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Zusammenfassung 
 
In dem 9.300 ha großen Donau Nationalpark liegt das Aussystem Lobau, das  

im Zeitabschnitt von Juni bis Oktober 2009 untersucht wurde. 

In meiner Diplomarbeit wurden die hydrologischen und chemischen Parameter 

eines Fluss-Ausystem mit über das Programm VIPCAL kalkulierten Viren-

Parametern verglichen (Luef et al. 2009).  

Während der Studie kam es im Juni zu Hochwasser, wobei eine intensive 

Probennahme erfolgte. Leider war es nicht möglich während dieser Zeit die 

Virenparameter zu errechnen. 

Veränderungen in einem Fluss-Aussystem sind unter anderem abhängig von 

Veränderungen innerhalb des Systems, als auch von externen Parametern. Um 

dieses dynamische Fließgewässer-Ökosystem zu verstehen, wurden während 

dieser Studie einige Wasserkörper des Fluss-Aussystems im Donau 

Nationalpark (Stationen TLM1, 2007 und Hauptkanal der Donau) sowie ein süd-

östlich gelegener Wasserkörper in Regelsbrunn analysiert. 

Da die Wechselwirkungen in den mikrobiellen Lebensgemeinschaften dieses 

Gewässers noch nicht ausreichend bekannt sind, sollte damit neue Information 

erlangt werden. Die vier oben angeführten Stationen wurden näher auf frei 

lebende Viren untersucht, neben den Bakterien die zahlreichsten biologischen 

Einheiten in Gewässern.   

Hinsichtlich der Abhängigkeit der Mikroorganismen von Parametern dieses 

Systems inkludierte man in dieser Studie Wetterveränderungen, Unterschiede 

in der Zusammensetzung von organischem, anorganischem Material sowie die 

Wechselwirkungen der Bakterien und Viren in und mit ihrer Umwelt. 

Da möglicherweise hydrologische und chemische Parameter wie Temperatur, 

pH, Sauerstoff, Chlorophyll a, bakterielle Sekundärproduktion (BSP), partikulär 

anorganisches Material (PIM), partikulär organisches Material (POM) und total 

suspendiertes Material (TSS) sowie Lichtintensität und Wasserstand der Donau 

die bakterielle und virale Abundanz und Diversität beeinflussen, wurden diese 

mit dem Vorkommen der Viren mittels Regressions- und Korrelationsanalysen 

(SPSS 11.0) verglichen und auf ihre Gemeinsamkeiten untersucht. Vermutet 

wurde hohe Diversität und hohe Anzahl an Viren bei hohem Anteil an 

organischem Material, hoher Temperatur und niedrigem Wasserspiegel. Um 
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maximale und minimale Abundanz und Diversität der frei lebenden DNA-Viren 

festzustellen, wurden folgende Methoden verwendet: Filtration, 

Epifluoreszenzmikroskopie (Nikon E 800), SYBR-Färbemethode, Viren-

Reduktionsansatz (VRA) und molekular biologische Methoden. Die 

Veränderungen in der viralen Diversität über die Zeitspanne von 5 Monaten 

konnten nicht festgestellt werden, da die Randomly Amplified Polymorphic DNA 

Polymerase Chain Reaction (RAPD-PCR) Technik noch nicht ausreichend 

etabliert werden konnte. 

Um die Veränderungen der bakteriellen und viralen Abundanzen zu 

unterschiedlichen Zeiten zu prüfen, wurde Oberflächenwasser durch 3 µm- 

Filter und auf 0.02 µm-Filter abgefiltert, mit SYBR Gold gefärbt (Weinbauer et 

al. 2002) und im Epifluoreszenzmikroskop bei 1250-facher Vergrößerung 

gezählt. Basierend auf älteren Studien des Ausystems im Donau Nationalpark 

konnte gezeigt werden, dass die bakterielle > 3 µm Fraktion mit dem 

organischen Material positiv korreliert. Es konnte nachgewiesen werden, dass 

der virale Parameter bakterielle Mortalität pro Tag mit der Temperatur negativ 

korrelieren. Weiteres konnte ein positiver Zusammenhang zwischen POM und 

TSS mit dem bakteriellen Verlust pro Tag festgestellt werden. 
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Abstract 
 
The Danube National Park downstream of Vienna, with a of 9.300 ha river-

floodplain system, was the location for this study in the period from June to 

October 2009. In my study, hydrological and chemical parameters of the water 

bodies were compared with virus parameters and values using the online tool 

program VIPCAL (Luef et al. 2009). 

The sampled areas were frequently investigated during the flood event in June. 

In the various locations, the observed changes were linked to changes inside 

and outside of the aquatic systems. 

To cover both isolated and dynamically connected water bodies, these four 

stations of the Danube National Park and its back waters were selected: 

stations TLM1 and 2007 in the floodplain system and the stations side arm 

Regelsbrunn and Main Channel of the River Danube. At these stations viruses 

(bacteriophages), the most abundant biological agents of the aquatic 

environments, which infect the communities of the microbial food loop, were 

investigated.  

This work attempted to learn more about the influence of the river-floodplain 

system, the changes of weather, as well as differences of the concentrations of 

the organic matter on virus-related parameters. In order to determine biotic and 

abiotic parameters of each water body  the samples were prepared by 

performing several filtration steps (GF/C, GF/F Whatman filter; 3 µm pore-size 

GSWP Millipore filter and 0.22 µm pore-size WP Millipore filter), centrifugation 

(0.22 µm viva spin tubes), and viva flow ultrafiltration cartridges (30.000 DA). To 

quantify the viral and bacterial abundance the following methods were also 

used: SYBR Gold DNA staining method (Weinbauer et al. 2002), 

epifluorescence microscopy (Nikon E 800) at 1250 x magnification for counting. 

In our results, large differences in bacterial and viral abundance of the free-

living fraction were detected at each sampled station. We also observed 

significant differences in the bacterial and viral abundances associated with 

particles and organic matter. Only the attached bacterial abundance increased 

with the increase of the organic matter. The bacterial abundance did not 

evidence any relation with bacterial secondary production (BSP). 
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On the other hand, no characteristic associations of attached viruses with 

organic matter and BSP were detected. We also noted large differences in the 

lytical and lysogenic life style of viruses. To show which of the most common 

viral life cycles is more important, the percentage of infected bacterial cells was 

calculated through the online tool program VIPCAL with highest value of 73% at 

station TLM1 (Luef et al. 2009). 

The abiotic parameters temperature, oxygen concentration, particulate 

inorganic matter (PIM) and the biotic parameters chlorophyll a concentration, 

bacterial secondary production (BSP), particulate organic matter (POM) and 

total suspended solids (TSS) were compared with the viral parameters viral 

lytical production, lysogenically infected cells, lytically infected cells, lysis rate of 

bacteria and bacterial loss/mortality per day using analyses of regression and 

correlation via the program SPPS 11.0.  

Overall, in our study, the bacterial mortality per day increased with the increase  

of POM and TSS as well as with the decrease of temperature. 

It would require more data to underline our hypotheses about the importance of 

viruses in riverine systems. 
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Introduction 

 
River-floodplain systems and their geomorphology play a significant role 

influencing biogeochemical cycles, transport of elements as well as the 

hydrological cycle. The surrounding regions of a river system, its active side 

arms and also its dead arms have effects on thermal heterogeneity, biodiversity, 

regulation, fluctuation and natural transport of sediments and also of organic 

matter, related to the river’s hydrological connectivity (Push et al. 1998). A 

complex temporal heterogeneity of a river system depends also on the 

presence of floodplain systems and its surrounding habitats. Changes in a river-

floodplain system, also in transported elements from the catchment, are 

important parameters involved in the river’s environment and development.  

