta woodiana (Lea, 1834) III / 7 (F = 0.09)
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great (Pathy, Mackie 1993). Even though confirma-
tion of the quagga mussel’s species identity requires 
further genetic analysis (May, Marsden 1992), as 
well as ecological studies (Vanderploeg et al. 2002), 
some external diagnostic shell features such as shell 
size and shape, as well as the colour pattern or marks 
between the ventrolateral and dorsolateral sides may 
be used to distinguish a zebra mussel from a quagga 
mussel (Pathy, Mackie 1993). As with D. polymor-
pha, the quagga mussel has large variability in shell 
shape, color, and color pattern. Quagga mussels can 
be all black, brown, or white and have various striped 
patterns (Pathy, Mackie 1993). Complementing tra-
ditional dreissenid taxonomy based principally on 
morphological attributes, presented in our study, we 
accepted what Therriault et al. (2004) suggested, 
based on molecular analyses, that D. bugensis and D. 
rostriformis may represent a single species with two 
distinct races. Therefore, in our paper we accepted 
that D. bugensis has the status of D. rostriformis bu-
gensis. Human activities are rapidly changing aquatic 
ecosystems. The most notable are activities related to 
canal construction and transoceanic shipping, both of 
which link water bodies and allow transfer of non-in-
digenous species between previously isolated aquatic 
ecosystems. The dreissenids have undergone consid-
erable global redistribution as a result of shipping 
activities (Nuttall 1990). The spreading of quagga 
mussel in the Danube River was first recorded by 
Micu, Telembici (2004) at Cernavoda in 2004, and 
Popa, Popa (2006) recorded it two years later fur-
ther westwards (500 r-km upriver) at Drobeta near 
Turnu Severin. In 2007 Hubenov, Trichkova (2007) 
published the first record of the quagga mussel in the 
Bulgarian Danube stretch near the villages Koshava 
(811 r-km) and Sandrovo (477 r-km). Quagga mussel 
was found for the first time in the Serbian Danube 
stretch in April 2010 at sampling site Veliko Gradiste 
(1059 r-km). Our furthest upstream finding of this 
species was at the site Ram (1072 r-km). Since its 

penetration in the Danube River, practically all of 
Western Europe has been accessible for the quagga 
mussels, because of the Danube-Main-Rhine canal, 
which removed the natural barriers for this species. 
Molloy et al. (2007) found this species for the first 
time on the 19th of April 2006 in the Hollands Diep 
near Willemstad in the Netherlands, where it oc-
curred in relatively low numbers in between the zebra 
mussels (1% were quagga mussels). Van der Velde, 
Platvoet (2007) findings of the quagga mussel in 
Germany, River Main on the 19th of May 2007 is also 
confirmation that the quagga mussel has entered via 
the Main-Danube canal. Zebra mussel, the first dreis-
senid mussel introduced in North America, rapidly 
spread throughout many river systems and the Great 
Lakes causing substantial ecological and environ-
mental impact (Mills et al. 1999). The quagga mus-
sel was first observed in North America in September 
1989 when it was discovered in Lake Erie near Port 
Colborne, Ontario (Mills et al. 1999). The introduc-
tion of both dreissenid species into the Great Lakes 
appears to be the result of ballast water discharge 
from transoceanic ships containing veliger, juveniles, 
or adult mussels. The genus Dreissena is highly pol-
ymorphic and prolific with high potential for rapid 
adaptation attributing to its rapid expansion and col-
onization. Our finding together with the previously 
mentioned ones (Micu, Telembici 2004, Popa, Popa 
2006, Hubenov, Trichkova 2007, Van der Velde, 
Platvoet 2007 and Molloy et al. 2007), shows that 
the Danube River is most likely the main pathway of 
spread of quagga mussel throughout Europe.

Acknowledgements The study was supported by the Ministry 
of Science and Technological Development of the Republic of 
Serbia – Grant No. 146021 and by the Serbian Ministry of Edu-
cation and Science – Grant No. 176018, and was conducted in 
collaboration with the Jaroslav Cerni Institute for the Develop-
ment of Water Resources, Belgrade staff. We are also grateful to 
the staff of Stara Palanka Ecological Station for providing field 
and technical assistance.

References

APHA-AWWA-WEF 1995. Standard Methods for the Ex-
amination of Water and Wastewater. 19th ed., Eaton AD, 
Clesceri LS, Greenberg AE (eds) – Amer. Public Health 
Assoc.,Washington DC.

