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connectivity à focus on biotic exchange
§

Landscape connectivity is crucial for:
•
•
•
•

§

dispersal
gene flow
demographic rescue
movement in response to climate change

Management efforts à map and conserve areas
that facilitate movement to maintain population
connectivity & promote climate adaptation

McRae et al. (2012) Where to Restore Ecological Connectivity? Detecting Barriers and
Quantifying Restoration Benefits. PLoS ONE 7(12): e52604.
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Novel opportunities à physical models
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moval in the model of dikes around abandoned shrimp ponds
to restore tidal hydrology and facilitate natural recolonisation
by mangroves. The specific location of dike removal, (with
Science
respect to the vicinity Ocean
of mangroves
and independently suitable hydrodynamic flows), was found to significantly affect
Open Access

Abstract. Propagule dispersal of four mangrove species Rhizophora mucronata, R. apiculata, Ceriops tagal and Avicennia officinalis in the Pambala–Chilaw Lagoon Complex (Sri
Lanka) was studied by combining a hydrodynamic model
with species-specific knowledge on propagule dispersal behaviour. Propagule transport was simulated using a finitevolume advection-diffusion model to investigate the effect of
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Fig. 5a. Results of scenario 1 (effect of species-specific buoyancy) showing the distribution plots of Avicennia officinalis. WS = wet season,
DS = dry season, ODP = obligated dispersal period. Red, yellow and light blue colours indicate a high, medium and low concentration of
propagules respectively.

predictions = f (bio & physical inputs) !!

Fig. 5b. Results of scenario 1 (effect of species-specific buoyancy) showing the distribution plots of Ceriops tagal. WS = wet season,
DS = dry season, ODP = obligated dispersal period. Red, yellow and light blue colours indicate a high, medium and low concentration of
propagules respectively.

Fig. 5c. Results of scenario 1 (effect of species-specific buoyancy) showing the distribution plots of Rhizophora apiculata. WS = wet season,
DS = dry season, ODP = obligated dispersal period. Red, yellow and light blue colours indicate a high, medium and low concentration of
propagules respectively.
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Abstract. Although wind has been recognized to be an
important factor in the dispersal of hydrochorous mangrove propagules, and hence in the quantification of
(meta)population dynamics, the species-specific sensitivity
to wind effects has not been studied. We combined observations from a controlled experiment (flume tank) and in situ
experiments to understand wind and water current contributions to dispersal potential as well as to estimate real dispersal ranges due to immediate response to tidal currents (two
outgoing tides). This was done for 4 species with propagules
differing in morphological and buoyancy properties (i.e. Rhizophora mucronata, Ceriops tagal, Heritiera littoralis and
Xylocarpus granatum). The flume experiments revealed that
the influence of wind depends on the density of a propagule
(and hence its buoyancy characteristics) and that typical morphological characteristics of the dispersal unit are additionally important. H. littoralis propagules were influenced most,
because on the one hand their low density (613.58 g L 1 ;
n = 10) enables them to float on top of the water surface, and
on the other hand their “sailboat-like” structure provides a
relatively large surface area. The X. granatum fruits appeared
to be the least influenced by ambient wind conditions, explained by the smooth surface and spherical shape of which,
because of the fruit’s high density (890.05 g L 1 ; n = 1), only
a small part sticks above the water surface. Although the
seeds of X. granatum are of a similar size class than H.
littoralis propagules, they are (like the X. granatum fruits)
largely submerged due to their high density (870.66 g L 1 ;
n = 8), hence catching less wind than H. littoralis propag-
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ules. The influence of wind on the dispersal of the horizontally floating C. tagal and R. mucronata dispersal units was
strong, comparable to that
of H. littoralisand
propagules. A difHydrology
ferential effect of wind was found within elongated propagEarth
ules, which directly follows
from System
the floating orientation of
the propagules. While the dispersal
path of vertically floatSciences
ing propagules was influenced by the strength and direction
of the water currents and to a lesser extent by ambient wind
conditions, the dispersal path of horizontally floating propagules was influenced by both strength and direction of the
Oceanwind
Science
water currents and prevailing
forces. To validate the
flume results, propagules of C. tagal and R. mucronata were
released during outgoing tide in a tidal creek in Gazi Bay
(Kenya), followed by observation of their dispersal distance
and direction, while knowing the actual dominant wind direction. In line with the flume results, this study showed that
Solid Earth
wind plays an important role in the dispersal distance of the
propagules. The present study provides important mechanistic insight into the effect of wind on hydrochorous mangrove
propagule dispersal, thereby yielding an essential step towards the construction and optimization of (particle-based)
hydrodynamic dispersal
models.
The
Cryosphere

