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Introduction
The aim of the present study is to divide the Danube 
River into sectors as a framework for the identifica-
tion of water bodies, the main sub-objects of the wa-
ter management as stated in the requirements of the 
EU Water Framework Directive (WFD 2000), based 
on the distribution of mollusc fauna. 

A series of localities was sampled along the en-
tire length of the Danube River during the Second 
Joint Danube Survey (JDS 2) in 2007. The Survey 
provided comparable data on the composition of 
mollusc fauna of this complex river system. This 
fact illustrates the necessity for an effective section-
ing (typology) that should reflect the natural state in 
order to define efficacious management. Namely, the 
WFD (2000) requires the design of specific monitor-
ing and assessment system, which implies necessity 
of using specific metrics and threshold values for 

each water type/ group of types, in order to assess 
properly the ecological status.

The main characteristics of the Danube River 
Basin are presented in Lászlóffy (1965), Literáthy et 
al. (2002), Robert et al. (2003), and Tubić et al. (2013). 
The Danube River is the second largest European river 
(length of 2857 km and catchments size of 801 463 
km²) and more than 80 million people, residing in 19 
countries, share the Danube River catchment area, 
making it the world’s most international river basin. 

Until the end of the 19th century, the Danube 
River possessed a natural dynamics, exhibiting a huge 
capacity for self-purification and constant changes of 
its course (Tubić et al. 2013). The steady degradation of 
the Danube’s environment has destroyed over 80% of 
its wetlands, floodplains and floodplain forests (Tubić 
et al. 2013) and consequently much of its biodiversity. 
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A precise typology has been considered by the 
Water Framework Directive (WFD 2000) to be an 
important aspect of effective water management and 
monitoring of the ecological status.

Based on the catchment geology, described by 
several authors (Lászlóffy 1965, Literáthy et al. 
2002, Robert et al. 2003), the Danube River can be 
divided into three sub-regions: the Upper, Middle 
and Lower Danube.

The Upper Basin, which has an area of 132,000 
km2, extends from the source tributaries in the 
Black Forest (Germany) to the Devin Gate (Slovak 
Republic). The Middle Basin, with an area of 445,000 
km2, is the largest sub-region. It includes the part from 
the Devin Gate (Slovakia/ Austria) to the Iron Gate 
Dams (Serbia/ Romania). The Lower Danube Basin, 
with an area of 241,000 km2, extends from the Iron 
Gate to Sulina (the Black Sea Mouth of the Danube 
River) and includes the very large river delta. 

A division based on the river slope has gener-
ated six sections (Lászlóffy 1965). Nine distinct 
reaches have been characterised considering specific 
geomorphological landscape features, as well as an-
thropogenic impacts (Literáthy et al. 2002), while 
Robert et al. (2003) have divided the Danube River 
into ten section types. 

Molluscs constitute one of the largest inverte-
brate phyla with regard to the number of identified 
species and relative abundance, especially in large 
lowland rivers (Jakovčev 1987, 1988, Arambašić 
1994, Simić et al. 1997, Simić, Simić 2004, Gomes et 
al. 2004, Paunović et al. 2005, 2007a, Tubić et al. 
2013). The Gastropoda and Bivalvia are best repre-
sented in benthic systems and the species belonging 
to these classes have been used to characterise ben-
thic associations (Diaz, Puyana 1994). 

While several studies have been carried out on 
the benthic communities of the Danube River basin, 
the spatial patterns displayed by benthic communities 
and identification of the factors responsible for the ob-
served patterns have not been investigated fully (Simić 
et al. 1997, Moog 2002, Simić, Simić 2004, Lorenz, 
Hering 2004, Paunović et al. 2005, 2007a, Tomović et 
al. 2010, Bódis et al. 2011, Tubić et al. 2013).

Considering the actual stretch that was covered 
by the present investigation, the results of this study 
should contribute to a more accurate sectioning of a 
large lowland river such as the Danube River.

