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Abstract: 

The Mediterranean Sea is a marine biodiversity hotspot, hosting many vulnerable and 
declining species, including Ostrea edulis (European flat oyster). Significant restoration 
efforts for O. edulis have been implemented across Europe, with Italy recently joining 
through various national initiatives. 
We present results from a collaboration between the IMC and ENEA, developed within the 
National Biodiversity Future Center (NBFC) project (https://www.nbfc.it/). This joint 
initiative represents a key contribution to Italy’s national strategy for marine ecosystem 
restoration, supporting knowledge development on O. edulis populations in the 
Mediterranean Sea. The project’s outcomes feed into a broader European framework for 
native oyster recovery coordinated by the Native Oyster Restoration Alliance (NORA). 
A pilot study was conducted in the Nora Lagoon (Sardinia, Italy). Juvenile oysters were 
produced at the IMC hatchery from locally harvested broodstock through conditioning, 
larval, and post-larval rearing. Oysters were released at three lagoon sites and three size 
classes (mean ± se; 4.9 ± 0.1, 16 ± 0.5 and 31.6 ± 0.3 g wet weight). Growth and survival 
were monitored with and without protective caging against predators. 
Natural recruitment was assessed by deploying spat collectors at 12 sites across the lagoon, 
accompanied by systematic environmental monitoring to characterise ecosystem conditions 
and guide restoration strategies. A habitat suitability modelling approach was applied to 
identify areas with higher suitability for the presence of oysters, integrating collected 
environmental parameters to optimize restoration efforts. 
To explore the potential physiological responses (i.e., respiration and calcification rates) of 
O. edulis to climate change, the population was exposed to actual temperature condition vs
heat waves expected in 2100 (Rosselló et al., 2023). Preliminary results revealed an
upregulation of metabolic activity in individuals exposed to higher thermal regimes.
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Abstract: Native European flat oyster reefs (Ostrea edulis) were a common habitat along 
the western Adriatic Sea (NW Mediterranean Sea) but, due to historical over-exploitation 
and altered environmental conditions, are now critically endangered. The Italian Marine 
Ecosystem Restoration project (PNRR MER), funded by the Next Generation EU (budget 
line M2C4 I3.5) to the Italian Ministry of Environment, and implemented by the Italian 
Institute for Environmental Protection and Research (ISPRA), aims at actively restoring O. 
edulis reefs in this basin. Seven large-scale interventions located along a latitudinal 
gradient from the northern to the central Adriatic Sea, from 14 to 29 m depth, and from 2,5 
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to 5 nM off the Italian coastline, are implemented. The restoration strategy involves 
deploying a stable broodstock of O. edulis and various hard substrates suitable for larval 
settlement: limestone rubble, bioclast-filled gabions, and materials with bioengineered 
shells coating. Oysters are elevated from the seafloor and housed in metallic frames to 
prevent predation. Sites are protected by anti-trawling structures, and buoys are installed 
for environmental monitoring. Oysters are sourced from local wild populations and ad-hoc 
aquaculture practices. Genotyping of oysters has been carried out to investigate the genetic 
structure of wild and hatchery oysters used in the restoration sites. Oysters were analysed 
for health conditions and notifiable diseases for epidemiological evaluations. During the 
initial phase (April-June 2025), approximately 7 tonnes of adults and 2 tonnes of sub-
adults were cumulatively deployed in the restoration sites over 486 metallic frames (adult 
oyster densities 0.50-2.34kg/m², ca. 5-50 ind./m², depending on specimens’ size). 3360 m² 
of shell substrates, 14800 m² of limestones and 140 anti-trawling blocks were installed. 
The deployment of substrates and oysters will be finalised by June 2026. The project 
marks a crucial step towards the restoration of O. edulis reefs and their vital ecosystem 
services in the Adriatic Sea. 

Key words: Mediterranean Sea, Overexploitation, Substrates, Upscaling Restoration, 
Oyster reefs  
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Abstract: The underwater soundscape, which is a compilation of sounds originating from 
biological and physical processes in a habitat, is an important cue used by many (marine) 
organisms to locate and settle into a suitable habitat. For animals that are sessile or sedentary 
as adults, finding a suitable substrate is critical as it is determinant for their survival and 
reproduction. Recent research suggests that the Pacific oyster (Magallana gigas) uses 
conspecific oyster reef sounds as a settlement cue. Native (flat) oyster (Ostrea edulis) beds 
were once a major component of the North Sea but have largely disappeared from the region 
since the 19th century. Currently, flat oyster restoration is taking place at a number of 
locations in the North Sea. However, to our knowledge, none of these restoration efforts has 
tested acoustic enrichment to enhance larval settlement of flat oyster larvae. In the RESO 
project we experimentally expose flat oyster larvae to the sounds of conspecific oyster beds 
to test the effect of conspecific acoustic cues on larval settlement. Four racks with 40 sealed 
transparent plastic tubes containing individual flat oyster larvae in filtered sea water with 
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food will be placed in tanks (1 rack per tank). Using underwater speakers, we will expose 
two of the tanks to recordings of flat oyster beds, and two tanks to recordings of soft 
sediment as a control. We will monitor settlement after 4 hours, 24 hours and 48 hours. After 
48 hours, the settlement process will be stopped by euthanizing the larvae with ethanol, 
allowing us the time to monitor for metamorphosis. The experiment will be repeated, 
resulting in a sample size of 160 per treatment / control. Results will be presented. We expect 
larvae exposed to the conspecific treatment to have settled faster and at higher rates than the 
control group.  

Key words: Acoustic enrichment, flat oyster, restoration, underwater soundscape 
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BETTER OYSTER OUTPLACEMENT & SEEDING TECHNIQUES 

(BOOST) PROJECT 
Free R.D*1, Brongersma R1. and Haage S.1 

 
1 Boskalis, Papendrecht, The Netherlands. 

renske.free@boskalis.com, robijn.brongersma@boskalis.com 
 
Abstract:  
The North Sea's seabed once consisted of about 30% shellfish reefs, mainly the European 
flat oyster (Ostrea edulis), now classified by the IUCN as 'collapsed'. In the Netherlands, 
projects have begun to explore restoration methods, but face challenges in economic 
feasibility, oyster cultivation, monitoring, upscaling, and decommissioning. Oysters require 
hard substrates for settlement and reef development, which can be provided by offshore 
wind farm infrastructure like rocks in scour protection. Boskalis, with partners BlueLinked, 
Advanced Tower Systems, De Rijke Noordzee, Lobster Robotics, Wageningen University 
& Research, has tested a scalable oyster restoration method in the Better Oyster 
Outplacement & Seeding Techniques (BOOST) project. The project assesses the 
ReefBooster concept: a small 3D degradable structure developed by BlueLinked for oyster 
spat settlement, deployable on small and large scale to initiate reef restoration.  
The project had two main phases: the first analyzed oyster settlement on ReefBoosters in a 
controlled hatchery environment, focusing on bio-receptiveness and settlement rates. 
ReefBooster's substrate compositions were evaluated for spat settlement, marine life 
attachment, and degradability. Hatchery experiments used 240 ReefBoosters with four 
material compositions. AI image analysis was tested to identify and measure spat growth. 
The second phase assessed the ReefBooster’s nearshore performance. With Boskalis as 
contractor, installation experiments were performed during which 4,000 ReefBoosters were 
installed with Boskalis equipment in Rotterdam harbour. Deployments included 
Reefboosters with and without spat across four plots. Different techniques were used: 
scalable crate systems, line installation, and larger vessels for upscaling in future projects. 
Monitoring was performed using an ROV.   
Results indicated no statistical difference in oyster settlement across materials and 
biodiversity assessments after one year. Installation pilots proved effective for nearshore 
deployment and scalable for larger projects. Innovations like the ReefBooster concept can 
enhance oyster restoration potential in the offshore wind market, adding considerable value 
to current and future projects. 
 
Key words: Remote setting, Artificial substrate, Flat oyster  
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THE LAST NATIVE OYSTER BEDS IN NOUVELLE-AQUITAINE: 
DISTRIBUTION, HABITAT DESCRIPTION AND CONSERVATION 

STATUS 
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isabelle.arzul@ifremer.fr 
5 LEMAR, Ifremer, 29840, Argenton en Landunvez, France 

stephane.pouvreau@ifremer.fr 

Abstract: In France, the most well-known native oyster’ beds are in Brittany and have 
been the focus of several leading research initiatives for ten years. However, historically, 
other Ostrea edulis beds also exist along the west Atlantic coast, particularly in Nouvelle-
Aquitaine. The most recent data on these southern populations date back to the 1980s. The 
REFONA 1 and 2 research projects, conducted in Nouvelle-Aquitaine since 2021, aim to 
inventory the remaining native oysters’ populations, assess their current condition, and 
identify potential pressures, including habitat degradation, predation, disease, and 
pollution. These efforts are intended to inform and support future restoration and 
conservation strategies. In the present study, and with the help of historical reports, a total 
of 1952 sites along the Nouvelle-Aquitaine coast were sampled and 32% of them showed 
the occurrence of O. edulis precisely in Arcachon bay and in the Pertuis Charentais. This 
represented 26,6 km² with an average of 0,1 flat oysters per square meter. They can also be 
found from the foreshore to deep subtidal sites. Overall, the conservation status of these 
remnant populations is low according to NORA scale: oysters were often found rolling on 
the ground, fixed on anthropic structure or on rocks, shell fragments and rarely aggregated. 
On rare occasions, density could reach up to 1 to 4 individuals per square meter. 
Recruitment monitoring indicated potential O. edulis reproductive activity in Nouvelle-
Aquitaine, as evidenced by the presence of juvenile individuals at a few locations. The 
detection of Marteilia refringens and Bonamia exitiosa in some oysters from two 
monitored sites needs to be confirmed with other sampling. These data suggest that there is 
no more functional native oyster habitat in Nouvelle Aquitaine, but rather several residual 
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fragile populations, urging the need for conservative and/or restorative actions. Some first 
initiatives have already started with a conservative aquaculture trial of O. edulis in the 
Nouvelle-Aquitaine marshes. 
 
