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Towards an integrated approachTowards an integrated approach
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Primary effects:Primary effects:
ChangesChanges in in hydrodynamicshydrodynamics & & morphologymorphology

Secondary effects:Secondary effects:
Ecological responses to a changing environmentEcological responses to a changing environment

Tertiary effects:Tertiary effects:
Reactions of man to a changing ecosystemReactions of man to a changing ecosystem







Erosion of Tidal Mudflats
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Difference map

1983 – 2001
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Decreasing exposure time of tidal flats

Total Oosterschelde
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Primary effects:Primary effects:
ChangesChanges in in hydrodynamicshydrodynamics & & morphologymorphology

Secondary effects:Secondary effects:
Ecological responses to a changing environmentEcological responses to a changing environment

Tertiary effects:Tertiary effects:
Reactions of man to a changing ecosystemReactions of man to a changing ecosystem



Well predictedWell predicted:: declinedecline ofof saltsalt marshesmarshes



Decreasing exposure time was predicted…

…but not it’s ecological consequences!



Example Oystercatcher
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after 2.5 hours foraging at 

full speed

Starts foraging

Cockle flesh (gr) Summer



Cockle flesh (gr)

Exposure time (hours)

Daily requirement

Starts foraging

Stomach full: continues 
foraging, but slower

Reaches daily requirement 
after 5 hours

Winter



Knot

Netherlands intertidal 
areas on crossroad of 

flyways Arctic <-> Africa

Waddensea
260 000 ha.

Oosterschelde
37 000 ha.

Westerschelde
43 000 ha.



Primary effects:Primary effects:
ChangesChanges in in hydrodynamicshydrodynamics & & morphologymorphology

Secondary effects:Secondary effects:
Ecological responses to a changing environmentEcological responses to a changing environment

Tertiary effects:Tertiary effects:
Reactions of man to a changing ecosystemReactions of man to a changing ecosystem
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Cockle habitat 
map 1983
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Cockle habitat 
map 1994
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Closed in 1994

Habitat map 1994



Fished in 1994

Habitat map 1994



Unlimited spreading of the introduced Pacific oyster?



Pacific Oyster 
in 1980



Pacific Oyster 
in 1990



Pacific Oyster 
in 2002

≥ 640 ha

Subtidal    ≈ 700 ha

Tidal

+
14 km2



Relatie droogvalduur - oesters & kokkels
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Growing conflict fisheries & birds
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AftercareAftercare isis an inevitablean inevitable
part of the projectpart of the project



tidal, brackish

freshwater
tideless, brackish
tideless, saline
reduced tide, saline





Conclusion restorationConclusion restoration::

•• But: even with great efforts the restoration of But: even with great efforts the restoration of 
morphodynamicalmorphodynamical processesprocesses (sedimentation, erosion, (sedimentation, erosion, 
sand and silt transport) needed to preserve sand and silt transport) needed to preserve intertidalintertidal
areas, stays behind in the case of the areas, stays behind in the case of the OosterscheldeOosterschelde……

•• AllAll Dutch Delta waters have been heavily modified Dutch Delta waters have been heavily modified 
by alteration of driving processes like tidal influence, by alteration of driving processes like tidal influence, 
salinity regime, riversalinity regime, river-- and and morphodynamics morphodynamics 

•• Restoration of estuarine dynamics is partly possibleRestoration of estuarine dynamics is partly possible





Mississippi Delta Plain
7000 years of sediment deposition
Land loss balanced by land gain

3000-4000 yrs old

< 2000 years old

Varying sediment thickness

Thickest and
youngest









With: 60 cm/100yrs sea level rise & 40 cm/100yrs subsidenceWith: 60 cm/100yrs sea level rise & 40 cm/100yrs subsidence



Sediment load decreased by 50%Sediment load decreased by 50%



Drains 41% of continental U.S.

Includes 31 states & 2 Canadian provinces

Total area drained 1.2 million square miles

Basin Facts

Mississippi River Drainage BasinMississippi River Drainage Basin



Lessons learnedLessons learned::

•• Aftercare Aftercare is is an inevitable an inevitable part of the projectpart of the project

•• Preserve/Preserve/restore natural processesrestore natural processes! These are! These are
essential foressential for a a sustainable sustainable delta landscape and thedelta landscape and the
society andsociety and economy iteconomy it supportssupports

•• An integrated An integrated water water system approach system approach is a must!is a must!

•• There There are are many ways to reach safetymany ways to reach safety, , but whobut who
makes makes the the choicechoice??

•• Some effects Some effects are are predictablepredictable, , others others are are notnot

•• Estuaries Estuaries are are irreplacableirreplacable


