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0. Introduction
The theme of the symposium is “Complex systems under extreme conditions”. This brings us to several questions: Are Dutch brooks systems? Are these systems complex? And are these systems under extreme conditions?
A. Are Dutch brooks systems? 

The answer is a general yes, but the working out of this question is variable depending on discipline and political view. For the old-fashioned agricultural engineer a Dutch brook only was a system for discharge of superfluous water and for storage in times of drought. The brook was simplified to the application of some hydraulic and hydrological formulaes. For the urban engineer of the seventies of the 20th century the brook only was a system for discharge of effluent from waste water plants. 
For the ecologists working scientifically on brooks since about 1960 natural brooks are very complex ecosystems.
For many modern Dutch politicians nature values (including roles for outdoor recreation), urban as well as agricultural functions must be fulfilled by brooks. However, with the planning of brooks restoration and maintenance often short-term economic interests are still dominating.
B. Are Dutch brooks complex systems? 

The ecological complexity of brook ecosystems is determined by many factors. Below we only mention some of them shortly:

· There is a hierarchy of many determining principles on several scales: climate -> landscape -> soil condition -> hydrology -> water chemistry -> ecosystem -> species composition.
· In mesotrophic and good hydrological conditions the ecosystem is complex on basis of many natural gradients: seepage in and along the banks, sedimentation-erosion in the lower parts, dynamics of benches, interactions between wells, brooks, rivers, brook banks, variation in natural subsoil. Because of these gradients the species composition is rich and diverse (Verdonschot 1995).
· There are very complex interactions between the many groups of organisms which occur in natural circumstances: fishes, larvae of dragonflies, stoneflies, respectively mosquitoes, water bugs, macrophytes, algae a.o. (Nijboer 2006).
· In the lowland brooks of Northwestern-Europe many hundreds of regionally distributed and very specialized species per group of organisms can be found in the locally still consisting original natural circumstances.
Nowadays there is also a political complexity around Dutch brooks. This complexity can be illustrated by following.
1. Politicians order engineers and ecologists to find good solutions by integrated approaches (Dutch “polder model” to come to satisfying compromise solutions)
2. The “polder model” worked well during the 80’s and 90’s but after 2000 a growing distance between ecological and technical solutions may be observed
3. However the politicians are speaking about sustainable developments, there is still a strong focus on “end-of-pipeline” solutions instead of choosing for more fundamental solutions for environmental problems.
C. Are Dutch brooks under extreme conditions?

The answer is a very clear YES because of following reasons:
1. The Netherlands is a very small country with a large population (500 inhabitants / km2; compare to Siberia with a population density of approx. 0.5 / km2 !)
2. The very intensive agriculture in the Netherlands which is 3d largest exporter of agricultural products in the world (coming from only 30,000 km2)
3. Quick urbanizing developments
4. During last decades hundreds of agricultural and urban engineers with wrong (non-ecological) principles and politicians who generally prefered short-term economical profit above sustainability

In this paper the main question is: HOW FAR CAN WE COME WITH AN INTEGRATED APPROACH OF RESTORATION AND MAINTENANCE OF DUTCH BROOKS BY URBAN AND AGRICULTURAL ENGINEERS AND ECOLOGISTS ???

1. Origin of Dutch brooks
The Netherlands are situated in the delta areas of four large to medium-scale rivers (Rhine, Meuse, Scheldt and Ems; see figure 1). This location at the end of river systems was automatically combined with a long-term struggle of the inhabitants of Europe’s “Low Lands” against sea and floods from rivers. This struggle determined the Dutch landscape and its inland water systems to a large scale. In the western and northern part of the Netherlands stagnant water systems (lakes, former sea creaks and artificial ditches and canals) are now the dominating elements in the water system. Large areas here are below sea-level and can only been preserved as places for human life by constructing and maintaining the large systems of ditches and canals for the discharge of precipitation water and by large pumping stations which bring the water from the discharge canals into the sea. 

During the Middle-ages the Dutch rivers were still very dynamic but they are fixated more or less by man during last centuries. The small rivers and brooks we are discussing about in this paper were even more dynamic than the larger rivers until the 19th century. The small rivers and brooks with more or less flowing water are nowadays restricted to mostly sandy areas in the east and the south of the Netherlands. 

FIGURE 1. The Netherlands situated in the delta area of four rivers.
In former times (until 1.700 – 1.900 aC) many marshes and bogs covered large areas in the Netherlands, in the lower parts as well in the higher parts. In these areas the water discharge mainly occurred by marsh and peat flow systems. During approx. 1,500 – 1,920 aC first small-scale intensifications of agriculture were carried out. These intensification works started with the drying out and/or complete removing of natural peat layers and bogs until the sandy sub-soils were reached. The result were large sandy surfaces especially in the more hilly south and east of the Netherlands (Figure 2). During this development the original marsh flow systems developed to free flowing brooks. This development reduced the hydrological retention of the areas concerned. All these developments which occurred during last centuries make it difficult to determine the natural status of Dutch brooks, one of the administrative obligations of the EU Water Framework Directive.
FIGURE 2. The Dutch brooks are situated in the eastern and southern part of the Netherlands
2. Developments 1945 - now
After the Second World War the intensification of Dutch agriculture became more rapid then ever before. The European Union strongly supported the enlarging of the scale of the Dutch landscape to enable this intensification. Many billions of subsidies coming from Brussels have been used for this purpose. In fact a complete adaptation of the landscape occurred to enable a quick growth of agricultural production: intensive drainage per field, less trees and little forests in the agricultural areas, and enlarging the fields (Figure 3). At the same time there was an intensifying use of fertilizers, which caused a strong eutrophication of groundwater and surface water. During the seventies many grain fields have been changed into maize fields. Later the same happened to many Dutch meadow-lands. The maize yields are used for feeding of cattle, especially millions of pigs. The “advantage” of the new maize species introduced was that the fields where they were cultivated, could be used for the deposition of enormous amounts of superfluous dung, produced by pigs and chickens. Since then the concentrations of nitrate and phosphate in groundwater and surface water strongly increased.
FIGURE 3.