Key words: Oyster distribution, Flat oyster conservation, conservative aquaculture 
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FROM AQUACULTURE TO ECOSYSTEM RESTORATION: 
LESSONS FROM OSTREA EDULIS RESTORATION EFFORTS IN 

QUIBERON BAY, FRANCE 
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1Seaboost, Plougoumelen, FRANCE.
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stephane.pouvreau@ifremer.fr 

 

Abstract: Quiberon Bay (Brittany, France) offers a singular context for Ostrea edulis 
restoration, where long-standing aquaculture activities have maintained a reproductive stock 
large enough to sustain significant larval abundance and natural spatfall. Our work provides 
a synthesis of recent research and field observations exploring how this aquaculture legacy 
can support large-scale ecological restoration, and conversely, how these restoration efforts 
can in turn benefit aquaculture. 
We first demonstrate a positive correlation between the abundance of broodstock oysters 
and the larval abundance in the water column, reinforcing the bay’s potential for restoration 
via local spat collection—unlike most European sites that rely on hatcheries. However, 
yields associated to oyster seeding by farmers reveal very low survival rates (<5% after three 
years), largely due to intense predation, individual (non-aggregated) oyster deployment, and 
low natural recruitment on bare sediment and degraded sea bottom. 
To overcome these limitations, we designed an alternative restoration method based on reef-
like aggregation of oysters on structured substrates based on previous studies (FOREVER 
& REEFOREST projects). Preliminary results show promising survival, with restored 
densities exceeding 20 individuals per m², reaching levels favourable for reef resilience. As 
demonstrate previously, this approach appears to enhance resistance to predation and could 
support the development of self-sustaining oyster beds. 
Our findings highlight the need to bridge aquaculture practices and ecological restoration 
science. While oyster farmers already perform actions akin to restoration, these efforts partly 
lack a broader ecosystem vision. Scaling up restoration will require co-designed methods 
that integrate ecological goals with aquaculture logistics, including predator control, 
substrate recycling, habitat connectivity and more generally stakeholder engagement. 
Quiberon Bay represents an ideal setting to develop a regenerative and original aquaculture 
model aligned with the EU Nature Restoration Law, combining ecological resilience and 
coastal socio-economic sustainability. 

Key words: Aquaculture, Regeneration, Upscaling 
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RESTORING FLAT OYSTERS IN SENSITIVE HABITATS: 
INTRODUCING A NEW ECO-FRIENDLY METHOD 

 
Stéphane Pouvreau*, Simon Guéguen, Matthias Huber, Valérian Leroy and  

Abel Zempléni. 
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Abstract: Flat oyster restoration generally involves placing or enhancing substrates on the 
seabed. In France, particularly at a scientific pilot site in the Bay of Brest where oysters 
reproduce annually, various substrates, designs, and techniques have been tested over the 
past decade. Each year, using a standard protocol, substrates were deployed during the larval 
peak (early July) and monitored non-invasively to assess settlement, survival, growth, and 
biodiversity colonisation. Since 2015, our laboratory has trialled multiple restoration 
techniques, and this presentation focuses on the “eco-module technique,” currently 
considered the most advanced and eco-friendly method. 

Briefly, this innovative method attaches a small, compact collector made of material highly 
attractive to flat oyster larvae to the end of a wooden stick. Both are biodegradable within a 
few years. Elevating the collector protects it from predators and benthic pressures, enhancing 
juvenile survival and growth. After 3-4 years, the stick decomposes, dropping larger, less 
vulnerable oysters onto the seabed. The collector material then gradually degrades, leaving 
no long-term impact. Implemented at one eco-module per m², this approach can reach the 
reference habitat density (>20 oysters/m²) within 4-5 years. 

While evaluation is ongoing, results are highly encouraging. The method has no impact on 
surrounding habitats, is easy to deploy by consultancies, recreational divers, schools, or local 
associations, and where natural recruitment is insufficient, collectors can be pre-seeded in 
hatcheries and transferred to the sea at the optimal time. Scaling up has begun in France, and 
this technique has the potential to become a reference under the forthcoming Nature 
Restoration Law, demonstrating the feasibility of restoring the species even in very sensitive 
environments like Natura 2000 areas. 

Key words: restoration ecology, shellfish restoration, flat oyster recruitment, active 
restoration 
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Abstract:  
Coastal ecosystems are subject to a range of human pressures including pollution, habitat 
loss and overharvesting along with increasing pressures from climatic change.  Such 
pressures are known to impact key habitat forming species with subsequent impacts on 
biodiversity and ecosystem system service provision. As scientists and conservationists seek 
effective and sustainable solutions, native oysters emerge as a valuable nature-based tool for 
coastal habitat restoration and the management and improvement of biodiversity. 
 
Native flat oysters (Ostrea edulis) are known to provide a wide array of ecosystem services 
to combat human pressures (e.g., water clarification, wave energy dissipation, and coastal 
erosion protection).  To evaluate potential for future restoration of this species in Dublin 
Bay, this study selected three marina sites adjacent to historic oyster bed sites (Malahide, 
Poolbeg, and Dun Laoghaire) and established “oyster gardens” at all sites each with 100 
native oysters. Oysters were monitored for one year to determine which conditions 
reintroduced oysters would most thrive.  While all sites showed growth, the oysters in 
Poolbeg had the greatest increases in both shell height and weight, despite also having the 
lowest survival rates compared to the other sites.  The condition index of the oysters in 
Poolbeg were also the most similar when compared to oysters of a similar size in the source 
population of Tralee, with the highest condition index being found in Malahide.  Full growth 
and mortality results will be presented along with oyster shell and tissue condition, clearance 
rates, and respiration rates as additional measures of health, along with future plans for 
research. 
 

Key words: Native oysters (Ostrea edulis), Ecosystem services, Oyster gardens 
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ASSESSING OYSTER REEF RESTORATION CULTCH FOR 

REDUCTION OF CRAB PREDATION 
 

Julia M. Wolf1, Daniela E. Sganga1, Pernille Nielsen1, and Camille Saurel1  

 
1, Section for Coastal Ecology, National Institute of Aquatic Resources, DTU Aqua, Nykøbing 

Mors, Denmark 
 

Abstract: Predation on restored European flat oyster (Ostrea edulis) beds can critically 
undermine the success of restoration efforts. It is essential for successful restoration projects 
to select cultch types that mitigate predation. This study aims to investigate oyster spat 
survival on four different cultch types when exposed to green shore crab (Carcinus maenas) 
predation versus no predation controls. Under controlled hatchery conditions, oyster larvae 
were settled onto four cultch types: individual oyster shells (spat-on-shell), mesh bags 
containing oyster shells, oyster shells cemented in a flower-like pattern (flower), and oyster 
micro-cultch. Ten months after settlement, when oyster spat size ranged between 5 and 30 
mm, these four treatments were exposed to either crab predation or no predation for 72 hours. 
Results showed that all cultch types, except flowers, had a significant decrease in oyster 
survival compared to the treatments with no predation. For micro-cultch spat exposed to 
crabs, oyster survival sharply declined to 39% within the first 3 hours and 4% after 72 hours. 
For the spat-on-shell and mesh bag treatments, oyster survival declined at a faster rate within 
the first 12 hours of exposure compared to the subsequent 60 hours with a final survival of 
68% for spat-on-shell and 72% for bags. In contrast, flower structures maintained high 
oyster survival for the first 12 hours, but oyster survival steadily declined from hour 12 to 
72 reaching a final 78%. These results suggest that more complex three-dimensional 
structures, such as the flower design, offer more protection against crab predation than 
simpler or less protective structures such as spat-on-shells and micro-cultch. The findings 
provide insight into shore crab feeding behavior and oyster vulnerability across four 
different restoration structures, which can be used to guide future designs of restoration 
structures and could be tested on other local predators. This research highlights the 
importance of incorporating predation-deterrent structure designs to optimize oyster survival 
on restored flat oyster beds. This research is a part of DTU Aqua’s BioReef, COASTal Life, 
FØGU, and LTA Boost projects. 
 
 

Key words: Predation, Ostrea edulis, cultch, Carcinus maenas 
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A STRATEGIC ROADMAP FOR UPSCALING THE PROVISION OF
EUROPEAN FLAT OYSTER, OSTREA EDULIS, 
TO SUPPORT LARGE SCALE RESTORATION. 

Philine zu Ermgassen1, Joanne Preston2, Alison Debney3, Celine Gamble3, 
Morwenna Grigg3, Matt Uttley4 

1Changing Oceans Group, School of Geosciences, University of Edinburgh, James Hutton Rd, King's 
Buildings, Edinburgh EH9 3FE, UK. philine.zuermgassen@cantab.net 

2 Institute of Marine Sciences, University of Portsmouth, Ferry Road, Portsmouth, PO4 9LY, UK 
3Zoological Society of London (ZSL), Regent’s Park, London, NW1 4RY, UK. 

4Blue Marine Foundation, 3rd Floor South Building, Somerset House, London, WC2 R1LA, United 
Kingdom 

Abstract: 
Native oyster habitat restoration efforts frequently report difficulties in sourcing Ostrea 
edulis. We collected data from restoration projects and native oyster producers around 
Europe through a series of questionnaires and workshops to quantify and characterise the 
nature of the challenge in native oyster supply, as well as a vision for oyster supply in the 
future. These data were used to inform the development of a strategic road map to upscaling 
O. edulis supply in Europe to meet future restoration demand. The strategic roadmap was
developed during a two-day workshop with oyster producers from Europe, Australia and the
USA in October 2025. Key themes of training and skills, market forces, product
requirements and restorative aquaculture were discussed. Here we launch the strategic
roadmap to scaling up oyster seed production for ecosystem restoration efforts in Europe to
public consultation. We present the methods and findings of the roadmap and welcome
feedback and questions. The public consultation on the roadmap closes on 5th January 2026.

The project is funded by the Endangered Landscapes and Seascapes Programme and led by 
The Zoological Society of London, University of Portsmouth, University of Edinburgh and 
Blue Marine Foundation. 

Key words: hatchery, aquaculture, seed production 
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globally for over a decade. In the European context, Philine supported the NORA 
community as a member of the Secretariat from 2019-2021, developing, editing and writing 
sections of the NORA and Native Oyster Network UK and Ireland handbook series. More 
recently she has been working with The Zoological Society of London and the University 
of Portsmouth on various aspects of oyster and seascape restoration. 
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EUROPEAN FLAT OYSTER LARVAE ARE QUITE ROBUST: 
PROMISING REMOTE SETTING TESTS 

Camille Saurel1, Julia M. Wolf1, Pascal Barreau1, Daniela E. Sganga1

1, Section for Coastal Ecology, National Institute of Aquatic Resources, DTU Aqua, Nykøbing 
Mors, Denmark 

Abstract: Oyster remote setting is not yet common for the European flat oyster (Ostrea 
edulis) and is promising to optimize oyster supply. It presents the advantage of producing 
competent larvae in specialized flat oyster hatcheries whilst reducing both transport size and 
associated costs, as well as spat mortality during transport between hatchery and restoration 
sites. Moreover, under biosecure hatchery conditions it potentially reduces translocation of 
spat/adult oysters with co-travelers which could pose biosecurity threats to the restoration 
area.  

