
ABSTRACTS

International Conference  
6th – 8th November 2023 
Middelburg, The Netherlands

 / secretariat@noraeurope.eunoraeurope.eu
Photo:  Matthias Huber, IFREMER



NORA 5  /  6th – 8th November 2023 



NORA 5  /  6th – 8th November 2023 3

09:00 Student Session

12:00 Lunch / Registration

13:00 Opening and Welcome
Hein Sas, 
NORA Foundation 
Welcome

Donné Slangen 
Director General of the Ministry of Agriculture, Nature and Food Quality of the Netherlands 
Opening Talk

Bernadette Pogoda 
Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research
Update on NORA activities

14:30 Speed Poster Session 
9 posters to be presented in a one-minute pitch presentation 
Chair: Tristan Hugh-Jones

15:00 Results of restoration pilots and scaling-up methods - Part 1 
Chair: Joanne Preston / Boze Hancock

Renate Olie & Eline Van Onselen 
North Sea Foundation / Rich North Sea
The Rich North Sea: intermediate results of flat oyster projects in wind farms 
and introduction of the Toolbox 12

Boze Hancock 
The Nature Conservancy
Demonstration of remote setting in the Ostrea genus and its use in scaling restoration 13

15:30 
Questions / Discussion

15:40 Coffee Break

16:10 Results of restoration pilots and scaling-up methods - Part 2 
Chair:  Boze Hancock / Joanne Preston /

Emma White 
Marine Institute
Monitoring of wild native oyster spat settlement using king scallop shell in Galway Bay, 
Ireland 14

Eric Harris-Scott 
Blue Marine Foundation
From research to reefs, the reality of challenges facing practitioners and researchers 
scaling up oyster restoration efforts in the UK 15

Juste Motuzaite 
ARK Rewilding Nederland
Voordelta: field deployment and lessons for scaling up 16

Stéphane Pouvreau 
IFREMER
REstoring European Flat Oyster Reefs & their Ecosystem Services on the  
French coasT: First results of the REEFOREST project 17
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Céline Gamble 
Zoological Society of London
The Wild Oysters Project: Early monitoring results and future scale-up 18

17:25 
Panel Discussion 
All speakers from session part 1 and part 2

17:50 Poster Session

19:30 Dinner 
Ticketed Event

9:00 Opening

9:10 Historical ecology and site selection 
Chairs: Brecht Stechele & Stéphane Pouvreau

Ruth Thurstan1 & Philine zu Ermgassen2 
1University of Exeter, 2Independent consultant and visiting fellow University of Edinburgh 
The world was our oyster: Historical records reveal the vast extent of past European 
flat oyster reef ecosystems 19

Emmy Cooper-Young 
Heriot-Watt University
Site selection for native oyster (Ostrea edulis) reintroduction in an extinct oyster bed 
using multicriteria analysis and reference sites 21

Brecht Stechele 
Ghent University
An aquaculture-restoration network analysis for flat oyster recovery in the North Sea 
and The English Channel 22

Carly McNamara 
University of Glasgow
Historic Gaelic place-names – markers for present oyster habitat? 23

David Smyth  
Ulster Wildlife
Remote and limited access; criterion worth considering in site selection for native 
oyster restoration 24

Lara Schmittmann  
GEOMAR Kiel
Quantifying the risk of disease dispersal to European flat oyster restoration sites by 
ocean modelling 25

10:25  
Questions / Discussion

10:45 Philine zu Ermgassen 
Independent consultant and visiting fellow University of Edinburgh
Applying the IUCN Ecosystem Red Listing Criteria to the European oyster reef 
ecosystem and policy implications 26

11:05 Coffee Break
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11:35 Biosecurity 
Chair: Hein Sas

Thiviya Nair 
Technical University of Denmark
Exploring Environmental DNA (eDNA) as a Tool for Detection and Monitoring  
of Bonamia ostreae in European Flat Oysters (Ostrea edulis) 27

Isabelle Arzul 
IFREMER
Evaluating the potential of eDNA-based approach to monitor flat oyster parasites 28

Nuala Hanley-Allport 
Heriot-Watt University
Investigating emerging environmental DNA methodology for the detection of Bonamia 
ostreas in stress in (Ostrea edulis) populations 29

12:05  
Questions / Discussion 
to harmonize views on eDNA-potential of Ostrea edulis biosecurity