Contrasting propagule types
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Introduction

A series of publications have stressed the importance of
dispersal in the evolution of plant population structure
and composition (e.g. Duke et al., 1998; Cain et al., 2000;
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Physical approach to biotic exchange
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T. Van der Stocken et al.: The role of wind in hydrochorous mangrove propagule dispersal

Fig. 1. Schematic representation of (a) the racetrack flume (modified from Bouma et al., 2005) and (b) a detailed depiction of the experimental
flume section. (b) The position of the ventilator is indicated in dark grey (left: S-scenario; right: O-scenario). The wind flow direction 1
represents the S-scenario (black arrows, numbers and text), where the O-scenario setup is shown as wind direction 2 (grey arrows, numbers
and text). Dispersal time was measured at intervals of one meter (see dotted lines).

hampering vertical free flow. Furthermore, 20 horizontally
floating R. mucronata propagules were used to look for differences between the dispersal speed of the two viviparous
mangrove species, as well as 10 seeds of H. littoralis, and
one fruit (unopened) and 8 individual seeds (after opening of
the fruit) of X. granatum as the more compact counterparts
of the two viviparous species.
Various hydrodynamic and wind conditions for mangrove
propagule dispersal were simulated in a 17.5 m-long and

water surface (Fig. 1b). Current velocities in all wind scenarios were calibrated to ensure water current velocities to be
identical in all experimental scenarios (i.e. 15 ⇥ 10 2 m s 1
and 30 ⇥ 10 2 m s 1 ). To ensure a constant wind speed, a
test section of 5 m in front of the ventilator was covered
with a plastic roof and tested for leakage over the whole
length of the experimental setup. The mean wind speed was
2.6 ± 0.13 m s 1 , which is the average of 3 wind speed measurements along the experimental setup (0 m, 2.5 m and 5 m).

5

Inputs for modeling biotic exchange
ó large-scale connectivity

Fig. 3. Mean dispersal velocities for all species used in the flume study, for the N-scenario (black circles), the S-scenario (grey circles)
and the O- scenario (open circles). Vertical bars indicate standard deviations. The water flow velocity is added as a reference (dotted line).
Hl: Heritiera littoralis propagules; Xg seed and fruit: seed and fruit of Xylocarpus granatum, respectively; RmH: Rhizophora mucronata
propagules; CtH and CtV: horizontally and vertically floating Ceriops tagal propagules, respectively.

Fig. 4. Dispersal velocity profile of horizontally (open symbols, H) and vertically (grey symbols, V ) floating Ceriops tagal propagules, for
the S-scenario (circles), O-scenario (rectangles) and for the scenario in which was not considered (black symbols). The water flow velocity
(dotted line) is added as a reference. All wind scenarios were tested using a water flow velocity of 15 cm s 1 (a), and 30 cm s 1 (b). Vertical
bars indicate standard deviations.

velocity scenario
is more negative than the one for the
Connectivity beyondrent
biotic
exchange?
30 ⇥ 10 2 m s 1 scenario. Hence, the slope of the trend line

Herein, v̄prop, S and v̄prop, N are the average dispersal velocity of the propagule under the S-scenario and the Nscenario, respectively. The value of v̄prop, N is close to the water current velocity (see above). A general downward trend
in the influence of wind with increasing density can be observed (e.g., negative slope of the trend lines) (Fig. 5). The
slope of the trend line for the 15 ⇥ 10 2 m s 1 water curwww.biogeosciences.net/10/3635/2013/

is negatively correlated to the speed of the water current. Additionally, the difference between each datapoint (each dot in
figure) and its projection on the trend line, from this point
onward termed “residual”, decreases with increasing water
current velocity.

