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M d li  t l  ti l lModeling at large spatial scales
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Spatial ecology Problems with 
bioengineering

Local feedback causes
• Strong thresholdsStrong thresholds
• Unpredictability
• Heterogeneity at small 

spatial scales
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Di t di t Diatom-sediment 
feedbacks
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Spatial ecology A model of silt-diatom m f m
interactions
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Silt di t m i t tiSilt-diatom interactions

• Diatoms protect the sediment from erosion
• Diatoms grow better on silt
• Diatom losses decrease with increased silt 

content
• Bottom shear stress affects sedimentation 

and erosion
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Eff t   b tt m h  tEffects on bottom shear stress
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M d l di iModel predictions
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M i  Measuring …
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Di di  f db kDiatom-sediment feedbacks

Log( max )  0Log( max )  0F

Low flow velocity High flow velocity

g( )Frequency

Silt Silt 

Evidence for alternate stable states!

Van de Koppel & Herman et al, Ecology 2001
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Im li tiImplications

Without bioengineering With bioengineering
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Spatial ecology What causes 
sudden seagrass collapse?

Around 1900 ± 150 km2 of seagrass
(Zostera marina)

Sudden collapse around 1930; 
attributed to:
 Wasting disease

 Construction of a large dam – the 
“Afsluitdijk”

N   No recovery :
 Less sediment fixation due to 

disappearance of seagrass??

Van der Heide et al, Ecosystems 2007
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S  t  iSeagrasses as ecosystem engineers

Seagrasses are ecosystem engineers – they modify 
their environment:

Att ti  f h d d iAttenuation of hydrodynamics

Stabilization of sediments

Reduction of nutrientsReduction of nutrients

Are these positive feedbacks created by seagrassesAre these positive feedbacks created by seagrasses
important?
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Wh t i ht t What might prevent seagrass recovery

Hypotheses

 Seagrasses decreased turbidity by preventing erosion

 This improved their own growth conditions 

 Seagrass survival might be difficult without this positive 
feedback

 Without seagrass the water is too turbid for seagrassWithout seagrass the water is too turbid for seagrass

Van der Heide et al, Ecosystems 2007
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P i  it ti  ?Prior situation ?

 Healthy pre-1930 ecosystem
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P t d  it ti ?Present day situation?

 Seagrass loss by wasting disease & “Afsluitdijk”
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Alternate Stable States 
are everywhere!

Or Not?Or Not?



Spatial ecology Problems with 
alternate stable states

• Time scales?
Silt-diatom interaction: days-weeks
Seagrasses: long term, but evidence is contested

S ti l l ?• Spatial scales?
– 100cm2 ?
– 1 ha?
– Wadden sea ?
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±1 m
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Spatial ecology
Modelling 

di t tt f tidiatom pattern formation

Diatoms increaseDiatoms increase
Sediment increases
Water level decreases

Work of
Ellen Weerman

Water level increases
Diatoms decrease
Sediment decreases
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M d l t t  & m tiModel structure & assumptions

• Water flows downwards:
shallow water equations

• Low erosion when water layer is thin
• Scale difference: water flows on much • Scale difference: water flows on much 

faster time scales than diatom growth
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M d lli i  2DModelling in 2D
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M i  b d l ti  hMeasuring bed elevation change
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Wh t  m l th?What governs mussel growth?



Spatial ecology Mussels controlling theirg
own persistence
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• Increased density 
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Spatial ecology A spatial modelA spatial model

Model assumptions:

•Two water layers

Input
Upper water

layer

y

•Lower layer can be 
depleted by mussels

•Algae limit mussel growth
Algae

Uptake

Lower water
layer

•Algae limit mussel growth

•Lower mussel losses at 
higher densities

Mussels
Uptake
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B d f ti  i  l b kBand formation in mussel banks

Van de Koppel et al, AmNat 2005
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A  tt  m  di t bl ?Are patterns more predictable?
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M d l di tiModel predictions

Zone with
Alternate stable states
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M l l iMussel conclusions

• Positive feedback is predicted 
generate alternate stable states in 
mussel beds

• Increased vulnerability may result
• Possibly a partial explanation for 

the concentrated presence (in 
beds) and low persistence of 
mussels in the Wadden sea
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G l l iGeneral conclusions

• Bioengineering affects estuarine 
systems at multiple spatial scales.

• Inclusion of bioengineering will 
generate unpredictability within 
hydrodynamic models, resulting 
from (local) bistability.

• Linear upscaling not possible.
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Wadden sea

Gap exists between ecological and 
hydrodynamics/morphological modeling

– Physically accurate vs. conceptual
– Large scale vs small scale
– Aimed and prediction/understandingA med and pred ct on/understand ng

=> Integration of ecological and physical 
modeling practices is needed


