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Introduction

River networks fundamentally differ from most otlerosystems because (i) they are open
systems with tight functional linkages to their amjnt ecosystems and (ii) they are nested
systems with their physical and ecological struetand function changing over several
spatial and temporal scales. Their hierarchicaboization and their tight link to adjacent
terrestrial and subterranean ecosystems have ateduthe development of concepts such as
the River Continuum Concept (RCC) and more recemmcepts on river-floodplain
functioning (TOCKNER ET AL 2000, HORP ET AL 2006). While traditional perceptions during
the last 25 years focus on the question whethelotigitudinal continuum (WNNOTE ET AL.,
1980) or the lateral connectivity driven by theofliopulse (UNK 1989, BayLEY 1991) control
the organic matter supply, recent concepts disthesamportance of physical discontinuities
(PoOOLE 2002, BENDA ET AL. 2004) and local processes in riversiQRP & DELONG 2002) as
substantial contribution to understand habitatcstme and carbon cycling in lotic ecosystems.
Since the integration of the microbial loop conaepaquatic ecosystemsqREROY, 1974) it

is recognized that a major part of the organic @artsom primary production is channelled
through the bacterial compartment, usually quasdifas rates of bacterial production and
related estimations of required bacterial carbomated. Only a small percentage of this
energy is known to leave the microbial loop to filned macro-food chain and while this trend
was often confirmed for lentic systems, we noticack of studies confirming or rejecting
this observation for lotic systems in general aspeeially for large rivers. In this context it
should be emphasized that the effect of the battlxad of small rivers merging into larger
ones was only sporadically investigated althouglthsinformation is of primordial
importance for the understanding of the functioroh¢arge rivers (Winter at al, 2007).

Large rivers, as the river Danube, are known teeerpce the impact of an important number
of tributaries, but while there is little doubt ththese tributaries may influence the physico-
chemical development of the main river, the magtatof this influence is still a matter of
debate. The Danube river basin is characterizehdyribute of some 40 rivers merging into
the main stream on its way to the Black Sea andaleva great number of side arms and
oxbow lakes, thus making of the Danube river basimique aquatic system in Europe.
Within the frame of the JDS 2007 we had the opputyuto subsample a representative
number of stations between Kelheim and the Danwlita énd to determine basic microbial
parameters (bacterial numbers, biomass, morphotgpdsbacterial secondary production)
which were so far largely missing in biological eeds concerning the Danube River. We
attempted to address a major issue with this inyatsdn: To provide new and additional data
to test and/or reinforce the validity of the rivayntinuum concept by investigating whether
continuous, linear changes are found for the resbrbacterial parameters or whether
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discontinuities and local processes control thedset performance. For this purpose special
attention was given to bacterial input data froimutaries.

Aims and Goals

Bacteriological data were collected during the tiddanube Survey 2 (2007) along the

longitudinal stretch of the River Danube from thpper section (km 2600) to the Delta (km 0)

for the following goals:

* Monitor the above mentioned microbial-ecologicalgmaeters to obtain an overview of the
microbial-ecological status for the Danube Rived és tributaries.

* Analyse the obtained data in order to detect vanapatterns in the Danube River,
necessary for a better understanding of the cacpding in the river.

» Compare bacterial parameters from the tributarigh #hose from the Danube River to
assess the potential impact of the tributariesherbacterial community in the main stream.

* Investigate whether detected patterns of the hatigarameter values confirm the idea of
the river continuum concept.