River-floodplain systems are still less studied regarding their biodiversity, 

richness, changes in sediment load, growth of terrestrial zones as well as 

changes in trophic level of the water columns. Alterations in the trophic status of 

a floodplain system as well as changes in precipitation and transported 

nutrients, surface and groundwater flow and increase/decrease of biota leads to 

changes in both terrestrial and aquatic zones of a river floodplain ecosystem 

(Tockner et al. 1997).  

In order, to close gaps in our knowledge of river systems and its temporal 

changes, we selected for this study the Danube National Park involving 

freshwater water bodies of the 2.300 ha large floodplain Lobau. The Danube 

National Park is located near the capital city of Austria, Vienna, and is a 

freshwater system with different turbidity, different steepness and fluctuation in 

discharge. In the 18th century the first regulation scheme of the River Danube 

for protection of the city of Vienna against flooding was developed and is 

modernized till today. Since 1996, the river floodplain system southeast of 

Vienna was selected as a National Park and plays today a significant role in 

European environments. The River Danube is the second largest river in 

Europe with a total length of 2850 km and originates from two streams Brigach 

and Breg in the Black Forest (Bavaria, Germany,  Hohensinner et al. 2005, 

Jungwirth et al. 2002, Tockner et al. 1998, 2001 and Ward et al. 2002).   

In the urban part and downstream of Vienna a floodplain landscape Lobau 

within the Danube National Park consists of a mosaic of dynamic areas with hot 
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spots in biodiversity, with some temporal heterogeneity, which is also controlling 

ecological processes (de Groot et al. 2002). 

Anthropogenic changes in water quality as well as changes in water level 

enhanced eutrophication, and led to negative diversification of the floodplain’s 

biota (Tockner et al. 1998). The importance in the migration of biota, exchange 

and transport of organic matter as well as the degree of hydrological 

connectivity underlines why a floodplain ecosystem should be analysed to know 

more about its ecological settings. Floodplains also influence the riverine 

landscape together with the associated aquatic communities (Tockner et al. 

1998).  

We aimed to analyse one of the most important, still less known element of 

aquatic ecosystems, the viruses. Another important component are bacteria, 

Kirchmann et al. (1982) describes prokaryotes as a key factor in trophic 

dynamics of an aquatic ecosystem. Further, bacteria are seen as important 

consumers of dissolved organic matter in the water column (Pusch et al. 1998). 

Produced dissolved organic matter is metabolised by bacteria, which 

themselves are consumed by nanoplankton, zooplankton and so on. This 

process, called microbial loop, is explained e.g. by Wilhelm et al. (1999). 

In another studies of the floodplain system of the Danube National Park the 

importance of prokaryotes in ecological processes was documented (Besemer 

et al. 2004, 2005).  

For getting information on the richness of the virus community in the floodplain 

system Lobau one group of viruses was analysed, the free-living DNA-viruses. 

Based on former studies it was shown by pulsed field gel electrophoresis 

(PFGE) that viruses are highly variable in their diversity, and change in their 

richness in periodical intervals (Agis et al. in prep.). 

Viral diversity and abundance are not only high in the water column but, also in 

sediments as well as in soils. They are 5 to 25 times more abundant than 

bacteria. In order to know more about viral diversity we used Randomly 

Amplified Polymorphic DNA Polymerase Chain Reaction (RAPD-PCR), one of 

the newest molecular biological techniques. Unfortunately, we could not 

establish the changes in the viral diversity over a period of 5 months, because 

the RAPD-PCR technique did not work as expected. Further, the viral 
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abundance was analysed with the SYBR Gold DNA staining method and 

enumerated with epifluorescence microscopy (Luef et al. 2007, 2009, Suttle et 

al. 2007 and Winget et al. 2008) 

The most common viral life cycles are the lysogenic and lytic one. We still don’t 

know which of them is more important. Lytic viruses infect host cells and lyse 

them immediately. Temperate viruses integrate their nucleic acids in the host 

genome. During stress conditions lysogenic viruses lyse their hosts and release 

themselves into the environment. In a biologically dynamic system, as the 

floodplain section Lobau, lysogenic and lytic viruses are fluctuating in their 

abundance and diversity in periodical interval. The fluctuation of their 

abundance was monitored with the Virus Reduction Approach (VRA) technique, 

which is used for identification of the respective life style in aquatic ecosystems. 

To calculate lytic viral production and lysogenic cells based on this approach, 

we used the online tool program VIPCAL (Luef et al. 2009). From our 

investigation we found that viruses play an important role in this aquatic system 

(Luef et al. 2009 and Weinbauer et al. 2002). 
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Methods 
 

Ecological methods 

 
Monitoring (location and sampling) 

For the experimental part of the diploma thesis, four stations of the River 

Danube and its back waters of the Danube National Park were investigated for 

abiotic and biotic parameters with emphasis on the microbial communities over 

the period from June to October 2009 (Tab.1).  

An isolated water body (TLM1) with less macrophytes was selected in the 

floodplain system of the Danube National Park. The second station (REG), 

located in Regelsbrunn, is a dynamically connected side arm of the River 

Danube. The Main Channel of the River Danube with usually high transport of 

particulate matter was also investigated. Finally, the station 2007 with low 

transport of water and sediment was selected.  

Due to a flood event in June, the four stations were more frequently sampled 

and more closely investigated regarding the hydrology and chemistry. The 

monitoring data of the stations, relevant for this study, are shown in Tab.1.  

Furthermore, the bacterial activity at the locations was measured in a 

concomitant study by Sieczko (unpublished data).  

 

Processing of viral concentrates (filtration methods) 

The surface water of each of the four locations was filtered using several 

filtration steps (Fig.2). 

First, up to 1000 mL of the surface water were used for the experimental part. 

10 mL of the surface water were fixed immediately with formaldehyde (2% final 

concentration) and cooled for 20 minutes to fix most of the cells. 800 µL of the 

formaldehyde fixed surface water were filled up to 1 mL with 0.02 µm-dionised 

water. Therefore, 1 mL sample was prepared as described in the Virus 

Reduction Approach (VRA) experiments part (p.12).  

Furthermore, the remaining 990 mL were filtered using a peristaltic pump at 2 

bar pressure through 3 µm pore-size filters (GSWP Millipore). 1 mL of the 3 µm 

filtrate was prepared in the same way as described in the Virus Reduction 

Approach (VRA) experimental part (p.12, Weinbauer et al. 2002).  



11 

The last filtration using 0.22 µm pore-size membrane filters (Millipore) should 

remove the remaining particulate matter 

 

Virus Reduction Approach (VRA) experiments 

The viruses in aquatic environments propagate typically via the lysogenic or 

lytic life cycle. Surface water was handled applying the Virus Reduction 

Approach (VRA) experiments as reported by Weinbauer et al. (2002) to 

investigate which of the viral life cycles, the lysogenic or lytic one, is more 

important in a riverine system such as the Danube River and its back waters.  

200 mL of the 3 µm filtrate of each of the stations were centrifuged at 3000 g for 

3 minutes to produce 2 mL of a bacterial concentrate. Furthermore, 800 mL of 

the 0.22 µm filtrate were ultrafiltered using a 30.000 Da cartridge at 2.5 bar 

pressure. With this, we were able to produce a virus-free size fraction and a 

virus concentrate. The virus concentrate was stored at -20°C for later analyses 

of changes in viral diversity over time. 49 mL of the virus-free size fraction were 

amended with 1 mL of the bacterial concentrate and with the antibiotic 

Mitomycin-C (5 µg/mL solution). Concurrently, we established a series of tests 

of untreated samples which contained 49 mL of the virus-free water and 1 mL of 

the bacterial concentrate alone. Each treatment was done in duplicates. 