Bij de Vaate A., K. Jazdzewski, H.A. Ketelaars, S. Gollasch 
and G. Van der Velde 2002. Geographical pattern in range 
extension of Ponto-Caspian macroinvertebrate species in 
Europe. – Can. J. Aquat. Sci., 59:1159-1174.

Dumont H., T. A. Shiganova and U. Niermann (eds.) 2004. 
Aquatic invasions in the Black, Caspian, and Mediterranean 
Seas. NATO Science Series IV. – Earth and Environmen-
tal Sciences, Springer Sciences + Business Media, Inc., 
Cluwer Academic Publishers, Dordrecht, Netherlands, 
i-ix, 35:1-325.

Gergs R., A.J. Hanselmann, I. Eisele and K.O. Rothhaupt 2008. 
Autecology of Limnomysis benedeni Czerniavsky, 1882 



356

Rakovic M., N. Popovic,V. Kalafatic, V. Martinovic-Vitanovic

(Crustacea: Mysida) in Lake Constance, Southwestern 
Germany. – Limnologica, 38:139-146.

Grigorovich I. A., J. R. Kelly, J. A. Darling and C.W. West 2008. 
The Quagga  Mussel Invades the Lake Superior Basin. – J. 
Great Lakes Res, 34:342–350.

Hebert P. D. N., B. W. Muncaster and G. L. Mackie 1989. 
Ecological and Genetic Studies on Dreissena polymorpha 
(Pallas): a New Mollusc in the Great Lakes. – Can. J. Fish. 
Aquat. Sci., 46: 1587-1591.

Hubenov Z., T. Trichkova 2007. Dreissena bugensis (Mollusca: 
Bivalvia: Dreissenidae): New invasive species to the 
Bulgarian malacofauna. – Acta zoologica bulgarica, 59: 
203-209.

Imo M., A. Seitz and  J. Johannesen 2010. Distribution and inva-
sion genetics of the quagga mussel (Dreissena rostriformis 
bugensis) in German rivers. – Aquat. Ecol., 44: 731-740.

Karatayev A.Y., S.E. Mastitsky, L.E. Burlakova and  S. Olenin 
2008. Past, current, and future of the central European cor-
ridor for aquatic invasions in Belarus. – Biol. Invasions, 
10: 215-232.

Kinzelbach R. 1992. The main features of the phylogeny and 
dispersal of the zebra mussel Dreissena polymorpha. In: 
Neumann D., H.A. Jenner (eds.) The Zebra Mussel Dreis-
sena polymorpha: Ecology, Biological Monitoring and First 
Applications in the Water Quality Management, Gustav 
Fischer, New York, USA, 5-17 p.

Kipp R., S.A. Bailey, H.J. MacIsaac and  A. Ricciardi 2010. 
Transoceanic ships as vectors for nonindigenous freshwater 
bryozoans. – Diversity Distrib., 16: 77-83.

Lakusic D., J. Blazencic, V. Randjelovic V, B. Butorac, S. Vu-
kojicic, B. Zlatkovic, S. Jovanovic S, J. Sinzar-Sekulic, 
D. Zukovec, I. Calic and  D. Pavicevic 2005. Habitats 
of Serbia – Manual with descriptions and basic data. In: 
Lakusic D. (ed.): Habitats of Serbia, Project Results: “Har-
monization of national nomenclature in the classification 
of habitats with standards of International Community”. 
Ministry of Science and Environmental Protection of Serbia 
(http://habitat.bio.bg.ac.rs).

Lyashenko A. V., O. O. Sinicyna and  E. V. Voloshkevich 2004. 
Alien species within Ukrainian lower Danube’s reaches. – In: 
Limnological Reports IAD-SIL, Novi Sad, 35: 583-588.

Martinovic-Vitanovic V., V. Kalafatic 1990. Classification 
of some reservoirs in SR Serbia (SFR Yugoslavia) based 
on analysis of plankton species as indicators of trophic 
conditions. – Arch. Hydrobiol. Beih. Ergebn. Limnol. 33: 
831-837. 

Martinovic-Vitanovic V., V. Kalafatic 1995. The basic hydro-
biological characteristics of inland waters in Yugoslavia. 
In: Stevanovic V., V. Vasic (eds.), 97-115, Publ. Fac. of 
Biology, Univ. of Belgrade and Ecolibri, Belgrade, p. 562. 
(In Serbian, English summary).