Biogeosciences, 10, 3635–3647, 2013
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ecosystem engineering:
EE = modification of the abiotic environment
by biological activity (Jones 1994)

STRONG
hydrodynamics

REDUCED
hydrodynamics
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ecosystem engineering:
modifying your own environment
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Fig. 6. Typical example of the dome shaped elevation pattern in Spartina anglica tussock. The values on the axis are given in cm.

Spartina vegetation. The larger scale similarities of sedimentation and erosion around the
perimeter of tussocks (Fig. 2A and B) could not
be covered within the dimensions of our flume
set-up.
Similar to the observations at the Molenplaat
(Fig. 3), the muddy site at the Valkenisseplaat
(Fig. 4) obtained a lower elevation than the sandy
site, and the sandy site revealed similar spatial
sedimentation and erosion patterns as the Molenplaat. The strongest erosion was observed at the
upstream front of the HD patches (i.e. !2 to 0 m in
Fig. 4A) and at the sides of the patches that are
orientated parallel to the main flow direction (i.e.
dip around !1 and 1 m in Fig. 4B). Lack of a
dominant flow direction at the Paulina polder
saltmarsh (details in legend Fig. 2), made it

the Valkenisseplaat (Fig. 4). The overall loss of
sediment within the bamboo patch was independent
of temporal variation in elevation height at the
mudflat, as reflected by the elevation measurements
furthest away from the bamboo patch (Fig. 5).
Temporal data suggest that the elevations and
depressions in the level of the sediment develop
relatively quickly, and remain relatively constant
during subsequent periods. This quick response
(visual observations showed response after a single
tide) suggests that these patterns are caused initially
by tidal currents, rather than by unpredictable wave
events. However, we cannot exclude variations over
time due to wind generated waves, and that this
effect may vary among field sites.
At most sites, there was a tendency towards more
coarse, median grain sizes within the bamboo
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ecosystem engineering:
potential to build landscapes
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ABSTRACT: Fluxes of energy, materials and organisms among ecosystems are consequences of
their openness to exchange and lead to the consideration of reciprocal connections among adjacent
ecosystems. Reciprocal connectivity may have implications for ecosystem functioning and management but it is generally studied only for a single factor, rather than for multiple factors. We
examined the extent to which these fluxes may apply at the landscape scale for 3 ecosystems: mangrove forests, seagrass beds and coral reefs. From a literature review and analysis, we semi-quantitatively assessed fluxes based on attenuation of wave height and exchanges of sediments, nutrients
and algivores. We found that coral reefs and seagrass beds significantly attenuated wave height
and that this effect depended on specific physical conditions. In the case of coral reefs, the retention
capacity depended on the section of the reef the wave breached, whilst for seagrass beds, we hypothesised that the density of the plants was the controlling factor. Mangrove forests’ ability to reduce sediment flux concentrations was related to the mangrove forest area. Seagrass plants have a
capacity to decrease sediments in the water column. Both mangrove forests and seagrass beds retained nutrients within the ecosystems, which was a positive interaction. Isolated reefs showed a
decrease (30 to 95%) in algivore biomass compared to situations where the 3 habitats were in proximity to each other. The findings show that there is potential for reciprocal connections among
coastal ecosystems. Our results indicate that these exchanges at the ecosystem scale can be placed
into the context of facilitation in the field of community ecology. Future research should focus on
which natural and anthropogenic factors determine reciprocal facilitation between these
ecosystems and determine how ecosystem-based management can be improved with this knowledge. The considerable potential for reciprocal facilitation implies that ecosystem managers may
need to place greater emphasis on the landscape scale.