We tested at DTU Aqua hatchery the percentage survival of competent larvae immediately 
placed in settling tanks and after 1, 2, 3 and 4 days where larvae were kept at 5⁰C in humid 
gaze in a fridge to mimic transport. There was no significant difference between the 
settlement day in number of spat produced or percentage settlement except between day 0 
and day 2, where settlement rate was higher after two days kept in the fridge. Larvae are 
settled when they reach >50% eye spot, and this may suggest that more competent larvae 
could have developed leading to higher settlement rates. Percentage settlement varied from 
10 to 40% for a number of larvae placed to settle between 3125 to 25125. After 4 days (96h) 
kept at 5⁰C in humid gaze in the fridge, the percentage settlement was between 18 and 36%, 
indicating that larvae have similar settlement success as immediately settled larvae when 
>50% competent.

These results suggest that European flat oyster larvae are quite robust and easily 
transportable to remote settlement areas within EU boundaries where transport is usually 
below 4 days. Although, larvae were not physically transported and extra stress from 
transport vibration could lead to lower settlement success. Biosecurity measures for assuring 
disease-free larvae, broodstock origin matching genetic background of restored area and 
high genetic diversity of larvae, as well as adequate settlement procedures in the recipient 
area should allow successful optimization of spat production for restoration. This study was 
part of the BioReef and COASTal LIFE restoration projects. 

Key words: Remote setting, restoration, settlement, Ostrea edulis 
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TOWARDS SCALABLE REMOTE SETTING: COLD STORAGE AND 
TRANSPORT OF OSTREA EDULIS LARVAE 

 
Molly Hughes*1, Marco Dubbeldam2, Francesc Montserrat3, Boze Hancock4, and 

Annelies Declercq1
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3 North Sea department, ARK Rewilding Nederland, Nijmegen, THE NETHERLANDS 
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4 The Nature Conservancy, Arlington (VA), UNITED STATES OF AMERICA 

bhancock@tnc.org 
 

Abstract:  
 
Restoration of native oyster reefs (Ostrea edulis) in Europe increasingly relies on hatchery-
reared larvae to overcome limitations in natural recruitment and substrate availability. In 
particular, efforts to support remote setting require reliable strategies for collecting, storing, 
and transporting larvae to field sites. However, protocols for O. edulis are still under 
development, and little is known about the species' tolerance to cold storage and delayed 
setting. 
To facilitate scalable restoration, we need to address two key logistical bottlenecks: (1) the 
ability to pool larvae from multiple adult oysters across days in order to reach target 
quantities (e.g., two million larvae from diverse broodstock), and (2) the viability of 
transporting these larvae under refrigerated conditions to remote sites where setting will 
occur. Understanding how long larvae can remain viable under cold storage is essential for 
both steps. 
We present insights from completed and ongoing experiments investigating refrigerated 
storage duration and transport conditions for O. edulis larvae. While data analysis is still 
underway, preliminary findings suggest promising tolerance to short-term refrigeration, 
offering new opportunities for flexible logistics in restoration planning. These results will 
contribute to the development of robust protocols for larval handling and support the wider 
application of remote setting in native oyster restoration. 

Key words: Remote setting, Ostrea edulis, cold storage, larval transport, oyster restoration, 
hatchery logistics 
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REMOTE SETTING OF DISEASE-FREE OSTREA EDULIS SPAT-

ON-SUBSTRATE FOR MARINE NATURE RESTORATION 
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Abstract:  
Marine rewilding, or seawilding, is the activity of reinstating ecosystem processes and 
functioning provided by keystone ecosystem engineering species in the marine realm. 
Reintroducing viable and productive sub-populations of native European flat oyster (Ostrea 
edulis, Linnaeus 1758) is seen as an essential step in seawilding the North Sea in general, 
and the Netherlands’ coastal zone in particular. It was only fairly recently that disease-free 
native European Ostrea edulis oyster spat has been produced in The Netherlands. The 
infrastructure around the renewable energy transition in the North Sea brings with it the 
deployment of vast quantities of rock and other hard substrate types as scour protection, 
which can serve as a base for oyster larvae to settle on. However, hatcheries are typically 
not equipped to facilitate such large quantities of substrate for setting oyster larvae. Remote 
Setting is an approach in which the process of rearing larvae is separated from them settling 
on substrate to be outplaced. In a global first proof-of-concept, disease-free and -tolerant 
Ostrea edulis larvae were produced and collected at the hatchery, stored cold to simulate 
refrigerated transport, and subsequently released in separated indoor and outdoor containers, 
using clean oyster shells as settling substrate. Settling rates varied between 15 and 32 % and 
survival after 7 weeks suspended in the water was about 21 %. In summer 2024, the spat-
on-shell has been deployed in the Netherlands’ coastal zone either by ship in specially 
designed oyster cradles, or by hand during volunteer days, as part of the ARK Seascape 
Programme. The Remote Setting methodology has been proven successfully for European 
native Ostrea spat, and is ready to be upscaled and tested on suitable substrate for higher-
energy environments. 

Keywords: European flat oyster, remote setting, marine rewilding, offshore energy 
infrastructure, Nature-based Solutions  
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REEFCOVERY INOCULATOR: DEVELOPMENT OF A MOBILE, 
MODULAR OYSTER REMOTE SETTING FACILITY FOR ON-

SITE INOCULATION AND INTEGRATION INTO MARINE 
RESTORATION OPERATIONS  

Joe El Rahi*1, Molly Hughes2, Phara Cockaert1, Simon Petit1, Boze Hancock3, 
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Tom Baelemans2, Annelies Declercq2

1Jan de Nul N.V., Tragel 60, 9308 Hofstade-Aalst, Belgium. 
joe.elrahi@jandenul.com, vicky.stratigaki@jandenul.com 

2Ghent University, Laboratory of Aquaculture and Artemia Reference Center, 9000 Ghent, 
Belgium. 

molly.hughes@ugent.be, andclerc.declercq@ugent.be 
3Global Oceans Team, The Nature Conservancy, University of Rhode Island, Kingston, Rhode 

Island, USA. 
bhancock@tnc.org 
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Abstract: To support the restoration of the European flat oyster (Ostrea edulis) beds, the 
Reefcovery project aims to integrate restoration processes into current and future 
commercial marine operations and infrastructures. This is achieved by providing oyster-
inoculated substrates that serve two primary functions: scour protection (or cable 
protection) and the restoration of oyster populations. To deliver these en masse inoculated 
substrates, a mobile remote setting tank referred to as the “Reefcovery inoculator” has 
been developed. This inoculator consists of two standard TEU shipping containers, 
enabling smooth transport, deployment, and handling of “spat-on-substrate” on vessels. 
The inoculator consists of (1) a main inoculation container and (2) a second support 
container equipped with water treatment and heating systems. Both containers are open-
top, allowing crane access for the handling of substrates.  

The “Reefcovery inoculator” supports the entire remote setting process by introducing 
oyster larvae and algae feed into the inoculation tank. The water is circulated through the 
support container to maintain high water quality without the need for continuous external 
water supply. In addition to supporting the full remote setting process, the inoculator also 
serves as a growth tank for the oyster spat. This innovative design allows for flexible use 
both for onshore inoculation and continued support onboard during transport and 
installation of the produced “spat-on-substrate”. This improves spat survival and ensures 
smooth integration with marine operations, eliminating time constraints on holding “spat-
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on-substrate” on board the vessels prior to deployment. This newly developed mobile and 
modular remote setting facility aims at supporting large-scale flat oyster reef development. 

Reefcovery (HBC.2023.0394) is an “interdisciplinary cooperative research” project 
(ICON-Interdisciplinair Coöperatief ONderzoek), supported by the Flemish Government 
through VLAIO (“Flanders innovation & Entrepreneurship”).  

Key words: Ostrea edulis, remote setting, oyster reef restoration, “en masse” inoculation 
of substrates with oyster larvae, “spat-on-substrate” methods. 
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Abstract:  
 
The BELREEFS consortium has initiated Belgium’s first offshore restoration project for 
native flat oyster reefs in the North Sea, commissioned by the Federal Public Service Health, 
Food Chain Safety and Environment, and guided by members of the Native Oyster 
Restoration Alliance (NORA). This collaborative effort within the framework of the 
European LIFE Belgium for Biodiversity Programme, involving the marine contractor Jan 
De Nul Group, the Institute of Natural Sciences, Shells & Valves, and Mantis Consulting, 
aims to enhance marine biodiversity through innovative restoration techniques. 
 
Historically, flat oysters have played a vital ecological role as “ecosystem engineers”, 
creating habitats and supporting marine ecosystems. However, extensive oyster beds 
disappeared in the 19th century largely due to overfishing and habitat disturbances, while the 

47

mailto:shellsandvalves@gmail.com
mailto:shellsandvalves@gmail.com
mailto:bstechele@naturalsciences.be
mailto:yana.deschutter@health.fgov.be
mailto:senne.aertbelien@health.fgov.be


20th century saw further declines with the introduction of the parasite Bonamia ostreae 
playing a major role. 

Restoring offshore oyster reefs presents significant technical, logistical and biological 
challenges. Oysters are, for example, highly sensitive to the conditions of transport, 
settlement, and installation at sea, requiring multidisciplinary solutions. BELREEFS will 
provide crucial knowledge on how to – at large scale – restore reefs at offshore gravel bed 
areas where flat oyster beds historically occurred. Optimal sites were identified through 
extensive seabed evaluation and monitoring conducted in 2024. Natural protection of the 
pilot sites, especially with regard to hydrodynamic conditions and human activities at sea, 
also played an important role in the final site selection. 

Another key aspect of BELREEFS is the use of “spat-on-substrate” to kick-start new oyster 
reefs, produced both at the hatchery, and near the deployment areas through the “remote 
setting” technique. This method is complemented by rigorous substrate evaluations, 
ensuring both hydraulic stability and biodegradable properties are optimized for long-term 
reef sustainability. Additionally, cutting-edge deployment strategies have been developed to 
enhance oyster survival and ecosystem resilience. Moreover, comprehensive monitoring 
will track reef development and its biodiversity-supporting effect, assess ecological impact, 
and provide essential information for evidence-based management of the restoration area 
and future upscaling plans.  

This pioneering initiative represents a milestone in European marine conservation. The 
conference presentation will cover key aspects, including site selection, oyster larvae setting 
methods, substrate deployment techniques, and monitoring strategies that contribute to the 
long-term success and upscaling of offshore oyster restoration. 