Martinovic-Vitanovic V., V. Kalafatic 2002. Limnological 
investigations of the Danube in Yugoslavia.  Report of the 
Joint Investigations of the Danube River on the Territory 
of the FR Yugoslavia within the International JDS-ITR 
Program, Publ. Rep. of Serbia, Ministry for Protection of 
Natural Resources and Environment, Federal Hydrome-
teorol. Inst., Belgrade, 75-105

Martinovic-Vitanovic V., D. Jakovcev-Todorovic and  V. 
Kalafatic 2006. Qualitative study of the River Danube 
(river kilometre 1433-845.6), with special emphasis on 
the oligochaetes. – Arch. Hydrobiol. Suppl., 158 (Large 

Rivers 16): 427-452.
Martinovic-Vitanovic V., V. Milankov and  V. Kalafatic 2010. 

First record of freshwater bryozoans (Bryozoa: Phylac-
tolaemata) in the aquatic invertebrate fauna of Serbia. – 
Limnologica, 40: 73-81.

Martinovic-Vitanovic V., S. Obradovic, V. Milankov and  V. 
Kalafatic 2008. Bottom fauna communities of the Sava 
River (r-km 61.5-0.5) in Serbia. – Arch. Hydrobiol. Suppl., 
166 (Large Rivers 18): 209-241.

Martinovic-Vitanovic V., N. Popovic, S. Ostojic, M. Rakovic 
and  V. Kalafatic 2009. Spreading and ecology of Man-
ayunkia caspica Annenkova 1928 (POLYCHAETA) in the 
Serbian Danube stretch. – Transylv. Rev. Ecol. Res. 8 (“The 
Wetlands Diversity”): 137-160.

Martinovic-Vitanovic V., M. Rakovic, N. Popovic and V. Ka-
lafatic 2013. Qualitative study of Mollusca communities 
in the Serbian Danube stretch (river km 1260-863.4). – 
Biologia, 68: 112-130.

May B., J.E. Marsden 1992. Genetic identification and implica-
tions of another invasive species of Dreissenid mussel in the 
Great Lakes. – Can. J. Fish. Aquat. Sci. 49: 1501-1506.

Micu D, A. Telembici 2004. First record of Dreissena bugensis 
(Andrusov 1897) from the Romanian stretch of River 
Danube. In: Abstracts of the International Symposium of 
Malacology, Sibiu, Romania, August 19-22.

Mills E. L., J. R. Chrisman, B. Baldwin, R. W. Owens, R. 
O’Gorman, T. Howell, E. F. Roseman and  M. K. Raths 
1999. Changes in the Dreissenid Community in the Lower 
Great Lakes with Emphasis on Southern Lake Ontario. – J. 
Great Lakes Res., 25: 187–197.

Molloy D. P., A. Bij de Vaate, T. Wilke and  L. Giamberini 2007. 
Discovery of Dreissena rostriformis bugensis (Andrusov 
1987) in Western Europe. – Biol. Invasions, 9: 871-874.

Nalepa T. F., D. W. Schloesser, S.A. Pothoven, D. W. Hondorp, 
D. L. Fanslow, M. L. Tuchman  and  G. W. Fleisher 2001. 
First finding of Echinogammarus ischnus and the mussel 
Dreissena bugensis in Lake Michigan. – J. Great Lakes 
Res., 27: 384-391.

Nedeljkovic R. 1967. Das Zoobenthos der Donau – Jugoslawien. 
– In: Liepolt R. (ed.), Limnologie der Donau, E. Schweizer-
bart, Stuttgart, 247-251 p.

Nedeljkovic R. 1979. Das Zoobenthos der Donau in den Jahren 
nach dem Aufbau der Djerdap-Stauanlage. In: Proc. II Con-
gress of Association of Ecological Societies of Yugoslavia, 
Zagreb, 1881-1888 p. (In Serbian, German summary).

Nuttall C.P. 1990. Review of the Ceanozoic heterodont bivalve 
superfamily Dreissenacea. – Palaeontology (Lond.), 33: 
707-737.

Ojaveer H., E. Leppäkoski, S. Olenin and  A. Ricciardi 2002. 
Ecological Impact of Ponto-Caspian Invaders in the Baltic 
Sea. European Inland Waters and the Great Lakes: An Inter-
Ecosystem Comparison. In: Leppakoski E, Gollaschand 
S, Olenin S (eds) Invasive Aquatic Species of Europe: 
Distribution, Impacts and management, Kluwer Sci. Publ., 
Dordrecht, The Netherlands, 412-425 p.