12:30 Lunch

13:30 Production 
Chairs: Pauline Kamermans & Fiz da Costa

Nicolas Araujo Piñeiro & Bérenger Colsoul 
Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research
Helgoland-Oyster-Hatchery: An overview of achievements and implications for future 
solutions 30

Lillie Rindal 
DTU Aqua
Flat oyster broodstock cleaning treatments effect on bacteria levels and larvae  
production in hatchery 31

Gianni Brundu 
IMC Sardegna
The restoration of Ostrea edulis in the Mediterranean Sea: Recent progress in Sardinia 32

14:05 (10 minutes) 
Questions and Discussion

Marco Dubbeldam 
Stichting Zeeschelp
Hatchery production of flat oyster (Ostrea edulis) for Dutch restoration projects 33

Pauline Kamermans 
Wageningen Marine Research
Alternative scour protection materials can enhance flat oyster (Ostrea edulis)  
settlement 34

Anna Overwetter  
The Oyster Restoration Company
Utilising genetics to unlock the conservation efforts of Native flat oysters at The Oyster 
Restoration Company 35

14:50 
Questions / Discussion

15:00 Coffee Break
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15:30 Genetics 
Chair: Pierre Boudry

Pierre Boudry & Fiz da Costa 
IFREMER / Spanish Institute of Oceanography
When does genetics matter for production of native European oyster (Ostrea edulis) 
seed and restoration of populations? 36

Chloé Robert 
University of Gothenburg
Population structure of the historically preserved Scandinavian flat oyster populations 37

Linda Tonk 
Wageningen Marine Research
Genetic characterization of Ostrea edulis populations to assist choices in flat oyster 
restoration in the North Sea 38

16:15 
Questions / Discussion

16:30 Break

16:40 Monitoring Methods 
Chair: Boze Hancock / Joanne Preston

Joanne Preston 
University of Portsmouth
Assessing oyster habitat restoration across Europe through shared metrics – progress, 
ambition and purpose of the NORA monitoring working group 39

Zoé Morrall 
University of Portsmouth
Assessing fish populations using both historic and contemporary monitoring methods 
at restored native oyster reefs in the Solent 40

Magnus Janson 
Edinburgh Napier University
Assessing species richness and status of European flat oyster beds through analysis of 
soundscapes, eDNA and visual surveys 41

Gurjameer Ramday 
Heriot-Watt University
From Sea to (Data)Table: Trials & Tribulations of Monitoring Data Collection 42

Karin Didderen 
Waardenburg Ecology
Conservation of an European oyster reef: Understanding ecosystem and oyster  
dynamics to inform future strategies for protection 43

17:40  
Questions

18:00 Ideas / New Projects Session (interactive) 
5-minutes pitch presentations

18:45  
End of Session

19:30 The Rich North Sea Toolbox Session 
(2 hours)
Limited to 50 people. Sign up end of day 1. Food provided. Upon registration.
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Day 3  /  Wednesday November 8th, 2023
9:00 Opening

9:10 Ecosystem Services 
Chair: Eve Galimany

Fiona Woods 
University of Southampton 
Restoring ecosystem services: The impact of native oyster reefs on biodiversity  
in the Solent 44

Naomi Kennon 
Heriot-Watt University 
Oyster reef biodiversity enhancement: an ecosystem engineering perspective 45

Michela Iodio 
Heriot-Watt University 
Oysters in the light: the biodiversity of associated seaweed communities 46

Camilla Bertolini 
Ca' Foscari University of Venice 
MAREA: Matchmaking restoration, ecology and aquaculture 47

Alasdair Whyte 
University of Glasgow 
Oysters and shellfish in Scottish Gaelic songs, stories and sayings 48

10:10  
Questions / Panel Discussion

10:30 Coffee Break

11:00 Stakeholder involvement 
Chairs: Corina Peter & Celine Gamble

Nik Sachlikidis 
Cadman Capital Group 
Saving Our Oyster Reefs: A Science Meets Impact Investor-Based Approach to  
Commercial Restorative Aquaculture 49

Bernadette Pogoda 
Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research 
Offshore oyster restoration in mitigation scenarios: The happy stakeholder? 50

Cass Bromley 
NatureScot 
The evolving seascape for native oyster restoration in Scottish waters 51

Karel van de Wijngaard 
ARK Rewilding Nederland 
Seawilding Practitioner Track: Towards engagement and ambitious action in  
regenerating North Sea nature 52

11:50  
Questions / Panel Discussion
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12:10 Closing Session
Bernadette Pogoda1 &Hein Sas2 
1Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, 2NORA Foundation 
Wrap-Up and Summary