» Evaluate the obtained parameter values for thedticgbility within the established EU
Water Framework Directive (2000) as an additiooal to assess the ecological status of
large rivers

Methods

Collection of water samples:Water samples were collected in the middle of therrfrom
the ship in sterile 1 L Schott-flasks with a samglrod at a water depth of approx. 20 to 30
cm. Samples were immediately processed on-boarel widier sample was divided into two
fractions by filtration through 3 um pore-size alamm oxide filters (Whatman Anodisc).
Bacterial numbers: Bacterial numbers were estimated according to atedine-orange
direct count method (&BBIE ET AL. 1977), modified after RSCHNER& V ELIMIROV (1997).
10 ml of water sample (total and 3 um filtrate) &véked with 0.5 ml 37% formaldehyde and
stored at 4°C in the dark. Bacterial cells werented within 25 days and grouped in four
morphotype classes (rods, cocci, vibrios and filaisleusing an epifluorescence microscope.
Biometry: Bacteria were sized by an eyepiece micrometen. dlime estimations were
derived from the assumption that bacteria have rgg@ieor cylindrical shape with two
hemispherical caps. At least 100 bacteria per sample measured. Cellular carbon content
expressed in fg C céllwas calculated from estimated cell volumes (V; uassuming the
allometric relation C = 1208 after NorRLAND [1993].

Leucine incorporation - bacterial secondary producion: Bacterial production was
determined for both untreated and 3pm filtered sasp4 samples, 2 blanksH-Leucine
was used as tracer for incorporation into the lwattprotein pool, following the protocol of
EILER ET AL. (2003) and using the conversion factor oic® & Azam (1989). Additionally,

8 saturation experiments along the Danube stretaie wonducted in order to verify that the
administered radioisotope concentration was adedoasaturate the uptake by the respective
bacterial population.

DOC analysis:Dissolved organic carbon (DOC) analysis was made Rihoenix 8000 TOC
Analyser (JVC, Wiener Neustadt, Austria). Samplesenrozen on board of the ship at -20°C
after filtration through 0.2um filters and keptZem until processing.

Statistical evaluations: All derived correlations were made by Pearsontest, where
compared variables were quantitatively measurddeameters not fitting normal distribution
were 10g10 transformed before correlation (**: Higkignificant)

Additional parameters: All additional parameters, namely chlorophyll @z, NO,, NO;,
NH4, PQ, total phosphorus, temperature, total suspenddéidssanorganic and organic
suspended solids were obtained from the ICPDR sfedats.



Results and interpretation

Bacterial parameter variations for JDS2 sampling pmts

The majority of the bacteria within the samplesifrboth the longitudinal Danube sections
and the tributaries were found in the fraction el um, which implies that the majority of
the cells occur as free living cells. Table 1 sholat in tributaries some 67% of the bacteria
are free cells, while in the Danube River this patage is with 71% slightly higher. A similar
trend is noticed for the bacterial biomass. Baateproduction of the attached fraction,
however, is only slightly below the values of tHanktonic fraction.

Table 1 Mean percentage of free versus attached badterthe Danube River and its
tributaries plus side arms (SA). n = 21 for tribiga and side arms, n = 75 for the Danube
river.

BN BBM BSP

% % % % % %
planktonic attached |planktonic attached | planktonic attached
All samples 70.1 29.9 62.5 37.5 55.8 44.2
Tributaries+SA. 67.2 32.8 58.8 41.2 50.9 49.1
Danube river 71.0 29.0 63.5 36.5 57.2 42.8

The comparison of the mean biomass/productiongaiieer all section types of free (1.19)
and attached (0.88) bacteria indicated that atthtlaeteria have relatively higher secondary
production per unit biomass compared to the freadi fraction. BN and BBM values for
attached bacteria correlated significantly withataduspended solids (TSS) and particulate
inorganic matter (PIM). All three bacterial paraerst of the attached fraction correlated
significantly with particulate organic matter (POMBN r=0.32**, BBM r=0.49** and BSP
r=0.33**), which was not observed for free livingdteria.

In Fig. 1 it can be seen that most of the peakdbémterial numbers, biomass and secondary
production within the longitudinal Danube transac® derived from tributaries or side arms
of the river Danube. Bacterial numbers below 2ID%cells L and biomasses below 110 pg
C L* are characteristic for Danube River stretches|enthibutaries display abundances and
biomasses ranging generally between 2.0 %c#lis L and 7.30 x 18 cells L and 150 pg

C L™ to 6140 pg C L, respectively. However, there are exceptions tlileriver Inn, which
import amounts to 1.27 x i@ells L'}, corresponding to some 83 pg C.lLow bacterial
imports are also recorded for the Rackeve-Sorakisar2, the rivers Hron, Drava, Tisza, and
Sava, where abundances ranged from 1.26 %cels L' to 1.80 x 18 cells L*, and
biomasses from 33 to 102 pg C,lrespectively.