Landscape-scale facilitation based on:
- differences in threshold values
- EE reducing physical stressors

KEY WORDS: Mangrove forests · Seagrass beds · Coral reefs · Ecosystem engineering · Nutrients ·
Hydrodynamics · Sediments · Algivores
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INTRODUCTION
Within the field of community ecology, positive
interactions between species have an important impact on population establishment and thereby on

overall community structure (Bertness & Callaway
1994, Silliman et al. 2011). Habitat-forming organisms (foundation species) that are able to change
the physical conditions (i.e. ecosystem engineers cf.
Jones et al. 1994, 2010) and buffer environmental
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Table 1. Literature-based threshold values of wave height (m) and sediment
(g m−2 d−1), nitrogen (g N m−2 d−1) and phosphorus (g P m−2 d−1) fluxes at which
mangrove forests (MF), seagrass beds (SB) and coral reefs (CR) can establish
or persist. Values were calculated based on a literature review; the mean
value of the literature review values was chosen as the threshold value
(Table S1, Tables 3 & 5). Facilitation potential indicates whether one ecosystem type could positively affect the establishment and/or persistence of
another by altering the corresponding abiotic variable (based on literature
review); arrows indicate the direction of the facilitation potential. We have not
considered differences in organic or inorganic nutrients and have combined
all sources of N and P

Landscape-scale facilitation based on:
- differences in threshold values
- EE reducing physical stressors

Threshold variables

Mangrove Seagrass
forests
beds

Wave height (m)
Total suspended sediment
(g−1 m−2 d−1)
Water column nitrogen
(g N m−2 d−1)
Water column phosphorous
(g P m−2 d−1)

Coral
reefs
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0.5
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0.4
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seagrass beds in storms and
data show that reduction of wave heights is speciesand location-specific. Seagrass beds and corals can
Coral reefs may be exposed to r
contribute to sediment accretion and stabilization,
storms and hurricanes with hig
Landscape-scale
facilitation
based
thus decreasing water depth
toward the shore.
This on:energy. The main factor influencing
reduction
in depth can also in
alterthreshold
wave height, but
we
ity for wave height attenuation is the
- differences
values
did not take this factor explicitly into con- EE reducing physical stressors
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Positive interactions between coral reefs
and seagrass beds under average conditions
Coral reefs reduce wave heights to a
fraction of the incoming wave height
(Fig. 2A, Table S2 in the Supplement).
Assuming an initial wave height arriving
at a coral reef of between 0.07 and 4 m,
this would result in 0.02 to 0.8 m waves
via attenuation of hydrodynamic energy
(Fig. 2A, Table S2). There was no correlation between the distance the wave travelled and the retention capacity (linear
regression R2 = 0.05, p > 0.05). However,
the data taken at the reef crest did show a
negative relationship between export/
import ratio and the distance the wave
travelled (linear regression: R2 = 0.5, p <
0.05). All studies showed a decrease in
wave height between 20 and 97%; this
indicates the ability of coral reefs to reduce

Fig. 2. Change in wave height (m) over a distance (m
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Articles

Ecosystem Engineering across
Environmental Gradients:
Implications for Conservation
and Management
CAITLIN MULLAN CRAIN AND MARK D. BERTNESS

Ecosystem engineers are organisms whose presence or activity alters their physical surroundings or changes the flow of resources, thereby creating or
modifying habitats. Because ecosystem engineers affect communities through environmentally mediated interactions, their impact and importance
are likely to shift across environmental stress gradients. We hypothesize that in extreme physical environments, ecosystem engineers that ameliorate
physical stress are essential for ecosystem function, whereas in physically benign environments where competitor and consumer pressure is typically
high, engineers support ecosystem processes by providing competitor- or predator-free space. Important ecosystem engineers alleviate limiting abiotic
and biotic stresses, expanding distributional limits for numerous species, and often form the foundation for community development. Because
managing important engineers can protect numerous associated species and functions, we advocate using these organisms as conservation targets,
harnessing the benefits of ecosystem engineers in various environments. Developing a predictive understanding of engineering across environmental
gradients is important for furthering our conceptual understanding of ecosystem structure and function, and could aid in directing limited
management resources to critical ecosystem engineers.
Keywords: stress gradients, ecosystem engineers, conservation, associational defenses, environmental stress model