Material and Methods
Study area and sampling
Sampling was performed at 96 sites along 2600 
km of the Danube River (Table 1, Fig. 1) from 

13 August to 26 September 2007. Out of the total 
number of sites, 24 sampling points were positioned 
in the mouth section of the main tributaries or side 
arms. The samples were collected by a hand net with 
mesh size of 500 μm (EN 27828:1994), benthologi-
cal dredge, scratching from hard substrates, and by 
free diving (up to a depth of 5 m).

The essential habitat characteristics of the sites: 
type of river channel, the level of hydromorphologi-
cal degradation, the predominant substrate, habitat 
diversity, and the data about surface flow velocity 
were collected during the survey (Liška et al. 2008).

Data analysis
The basic community characteristics (sapro-

bic condition, current preference, preference to 
bottom substrate type, general river zonation and 
feeding types) were calculated using Asterics soft-
ware (AQEM 2002). The autecological data were 
taken from AQEM (2002) and Nesemann, Reischütz 
(2002a,b).

In order to analyse the differences between the 
sites and sections, frequency analyses for each spe-
cies were performed. The following scale was used 
to evaluate constancy: F1=0-0.25 – accidental spe-
cies; F1=0.25-0.50 – accessory taxa; F1=0.50-0.75 – 
constant; and F1=0.75-1 – euconstant.

The Correspondence Analysis (Pielou 1984) 
was performed in order to analyse the mollusc dis-
tribution. The software package Statistica 6 for 
Windows was used for statistical processing of the 
data and graphic visualisation. To downweight large 
numbers and ensure normal distributed values, the 
statistical analysis was performed on transformed 
logarithmic individual abundance values. Adding 
the number 1 was performed before transformation 
of the abundance values on each number.

The basic abiotic typology of the Danube River 
served as a framework for the analyses (Robert et 
al. 2003). The typology of the Danube River accord-
ing to Robert et al. (2003) comprises ten sections: 
Upper course of the Danube, Western Alpine Foothills 
Danube, Eastern Alpine Foothills Danube, Lower 
Alpine Foothills Danube, Hungarian Danube Bend, 
Pannonian Plain Danube, Iron Gate Danube, Western 
Pontic Danube, Eastern Wallachian Danube and 
Danube Delta. The aim was to validate this division of 
the river into ten section types, based on the distribution 
of molluscs which served as a parameter that could pro-
vide more precise sectioning of the Danube River.

Results
During our investigation, molluscs were found to be 
one of the principal components of the macroinver-
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Table 1. Sampling sites along the Danube River studied by the Second Joint Danube Survey (JDS2), 2007

JDS2 Site rkm JDS2 Site rkm

1 Upstream Iller 2600 49 Tisa (rkm 1.0) 1215
2 Kelheim – gauging station 2415 50 Downstream Tisa/ Upstream Sava (Belegis) 1200
3 Geisling Power Plant 2354 51 Sava (rkm 7.0) 1170
4 Deggendorf 2285 52 Upstream Pancevo/ Downstream Sava 1159
5 Niederalteich 2278 53 Downstream Pancevo 1151
6 Inn, rkm 4.2 2225 54 Grocka 1132
7 Jochenstein 2204 55 Upstream Velika Morava 1107
8 Upstream dam Abwinden-Asten 2120 56 Velika Morava 1103
9 Upstream dam Ybbs-Persenbeug 2061 57 Downstream Velika Morava 1097