Correspondingly, high values are noticed for baaltesecondary production of tributaries
with high biomasses and vice versa. The maximuntebat production value of 14.80 pg C
L h* was recorded for Arges River which had also thehésy bacterial abundance and
biomass of all tributaries. For all other tribugriwith high abundances and biomasses we
recorded production values between 1.5 and 5.44pg" h™. It is noteworthy that the
tributary Hron which had both a low bacterial abamce and biomass manifested a relative
production peak of 2.40 ug C'th while all other tributaries with low abundance and
biomass values gave production values between &i870.80 pg C t h™. Among the
tributaries with production values below 1.0 pg €h are also the rivers Timok, Olt, Jantra
and Siret despite abundance and biomass valuegs 28 x 18cells L* and 110 pg C L.

BN, BBM and BSP were highly correlated, despitetibterogeneity along the river (Pearson
correlation BN/BBM: r=0.96**, BN/BSP: r=0.59**, BSBBM: r=0.63**). Although the
overall trend indicates high bacterial abundanbesnasses and production values for the
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majority of the tributaries but low values for tsamples from the Danube River, it was
surprising to notice that the water body of themmarer remained largely unaffected by the
tributaries input. This becomes even more appamr@n calculating the specific bacterial
biomass input for each tributary by consideringrémpective discharge rates of the tributaries
and when comparing the calculated load of the taityuwith the biomass load of the
following down stream Danube sample station. Thés wrue for tributaries with both large
and small volume discharges (see below).

Bacterial parameter variations in the main stream

A different pattern of parameter variations becomlegious when studying the values from
Danube sampling points alone. Observing the valhie®anube samples from the Inn

downstream, we can see that bacterial numbers Zlrgre constantly increasing. In contrast,
the mean cell volume becomes smaller as the riperoaches its mouth (Fig. 3). As a

consequence bacterial biomass reveals only a dhghtase over the longitudinal transect
(Fig. 4). No such continuous trend was observedbfmterial production rates, and it was
attempted to group them according to similar magi@tof rates, shown below in the chapter
“Magnitude regions of BSP”. Allocation of BSP vadu the different section types gave no
recognizable patterns or trends.

Assessment of bacteriological parameters for the stgons of the Danube and tributaries

There are 10 defined geomorphological section tygbesg the Danube River. Over those 10
sections, abundances vary from 1.40 to 3.90%c#Ds L, biomasses from 52 to 124 ug C L
Land BSP from 0.20 to 1.40 pg C h™. Yet it should be noted that minimum biomasses do
not correspond to minimum secondary productionsalmundances, indicating a distinct
heterogeneity of bacterial parameter between sextio

Section type 1 (Upper course of the Danubekm 2786: — rkm 2581): Average bacterial
number (2.70 x T0cells L) and biomass values (92.6 pg C)lare high and secondary
production is the highest recorded of all sectithdl pg C [* h™). Since only one sample
has been made over a stretch of 200 km withingéetion, it cannot be decided whether the
monitored values are really representative forheterial compartment.

Section Type 2 (Western Alpine Foothills Danube: rkn 2581- rkm 2225):All parameters
are extremely high with mean values of bacteriahber (3.05 x 1dcells L"), biomass (125
1g C LY and secondary production (0.71 ug €H?). The end of the section is marked by
the input of the River Inn, with low biomass andMB®alues but with a large water volume,
which doubles the water volume of the main stream.

Section Type 3 (Eastern Alpine Foothills Danube: rkn 2225 - rkm 2001):In this section a
sudden decrease of all mean bacterial parameteesralown to half of the previous section
veilues is recorded (BN = 1.44 x*1¢ells L', BBM = 66.70 ug C ! and BSP = 0.36 ug C'L
h™).

