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Active habitat restoration: 
targets, approaches, challenges … 

§ WHICH SPECIES DID WE LOOSE
• Historic perspective on key-species

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• ongoing efforts Oyster reefs
• Questions - Suitable habitat 
• Questions - Source material
• Questions - Optimal outplacement method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• sustainable aquaculture & fisheries 
• carrying capacity limitations / uncertainties
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Outline of the talk:

§ WHICH SPECIES DID WE LOOSE
• Historic perspective on key-species

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• ongoing efforts Oyster reefs
• Questions - Suitable habitat 
• Questions - Source material
• Questions - Optimal outplacement method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• sustainable aquaculture & fisheries 
• carrying capacity limitations / uncertainties
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Olsen, 1883

The best known example – “loss” of oyster

History (and future?)

Houziaux et al. 2008

?

1905 2005
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Diverse fauna associated with oysters
(Gilson 1899-1930)

Houziaux et al. 2008

One century of stress: Gilson revisited

Houziaux et al. 2008

Most species still present
Strong shift in communities

Disturbance sensitive species have become rare
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Outline of the talk:

§ WHICH SPECIES DID WE LOOSE
• Historic perspective on key-species

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• ongoing efforts Oyster reefs
• Questions - Suitable habitat 
• Questions - Source material
• Questions - Optimal outplacement method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• sustainable aquaculture & fisheries 
• carrying capacity limitations / uncertainties

Marije Stokkers

All animals are equal, but some …

Spawning

Swarming Settlement
clean substrate

restricts spatial 
distribution
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Voordelta project
2016

Luchterduinen Wind farm 
2018

Borkum Reef 
2018

Wadden Sea
flat oysters found in 2017, 
only hatchery work 2018

Overarching projects:
• Hatchery
• EcoFriend

innovative monitoring 
in wind farm pilots 

Jan Groot

Flat oyster restoration projects

oyster Borsele V
2018

Jan Groot

Gemini wind farm 
2018

SASCON

Voordelta project
2016

Luchterduinen Wind farm
2018

Borkum Reef 
2018

Wadden Sea
flat oysters found in 2017, 
only hatchery work 2018

Overarching projects:
• Hatchery
• EcoFriend

innovative monitoring 
in wind farm pilots 

Jan Groot

Flat oyster restoration approach
SASCON

oyster

construct à learn 
by monitoring

Borsele V
2018

Jan Groot

Gemini wind farm 
2018

research à construct
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Outline of the talk:

§ WHICH SPECIES DID WE LOOSE
• Historic perspective on key-species

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• ongoing efforts Oyster reefs
• Questions - Suitable habitat 
• Questions - Source material
• Questions - Optimal outplacement method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• sustainable aquaculture & fisheries 
• carrying capacity limitations / uncertainties

Flat oyster à predict habitat suitability

Bos et al. 2019

GAM model:
- Temperature
- zooplankton
- sediment disturb. 

habitat 
characteristics 

analysis 

Coolen et al. in prep

Blocked out the

preliminary 
unpublished 

results

for more information, 
please contact 

Joop Coolen (WMR)
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Outplacement
Sediment 
dynamics

burial

dislodgements

Hydrodynamic 
forcing

suspended 
solids

Flat oyster à understand habitat suitability

mechanical 
forcing

E.g., effect storms - Tolerance to burial
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Jan Burger

~50% ~100% ~150%

Blocked out the

preliminary unpublished 
results

for more information, please contact Jim van Belzen
(NIOZ)
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storms - Tolerance to suspended sediments

Normal   ó Storms 
Deltares model

Kamermans et al. 2018

§ FORMER oyster grounds 
• à bed has high silt content
• à water is relatively clear
• à storm à very turbid

§ PAST (with large-scale reefs): 
• à probably low resuspension

§ QUESTION:
• todays conditions à suitable 

for oysters ???
• (or too turbid)

storms - Tolerance to Suspended Sediment

Also similar condition index & respiration
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Low SSC High SSC

Low SSC: 
59 � 58 mg L-1

High SSC: 
2423 � 1359 mg L-1

Eastern Scheldt 
in a windy spring

Blocked out the

preliminary unpublished 
results

for more information, please contact Jim van Belzen
(NIOZ)
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storms - Tolerance to Suspended Sediment 

§ Biodeposit are significantly different!