Raquel Yotti 
General Secretary of Research & Innovation of the Ministry of Science of Spain 
Videonote

12:30 Break

13:00 Excursion 
Registration required, with packed lunch (for all participants)

Day 3  /  Monday, November 7th, 2023

8NORA 5  /  6th – 8th November 2023 



9NORA 5  /  6th – 8th November 2023 

Poster Session - Results of restoration pilots and scaling-up methods
01 Joost H. Bergsma  

Outplacement of hatchery spat-on-shell:  
effects of different substrates, methods and timing on survival and growth 54

02 Ana Cerviño-Otero 
Pilot project for the restoration of native flat oyster beds in San Simón inlet (Galicia, NW Spain) 55

03 Carole Di Poi 
Will we be able to restore the flat oyster Ostrea edulis in a changing ocean? 56

04 Pascalle Jacobs 
Cost – effectiveness analyses of scenarios for European flat oyster restoration in an offshore 
wind farm 57

05 Thomas Kodger 
SeaCrete, a bio-based and bio-sourced alternative to concrete, used for flat oyster  
(Ostrea edulis) settlement 58

06 Wouter van Broekhoven 
Developing cost-effective oyster restoration techniques in offshore windfarms -  
The EcoScour project 59

Poster Session - Historical ecology and site selection
07 Fiz da Costa, Montserrat Ramón 

The fishery of the European native oyster (Ostrea edulis) in Mar Menor lagoon (SE of Spain)  
on the late-20th century 60

08 Lisbeth Damsgaard Jørgensen, Henrike Semmler Le 
BioReef: Restoring Biogenic Reefs for Biodiversity enhancement in Danish Waters 61

09 Jade Kirkpatrick  
The history of Ostrea edulis in Northern Irish waters; the value of archival information in pre-
sent day restoration initiatives 62

10 Rachel Millar 
Past, Present and Future Native Oyster Restoration Efforts in Northern Ireland 63

11 Brian Rice  
Restoration of native oyster (Ostrea edulis) reefs along Dublin’s coastline using artificial reef 
technology 64

12 Mateja Svonja  
Charting the importance of native oyster (Ostrea edulis) beds as biodiversity hotspots to  
establish baselines for ecological restoration 65

Poster Session - Production
13 Marina Albentosa 

Potential use of Mediterranean salines for the culture of the flat oyster: RESALAR Project 66

14 Ainhoa Blanco Garcia 
Pilot study on the natural diet of Flat oyster (Ostrea edulis) larvae in Lake Grevelingen 67
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15 Lotte-Julia Bouwman 
Improving flat oyster settlement: understanding larvae dynamics and evaluating the use of  
biodegradable settlement substrate in Lake Grevelingen, The Netherlands 68

16 Julius A. Ellrich 
Do waterborne cues by predators and prey induce shell thickening in European oysters? 69

17 Eve Galimany, Fiz da Costa 
The European native oyster (Ostrea edulis): history and status of the aquaculture industry 70

18 Philine zu Ermgassen - pitch presentation 
A European collaboration to identify the causes of crashes in Ostrea edulis hatchery production 71

19 Sebastián Hernandis 
Reproduction of the flat oyster (Ostrea edulis) in a hyperhaline lagoon 72

20 Hugo Koechlin 
An experimental platform to support the flat oyster restoration 73

Poster Session - Genetics
21 Yanwen Lian 

Control of the flat oyster reproduction in hatchery: histological and transcriptomic approach 
and effects of inducers 74

22 Sophie Valk - pitch presentation 
Characterizing differential methylation patterns between male and female flat oysters 75

Poster Session - Monitoring Methods
23 Cynthia Carpentier 

REFONA project – Restoration and Conservation of the flat oyster in Nouvelle-Aquitaine  
Localization and characterization of the beds condition and dynamics 76

24 Tanja Hausen 
Calcein staining of Ostrea edulis as a potential use for monitoring in restoration 77

25 Molly Hughes 
Recording Diseases and Biodiversity of European Flat oyster (Ostrea edulis) in the Belgian Part 
of the North Sea: Opportunities and Challenges for Restoration and Sustainable Aquaculture 78

26 Santiago E.A. Pineda-Metz 
An updated machine learning model to facilitate European oyster monitoring 79

27 Santiago E.A. Pineda-Metz 
The early stage of the associated benthic community at the pilot oyster reef in the German 
North Sea 80

