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Introduction 

The object of the Dutch Knowledge Network for Restoration and Management of Nature (OBN) is to 

develop, distribute and utilise knowledge for the benefit of conservation site managers regarding 

the restoration of nature, Natura 2000 habitats and species, the Programmatic Approach for 

nitrogen deposition and the development of new nature. 

Within the framework of Natura 2000, rare species and vegetation types in the Netherlands are 

protected within a European context. There has been much focus on the realisation of highly 

dynamic systems in the Delta Programme for major rivers and the realisation of river-connected 

nature. This report focuses on low dynamic and aquatic environments along our rivers such as 

helophyte dominated ‘old river beds’ and oxbow lakes inhabited by e.g. water soldier. 

 

The following definition is observed in the project: 

Low-dynamic systems in the winter bed and potential floodplains of the major rivers 

(Rhine system, including the IJssel and Meuse) entail aquatic ecosystems that can 

greatly differ in a morphological sense. On the one hand, they include old river channels 

or “dead” river arms (oxbow lakes). These are channels that have been sealed off by the 

river (meanders) and river-connected channels that no longer function hydrologically, 

but that can be exposed to flooding during high water in the winter. On the other hand, 

low-dynamic systems in the floodplains of the major rivers may also entail pools and 

breaktrough pools. These are found both inside and outside the dykes. Low dynamic 

environments are not characterized by a lack of dynamics, but rather by the presence of 

low dynamics. 

 

Based on the definition above, a distinction is made between four categories of water systems that 

potentially contain low dynamic nature: 

1. Unilaterally branched, non-flowing secondary river channels with a gradient in dynamics and 

water quality (ranging from high dynamic in the mouth to low dynamic at the end of the 

channel/secondary river channel); 

2. Water systems that are not in direct contact with the river but that are more or less frequently 

flooded by river water and that are located in the winter bed (outside the dykes) of the major 

rivers (for example, old river channels, meanders etc.); 

3. Pools and breaktrough pools that are located on the landside of the dykes and that are 

influenced by seepage from the winter bed; 
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4. Water systems in the potential floodplains of the large rivers that are currently not in contact 

with the river water. 

 

Low-dynamic ecosystems have become rare but these environments provide a habitat for a 

characteristic biotic community of invertebrates, fish, reptiles, amphibians and water plants that do 

not occur in this combination in any other habitats in the river region. As low-dynamic systems 

fulfil important ecological functions, they are of utmost importance in order to comply with the 

goals of Natura 2000. From the background of nature and water policy, a specific challenge has 

been posed for the extension and quality improvement of low-dynamic systems in river floodplains. 

Low-dynamic nature is present on a small scale throughout the river area. Present day valuable 

low-dynamic systems are found mostly on the landside, with relatively few outside the dykes. In 

the current situation, dynamics are too high outside the dykes, whereas dynamics are lacking on 

the landside of the dykes. This means that the gradients in dynamics, that used to be so 

characteristic of the river landscape, have been severed. There is also a lack of connectivity 

between areas inside and outside the dykes, both laterally as well as longitudinally, in the length 

gradient. 

The report in hand demonstrates that there is much potential for low-dynamic nature in the river 

region and illustrates where the necessary (gradients in) dynamics can potentially be restored. 

Scale, connections, dynamics and heterogeneity (various mosaic structures and habitats) are the 

most significant lines along which nature management should take place in areas both inside and 

outside the dykes. In order to realise this in the current landscape, large connected areas are 

imperative. 

 

Potentiality maps 

Potentiality maps provide an indication of the capacity of an area or region to develop into low-

dynamic populations and ecosystems. 

Two types of potentiality maps are used in this study: maps based on 24 species from 4 groups of 

organisms that are characteristic of low-dynamic systems in the river region and maps based on 

the distinguishing landscape and system features that have been translated into 6 region types in 

the river area. 

 

This method does have the limitation that a number of abiotic parameters could not be taken into 

consideration due to a shortage of quantitative information, whereas these could provide relevant 

information. The occurrence of river seepage was not — contrary to groundwater seepage — taken 

into account due to insufficient quantitative data. It was also not possible to incorporate the 

inundation time in the analysis. The information available was not detailed enough for the map 

analysis. It was not possible in conjunction with connectivity, engineering structures and the like, 

to derive the time during which the waters were connected to the river. The inundation, roughly 

categorised as – permanently connected, temporarily connected, never connected – was taken into 

account in the data-analysis of the macrofauna. 