The treated and untreated samples were incubated in darkness for 24 hours at 

temperatures as measured in the aquatic environment. The antibiotic 

Mitomycin-C should stress the bacterial cells. This induces the lytic cycle in 

lysogenic cells. In the experiment, the abundance of viruses should increase 

during the time course of the experiment, thus representing an estimate of 

lysogeny. 

To investigate the viral abundance we took 1 mL of the treated and untreated 

sample at the beginning of the experiment (time zero). Every 6 hour, after the 

beginning of the experiment till 24 hours, we sampled 1 mL of the treated and 

untreated samples (time 1, 2, 3, 4).  

Afterwards, the treated and untreated samples were fixed with a drop/mL 

formaldehyde, stained for 20 minutes in a SYBR Gold solution (1:3000), filtered 

through a 0.02 µm pore-size AnoDisc filter (Whatman, a 0.45 µm pore-size 

Nitrocellulose filter (Millipore) used as a supporting filter) at 200 mbar. 
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Afterwards, the filters were air-dried. The dry filters received a drop of 

CITIFLUOR on finally covered slides. For later enumeration of the viruses and 

bacteria using epifluorescence microscopy (Nikon E 800) at 1250-fold 

magnification the slides were stored at -20°C.  

Furthermore, the viral parameters, such as lytical viral production, the frequency 

of lytically infected and lysogenic cells as well as the bacterial lysis rate and 

mortality per day were calculated using the online tool program VIPCAL as 

reported by Luef et al. (2009). To calculate the viral parameters, we assumed a 

burst size of 50 and used the BSP rates measured by Sieczko (Tab.1, 2, 3, 4, 5, 

6, Fig. 5, unpublished data). 

 

Bacterial and viral abundance in the original sample 

Surface water was filtered, fixed with formaldehyde and stained with a DNA 

SYBR Gold solution as described in the Virus Reduction Approach (VRA) above 

(Noble and Fuhrman, 1998). One difference should be noted: 800 µL of the 

formaldehyde fixed surface water were filled up to 1 mL with 0.02 µm- filtered 

(Whatman) dionised water to dilute the bacteria and viruses in the surface 

water. Afterwards, the enumeration of bacterial and viral abundances was 

easier; they did not overlap each other. 

 

Parameters taken during monitoring 

During monitoring abiotic and biotic parameters were measured and analysed, 

such as – temperature, pH, oxygen concentration, dissolved organic carbon 

(DOC), bacterial secondary production (BSP), chlorophyll a concentration, 

particulate organic matter (POM), particulate inorganic matter (PIM), total 

suspended solids (TSS), water level of the River Danube, particulate primary 

production and light intensity (Sieczko, pers.comm.). 

 

Molecular methods  

The changes of the viral diversity were investigated using a virus concentrate 

(p.12) prepared by ultracentrifugation (300.000 g for 90 minutes, rpm = 90.000, 

Beckman). 50 µL of PCR-water were added to dissolve the pellet of viruses. 
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We used the Randomly Amplified Polymorphic DNA Polymerase Chain 

Reaction (RAPD-PCR) method for a fingerprint of the free-living DNA-viruses 

community (Winget et al. 2008). 

 

Randomly Amplified Polymorphic DNA Polymerase Chain Reaction 

(RAPD-PCR) 

The RAPD-PCR (Winget & Wommack 2008) method was used for the 

determination of changes of viral diversity over a time period. The 

ultracentrifuged virus concentrate was not extracted for the DNA, but added 

directly in 1:1, 1:10, 1:100 and 1:1000 dilution steps to the PCR mixture as 

discussed by Helton et al. (2009). 

The primer used for the PCR reaction was a decamer primer OPA-9 with the 

sequence 5`-GGG TAA CGC C-3´ (synthetised by Invitrogen).  

Each of 10/15/30 µL of the PCR mixture contained 1/5/10x PCR buffer 

(Fermentas), 0.16/0.4/0.8 mM of each deoxynucleotide triphosphate 

(Fermentas), 0.2/0.4 µM of decamer primer (Invitrogen), different concentrations 

of MgCl2, 2.5 U of Taq polymerase (Fermentas), 0.5 µL up to 2 µL of virus 

concentrate and was filled with DEPC-water (Fermentas) up to 10, 15 or 30 µL 

of final volume. 

The samples were amplified according to the protocol by Winget (2008) with an 

initial denaturation step at 94°C for 10 minutes, followed by 30 cycles of 

denaturing at 94°C for 30 seconds, annealing at 35°C for 3 minutes, extension 

at 72°C for 1 minute and a final extension step at 72°C for 10 minutes. 

 

Gel Electrophoresis 

Five grams of Biozym Sieve 3:1 Agarose (Biozym Scientific) were added to 100 

mL of 1x TBE buffer (TRIS, Boric acid, EDTA, pH = 8.0) and filled with dionised 

water up to 500 mL. After boiling up of the 1.5 % agarose by mixing with a 

magnetic stirrer the agarose gel was prepared.  

PCR products were submitted to electrophoresis in 1.5 % agarose gel at 

different volts for up to 10 hours. PCR products were stained for 20 min with an 

Ethidum Bromide solution (20 µL Ethidium Bromide were added to 200 mL 

dionised water) and visualized using a UV-transilluminator. 
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The PCR products of each location should be submitted to electrophoresis in 

the agarose gel and compared to detect differences or similarities of the viral 

diversity over a time period of 5 months (Tab.1). Unfortunately, the RAPD-PCR 

did not work during the experimental part as expected. 

 

Statistical analyses 

The bacterial and viral abundances from the VRA experiments were compared 

and calculated using the program VIPCAL (Luef et al. 2009). The observed viral 

parameters were correlated with the abiotic and biotic parameters using 

SigmaPlot 11.0 and SPSS 12.0 used for correlation and regression analyses.  
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Results 

 

Characterisation of abiotic parameters 

 

Characterisation of temperature 

The abiotic parameter temperature ranged from 16.3°C to 20.2°C at the station 

TLM1 (Tab.2). The maximum temperature was measured on 18 August at 

station 2007 with 24.4°C, the lowest value of 10.5°C on 13 October (Tab.4). In 

Main Channel the temperature varied from 12.3°C to 19.6°C (Tab.5). 

Temperature in the dynamically connected site Regelsbrunn varied in a range 

from 10.1°C to 22.4°C (Tab.6). Overall, in each sampled station the maximum 

values were measured on 18 August, the lowest on 13 October except at TLM1 

(Tab.2).  

 

Characterisation of oxygen 

The maximum oxygen concentration of 15.2 mg/L was detected on 18 August in 

Regelsbrunn (Tab.6) and the lowest with 1.19 mg/L on 13 October at station 

TLM1 (Tab.2). At station 2007 the values fluctuated from 4.7 mg/L on 3 July to 

9.9 mg/L on 13 October (Tab.4). Main Channel noted values between 8.7 mg/L 

and 11.7 mg/L (Tab.5).   

 

Characterisation of particulate inorganic matter (PIM) 

The highest value of particulate inorganic matter (PIM) was measured with 

212.4 mg/L in Main Channel on 26 June 2009 and the lowest of 2.45 mg/L on 

13 October (Tab.5), in comparison to more than 708 times lower value of PIM 

assessed at station 2007 (0.3 mg/L, Tab.4), whereas the highest values at 

station 2007 and TLM1 were similar, 19.44 mg/L and 22.85 mg/L, respectively 

(Tab.2). 

 

Characterisation of biotic parameters 

For the experiments the surface water of the four selected stations of the River 

Danube and the back waters of the Danube National Park (Fig.1) was taken in 

the interval from June to October 2009 (Tab.1). After a flood event in June the 
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four stations were frequently sampled and analysed (Tab.1) to determine 

changes in hydrology, chemistry and the dynamics of the microbial 

communities.  

The free-living bacterial abundance varied between 0.2 and 10.8 x106 cells/mL. 