Poster Session - Ecosystem Services
28 Marina Albentosa 

Recruitment and nutrient bioextraction potential of oyster seed in a eutrophicated lagoon 81

29 Monica Fabra 
Circadian rhythmicity of filtration rate of adult and juvenile Ostrea edulis at different  
temperatures 82
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Poster Session - Stakeholder Involvement
33 Cass Bromley 

NatureScot’s Marine and Coastal Enhancement Guidance 86

34 Cass Bromley 
Marine and Coastal enhancement projects in Scottish waters 87

35 Celine Gamble 
The Wild Oysters Project: Education and engagement programme overview 88

36 Caitlin Godfrey 
Citizen science to enable native oyster (Ostrea edulis) restoration 89

37 Eva Hartog 
Applied research on oyster aquaculture: some relevant findings for oyster restoration 90

38 Andrew Hunt 
Lessons learned on a citizen science native oyster monitoring programme 91

30 Sebastián Hernandis 
Two years of growth and physiological performance of the flat oyster Ostrea edulis in a  
hyperhaline lagoon 83

31 Alex Robertson-Jones 
Restoring oysters in the anthropocene: stress vs benefits of wastew 84

32 Stéphane Pouvreau, Abel Zempleni 
The epibiotic community of the European flat oyster and its habitat as a function of the state of 
development of the reef 85
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Day 1  / Results of restoration pilots and scaling-up methods Part 1

The Rich North Sea: intermediate results of flat oyster  
projects in wind farms and introduction of the Toolbox

R. Olie1, E. van Onselen1, C. van Sluis1, M. van Aalderen1, M. Kelder2, F. Jacobs2, C. Groot2
1	 The North Sea Foundation, The Rich North Sea programme, Utrecht, The Netherlands,  

r.olie@derijkenoordzee.nl
2	 Natuur & Milieu, The Rich North Sea programme, Utrecht, The Netherlands

Offshore wind farms (OWFs) are promising locations for nature enhancement. They offer hard 
substrate surfaces and often less or no bottom disturbance. The Rich North Sea programme aims 
to enhance nature in OWFs by creating reefs and increasing biodiversity and wants nature de-
velopment in OWFs to be well implemented in policy. Together with her research and industry part-
ners, it has initiated three oyster restoration projects in offshore wind farms over the past years. 
Each project differs concerning outplacement techniques and monitoring methods:

Blauwwind

In this project, 2400 flat oyster were installed in October 2020, using oyster tables with cages at 
the scour protection of four monopiles in the Borssele wind farm. In July 2021, 160 m3 of shell ma-
terial was added to these, and four other monopiles without oysters. Furthermore, monitoring took 
place in 2020, 2021 and 2023. It concerns both biodiversity (ROV and eDNA) and oyster status: 
adult survival, growth, reproduction- and Bonamia status, as well as counts of larvae in the water 
and oyster spat on spat collectors.

Luchterduinen

This was the first (2018) oyster restoration pilot location in an offshore wind farm and got a re-
start in 2022. The newest design of oyster tables with 1000 glued oysters on vertical surfaces was 
added to the scour protection of four monopiles. Monitoring was executed in summer 2023 and 
concerned eDNA samples.

Gemini ZeeEnergie

As this offshore wind farm is located in former oyster grounds, this site seemed most suitable for 
oyster restoration projects outside scour protection, so in the sandy/silty area between the mo-
nopiles. About 58 m3 of shell material and 3500 flat oysters were outplaced over five hectares in 
2021 and 2022. The research project WINOR was able to study seabed dynamics, oyster stress, 
(mimic) oyster movements, and abiotic parameters. Monitoring of the outplaced shell and oyster 
material is performed using ROV. Furthermore, eDNA, larvae and spat counts were included in the 
monitoring of 2022 and 2023.