 

The purpose of the maps is to gain insight, on the basis of species, into where low-dynamic 

populations and ecosystems can be found in the river region. This approach, based on biotic 

factors, indicates where low-dynamic biotic quality is still present, under which present 

circumstances low-dynamic populations and ecosystems occur and where key areas can be found 

from which low-dynamic populations and ecosystems can be further developed. This potential for 

further development is worked out in the potentiality maps. 
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Figure 1. Potential areas for species characteristic of low-dynamic systems 

 

(Translation legend: 
Legenda = Legend, Kansen gecombineerd = Combined potentials 
Amfibifiën, macrofauna, planten en vissen = Amphibians, macrofauna, plants and fish 
zeer hoog = very high, hoog = high, matig = moderate, Uiterwaarden = River flood plains) 
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Plants 

Stratiotes aloides, or water soldiers, generally occurred in the winter bed of the major rivers, 

particularly in the low-dynamic waters, well into the 50s of the previous century. Studies show that 

the species disappeared from the Dutch river area following the high water levels in the summer 

and the flooding in the 70s and the 80s. The underlying cause can most likely be explained by the 

chemical composition of the river water. The concentrations of chloride and sulphate have 

increased considerably compared to the situation that serves as reference in this report. This 

decline in the oligotrophic and mesotrophic species in the river bed is stimulated even further as a 

result of the progressing eutrophication. Water soldiers are found in nutrient-rich soil with a 

relatively nutrient-poor water layer. 

 

The maps for Stratiotes aloides indicate that the highest potentials in the present situation lie in 

the transition to the fen regions. According to our study, the chances of restoring the species in old 

secondary channels along lateral moraines (Bovenrijn, Nederrijn, IJssel) do not appear to be very 

high. Research along secondary Rhine channels indicates that the vegetation cannot be 

characterised as low-dynamic because the plant species that we have classified as low-dynamic are 

lacking in these waters. The restoration of Stratiotes elements in seep meanders along Pleistocene 

or early Holocene terraces is not possible, as Stratiotes did not occur south of the Vilt near Beugen 

and Limburg therefore, for the most part, falls outside the range of this species. Water soldiers are 

found to maintain themselves in secondary Rhine channels in a few isolated waters that are 

supplied ferriferous, nitrate-poor and sulphate-poor groundwater. 

 

Macrofauna 

With respect to the macrofauna that is characteristic of low-dynamic systems, the Pripyat was 

chosen as reference system. The Pripyat is a river in Belarus that has large floodplains. These 

floodplains are characterised by a high biodiversity. The species lists of the macrofauna in stagnant 

waters in the Pripyat region correspond to those of Dutch waters in the river area, insofar that 

most of these species are now virtually limited in the Netherlands to low-dynamic and isolated 

foreland ponds and waters lying inland, such as ditches and fen ponds. 

The organic (fen-like) character of the waters along the Pripyat in particular is a significant 

reference, as this situation has virtually disappeared in the Netherlands. This is also evident from 

the analyses based on the habitat preferences. A low proportion of taxa in the Dutch forelands 

relates to the presence of coarse organic material (species that live on and consume dead 

vegetation), whereas a high proportion of the taxa relates to mineral soils. With that, the Pripyat is 

an important reference data set for low-dynamic systems and was incorporated in our research as 

such. 

 

Low-dynamic nature in the river region includes old river beds along the river in which extremely 

limited dynamics in the form of flooding with river water takes place and is essential to maintaining 

the system. These dynamics are so limited that the accumulation of autochthonous organic 

material can take place and the waters fall dry, but are also such that the succession is periodically 

and locally turned back in time. It is important to realise that low-dynamic systems are limited in 

terms of duration and that they make up part of a successive series. By taking measures to move 

the succession back in time, it is possible to create low-dynamic systems once again. 

 

 



Restoration and development of low-dynamic, aquatic systems in the river region   5 

 

Figure 2. Examples of plant species that can be found in low-dynamic systems in the river region. 

The plants reflect the potential that an area can have. 

From left to right: photo 1 and 2: water lily (Nymphaea alba); photo 3 and 4: water horsetail 

(Equisetum fluviatile) together with purple loosestrife (Lythrum salicaria) and meadowsweet 

(Filipendula ulmaria); photo 5 and 6: lakeshore bulrush (Schoenoplectus lacustris) directly inside 

the dyke at the foreland De Kill in Tiel. The water violet (Hottonia Palustris), photo 7, is found here 

as well; photo 8: water soldier (Stratiotes aloides), as it is found in certain spots in ditches inside 

the dykes of the river region. These concern ditches bordering on the Natura2000-region 

Pompveld. (Photographs: Fabrice Ottburg) 
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Steering elements macrofauna 

Using NMS, Nonmetric Multidimensional Scaling, and TWINSPAN, Two-Way Indicator Species 

Analysis, a study was conducted into the patterns that can be found in the macrofauna composition 

in the total Dutch macrofauna dataset. The characteristic species were derived from the ‘indicator 

species’ and the ‘preferential species’ that were found to be present in >75% of the samples within 

a cluster. The clusters were then projected onto the NMS-ordination diagram. The next step 

involved determining the relation between the macrofauna composition of the clusters and steering 

factors via the environment- and habitat preferences of the macrofauna species and comparing this 

to the reference values for the parameters concerned. Finally, a comparison was made with 

measured environmental variables (parameters of which field data was available that could be 

linked to the habitat- and environment preferences. 