Bi
od

ep
os

it
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Low SSC High SSC

Student
Pim 

Somers

Blocked out the

preliminary unpublished 
results

for more information, please contact Jim van Belzen
(NIOZ)

Flat oyster à explore habitat suitability

Oyster survival & growth in monitoring racks 
(with baskets)

Type Survival (%) May-Oct
large oysters in basket 74.4
small oysters in basket 55.2

small oysters in holding tower 64.2
oysters on bottom 26.0Didderen et al. 2019

Monitoring of oysters in racks

For more information, please contact Karin Didderen
(Bureau Waardenburg)
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Outline of the talk:

§ WHICH SPECIES DID WE LOOSE
• Historic perspective on key-species

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• ongoing efforts Oyster reefs
• Questions - Suitable habitat 
• Questions - Source material
• Questions - Optimal outplacement method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• sustainable aquaculture & fisheries 
• carrying capacity limitations / uncertainties

Research – disease-free spat material

Kamermans et al. submitted

1. Non-destructive selection 
of Bonamia-free oysters 

2. Broodstock
conditioning of 
Bonamia-free 
oysters 

3. Larval rearing & 
production of spat 
on shell of Bonamia-
free oysters 

4. Genetic analysis 
for resistance 
marker genes (this 
year)

Disease-free oysters from infected population à resistance

Question on defining best restoration source ?
??? non-infected source ó waiting for disaster ???
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Research – settlement of spat material

Linda 
Tonk

Research – settlement of spat material
§ 3 locations

Tralee Bay, 
Ireland

New Quay, 
Ireland

Lake Grevelingen, 
Netherlands

ØBaskets of  3L, 2x2cm mesh
Ø5 replicates per substrate

Borssele V



13

Research – settlement of spat material

Mussel Mussel (w) Granite Silex Sand stone Econcrete Concrete Rooftile Bese Steel
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- Mussels seem most successful (per kg)
- Granite & Econcrete promising
- Steal & BESE least successful
- Differences in survival (in pond)

Linda Tonk

Blocked out the

Preliminary unpublished 
results

For information, please contact Linda Tonk (WMR)

Outline of the talk:

§ WHICH SPECIES DID WE LOOSE
• Historic perspective on key-species

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• ongoing efforts Oyster reefs
• Questions - Suitable habitat 
• Questions - Source material
• Questions - Optimal outplacement method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• sustainable aquaculture & fisheries 
• carrying capacity limitations / uncertainties

Best restoration source: Spat vs. Mature ???

Optimizing outplacement methods ???

various projects  (e.g., Borkum Reef, Borsele V, etc)
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Outline of the talk:

§ WHICH SPECIES DID WE LOOSE
• Historic perspective on key-species

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• ongoing efforts Oyster reefs
• Questions - Suitable habitat 
• Questions - Source material
• Questions - Optimal outplacement method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• sustainable aquaculture & fisheries 
• carrying capacity limitations / uncertainties

New ideas – that may seem promising

Energy 
&

Nature 
(Reefs)

Aqua-
culture

Fisheries

SAS-consultancy

ReViFES
Reef Vitalization For Ecosystem Services

??? DREAM or OPPORTUNITY ???
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Necora puber

+ Native oyster reef (discovered in 2016)

à drives biodiversity

Ostrea edulis

Urticina felina

Pilumnus hirtellus

Elysia viridis
*
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Christianen, Lengkeek et al. 2018 Mar.Biol.Res.

+/- MPA’s for fish stocks

# Scientific studies to the effectiveness of MPAs, reviewed by S Dasgupta and A Fensome for Mongabay.org
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As a rule on MPA’s (except for a few little atolls) 
Spillover effects à sufficient to compensate direct fish-catch losses 
due to access restriction
(Garcia et al., 2013: 26 Marine protected areas in fisheries management, in FAO 2017).

Anieke van Leeuwen, NIOZ
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BUT many unknowns about …

§ Recovery potential fish stocks

§ Food competition: - mussels poles
- bottom reefs

§ Nutrient competition: - aquaculture
- bottom reefs

§ Energy removal à lower turbidity à higher PP, 
but often at shifted locations

FEEDBACKS

NEED for MODELLING 

to

understand large-scale system effects

of 

ongoing changes in the North Sea

Conclusions :
§ WHICH SPECIES DID WE LOOSE

• We lost reef formers

§ WHICH SPECIES DO WE 'RESTORE’ / ENHANCE:
• Some reef formers may return 
• Oyster à needs restoration
• Research à progressing current 

understanding habitat & restoration method

§ OPPORTUNIES & LIMITATIONS TO RESTORATION
• Potential co-benefits, but …
• Large-scale impacts poorly understood

• carrying capacity = limited 
• complicating interactions
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Thank you for your attention 

Special thanks to:
§ WNF à Emilie Reuchlin

§ ARK à Karel van de Wijngaard

§ NIOZ à Jan van Poppel, Pim Somers, Lennart van Ijzerloo, Jeroen 
van Dalen, Danile Blok

§ WMR à Ainhoa Blanco Garcia , Pim van Dalen, Sterre Witte

§ Van Oord à Jan Burger