The maximum values were detected on 15 September in TLM1 (Fig.4a) and the 

lowest on 15 September in Regelsbrunn (Fig.29a). At the station 2007 (Fig.13a) 

the range of the free-living bacterial abundance was noted from 2.6 x106 

cells/mL to 6.1 x106 cells/mL. In Main Channel values were determined from 1.5 

x106 cells/mL to 3 x106 cells/mL (Fig.21a). 

The maximum value of particle-associated bacteria was 6.6 x106 cells/mL on 13 

October at the station TLM1 (Fig.4a) and the lowest of 1 x105 cells/mL on 18 

August in Regelsbrunn (Fig.29a). At station 2007, the particle-associated 

bacteria were from 1.4 x106 cells/mL to 5.7 x106 cells/mL (Fig.13a). In Main 

Channel the bacterial numbers varied from 4 x105 cells/mL to 2 x106 cells/mL 

(Fig.21a). 

Furthermore, the free-living viral abundances filtered samples ranged from 0.5 

to 51.8 x106 viruses/mL with a maximum in TLM1 on 13 October (Fig.4b) and 

lowest on 18 August in Regelsbrunn (Fig.29b). 

The viruses of the unfiltered water fluctuated in their abundance from 16.5 x106 

viruses/mL to 36 x106 viruses/mL at station 2007 (Fig.13b). In Main Channel of 

the River Danube the values varied from 5 x106 viruses/mL to 18 x107 

viruses/mL. 

The maximum abundance of particle-associated viruses of 3.1 x107 viruses/mL 

was observed at the same station as the highest value of free-living viruses at 

TLM1 (13 October, Fig.4b). The lowest numbers of 4 x105 viruses/mL were 

counted in Regelsbrunn (Fig.29b). At station 2007 we detected values of 9.8 

x106 viruses/mL to 2.8 x107 viruses/mL (Fig. 13b).  In Main Channel of the River 

Danube the viral abundance was from 2.4 x106 viruses/mL to 8.9 x106 

viruses/mL (Fig.21b).  

 
The parameters bacterial secondary production (BSP), Chlorophyll a 

concentration, particulate inorganic matter (PIM) together with particulate 

organic matter (POM), total suspended solids (TSS) and dissolved organic 

matter (DOC) revealed variability at each sampled station.  
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The lowest value of the bacterial secondary production was noted at station 

2007 with 0.29 µg C/L/h on 26 June (Tab.4, maximum production of 1.502 µg 

C/L/h on 3 July) in comparison to more than 6 times higher activity assessed at 

the station Regelsbrunn (1.87 µg C/L/h, Tab.6). The BSP at Main Channel of 

the River Danube was 3.4 higher (0.99 µg C/L/h, Tab.5) than BSP noted at 

station 2007 with 0.291 µg C/L/h (Tab.4). The highest value was detected at 

TLM1 with 2.45 µg C/L/h (Tab.2). 

The concentrations of chlorophyll a showed large differences between the 

stations with the highest value of 29.18 µg/L on 16 June 2009 in Regelsbrunn 

(Tab.6) and minimum of 1.35 µg/L on 3 July 2009 at station TLM1 (Tab2). 

TLM1 noted a maximum in chlorophyll a concentration of 12.73 µg/L on 30 July 

(Tab.2). At station 2007 the concentration ranged from 3.32 µg/L to 23.68 µg/L 

(Tab.4). In Main Channel values from 2.49 µg/L to 9.97 µg/L were observed 

(Tab.5). 

 

Overall, the particulate organic matter (POM, Tab. 2, 4, 6) noted large 

difference in its concentration on each sampled station. The highest 

concentration of POM of 98.44 mg/L was measured in Regelsbrunn on 13 

October (lowest of 2.75 mg/L on 21 July, Tab.6). At the station Regelsbrunn the 

concentration was 17.6 times higher on 13 October than the noted lowest POM 

concentration detected on 16 June with 5.59 mg/L (Tab.6). In Main Channel the 

concentrations of POM ranged from 2.12 mg/L to 16.65 mg/L (Tab.5). At TLM1 

POM concentration varied from 1.45 mg/L to 15.93 mg/L (Tab.2). 

 

Comparison of attached to the free-living abundance of planktonic 

microorganisms 

The attached bacterial abundance to the total number of bacteria varied from 

13.4 (Fig.29a) to 89.9% (Fig.21a). The maximum percentage of the free-living 

bacteria of 89.9% was noted in Regelsbrunn, where bacterial abundance was 4 

times higher than counted in Main Channel (Fig. 21b). The lowest measured 

percentage of 13.4 was determined in Main Channel of the River Danube.   

The viral abundance on particles compared to the free-living viruses showed a 

range of 13.4 (Fig.13b) to 99.7% (Fig.21b). The maximum percentage of 99.7 
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was observed in TLM1, whereas in Regelsbrunn the second highest percentage 

of 97.4, with more than 3 times higher ratio of attached bacteria to the total 

number of bacteria, was detected.  

The percentage of viruses on particles compared to the free-living viral 

abundance was higher than the attached bacterial abundance to the total 

number of bacteria in each sampled station. 

Nevertheless, low total numbers of bacterial and viral abundances were 

detected at high percentage of attached bacteria and viruses enumerated in 

Regelsbrunn (Fig.29a, b). TLM1 with the maximum value of free-living bacteria 

and viruses exhibited more than 3 times higher averages of bacterial and viral 

abundance on particles than the station with the lowest detected number of 

bacteria and viruses associated on particulate matter. 

 

VBR 

The Virus to Bacterium Ratio (VBR) of unfiltered sampled surface water was 

higher than VBR on particles. At station 2007 the maximum VBR was more than 

200 times (13 October, Fig.13d) lower than the minimum VBR at TLM1 (15 

September, Fig.4d). Quite low VBR was measured in Regelsbrunn with 0.9 (18 

August, Fig.29) and the highest value of 6.7 on 16 June. The VBR in Main 

Channel varied from 3.4 to 6.9. The maximum VBR was detected with 11.6 at 

station 2007 and minimum of 0.1 at TLM1. 

On particles, the lowest VBR of 2.4 was measured in Main Channel and the 

maximum of 9.6 at station 2007. At TLM1 the virus to bacterium ratio was noted 

from 3.7 to 7.9, whereas the VBR in Regelsbrunn varied from 2.6 to 8.7.  

In general, large differences between the virus concentrations in each station 

were detected on every sampling date (Tab.1). The maximum VBR of 11.6 at 

station 2007 was measured at lowest temperature (10.5°C), but at highest 

oxygen concentration of 9.9 mg/L. At TLM1, the lowest value of VBR with 0.06 

was noted at the lowest temperature of 16.3°C, highest BSP of 2.45 µg C/L/h 

and highest PIM concentration of 22.85 mg/L (Tab.4). 
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Experiments with planktonic microorganisms – Virus 

Reduction Approach (VRA) 

To investigate the frequency of lysogenic or lytically infected cells and the lytical 

viral production of this fresh water system we applied the VRA experiment. The 

treated and untreated samples were analysed for changes in their bacterial and 

viral abundances. In the with Mitomycin-C treated samples, the bacterial cells 

should be lysed due to prophage induction. Mitomycin-C is an antibiotic which 

stressed the cells. The lytical viral production should increase if the bacterial 

cells were infected by viruses.  

At the Main Channel station, the largest recover-efficiency of bacteria in the 

experimental setup, sometimes even a concentration at the beginning of the 

experiment was noted in June 2009 with a percentage of 452.6 compared to 

more than 2 times lower values assessed at the station TLM1 (213.3%). The 

recover-efficiency of bacteria in Regelsbrunn was lower (287.8%) than in Main 

Channel. At station 2007 we determined the lowest bacterial recover-efficiency 

with 35.3%. The lowest recover-efficiency of all experiments was noted with 

2.03 on 18 August at TLM1.  