Key words: large-scale oyster reef restoration, offshore oyster reef deployment, oyster 
larvae setting methods, oyster reef substrates, LIFE Belgium for Biodiversity  
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Abstract: The reproductive biology of Ostrea edulis is complex, characterised by 
hermaphroditism and fertilisation within the female pallial cavity, among other features. 
These characteristics pose challenges for monitoring reproductive stage and precisely 
controlling reproduction in culture. Within this dynamic reproductive system, mediated by 
endocrine and non-endocrine functional effectors, studies conducted at the Scottish 
Association for Marine Science have identified two key reproductive markers of interest: a 
visceral ganglion neuropeptide and gonadal glycoprotein. Gene expression analysis using 
RT-qPCR revealed that the neuropeptide showed a significant increase in expression during 
the reproductive season, in females maintained under tank conditions and those collected 
from the Loch Ryan oyster beds in Scotland. This expression pattern corresponded with 
gonadal development, specifically peaking in ripe or spawning female individuals. 
Similarly, expression of the gonadal glycoprotein increased significantly in females during 
the spawning season, aligning with the ripe gonadal stage. As hypothesised, the glycoprotein 
expression in males remained substantially lower and showed no significant variation with 
time or gonadal stage. These results suggest the glycoprotein as a putative marker of female 
reproductive development across the spawning season, while the significant increase in 
neuropeptide expression, particularly in spawning-stage females, indicates a potential role 
in the regulation or initiation of spawning, as found in other species. These markers offer 
insight to improve our understanding of reproductive regulation in this species and lay 
groundwork for developing tools to refine reproductive management in European flat oyster 
production. 
 

Key words: reproductive physiology, endocrine regulation, hatchery production, 
aquaculture 
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SHELL MORPHOLOGY RESPONSE OF EUROPEAN FLAT 
OYSTERS TO PREDATION AND TIDAL CUES 

Julia M. Wolf1, Daniela E. Sganga1, and Camille Saurel1

1, Section for Coastal Ecology, National Institute of Aquatic Resources, DTU Aqua, Nykøbing 
Mors, Denmark 

Abstract: Indirect predation cues and environmental changes can trigger phenotypic 
plasticity in prey, allowing them to modify their morphology and behavior to increase their 
chances of survival. To better understand these mechanisms in oysters, we exposed juvenile 
(11.2 ± 2.2 mm) European flat oysters (Ostrea edulis) to predation cues from large crabs 
and small crabs (Carcinus maenas) and to an environmental cue by simulating daily tidal 
changes as air exposure for 4h over 30 days. Juveniles exposed to predation cues from crabs 
exhibited significantly smaller shells than the control and air exposed oysters (p < 0.05). For 
juveniles in the upper 33-percentile of length, oysters exposed to small crab predation cues 
had significantly stronger shells compared to the control (p < 0.05). Preliminary observations 
suggest that the shells of juveniles exposed to crabs might have had an increase in dorsal 
shell growth. Juveniles in the air exposure treatment did not show significant shell isometric 
changes compared to the control, and there were no significant differences in shell strength 
between treatments. The data suggests that non-consumptive effects from crab predation can 
influence juvenile oyster shell isometry in only 30 days, while air exposure may not induce 
plasticity in the same period. We hypothesize that predator-induced isometric changes may 
effectively increase oyster survival against predation. Using indirect predation cues to 
develop robust oysters is a promising strategy for designing predator-resilient flat oysters 
and thus optimizing oyster survival on restored flat oyster beds. This research is a part of 
DTU Aqua’s BioReef, COASTal Life, FØGU, and LTA Boost projects.  

Key words: Predation, chemical cue, Ostrea edulis, resilience, Carcinus maenas  
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Abstract:  
European flat oysters (Ostrea edulis)—once widespread reef-builders supporting rich 
marine biodiversity—have sharply declined due to overfishing and habitat destruction, 
necessitating active restoration. At the same time, nature-inclusive design (NID) of offshore 
infrastructure, such as wind farms and artificial islands, presents new opportunities for reef 
rehabilitation. 
 
Full-scale stress tests have been designed to assess the mortality of oyster spat-on-rocks 
during handling and deployment. These rocks are used in marine infrastructure to protect 
foundations of offshore wind monopiles, cables, and caissons against scour. Insights gained 
will be used to develop large-scale deployment techniques and support upscaling of oyster 
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reef restoration, while maximizing spat survival. 

The experiments include physical simulations of oyster spat-on-rock deployment via fall 
pipe—a key large-scale installation method for reef substrates such as spat-on-rock 
considered in the REEFCOVERY project. The experimental setup is intended to isolate and 
evaluate the impact of various physical stressors—such as inter-rock collisions (before and 
after entering the fall pipe) and seabed impact—on oyster spat survival. 

REEFCOVERY (HBC.2023.0394) is funded by the Flemish Government (VLAIO) within 
the Blue Cluster focus areas, and is an interdisciplinary collaboration between industry 
partners—Jan De Nul Group (project coordinator), DEME, Resourcefull—and research 
groups from Ghent University. 

The full methodologies and findings will be presented at the conference. 

Key words: large-scale oyster reef restoration, upscaling offshore oyster reef deployment, 
stress testing of oyster spat-on-substrate, oyster (Ostrea edulis) reef substrates, nature-
inclusive-design of marine infrastructure 

52



 
 

 
Native Oyster Restoration Alliance Conference NORA6 

Cartagena (Spain), 24th-27th November 2025 
 

  
 

 
LARGE-SCALE APPLICATION OF REMOTE SETTING 

TECHNIQUE FOR FLAT OYSTER REEF RESTORATION: 
EXPERIENCE FROM BELREEFS 

 
Nancy Nevejan*1, Brecht Stechele2, Phara Cockaert3, Simon Petit3, Mathieu Wille4, 

Vicky Stratigaki3, Jan Fordeyn3   

 

1Shells & Valves, Ghent, BELGIUM 
shellsandvalves@gmail.com 

2MARECO, Institute for Natural Sciences, Brussels, BELGIUM 
bstechele@naturalsciences.be 

3Jan De Nul, Aalst, BELGIUM 
vicky.stratigaki@jandenul.com 

4Mantis Consulting B.V., Gentbrugge, BELGIUM 
mathieu@mantisconsulting.be 

 

Abstract:  

Reef restoration of the European flat oyster (Ostrea edulis) has been underway in Europe for 
over a decade. Research projects have supported small-scale trials and generated valuable 
insights into suitable materials, methodologies, risks, and potential failures. However, the need 
for large-scale interventions has become increasingly apparent to establish self-sustaining 
oyster reefs in the near future. 

One technique being widely studied for upscaling ends is remote setting. This work focusses 
on hands-on experience with this method using a recirculating aquaculture system (RAS) as 
developed and applied during the BELREEFS project, commissioned by the Belgian Federal 
Public Service Health, Food Chain Safety and Environment, within the framework of the 
European LIFE Belgium for Biodiversity Programme. This project aims at restoring flat oyster 
reefs on gravel beds in the Hinder Banks in the Belgian Part of the North Sea. Results of the 
remote setting operation will be presented and discussed during the conference oral 
presentation. An overview will be provided of how basic laboratory tests have evolved into 
container-scale oyster larval settlement practices. This work will also discuss various practical 
and economic considerations of remote setting, as well as biosecurity aspects which 
significantly influence the project setup.  

Key words: Ostrea edulis, Remote setting, Large-scale restoration, Recirculating Aquaculture 
System (RAS) 
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DEVELOPMENT OF THE REMOTE SETTING TECHNIQUE FOR 
FLAT OYSTERS IN THE NORTH SEA 

Nienke Oostenbrink1, Wouter van Broekhoven2, Marco Dubbeldam3, Francesc 
Montserrat4, Pauline Kamermans5, Jeroen Hubert6, Edwin Kardinaal7, Renate 

Olie8, Marcel van Veldhuisen9, and Iris Heemskerk10
 

1 Van Oord Ocean Health, Gorinchem, THE NETHERLANDS 
Nienke.oostenbrink@vanoord.com 

2 Van Oord, Rotterdam, THE NETHERLANDS 
Wouter.vanBroekhoven@vanoord.com

3 Stichting Zeeschelp, Kamperland, THE NETHERLANDS 
4 ARK Rewilding, Nijmegen, THE NETHERLANDS 

5 Wageningen Marine Research, Yerseke, THE NETHERLANDS 
6 Wageningen University & Research, Wageningen, THE NETHERLANDS 

7 Waardenburg Ecology, Culemborg, THE NETHERLANDS 
8 De Rijke Noordzee, Utrecht, THE NETHERLANDS 

9 TenneT, Arnhem, THE NETHERLANDS 
10 Port of Rotterdam, Rotterdam, THE NETHERLANDS 

Key words 

- Remote setting
- Spat on rock
- Port and harbour infrastructure
- Cable crossings
- North Sea

Abstract 

Oyster reef restoration contributes to a resilient and climate-robust ecosystem. To 
significantly increase the impact of restoration efforts, a sustainable, scalable and cost-
efficient technique to kick-start oyster reef formation is essential. In this light, the main 
objective of the RESO project is to develop and validate the remote setting technique for 
restoration of Ostrea edulis reefs. 

Remote setting was pioneered for commercial oyster culture in the United States from the 
1970s, but its application for oyster reef restoration is in its infancy. In essence, larvae are 
produced in a hatchery and are easily transported to a remote setting facility, which can be 
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located in any convenient staging area. The RESO remote setting facility is constructed in a 
modular and scalable fashion from standard shipping containers that are modified to hold 
seawater and a substrate outplacement mechanism, and are fed by a water treatment unit.  
When the oyster larvae are ready to settle, they are released into this seawater basin filled 
with rocks. Rock is piloted as settlement substrate since it is cheap, naturally occurring, 
stable, and commonly used on coastal and offshore infrastructure, making it an excellent 
material for upscaling reef restoration. 
 
The RESO project involves two consecutive deployments on coastal and offshore 
infrastructure, as the hard substrate provided by such locations provides suitable habitat for 
oyster reef formation. In 2025 we will deploy spat-on-rock in the Port of Rotterdam, 
followed by an offshore cable crossing of TenneT in 2026. A monitoring programme is 
adopted to follow the development of the spat. In addition, during the settlement period in 
2025, we also conduct a proof of concept experiment to test the impact of reef sounds on the 
settlement of the larvae.  
 