Section Type 4 (Lower Alpine Foothills Danube: rkm2001 - rkm 1789.5):Bacterial
parameters keep declining, showing their minimunBratislava i.e. Gabcikovo dam (BN=
1.29 x 10 cells L', BBM= 52.28 pg C [* and BSP= 0.33 pg C). However, the inputs of
Morava River and Moson arm are characterised b bacterial numbers, biomasses and
production rates, which are higher by a factor Gan8l 9 respectively. Nonetheless it is
remarkable that bacterial parameter values fromubarsamples at the vicinity of Bratislava
remain low.
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Fig 1. Bacterial parameters from water samples of 7&osim along the Danube River and 21
tributaries and side arms. a) Bacterial number8dz}erial biomasses, c) Bacterial secondary

production. Untreated samples (black lines) and 3jltered samples (purple line). Peaks of

tributaries and side arms are labelled with specfimes and obtained values.
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Fig. 2: Bacterial numbers in water samples of the DanuberRvithout tributaries.
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Fig. 3: Mean bacterial volume in water samples of the DarRiver without tributaries.
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Fig. 4: Bacterial biomass in water samples of the DanulerRvithout tributaries

Section Type 5 (Hungarian Danube Bend: rkm 1789.5 rkm 1497): The beginning of
section 5 is characterised by the presence oftaiitas VVah, Hron and Ipoly. These tributaries
are characterised by low discharge volumes (lems 19% of the Danube) but relatively high
bacterial parameter values as compared to the sti@@am. Differences by a factor of 2,6 and
2,5 for BBM, BN and BSP respectively, are observdte bacterial parameter values of the
first part of this Danube section are lower tharamealues from section 4. A contrasting
situation is recorded for the samples in the closmity of Budapest and thereafter, where all
bacterial and most nutrient values show a signmiti¢acrease as compared to samples taken
upstream Budapest (BN= 1.63 x’Ills L*, BBM = 60.30 pg C [* and BSP=0.58 ug C L
'hY). The influence of the river Sio is negligible.

Section Type 6 (Pannonian Plain Danube: rkm 1497rkm 1075): Bacterial parameters in
this section are slightly higher than in the presisection (BN= 1.82 x f@ellsI*, BBM =
62.68 ug C [ and BSP = 0.62 ug Cth™) with chlorophyll a showing its maximum after
Novi Sad. Due to three big tributaries (Drava, Tasa Sava) the water volume of the Danube
is doubled.

Section Type 7 (Iron Gate Danube: rkm 1075 - rkm 93): Bacterial number and biomass
keep increasing (BN = 1.96 x *lls L, BBM = 70.72 pg C L), whereas bacterial
secondary production reveals a sudden decreaseacabig to section type 3 (BSP = 0.22 ug
C L'*h™), again a stretch of impounded water (Iron Gasemepir).

Section Type 8 (Western Pontic Danube: rkm 943 - mk 375.5): After a stretch of slow
water current in the previous section, bacteriahbers remain almost at the same level as in
section 7 (1.99 x focells L) but biomass decreases (66.54 pg € together with the
average cell volume (8.5% smaller than in sectiget7). Bacterial secondary production
reaches its minimum in the Danube River (BSP = @g1C L* h%). This comparably long
section (570km) is characterised by 6 importantbutaries: Timok, Iskar, Olt, Jantra,
Russenski Lom and Argeshefirst four rivers show low bacterial parameter esunutrient
concentrations and flow rates. Russenski Lom ared Alges River had low discharge
volumes, yet bacterial parameter values and natcencentrations were conspicuously high,
due to city waste waters of Russe and Bucharegieotively.
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Section Type 9 (Eastern Wallachian Danube: rkm 375.- rkm 100): Bacterial secondary
production values from this section (BSP = 0.31Gug™ h™) can be compared with those
from section 4, but abundance and biomass valulsR.40 x 18 cells L'*, BBM = 76.89
Hg C LY, show a continuous increase along the river,ctitig uncoupling between BSP
and BBM. Rivers Siret and Prut are the last tribetabefore the delta. Their bacterial
parameters values are moderate but still higher tiva Danube values.