E

cosystem engineers can have inordinately large
effects on associated communities through environmentally mediated interactions. An ecosystem engineer is
an organism whose presence or activity alters its physical
surroundings or changes the flow of resources, thereby creating or modifying habitats and influencing all associated
species (Jones et al. 1994, 1997). For example, a beaver creates ponds and wetlands where there were previously running
streams. A tree shades the understory and drops leaf litter,
which lowers soil temperatures, changes pH, and forms a
physical barrier to seedling emergence. Marsh grass dampens
wave energy, promoting sediment deposition and peat accretion; provides binding substrate for benthic invertebrates;
and aerates the sediment through loss of oxygen in its rooting zone. These are a few of the myriad examples of changes
organisms make in the abiotic environment, and in all cases,

processes, the challenge is to determine when, where, and
which organisms engineer habitats with important outcomes
for community and ecosystem processes. Developing this
predictive understanding for ecosystem engineering would
benefit the concept and its applicability substantially. We argue that important ecosystem engineers are those that provide limiting resources or reduce constraining variables, and
these limiting resources and variables change consistently
with background environmental conditions. While all ecosystem engineering will have both positive and negative local effects on organisms, important engineers will significantly
influence ecosystem functions of interest. Finally, because
maintenance of ecosystem function is a top conservation
priority (Balvanera et al. 2001), identifying which types of engineers maintain or influence ecosystem functions of interest in varying environments provides a wise target for
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ongeveer 500 m. Deze bank heeft ervoor gezorgd dat de erosie achter de bank is gestopt en
dat de geplante vegetatie aan het uitbreiden is.
Een derde voorbeeld is het behoud van een mangrove-eiland oostelijk van Sebastian in
Florida. Sinds 1900 is het oppervlak van het eiland met 70 procent afgenomen. Deze afname
wordt waarschijnlijk veroorzaakt door bootverkeer en de getijdenstroming. Door het storten
van oesters en het aanplanten van zeegras lijkt het erop dat de erosie is stopgezet. Dit project
wordt echter op dit moment nog gemonitord. (Coastal Resources Group, 2006).

Management implications à restoration

Een vierde voorbeeld is de aanleg van een oesterschelpenrif vlak voor een kwelderrand in
Louisiana, in een gebied met een getijverschil van 1.90. Op het schelpenrif vestigden zich
PROGRESS
SERIES
jonge
waardoor MARINE
het rifECOLOGY
een meer
duurzaam
karakter
kreeg.
Published
April 27Op beschutte locaties
Vol. 336:oesters
121–129, 2007
Mar Ecol Prog Ser
werd de kwelderranderosie verminderd gedurende de monitoringsperiode van 1 jaar; op
meer geëxponeerde locaties was geen verschil. De oesterschelpriffen hadden een bescheiden
omvang (25 x 1.0 x 0.7 m), en werden binnen 5 meter van de kwelderrand geplaatst (Piazza
et al.Planting
2005).
density, hydrodynamic exposure and

mussel beds affect survival of transplanted

Tot slot zijn er binnen het European Artificial Reef Research Network (EARRN) tal van
intertidal eelgrass
voorbeelden te noemen waarin succesvol bio-engineering projecten zijn toegepast
(http://www.soes.soton.ac.uk/research/groups/EARRN/
Arthur R. Bos1, 2,*, Marieke M. van Katwijk1 Bezocht: 14/02/2007). Dit netwerk
wordt
gefinancierd
door
deInstitute
Europese
Department
of Environmental
Science,
for WetlandCommissie.
and Water Research, Radboud University, PO Box 9010,
1