At NORA6 we will present the setup and process and showcase the 2025 deployment.  
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TWO YEARS OF OSTREA EDULIS PHYSIOLOGICAL 
PERFORMANCE IN A EUTROPHIC ECOSYSTEM 

Sebastián Hernandis*1, Rosa Alcaraz1, Ramón Filgueira2, Silvia Sanchez-Segarra1 
and Marina Albentosa1 

1 Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (COMU-IEO), CSIC, 
San Pedro del Pinatar, SPAIN 

sebastian.hernandis@ieo.csic.es, rosa.alcaraz@ieo.csic.es, 
silvia.sanchez.segarra@ieo.csic.es, marina.albentosa@ieo.csic.es 

2 University of Dalhousie, Halifax, CANADA 
ramon.filgueira@dal.ca 

Abstract: The Mar Menor lagoon, an hyperhaline lagoon located in the southeast of Spain, 
represents a striking example for oyster restoration and nature-based solutions (NbS). The 
once abundant flat oyster population in the lagoon has been declining over the last decades. 
Simultaneously, the ecosystem has degraded by an increasing threat of eutrophication. This 
situation culminated in 2016, with the collapse of the lagoon as a consequence of a 
microalgae bloom that resulted in anoxia, the erased of all life below 2m depth, and the loss 
of the ecosystem resilience. The flat oyster population was no exception, and at present only 
a few hundreds of individuals remain alive. 
The recovery of the flat oyster population and its ecosystem services is the main objective 
of the Mar Menor Oyster Initiative (MMOI, https://noraeurope.eu/spain-the-mar-menor-
oyster-initiative/). As one of the first steps to scale up the restoration process, 5,000 oysters 
bred in our hatchery obtained from wild Mar Menor oysters were placed in the lagoon for a 
two years follow-up of their physiology, growth and survival. The main goal was to test the 
capability of the oyster to survive to the current lagoon conditions, in a context of rising 
temperatures and a degraded ecosystem. 
The oysters had to resist two summers with several weeks of temperatures above 30ºC and 
peaks of 34ºC. After 20 months, total mortality was 50.67%, although mortality occurred 
mainly during the first summer (37.67%). Despite the extreme temperatures in summer and 
winter, the individuals maintained a constant filtration activity between 4 – 6 L g-1 h-1. Oyster 
shell length growth from 22.24 ± 4.34 mm to 55.19 ± 6.52 mm, and live weight from 1.51 
± 0.61 g to 24.92 ± 7.27 g.  
This study has been funded by MITECO through Fundación Biodiversidad (grant 
RESALAR). 

Key words: Ecosystem services, bioextraction, eutrophication, flat oyster. 
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BALANCING ENERGY TRANSITION AND BIOGENIC REEFS: 

LESSONS LEARNED FROM THE NORTH SEA 
 

Karin Didderen*1, Wouter Lengkeek1 Caterina Coral2 Pauline Kamermans3,4, 
Remment ter Hofstede5,6, Tjisse van der Heide2, Tjeerd Bouma2

 

 
1 Waardenburg Ecology - BESE, Culemborg, NETHERLANDS. 

k.didderen@waardenburg.eco 
2Royal NIOZ, Yerseke, NETHERLANDS 

3 Wageningen Marine Research, Yerseke, NETHERLANDS 
4 Wageningen University Research - MAE, Wageningen, NETHERLANDS 

5Van Oord, Rotterdam, NETHERLANDS 
6TU Delft, Delft, NETHERLANDS 

 
 

Abstract: The complex interaction between offshore wind development and subsea habitat 
protection and restoration has recently gained much attention. Opportunities for 
‘ecofriendly’ or ‘nature-inclusive’ designs as well as risks for alteration and destruction of 
benthic ecosystems are in focus. In this light North Sea ReViFES focused on providing a 
scientific base for enhancement of valuable North Sea reefs, including native oyster, mussel, 
stone and worm reefs, while simultaneously increasing our understanding of what services 
reefs can deliver and how these can be optimized within reef restoration. Since then, we 
collected data in a four-year scientific research project studying natural reefs and reef 
enhancement options in the North Sea. Studies including lab and field experiments and 
stratified sampling of reef versus no-reef areas helped with filling in important knowledge 
gaps. We share valuable lessons learned, including 1) ecosystems services of natural reefs, 
2) hatchery and settlement techniques for Ostrea edulis, 3) offshore restoration principles 
and techniques related to marine infrastructure, and 4) guidelines for future reefs in wind 
farms. We will present a new open-access resource that compiles and summarizes the 
findings discussed above, providing broader accessibility and practical guidance with direct 
links to recently published scientific studies. Additionally, we will showcase 
interdisciplinary examples where a diverse group of end-users—including NGOs, 
government bodies, and companies—have successfully translated scientific insights into 
real-world applications throughout the course of the project. 

Key words: native oyster, biogenic reef, ecosystem services, North Sea 
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COLLAPSED EUROPEAN OYSTER REEFS MUST BE 
RESTORED AT ECOSYSTEM SCALES 

Philine zu Ermgassen1, Joanne Preston2, William Sanderson3 

1Changing Oceans Group, School of Geosciences, University of Edinburgh, James Hutton Rd, King's 
Buildings, Edinburgh EH9 3FE, UK philine.zuermgassen@cantab.net 

2 Institute of Marine Sciences, University of Portsmouth, Ferry Road, Portsmouth, PO4 9LY, UK 
joanne.preston@port.ac.uk 

3 Institute of Life and Earth Sciences, School of Energy, Geoscience, Infrastructure and Society, Heriot-Watt 
University, UK. W.G.Sanderson@hw.ac.uk 

Abstract: 

Ostrea edulis reef ecosystems are collapsed, but were once a dominant feature of European 
seascapes. Recent increasing restoration efforts demonstrate a shift in action, but are 
diminutive compared to the ecosystem's former extent, and far below what is required to 
restore functioning oyster reef ecosystems. Therefore, to meet international nature recovery 
targets, restoration goals must move beyond consideration of native oysters as features of 
habitats towards native oyster reefs as biogenic ecosystems, several hectares in size, and 
functionally connected at the km2 scale.  

A functioning European native oyster reef ecosystem requires larval connectivity at the 
metapopulation scale, to ensure sustained recovery of biodiversity and resilient oyster reef 
ecosystems. Large scale restoration is also needed to evidence ecosystem function and 
services. This knowledge gap remains a barrier in improving public understanding of oyster 
reef restoration and development of pathways to finance. 

As individual member states of the European Union seek to determine the area to be restored 
in their Nature Restoration Plans in response to the Nature Restoration Regulation, it is 
critical in the case of European native oyster reef ecosystems, that the recently established 
historical baseline is referred to, rather than the ecological inappropriate baselines of the EU 
Habitats Directive from the 1990’s. In addition, ecosystem scale restoration in the busy 
European seas will only happen if marine spatial planning incorporates restoration at the 
appropriate scale, practical barriers are overcome to increase cost effectiveness, and the 
public and policy makers understand and engage with the benefits of restoration at scale.  

Key words: Scaling up, historical ecology, reference state, shifted baseline 
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FOLLOWING-UP RESTORED REEFS: 
SOLENT OYSTER RESTORATION PROJECT 

B. Hobbs *1, L. Helmer1, M. Uttley1, R. Wright 1, J. Murray 1, B. Bevan1, L.
MacCallum 1, F. Woods 2, Z. Morrall 3, H. Craig 3, J. Preston 3 

1 Restoration Team, Blue Marine Foundation, London, UK. 
2 Ocean and Earth Science, University of Southampton, Southampton, UK 
3 Institute of Marine Sciences, University of Portsmouth, Portsmouth, UK  

*Barny@bluemarinefoundation.com

Abstract: 
The Solent Oyster Restoration Project, established in 2014, began working with oyster 
nurseries suspended beneath pontoons, the licence process for this activity was relatively 
quick and an active fishery was present at the time with oysters bought back from the fishers 
to retain the larval output into the Solent. This network reached a peak of 12 sites across the 
Solent in 2017 and calculations from the contents of brooding oysters showed that over one 
billion larvae were released from the brooding adults (21 per cent of the total population) in 
that year alone. The lessons learned enable the foundation of the Wild Oysters Project and 
the creation of the Guide to Oyster Nurseries UK & Ireland, which several projects have 
now used. 

While this was taking place in the field, the site selection process with several stakeholders 
was undertaken to determine suitable seabed sites to scale up restoration efforts. The 
introduction of a ban on bottom-towed gear in many areas of the Solent provided the basis 
for these areas. The licencing process for this activity was more complex, time consuming 
and there is no framework for restoration activities. The costs associated with marine 
licences are also eyewatering. 

To date, two areas of seabed reef covering 0.6ha have been created and extended in 2021 
and 2023, with a third reef planned for 2026. The project now also sits within the Solent 
Seascape Project and aims to reach a total of 4ha of restored oyster reef. The approach taken 
has been shell and gravel cultch enhancement with live oysters deposited on top of this. 

This talk will cover the progress to date and preliminary results from the ongoing monitoring 
programme. Importantly, many of the lessons learned, challenges faced and successes of the 
project to date will be presented.  

Key words: Oyster reef restoration, biodiversity, larval settlement 
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SEASCAPE CONNECTIVITY: EVIDENCE, KNOWLEDGE GAPS 
AND IMPLICATIONS FOR TEMPERATE COASTAL ECOSYSTEM 

RESTORATION PRACTICE AND POLICY 

Joanne Preston*1, Celine Gamble2, Alison Debney2, Philine zu Ermgassen3 (et al)

1 Institute of Marine Sciences, University of Portsmouth, Ferry Road, Portsmouth, PO4 9LY, UK 
joanne.preston@port.ac.uk 

2 Zoological Society of London (ZSL), Regent’s Park, London, NW1 4RY, UK 
3Changing Oceans Group, School of Geosciences, University of Edinburgh, James Hutton Rd, King's 

Buildings, Edinburgh EH9 3FE, UK philine.zuermgassen@cantab.net 

Abstract 
Temperate coastal marine ecosystems have undergone severe global loss and degradation. 
International goals to restore planetary resilience through climate mitigation, reversing 
biodiversity loss and ameliorating pollution are set out by key international policy 
frameworks, namely: the United Nations Framework Convention on Climate Change, 
Global Biodiversity Framework and the Sustainable Development Goals. Here we provide 
a logical framework for marine ecological connectivity and present evidence that 
connectivity plays a key role in achieving these international policy targets through 
maintenance and delivery of ecosystem functions and services.  