10 Oberloiben 2008 58 Starapalanka – Ram 1077
11 Upstream dam Greifenstein 1950 59 Banatska Palanka/ Bazias 1071
12 Klosterneuburg 1942 60 Irongate Reservoir (Golubac/ Koronin) 1040
13 Wildungsmauer 1895 61 Donji Milanovac 991
14 Upstream Morava (Hainburg) 1881 62 Irongate Reservoir (Tekija/ Orsova) 954
15 Morava (rkm 0.08) 1880 63 Vrbica/ Simijan 926
16 Bratislava 1869 64 Iron Gate II 865
17 Gabčikovo Reservoir 1852 65 Upstream Timok (Rudujevac/ Gruia) 849
18 Medvedov/ Medve 1806 66 Timok (rkm 0.2) 845
19 Moson Danube Arm – end (rkm 0.1) 1794 67 Pristol/ Novo Selo Harbour 834
20 Komarno/ Komarom 1768 68 Calafat 795
21 Vah (rkm 0.8) 1766 69 Downstream Kozloduy 685
22 Iza/ Szony 1761 70 Upstream Iskar (Bajkal) 640
23 Sturovo/ Esztergom 1719 71 Iskar (rkm 0.3) 637
24 Hron (rkm 0.5) 1716 72 Downstream Iskar 629
25 Ipoly (rkm 0.7) 1708 73 Upstream Olt 606
26 Szob 1707 74 Olt (rkm 0.4) 605
27 Upstream end of Szentendre Island 1692 75 Downstream Olt 602

28 Upstream end of Szentendre Island 
(arm) 1692 76 Downstream Turnu-Magurele/ Nikopol 579

29 Budapest upstream 1659 77 Downstream Zimnicea/ Svishtov 550
30 Budapest (old Danube) end of S.arm 1658 78 Yantra (rkm 1.0) 537
31 Rackeve-Soroksar Danube Arm - start 1642 79 Downstream Yantra 532
32 Budapest downstream 1632 80 Upstream Ruse 500
33 Adony/ Lórév 1605 81 Russenski Lom 498
34 Rackeve-Soroksar Danube Arm - end 1586 82 Downstream Ruse/ Giurgiu 488
35 Dunafoldvar 1560 83 Upstream Arges 434
36 Paks 1533 84 Arges 432
37 Sio (rkm 1.0) 1497 85 Downstream Arges, Oltenita 429
38 Baja 1481 86 Chiciu/ Silistra 378
39 Hercegszanto 1434 87 Upstream Cernavoda 295
40 Batina 1424 88 Giurgeni 235
41 Upstream Drava 1384 89 Braila 167
42 Drava (rkm 1.4) 1379 90 Siret (rkm 1.0) 154
43 Downstream Drava (Erdut/ Bogojevo) 1367 91 Prut (rkm 1.0) 135
44 Dalj 1355 92 Reni 130
45 Ilok/ Backa Palanka 1300 93 Vilkova - Chilia arm/ Kilia arm 18
46 Upstream Novi-Sad 1262 94 Bystroe canal (to be confirmed) 8
47 Downstream Novi-Sad 1252 95 Sulina - Sulina arm 0
48 Upstream Tisa (Stari Slankamen) 1216 96 Sf. Gheorghe - Sf. Gheorghe arm 0
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tebrate communities with regard to species richness 
(19%) and relative abundance (35.7%). A total of 42 
aquatic mollusc species-group taxa of 14 families 
were detected in the area of investigation. A total of 
21 species, belonging to 10 families of gastropods 
and 21 taxa belonging to four families of bivalves 
was recorded (Table 2).

According to the ecological classification of 
taxa with regard to the saprobic conditions (saprobic 
valence) of Nesemann, Reischütz (2002a, b), a ma-
jority of 47.25% of the registered species belonged 
to the beta-mesosaprobic, while 15.89% of the taxa 
could be characterised as an alpha-mesosaprobic 
group (the species tolerant of moderate organic load-
ing). The species adapted to high organic loading 
(poly-saprobic) were represented by only 0.1% of 
the total number of taxa. The percentage participa-
tion of the species classified as sensitive to organic 
pollution (xeno-saprobic and oligo-saprobic taxa) 
was 4.1%. For the remaining species (27.7%) there 
were no available data about saprobic tolerance.