The programme’s aim is to collect and distribute all lessons learned and results from these pro-
jects, so this information can be used by other parties to implement and improve their nature rest-
oration plans. Using “The Toolbox”, an online, open access platform for knowledge sharing, we will 
share lessons learned on nature enhancement in the marine environment. The Toolbox will be a “li-
ving” modular platform that can be adjusted and the NORA network is invited to add their projects. 
The workshop at NORA 5 (Tuesday evening) will go into the design and function of the Toolbox.
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Demonstration of remote setting in the Ostrea genus and 
its use in scaling restoration 

Boze Hancock1, Anita Nedosyko2, Simon Branigan3, Lewis Hurley4, Ken Rowe5, Kirk Dahle6, Brecht Stechele7 
and Simon Reeves8
1	 Snr Marine Restoration Scientist, Global Oceans Team, The Nature Conservancy, URI Grad. School of Ocea-

nography, Narragansett, RI, USA. bhancock@tnc.org. (Corresponding author).
2	 The Nature Conservancy, South Australia, Oceans Manager, Flinders Uni., Bedford Park, SA, 5042
3	 The Nature Conservancy, Australia, Marine Restoration Lead for Oceans, Suite 2.01, The Green Building,  

60 Leicester Street, Carlton, VIC, 3053
4	 The Nature Conservancy, Oceans Technician, South Australia, Flinders Uni, Bedford Park, SA, 5042
5	 Director, Kangaroo Island Shellfish Pty Ltd., American River, Kangaroo Island, South Australia 
6	 The Nature Conservancy Australia, South-east Oceans Manager, Suite 2.05, 22 Mountain St Ultimo 2007, 

Sydney NSW
7	 Ghent University, Dept. Animal production, Campus Coupure, F, Coupure Links 653, B-9000 Gent, Belgium
8	 The Nature Conservancy, Australia, Data and Science Manager, Suite 2.01, The Green Building, 60 Leices-

ter Street, Carlton, VIC, 3053

Oyster reef restoration in larvae limited environments requires rebuilding a breeding population to 
create a source of larvae. Building that breeding population has traditionally started with larvae set 
onto a substrate that is convenient for restoration, most commonly oyster shell, hence Spat-On-
Shell. Settlement of larvae on substrate is optimally at low densities to allow for expected mortali-
ties but avoid ‘waste’ of hatchery production if oysters are forced to compete for space. For oyster 
shell, target settlement rates are typically 5 to 10 spat per shell. Hence, this step moves restoration 
from a high density but low volume hatchery situation, to one of low density but high volume, ma-
king transport challenging if the setting is not close to the restoration site. Remote setting simply 
describes the process of separating the low volume - high density hatchery production, from the 
settlement of those larvae onto a suitable substrate at a location convenient for restoration. This 
involves draining the larvae at the hatchery, packing the larvae in damp material, cooling them 
to allow transport to the restoration site, then rewarming the larvae, reintroducing them to water 
and adding them to conveniently located setting tanks. Remote setting is standard practice in the 
Crassostrea sp. but had previously not been demonstrated in the Ostrea genus. Using O. angasi 
in South Australia a batch of competent larvae were divided in half, with half set in the hatchery 
and the other half being drained, transported for 8 hours, and set in a field situation on Kangaroo 
Island. Hatchery and remote results were equivalent. The technique has subsequently been used 
at scale in New South Wales, Australia. The methods will be described with their potential applica-
bility to the European context described.
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Day 1  /  Results of restoration pilots and scaling-up methods Part 2

Monitoring of wild native oyster spat settlement using  
king scallop shell in Galway Bay, Ireland

Emma White1, Owen O’Connell2 and Oliver Tully1
1	 Marine Institute, emma.white@marine.ie
2	 Cuan Beo 

Settlement enhancement has been one of the main focuses of native oyster (Ostrea edulis) rest-
oration in Galway Bay on the west coast of Ireland. Initial small scale trials, using different species 
of bivalve shell as settlement substrate, were conducted to determine the level and distribution of 
native oyster spat settlement. The results showed settlement occurred in all areas where substrate 
was provided. In June 2021, prior to the spawning season, a single species of shell substrate was 
provided at a larger scale; King scallop (Pecten maximus) shell (approximately 200 tonnes) was 
deployed as supplementary settlement substrate in an area approximately 900 m x 500 m that had 
not been fished commercially since 2016. Scallop shell were subsequently collected by snorkelling 
on a monthly basis from June 2022, and settled oyster spat were counted and measured. Growth 
parameters were estimated using length frequency analysis methods in the R package, TropFishR. 
Using the most up to date data, L∞ = 113mm and K = 0.31 year-1 were estimated based on a 
seasonal growth pattern. The total spat population was estimated from the total number of scal-
lop shells deployed and the frequency distribution of spat on the shells, suggesting a recruitment 
of 20 million oysters in 2021. The frequency distribution of spat on the shells in May 2023 would 
suggest a 46 % survival rate in their 2nd year. A second spat settlement was recorded in 2022. 
The Bhattacharya method and functions within the mixdist package in R are being explored to 
decompose the length frequency distribution to individual cohorts. Sampling will continue in 2023 
to identify if a 3rd settlement occurs, and to continue to estimate trends in growth and survival. 
To date, this ongoing work has demonstrated the success of large scale deployment of cultch in 
enhancing oyster settlement in an area that already supports a spawning stock, but where recruit-
ment is limited by low availability of shell for settlement.