6500 GL Nijmegen, The Netherlands
2

Davao del Norte State College, New Visayas, 8105 Panabo City, Philippines

In de Waddenzee zijn in 2002 zes mosselrichels aangelegd met het oogmerk een
zeegrastransplantatie te beschermen tegen de golfslag. Hierbij was niet een vermindering
van ABSTRACT:
de golfintensiteit,
vanZostera
de duur
van
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Transplantationmaar
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marina
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restoration
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te
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exposures. We also tested the potential of blue mussel beds (Mytilus edulis) to facilitate eelgrass survival. Transplant survival decreased as hydrodynamic exposure increased. Survival was high (75%
of de
UK gaf een beeld van wisselend succes. Bij uitvoering zal inbreng van de expertise
after 7 wk) at the low exposure location. The intermediate exposure location had slightly lower overall survival (60% after 7 wk), and lowest overall survival rate was at the most exposed location (20%
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mosselvissers
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hun kweekpercelen à
van grote
waarde zijn.
Management
restoration
7 wk). Facilitation existed among eelgrass plants. Survival was significantly higher in the HD
–2

–2

units than in the LD units at both high and intermediate exposure locations. Planting density had no
effect on survival at the low exposure location. Hence, there was an interactive effect of planting density, hydrodynamic exposure and shelter. Eelgrass planted in open spaces within a mussel bed survived significantly better than transplants situated 60 m seaward of the mussel bed. Thus, mussel
beds facilitate eelgrass survival. The insights into the processes affecting transplantation success will
be of use in eelgrass restoration around the world.
KEY WORDS: Zostera marina · Mytilus edulis · Eco-engineering · Facilitation · Transplantation ·
Wadden Sea
Resale or republication not permitted without written consent of the publisher

INTRODUCTION
The cosmopolitan eelgrass Zostera marina Linneaus
suffered greatly from ‘wasting’ disease in the 1930s
(Giesen et al. 1990a, de Jonge et al. 2000), when 1000s
of hectares were destroyed. Natural recovery of eelgrass was poor in the western Wadden Sea, probably
due to intensive engineering activities, turbidity in the
water column, fishing activities (Giesen et al. 1990b, de
Jonge et al. 2000) and increased nutrient loads in the
1970s and 1980s (van Katwijk et al. 1997, 1999, 2000).
By that time, the abundance of eelgrass in the Wadden
Sea had been reduced to less than 1% of the level in

the 1930s (de Jonge et al. 2000). In the 1990s, water
quality improved and the clarity of the water column
increased again (van Katwijk et al. 2000), but eelgrass
did not recover in the western Wadden Sea. The remnant annual populations of intertidal eelgrass in the
eastern part of the Wadden Sea may not have been
able to supply seeds to western locations, due to predominantly westerly winds and currents.
Eelgrass is highly appreciated for its ecological role
in tidal flats. At high tide, eelgrass forms a complex
structure that creates shelter for juvenile fishes and
invertebrates (Jenkins et al. 1997, Heck et al. 2003,
Polte et al. 2005). Intertidal eelgrass is emergent at low

Figuur 3. Kleinschaliger voorbeeld van een lokaal effect van een schelpdierrichel (hier
mossels): reductie van de duur van blootstelling aan golfslag
Zeegrassen zijn overal over de wereld aangelegd met verschillende motieven. Vaak werd
© Inter-Research 2007 · www.int-res.com
mitigatie beoogd (compensatie van een
zeegrasvernietigende ingreep) of herstel. In enkele
gevallen wordt melding gemaakt van de aanleg van zeegrasvelden ter sedimentstabilisatie,

*Email: arthurrbos@yahoo.com
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of
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there
the sediment-stabilizing seagrass Zostera noltii Hornem. Applying a shell layer underneath
Locations B1 and B2 by Week half
5 of ourwere
longer
shoots
in LD
seagrass significantly
transplants successfully
reducedreproductive
adult lugworm density
by over 80%
and
reduced lugworm-induced microtopography (a proxy for lugworm disturbance) at the waveentage was much lower at Location
planting
units (Mann
Whitney
U-test;andp microtopography
< 0.05).
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site adult
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Excluding lugworms and their bioengineering effects corresponded well with a strongly
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B1
and
30
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enhanced seagrass growth at the wave-sheltered site, which was absent at the exposed site.