The majority of the recorded taxa (43.32%) 
were characteristic of bottom substrate types typical 
for large lowland rivers (the observed substrate types 
were pelal, psammal and argillal). The argillophilous 
taxa contributed to 9.69% of the total number of re-
corded mollusc species, while the taxa with prefer-
ences for psammal and pelal macrohabitats contrib-

uted to 16.93% and 16.7, respectively. The lithophil-
ous species that prefer larger fraction of the substrate 
(>2cm) were represented by 13.1%, while taxa char-
acterised as phytophilous participated with 2.83% 
of the total number of the identified species. For the 
remaining species there was not enough information 
about their microhabitat preference (AQEM 2002).

According to classification with regard to the 
longitudinal zonation, the greatest part of the record-
ed taxa (75.5%) were potamal species (characteristic 
of the lower stretches of the river). A smaller number 
(5.8%) of species was confined to the upper stretch 
of the river (rhithral species).

In respect of the current preferences of mol-
lusc species, the majority of the identified species 
was characteristic of slow-flowing streams and len-
tic zones (rheo- to limnophilous taxa − RL–41.81% 
of the total number of the recorded species). The 
recorded community was characterised by small 
numbers of species, distinguished as limno- to rhe-
ophilous taxa (Type LR–1.50%), i.e. taxa that pre-
fer standing waters. A significant number of species 
(12%) was apparently indifferent to the prevailing 
current conditions, while 31.56% of the taxa could 
not be classified with regard to the prevailing prefer-
ence due to a lack of relevant data (AQEM 2002).

Concerning the prevalent feeding types, the 
highest proportion of molluscs were gatherers and 

Fig. 1. Sampling location within the study area
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collectors (27.86%). The proportion of the active 
filter-feeding organisms was 22.93%, while the 
grazers and scrapers participated with 21.05% spe-
cies in the total mollusc community. For 24.15% of 
detected taxa, data about the feeding types were not 
available.

When the Danube sections were compared in 
terms of taxa richness, the Hungarian Danube Bend 
(middle stretch) section with 30 recorded taxa, clear-
ly stood out as significant with regard to biodiver-
sity. Considerable taxa richness was detected in the 
Lower Alpine Foothills Danube section (the upper 

Fig. 2a. Distribution of Dreissena polymorpha and Dreissena bugensis along the Danube River

Fig. 2b. Distribution of Fagotia daudebartii acicularis and Fagotia esperi along the Danube River

Fig. 2c. Distribution of Theodoxus danubialis, Theodoxus fluviatilis and Theodoxus transversalis along the Danube River
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stretch) and in the Pannonian Plain Danube section 
(the middle stretch), with 27 taxa each, as well as 
in the Western Pontic Danube section (the lower 
stretch), with 20 taxa; the number of taxa in the other 
sections was lower.

The analysis of the faunistic composition re-
vealed that the main members of the mollusc com-
munity with regard to relative abundance were the 
gastropods Lithoglyphus naticoides (37.5%) and 
Theodoxus fluviatilis (7.5%) as well as the bivalves 
Corbicula fuminea (25.5%) and Dreissena polymor-
pha (3.3%). The percentage participation of other 
taxa was significantly lower.

According to the frequency analyses (occur-
rence of taxa in all samples/ at sampling sites), two 
euconstant taxa were recorded – C. fluminea and L. 
naticoides (F1=0.79-0.87). Unio tumidus and T. fluvi-
atilis were constant taxa (F1=0.54-0.65). Four gastro-
pods (Fagotia esperi, Fagotia daudebartii acicula-
ris, Theodoxus danubialis, and Viviparus acerosus) 
and six bivalve species (Anodonta anatina, Pisidium 
supinum, Sinanodonta woodiana, Sphaerium rivico-
la, Unio pictorum and Dreissena polymorpha) could 
be considered as accessory (F1=0.25-0.48). The fre-
quencies of the remaining taxa were very low (F1 
ranged 0.01-0.23).