Around 1960 most Dutch brooks had been completely rebuilt to a new artificial and uniform concept to enable a maximum discharge of precipitation in autumn and winter. This development took only 20 – 30 years. By many weirs constructed in the brooks the water storage capacity of the brooks was enlarged artificially for the needs of agriculture in dry summer periods. In fact the formerly natural brooks with rather high velocities of the water flow had been reshaped into almost artificial discharge and storage canals for agricultural and urban areas.
For the water quality it was important that during 1970 a new law against surface water pollution was established. Because of this law many new sewage systems and waste water treatment plants have been constructed. Whereas the waste water treatment of urban areas has been strongly improved since 1970, the diffuse pollution from agriculture strongly increased until around 1990. The result was that the saprobic status of the brooks improved after 1970: the organic content of effluents dropped resulting in a more optimal fluctuation of oxygen contents. During 1970 – 1990 generally phospate contents decreased, but nitrate concentrations in surface water and groundwater still increased because of agricultural activities. 

Initiated by the EU Nitrate Directive (protection of groundwater against nitrate pollution) since 1990 there is a new:development to an equilibrium status for the use of fertilizers in agriculture. The aim for 2030 is an equilibrium situation between fertilizing and the use of P, N and K by crops. Meanwhile the subsoil and the groundwater is so saturated with nutrients that it will take some more decades to finish the strong eutrophication of brooks.
The ecological changes of Dutch brooks between 1850 and 1960 are illustrated by following tables and accompanying pictures.

Brook around 1850

In figure 4 an undisturbed part of River Dinkel is shown. This was the general look-like of brooks around 1850 in a landscape of still mall-scale agriculture. The general characteristic of these brooks were as follows:

1. Erosion and sedimentation: mozaic of many various biotopes within ecosystem

2. Free discharge, free fish migration

3. Summer: continuous (low) flow because of natural retention groundwater

4. Winter: not too large discharge peaks (buffering hydrological system upstream)

5. Water quality: mesotrophic, little organic sediment, high oxygen content, clear water

FIGURE 4. Brook around 1850 (Dinkel)

Brook around 1960

In figures 5 and 6 completely disturbed parts of rivers Dinkel and Vechte –both crossing the German-Dutch border- are shown. During the fifties the whole landscape which surrounds this part of River Dinkel has been adapted to large-scale agriculture. The general characteristic of this type of brooks, which are completely adapted to the new agricultural standards for water discharge and water storage, were as follows:

1. No erosion and sedimentation, monotonous biotope (like an artificial ditch or canal)

2. No free discharge: many weirs, fish migration reduced

3. Summer: (almost) stagnant water because of reduction of retention water system

4. Autumn/winter: more large discharge peaks because of less hydrological buffering

5. Water quality: eutrophic-hypertrophic, much organic sediment, oxygen content fluctuating, turbid

FIGURE 5. Brook around 1960 (Dinkel)

FIGURE 6. Brook around 2000 (Vechte, Germany)

3. The regional water management: in the Netherlands

The organisation of regional water management in the Netherlands is very special. The organisation model in which water-boards and provinces and not the state are dominating, is unique.
The water-boards (nowadays 26) exist since the middle-ages and are even older than the (12) Dutch provinces. Whereas the provinces are based on broad political issues and the political working out of these themes are water-boards only in charge with water management issues. Because of their history the water-boards are dominated by agricultural interests. During two last decades the themes of water-boards evaluated, from water quantity to integral approach, and the number of water-boards decreased significantly.
The modern water-board has following tasks:

· Actual task: water of good quality at the right place at the right moment; originally only determined by agricultural and urban standards for discharge and storage, nowadays on basis of compromises with nature conservation requests;
· Protection against flooding (dikes, storage of superfluous water);
· Protection against drought and against too wet situations (construction and maintenance of water courses); first with highest priority for agriculture and built-up areas, nowadays a compromise of agriculture, cities and nature;
· Protection and improvement of water quality (water treatment, monitoring); a task introduced with the Law against Pollution of Surface water (1970), originally carried out by (new) water quality water-boards., nowadays by the 26 integral water-boards.
The water policy of European Union (directives in the field of water management), the Dutch state (especially the ministries of environment respectively public works and water management) and provinces determine the aims and the framework of water management plans of water-boards

4. Long-term research of aquatic macrophytes in Dutch brooks 1970 - now


The Working-group Dutch Brooks has been initiated in 1970. This working-group which originally focussed on the brooks in the Southern Netherlands has been founded by two plant-ecologists (Bert Maes + Erik van Dijk). Between 1971:and 1975 the Central and Eastern parts of the Netherlands were added to the research area, whereas the number of active researchers increased to 20 (professionals + volunteers). Originally macrophytes and evertebrate animals were sampled, later the focus became more on only macrophytes. Since 1985 there are about 10 researchers, mainly volunteers, who focus on the monitoring of many permanent sampling plots in the Netherlands and references (Belgium, Germany, Poland). In the monitoring programme the aim is 1 sample per 4 years.
The aims of the working group are as follows:
1. More attention to brooks and especially aquatic macrophytes as “forgotten group”;
2. Enlarging ecological knowledge about floating macrophytes in running water;
3. Monitoring macrophytes in most natural brooks (some remains) and other brooks;
4. Special activities to protect threatened brooks and rare macrophytes (NL: red-list-species, EU: Natura 2000)/
The methodology of the monitoring of the working group evaluated since 1970:
· Originally small sampling plots (10 m2) and assessment according to scale of Braun-Blanquet;
· After 1980 sections of 30 – 100 m according to Domin-scale (decimal Tansley-scale) with uniform forms (see annex 1);
· Central database of more than 1,600 releves (TurboVeg);
· Building up of a large herbarium of aquatic macrophytes (Utrecht).
Especially in the beginning the systematic of species found in brooks was a large problem. In flowing water many species hardly produce flowers and seeds which are essential for determining the species. Following facts were bottlenecks in the beginning:
· Specific shapes of submerse plants of brooks caused by water flow (juvenile shapes without flowers / fruits, no emerse or floating leaves);
· English and German determination keys appeared to work better than Dutch ones for field research;
· Determination of Callitriche-species (microscopic research of pollen)

· Determination Nitella / Chara

At this moment there is a Turboveg-database containg the results of more than 1600 sampling plots situated in more than 250 Dutch brooks). This database is characterized by:
· Most plots are situated in southern, central and eastern Netherlands

· After 1985 2 kinds of plots:- can be distinguished:
· Monitoring (every 4 years)

· Atlas-project (new and probably high-quality brooks)

· Free use of material by other organisations (Floron, RIVM, Alterra, STOWA, Limnodata, waterboards, provinces); only commercial consultants must pay.for the use of data. 
In Annex II all species observed in Dutch brooks during 1970 – 2008 are presented.