We provide a conceptual framework for ecological connectivity in marine systems and 
evidence for ecological connectivity across temperate coastal seascapes, developed through 
expert consensus and structured review. Evidence of structural and functional connectivity 
across temperate biogenic habitats, including oyster reefs, seagrasses, saltmarsh and 
macroalgae, is framed around nutrients, carbon, trophic connectivity, and biodiversity loss. 
We demonstrate that ecosystem functioning, and the delivery of ecosystem services require 
the existence of a healthy mosaic of coastal habitats, maintained by the exchanges of matter 
and energy between them. Based on this evidence, we define a seascape approach to 
restoration and provide recommendations to deliver seascape restoration of coastal habitats 
to support the targets set by the 2021-30 UN Decades of Ocean Science and Ecosystem 
Restoration. Acknowledging the interconnected nature of coastal ecosystems has 
implications for policy. We identify opportunities and actions to support nature recovery 
and integrate policy frameworks across climate and biodiversity agendas to achieve 
international goals for planetary resilience. Finally, we advocate that a seascape approach, 
that restores connectivity and optimal structure-function relationships, is crucial for 
successful ecosystem restoration.  

Key words: Seascape, connectivity, policy, restoration, biodiversity 
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FOUND A HOME OR DRIFT AWAY: LARVAL DISPERSAL 
MODELS AS SUPPORT TOOL FOR RESTORATION 

 

Santiago E. A. Pineda-Metz*1, Lara Schmittmann2, Vera Sidorenko3, Alexey 
Androsov3, Sara Rubinetti4, Bernadette Pogoda1 

 
1 Ecological Restoration, Sea Shelf System Ecology, Alfred Wegener Institute Helmholtz Center 

for Polar and Marine Research, Bremerhaven, GERMANY. 
santiago.pineda.metz@awi.de, bernadette.pogoda@awi.de 

2 GEOMAR Helmholtz Center for Ocean Research Kiel, Kiel, GERMANY. 
lschmittmann@geomar.de 

3 Coastal Ecology, Alfred Wegener Institute Helmholtz Center for Polar and Marine Research, 
Bremerhaven, GERMANY. 

vera.sidorenko@awi.de, alexey.androsov@awi.de 
4 Department of Sustainable Development and Ecological Transition, Universita’ degli Studi del 

Piemonte Orientale “Amedeo Avogadro”, Piemonte, COUNTRY. 
sara.rubinetti@uniupo.it 

 
Abstract: Habitat loss, overfishing, and infectious diseases have led to the functional 
extinction of reef habitats worldwide. For long-term success of restoration measures, natural 
larval dispersal is crucial to sustain and expand populations at the initial sites and beyond. 
Focusing on oyster reef habitat restoration, we aimed to assess the connectivity between 
ongoing restoration sites, their self-recruitment capacity and connectivity to other potential 
settlement sites for European flat oyster Ostrea edulis in the southern North Sea as a case 
study. We applied biophysical dispersal simulations based on the hydrodynamic ocean 
model FESOM-C and a Lagrangian tracking module to predict larval dispersal from current 
offshore restoration sites in the German and Dutch sectors of the North Sea. Overall, a high 
larval retention potential was found for the area of the Natura2000 MPA Borkum 
Reefground. This confirms that the designated upscaling of restoration sites in Borkum Reef 
Ground can benefit from self-recruitment and act as potential larval sink for adjacent 
restoration efforts or desired spill-over effects. Furthermore, low direct connectivity across 
the MPAs Borkum Reef Ground and Sylt Outer Reef was observed. However, existing hard 
substrates were predicted to act as potential stepping-stones between restoration sites. 
Comparing dispersal under typical (W and SW wind) and non-typical wind conditions based 
on long-term wind trends, we found high variability in direction, dispersal distances and 
connectivity depending on the environmental conditions. In this study, we show that 
interdisciplinary approaches can facilitate understanding of highly dynamic environments 
and complement holistic restoration efforts. We provide dispersal maps to inform restoration 
and nature-based compensation measures in terms of site selection and future monitoring 
for larval settlement. 

Key words: Reef networks, European flat oyster, North Sea, FESOM-C  
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ROOM FOR IMPROVEMENT IN SITE SUITBILITY 
ASSESSMENTS FOR THE RESTORAITON OF EUROPEAN FLAT 

OYSTERS 
 

Emmy L. M. Cooper-Young*1, Lauren McWhinnie1, Mark Hartl1, Simon 
Waldman1, Gurjameer Ramday1, Alex Robertson-Jones1, Magnus Janson & 

William G. Sanderson1 

 
1, School of Energy, Geoscience, Infrastructure and Society, Institute of Life and Earth Sciences, 

Heriot-Watt University, Edinburgh, UNITED KINGDOM. 
*elc9@hw.ac.uk 

 
Abstract: European flat oyster (Ostrea edulis) reefs are globally ’Collapsed’ (zu Ermgassen 
et al. 2025). The environmental conditions in areas which once hosted thriving populations 
are largely unreported in contemporary studies and in some cases, may now no longer be 
suitable. Robust site suitability assessment must occur if restoration is to be successful and 
if efficiency gains are to be made. However, environmental conditions for oysters are often 
not based on empirically derived in situ data but lab-based studies, 100+ year old historical 
accounts, experiences from aquaculture and opinion derived from these sources.  
 
In the present study, the relationship between oyster density and substrate conditions were 
tested in Loch Ryan, the last remaining substantial wild oyster bed in Scotland, to determine 
optimum substrate for oyster restoration. The work was then used to describe environmental 
suitability for restoration in the Firth of Forth, Scotland. In situ benthic surveys were used 
to ground truth available sediment data layers for restoration. Environmental suitability was 
combined with other logistical and socioeconomic considerations in a Multicriteria-Decision 
Analysis-GIS framework and the importance of each suitability consideration was adjusted 
to plan for different restoration scenarios. Mixed sediment sites were associated with highest 
oyster density in the naturally occurring oyster bed, and therefore, the most appropriate 
substrate for oysters in the Firth of Forth. However, sediment substrate predictions at the 
restoration site were 68% correct. Areas of high suitability changed between 12.5% to 50.6% 
coverage in the different restoration scenarios. The present study shows that there is scope 
for improvement in the knowledge of the environmental envelope of European flat oyster 
reefs and readily available online sediment data layers. Furthermore, site suitability for 
restoration projects can vary substantially when different contemporary scenarios are 
considered.  
 

Key words: site selection, suitability modelling, ground truthing, knowledge improvement 
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EARLY STAGES OF THE BENTHIC COMMUNITY AT THE 

PILOT OYSTER REEF IN THE GERMAN NORTH SEA 
 

Santiago E. A. Pineda-Metz*1, Bernadette Pogoda1 

 
1 Ecological Restoration, Shelf Sea System Ecology, Alfred-Wegener-Institute Helmholz Centre 

for Polar and Marine Research, Bremerhaven, GERMANY. 
santiago.pineda.metz@awi.de, Bernadette.pogoda@awi.de 

 
Abstract: Ecological restoration assists an ecosystem recovery process including feasibility 
studies, the implementation of small-scale restoration pilots, and further monitoring and 
optimization, until an upscaling can be considered. For the restoration of biogenic reefs 
through marine protected area management, a pilot oyster reef of the European flat oyster 
(Ostrea edulis) was deployed in 2020 in the Nature2000 site Borkum Reef Ground in the 
German Bight. The two reef patches have been monitored by seabed imagery techniques 
one, two, four and five years after deployment. Preliminary results show a succession from 
a community dominated by motile and pioneer species such as Cancer pagurus and sagartid 
anthozoans, to a more developed reef community dominated by hydrozoans and anthozoans. 
The succession of reef associated fauna observed over the years was mainly driven by 
increases in abundance, diversity and coverage. Since 2022, we found indications of O. 
edulis settlement, suggesting that earlier detected larvae in plankton samples were eventually 
retained after released from the reefs. Albeit image quality and the presence of old shells 
deployed as cultch during reef construction made it difficult to confirm if all individuals 
were alive. The results reflect early to intermediate successional stages and provide 
important evidence of oyster survival, reproduction and settlement for offshore oyster 
habitat restoration.   

Key words: reef restoration, biodiversity, management tools 
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SHEDING LIGHT ON CURRENT OSTREA EDULIS OCCURRENCE 

IN SARDINIA (ITALY, WESTERN MEDITERRANEAN) AS A 
BASELINE FOR RESTORATION PURPOSES 

 
D. Grech *1, G. Brundu 1  

 
1 International Marine Centre (IMC), Loc. Sa Mardini, Torregrande, Oristano, Italy 

d.grech@fondazioneimc.it, g.brundu@fondazioneimc.it 
 

 
Abstract: Ostrea edulis is a benthic ecosystem engineer represented in numerous historical 
sources due to its historical economic and cultural importance. Natural populations declined 
in Europe due to high fishing effort, pollution and disease, and is currently recognised in the 
list of threatened and declining species and habitats, for which restoration measures are 
developed. Despite the documented importance of the species, there is a general paucity of 
current mapping in the Mediterranean Basin (except for the North Adriatic Sea). To fill this 
lack of knowledge for Sardinia Island (Italy), we retrieved all the available data and 
information on scientific and grey literature (publications, GBIF, OBIS portal, iNaturalist), 
as well as unpublished data from various IMC projects (LIFEPINNA, European Maritime, 
Fisheries and Aquaculture Fund ECOGESTOCK). A first spotted mapping of the species 
was produced for Sardinia, including a semiquantitative assessment (from 0 to 6) in 25 sites 
(gulfs, bays, lagoons and open seas) and a demographic assessment in Is Benas lagoon. The 
presence of hard substrates seems to be fundamental for the local recruitment and occurrence 
of isolated specimens or little populations, that never reach the banks densities of North 
Europe. A reduction of the abundance of the species has been empirically observed during 
last years, due to the striking reduction of Pinna nobilis populations, that acted as suitable 
substrate for larval settlement of O. edulis. Currently the species mostly thrive on artificial 
substrates (i.e. plastic debris, rusted iron, concrete or plastic pontoon and fishing gears or 
barriers). The availability of suitable substrate for larval settlement should be considered in 
future restoration of the species, both for ecological and/or commercial purposes. 
 