Two invasive species of Asian clams were de-
tected in the area of investigation. The first of them, 
Corbicula fluminalis, was extremely rare and oc-
curred only at three sampling sites: JDS 5 (2278 
rkm), JDS 11 (1950 rkm) and JDS 38 (1481 rkm) 
from the Upper and Middle Danube, according to 
the classification of Lászlóffy (1965). This find-
ing is in striking contrast with another species, C. 
fuminea, which was found in dense populations in 
many sections.

Unio pictorum and U. tumidus were the most 
common large mussel taxa in the investigated area. 
U. pictorum was identified already in the uppermost 
section of the Danube River and both species attained 
very high abundance in the Hungarian-Slovakian 
section up to the Iron Gate I Reservoir (Golubac/ 
Koronin).

A stable population density of the invasive spe-
cies Sinanodonta woodiana was observed between 
the Middle Danube and the Danube Delta, with 
the largest population density in the stretch from 
Hungary to the Drava confluence. A. anatina was 
rarely observed in the upper sections and was abun-
dant in the stretch from the Gabcikovo Reservoir 
(JDS17) to the Drava confluence.

Two introduced dreissenid species were detect-
ed in the Danube River. D. polymorpha was one of 
the most abundant species in the Upper and Middle 

Danube, while the new invader Dreissena bugensis 
was detected in the section between the Iron Gate II 
(JDS64) and the Delta – JDS96 (Fig. 2a).

Based on our data, all species of the genus 
Pisidium (7 species) were observed to populate the 
section between Kelheim (JDS 2; 2415rkm) and Paks 
(JDS 37; 1497 rkm). Among them, only P. amnicum 
was detected in the downstream part of the river un-
til 1132 rkm (site JDS54), with low abundance.

While occasionally occurring in the Middle 
Stretch, F. daudebartii acicularis and F. esperi were 
more frequent and abundant in the Lower Sector and 
the Danube Delta (Fig. 2b).

The highest population density of T. fluviati-
lis was detected in the Upper and Middle Sectors 
of the Danube River, according to the classification 
of Lászlóffy (1965). Peaks in the population den-
sity were detected in the Austrian, Slovakian and 
Hungarian Sections (Fig. 2c).

T. danubialis had a stable population in the 
Slovakian-Hungarian Danube. It was also record-
ed in the Serbian stretch. Downstream of the Iron 
Gate II it was one of the most frequent species in 
the Lower Stretch (Fig. 2c). Theodoxus transversa-
lis (Fig. 2c) was detected in a very restricted section 
and only in the Lower Danube (JDS70-86).

The distribution of the sampling sites in a bi-
dimensional space generated by the correspondence 
analyses (Pielou 1984) is presented in Fig. 3. The 
Upper course of the Danube River (Section 1) con-
tains only one locality (the source of the Danube 
River) and it is completely different from the other 
Danube Sections. In order to present more clearly the 
distribution of molluscs along the Danube, Section 1 
was excluded from the analysis. The correspondence 
analysis clearly shows changes in mollusc commu-
nities along the watercourse. The sites along the 
Upper Danube are situated in the upper right area 
of the diagram. The sites that belong to the Middle 
Sector are grouped around zero position. The Lower 
Danube sites are located on the left side of the dia-
gram (classification according to Lászlóffy 1965). 
The greatest dispersion was observed between the 
sampling sites in the Upper Danube Sector (the sam-
pling sites at the Alpine Foothills Danube and the 
Lower Alpine Foothills Sections). Moreover, based 
on the resulting diagram, smaller differences were 
detected between the sites of the Middle Danube and 
Lower Danube Sector. In the Middle Danube, most 
of the species were found in the Hungarian Danube 
Bend and were also presented in the Pannonian Plain 
Danube. The positioning of the sampling sites on the 
graph (Fig. 3) revealed some similarities in the com-
position of mollusc fauna among the samples from 
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the Lower Danube (Western Pontic Danube, Eastern 
Wallachian Danube) and the Danube Delta. 

The Iron Gate area could be considered as an 
intermediary zone between the Middle and Lower 
Danube. 