The geographic distribution of the most frequent and ecologically most sensitive species has been studied by preparing distribution maps.
Next figure (7) presents the distribution of Potamogeton polygonifolius, a species looking very much like Potamogeton natans but with preference for much lower nutrient contents in water and subsoil. P. polygonifolius once was a general species but dye to nitrification this species has become very rare, especially in brook systems. Only in oligo- mestrophic parts of brook systems –upstream in nature areas- we still can find this species.
FIGURE 7 (red points: presence of P.polygonifloius; black crosses: all sampling plots).

A first evaluation of the distribution maps of all aquatic macrophytes observed during the period 1970 – 2008 lead to the conclusion that especially the aquatic plant species which are dependent on high velocities in water systems like brooks, respectively on low nutrient loads and on non-turbid water generally decreased whereas the occurrence and abundance of species of stagnant water and with quick and high growth in nutrient-rich water significantly increased.
Further ecological analyses carried out

· Response-analyses by RIVM (Dutch State Institute for Environment and Health) -> autecological response curves
· Simple uni- and bi-variate analyses of some of the most sensitive and most hetened species (Nitella flexilis, Luronium natans)

For further statistical analyses and multivariant analyses a future cooperation with one or more universities appears to be necessary.

5. Changes of species composition 1970 - now


In tis paper only few more or less representative cases can be presented, a first one in the south of the Netherlands (border with Belgium) and three saples within one brook in the Veluwe area (central Netherlands).
	Brook: Tongelreep (plot: Achelse Kluis)


· Year


‘88 
‘90 
‘97

· Cover of vegetation (%)  
70 
30
2

Elodea nuttallii

5
3
.


Ranunculus penicillat.
7
.
.


Ranunculus peltatus

.
3
.


Ranunculus fluitans
 
.
3
.


Callitriche platycarpa

7
5
.


Callitriche spec.
 
.
.
3


Callitriche obtusangula 
.
5
.


Potamogeton crispus 
5
5
1


Potamogeton pectinatus
9
7
.


Potamogeton trichoides
.
.
4


Sparganium emersum
5
3
.


	Brook: Staverdense/Hierdense beek. 
Three permanent sampling plots 1973 - 2001
Plot 1. Leemkuilen

Year


1973 
1995 
2001

Callitriche hamulata

1
2
.


Myriophyllum alterniflorum
.
6
1


Potamogeton alpinus 
.
5
.


Callitriche spec. 

.
6
1


Potamogeton natans

.
3
.


Ranunculus peltatus 

.
2
.


Nitella flexilis


.
1
.


Berula erecta 


.
2
.


Plot 2: Castle Staverden)

Callitriche hamulata

3
.
1 


Elodea canadensis 

1
.
. 


Lemna trisulca

1
.
. 


Batrachium species

1
.
. 


Callitriche platycarpa

.
2
3 


Myriophyllum alterniflorum
.
6
6 


Berula erecta 


.
3
3 


Callitriche obtusangula
.
.
3 


Plot 3. Zwolse brug

Myriophyllum alterniflorum
2
7
6


Apium nodiflorum

1
.
.


Callitriche hamulata

1
.
.


Callitriche obtusangula 
.
3
.


Berula erecta 


.
3
.


Elodea canadensis

.
.
1


Ranunculus peltatus

.
.
4





In these cases it is clear that the water vegetations studied on the scale of 50 meters sections are very  dynamic. Only on basis of periodic sampling in hundreds of brooks general trends for plant species and vegetation structure can be derived.
5a. Overall survey 1970 – 2008
On basis of comparisons of the occurrence and abundance of all species observed during three periods of observations (1970 – 1980, 1981 – 1995, 1996 – 2008) following significant declines respectively increases of species could be seen.
	Significant decline
	Significant increase



	1. Callitriche stagnalis

2. Luronium natans

3. Myriophyllum alterniflorum

4. Potamogeton alpinus

5. Ranunculus peltatus var. Heterophyllus

6. Ranunculus fluitans

7. Elodea canadensis


	1. Callitriche obtusangula

2. Potamogeton trichoides

3. Elodea nutalli




5b. Preliminary conclusions 1970 – 2008
Within the management of Dutch brooks large changes occurred during last 30 years. Sanitation measures were carried out for the most polluted brooks, especially those which are influenced by built-up areas: waste water treatment plants have been constructed and/or improved and large restoration projects were carried out to improve the hydromorphology and hydrology of complete brook systems. At the other hand during the same period detoriation and complete disappearance of originally natural situations locally still occurred because of agricultural measures and the continuing load of nutrients coming from agricultural fields. Generally brooks became more turbid during last thirty years and because of decreased velocities of the water in the brooks organic sedimentation increased causing larger fluctuations of oxygen content and changes of the substrate for roots.
The effect of ll these factors was that the originally wide-spread typical plant species of running and clean water became rare. Especially submerse macrophytes became more rare whereas species with surface leaves and with emergent leaves increased in number and abundancy. The changes in the downstream parts of the brooks were more signifcant than the changes observed in the upstream parts 
In general the development of submerse vegetations can be described  as going from a “black and white” situation - with brooks with a very bad and brooks with a very good status -  to a “grey” overall situation: the range of ecological status narrowed strongly to bad – good. The extreme situations vanished at both sides of the range so that the local revival of ever completely dead rivers as well the further decline of rivers with highest (nature) value could be observed. The extreme bad situations where no submerse plants could occur at all, changed to less bad situations because of the sanitation of point sources carried out according to a nation-wide programme initiated by the Ministry of Environment. But at the other hand there was an increasing effect from further intensification of agriculture causing increasing nutrient loads and further disturbance of the hydrology of brook valleys. Besides the management and maintenance of rivers for macrophytes is still suboptimal; the mowing of vegetation to enable maximum discharge capacities of the brooks is generally too frequent to enable the sustainable presence of most natural vegetations including the more senitive species.
Alas, for the Dutch brook vegetation new threats an be mntionned:
- The lowering of aims concerning nutrient loads and nutrient concentration, introduced during the Dutch implementation of the EU Water Framework Directive. Dutch politicians and water managers used the change from duty of effort to the (European) duty of results (monitoring of meeting of standards) as agument for a strong lowering of standards.
- Within the measures elaborated within the framework of the implementation of the WFD in many places forestation of banks is foreseen. For some sensitive macro-evertebrates this is a positive measure but the shadow will prevent an optimal development of natural submerse vegetations. 

