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Introduction

• Detoriation of Wetlands and their biodiversity 
is a world wide phenomena and this is clearly 
demonstrated in the Millennium Ecosystem 
Assessment 

• Many actions have been undertaken to stop 
further losses and to try to restore wetlands, 
but many of them failed for different reasons.
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Aim

• The aim of this presentation is to put foreward 
some ideas developed and applied in recent 
years in Flanders concerning wetland 
restoration and river basin management. 
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Study area

• The Schelde estuary and the Nete
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How did the Schelde estuary and 
Nete change from past to present 

and how did this impact the 
ecological goods and services or 

the ecological functioning?
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 1895 1925 1955 1985 
Vlissingen - Hansweert 71 70 63 56 
Vlissingen - Antwerpen 144 133 120 104 

 

Time of flood wave (min)
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Grote Nete 17 september 1998 Photo: AMINAL

Inundations



17Source

Upstream

Midstream Catchment of the "Grote nete"

Wet - Very wet
 Moderate wet to Wet

Most important streams
N

0 2 4 Kilometers

Residence; Military grounds

Dry to very Dry

Source

Upstream

Midstream

dry "vegetation"
degenerated wetland vegetation
wetland vegetation

Most important streams
N

0 2 4 Kilometers



18

22%

44%

33%

0

1000

2000

3000

4000

5000

6000

dry m oderate  w et to
w et

w et - very w et

A
re

a 
la

n
d

  
19

50
's

 (
h

a)

0

20

40

60

80

100

A
re

a 
ve

g
et

at
io

n
 2

00
0 

(%
)

area
vegetation 
1950
1990

-0,7

-0,6

-0,5

-0,4

-0,3

-0,2

-0,1

0

0,1

nov
dec jan fe

b

m
ar

ch
ap

ril
m

ay
ju

ne ju
li

au
g

se
pt

oct

month

m
 to

w
ar

ds
 th

e 
so

il 
su

rf
ac

e

wetland
degraded
dry

It is concluded that nearly 
90 % of the wetland has 
dissapeared in the 
valley of the Grote Nete.  



19

       Geomorphology

          habitats        Hydrodynamics

Sea level
rise

Changes in
The basin

dredging

embankments



20

From S. Temmerman

MHWL 1931
MHWL 2000

Young marshes

old marshes Data: S. Temmerman
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Slope ↑, current speed ↑  marsh erosion ↑
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Increasing risks of inudation
now risk is 1 in 70 years

4 meter
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• Original situation Surface water

Ground water

Agricultural landuse
None or extensive

Peat soil

“De Zegge” (106.7 ha), is a nature reserve, and harbors 
many rare plant-, bird and reptile species, for several of 
them is the last population in Flanders.
dependent on groundwater !!!!!



25

Border nature conservation ,"zegge"

Mos t im portant stream s

0 0.1 0.2 Kilo m e ter s

N

Groundwater flow direction



26

• Current situation

Agricultural 
landuse
Intensive

Ground water

Surface water

Subsidence of  
peat
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• Future situation???

Agricultural 
landuse
Intensive

Ground water

Surface water

Subsidence of  
peat
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Ecosystem services ?

• water regulation and protection against flooding
- Risks of flooding has increased significantly
 present management:

• Sigmaplan / Deltaplan
- Heightening of dikes
- Controlled inundation areas
- Storm surge barrier
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Ecosystem services ?

• sediment trap
- Due to a lack of sedimentation areas, extremely high 

rates
 present managament:

• Dredging (up to 500.000 ton DW.y-1 removed from the area)
• NO link to sediment management in basin

•  protection against erosion
- Many dikes are not protected by marshes, this is 

solved by hard engineering
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Structural biodiversity
under pressure
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Ecosystem functions ?

• trophic-dynamic regulations of populations
• habitat for resident and transient populations
• important habitat for  global population
• nursery
• migration route

 severely impacted
 present management:

• “classical nature management”
- Juridical measures
- Species oriented measures
- Vegetation management

 no impact at all on major problems like water 
quality
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Percentage of the load that 
reaches the North Sea
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Ecosystem functions?

• regulation net transport of nutrients to North Sea
• regulation net transport contaminants to North Sea

 Yes but the overall effect is still small since the 
available surface of marshes decreased significantly 
and pelagical processes are limited by pollution and 
turbidity

•  water treatment
•  regulation gas exchange with the atmosphere
•  climate regulation
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Conclusion 1

• Major changes occurred in the river system 
over the last decades, centuries 

• These affected to a very large extend the 
ecosystem services of these habitats which 
has a negative impact on both biodiversity and 
human activities
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Quantification of services
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Marshes and nitrogen

Labeling – experiments: stable isotope 15N
Small amount added to floodwater
Tracing of uptake and transformation
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Intense N processing and storage
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• Based on a whole ecosystem labeling 
experiment (N15) we were able to show that 
about 15% of DIN is retained in the tidal 
marshes each tide!
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Does marsh DSi recycling matter?

Export in the freshwater zone of the estuary
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Does marsh Si recycling matter?

• In summer months, Si discharges can drop 
to 280 ton DSi/month, while marsh 
recycling can rise to 120 ton DSi/month = 
43 % from marsh recycling

• In summer months, marshes are essential 
DSi suppliers to estuarine ecosystem
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Silica importance

Rupel import

Westerschelde import
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Modeling services
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Conclusion 2

• Quantification of services and modeling the 
ecosystem characteristics is crucial to improve 
our understanding
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Can we use ecosystem services as 
a basis for ecolological restoration 

or ecosystem management?
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How to quantify measures?

• Quantify ecosystem goods and services which we want 
to obtain from the system, e.g. maximum load of 
nutrients allowed towards North Sea, flood volume etc.

• Translate goals for different functions in area of 
needed habitat, its spatial distribution, or other 
measures, based on modelling
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• Based on optimization (minimizing the damage 
of flooding)

• 1800 ha of flood control area needed
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Results
Oxygen Saturation

averaged oxygen saturation (data 2000) in compartment 15
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a

b
(a): KBR. (b): Lippensbroek. CIA construction: 
heightening & strenghtening back-dike (1) + river 
dike lowering (2). CRT: new sluice with flexible sill will 
function as inlet (3). Old sluice (4) keeps outlet 
function.  
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Modelling FCA-CRT
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Pionneer controlled inundation with 
reduced tide
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• Flemish government decided to restore about 
4000 ha of wetlands to restore ES
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Conclusions

• Optimalisation of ecosystem goods and 
services is an important possibility for 
ecological restoration

• In the Schelde, it proved even to be the key 
factor in the decision making

• Much more work is needed however to identify 
and quantify ecosystem services

• Also a better understanding between 
functional and structural biodiversity is crucial
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Conclusions
• Better quantification of losses and desired levels of 

ecosystem services is needed
• Modeling ecosystem services is crucial to be able to 

work restoration plans, especially as the area needed 
has to be estimated as accurate as possible

• Field experiments are essential to increase our 
understanding

• MEA can be seen as milestone and applying the 
approach to a more regional level would be very 
important

• An ecosystem approach is essential to restore services 
as the abiotic conditions changed so profoundly that 
small scale nature conservation will not be able to 
stop biodiversity loss
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Thanks to the many people who generated a lot of the results presented
and the Flemish government, IWT and FWO for the funding and 
realisation of the pilot project
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That’s all folks

Let discuss it