 

Key words: mapping, European flat oyster, assessment 

109

mailto:d.grech@fondazioneimc.it


mailto:sotero008@ikasle.ehu.eus
mailto:kristinaarantxa.arranz@ehu.eus
mailto:inaki.urrutxurtu@ehu.eus
mailto:leire.mendez@ehu.eus
mailto:maite.martinez@ehu.eus
mailto:maitane.perez@ehu.eus


 

 
 

 
Native Oyster Restoration Alliance Conference NORA6 

Cartagena (Spain), 24th-27th November 2025 
 

  
 
METAL BIOACCUMULATION IN THE OYSTER OSTREA EDULIS 

AND CRASSOSTREA SP. AFTER 72H ACUTE CD WATER 
EXPOSURES 

 
S. Sañudo*1, L. Méndez-Fernández*1, M. Martínez-Madrid1, Marina García1, I. 

Urrutxurtu1, K. Arranz1, M. Pérez-Cebrecos1 and I. Ibarrola1 

 
1 Department of Genetics, Physical Anthropology and Animal Physiology, Faculty of Science and 

Technology, University of the Basque Country (UPV/EHU), Leioa, SPAIN. *Corresponding 
authors. 

ssanudo002@ikasle.ehu.eus, leire.mendez@ehu.es, maite.martinez@ehu.eus, 
mgarcia429@ikasle.ehu.eus, iñaki.urrutxurtu@ehu.eus, kristinaarantxa.arranz@ehu.eus, 

maitane.perez@ehu.eus, irrintzi.ibarrola@ehu.eus 
 

Abstract: Marine bivalves hold significant ecological importance due to their high filtration 
capacity and water purification capabilities. This study investigated the toxicity of cadmium 
(Cd) under laboratory conditions in oyster specimens of Ostrea edulis from the Mar Menor 
lagoon in Murcia (Southwest Spain) and of Crassostrea sp. from the Plentzia estuary in 
Bizkaia (Northern Spain), in order to assess their metal remediation capacities. The 
hypothesis was that the increasing seawater Cd concentrations would increase 
bioaccumulation in tissues in similar degrees in both species. Exposed CdCl2 nominal 
concentrations in natural seawater were 0.1, 1 and 10 mg L-1. Oysters were maintained in 
5L glass vessels over the 72 hour exposure period, then they were dissected and oven dried 
(dry weight, dw). Afterwards, the oysters were acid digested and samples stored at -20ºC 
until analytical measurements were conducted. Actual Cd concentration, as well as the 
essential metals Cu and Zn, in seawater and tissue were measured by ICP-MS. The results 
showed that cadmium bioaccumulation in oyster´s tissue increased significantly with 
seawater concentrations for both species. Furthermore, significant differences with the 
controls were found in cadmium bioaccumulation at 1 and 10 mg L-1 exposure 
concentrations for both species. However, differential maximum of Cd concentrations in 
tissues were measured in each of the species (µg g-1 dw): up to 501.6 in O. edulis and up to 
271.6 in Crassotrea sp. In O. edulis, Cu and Zn tissue concentrations decreased while Cd 
seawater concentration increased. This trend was not observed for Crassotrea sp. These data 
may suggest that differential detoxification mechanisms are taking part in each of the 
species, which may involve reduction in uptake rate (by valve closure), storage as detoxified 
forms or higher elimination rates. Those findings are relevant for future use of each of the 
species in ecological restoration projects.  
 
Key words: oysters, metal pollution, bioaccumulation, bioremediation, nature based 
solutions 
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BIOLOGICAL RESPONSES OF OSTREA EDULIS ADAPTATION 

TO SALINITY CHANGES: IMMUNE AND SEX STEROID 
HORMONE LEVELS 

Piedad S. Morillo-Velarde 1,2*, Sebastián Hernandis1, Rosa Alcaraz1, Marina 
Albentosa1, Elena Chaves-Pozo1 

 
1 Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (COMU-IEO), CSIC.  
2 Departamento Biología Celular e Histología, Facultad de Biología, Universidad de Murcia 

 
Abstract: Anthropogenic modifications of the Mar Menor lagoon conditions drive the 
decrease of the Ostrea edulis population from more than 100 million of individuals during 
1980s and 1990s to less than 6 million in 2006 although currently only a few dozen remain. 
Between the changes observed in this period, severe fluctuations of salinity due to 
anthropogenic modifications of the water flows in the lagoon. Immune response and 
reproduction are essential process for population maintenance in nature. To know the ability 
of O. edulis to adapt to different salinity regimens we have analysed some immune activities 
and sex steroid hormone levels in O.edulis specimens subjected to different salinities (20, 
30, 40, 50 or 60 PSU) during one month. Oyster were sample at 48 h of the beginning (acute 
response) and at the end of the experiment (1 month; chronic response). Our data showed 
differences in the immune response and sex steroid hormone levels. Thus, the antiprotease 
and peroxidase activity decrease concomitantly with salinity increases, although this effect 
was only observed after long or short time of exposure, respectively. Interestingly, total 
bactericide activity did not show any alteration at any salinity or time. Regarding hormonal 
levels, differences in testosterone and estradiol levels were observed between low and high 
salinity conditions at short or long time of exposure, respectively. Interestingly, the chronic 
response to salinity modified the estradiol levels at salinities up or down to 40 PSU. 
Although further studies are needed to clearly clarify the functional alterations of immune 
and reproductive responses due to salinity increases, our data point to the fact that salinities 
higher than 40 PSU might negatively influence both responses.  
 
This work has been funded by MITECO through Fundación Diversidad (grant RESALAR), 
by the European Union NextGenerationEU/PRTR, MCIN/AEI10.13039/501100011033 and 
Fundación Séneca (grant ThinkInAzul programme: PRTR-C17.I1) and by MICIU/AEI 
/10.13039/501100011033 and FSE+ (RYC2023-042579-I grant to PSMV).   

Key words: Ostrea edulis, salinity, Mar Menor, immune response, reproductive welfare 
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OYSTER CSI: SURVEILLANCE STRATEGIES FOR BONAMIA 

OSTREAE USING NON-INVASIVE SAMPLING 
 

Thiviya Nair, Lone Madsen, Kamille Elvstrøm Krause, Daniela Eliana Sganga, 
Camille Saurel 

 
Technical University of Denmark 

thna@aqua.dtu.dk 
 

 
Abstract: Bonamia ostreae is a protozoan parasite that causes high mortality in European 
flat oysters (Ostrea edulis), posing major challenges for hatchery production and 
restoration. This study evaluated the use of passive eDNA samplers (PEDS) as a non-
invasive tool to detect the parasite under hatchery-relevant conditions. We tested different 
sampler materials, incubation times (2–14 days), water volumes (0.1–1 L), and 
temperatures (–1, 12 and 20°C), and compared them to traditional water filtration. We also 
validated synthetic oligonucleotides as improved qPCR standards. Results showed that 
detection improved with longer incubation and warmer temperatures, with 14-day 
incubations reaching up to 83.8% detection success. PEDS performance varied: 0.45 µm 
mixed cellulose membrane filters (MCEF45) retained more parasite DNA than cellulose 
sponges, which often degraded. Overall, water filtration using 0.2 µm mixed cellulose 
membrane filters (MCEF20) consistently outperformed passive methods in both general 
DNA yield and parasite detection. These findings help optimise eDNA-based surveillance 
of B. ostreae, offering practical applications for disease monitoring in bivalve aquaculture. 
 
Key words: Bonamia, flat oyster, disease, parasite, protozoa, filtration, decontamination, 
bivalves, aquaculture, water treatment 
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bivalves, as well as (vii) To encourage the development and dissemination of research on 
bivalves; (vii) To encourage public administration to develop policies that favour bivalve 
aquaculture and the restoration of bivalve populations; and (viii) To intensify relations with 
international organisations working for the recovery of wild bivalve populations and their 
ecosystem services.  
Among the participants of the network, many groups carry out research on the use of flat 
oyster (Ostrea edulis) for bioremediation and flat oyster restoration. In addition, we would 
like to integrate the knowledge on other bivalve species and other research groups that are 
not yet in the network, but share common objectives with those of BIVALNET enhancing 
the multidisciplinary and collaborative work on the ecosystem services offered by bivalves. 
BIVALNET (RED2022-134186-T) is funded by MICIU/AEI/10.13039/501100011033. 

Key words: ecosystem services, network, bivalves 

 

131



mailto:rosa.alcaraz@ieo.csic.es
mailto:sebastian.hernandis@ieo.csic.es
mailto:silvia.sanchez.segarra@ieo.csic.es


 

 
 

 
Native Oyster Restoration Alliance Conference NORA6 

Cartagena (Spain), 24th-27th November 2025 
 

  
 

 

PHYSIOLOGICAL PERFORMANCE OF NATIVE OYSTERS AS A 
BIOREMEDIATION TOOL IN A EUTROPHIC HYPERHALINE 

LAGOON 
 

Silvia Sanchez-Segarra1*, Sebastian Hernandis1, Ramón Filgueira2, Rosa 
Alcaraz1, Marina Albentosa1 

 

1 Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (COMU-IEO), CSIC, 
SPAIN. 

silvia.sanchez.segarra@ieo.csic.es, sebastian.hernandis@ieo.csic.es, rosa.alcaraz@ieo.csic.es, 
marina.albentosa@ieo.csic.es 

2 Dalhousie University, Halifax, CANADA. 
ramon.filgueira@dal.ca 

 
Abstract: The Mar Menor coastal lagoon (SE Spain) has undergone significant ecological 
deterioration in recent decades due to multiple anthropogenic pressures, resulting in 
eutrophication and loss of biodiversity. Within this context, the MIToYSTER project 
investigates the potential of restoring native oyster (Ostrea edulis) populations as a 
bioremediation strategy to extract excess nutrients and improve water quality. A central 
component of the project is applying the Scope for Growth (SFG) approach under real field 
conditions to investigate the physiological performance of flat oysters-environment 
interactions exposed to different environmental scenarios (including pollution) in the Mar 
Menor. The hypothesis is that pollution and eutrophication levels directly affect oyster 
performance and energy balance. The aim is to study the physiological processes linked to 
ecosystem functioning, including filtration (particle and phytoplankton removal), respiration 
(oxygen consumption), and egestion (feces production) over an annual cycle in three distinct 
areas: a control zone, a site affected by organic pollution, and another impacted by heavy 
metals. Oysters were deployed in the lagoon in February 2024. Seasonal sampling 
campaigns are being conducted to monitor oyster physiology in situ using portable, flow-
through systems aboard a solar-powered research catamaran (from WWF-Spain). Clearance 
and respiration rates are being measured onboard under ambient conditions, alongside 
environmental variables such as temperature, salinity, chlorophyll, and particulate matter. 
Absorption efficiency was also measured to complete the SFG estimation. Although the 
experiment is ongoing, preliminary physiological measurements suggest site-specific 
differences, potentially linked to local environmental stressors/parameters. Despite being 
early results, this study demonstrates the viability of applying SFG in the field as a tool to 
evaluate oyster performance under real-nature conditions, understanding oyster-
environment interactions, and ultimately supporting nature-based solutions in eutrophic 
coastal systems. 
MITOYSTER (PID2022-139616OB-C31) has been funded by 
MCIN/AEI/10.13039/501100011033 and by European Union. 
 