NORA 5  /  6th – 8th November 2023 
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From research to reefs, the reality of challenges  
facing practitioners and researchers scaling up oyster 
restoration efforts in the UK 

E. Harris-Scott1, L. Helmer1, L. MacCallum1, J. Murray1, F. Wood2, Z. Morrall3 and J. Preston3 
1	 Blue Marine Foundation, London, UK, luke@bluemarinefoundation.com
2	 University of Southampton, UK
3	 University of Portsmouth, UK

As European flat oyster restoration projects begin the transition from small-scale or pilot scale 
research and development to large-scale operations, the challenges and barriers to restorative ac-
tivities inevitably increase on a relative scale. Much of the work conducted in the US and Australia 
over the past few decades has provided the principles, ideas and frameworks for those in Europe 
to work towards. However, the concept of species or habitat restoration, for Ostrea edulis in parti-
cular, is relatively new in the UK and Europe and as a result the legislative requirements, practical 
skills, logistical know-how are all elements that are very much in their infancy. Implementation of 
the methods and monitoring within the series of handbooks - produced by the Native Oyster Net-
work UK & Ireland, NORA and the Environment Agency - will enable the lessons learned and prac-
ticalities of real-world situations to be passed on to others across Europe. The only feasible way to 
determine the most applicable approach is to scale up in an iterative manner. 

The Solent Oyster Restoration Project began in 2014, during that time there have been numerous 
milestones where project activities have increased in scale. During these attempts to scale up 
there have been challenges regarding the practical aspects of establishing elements of the project, 
and the monitoring required to assess the impact of work undertaken. Recently scaling up to small 
or pilot seabed deployments (0.1-0.25ha), the team are working in coastal and estuarine systems 
which has its limitations and understanding them is important when designing, implementing and 
reporting on monitoring protocols. The restoration diagnostics conducted as part of the Solent 
Seascape Project, which incorporates the Solent Oyster Restoration Project, determined that the 
existing Government policy is currently the biggest barrier to marine habitat restoration in the UK. 
Blue Marine Foundation and others are working with the regulators, providing examples and case 
studies of issues, to streamline processes and enable restoration to occur on a timeline and scale 
that is needed to be ecologically meaningful.        
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Voordelta: field deployment and lessons for scaling up

J. Motuzaitė1, M. van de Staak2, K. van den Wijngaard, E. Schrijver, G. Hanon, J. Bergsma, S. Holthuijsen
1	 ARK Rewilding Nederland, juste.motuzaite@ark.eu
2	 marijke.vandestaak@ark.eu

This presentation is aimed to show the process and interim results of rewilding pilot in Voordelta, 
the Netherlands, where 5 m3 of European Flat Oyster spat on shell have been deployed using new-
ly designed gabion structures. While deployment of spat on shell seems to be a promising strategy, 
three main challenges can compromise its viability: 1) rough marine conditions above- and under- 
water, 2) survival rate of spat on shell and 3) scalability of deployment solutions. The current pilot 
“Voordelta 005” is aimed at testing out the new spat on shell deployment technique, designed to 
addresses the aforementioned challenges in different ways: 1) increase the survival rate of young 
spat on shell until they reach adulthood by designing structures which would offer protection from 
predation and sedimentation and 2) reduce the time and resources needed by using standardized 
structure parts and employing semi-automated sorting and deployment solutions. Deployment in 
May 2023 has provided rich insights on addressing scalability challenges: automation of empty 
oyster shell filtering for the size proved to be very time-efficient, deploying large amounts of spat-
on-shell in connected strings was faster in comparison to previously used methods, newly desig-
ned structures were strong enough to withstand the stresses of rough North Sea environment. 
Deployment showed that several challenges are apparent: gabion structure assembly should be 
more time-efficient and streamlined, material use should be reduced, structure should be designed 
to fully disintegrate and become a part of an ecosystem. Further monitoring procedures will be 
caried out to record what biological processes take place around and inside the gabion structu-
res, how do oysters develop in them and which species are attracted to this deployment site. The 
presentation contributes to the existing knowledge of the methods and techniques for large scale 
oyster reef restoration by providing video material and sharing new insights on how implementing 
new design and automation solutions can improve deployment operation scalability. 
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Day 1  /  Results of restoration pilots and scaling-up methods Part 2