Based on the TWINSPAN analysis, a division could be made into 3 relevant clusters: landside dyke 

branched, landside dyke isolated and inside the dyke. When these clusters are projected onto the 

NMS diagram (see figure 3, only axis 1 and 2 are shown, as these best demonstrate the differences 

between the clusters), with an indication of the inundation regimen, it becomes evident that the 

clustering in effect shows the difference between waters that are directly inundated by river water 

and waters inside the dyke that are indirectly influenced. 

 

Figuur 3. Non-metric multidimensional scaling diagram of axis 1 and 2 of the floodplain 

macroinvertebrate communities (Bray-Curtis dissimilarity, Stress 15.4, 3-dimensional solution). 

TWINSPAN-clusters are indicated with lines and marked with the numbers 1 to 3. 
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(Translation figure text: aangetakt buitendijks = riverside dyke branched, binnendijks 

wiel/kolk/plas/strang = inside the dyke pool/spring/secondary channel, geïsoleerd buitendijks = 
riverside dyke isolated) 
The differences between the clusters regarding the environment- and habitat preferences of the 

macrofauna provides a good impression of the steering elements that are distinguishing for the 

groups of locations, placed in perspective by comparing these with the range for the preferences 

found under reference circumstances (see Figure 4). 

 

 

Figuur 4. Schematic representation of the differences in habitat preferences of floodplain 

macroinvertebrates between clusters (Table 1.5) in comparison to the reference river system. Size 

of the boxes represents the difference in preference values between clusters and the color is an 

indication of the value in comparison to the upper and lower anchors of the reference sites (green, 

within range; yellow < lower anchor; red > upper anchor). 

 

(Translation figure text: binnen range = within range, overschrijding = upper anchor, 
onderschrijding = lower anchor, Buitendijks = Outside the dyke, Binnendijks = Inside the dyke, 
Cluster = Cluster, Structuren = Substances, Trofiegraad = Trophy level, Ionenrijkdom = 

Abundance in ions, Zuurgraad = Degree of acidity, Organische belasting = Organic load, Structuren 
= Structures, Vegetatie = Vegetation, Kale min. bodem = Bare mineral soil, Slib = Sludge, Grof 
org. material = Coarse organic material, Stroming = Flow, Stromingstolerantie = Tolerance for 
flow, Droogvaltolerantie = Tolerance for falling dry) 
 

 

Experiment 
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Based on the survival rate of macrofauna, research was conducted into the effects of river flow, 

sedimentation and substances at locations with and without vegetation using experimental flumes 

with an aim to answer two questions: 

Is there a decrease in the survival rate of macrofauna following inundation with river water? 

Is the survival rate of macrofauna influenced by a) the occurrence of sedimentation and b) the 

presence of vegetation? 

The set-up of the experiment is such that mesotrophic stagnant water with and without ascending 

structures (clumps of plastic water plants) is suddenly flooded with river water, after which the 

sedimentation of sludge may or may not occur. A total of 12 combinations were tested in full 

factorial design, each consisting of 4 replicas (see figure 5). 

 

Figuur 5. Schematic representation of the layout of the experiment (left) and one of the 

experimental indoor flumes (right; photograph Ralf Verdonschot). 

 

(Translation figure text: 4 replica’s per behandeling = 4 replicas per treatment, Structuur = 
Strcuture, zonder = without, met = with, Inundatie = Inundation, Sedimentatie = Sedimentation, 
rivier = river, eigen = own, nee, no, ja = yes) 
 

 

The experiment got underway in February 2015. The timing of the experiment in combination with 

the manageability in the laboratory and the possibility of collecting large numbers of individuals in 

the field restricted the number of candidates that could be tested. However, two suitable species 

were found, namely Asellus aquaticus, with its center of distribution in the river-connected water 

inside the dyke (cluster 3), and a species that is particularly found in high abundance in cluster 2, 

namely Cloeon dipterum. 

 

Effects of sedimentation 

Within the types of inundation, a difference in survival was found between the treatments with 

respect to Asellus aquaticus (Kruskal Wallis tests P<0.05), but not with respect to Cloeon dipterum 

(Kruskal Wallis tests P>0.05) (see figures 6 and 7 below). In order to identify the treatment that 

caused this difference, a non-parametric post hoc procedure was carried out with Mann-Whitney U 
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tests of the different treatment pairs (Bonferonni-corrected P value 0.05/6 different pairs = 

0.0083). The treatment ‘structure + sedimentation’ appears to result in a lower survival rate 

compared to the other treatments, but because of the precise correction for the number of tests in 

the non-parametric post hoc procedure, the P-values for this treatment do not exceed the 

corrected significance threshold for the number of tests (P = 0.0083) in a paired comparison with 

the other treatments (P = 0.017-0.018). However, if the different inundation regimes are combined 

(no differences were found in this respect), then the difference is highly significant (Figure 7 below; 

Kruskal Wallis test, P = 0.003; Mann Whitney U tests treatment of all pairs with structure + 

sedimentation, P < 0.0083). 