The characteristic locations of the samples on 
the diagram are mainly a result of both a shift in the 
principal components of mollusc communities (the 
euconstant, constant and abundant species described 
above) and the absence of certain species in particu-
lar stretches of the river.

In the Upper Danube, 28 taxa were identified. 
The stretch was typified by the presence of taxa that 
were not identified in other sectors, such as Ancylus 
fluviatilis, Gyraulus albus and Planorbis carinatus. 
The dominant taxa in the Upper Sector with re-
gard to frequency and abundance were the invasive 
snail species Potamopyrgus antipodarum (F= 0.71, 
31.9%) and L. naticoides (F=0.71, 15.8%).

The greatest species richness (36 taxa) was ob-
served in the Middle Sector. In terms of abundance, 

the most dominant species were L. naticoides (43.9%) 
and T. fluviatilis (12.2%), with frequencies of occur-
rence of F=0.9 and F=0.8, respectively. Two charac-
teristic species that occurred only in the Middle Sector 
were Acroloxus lacustris and Unio crassus. A single 
finding of Unio crassus at three sampling sites (JDS 
21, 23 and 25 – the Middle Danube) is worth mention-
ing. According to the IUCN classification, this spe-
cies is considered endangered in Europe (Van Damm 
2011a) and is included in the European Union list of 
species of special community interest (92/43/EEC). 

It is also worth mentioning the occasional 
occurrence of Pseudanodonta complanata in the 
Middle and Lower sections of the Danube River. 
This species is endangered in many countries and in-
cluded as a vulnerable species in the IUCN Red List 
(Van Damm 2011b). 

In the Lower Danube, 26 mollusc taxa were 
identified. Three distinct species identified in the 
Lower reach and found only in this sector were 
Amphimelania holandrii, T. transversalis and D. bu-

GASTROPODA
ACROLOXIDAE
Acroloxus lacustris (Linnaeus, 1758)
PLANORBIDAE
Ancylus fluviatilis O. F. Müller, 1774
Gyraulus albus (O. F. Müller, 1774)
Planorbis carinatus O. F. Müller, 1774
BITHYNIIDAE
Bithynia tentaculata (Linnaeus, 1758)
VALVATIDAE
Borysthenia naticina (Menke, 1845)
Valvata piscinalis piscinalis (O. F. Müller, 1774)
MELANOPSIDAE
Fagotia daudebartii acicularis (A. Férussac, 1823)
Fagotia esperi (A. Férussac, 1823)
Amphimelania holandrii (Pfeiffer, 1828)
HYDROBIIDAE
Lithoglyphus naticoides (C. Pfeiffer, 1828)
Potamopyrgus antipodarum (Gray, 1843)
PHYSIDAE
Physa fontinalis (Linnaeus, 1758)
Haitia acuta (Draparnaud, 1805)
LYMNAEIDAE
Radix balthica (Linnaeus, 1758)
NERITIDAE
Theodoxus danubialis (Pfeiffer, 1828)
Theodoxus fluviatilis  (Linnaeus, 1758)
Theodoxus transversalis (Pfeiffer, 1828)
VIVIPARIDAE

Viviparus acerosus (Bourguignat, 1862)
Viviparus viviparus (Linnaeus, 1758)
Viviparus sp.
BIVALVIA
CORBICULIDAE
Corbicula fluminalis (O. F. Müller, 1774)
Corbicula fluminea (O. F. Müller, 1774)
DREISSENIDAE
Dreissena bugensis (Andrusov, 1897)
Dreissena polymorpha (Pallas, 1771)
SPHAERIIDAE
Musculium lacustre (O. F. Müller, 1774)
Pisidium amnicum (O. F. Müller, 1774)
Pisidium casertanum var. ponderosum (Stelfox, 1918)
Pisidium henslowanum (Sheppard, 1823)
Pisidium moitessierianum Paladilhe, 1866
Pisidium nitidum Jenyns, 1832
Pisidium subtruncatum Malm, 1855
Pisidium supinum A. Schmidt, 1851
Sphaerium corneum (Linnaeus, 1758)
Sphaerium rivicola (Lamarck, 1818)
Sphaerium solidum (Normand, 1844)
UNIONIDAE
Pseudanodonta complanata (Rossmässler, 1835)
Sinanodonta woodiana (Lea, 1834)
Anodonta anatina (Linnaeus, 1758)
Unio crassus Philipsson, 1788
Unio pictorum (Linnaeus, 1758)
Unio tumidus Philipsson, 1788

