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INTRO: critical shifts between
intertidal ecosystem states in deltas & estuaries...
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INTRO: such critical shifts are related to
bio-geomorphic feedbacks...
]

Vegetation establishment
& sedimentation

High & vegetated marshes
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INTRO: such critical shifts cause
loss of important ecosystem services

coastal protection
water quality regulation

climate regulation (C sequestration)
etc.

Levee With No Natural Buffer
Wh levee is next to open water, the face and the crest of the levee are vulnerable to wave attack.
Surge can also overtop the levee, increasing the chance of a levee breach ,

Levee Protected by Coastal Wetlands

Waves and surge encounter resistance when they move over marshes and through cypress. This
resistance reduces the height of surge and waves and slows the movement of water toward communities.

RESEARCH QUESTION:

Do biogeomorphic feedbacks cause
rapid shifts between multiple (alternative?) stable states ?
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RESEARCH QUESTION:
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RESEARCH QUESTION:

Do biogeomorphic feedbacks cause
rapid shifts between multiple (alternative?) stable states ?

!

Has indeed been suggested by conceptual models
(Marani et al. 2007; 2010; 2013)

!

Empirical evidence ???




RESEARCH QUESTION:

1) Is there a bimodal distribution of intertidal
elevations & of intertidal vegetation biomass?

2) Do the elevation and biomass distributions

shift abruptly as soon as bare flats get vegetated?

3) Are there threshold conditions that allow
prediction of where and when the shifts occur?
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Study area

Westerschelde estuary,
SW Netherlands
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Semi-diurnal tidal regime
Mean tidal range: ~5 m
Salinity range: 5-18 PSU

Mean SSC: ~ 30-60 mg/l
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GIS analyses

of aerial photos & Digital Elevation Models
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Bimodal distribution of elevations

Stable low- Stable high-

(a) 2004 elevated  Unstable elevated 3
-2 ; S 58
g : g 2
(/1] ! [ ] °
84 - : AR - 20 2
K | Ca =
g ! iy 2
= 3 - 1 [ 1 - 15 @
2 | b b 8
c 1 [ ] [+]
- 1 [ 1 o

82 | by - 10
2 1 | p g
- P S - ——— a
o : 2
I / -5 ¢
- Y —— 2

o : L

Q0 — i ™ = == T i 0 g
L 5 -5 -4 -3 2 -1 0 1 2 i
Elevation (m MHWL) )
[7/]

Total intertidal areas - Vegetated marshes Bare flats




Bimodal distribution of biomass
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Co-occurring bimodal distributions of
biomass & elevation

Stable Unstable  Stable

low-elevated high-elevated
0.3 b3 Fe—S—>,
L 0 s E H‘HH
(=] 1 ]
o 1 ]
N 1 ]
£ H : * :
S 017 ' l .
[m] 1 ' " 1
=z ' Vo
0.0 == mimme _: ............................... _:T._E._._.:L._._ _
tittteebeesteeeesessertesenetttttttitiTll o
-0.1 T T T T T
-5 -4 -3 -2 -1 0 1

Elevation in 2004 (m MHWL)



Co-occurring bimodal distributions of
biomass & elevation
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Indication of two stable states &
intermediate unstable state
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Rapid elevation shifts
from bare flats to vegetated marshes?
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Rapid elevation shifts
from bare flats to vegetated marshes

L

Indication of catastrophic, abrupt, critical

Ecosystem State

transition

1QF2
ed‘a

ow bare stste

Conditions Universiteit
Antwerpen

12



Predicting shifts from bare to vegetated
state based on threshold elevation

Probability (%)
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Predicting shifts from bare to vegetated
state based on threshold elevation
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Correctly predicted

Correctly predicted

Predicting shifts from bare to vegetated
state based on threshold elevation
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Predicting shifts from bare to vegetated
state based on threshold elevation
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Indication of threshold behavior
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Conclusions

for multiple stable states &
critical transition in intertidal ecosystems

Bimodal elevation & biomass distribution
Rapid shift
Threshold behavior

Are stable states alternative?
Can we predict pending transitions?
Implications for ecosystem management &

restoration?
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Want to read more ?:

Wang & Temmerman 2013, J. Geophys. Res.
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