- With some projects to promote fishes, especially trout and salmon, the artificial introduction of pebble substrate instead of th original sandy subsoil has been advised; this is contrary to the interest of natural vegetation developments. 

- Because of the use of Asian, Australian and American plant species in garden ponds an Increasing introduction of exotic plant species in Dutch nature, including its brooks, can be observed.

6. EU Water Framework Directive (WFD) and brook vegetation: a new positive perspective?
Some of the effects of this directive which was established: in 2000, are already mentioned in the above text. A good reason to look more specifically at this new directive, its implementation in the Netherlands and its possible effects for Dutch brooks, more specific the brook vegetations..
Main aims of this directive with its ecological base are: 
· restoration of natural water systems, 
· sustainable use and profits of water systems and

· transparant and integral water management.
The base and the main text of the WFD are promising for making water systems more sustainable:

· the ecology of water systems is a leading priciple;
· the minimum aims and efforts are base don the stand-still principle;
· if there is not enough knowledge the precaution principle is working;

· the cost-benefit principle as another base of the WFD should lead to limitation of water use and to avoidance of excess use of water and water systems; 

· there are rules for the transparancy of decisions which enables citizens and European Commission to check the national and regional implementations of the WFD;
· there is a duty to reach objective results (strict standards, criteria developed in guidelines) before strict deadlines (preferably 2015, with clear arguments derogation until 2021 respectively 2027);
· the working out and monitoring of measures on basis of well-defined “waterbodies”.

Other factors limited the optimism for quick and large ecological restoration of water systems. These factors are connected with determining of status, (too) detailed administrative instructions and the method to distinguish water bodies as the basic element for WFD-policy.

(1) Within the national implementation of the WFD the national authorities had the task to determine the “status” of every water body. This status at his turn is determining the specific aims and standards in the concerning water body. There are three classes of status: natural, heavily modified respectively artificial. In this order the ecological aims vary from very strict to least strict. In the Netherlands the status natural is very rare because of the predominance of agricultural interests and protection against floods with the Dutch politicians.

(2) The WFD includes very detailed instructions, not only about aims and monitoring but also how to distinguish water bodies, how to produce river basin management plans, how to do economical analyses. Therefore very many large paper products have to be made before the execution of measures in the field can start. In the Netherlands this has lead to a delay until five years for many high-quality programmes and measures initiated already before the establishment of the WFD.
(3) The WFD-instructions how to distinguish water bodies (on basis of minimum sizes of lakes and with brooks and rivers of catchent areas) lead to the bizarre situation that in the Netherlands watertypes with highest natural values are neglected with the elaboration of WFD-measures whereas the focus for measures became on sections of brooks and rivers with lowest ecological opportunities. In following table his is illustrated.
	Dominant watertypes
	Neglected watertypes

	Rivers

Small rivers

Canals

Canal-rivers

Lakes
	Springs

Ditches (peat, sand, clay)

Fens

Peat-bog lakes

River ponds 


6a. Aquatic macrophytes and WFD


Following facts can be mentionned about  the relation between (vegetations of) aquatic macrophytes and the WFD and other EU directives:

1. The basic WFD-Instruction to determine geographic water bodies (catchment areas larger then 10 km2) leads to the neglecting of small but ecologically most promising water systems (upstream brooks, springs)
2. The chemical and ecological aims have been lowered because of EU duty of results (before: national aims on basis of duty of effort)
3. No Dutch brook got the WFD-status “natural”, therefore the ecological aim is lower than the Good Ecological Status
4. Macrophytes are one of 3 (4) WFD groups of organisms to be assessed and monitored (every 6 years per waterbody)
5. Luronium natans is a Natura2000 species. Therefore not only the WFD is important to protect this species but also the EU Habitat Directive leads to the duty of special attention for the maintenance of this plant species which asks for iron-rich and nutrient-poor seepage of watr systems.
6b. Measures intended for small rivers on basis of WFD

Until 2015 in the Netherlands following measures to improve the ecological situation of brooks are foreseen in order of priority:
1. Improving of length profile (in general re-meandering);
2. Restyling of profile of cross-sections: “nature-friendly” banks;
3. Removing of bottlenecks of the migration of fishes: replacement of solid weirs by more natural water-level elevating elements; 
4. Substrate (digging out of organic sediments);
5. Shadowing of brook sections by trees along banks;
6. Improvement of maintenance (to guarantee minimum discharge capacities).
Between 2010 – 2040 two extra programmes of measures will be carried out:

7. Improvement of the discharge regime of brooks;

8. Lowering of nutrient loads.
For the submerse aquatic plants especially the measures 4, 6, 7 and 8 will be positive (stimulating rare and sensitive species). Measure 5 will be negative for aquatic plants but locally positive for macro-evertebrates. 
Modelling of the effects enables only rough assessments of the future vegetation. The case of one special species (Luronium natans) makes clear that uniform measures carried out within the framework of European directives, may result in losses of Luronium populations instead of the increase of this endangered species.
7. Case: Luronium natans

Luronium natans is a worldwide rare plant species. Its distribution is restricted to the Atlantic area of Western-Europe between Northern-Spain, Great-Brittany, Southern-Scandinavia and Poland. In the Netherlands an important part of the world population of this species is still present but during last decennia the number of habitats dropped so that the species is restricted to the eastern and southern regions with sandy soils. Especially in some brooks in the south (Grote Beerze, Kleine Beerze, Reusel a.o.) some large populations are still present (Jansen & Schaminee 2004). In brooks Luronium natans is a species within Potametea-associations, in fens of sandy heather biotopes the species is an element of Littoreletea-associations. Species which in brooks often occurred together with Luronium are for example Myriophyllum alterniflorum, Utricularia australis and Scirpus fluitans, which decreased even more strongly than Luronium during last decades. 
Because its restricted distribution in the world and the decreasing presence of large populations of Luronium natans this species is assumed as a threatened species by the European Commission and as such mentioned in annexes II and IV of the European Habitat Directive (species no 1831). This means that the Dutch government is responsible for the protection and good maintenance of habitats of Luronium natans. 
Jansen & Schaminee (2004) mention the main circumstances which are important for the survival of Luronium natans in its habitats:
· non-turbid water, low concentrations of phosphate and calcium, very low to medium concentrations of nutrients;

· high potential of dissemination by seeds and by broken parts of plants (often wide spontaneous spread in pioneer situations at dynamic places; seeds are still germinating after 80 years);

· little strength for the competition with other plant species (sometimes dependent on artificial maintenance of habitat vegetation).