Table 2. List of identified molluscs taxa from the Danube River in the frames of the Second Joint Danube Survey 
(JDS2), 2007
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gensis. The most dominant taxa in regard to relative 
abundance were L. naticoides (33.9%) and C. flu-
minea (43.6%), which were also observed as domi-
nant species with respect to frequency (F=0.94). 
Aside from the most frequent mussel species in the 
Lower sector, a high frequency was determined for 
the snail T. danubialis (F=0.68).

Discussion
In general, the recorded mollusc fauna described along 
the Danube River is characteristic of the large pota-
mon types of rivers in the Danube Basin (Paunović 
et al. 2008, 2012, Tomović et al. 2012, 2013, Tubić 
et al. 2013). This result confirmed that the major part 
of the investigated stretch is a typical potamon river 
type. A shift in the distribution patterns in the mol-
lusc communities correlated highly with changes in 
the complex of environmental parameters, such as the 
dominant type of river bed and current velocity.

The Danube River belongs to the Southern 
Invasive Corridor (the Black Sea-Danube-Main/ 
Danube Channel-Main-Rhine-North Sea waterway), 
being one of the four most important European 
routes of spread of invasive species (Galil et al. 
2007). The river is exposed to intensive colonisation 
by aquatic invasive species throughout the Danube 
Basin. The dispersal of certain non-indigenous mol-
lusc species in the Danube River has been discussed 
by several authors (Paunović et al. 2006, 2007b, 

Son 2007, Raković et al. 2013, Bódis et al. 2012a, 
b, 2014.). Based on our results, several mollusc 
species were identified as the most prominent mol-
lusc invaders in the Danube River. These were five 
species of Bivalvia (C. fluminea, C. fluminalis, D. 
polymorpha, D. bugensis and S. woodiana), and one 
gastropod species (P. antipodarum). The latter was 
the predominant species, with huge population size, 
inhabiting the stretch from the Geisling Power Plant 
(2354 rkm) to the Gabčikovo Reservoir (1852 rkm), 
with occasional occurrence up to Paks (1533 rkm).

The distribution of the mollusc fauna clearly 
revealed the differences between the three main 
stretches of the river. Based on the results of the cor-
respondence analysis supported by the total mollusc 
data set, three sector types of the Danube River with 
one transitional zone might be distinguished. The 
sites that are in the transitional zone (JDS59, JDS60, 
JDS61, and JDS62) were not clearly positioned along 
one stretch. The Iron Gate Section has been identi-
fied as the boundary between the Middle and Lower 
Danube with respect to the hydro-morphological 
conditions and concentration of natural differences 
between the sectors situated upstream and down-
stream (Robert et al. 2003, Tubić et al. 2013). The 
analysis of the composition of the macroinvertebrate 
community in the sector upstream of the Iron Gate 
(km 1083-1071) revealed a similar situation. In this 
sense, the Iron Gate was indicated as the border zone 
between the Middle and Lower Danube (Paunović 

Fig 3. Correspondence analysis of mollusc community
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et al. 2005). We pointed out previously that the sec-
tor concerned is influenced both by the downstream 
sector (the Lower Danube) and the upstream zone 
(the Middle Danube). This case confirms the con-
cept of a gradual longitudinal change as described 
by Stanković (1960) and later discussed in the River 
Continuum concept by Vannote et al. (1980).