REstoring European Flat Oyster Reefs & their Ecosystem 
Services on the French coasT : First results of the
REEFOREST project 

Stéphane Pouvreau1, Karin Didderen2, Nassim Sebaibi3, Martin Perrot4, Alain Pibot5
1 LEMAR, Ifremer, 29840 Argenton en Landunvez, France, stephane.pouvreau@ifremer.fr
2 BESE Ecosystem Restoration, Culemborg, The Netherlands
3 COMUE Normandie Univ, BUILDERS, 1 Rue et Pierre Marie Curie, 14610 Epron, France
3 SEABOOST, 889 rue de la vieille poste, 34 965 Montpellier, France
3 OFB, French Biodiversity Agency, 29200 Brest, France

As elsewhere in Europe, the flat oyster is an endangered species in France, where its habitat, bio-
genic reefs, has almost disappeared. However, in some places, notably in Brittany, thanks to some 
remnant populations, its reproduction in natural environment is still efficient, the recruitment is not 
limiting and recent regional projects have shown that it is possible to restore the species and its 
habitat based simply on the natural spatfall.

Building on these previous results, the REEFOREST project (2022-2026) aims to consolidate, im-
prove and complete the restoration methodology and to assist the emerging restoration programs 
in France. The main experimental site of the REEFOREST project is located in the Bay of Brest on 
the former oyster bed known as "Le Roz". This site is well known in terms of flat oyster ecology and 
physical environment and offers a unique in situ laboratory where several restoration experiments 
are conducted in real field condition in cohabitation with other habitats of Community interest 
(maerl beds, eelgrass beds). 

This presentation focuses especially on the first experimental results obtained on several types of 
supports placed on the seabed as restoration kick-starters. These supports are being construc-
ted in collaboration with various specialists in eco-friendly materials for the marine environment 
(BESE, BUILDERS, SEABOOST,...). In our approach, a particular attention is paid on the material 
but also on the modules shape. Among different tested materials, bio-based products constitute 
a first choice target and some promising tests have recently been obtained with the reef paste 
developed by BESE, for which 32 units have been deployed in 2022. Concerning the 3D design, 
an interesting shape is currently under validation and seems to be able to reduce predation and 
maximize oyster growth and survival. Other materials and shapes are and will also tested all along 
the project duration.

The REEFOREST project is led by Ifremer and OFB (French Biodiversity Agency) in collaboration 
with Natura 2000 managers, professionals from the shellfish and fishing industry and environmen-
tal associations.
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The Wild Oysters Project:  
Early monitoring results and future scale-up 

Celine E. Gamble1, Ashleigh Tinlin-Mackenzie2, Maria Hayden-Hughes3, Matt Uttley4
1	 Zoological Society of London, ZSL London Zoo, Regent's Park, London, NW1 4RY, celine.gamble@zsl.org 
2	 Groundwork Northeast & Cumbria, Unit 14 Parsons Court, Welbury Way, Aycliffe Business Park, Newton 

Aycliffe, DL5 6ZE, ashleigh.tinlin-mackenzie@groundwork.org.uk 
3	 Centre of Applied Marine Sciences (CAMS), Bangor University, Menai Bridge, Anglesey, LL59 5AB,  

m.hayden-hughes@bangor.ac.uk
4	 Blue Marine Foundation, Somerset House, Strand, London, WC2R 1LA, Matt@bluemarinefoundation.com 

The Wild Oysters project, a national collaboration led by ZSL, Blue Marine Foundation, and British 
Marine, aims to restore Britain’s seas to health through the restoration of the native oyster. 

Over the past three years, we have actively partnered with local communities, marine industry 
stakeholders, and delivery partners, to establish restoration sites in Conwy Bay (North Wales) and 
Tyne & Wear (North East England). Our approach includes housing mature native oysters in nur-
sery systems beneath pontoons in collaboration with local marinas, while engaging stakeholders 
to carry out oyster seabed restoration, and implementing extensive public outreach and education 
programs. 

This summer we have been delivering our seabed restoration phase, by deploying cultch and live 
native oysters onto the seabed in Conwy Bay and Tyne & Wear, creating two pilot reefs ~100 m2 
each. These sites have undergone monitoring both before and after reef deployment, within both 
reef and carefully selected control areas, in a BACI experimental design. These reefs are still very 
new, and any results early, however, this monitoring program will continue for a minimum of 3 fur-
ther years to allow us to observe slightly longer-term change. 