Section Type 10 (Danube Delta: rkm 100 - rkm 7)The Danube Delta is characterized by
extreme concentrations of particulate organic matsewell as by high bacterial abundance
and biomass (BN = 3.98 x 1@ells L', BBM = 122.66 pg C 1), especially in the attached
bacterial fraction. Bacterial secondary productiemains at the same level or even slightly
lower than in the previous section (BSP = 0.25 pg'@™).

Magnitude regions of BSP

On the basis of regions (i.e. a consecutive nurabdbS sampling stations) with comparable
bacterial production we distinguished four magnétudgions of mean bacterial secondary
production (Table 2). JDS sampling point 1 was mered to be unrepresentative for the
Danube River (see above) and was therefore notided in the estimations of means to
characterize the regions. The first magnitude megiaresponds to the upper Danube with a
mean BSP of 0.71 pg CYh™, followed by the region between the river Inn #mel sampling
point upstream Budapest, the Alpine Foothills véthaverage BSP of 0.33 ug C ™. The
third region corresponds to the Pannonian Lowldredween the city of Budapest and Iron
Gate (again a mean BSP of 0.71 ug&ht!), and the fourth magnitude region extends from
Iron Gate downstream to the Danube delta with annB&P of 0.23 pg Cth,

Table 2: Magnitude regions of BSP along the Danube withohttaries. ** indicate highly
significant differences in mean BSP values betwamsecutive magnitude regions.

Magnitude regions | JDS Average Standard Minimum Maximum t-test
of BSP points pg CL*h?  deviation

Upper Danube 2-5 0.71 0.09 0.61 0.83

Alpine foothills 7-31 0.33 0.10 0.15 0.63 **
Pannonian Lowland 32 - 60 0.71 0.28 0.35 1.46 i
Lower Danube 61 - 96 0.23 0.07 0.14 0.47 *E

Bacterial parameter variations in tributaries and their impact on the River Danube

Except for the large tributaries like Inn, Dravasd and Sava, confluent rivers have usually
higher BN, BBM and BSP values than the specific uen sections where the tributaries
merge. Since it is a major challenge in microbizdlegy to develop models which predict
evolutionary trends in ecosystems under specifiirenmental conditions it was attempted to
use available data sets to predict the magnitudedaection of carbon flow of the defined
Danube section which are impacted by tributariest #his purpose, we calculated the
expected BBM values for the first sampling pointvdstream of the tributary mouth and
compared it with the monitored BBM values downsteaCare was taken to obtain
comparisons with data from at least three consezstmpling points downstream (Fig.5).
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Fig. 5: Expected bacterial biomass load in the Darafter the tributary input and observed
biomass loads in following JDS- stations. Expest@lde is on point zero (with river
kilometre as a distance of the tributary mouth fidamube delta), and observed values are
shown with the distances of sampling points fromriouth of tributary. Expected load
calculation = (Biomass load from Danube River +éss load from tributary) / (Discharge
from Danube River + discharge from tributary). Tiniemise for the calculation of the
expected biomass load is based on the assumpabhdmogenous mixing of the merging
water bodies (tributary and main river) occurs.

We choose 10 representative tributaries and arpéiroes noted for the situation of the river
Jantra with only 2 consecutive sampling points. Tl sampling point downstream of the
river Jantra was again the mouth of an importadé sirm (Russenski Lom). It could be
shown that in the majority of all cases tributates& a rather negligible impact on the main
stream of the Danube River. In the majority of @lses the expected BBM values were
always between 5 to 50 % higher than the monit&®i value at the following JDS station
downstream (Fig. 5). In 60% of all cases, evendbeond JDS station downstream of the
tributaries mouth was still below the expected galdlso, it is noteworthy that for all large
tributaries with discharge volumes amounting to 20f4more of the water volume of the
main stream, the monitored BBM values were usulbily40 to 60% below the expected
values. At the actual state of knowledge with resge the available data we have no
explanation for this obervation. Nonetheless itudthidoe pointed out that tributaries with large
discharge volumes such as the rivers Inn, Dravd3awa have mostly low bacterial biomass
loads but are also assumed to have different waigmg and dilution dynamics than
tributaries with small discharge volumes. It magrédfore be speculated that the filter effect
of the river bed sediments and especially of tténsents close to the river banks functions
differently (i.e. more efficiently) when large riseemerge.