For 61 habitats in Dutch brooks Bloemendaal & Roelofs (1988) mention following averages of the P-concentration: P-total 0.036 mg/l, PO4’’’ 0.002 mg/l (maximums: P-total 0.144 mg/l, PO4’’’ 0.019 mg/l).
De Lyon & Roelofs (1986) mention that Luronium natans is very sensitive for the water-type of its habitat. It disappears quickly from places where a bog type of water (sulphate dominance, nutrient-poor soil and water) is replaced by a chloride type or carbonate type of surface water. In the Netherlands this change of water type was a rather common phenomenon during last decades: brooks became into use for the transport of water from larger rivers like Rhine and Meuse for agricultural use in spring and summer time (irrigation). Sometimes the natural values of brooks including their populations of Luronium natans ans Myriophyllum alterniflorum were destroyed for purposes of nature conservation (example: Kleine Beek in Southwestern-Netherlands): transport of river water to a bog to restore its original groundwater level to prevent damage of groundwater dependent vegetations by dessication.
Table X gives an example of the chemical effects of changing the water-type in brooks where Luronium natans and 7 accompanying (rare) plant species disappeared.
	Table X. Chemical changes in brooks around Mariapeel before and after extinction of Luronium natans and accompanying rare plant species “)


	
	Original watertype WITH Luronium natans (before 1970) (n=8)
	Changed watertype WITHOUT Luronium natans (after 1970) (n=4)

	
	Range
	Average
	Range
	Average

	Salinity
	2.0 – 8.6
	4.6
	6.9 – 13.8
	12.0

	Chloronity
	0.3 – 1.7
	1.0
	1.7 – 4.0
	3.3

	Alkalinity
	0.1 – 1.8
	0.7
	2.5 – 3.5
	3.0

	pH
	4.4 – 7.1
	5.9
	7.5 – 8.5
	7.8

	Preference
	sulphate (n=5)
	
	chloride (n=2) / carbonate (n=2)
	

	Trophic status water (PO4)
	0.0 – 0.7
	0.3
	1.2 – 5.3
	4.0

	Trophic status subsoil
	4.7 – 17.7 
	9.2
	12.3 – 16.8
	14.4

	Redox potential
	(-68)+63 - + 110
	+64
	-122 - -199
	-171


‘) Vegetation before 1970: Apium inundatum, Sparganium minimum, Glyceria fluitans, Utricularia minor, Scirpus fluitans, Luronium natans a.o..

Vegetation after 1970: Myriophyllum spicatum, Ceratophyllum demersum, Lemna minor, Utricularia vulgaris.

Modern water managers try to avoid strong changes of water types in brooks such as shown above. For brooks with high natural values no transport of outside-system water is foreseen at the moment. But even now populations of Luronium natans are threatened. Strange enough some of these threats come from planning to make the Dutch brooks more nature friendly (….). 
In most habitats of large populations of Luronium natans which still exist in the Netherlands, seepage of iron-rich groundwater can be observed. This iron can fixate phosphorous in the surrounding agricultural fields to a large extent so that the water and the subsoil in the brook where Luronium natans is present has relatively low concentrations of phosphate. 
On basis of the EU Water Framework Directive the planning is to restore original benches in most brooks and to construct “nature-friendly” banks. Especially for brooks where maize fields are situated very nearby, causing sub-soils and groundwater saturated with phosphates and nitrates during last 20, 30 years, this is a dangerous measure if Luronium natans must be protected as well. Measures must be carried out quickly because of available subsidies without sufficient basic knowledge of the hydrology and chemistry of the subsoil along the brooks concerned. 
8. Perspective brooks and floating macrophytes
In the EU Water Framewk Directive clear aims for aquatic macrophytes are mentioned. Measures to improve the status of this organism group are obligatory and monitoring to assess the progress must be done every three years. However, in the Netherlands long-term aims for fishes and macrozoobenthos (water insects) appeared to be dominating in the working out of short-term aims and with the elaborating of field measures

Further it is clear that the Dutch elaborating of European Natura 2000 aims such as for threatened plant species Luronium natans focus preferably on isolated stagnant waters, not for open flowing systems where originally many rare plant species occurred.  

More specific following facts can be mentioned for the elaboration of Water Framework Directive aims into concrete measures in the Netherlands:

· There seems to be a (too) strong focus on hydromorphology measures (like restoration of old meanders and the construction of rather uniform “nature-friendly” banks) within downstream sections of brooks. The from ecological viewpoint more promising upstream systems are strongly neglected even when they partly determine the status of the downstream sections of brooks;
· The planning of more wood and shrubs along banks of brooks is probably positive for macro-evertebrates and fishes but negative for the occurrence of aquatic macrophytes;
· The removing of many weirs may stimulate fish migration but seems to be indifferent for macrophytes;
· Many uniform measures (Waternood to decrease dessication, nature friendly banks) will result in decreases of regional differentiation;
· During the next decade only few extra measures to limit diffuse nutrient sources will be carried out. This prevents a quick restoration of the vegetation of relatively sensitive aquatic macrophytes.
· There is not enough attention for water velocity and groundwater seepage to protect relatively rare flow-indicating plant species 

The Water Framework Directive is an instrument which in the Netherlands has lead to a too administrative elaboration. During approx. five years already running programmes for ecological restoration of brooks have been strongly delayed. Further the Dutch working out of the European aims lead to contradicting results:

· Geographically the main focus has become on measures for large downstream water bodies (downstream sections of brooks) which are ecologically least promising. Measures carried out in these sections has a relatively low effectiveness whereas the Water Framework Directive clearly requests high effectiveness; The neglecting of upstream water systems with highest ecological potentials which had high interest in the Dutch water policy which was carried out before the implementation of the Water Framework Directive, may result in an overall detoriation of ecological values of Dutch water systems instead of an overall restoration.
· With the choice for possible measures the main focus has become the executing of measures to improve the hydromorphological status of water bodies such as sections of brooks. Re-meandering and constructing of nature-friendly banks can be  seen as end-of-pipeline measures whereas Europe firstly asked for measures at the beginning of the pipeline (decreasing of ischarges of nutrients and pollutants, hydrological restoration of water systems).
· The high focus on actual agricultural interests with the WFD implementation has lead to a strong delay of the reduction of the nutrient loads into Dutch water systems. This nutrient load is especially for the aquatic macrophytes in all water systems and for macro-evertebrates and fishes in stagnant water systems the most important ecological key factor. The neglecting of this key factor will make a reasonable restoration of water vegetations even in 2027 (ultimate deadline) impossible.
· There is another delay of the restoration of hydrological water systems around brooks (groundwater fluxes, quantity and quality of seepage into brooks). Here too the high priority for agricultural interests but also for the interests of drinking water supply can be assumed to be the main reason of the delay.  This delay  makes it even more plausible that in 2027 ecologically healthy water systems can ot be expected in 2027.
On basis of the above mentioned argumentation the expectation for the Dutch brooks in 2027 is that they will be improved  especially as for hydromorhology, valley systems such as floodplains along banks and outdoor-recreation criteria. For the surface water of the brooks general improvements regarding fishes and maco-evertebrates will be obtained whereas the vegetation in brooks will generally stabilize and only locally improvements are plausible. Until 2027 in many cases a further detoriation of aquatic macrophytes is quite possible which is contrary to the basic requests of the European Water Framework Directive and of the Habitat Directive.
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ANNEX I
Standard form for observations on aquatic macrophytes per sampling plot in Dutch brooks

Name of brook  ……………………………………………….
Location  …………………………

Date and nr yymmddnn   .. .. .. .. .. .. .. ..


Old date and nr yymmddnn   
.. .. .. .. .. .. .. ..

Observation by  ………………………………………..

Municipality 
…………………………………..    

Province/country  
.. ..

Substrate 
B-T-S-V
 Source of pollution
         0-1-2-3-4-5-6-7-8-9

Nr of map
    
.. .. ..
Sapropelium 

min

.. .. 
cm
  Organic pollution

0-2-3-4-5

Coordinates EW  
.. .. .. , .. ..
average

.. ..
cm
  Reconstruction

0-2-3-4-5

Coordinates NS

.. .. .. , .. 
max

.. .. 
cm
  Mowing (maintenance)
0-2-3

Landscape


Seepage
O-Y-B-M-U
  
  Weirs


0-1

Accompanying elements  0-8

Smell (1)
O-S-R-Y-F-A
  
  Sampling plot - length 
.. .. ..
m

Shadow

0-4

Smell (2)
O-B-Z-G-GR-W-Y-GY
  - width
 

.. .. ..
m

Width

.. ..  
m
Turbidity 
H-M-T
  
  Vegetation cover total
.. ..
%

Depth
min
.. .. .. 
cm
Visibility bottom  
0-1


helophytes 
.. ..
%


average
.. .. .. 
cm
Velocity (measurement).. .. , ..m/s

floating 

.. ..
%


max 
.. .. .. 
cm
Velocity (estimation) 
0-4

submerse 
.. ..
%

Bank inclination
1-4

Conductivity
.. .. .. ..
mS/cm
   Sampling method

T-B-L-M-S-K-V

Bank height 
.. .. , .. 
m
pH

.., ..

   Extra observations
+ / -

Soil surface
Z-G-K-V-L
Pollution / yr
.., .. ..



   (see other side of form)

	Acorus calamus
	
	
	
	Juncus bulbosus                       
	
	
	
	Potamogeton obtusifolius
	
	
	

	Agrostis stolonifera
	
	
	
	Juncus effusus
	
	
	
	Potamogeton pectinatus
	
	
	

	Alisma plantago aquatica
	
	
	
	Lemna gibba, vlak
	
	
	
	Potamogeton perfoliatus
	
	
	

	Alopecurus geniculatus
	
	
	
	Lemna gibba, bol
	
	
	
	Potamogeton polygonifolius
	
	
	

	Apium inundatum
	
	
	
	Lemna minor
	
	
	
	Potamogeton pusillus
	
	
	

	Apium nodiflorum
	
	
	
	Lemna cf minuscule
	
	
	
	Potamogeton trichoides
	
	
	

	Berula erecta 
	
	
	
	Lemna minuscule
	
	
	
	Ranunculus aquatilis
	
	
	

	Butomus umbel. beekvorm
	
	
	
	Lemna spec
	
	
	
	Ranunculus circinatus
	
	
	

	Callitriche hamulata
	
	
	
	Lemna trisulca
	
	
	
	Ranunculus flammula
	
	
	

	Callitriche obtusangula
	
	
	
	Leptodictyum riparium
	
	
	
	Ranunculus fluitans
	
	
	

	Callitriche platycarpa
	
	
	
	Luronium natans
	
	
	
	Ranunculus hederaceus
	
	
	

	Callitriche spec
	
	
	
	Mentha aquatica
	
	
	
	Ranunculus peltatus
	
	
	

	Callitriche spec/broad leaves
	
	
	
	Myosotis laxa
	
	
	
	Ranunculus pseudofl
	
	
	

	Callitriche spec/narrow l.
	
	
	
	Myosotis palustris
	
	
	
	Ranunculus repens
	
	
	

	Callitriche stagnalis
	
	
	
	Myosotis spec
	
	
	
	Riccia fluitans
	
	
	

	Cardamine amara
	
	
	
	Myriophyllum alterniflorum
	
	
	
	Rorippa amphibia
	
	
	

	Cardamine pratensis
	
	
	
	Myriophyllum spicatum
	
	
	
	Rumex hydrolapathum
	
	
	

	Ceratophyllum demersum
	
	
	
	Myriophyllum verticillatum
	
	
	
	Sagittaria sagittifolia
	
	
	

	Chara spec
	
	
	
	Nasturtium officinale
	
	
	
	Sagit.sag.f.vallisneriifolia
	
	
	

	groene draadwieren
	
	
	
	Nasturtium microphyllum
	
	
	
	Scirpus fluitans
	
	
	

	Eleocharis acicularis
	
	
	
	Nasturtium spec
	
	
	
	Scirpus lacustris
	
	
	

	Eleocharis palustris
	
	
	
	Nitella flexilis
	
	
	
	Scirpus lac. brook form
	
	
	

	Elodea canadensis
	
	
	
	Nuphar lutea
	
	
	
	Sparganium emersum
	
	
	

	Elodea nuttallii
	
	
	
	Nymphoides peltatus
	
	
	
	Sparganium erectum
	
	
	

	Elodea spec.
	