Key words: Ostrea edulis, bioextraction, natured-based solution, Mar Menor 
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OFFSHORE PILOT ROADMAP FOR THE RESTORATION OF 

OYSTER REEFS (OSTREA EDULIS)                                                             
IN THE BELGIAN PART OF THE NORTH SEA 

 
Simon Petit*1, Vicky Stratigaki2,3, Phara Cockaert1,                                                         

Joe El Rahi2, Jelle Evenepoel1, Jan Fordeyn2 

 
1Jan de Nul Group, Marine Environmental Department, Tragel 60, 9308 Hofstade-Aalst, Belgium. 

Simon.Petit@jandenul.com, Phara.Cockaert@jandenul.com, Jelle.Evenepoel@jandenul.com 
2Jan de Nul Group, Project Development & Conceptual Design Department, Tragel 60, 9308 

Hofstade-Aalst, Belgium. 
Vicky.Stratigaki@jandenul.com, Joe.ElRahi@jandenul.com, Jan.Fordeyn@jandenul.com 

3Ghent University, Coastal Engineering Research Group, 9000 Ghent, Belgium. 
 
 

Abstract: Restoring flat oyster (Ostrea edulis) reefs is essential yet complex, requiring 
innovative solutions, logistical expertise, and specialized marine operations. Jan De Nul 
Group, leveraging its extensive offshore experience, actively contributes to reef restoration 
through collaboration with scientific and governmental partners. This effort spans several 
projects that form the roadmap for offshore oyster reef pilots in the Belgian Part of the North 
Sea, including the completed UNITED project and the ongoing ULTFARMS, 
BLUECONNECT, BELREEFS, and REEFCOVERY initiatives. 

Following Native Oyster Restoration Alliance (NORA) recommendations, Jan De Nul 
Group and its partners focus on developing efficient large-scale restoration strategies aimed 
at kick-starting self-sustaining oyster reefs that will no longer require human intervention in 
the long-term. Our approach centers on installing oyster-facilitating structures or reef 
substrates, using either large industrial vessels or smaller vessels, depending on substrate 
type, cost, and required installation precision. Post-installation, reef development is closely 
monitored using Remotely Operated Vehicles (ROVs), camera systems, or divers to ensure 
continued growth. 

In the UNITED and ULTFARMS projects, Jan De Nul Group is developing Nature-
Inclusive Design and reef installation techniques for offshore wind infrastructure, 
integrating oyster reef restoration and multi-use principles within offshore renewable energy 
projects. Meanwhile, BELREEFS and BLUECONNECT focus on actively restoring oyster 
reefs in Natura2000 areas, where reefs and gravel beds once were present. REEFCOVERY 
is dedicated to scaling up industrial techniques for nature-inclusive offshore infrastructure 
and active reef restoration in offshore marine environments. 
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FINANCING MARINE RESTORATION THROUGH OFFSHORE 
WIND INVESTMENTS 

 
C.J. van Sluis1,2*, E. van Onselen1, L. Airoldi3,4, C.M. Duarte5, H.F.M.W. Rijswick6, T. van 

der Heide7,8, R. A. Olie1, M. Kelder1 and T.J. Bouma2,9,10  
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10 HZ University of Applied Sciences, Building with Nature group; Vlissingen, the Netherlands. 

 
Position paper accepted in BioScience 

 
Abstract: Offshore wind farms (OWFs) are proliferating globally across marine 
ecosystems. Will this be just another industry with extra pressures on already degraded 
ecosystems or can offshore wind support projects such as oyster reef restoration? We argue 
that alongside traditional avoidance, mitigation, compensation, and offsetting measures to 
reduce project-level OWF impacts, allocating a small percentage of OWF investments to 
marine restoration as a licensing fee for using marine space would catalyse large-scale 
marine restoration. Our analysis demonstrates that centralized nature-inclusive tenders and 
licencing fees can create substantial funds for marine restoration. This involves establishing 
large marine-protected areas and implementing active ecosystem restoration to help recover 
key habitats and species. Allocating just 1-5% of the projected US$6 trillion global offshore 
wind farm investments by 2050 to marine conservation and restoration, could restore oyster 
reefs across hundreds of thousands of square kilometres, creating a historic opportunity to 
achieve biodiversity goals on time.  

Key words: Habitat restoration, offshore wind licencing fees, biodiversity goals 
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ADVANCING NURSERY TECHNIQUES FOR NATIVE OYSTER 
RESTORATION: INITIAL RESULTS FROM THE HELGOLAND 

OYSTER NURSERY 
 

Mackay-Roberts, N., Araujo Piñeiro, N., Peter, C., Hoffmann, H., Freitas, P., 
Carta, T., Klingforth, L., Pineda Metz, S., Colsoul, B., Pogoda, B. 

 
Helgoland Oyster Nursery (HON) 

 
Abstract: 
Developments in European flat oyster (Ostrea edulis) hatchery practices have led to the 
application of a range of novel settlement substrates for use in restoration projects, including 
empty bivalve shells or artificial materials. Unlike the lightweight shell-cultch used in 
hatcheries for commercial single-seed oyster production, these heavier substrates present 
practical challenges for spat settlement and subsequent on-growing, particularly at scales 
relevant to ecological restoration.  
 
To address these challenges, the Helgoland Oyster Nursery (HON) was established in 2023 
as part of the PROCEED project in Germany. Since its inception, HON has been developing 
scalable nursery-stage culture practices suited to restoration-specific oyster products. Here 
we share insights and lessons from our initial trials, including the design and refinement of 
spat-holding systems, and preliminary observations on early growth and survival. 
Additionally, we present findings on optimising initial settlement densities to reduce 
density-dependent mortality during the on-growing phase of restoration products. 
 
The outlook for O. edulis restoration across Europe is increasingly promising, contingent 
upon the establishment of self-sustaining, reproductively active populations. With effective 
husbandry practices and predator management, intermediate nursery systems like HON can 
serve as critical interfaces between hatchery production and successful field deployment. An 
expansive application of such systems should help to facilitate the required supply of oysters 
for restoration efforts at meaningful ecological scales. 
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EXPLORING THE HISTORICAL RELATIONSHIP BETWEEN 
PEOPLE, OYSTER AND ECOSYSTEMS ALONG SCOTLAND’S 

WEST COAST, 1600 TO 1850 
 

Anna McGregor*1 and Carly McNamara2 
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UNITED KINGDOM. 
anna.mcgregor@glasgow.ac.uk,  

2 School of Celtic & Gaelic Studies, University of Glasgow, Glasgow, UNITED KINDGOM. 
carly.mcnamara@gmail.com 

 
 

Abstract: Although human reliance on oysters as a highly abundant and accessible food 
source is clear for periods of early human history, causes of declines in more recent years 
are more difficult to determine, especially in the periods prior to the mid 1700s. In addition, 
biases due to access to written record-keeping and easy transport links limit the available 
information on cultivation and trade in oyster along the west coast of Scotland.  This study 
explored the history of native oyster consumption and cultivation along the west coast of 
Scotland from about 1600 to 1850, using both cultural artefacts (idioms, songs and stories) 
and archival written historical records. These results suggest that the situation was very 
different to the later large-scale oyster industries along the east coast of Scotland, and 
perhaps experienced even earlier declines.  
 
Cultural evidence clearly indicates shellfish as a 'taboo' resource, only to be eaten when 
times were hard, but little specific mention of oyster has been found. However, historical 
records from the Argyll Estate Archives indicate oyster cultivation and consumption was 
present within the land-owning classes, with the earliest evidence coming from 1698 and 
farming being actively promoted as an industry by landowners during the early 1800s. 
Evidence exists for both cultivation of oyster and consumption within land-owning classes, 
but little evidence exists to indicate the presence of oyster cultivation within tenant classes, 
despite a high level of traditional knowledge present about other coastal mollusc species and 
seaweed. The significant extraction of seaweed from these areas likely had major effects on 
coastal ecosystems, which combined with overgrazing on land, led to their decline. Although 
this is an initial review, it suggests that oyster cultivation along the west coast of Scotland 
was very limited, which is important in understanding how to engage today’s coastal 
communities in this area with the need for restoration. 

Key words: historical ecology, cultural heritage, interdisciplinary perspectives 
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LARVAL DRIFT AND ENVIRONEMNT GRADIENTS AS DRIVERS OF 

POPULATION GENETIC STRUCTURE OF OSTREA EDULIS 
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4Kiel University, Kiel, GERMANY. 

 
Abstract: 
The European flat oyster was once widespread but has dramatically declined over the past two 
centuries, leading to fragmented, distant, and partially isolated populations. In response, 
restoration initiatives have surged across Europe, increasing the demand for data-driven 
strategies to guide effective conservation actions. Understanding population genetic structure, 
connectivity, and dispersal potential is crucial for selecting suitable restoration sites and 
designing resilient restoration networks. In this interdisciplinary study, we combined genome-
wide SNP data, larval connectivity, and oceanographic environmental variables (temperature, 
salinity, and geographic distance) to quantify the relative contributions of larval connectivity 
and environmental heterogeneity to the spatial genetic structure of North Sea O. edulis 
populations. To this end, we applied a redundancy analysis (RDA), using genome-wide genetic 
variation as the response variable, and larval connectivity and environmental information as 
explanatory variables. Larval connectivity was estimated from Lagrangian dispersal 
simulations performed over a high-resolution 3D hydrodynamic model during the spawning 
season (May–September). These biophysical simulations incorporated variable pelagic larval 
durations and explicitly accounted for interannual variation in ocean circulation by conducting 
yearly simulations from 2016 to 2023. Larval dispersal simulations revealed a high potential 
for self-recruitment in all analysed populations. Scandinavian populations appeared generally 
well-connected, with two key populations acting as stepping-stones between southern and 
northern Scandinavia, whereas Wadden Sea populations were isolated. RDA results showed 
that larval connectivity alone explained over 18% of the observed genetic variance, rising to 
28% when combined with average temperature and geographic distance. The multivariate 
model suggests that genetic variation in Wadden Sea populations is primarily driven by 
oceanographic isolation, whereas in northern Scandinavian populations, average temperature 
plays a stronger role. Together, these results may inform restoration site selection and improve 
our understanding of the drivers that shape genetic structure across fragmented populations at 
large spatial scales. 
 
Key words: North Sea, larval dispersal, particle tracking, population connectivity, redundancy 
analysis 
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