Variations in bacterial morphotypes

In figures 6 and 7 it could be shown that cocci émdh lesser degree vibrio shaped cells
become more abundant from section type 2 to setyn10. Similarly, the abundance of rod
shaped cells, which are in most aquatic systemsddminant bacterial morphotypes, is
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decreasing as cocci increase (Figures 6 and 7¢eSie observed at the same time an
increase in bacterial numbers but only a very matéeincrease in bacterial biomass, it was
obvious that the monitored overall decrease indsadtvolume would necessarily lead to a

dominance of small bacterial cells. Consequentydbminance of small cells increases in the
Danube river along the longitudinal transect as gstteam approaches the Black Sea. The
majority of these small cells are represented hgcicand vibrio shaped cells which reach

their highest relative abundances in section typeEven though vibrio shaped bacteria are
rather cells with volumes comparable to those dydhe volume of vibrios experiences a
decrease in size in the section types of the Ld»artube and close to the Black Sea (Figs 8
and 9.)

In section 2 these two morphotypes represent 15 &bl onorphotypes in untreated samples

and 28 % in filtered samples. In section 10, tiesemorphotypes make up some 53 % of all
morphotypes in untreated samples and 59% in fdtesamples, filamentous forms being

negligible, yet decreasing.
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Figure 6: Mean percentage of bacterial morphotyped0 respective Danube sections from
untreated water samples
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Figure 7: Mean percentage of bacterial morphotype%0 respective Danube sections from
filtered water samples

This clear shift in morphotypes from large rods ditmmentous forms to small cocci and
smaller vibrios and the related overall decreaseelhvolume may be seen as an indication
for an insufficient amount of nutrients for growdhd multiplication. Bacterial cells deprived
of a key element for growth react generally withi@bal response resulting in a more adapted
or resistant cell. In most cases the starvatiomptedacell is smaller and may change its
cellular morphology, whereby cells become smalfet aften spherical (Lange and Hengge-
Aronis, 1991). Alternatively, the imported wateorn tributaries along the investigated
stretch may contain harming substances which aclatenin the main stream of the River
Danube as it approaches the Black Sea, still pengitell division but inhibiting normal
bacterial cell growth. Our hypothesis on the staowasurvival phenomenon of the bacterial
community is thus supported by the observed charigeshe relative abundance of
morphotypes (Figs 6 and 7), the monitored sizeedese for both the cocci and vibrio shaped
cells (Figs. 8 and 9) as the main stream approatieeBlack Sea and the rather low bacterial
production rates which were recorded for most eadypes (Table 2). Even though we had
occasionally BSP values reaching 1.46 pgtht in the Pannonian Lowland (Table 2), the
calculated BSP averages for the defined magnitedgiems ranged from 0.23t0 0.71 pg € L
h*, with lowest values in the Lower Danube regionadgral changes in bacterial community
composition along the longitudinal transect, websesved by Winter et al. (2007). This
observation fits well to the observed changes ofpmatype composition and cell volumes..
Such a change may be a reaction of the communiipdeasingly unfavourable nutrient
situations, favouring bacterial species with lowstuate uptake affinities.

