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 Figure 1: Longitudinal development of E. coli (upper panel) and Enterococci (lower panel) 675 

concentrations along the Danube in the midstream (large circles), at the left (small circles) 676 

and the right river side (small diamonds) and in the major tributaries (squares). Some large 677 

tributaries were sampled in the middle (large squares) as well as at the left and right river 678 

side (small squares). Colours depict the faecal pollution levels according to Table S1 (Suppl. 679 

Information). Tributaries and stations with remarkable pollution levels are named. Dashed 680 

lines indicate borders between countries: Germany (GER), Austria (AUT), Slovakia (SVK), 681 

Hungary (HUN), Croatia (CRO), Serbia (SRB), Romania (ROM), Bulgaria (BUL), Ukraine (UKR). 682 
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bacterioplankton communities from that of other freshwa-
ter systems or the variability of its diversity along entire
river networks.

Until recently, it was only known that the most abundant
taxa comprising riverine bacterioplankton seem to resem-
ble lake bacteria and can thus be regarded as ‘typical’
freshwater bacteria (Zwart et al., 2002; Lozupone and
Knight, 2007; Newton et al., 2011). In particular, bacteria
affiliated with the phyla Proteobacteria (particularly
Betaproteobacteria), Actinobacteria, Bacteroidetes,
Cyanobacteria and Verrucomicrobia were found to domi-
nate the bacterial communities in rivers (Crump et al.,
1999; Zwart et al., 2002; Cottrell et al., 2005; Winter
et al., 2007; Lemke et al., 2008; Mueller-Spitz et al.,
2009; Newton et al., 2011; Liu et al., 2012). A recent
metagenome study corroborates a general dominance
of the phyla Proteobacteria and Actinobacteria, and
more specifically the clear dominance of the cosmopolitan
freshwater lineage acI of the phylum Actinobacteria
in the Amazon river (Ghai et al., 2011). The dominance
of Actinobacteria and Proteobacteria in riverine
bacterioplankton was also confirmed in three recent high-
throughput sequencing studies on the Upper Mississippi
River (USA; Staley et al., 2013), the Yenisei River (RUS;
Kolmakova et al., 2014) and the River Thames (UK; Read
et al., 2015). Staley and colleagues (2013) were the first

to suggest a persistent and ubiquitous ‘core bacterial
community’ along a river stretch. Read and colleagues
(2015) examined the longitudinal development of the
bacterioplankton community at 23 sites along the river
network of the 9948 km2 Thames basin. They found a shift
from a Bacteroidetes-dominated community in the head-
waters to an Actinobacteria-dominated community in the
lower reaches near the river mouth and location of the
sampling point in the river network to be the most predic-
tive parameter. These patterns they interpreted as evi-
dence for ecological succession along the river continuum.

However, the existing studies focused on relatively small
river basins and/or a small number of sampling sites. In
large river basins, however, one would expect that the
spatial patterns of bacterial community compositions mani-
fest themselves more clearly than in small ones due to the
larger contrast in environmental conditions. In this paper,
we analyse the results from a second-generation sequenc-
ing experiment by separately investigating the free-living
and particle-associated bacterioplankton communities
along 96 sites in the network of the entire Danube basin
(Fig. 1). The Danube River is 2780 km in length and drains
a catchment area of 801 000 km2 with 83 million inhabit-
ants (Schmedtje et al., 2004; Sommerwerk et al., 2010).
Based on our results, we propose that the bacterioplankton
communities in the midstream of such a large river develop

Fig. 1. Overview and detailed map of the Danube river catchment showing all sampling sites during the Joint Danube Survey 2; red dots
indicate sampling points in the midstream of the Danube River; blue dots represent sampling points in tributaries before merging
with the Danube River. Blue-shaded font indicates official numbering of river kilometres, starting with rkm 2600 at the uppermost site to rkm 0
at the river mouth. Country abbreviations and large cities are written in black. The map was created using Quantum GIS (Quantum GIS
Development Team, 2011).
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