BUT EEà can have negative interactions

Enhanced seagrass growth in the present study was fully assigned to the removal of lugworms’
negative engineering effects and not to any (indirect) evolving effects such as an altered
biogeochemistry or sediment-stabilizing effects by the shell layer. The context-dependency
implies that seagrass establishment at the exposed site is not constrained by negative
) plant cover, length and width of reproductive
and vegetative
high
densityphysical
(HD) and
low
density
ecosystem-engineering
interactionsshoots
only, butinalso
by overriding
stresses
causing
poor
conditions.
Present11,
findings
underline
that,
in addition to
recent
emphasis on
at Locations B1 and B2. Plant cover wasgrowth
estimated
in Week
whereas
other
parameters
were
measured
in
considering positive (facilitating) interactions in ecological theory and practice, it is equally
Week 13 after
transplantation
important to consider negative engineering interactions between ecosystem-engineering
species. Removal of such negative interactions between ecosystem-engineering species can
give a head start to the target species at the initial establishment phase, when positive
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excluding lugworms à double success !
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Management implications – landscape scale
à maintain all components
à restore missing links

Reduction of hydrodynamic energy
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Land

Ocean

Gillis et al. MEPS 2014
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Ecosystem-based
coastal
defence
Mega cities endangered
by drowning
in 2070
inNeed
the face
of global
change
à
for new
cost effective
coastal defense
Stijn Temmerman1, Patrick Meire1, Tjeerd J. Bouma2, Peter M. J. Herman2, Tom Ysebaert2,3 & Huib J. De Vriend4

The risk of flood disasters is increasing for many coastal societies owing to global and regional changes in climate conditions, sea-level rise, land subsidence and sediment supply. At the same time, in many locations, conventional coastal
engineering solutions such as sea walls are increasingly challenged by these changes and their maintenance may become
unsustainable. We argue that flood protection by ecosystem creation and restoration can provide a more sustainable,
cost-effective and ecologically sound alternative to conventional coastal engineering and that, in suitable locations, it
should be implemented globally and on a large scale.