Thus it seems to be obvious that the observed @saimgbacterial community parameters
along the Danube River are attesting events whietatributed to the specific functioning of
the microbial loop in large rivers. The bacteri@vdlopment is mainly controlled by the
availability of utilizable DOM sources. According the River Continuum Concept, the labile
DOM fraction of mainly terrestrial origin is takerp rapidly, leading to an increase of the
more recalcitrant fraction which is transported detkeam. Therefore the key processes in
the continuum of large rivers are those which imdtiee biological transformation of aged
terrestrial carbon (Battin et al., 2008) and tHateal local events of primary production which
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provide the energy to initiate this degradation. ssume that these processes are the
determining events which shape the bacterial contmucomposition and trigger off
starvation-survival reactions among the prokaryoldsis, the proposed hypotheses are not
excluding each other but should rather be seeriag lsomplementary to each other.
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Figure 8: Mean volume of bacterial morphotypeshia various section types of the Danube
River from untreated water samples. Vertical barsodle standard deviations
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Figure 9: Mean volume of bacterial morphotypeshia various section types of the Danube
River from filtered water samples. Vertical barsoe standard deviations

Summary and conclusions

» The longitudinal study of the entire course of Benube River and its tributaries revealed
conspicuous differences between bacterial pararvataes from the Danube River water
samples and the merging tributaries

» Bacterial numbers, biomasses and secondary produetlues from tributaries were
mostly higher than in the Danube River. Only in ttase of tributaries with important
discharge volumes, such as the rivers Inn and Dtaseterial parameter values remained
below those of the Danube River.
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* Load calculations for tributaries allowed estimgtiexpected parameter values for
sampling stations downstream of the tributariesweicer, in the majority of the cases the
monitored bacterial parameter values were welléhe expected values.

» Hence, the Danube River remains - as suggestdiaehytained data — rather unaffected by
the tributaries input, similar to what has been destrated earlier by Winter et al (2007).
As measured parameter values were usually lowerttiecalculated expected values after
the input of tributary waters, it may be assumeat theside the impact of bacterivory by
microzooplankton, both the filter feeding macrozewthos and cell retention by river bank
sediments are responsible for the observed decrafadacterial biomasses. Thus, the
Danube River may function as purification system l@acterial loads imported from
tributaries. This is true for the sampling statiamshe middle of the river but the trend can
not be extended for the river banks since they wetancluded in the sampling strategy.
Nonetheless, one should also consider the posgithat the water of the tributaries flows
over longer stretch distances in the vicinity of tiver banks and mixing with mid-river
water is only achieved at distances of some 30 kmmare after the tributaries mouths.
Testing of this hypothesis is definitely required.

» The evolution of the bacterial parameters along ltmitudinal transect reveals clear
trends for an increase of bacterial numbers andnégses and a marked decrease in
bacterial cell volume. These observations are ireegent with the River Continuum
concept.

» Bacterial secondary production does not follow@gmizable trend along the longitudinal
transect and is therefore not in agreement with Rinaer Continuum Concept. This
parameter seems to be more prone to the influeric&itutaries and the specific
environmental conditions of regions encompassingrse section types.

* A shift in the dominance of bacterial morphotypémng the longitudinal Danube transect
was recorded. As large rod shaped and filamentaateba decrease from section type 2 to
section type 10, the relative abundance of smaticicend vibrio shaped cells with
decreasing cell volume increases. Since this phenomis related to an overall decrease
of bacterial cell volume, it was hypothesized timatst bacterial cells get adapted gradually
to either nutrient exhaustion or to a missing kesment for growth. The rather low BSP
values, especially in the Lower Danube region, suppthe hypothesis of a
starvation/survival reaction of the bacterial conmmty

» Free living bacteria are more abundant than atthblaeteria in the Danube River and the
tributaries but attached bacteria are more prodeidhan free living bacteria, as indicated
by mean BBM/BSP ratios.

» Although data on total phosphorus and primary petida, required for the determination
of the trophic situation of the various sectiondymre now available it is yet not possible
to decide whether the bacterial parameters carsbeé for the assessment of the ecological
status in the various section types. Comparativadyars with macrozoobenthos data is
definitely required in order to achieve final camibns. However, the evolution of most
parameters along the longitudinal transect is eragpng the planned construction of a new
tool for the determination of ecological statusseks via bacterial parameters. First
attempts in constructing such a tool indicate theemtial utility of microbial parameters
possibly within the established EU-Water Framewdrkective (2000) to assess the
ecological status of large rivers.
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