	
	
	Oenanthe aquatica
	
	
	
	Sphaerotilis
	
	
	

	Equisetum arvense
	
	
	
	Phalaris arundinacea
	
	
	
	Spirodela polyrhiza
	
	
	

	Equisetum fluviatile
	
	
	
	Philonotis fontana
	
	
	
	Veronica anagallis-aquatica
	
	
	

	Equisetum palustre
	
	
	
	Phragmites australis
	
	
	
	Veronica becca-bunga
	
	
	

	Fontinalis antipyretic
	
	
	
	Platyhypn. riparoides
	
	
	
	Veronica catenata
	
	
	

	Glyceria declinata
	
	
	
	Polygonum amphibium
	
	
	
	Zannichellia palustris
	
	
	

	Glyceria fluitans
	
	
	
	Polygonum hydropiper
	
	
	
	……
	
	
	

	Glyceria fluit. brook form
	
	
	
	Potamogeton acutifolius
	
	
	
	……
	
	
	

	Glyceria maxima
	
	
	
	Potamogeton alpinus
	
	
	
	……
	
	
	

	Glyceria max. brook form
	
	
	
	Potamogeton berchtoldi
	
	
	
	……
	
	
	

	Hottonia palustris
	
	
	
	Potamogeton crispus
	
	
	
	……
	
	
	

	Hydrocharis m.-ranae
	
	
	
	Potamogeton lucens
	
	
	
	Heading data into form
	
	
	

	Hydrodictyon reticulata
	
	
	
	Potamogeton mucronatus
	
	
	
	                       Check
	
	
	

	Iris pseudacorus
	
	
	
	Potamogeton natans
	
	
	
	Plant data into form
	
	
	

	Juncus articulatis
	
	
	
	Potamogeton nodosus
	
	
	
	                       Check
	
	
	


SECOND PAGE OF STANDARD FORM:

VEGETATION ON BANK:

MAP OF SITUATION:

MACROINVERTEBRATES:

SPECIAL REMARKS:

SAMPLED PLANTS (FOR EXTRA DETERMINATION OF SPECIES):

The scales used for abundance per plant species for the various sample techniques Visser: only macrophytobenthos):

TANSLEY

BRAUN BLANQUET

LONDO


MAES

1 = s   = rare

1 =  <5%, 4 or less specimens
1    = < 1 %

1 = very few

2 = r   = scarce or 
2 =  <5%, upto 2 specimens
2    = 1 – 3%

2 = few – rather many


  very spreaded
3    = 3 – 5 %


3 = many

3 = o   = here and there
3 =  <5%, approx. 3-10 specimens
10  = 5 – 15 %

4 = extremely many

4 = lf  = locally frequent
4 =  <5%, more than 10 specimens
20  = 15 – 25 %

5 = f   = frequent

5 =  5   - 12%


30  = 25 – 35 %

VISSER
6 = la  = locally very many  6 =  13 - 25%


40  = 35 - 45 %

1 = 1 - 2

7 = a   =  very many
7 =  26 - 50%


50  = 45 – 55 %

2 = 2 - 10

8 = cd = codominant
8 =  51 - 75%


60  = 55 – 65 %

3 = 10 - 50

9 = d   = dominant
9 =  76 - 100%


70  = 65 – 75 %

4 = > 50

80 = 75 – 85 %

90  = 85 – 100 %


QUALITATIVE ESTIMATION : 0 = absent / 1 = present
ANNEX II: Species of aquatic macrofytes observed in Dutch brooks (1970 – 2005)

