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The value of reefs …
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The value of reefs …
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Why always the question:

§ Does restoring reefs raise fish populations?
§ OR make fish shift location?

§ Would you ask the same if discussing reef loss ?
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§ Does restoring reefs raise fish populations?
§ OR make fish shift location?

§ Would you ask the same if discussing reef loss ?
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Why always the question:

§ Does restoring reefs raise fish populations?
§ OR make fish shift location?

§ Would you ask the same if discussing reef loss ?

Indeed, laws of logical reasoning does not allow you to 

turn the argument around, but my message is clear I hope 
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If we had changed Veluwe into Kootwijkerzand …

§ Would you ask if we need ACTIVE restoration ?
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If we had changed Veluwe into Kootwijkerzand …

§ Would you ask if we need ACTIVE restoration ?

Active restoration would most likely NOT be necessary, 

unless there are strong establishment thresholds 
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ACTIVE restoration à overcome establishment thresholds

§ Deserts à hard to green unless i) human help or ii) WoO
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ACTIVE restoration à overcome establishment thresholds

Hydrodynamics-induced loss

Zhiyuan Zhao
et al. in prep

4 cm !!!

sediment burial-mortality

§ Oyster reefs à hard to get unless i) human help or ii) WoO
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WoO = Window of Opportunity 
à moment to overcome establishment thresholds

transition as each WoO is preceded by earlier WoO of the
same duration with several opportunities for vegetation estab-
lishment. It is the deviation from these regular regimes such
as wind-induced lowering of tidal water levels or occasionally
reduced river flood peaks that may give the necessary push
towards a new vegetated state where vegetation was absent
during regular conditions. Inherent to the WoO concept is that
a stable state remains responsive to changes in external forc-
ing, at least when the forcing surpasses (low or high) critical
limits, and that the stochastic variations in forcing need to be
of sufficient duration to allow the system to change state.
Early warning indicators based on the critical slowing down
concept have mainly been studied for the collapse of systems
with gradually changing conditions (Scheffer et al. 2012). We
speculate that when conditions change too rapidly for the
state variable to directly respond, critical slowing down may
not be visible and hence not be predictive. The WoO concept
is able to capture such dynamics as it analyses the conditions
and not the state variable. Therefore, the WoO approach
offers new possibilities for the development of early warning
indicators.
The WoO concept emphasizes the important role played by

natural variability in external forcing for the long-term
dynamics of biogeomorphic systems. Many human interven-
tions in natural systems partly reduce the stochastic variabil-
ity, for example, by the construction of dams (e.g. Marston
et al. 2005) or storm surge barriers (e.g. Louters, van den
Berg & Mulder 1998). Without its major sources of natural
variability, ecosystems may become locked for a very long
time in one or the other state. This may reduce biodiversity at
the landscape level as pioneer phases will be rare or absent.
Also, under regulated conditions without the necessary
variability to create WoO, attempts at restoring particular

vegetated systems may be futile, as in mangrove and salt-
marsh restoration projects (Lewis 2005; Wolters et al. 2007).
Our study also suggests that a drastic (close to a 100%) one
time reduction in the processes limiting recovery for the dura-
tion of a WoO may have higher chances to induce a recovery
of the ecosystem as opposed to a gradual long-term measure
(e.g. a constant reduction by a few per cent). Moreover, WoO
are likely to be affected by climate change such as increasing
storminess (i.e. disturbance by wind and waves) (Donat et al.
2011) or changes in the precipitation regime (Alley 2003).
Applying the WoO concept can improve ecological manage-
ment for many ecosystems, which are typically under pressure
due to human interventions. Balancing the fundamental con-
flict of interest between the increasing desire of humans to
mitigate the natural variability of abiotic processes in general
with the need for such variability to enable establishment but
also decay of biogeomorphic systems will remain a challenge
in the future.
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Fig. 6. Schematic visualization of how the WoO concept may explain
sudden state shifts in disturbance-driven biogeomorphic ecosystems.
WoO are stochastic events where external forcing is temporarily
reduced or absent (e.g. calm weather, low water levels), which can
push the conditions beyond the bifurcation point for a defined period
of time and induce a state shift from bare to a vegetated state (dashed
line). Large infrequent disturbances (LIDs) are the counterpart of
WoO and can induce a sudden state shift from vegetated to bare state
if they exceed a duration and magnitude threshold (e.g. hurricanes,
flash floods, tsunamis).
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Active reef restoration à creating temporary WoO

to overcome establishment thresholds
Ecosystems with self-enhancing positive feedbacks often have 

establishment thresholds (because these positive feedbacks 

require larger populations / vegetation patches)
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Active reef restoration for biodiversity
à by creating temporary WoO