The viral parameters lytical viral production, lysogenic cells, lytically infected 

cells, lysis rate of bacteria and bacterial loss/mortality per day were calculated 

using the online tool program VIPCAL (Luef et al. 2009, Tab.3, Fig.5). 

In Regelsbrunn, the lytical viral production varied from 0.2 to 5.9 x102 

viruses/mL/h (Fig.30a). The values of the other sampled stations revealed 

ranges of 0.2 and 0.01 x106 viruses/mL/h in TLM1 (Fig.6a), 0.03 and 1.1 x103 

viruses/mL/h at station 2007 (Fig.14a). In Main Channel of the River Danube 

the range of lytical viral production reached 0.018 to 5.1 x102 viruses/mL/h 

(Fig.22a).  

The calculated lysis rate of bacteria was noted with the maximum of 9 x105  

cells/mL/h in TLM1 (Fig.6d) and the minimum of 0.4 x105 cells/mL/h in 

Regelsbrunn (Fig.30d). The values of lysis rate of bacteria varied from       7.3 

x10-3 to 15 cells/mL/h at Main Channel (Fig.22d). The value of 0.2 x102 

cells/mL/h at station 2007 (Fig.14c) was in comparison more than 2 times lower 

than at station TLM1 station (Fig.6d). 
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The minimum and maximum percentage of lysogenic cells was measured with 

0.02 to 99% in Regelsbrunn (Fig.30b). Second highest value was noted with 

73% in TLM1 in July, lowest percentage of 0.6 in June (Fig.6c), whereas in 

Main Channel the values varied from 0.2 to 38% (Fig.22b). At station 2007 we 

detected, at the coldest sampling date on 13 October, 12% of the lysogenic 

cells and the lowest of 0.15% on 18 August at the hottest sampling date with 

highest water temperature (Tab.4, Fig.14b).  

The range from 0.01% to 44% of the lytically infected cells was measured with 

maximum values at TLM1 (Fig.6c) and minimum in Main Channel (Fig.22c). At 

station 2007 a value of 0.02 and 1% was noted (Fig.14b), whereas the 

percentage of lytically infected cells in Regelsbrunn (Fig.30b) was more than 11 

times higher than in Main Channel (1%, Fig.22c).  

The loss of bacteria per day ranged from 0.01% in Regelsbrunn (Fig.30e) to 

44.1% in Main Channel (Fig.22e). At the station 2007, the percentage of 

bacterial loss per day varied from 0.02 to 1.3 (Fig.14e). TLM1 exhibited 6.6 

times higher maximum value than at station 2007 with 8.8% of bacterial loss per 

day. The lowest value of 0.6% at 2007 was in comparison 60 times lower than 

in Main Channel (Fig. 14e, Fig.22e).   

 

Comparing different parameters from all experiments 

At the station TLM1 the lytical viral production of 0.2 x106 viruses/mL/h was 

measured on 18 August at the maximum in temperature (20.2°C, Tab.2, 

Fig.7a). Overall, no connection was revealed between the oxygen 

concentrations (Fig.8a), BSP (Fig.9a), chlorophyll a concentrations (Fig.10a), 

PIM (Fig.11a), POM (Fig.12a) and the water level of the River Danube 

(Tab.2,4,5,6) with the lytical viral production.  

The maximum value of lysis rate of bacteria with 0.039 x106 cells/mL/h was 

determined at highest BSP with 2.45 µg C/L/h (Fig.9d) and at a maximum 

concentration of PIM of 22.85 mg/L (Fig.11d). The percentage of the lytically 

infected cells and of the lysogenic cells showed no correlations with the abiotic 

parameters temperature (Fig.7b,c), oxygen concentration (Fig.8b,c) and the 

biotic parameters BSP (Fig. 9b,c) and chlorophyll a concentration (Fig.10b,c). 
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The higest percentage of bacterial loss per day was noted at a maximum value 

of BSP (Fig.9e) and PIM (Fig.11e).  

At station 2007, the lowest values of the viral parameters lytical viral production 

(1.1 x 10-3 viruses/mL/h, Fig.15a), the lytically infected cells (0.02%, Fig.15c) 

and the bacterial loss per day (0.02%, Fig.15e) were calculated at lowest 

temperature of 10.5°C on 13 October. At the maximum oxygen concentration of 

9.9 mg/L and of POM with 6.07mg/L the lowest values of the lytical viral 

productions (Fig.16a), of the lytically infected cells (Fig.16c) and of the bacterial 

loss per day (Fig.16e) were detected.   

In Main Channel, no interdependencies between all measured abiotic and biotic 

parameters with calculated viral parameters were observed. 

At the station Regelsbrunn, the maximum bacterial loss per day was found with 

44.1% per day (Fig.31e) at the lowest value of temperature of 10.1°C. The 

maximum concentration of POM with 98.44 mg/L (Tab.6) was noted at the 

highest value of bacterial loss per day with 44.1% (Fig.36e) and of the bacterial 

lysis rate of 4.5 x103 cells/mL/h (Fig.36d). 

To investigate the interdependence of the production of lytical and lysogenic 

viruses with the hydrological data (Tab. 2, 4, 5, 6), the calculated viral 

parameters were correlated with the abiotic and biotic parameters.  

Positive correlations were detected with bacterial loss per day (p < 0.05) and 

the parameters temperature (p < 0.049, Fig.42e), particulate organic matter (p < 

0.001, Fig.47e) and total suspendid solids (p < 0.001, Fig.48e).  

To assess the microbial metabolic activity, the hydrolytic enzymes glucosidase 

and aminopeptidase were fluorometrically measured and calculated as 

disscused in the report of Sieczko (pers.comm.). The enzyme alpha-

glucosidase was in positive correlation with the frequency of lytically infected 

cells (p < 0.02, Fig.49c) and with the bacterial lysis rate (p < 0.001, Fig.49 d). 

We could also prove positve relations between the activity of beta- glucosidase 

and the lytically infected cells (p <0.018, Fig.50c) and the lysis rate of bacteria 

(p < 0.003, Fig.50d). 

 

The parameters water level of the River Danube (Fig.41a,b,d), temperature 

(Fig.42a,b,d), oxygen concentration (Fig.43a,b,d), chlorophyll a concentration 
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(Fig.45a,b,d), PIM (Fig.46a,b,d), POM (Fig.47a,b, d), TSS (Fig.48.a,b,d), alpha-

glucosidase activity (Fig.49a,b,d) and beta-glucosidase activity (Fig.50a,b,d) 

were negatively correlated to the lytical viral productions, lysogenic cells and 

lysis rate of bacteria. The correlation analyses revealed an increase of the 

bacterial secondary production (BSP) together with the increase of the bacterial 

lysis rate (p < 0.012, Fig.44d). 

 

Viral shunting in aquatic environments 

The viral shunting is the transfer of lysis products of the cells into the pool of 

dissolved organic carbon (DOC) and particulate organic carbon (POC). 

Furthermore, viruses play an important role in the bacterial mortality and the 

release of carbon.  

The efficiency of viral shunting on the basis of the report from Motegi et al. 2009 

was assesed with: 

Shunting efficiency (v) = VS/ (BP+VS) 

VS = (Lytical viral production [x106 viruses/L/d]/ Burst size) x Release of 

dissolved organic carbon [µg C/L/d]) 

BP = Bacterial secondary production [µg C/L/d] 

Overall, a maximum value of 4.1 x10-4% was determined at Regelsbrunn 

(Fig.40d) and the minimum of 8.8 x10-7% in TLM1 (Fig.40a). The efficiency of 

viral shunting in Main Channel was more than 700 x lower as e.g. observed at 

the station Regelsbrunn (Fig.40c). At station 2007, the values ranged from 7.3 

x10-6 % to 1.4 x10-5 % (Fig.40b).  

