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Introduction 
In the Multifunctional Integrated Study Danube: Corridor and Catchment (MIDCC) important 
physical parameters were recorded in macrophyte habitats, in addition to the species 
composition of the aquatic vegetation, which reflect the abiotic conditions under which 
different macrophytes will grow. This information is of basic importance when planning e.g. 
the re-opening of oxbows as appropriate measure to rehabilitate hydrological dynamics or to 
reconstruct former river courses as integral parts of flood management. Prediction is then 
needed on how species will cope with changed flow, sediment, connectivity, and/or nutrient 
conditions. The same information supports expert judgement when re-constructing 
macrophyte reference conditions sensu WFD (2000). As the Danube River Corridor crosses 
different geo-morphological regions (ICPDR 2002, MOOG et al. 2006) the question arises, if 
aquatic macrophyte species have the same habitat preference throughout the whole length of 
the river, or not. If not, this knowledge has implications on macrophyte re-colonisation 
following river restoration and for expertises on reference conditions – which in turn relate to 
the good and moderate ecological status (WFD). 

Methods 
The assessment of habitat parameters was based on the visual recognition of respective 
features, which are shown in the figures. For a detailed description of the classification of 
each habitat parameter consult http://www.midcc.at. For the present publication data sets were 
selected for the parameters ‘Flow Class’ and ‘Substrate Type’, and for the main river channel 
(Eupotamon A) and large side-channels (Eupotamon B) of the Danube. The aquatic species to 
which we refer here are Ceratophyllum demersum L., loosely anchored to the substrate and 
the most frequent species in the Danube River Corridor, submerged Potamogeton pectinatus 
L., and Butomus umbellatus L., a species with predominantly amphibious character along the 
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Danube (occurring as helophyte in most tributaries). Terminology of geo-morphological 
regions along the Danube River follows the classification of the First Joint Danube Survey 
(ICPDR 2002), but with consideration to the concept by MOOG et al (2006), see Table 1.  
Table 1: Danube Reaches based on geo-morphology and anthropogenic impact (following ICPDR 2002)              
Related sections according to Moog et al (2006) in brackets, e.g. [M2]. River-km = rkm 

Reach Nr. Location River km 

1 Neu Ulm – Confluence with River Inn [M2] 2581 – 2225 

2 River Inn – Morava River [M3 to rkm 2001 & part of M4] 2225 - 1880 

3 Morava River – Gabcikovo Dam [M4] 1880 – 1816 

4 Gabcikovo Dam – Budapest, end of side arm [M4 to rkm 1790 & M5] 1816 – 1659 

5 Budapest – Confluence with Sava River [M5 to rkm 1497 & part of M6] 1659 – 1202 

6 Sava River / Belgrade – Iron Gate Dam [M6 to rkm 1071 & M7] 1202 – 943 

7 Iron Gate Dam – Confluence with Jantra River [M7 to rkm 931 & part of M8] 943 – 537 

8 Jantra River – Reni [M8 to rkm 378 & M9] 537 – 132  

9 Reni – Black Sea /Danube Delta (and 3 main channels)  [M9 to rkm 100 & M10] 132 – 12 

 

 
Figure 1: Percentage of river length in which macrophyte species were found to grow in one of the four flow 
classes: 1 = stagnant, no flow; 2 = 5 – 30 cm.s-1: 3 = 35 – 65 cm.s-1; 4 = > 70 cm.s-1. Possible misclassification of 
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flow class had no impact on results as flow velocity estimates corresponded with measured data (flow meter: µP-
Hoentzsch, Germany) in over 90% of the cases.   

Results 
Habitat preference regarding water flow velocity is shown in Figure 1; preference for 
substrate type is shown in Figure 2, for three frequent aquatic plant species.  

With respect to water flow velocity next to the plant stands all three species occur mainly in 
still or slowly running conditions in the Upper Reach of the Danube (reach 1 & 2), whereas in 
the Middle and Lower Reach (reach 3 to 9) they alternate between slow flow and 
intermediately fast flow. In the Gabcikovo power plant reservoir C. demersum prefers ‘low 
flow’ (flow class 2), but in the Iron Gate reservoir it occurs under faster flow conditions (flow 
class 3), like the other two species. 

 

Figure 2: Percentage of river length in which macrophyte species were found to grow atop one of the six 
substrate types: 1 = rip-rap/rock; 2 = gravel: 3 = sand; 4 = fine, mainly inorganic; 5 = artificial (e.g. concrete, 
asphalt); 6 = organic. 