	NRSL  SCIENTIFIC NAME 
	NRSL  SCIENTIFIC NAME

	0007  Acorus calamus                

0019  Agrostis capillaris           

0018  Agrostis stolonifera          

6017  Alisma                        

0027  Alisma lanceolatum            

0028  Alisma plantago‑aquatica      

0036  Alnus glutinosa               

0040  Alopecurus geniculatus        

2512  Amblystegium riparium         

0077  Apium inundatum               

0078  Apium nodiflorum              

0096  Arrhenatherum elatius         

1215  Berula erecta                 

0141  Bidens cernua                 

0144  Bidens tripartita             

0171  Butomus umbellatus            

6094  Calamagrostis                 

6097  Callitriche                   

0180  Callitriche hamulata          

0182  Callitriche obtusangula       

0184  Callitriche platycarpa        

0185  Callitriche stagnalis         

2338  Caltha palustris              

6103  Cardamine                     

0201  Cardamine amara               

0205  Cardamine pratensis           

6106  Carex                         

0229  Carex elongata                

0249  Carex paniculata              

0260  Carex rostrata                

0274  Catabrosa aquatica            

0299  Ceratophyllum demersum        

2153  Chara                         

2164  Characeae                     

2131  Draadwier                     

0429  Echinodorus ranunculoides     

0435  Eleocharis acicularis         

1914  Eleocharis palustris          

1154  Eleogiton fluitans            

0441  Elodea canadensis             

0442  Elodea nuttallii              

6192  Epilobium                     

0451  Epilobium hirsutum            

0453  Epilobium lanceolatum         

0462  Equisetum arvense             

0463  Equisetum fluviatile          

0466  Equisetum palustre            

2750  Fontinalis antipyretica       

2376  Galium palustre               

0582  Glechoma hederacea            

0583  Glyceria declinata            

0584  Glyceria fluitans 
	0585  Glyceria maxima               

0991  Groenlandia densa             

0630  Hippuris vulgaris             

0631  Holcus lanatus                

0632  Holcus mollis                 

0638  Hottonia palustris            

0640  Hydrocharis morsus‑ranae      

0641  Hydrocotyle vulgaris          

0665  Iris pseudacorus              

0673  Juncus articulatus            

0675  Juncus bufonius               

2343  Juncus bulbosus               

0680  Juncus effusus                

6291  Lemna                         

0722  Lemna gibba                   

2374  Lemna gibba + minor           

0723  Lemna minor                   

0724  Lemna trisulca                

0753  Littorella uniflora           

0763  Lotus pedunculatus            

0765  Luronium natans               

0780  Lycopus europaeus             

0782  Lysimachia nummularia         

0784  Lysimachia vulgaris           

0785  Lythrum salicaria             

0813  Mentha aquatica               

6352  Myosotis                      

0841  Myosotis laxa subsp. cespitosa

1922  Myosotis laxa + scorpioides   

0844  Myosotis scorpioides          

6356  Myriophyllum                  

0850  Myriophyllum alterniflorum    

0851  Myriophyllum spicatum         

0852  Myriophyllum verticillatum    

6362  Nasturtium                    

2158  Nitella                       

2155  Nitella flexilis              

0865  Nuphar lutea                  

0867  Nymphoides peltata            

0868  Oenanthe aquatica             

0869  Oenanthe fistulosa            

0967  Persicaria amphibia           

0972  Persicaria hydropiper         

0975  Persicaria minor              

0976  Persicaria mitis              

0929  Peucedanum palustre           

0930  Phalaris arundinacea          

2866  Philonotis fontana            

0933  Phragmites australis          

2883  Plagiothecium denticulatum    

0957  Poa palustris                 

0959  Poa trivialis    

	NRSL  SCIENTIFIC NAME
	NRSL  SCIENTIFIC NAME

	0860  Rorippa nasturtium‑aquaticum  

0979  Polystichum aculeatum         

6422  Potamogeton                   

0985  Potamogeton acutifolius       

0986  Potamogeton alpinus           

0987  Potamogeton berchtoldii       

0990  Potamogeton crispus           

0993  Potamogeton gramineus         

0994  Potamogeton lucens            

0992  Potamogeton mucronatus        

0995  Potamogeton natans            

0996  Potamogeton nodosus           

0997  Potamogeton obtusifolius      

0998  Potamogeton pectinatus        

0999  Potamogeton perfoliatus       

1000  Potamogeton polygonifolius    

1002  Potamogeton pusillus          

1003  Potamogeton trichoides        

1619  Potamogeton x fluitans        

6437  Ranunculus                    

1041  Ranunculus aquatilis          

1046  Ranunculus circinatus         

1048  Ranunculus flammula           

1049  Ranunculus fluitans           

1050  Ranunculus hederaceus         

1055  Ranunculus peltatus           

2416  Ranunculus peltatus var.      

      heterophyl                    

1056  Ranunculus repens             

1058  Ranunculus sceleratus         


	2900  Rhynchostegium riparioides    

3468  Riccia fluitans               

1074  Rorippa amphibia              

0859  Rorippa microphylla           

5201  Rorippa microphylla +         

      nasturtium‑aq                 

1099  Rumex hydrolapathum           

1114  Sagittaria sagittifolia       

1119  Salix cinerea                 

1949  Schoenoplectus lacustris      

1155  Schoenoplectus lacustris      

1160  Scirpus sylvaticus            

1167  Scrophularia auriculata       

1216  Sium latifolium               

1231  Sparganium emersum            

1229  Sparganium erectum            

3239  Sphagnum recurvum             

1241  Spirodela polyrhiza           

1248  Stellaria graminea            

1247  Stellaria uliginosa           

1317  Typha angustifolia            

1318  Typha latifolia               

6543  Utricularia                   

1327  Utricularia vulgaris          

6551  Veronica                      

1346  Veronica anagallis‑aquatica   

1349  Veronica beccabunga           

1350  Veronica catenata             

1964  Zannichellia palustris    


ANNEX III

Significant floristic changes in Limburg brooks between 1972 and 1990 (n = 2 * 92 ‘) )

	Cover of vegetation (%)
	average '70-'71
	average '85-'89

	helophytes
	1
	3

	Floating leaves at surface
	16
	4

	Submersed leaves 
	31
	24

	totaal
	44
	26


	Species which increased
	'70-'72
	'85-'90

	Agrostis stolonifera
	0
	28

	Alisma platago-aquatica
	3
	8

	Alopecurus geniculatis
	0
	4

	Callitriche hamulata
	8
	20

	Callitriche platycarpa
	17
	44

	Cardamine pratensis
	0
	4

	Eleocharis acicularis
	2
	6

	Elodea nutalli
	7
	23

	Glyceria fluitans
	17
	30

	Glyceria maxima
	12
	21

	Leptodictium riparium
	2
	6

	Luronium natans
	0
	2

	Myosotis palustris
	0
	10

	Myriophyllum spicatum
	5
	8

	Nitella flexilis
	4
	6

	Phalaris arundinacea
	4
	23

	Phragmites australis
	2
	6

	Platyhypnidium riparium
	3
	7

	Poa trivialis
	2
	6

	Polygonum hydropiper
	0
	8

	Potamogeton berchtoldii
	0
	6

	Potamogeton natans
	19
	26

	Potamogeton pectinatus
	3
	7

	Potamogeton pusillus
	9
	12

	Potamogeton trichoides
	2
	20

	Ranunculus peltatus
	0
	3

	Ranunculus repens
	0
	10

	Sparganium erectum
	0
	7


	Species which decreased
	'70-'72
	'85-'90

	Callitriche spec.
	11
	4

	Elodea canadensis
	28
	12

	Juncus bulbosus
	2
	0

	Lemna trisulca
	3
	1

	Potamogeton alpinus
	2
	0

	Potamogeton crispus
	22
	11

	Potamogeton perfoliatus
	4
	2

	Ranunculus fluitans
	12
	8

	Ranunculus pseudofluitans
	9
	5

	Sagittaria sagittifolia
	17
	3

	Spirodela polyrhiza
	4
	1

	Zannichellia palustris ssp. palustris
	5
	0


‘) Brooks sampled in alphabetical order (between brackets: number of samples per brook)

Aa (1), Afleidingskanaal (2), Broekhuizer Molenbeek (3), Bronvijvers Wittem (2), Dijkerpeelbeek (1), Eckeltse Beek (2), Everlose beek (5), Geul (15), Grote Molenbeek (5), Gulp (1), Haelense beek (1), Heukelomse Beek (2), Hushover beek (1), Itterse beek (3), Kabroekse Beek (1), Kievitsloop (1), Kroonbeek (1), Leukerbeek (3), Loobeek (=Molenbeek) (1), Maasnielderbeek (3), Noordervaart (2), Oostrumse Beek (3), Oude Graaf (3), Panheelder beek (1), Pepinusbeek (1), Raambeek (1), Rennebeek (1), Riet (=Bosscher Vaart) (3), Roggelse beek (4), Rode beek (Z‑Limburg) (1), Slijbeek (1), Swalm (4), Tungelroyse beek (4), Uffelse beek (2), Visschensteert (3), Vlootbeek (4). 
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