 

Viral diversity 

In our study we could not detect changes in viral diversity over the period of 5 

months. Unfortunately, the Randomly Amplified Polymorphic DNA Polymerase 

Chain Reaction (RAPD-PCR) technique did not work as expected. One of the 

reasons might have been a too low volume of processed water. For the 

production of virus free-size water as well as of the virus concetrate, we used 

1000 mL of the surface water. On the other hand, on some sampling dates we 

could detect low total number of viral as well as of bacterial abundances in each 

of the locations. The second problem was the high appearance of particulate 
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matter on which viruses were attachted. Therefore, viruses were lost during the 

first filtration steps. We produced a virus concetrate with a low total number of 

viral abundance and with a high fraction of humic substances. In further studies, 

we should produce a virus concetrate from more than 1000 mL water as well as 

we need to treat the humic substances. 
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Discussion 

 

Characterisation of abiotic and biotic parameters under varying 

hydrology 

Our study was conducted in the interval from June to October 2009, when 

changes in the hydrology and chemistry as well as the microbial parameters 

were observed.  

The hydrological dynamics of fresh waters together with the general biodiversity 

give the opportunity to establish dynamic microbial communities, primary and 

secondary producer as well as influence the quality and the quantity of 

particulate matter (Tockner et al. 1998). 

Surface waters typically display large differences in abiotic and biotic 

parameters over time. In freshwater ecosystems dissolved organic matter 

(DOM) constitutes a major fraction of the organic matter pool. It is the main 

source which supports growth and respiration of bacteria. Since the DOM pool 

is comprised of different compounds, it varies in its bioavailability, thus the 

differences in DOM composition can alter the activity of microbial communities 

(Schuiwang et al. 2007). A factor which decides about the amount of DOM 

released by phytoplankton is light intensity, which can enhance the above 

process (Findlay et al. 2004). The highest light intensity was noted at the Main 

Channel station with 1389.1 µmol/m2/s (the lowest value of 1.7 µmol/m2/s in 

station TLM1), which could also cause elevated release of DOM (Urabe et al. 

2002 and Sieczko, pers.comm.).  

In our investigation high chlorophyll a concentrations were observed on some 

monitoring dates (Tab.1). We investigated the chlorophyll a concentrations over 

a short time interval, whereas the study of Schiemer et al (2006) monitored a 

longer period, where concentration of chlorophyll a was lower when the system 

was completely disconnected in comparison to connected locations. Therefore, 

we could not define perticular connected or disconnected locations, but we 

detected during the flood event the lowest chlorophyll a concentrations in each 

of the stations in June and July. Aspetsberger et al. (2002) determined 

occasionally high chlorophyll a concentrations in the same floodplain area. The 

same tendency was noted for the particulate organic matter (POM) with high 
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values reported by Hein et al. (2004). In our results, we observed the highest 

value with 98.44 mg/L dry mass in Regelsbrunn (Tab.6).  

Based on the survey reported by Aspetsberger et al. (2002),  the BSP (bacterial 

secondary production) showed linear increase with water age, which couldn´t 

be found during our study. In our results, we detected dissimilarities in the rates 

of BSP whith the highest value of 2.45 µg C/L/h at the location Regelsbrunn 

which was more than 5 times higher than the lowest measured BSP value at 

station 2007.  

A parameter influencing the bacterial activity (reflected as bacterial production 

and enzymatic activity) is DOC (dissolved organic carbon) concentration. 

Biddandah et at. (1994) evidenced that with the increase of DOC the bacterial 

production increases. Furthermore, these changes depend also on other factors 

such as temperature and nutrients (Findlay and Sinsabaugh et al. 1998). 

Nervertheless, in our study, the highest concentration of DOC (38.09 mg C/L) 

was observed in station TLM1, where the lowest BSP rate of 0.474 µg C/L/h 

was detected. 

 

Comparison of free-living and attached microbial abundance  

As discussed by Kirchman et al. (1982), about 10% of the bacterial population 

may be particle-associated. Furthermore, based on the survey conducted in the 

Danube by Luef et al. (2007), the attached bacterial abundance reached 30.3% 

in the location Regelsbrunn and 41.6% in the station Main Channel. On 

average, it has been found that the proportion of particle-associated bacteria, in 

comparison to the free-living bacteria, was 30%. The ratio of attached viruses to 

the total number of viral abundance showed a percentage between 0.4 to 35% 

(Luef et al. 2007).  

However, in our study, the ratio of particle-associated bacteria to the overall 

bacterial abundance was on average 15% in station TLM1 and 17% in station 

2007. In Main Channel, we could observe a ratio of 15% of attached bacteria. 

Furthermore, in Regelsbrunn an average of 19% was noted. Overall, 

considerable differences between the two size fractions were established on 

each station. 
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From fresh water studies, focusing on particles, organic matter seems to be 

important for bacterial abundance. Typically, the > 3µm size fraction was more 

active than the free-living size fraction as discussed by Kirchman et al. (1982) 

and Peduzzi & Schiemer et al. (2008). Cammen et al. (1982) reported that the 

attached bacteria play an important role for particulate matter. In our study, 

however, the bacterial abundance associated with particles showed large 

differences in each of the locations with the maximum of 89.9% (Fig.21a).  

In Regelsbrunn the > 3µm bacterial size fraction increased directly with the 

concentration of the particulate organic matter. In the stations 2007 and TLM1, 

there were no relations between the bacteria associated on particles and the 

concentration of particulate matter. Our findings underline inconsistent 

differences between attached bacterial abundance at each station. Moreover, 

the bacteria attached on particles did not evidence any relations to the BSP 

increase. 

At the investigated locations, the free viral abundance of the surface water was 

0.1 (Fig.4a, b) to 11.6 times the bacterial population (Fig.13a, b). Our data 

indicated maximum value of 99.7% (station TLM1), 94.4% (station 2007), 69.8% 

(Main Channel) and 97.4% (Regelsbrunn) of viruses associated with particles 

(original data are shown in Tab.1). In all water bodies, the virus- attached 

fraction reached more than 60% of the overall abundance.  

Furthermore, the particulate matter concentration was positively related with the 

viruses which colonized 16% (TLM1), 16% (2007), 12% (Main Channel) and 

17% (Regelsbrunn) of the particulate matter.  

We could detect a maximum value of viruses attached to particles of 30.9 x106 

viruses/mL in station TLM1 (Fig.4b) and the lowest of 4 x105 viruses/mL in 

Regelsbrunn (Fig.29b). As discussed by Wilhelm et al. (1999), in coastal marine 

environments the viruses reached abundances of 1010 per liter and in other 

marine habitats 107 to 1011 per liter on particles. In our study the viral 

abundance varied from 109 to 1011 per liter on particles, which was similar to the 

results from this report.  

Also, we tried to detect the total number of viruses in the free-living fraction. 

Therefore, we removed the > 3µm size-fraction by filtration. There were 

dissimilarities of the free-living viral fractions at each location with 0.5 x106 
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viruses/mL in Regelsbrunn, 17.9 x106 viruses/mL in Main Channel, 51.8 x106 

viruses/mL in station TLM1 and 36 x106 viruses/mL in the location 2007. 

 

VBR 

The Virus to Bacterium Ratio (VBR) is documenting the general predominance 

of the viral over the bacterial abundance (Danovaro and Serresi et al. 2000). 

Danovaro et al. 2008 reported that viruses influence the microbial dynamic also 

in aquatic sediments. In marine (Bergh et al. 1989), coastal (Suttle et al. 1990) 

and fresh waters (Klut, Stockner et al. 1990) there were high pelagic viral 

abundances observed. 