Orlova M. I., J. R. Muirhead, P. I. Antonov, G. K. Shcherbina, 
Y. I. Starobogatov, G.I. Biochino, T. W. Therriault and  
H.J. MacIsaac 2004. Range expansion of quagga mussels 
Dreissena rostriformis bugensis in the Volga River and 
Caspian Sea basin. – Aquat. Ecol., 38: 561-573.

Pathy D. A., G. L. Mackie 1993. Comparative shell morphology 
of Dreissena polymorpha, Mytilopsis leucophaeata, and 



Spreading of Dreissena rostriformis bugensis (Andrusov 1897) in the Danube River (Serbia)

357

the ‘‘quagga’’ mussel (Bivalvia: Dreissenidae) in North 
America. – Can. J. Zool., 71: 1012-1023.

Popa O. P., L. O. Popa 2006. The most westward European oc-
currence point for Dreissena bugensis (Andrusov 1897). 
– Malacol. Bohemosl. 5: 3-5.

Reid D.F., M.I. Orlova 2002. Geological and evolutionary under-
pinnings for the success of Ponto-Caspian species invasions 
in the Baltic Sea and North American Great Lakes. – Can. 
J. Fish. Aquat. Sci., 59: 1144-1158.

Ricciardi A., H. J. MacIsaac 2000. Recent mass invasion of the 
North American Great Lakes by Ponto-Caspian species. – 
Trends Ecol. Evol., 15: 62-65.

Son M.O. 2007. Native range of the zebra mussels and quagga 
mussel and new data on their invasions within the Ponto-
Caspian Region. – Aquat. Invasions, 2:174-184.

Therriault T, W, M. F. Docker, M. I. Orlova, D. D. Heath and  
H. J. MacIsaac 2004. Molecular resolution of the fam-
ily Dreissenidae (Mollusca: Bivalvia) with emphasis on 
Ponto-Caspian species, including first report of Mytilopsis 
leucophaeata in the Black Sea basin. – Mol. Phylogenet. 
Evol., 30: 479-489.

Tittizer T. 1997. Ausbreitung aquatischer Neozoen (Makrozoo-
benthos) in den europäischen Wasserstraßen, erläutert am 
Beispiel des Main-Donau-Kanals. – Schriftenr. Bundesamt. 
f. Wasserwirtsch., 4: 113-134.

Tittizer T, M. Banning 2000. Biological assessment in the Danube 
catchment area: Indications of shifts in species composition 
induced by human activities. – European Water Manage-

ment, 3:35-45.
Vanderploeg H. A., T. F. Nalepa, D. J. Jude, E. L. Mills, K. T. 

Holeck, J. R. Liebig, I. A. Grigorovich and  H. Ojaveer 
2002. Dispersal and emerging ecological impacts of Ponto-
Caspian species in the Laurentian Great Lakes. – Can. J. 
Fish. Aquat. Sci., 59: 1209-1228.

Van der Velde G., D. Platvoet 2007. Quagga mussels Dreis-
sena rostriformis bugensis (Andrusov) in the Main River 
(Germany). – Aquat. Invasions, 2:261-264.

Wentworth C.K. 1922. A scale of grade and class terms for clastic 
sediments.  – J. Geol., 30: 377-392.

Zhulidov  A. V., D. F. Pavlov, T. F. Nalepa, G. H. Scherbina, D. 
A. Zhulidov and  T.Y. Gurtovaya 2004. Relative distribu-
tions of Dreissena bugensis and Dreissena polymorpha in 
the lower Don River System, Russia. – Int. Rev. Hydrobiol., 
89:326-333.

Zhulidov A. V., D. A. Zhulidov, D. F. Pavlov, T. F. Nalepa and  
T. Y. Gurtovaya 2005. Expansion of the invasive bivalve 
mollusk Dreissena bugensis (quagga mussel) in the Don 
and Volga River Basins: Revisions based on archived 
specimens. – Ecohydrol. Hydrobiol., 5:127-133.

Zhulidov  A. V., A. V. Kozhara, G. H. Scherbina, T. F. Nalepa, 
A. Protasov, S. A. Afanasiev, E. G. Pryanichnikova, D. 
A. Zhulidov, T. Y. Gurtovaya and  D.F. Pavlov 2010. 
Invasion history, distribution, and relative abundances of 
Dreissena bugensis in the old world: a synthesis of data. – 
Biol. Invasions, 12:1923-1940.

Received: 29.06.2012 
Accepted: 05.02.2013