C

oastal flood disasters are an ever-present threat to coastal global application is still scarce. On the basis of current knowledge,
societies. Recent examples include the flooding caused by drawn largely from tidal wetland creation projects, we argue that
Hurricane Katrina in 2005 in New Orleans, Cyclone Nargis the approach has the potential to protect many of the world’s largest
in 2008 in southern Myanmar, Hurricane Sandy in 2012 in New flood-prone coastal populations (Fig. 2).
York, and Typhoon Haiyan last month in the central Philippines.
Such flood disasters are caused by extreme storm surges that can Challenges to conventional coastal engineering
raise the local sea level by several metres through severe wind, waves During past centuries, wetlands in river deltas and estuaries were
and atmospheric pressure conditions1. Coastal flood risks are likely reclaimed on a large scale and turned into rich agricultural, urban
to increase over the coming decades owing to global and regional and industrial areas such as New York, New Orleans, Shanghai,
changes that include increasing storm intensity2,3, accelerating sea- Tokyo and, on a country scale, the Netherlands. Consequently,
level rise and land subsidence4 (Fig. 1). Growing coastal populations today’s deltas and estuaries are host to the world’s largest floodmean more people will be exposed to these increasing flood risks 5. At
prone coastal
populations5 (Fig. 2) and have lost most of their natural
Estuarine
ecosystem
least 40 million people and US$3,000 billion of assets are located in flood defences.
Coastal ecosystem + engineering
flood-prone coastal cities today, and these are expected to increase
Wetland reclamation leads to the loss of storage area for flood
ecosystem
to 150 million people and $35,000 billion by 2070 (ref. 5) (Fig. 2).Dune
waters
so that storm surges rise higher and propagate faster and
Hard
engineering
Conventional coastal engineering, such as the building of sea
further
inland through the remaining channels of a delta or estuary
walls, dykes and embankments, is widely perceived as the ultimate (Fig. 1). For example, in the inland part of the Scheldt estuary, Belsolution to combat flood risks. However, these defences are seriously gium, high water levels have increased by 1.3 m since 1930, which
challenged in many locations as their continual and costly mainte- is about five times
faster than the et
riseal.
of high
water
levels at the
Temmerman
2013,
Nature
nance, as well as their heightening and widening to keep up with coast17. This landward amplification of rising high water levels is
the increasing flood risk are becoming unsustainable. Furthermore, exacerbated by extensive wetland reclamation (which diminishes
conventional coastal engineering often exacerbates land subsidence the flood storage area and reduces resistance to landward flood
by soil drainage4 and hinders the natural accumulation of sediments propagation) and by channel dredging (which further facilitates
by tides, waves and wind, thereby compromising the natural adaptive flood propagation)11. Similar effects have been observed in other
capacity of shorelines to keep up with relative sea-level rise (Fig. 1). engineered estuaries and may rapidly increase in Asia, for instance,
In recent years, ecosystem-based flood defence has been brought where deltaic wetlands are being reclaimed and channels engineered
into large-scale practice as a regional solution that is more sustain- on large scales4.
able and cost-effective than conventional coastal engineering. It is
In addition, as reclaimed wetlands are cut off from the sea or estuapplied at locations that have sufficient space between urbanized ary, the natural process of sediment deposition and land rise is inhibareas and the coastline to accommodate the creation of ecosystems, ited (Fig. 1). Decreased wetland sedimentation may also result from
such as tidal marshes, mangroves, dunes, coral reefs and shellfish reductions in river-borne sediment supply by upstream river dams,
reefs, that have the natural capacity to reduce storm waves 6–8 and river diversions and the building of embankments between the river
storm surges 9–11, and can keep up with sea-level rise by natural and wetlands. This has contributed to large-scale wetland submeraccretion of mineral and biogenic sediments 12,13 (Fig. 1). The lat- gence as the sea level rises, for example, in the Venice lagoon 18 and
ter process secures the long-term sustainability of ecosystem-based the Mississippi delta19. The increasing difference between sea and
coastal protection. Furthermore, these ecosystems provide several land levels is further exacerbated by soil subsidence due to compacadded benefits14, including water quality improvement, fisheries tion, soil drainage and extraction of groundwater, oil and gas4. For
production and recreation, so that in the long term they could be instance, subsidence over the twentieth century amounts to 5 m in
more cost effective than conventional defences15,16 (Table 1). This Tokyo, 3 m in Shanghai, and 2 m in Bangkok5. In the Netherlands subecosystem-based approach is not suitable for all coastal areas and its sidence has resulted in 9 million people living below mean sea level 20.

Towards a new coast ?

1
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kwelderdynamiek te behouden, maar met een faciliterend
kan deze dynamiek naar een iets (voormalig) dieper d
verplaatst worden doordat de vestiging van de pioniersz
(figuur 4).
Schelpdierbanken kunnen in specifieke gevallen ook recht
iii.
golfaanval op kwelderranden leveren, indien ze vlak ervóó
Lower ecosystems
also
important:
vooroever dient
hierbij
laaggelegen te zijn omdat de schelp
stabilizing
voorkomen.the cascade!
NAP kunnen

7

Van Katwijk et al. (2007)

Hier wordt bedoeld: méér toenemen dan in normale cyclische verjonging
kwelderstrook tussen plaat en dijk in de meest verjongde toestand wor
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