In fresh water the VBR ranged from 0.7 to 1.2 as discussed by Lemke et al. 

(1997). In our study the VBRs were higher than reported by Lemke (original 

data of our study shown in Fig.4c,d, 13c,d, 21c,d, 29c,d).  Typical values in 

freshwater of around 2.0 are reported in Peduzzi and Luef (2009). 

Mean abundance of the viruses associated with particles increased together 

with the bacterial attached fraction. The predominance of viruses over bacteria 

on particles ranged from 0.4 (Fig.29c,d) to 27.5 (Fig.13c,d) in comparison to the 

lower VBRs of 0.01 and 1.2 reported by Taylor (2003).  

According to our values, we could not establish any relations between the 

chlorophyll a concentration and VBRs. Furthermore, we could not detect any 

correlations between the variability of the viral and bacterial abundances of 

either the attached or the free-living fraction. In the literature, a negative relation 

of the chlorophyll a concentration with viruses was found (Luef et al. 2007). In 

lake snow, the VBRs ranged from 0.3 to 8.5 as reported by Simon (2002), which 

was lower than detected in our study. 

 

Virus Reduction Approach (VRA) experiments 

Viruses, infecting all components of the microbial food web, play an important 

role also in running waters (Peduzzi and Luef et al. 2009). To investigate which 

of the most common viral life cycles, the lytic or lysogenic one, is more 

important, we compared the viral abundances of the surface waters of several 

locations of the River Danube and its back waters, as well as the viral 

parameters lytical viral production, lytically infected cells, lysogenic cells, 
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bacterial loss per day and lysis rate of bacteria. The viral parameters were 

calculated using the online tool program VIPCAL based on the VRA as reported 

by Luef et al. (2009). Lytic viral production is the difference between viral 

abundance in the stationary phase of the control incubations and viral 

abundance at the start of the experiment. Lysogenic viral production is the 

difference between viral abundance in the Mitomycin-C treated and viral 

abundance in the control incubations (Weinbauer et al. 2002). 

We compared the viral abundances of the with and without Mitomycin-C treated 

samples to investigate which of the viral life cycles is more important in the 

investigated riverine waters. Our results were also compared with references of 

viral abundances from marine samples. There are no results from freshwater 

environments so far. As reported by e.g. Ripp and Miller et al. (1997), there is a 

third common viral life cycle, the pseudolysogeny, which is a  phenomen of 

viruses between lysogenic or lytic production. It’s possible that there are such 

viruses in our samples, therefore we should take into acount this third 

possibility, the pseudolysogeny as biasing our results. 

In our study, large differences in the lytical viral production were determined as 

well as in the frequency of lysogenic and lytically infected cells over time in each 

of the stations. Overall, in all water bodies the lytical viral production (Fig.6a, 

14a, 22a, 30a) exhibited major changes among the stations on each sampling 

date (Tab.1).  

In station Regelsbrunn, we could detect a maximum of lysogenic cells of 99% 

and a minimum of total bacterial abundance with 2 x105 cells/mL of surface 

water. In station TLM1, we observed 73% of lysogenic cells which was 2 times 

higher than in Main Channel. In each of the locations, there were found 

dissimilarities in the lysogenic cells over time, maybe because of the weather 

changes as well as of the flood event in June 2009.  

It was hypothesized that the lysogenic viral production is an important survival 

mechanism of viruses in low host cell populations, and there are typically up to 

40% of lysogenic bacteria in marine oligotophic environments (Williamson and 

Paul et al. 2004). There are no results about the lysogenic viral production in an 

aquatic environment as the River Danube and its back waters. Maybe, over a 
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longer period, we would observe a consistent percentage of lysogenic infected 

cells in each of the locations, but more analyses are required. 

However, in another study, from marine environments, often 90% of 

bacteriophages are reported as temperate viruses (Freifelder, 1987). They may  

contribute to nutrient cycling and may act as factors for genetic exchange and 

horizontal gene transfer (Chiura et al. 1997). We found maximum and minimum 

of viral lytical production in stations TLM1 and Regelsbrunn. In stations 2007 

and Main Channel, we illustrated a low percentage of lytically (0.3%, 3.5%) and 

lysogenic (5.4%, 12.8%) infected cells.  

Furhter, we found a ratio between PIM and POM of 2:1 in station 2007 and 10:1 

in Main Channel. Therefore, most of the viruses could be bound to the 

particulate matter. However, there are other major abiotic and biotic parameters 

which could control the viral production. 

Moreover, the viruses may impact the nutrient cycle in aquatic systems. Carbon 

is an important element reflecting the energy flux of organisms. The organic 

carbon is separated into dissolved organic carbon (DOC) and particulate 

organic carbon (POC). Much of the DOC is recycled in the microbial loop 

(Falkowski al. 1992), and the lysis rate of bacteria is directly responsible for 

some of the DOC (Fuhrman et al. 1992, Wilhelm et al. 1998). In our study, 

however, the highest value of the release of DOC due to viruses was 7.96 pg 

C/mL/h in station TLM1, where we observed the highest rate of BSP with 2.45 

µg C/L/h and the maximum of bacterial abundance of the free-living fraction with 

10.8 x106 cells/mL.  

To establish any relations between viruses and the aquatic environment, we 

compared the viral parameters of the VRA experiments with the following 

abiotic and biotic parameters: temperature, oxygen concentration, and 

chlorophyll a concentration, BSP, PIM, POM and TSS.  

We could detect negative correlations between the viral parameters bacterial 

lysis rate, lytically infected and lysogenic cells with oxygen concentration, 

chlorophyll a concentration, and PIM. In our study, the oxygen concentration 

increased with lower percentage of lysogenic and lytically infected cells as well 

as with low lysis rates of bacteria (p < 0.911, Fig.45b, p < 0.146, Fig.45c, p < 

0.251, Fig.45d). On the other hand, the viral production decreased with the 
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increase of chlorophyll a concentration and PIM (p < 0.359, Fig.45a, p < 0.521, 

Fig.46a).  

Moreover, we could not observe any correlation between the water level of the 

River Danube and the viral parameters (Fig.41a,b,c,d,e). The reason for such 

results could be the flood event, which is responsible for extreme changes in 

the water level of the River Danube and its back waters. 

Also positive correlations have been determined between alpha- and beta- 

glucosidase activity data from Sieczko (unpublished) and the frequency of 

lytically infected cells (p < 0.002, Fig.49c, p < 0.018, Fig.50c) as well as the 

bacterial lysis rate (p < 0.001, Fig. 49d, p < 0.003, Fig.50d). The reason for such 

results is still unclear. Up to now, we are sure that the activity of enzymes for 

beta-linked substrate usually exceeded the activity of alpha-glucosidase as also 

reported by Bhaskar et al. (2008). Elevated enzymatic activity may be triggered 

by the increased availability of lysis products. 

Moreover, in our investigation, the viral parameters lytically infected cells and 

bacterial loss per day decreased together with increase of temperature (p < 

0.651, Fig.42c, p < 0.049, Fig.42e). In sediments, as reported by Baker et al. 

(2004), 18% of bacterial mortality/loss due to viruses was detected. In our 

results, we established an increase of bacterial loss per day together with POM 

and TSS (p < 0.001, Fig.47e, p < 0.001, Fig.48e). 

On the basis of the report from Noble et al. (2000), there is a contribution of 

viruses to bacterial mortality that enhances the bacterial production and 

production of the organic matter. 

 

Viral shunting in aquatic environments 

As discussed by Suttle et al. (2005), viruses of marine environments are 

important catalists for the biogeochemical cycles, and responsible for shunting 

off a part of the flux from the pool of the dissolved organic carbon (DOC) to the 

pool of the particulate organic carbon (POC). Moreover, the efficiency of the 

transfer of DOC decreases in higher trophic levels, and more carbon should be 

respired in the surface water.  