Substrate preference shows that all three species find attachment (C. demsersum), or true 
rooting conditions (P. pectinatus, B. umbellatus), in the rip-rap that protects the river banks in 
the Upper Reach of the river, as well as in parts of the Danube Delta. This is especially 
indicated by the dominance of that substrate type for P. pectinatus between the confluence of 
the Inn River, and the Morava River, respectively, as in this section (reach 2) the river 
regulation in the late 19th century and the existing ten power plants have lead to river shores 
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almost entirely lined with rip-rap. In short river stretches in Germany, Austria and in the Iron 
Gate reservoir (reach 6) rock faces are also included in the same substrate category.   

Discussion 

As early as 1959 AMBÜHL (1959, and referring there to even earlier information) pointed out 
that aquatic macrophyte species grow in specific flow conditions, often in connection with a 
certain substrate type. From other sources he reported that this is only true within certain 
regional limits, concluding that only few species are truly characteristic for either rather fast 
(mosses, algae), or rather low water flow velocities (Elodea canadensis Michx., 
Myriophyllum spicatum L.). Regarding his latter examples present knowledge shows that this 
is only part of the total “flow niche” of these species (JANAUER, 1999, JANAUER et al., 2006). 
The effect of connectivity of side channels and oxbows as the background for resulting water 
flow was studied in much detail by BORNETTE (e.g. BORNETTE et al., 1998) and by JANAUER 
(2001). However, the relationship between macrophyte species and sediment conditions 
appears to be highly complex (CLARKE, 2002). 

The full range of habitat conditions supporting the growth of a ‘Danube macrophyte species’ 
is best presented by the sum of all conditions found along the Danube River Corridor, but 
local occurrence reveals regional differences in the preferred environment.  Considering water 
flow velocities results show (i) that none of the species occurs in all reaches of the Danube, 
and (ii) all species tend to prefer more lentic conditions (no or slow water flow) in the Upper 
Reach of the Danube as compared to the Middle and the Lower Reach of this river. However, 
the top preference for flow conditions in the main river channel, and in the large side 
channels, varies for each reported species in the latter two reaches.  

The relationship of aquatic macrophytes to the substrate in which they grow is complex: they 
may start to grow in a certain type of substrate, but while building the structure of their plant 
stand, they collect material from the suspended matter load of running waters, which modifies 
the substrate type found under their stand over a length of time. In this study the substrate 
under and right next to the plant stands was classified, based on the assumption that the 
recorded type was not in an extremely initial stage. Of course, some mixture occurs – e.g. 
little pockets of fine sediment between large stones or between the individual granules of the 
gravel: for this presentation the dominant feature of the substrate was selected. 

In the Upper Danube all the three species grow in a wide range of substrate types, including 
the prevailing rip-rap. The existence of micro-habitats suitable for embedding propagules and 
establishing young plant stands is thus proved for all the substrate types recorded in this 
study. In the Middle and Lower Danube the three species were found on gravel, sand or fine, 
inorganic material as the preferred sediment types in different geo-morphological reaches. In 
the reservoir of the Gabcikovo Dam, and the Iron Gate Dams, either gravel or fine inorganic 
substrate dominated the habitats.    

In any case the highly variable habitat preference shown by our results must be taken into 
account for different regions along the Danube. The PHABSIM approach of modelling habitat 
conditions for aquatic life (http://www.fort.usgs.gov/Products/Software/PHABSIM), which is 
in wide use, needs just as well adaptation to regional or even local conditions in the light of 
the present study.  

With respect to the Water Framework Directive the modelling of Reference Conditions 
should consider this variability as the spatial resolution in the MIDCC project was the 
individual river-km (with at least three detailed samplings in the longitudinal assessment at 
about 300m distance) in the main channel and in the large side channels. For a river 2850km 
in length this is a very detailed report scale, and served as a discriminate basis for our study. 
Our results can also influence WFD classification procedures in the different river reaches, 
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and surveyors in WFD monitoring regimes must actively search for habitats with different 
flow and sediment characteristics to describe comprehensively the macrophyte vegetation as a 
biotic element of the ecological status. Original findings should also help to improve 
predictive scenarios used in river rehabilitation and restoration planning, which build on 
habitat characteristics and need to integrate this new aspect.  
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