The separation into a larger number of stretch-
es by abiotic typology (Robert et al. 2003) was not 
confirmed in our study. This was probably because 
of the ecological plasticity in a significant number 
of the recorded species (Moog 2002) and the hy-
drological pressures that can significantly change 
the natural distribution of taxa and the structure of 
communities. The intensity of hydromorphological 
pressure, which was most pronounced in the Upper 
Sector and the Iron Gate stretch, is illustrated by the 
fact that along the main course of the Danube River, 
69 dams were built and that 30% of the Danube’s 
total length was affected by changes in the sedi-
ment transport, flow velocity and the groundwater 
regime (Sommerwerk et al. 2009). According to 
Ellis (1942), an impounded river exhibits silt accu-
mulation, loss of shallow water habitats, stagnation, 
accumulation of pollutants and depletion of nutri-
ents. The changes in mollusc communities caused 
by hydromorphological modifications are complex 
and range from a reduction in species numbers and 
their replacement with other species to exchanges of 
abundant taxa with non-indigenous taxa.

A considerable amount of data collected in the 
course of JDS2 illustrates the longitudinal distribu-
tion of mollusc taxa in the Danube River. These re-
sults form a very important part of the second detailed 
international Danube survey program that is aimed at 
describing the basic faunal composition of this river. 
In general, the Mollusca (Gastropoda, Bivalvia) con-
tribute to the most characteristic taxonomic group, 
which inhabits the near-littoral zone of the Danube 
River. Mollusc taxa are one of the principal compo-
nents of the macrozoobenthos communities at any of 
the sampling sites in the Upper, Middle and Lower 
Sections of the river (Graf et al. 2008).

Our results are in agreement with authors 
who investigated the Danube River or other large 
European rivers in that the molluscs are one of the 
main groups of animal communities in large lowland 
rivers that could clearly demonstrate the river typol-
ogy (Paunović et al. 2008, Tubić et al. 2013).

The composition and spatial heterogeneity of the 
bottom substrate exerts the most important influence on 
the structure and composition of mollusc communities, 
as well as their diversity and abundance in different 
lentic waters (e.g. Harman 1972, Bailey 1988, Šporka 

and Nagy 1998, Weigand, Stadler 2000, Lewin 
2006). Previous studies (Haukioja, Hakala 1974, 
Lewandowski, Stanczykowska 1975) and our results 
demonstrate that molluscs prefer free flowing stretches 
of rivers and that they attain high abundance in shallow 
waters in the littoral part, with a relatively few species 
capable of colonising impoundment depths. 

The findings presented herein document the 
patterns of species composition and diversity in re-
lation to the substrate type. The malacocoenoses in 
the habitats of the Middle and Upper Danube were 
characterised by higher species richness and diver-
sity as compared to the sites in the Lower Danube. 
Considering the variation among the dominant sedi-
ment types in the particular stretches of the Danube 
River, this could be the main reason for the observed 
differences. The Upper Danube is characterised by 
reaches of the Alpine river type. The transitional zone 
between the Alpine and lowland river types is situat-
ed between the Gabčikovo Reservoir (river km 1816) 
and Budapest (upstream the city, river km 1659). This 
sector is characterised by a preponderance of coarse 
(20-63 mm) and medium gravel (6.3-20 mm). The 
Middle Sector is distinguished by a higher proportion 
of habitats with fine and medium gravel (2-6.3 mm 
and 6.3-20 mm, respectively) and silt (<0.63 mm), 
while the Lower stretch is predominantly character-
ised by sand (0.63-2 mm) and silt (<0.63 mm), with 
significant amounts of organic material. 

Concerning the longitudinal zonation, the ma-
jority of the recorded species is typical of the lower 
stretches of the river (potamal species). The recorded 
assemblages were characterisd by a predominance 
of taxa that prefer slow-flowing streams and lentic 
zones (rheo- and limnophilous taxa), as well as by 
species that prefer fine-grained substrates.

It seems that the characteristics of the habitat 
type in the study area are one of the most important 
environmental factors that influence the composition 
of mollusc communities and their species richness in 
this large lowland river.
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