Overall, the viral shunting is reported as an important phenomenon contributing 

to the carbon flux to the atmosphere. Danovaro (2008) reported that the viral 
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shunting is a significant source of organic detritus in the deep-sea ecosystem, 

and  responsible for the release of 0.37 to 0.63 gt of carbon per year from the 

sea.  

We investigated the possibility of the influence of viruses on the microbial loop 

in a riverine system and detected many dissimilarities in the viral shunting 

efficiency at each of the stations with a maximum of 4.1 x10-4% in Regelsbrunn 

(Fig.40d) and the minimum of 8.8 x10-7% in station TLM1 (Fig.40a). There are 

no such previous results for inland water environments. Potentially, the DOC is 

consumed by bacteria, some of them lysed by viruses . (Wilhelm et al. 1999). 

Therefore, one part of the DOC is shunted off by viruses and lost for other 

consumers of the microbial food web. However, more and detailed studies are 

necessary for a better understanding of such riverine systems. 

 

Viral diversity 

In our study, we could not detect changes in viral diversity over the period of 5 

months, the Randomly Amplified Polymorphic DNA Polymerase Chain Reaction 

(RAPD-PCR) technique did not work as expected. We will have to improve this 

technique to study the changes in viral communities. We still don`t know the 

exact reasons for the malfunction of the RAPD-PCR for later analyses of a 

freshwater environment such as the River Danube and its back waters. 
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Processing of water samples from a floodplain system of the Danube 

National Park 
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Figure 2. Filtration steps for Virus Reduction Approach (VRA) experiments 
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Days of sampling 

d1 16062009 d6 21072009 

d2 26062009 d7 30072009 

d3 30062009 d8 18082009 

d4 03072009 d9 15092009 

d5 09072009 d10 13102009 

 

Table 1. Sampling dates of each station in the interval from June to October 

2009. In June a flood event led to frequent sampling of the fresh waters in the 

Danube National Park and its back waters. The days of the frequent 

monitoring were days of sampling of the surface water over a long period of 

some years. During the experimental part of my diploma thesis the surface 

water was sampled during the frequent monitoring over a short period of 5 

months. (d= days; the yellow marked dates = dates of frequently sampling; 

the  underlined dates = dates of monitoring). 
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Figure 3. Water level of the River Danube in the interval from June to 

October 2009; orignal data from via Donau.  
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Figure 5. Lysogeny and lytic viral production from Virus Reduction Approach 

(VRA) of the station TLM1/Lobau in June 2009; black dots = Mitomyicin-C 

treated sample, open dots = untreated sample  

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Calculated parameters from the online tool program VIPCAL 

VIPCAL: Viral Production Calculator 

lytic viral production (*10
6
 viruses/mL/h) 0.0577 

% of lytically infected cells 0.3236 

lysis rate of bacteria (*10
6
 cells/mL/h) 0.0009 

% of bacterial loss per day 0.6471 

% of lysogenic cells 3.5497 

viral turnover times ( h
-1

) 0.0023 

DOC release (g C mL/h) 1.8831 *10
-11

 

DON release (g N/mL/h) 3.7661 *10
-12
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Figure 41. Regression analysis; comparison of the water level of the River 

Danube with the viral parameters lytical viral production (a), lysogenic cells (b), 

lytically infected cells (c), lysis rate of bacteria (d) and bacterial loss per day (e) 

from Virus Reduction Approach (VRA) experiments using the online tool 

program VIPCAL. Pooled data are from stations TLM1/Lobau, 2007/Lobau, 

Main Channel/ River Danube and Regelsbrunn. 
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Figure 42. Regression analysis; comparison of the abiotic parameter 

temperature with the viral parameters lytical viral production (a), lysogenic cells 

(b), lytically infected cells (c), lysis rate of bacteria (d) and bacterial loss per day 

(e) from Virus Reduction Approach (VRA) experiments using the online tool 

program VIPCAL. Pooled data are from stations TLM1/Lobau, 2007/Lobau, 

Main Channel/ River Danube and Regelsbrunn. 
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Figure 43. Regression analysis; comparison of the abiotic parameter oxygen 

with the viral parameters lytical viral production (a), lysogenic cells (b), lytically 

infected cells (c), lysis rate of bacteria (d) and bacterial loss per day (e) from 

Virus Reduction Approach (VRA) experiments using the online tool program 

VIPCAL. Pooled data are from stations TLM1/Lobau, 2007/Lobau, Main 

Channel/ River Danube and Regelsbrunn. 
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Figure 44. Regression analysis; comparison of the biotic parameter bacterial 

secondary production (BSP) with the viral parameters lytical viral production (a), 

lysogenic cells (b), lytically infected cells (c), lysis rate of bacteria (d) and 

bacterial loss per day (e) from Virus Reduction Approach (VRA) experiments 

using the online tool program VIPCAL. Pooled data are from stations 

TLM1/Lobau, 2007/Lobau, Main Channel/ River Danube and Regelsbrunn. 
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Figure 45. Regression analysis; comparison of the biotic parameter chlorophyll 

a concentration with the viral parameters lytical viral production (a), lysogenic 

cells (b), lytically infected cells (c), lysis rate of bacteria (d) and bacterial loss 

per day (e) from Virus Reduction Approach (VRA) experiments using the online 

tool program VIPCAL. Pooled data are from stations TLM1/Lobau, 2007/Lobau, 

Main Channel/ River Danube and Regelsbrunn. 
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Figure 46. Regression analysis; comparison of the abiotic parameter particulate 

inorganic matter (PIM) with the viral parameters lytical viral production (a), 

lysogenic cells (b), lytically infected cells (c), lysis rate of bacteria (d) and 

bacterial loss per day (e) from Virus Reduction Approach (VRA) experiments 

using the online tool program VIPCAL: Pooled data are from stations 

TLM1/Lobau, 2007/Lobau, Main Channel/ River Danube and Regelsbrunn. 
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Figure 47. Regression analysis; comparison of the biotic parameter particulate 

organic matter (POM) with the viral parameters lytical viral production (a), 

lysogenic cells (b), lytically infected cells (c), lysis rate of bacteria (d) and 

bacterial loss per day (e) from Virus Reduction Approach (VRA) experiments 

using the online tool program VIPCAL. Pooled data are from stations 

TLM1/Lobau, 2007/Lobau, Main Channel/ River Danube and Regelsbrunn. 
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Figure 48. Regression analysis; comparison of the biotic parameter total 

suspended solids (TSS) with the viral parameters lytical viral production (a), 

lysogenic cells (b), lytically infected cells (c), lysis rate of bacteria (d) and 

bacterial loss per day (e) from Virus Reduction Approach (VRA) experiments 

using the online tool program VIPCAL. Pooled data are from stations 

TLM1/Lobau, 2007/Lobau, Main Channel/ River Danube and Regelsbrunn. 
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Figure 49. Regression analysis; comparison of the aplha-glucosidase activity 

with the viral parameters lytical viral production (a), lysogenic cells (b), lytically 

infected cells (c), lysis rate of bacteria (d) and bacterial loss per day (e) from 

Virus Reduction Approach (VRA) experiments using the online tool program 

VIPCAL. Pooled data are from stations TLM1/Lobau, 2007/Lobau, Main 

Channel/ River Danube and Regelsbrunn. 
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Figure 50. Regression analysis; comparison of the beta-glucosidase activity 

with the viral parameters lytical viral production (a), lysogenic cells (b), lytically 

infected cells (c), lysis rate of bacteria (d) and bacterial loss per day (e) from 

Virus Reduction Approach (VRA) experiments using the online tool program 

VIPCAL. Pooled data are from stations TLM1/Lobau, 2007/Lobau, Main 

Channel/ River Danube and Regelsbrunn. 
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