Tree-Reefs as example
13

In the past à Massive wood export to estuaries & seas

Damming the Wood Falls - Wohl & Iskin (2021)

Rhine, 185 000km2

• Yearly export 
• ~100 000m3 of large wood (>3m)
• 25 Olympic swimming pools

Jon Dickson
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In the past à Oyster Reefs & other structures à incl. moorlogs

Historically, 
large oyster reefs 

present throughout 
Dutch waters

Thurstan et al, Nature Sustainability 2024. 
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Structures à mostly lost & loss is still ongoing

• Ongoing removal large stones, 
natural wood and peat

• Loss of ‘Islands of structure’ in soft 
bottomed system 

Erratic (boulder) 
deposited by glacier, 

likely Scandinavian origin 
Natural log, origin 

unknown

Peat, 
local origin

Wadden Sea
Anthropocene
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Fish à Massively declined over time ! (Waddensea)

1965

2013

Movie shows massive fish loss from 1965 to 2013, which is much 
later than loss of structures. Fish decline is most likely due to 

combination of past fishing pressures & loss of structures 
17

What makes good reefs for restoring biodiversity ?

§ Hiding places
•à spatial complexity

§ Height
•à escape bottom-dwelling predators
•à escape sand burial

§ Self-sustainable
•à biodegradable establishment substrate
•à fragments become new reefs
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What makes good reefs for restoring biodiversity ?

§ Hiding places
•à spatial complexity

§ Height
•à escape bottom-dwelling predators
•à escape sand burial

§ Self-sustainable
•à biodegradable establishment substrate
•à fragments become new reefs
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TreeReefs (Fruits de Mer) – pilot study Waddenzee

250 hectare available each year !!!

Jon Dickson
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Who lives in a pear tree under the sea?

Sepia officinalis 
cuttlefish eggs

Barnacles and sea 
stars

Bryozoans

Psammechinus
miliaris, 

Green sea urchin

Mytilus edulis (mussel)

Juvenile Pholis 
gunnellus

Magallana gigas, 
barnacles, and Fucus 

sp.

NURSERY function
& will eat crabs !!!

NURSERY functionrare species !!!

Jon Dickson
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Fish “residents”

• 5 x more fish on reef 
• as nearby sand, 2022

• *Preliminary – 2024 
• 10–25 x more fish on reef 

• reef-fish are much larger 

• 3 to 5 x as many species
• Including endangered 

Jon Dickson et al. in prep
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Height is life 

- increased Biodiversity & Richness
- escape bottom Predation
- escape bottom burial

- positive for REEF formers
- Altered foodweb

- à less predators of juveniles
- Tree-fragmentation over time 

- à reef expansion 

- fish effect might be height effect
Magallana gigas
Pacific oysters

Mytilus edulis
mussel

Jon Dickson et al. in prep

Jon Dickson
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What is next ???
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NL km2 marine > NL km2 land

57,065 km2

41,850 km²

How to get to reef restoration @ XXL-scale ???
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How to get to reef restoration @ XXL-scale ???

Zhiyuan Zhao

ü kick-start 
recovery while 
minimizing 
subsequent 
intervention

ü allowing 
nature to do 
what nature 
does

§ SeaD-Bombs concept  ó no-regret option
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How to get to reef restoration @ XXL-scale ???

Zhiyuan Zhao

ü kick-start 
recovery while 
minimizing 
subsequent 
intervention

ü allowing 
nature to do 
what nature 
does

§ SeaD-Bombs concept  ó no-regret option

Design Workshop 27 November à zhiyuan.zhao@nioz.nl
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tjeerd.bouma@nioz.nl

Texel
(Waddensea)

Delta
Coast 

OceanResearch vesselsNIOZ = Sea Research

Yerseke
(Scheldt estuary) THANK you 

for your attention !!!

28