An explanation for the difference between the two species may lie in their physique and behavior. 

Cloeon dipterum is able to walk or swim from one spot to another and may be able to avoid the 

deposition zone when sedimentation occurs by swimming upward, whereas Asellus aquaticus is 

only able to walk and so it may be covered by sedimentation more easily. An interesting finding in 

this respect concerns the contrast in the response of Asellus aquaticus to sedimentation when 

comparing the presence of vegetation to a lack thereof. A larger proportion of the individuals died 

under circumstances with vegetation compared to the situation without. The presence of vegetation 

may possibly increase the risk of being buried under alluvial deposits. Under normal circumstances, 

Asellus aquaticus lives between the plants on top of the decomposing plant material. Any deposits 

will settle on top of the organic matter under/between which these organisms live, greatly reducing 

the chance of survival. 

 

 

Figuur 6. Average (±1SD) number of larvae of Cloeon dipterum recorded after 20 days in  the 

compartements in the artificial channels after different treatment regimes (inundation, presence of 

vegetation, sedimentation). There were no differences between and within treatments (Kruskal 

Wallis tests P >0.05). 
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Figuur 7. Average (±1SD) number of Asselus aquaticus individuals recorded after 20 days in  the 

compartements in the artificial channels after different treatment regimes (inundation, presence of 

vegetation, sedimentation). There were no differences within treatments (Kruskal Wallis tests P 

>0.05). There were differences between treatments when the different inundation regimes per 

treatment were combined, indicated with different letters (Kruskal Wallis test P<0.05, followed by a 

Bonferonni corrected Mann Whitney post hoc procedure P <0.0083) 

 

 

Obstacles 

The restoration and the development of low-dynamic nature outside the dykes is impeded by a 

number of factors: 

• more extreme river water levels: high water levels occur more often, but the drainage of rivers 

in dry seasons has also increased due to the continuous indentation of river course as a result 

of the accelerated discharge of water; 

• the accumulation of nutrient-rich sludge in the floodplains and the suspension of nutrient-rich 

sludge in aquatic systems outside the dykes; 

• the high water levels have become more unpredictable and also occur in the vegetation season, 

which is disastrous to water plants and the corresponding fauna; 

• decline in the quality and quantity of seepage flows; only few new seepage environments have 

been created in the river region. 

 

The restoration and development of low-dynamic systems on the landside of dykes is also impeded 

by a number of factors: 

• nowadays, the lowest ground levels in the river region can be found on the landside of the 

dykes, but seepage is often collected for intensive farming purposes; 

• intensive farming also results in a high nutrient load, as a result of which the landside aquatic 

systems are often hypertrophic; 

• river dynamics, though incidental in nature for low-dynamic systems, are lacking on the 

landside, yet are still significant in terms of the dispersion of species and re-starting the 

succession process of vegetation. 
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Figure 8. An example of an ‘isolated landside’ system of a low-dynamic nature: the Kil van 

Hurwenen near Hurwenen (first three photographs). The landscape immediately inside the dyke at 

the Kil van Hurwenen is dominated by intensive farming (the last three photographs). 

(Photographs: Fabrice Ottburg). 

 

 

Recommendations 

According to the analysis and as is evident from this report, the greatest potential for low-dynamic 

systems can be found on the landside of the dykes. However, concerning low-dynamic systems 

within landside regions, no goals have been formulated that are associated with the nature that is 

characteristic of the major rivers in our country. We recommend in this respect to explicitly include 

low-dynamic ecosystems in the re-assessment of the goals concerning river-connected nature. In 

order to restore the influence of the river on the landside, efforts should be made to connect the 

areas outside the dykes to the areas inside the dykes. 
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In conclusion, it can be stated that scale, connections, dynamics and heterogeneity (various mosaic 

structures and habitats) are the most important courses to be pursued in the management of the 

areas inside and outside the dykes. 

 

Generally speaking, the following management principles are important in realising low-dynamic 

ecosystems in the river region: 

- Creating gradients in dynamics; 

- Restoring habitat diversity; 

- Restoring water quality by means of construction and management: for example, creating 

a gradient by means of natural helophyte filters in the landscape. 

 

Based on the results of our research, we recommend that the current restoration projects be 

examined for possibilities of realising low-dynamic systems and perhaps adjusted accordingly. 
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