Here we will present some of the different challenging phases of the project, from the site selec-
tion process, to recent fieldwork during the reef deployment and monitoring surveys. We also have 
two years of oyster nursery monitoring data to share, which shows how our nurseries developed 
and the biodiversity that was attracted by the oysters and their housing over time. Early stage oys-
ter reef monitoring data will also be shared, with results from drop-down cameras, baited remote 
underwater videos, grab samples, and sonar/multi-beam. 

As the initial funding period from the People's Postcode Lottery nears its conclusion, this presen-
tation provides a comprehensive overview of the accomplishments made at these sites, and outli-
nes our future plans. We aim to especially highlight the importance of local collaborative efforts in 
achieving successful oyster restoration.

We look forward to sharing our project progress with NORA5 attendees. 

18NORA 5  /  6th – 8th November 2023 



Day 2  /  Historical ecology and site selection

The world was our oyster: Historical records reveal the 
vast extent of past European flat oyster reef ecosystems 
Page 1/2

Ruth Thurstan1, Hannah McCormick2, Joanne Preston3, Elizabeth Ashton4, Floris Bennema5, Ana Bratos 
Cetinic6, Janet H. Brown7, Tom C. Cameron8, Fiz da Costa9, Alison Debney2, David Donnan10, Christine Ewers11, 
Tomaso Fortibuoni12, Eve Galimany13, Otello Giovanardi14, Romain Grancher15, Daniele Grech16, Maria Hay-
den-Hughes17, Luke Helmer18, K. Thomas Jensen19, José A. Juanes20, Janie Latchford21, Alec B. M. Moore17, 
Dimitrios K. Moutopoulos22, Pernille Nielsen23, Henning von Nordheim24, Bárbara Ondiviela Eizaguirre20, Corina 
Peter25, Bernadette Pogoda25, Bo Poulsen26, Stéphane Pouvreau27, Callum M. Roberts1, Cordula Scherer28, Aad 
Smaal29, David Smyth30, Åsa Strand31, Ioannis A. Theodorou22, Philine S.E. zu Ermgassen32

1	 Centre for Ecology and Conservation, University of Exeter, Cornwall, TR13 0JE, UK
2	 Conservation & Policy, Zoological Society of London, London, NW1 4RY, UK
3	 Institute of Marine Sciences, University of Portsmouth, Ferry Road, Portsmouth, PO4 9LY, UK
4	 Queen’s University Belfast Marine Laboratory, Portaferry, Down, BT22 1PF, UK
5	 MarHis, Haren, The Netherlands
6	 Department of Applied Ecology, University of Dubrovnik Ćira Carića 420000 Dubrovnik, Croatia
7	 The Grower, "Association of Scottish Shellfish Growers", Stirling, UK
8	 School of Life Sciences, University of Essex, Wivenhoe Park, Colchester, Essex, UK
9	 Centro Oceanográfico de Vigo, Instituto Español de Oceanografía (IEO-CSIC), Vigo, Spain
10	NatureScot
11	Zoological Museum of the Christian-Albrechts University, Kiel, Germany
12	Italian Institute for Environmental Protection and Research (ISPRA), Via Ca’ Fornacetta 9, 40064 Ozzano 

dell’Emilia, Italy
13	Department of Marine Renewable Resources, Institut de Ciències del Mar (ICM-CSIC), Passeig Marítim de la 

Barceloneta 37-49, 08003 Barcelona, Spain
14	IRBIM-CNR, Largo della Fiera, Ancona, Italy
15	CNRS, Framespa UMR 5136, Toulouse, France
16	International Marine Centre (IMC), Loc. Sa Mardini, Torre Grande, Oristano, Italy
17	School of Ocean Sciences, Bangor University, Menai Bridge, LL59 5AB, UK
18	Blue Marine Foundation, London, UK
19	Department of Biology, Aarhus University, Aarhus C, Denmark
20	IHCantabria - Instituto de Hidráulica Ambiental de la Universidad de Cantabria, Spain
21	Centre for Ecology and Conservation, University of Exeter, Cornwall, TR13 0JE, UK
22	Department of Fisheries & Aquaculture, University of Patras, 30200 Mesolongi, Greece
23	Technical University of Denmark National Institute of Aquatic Resources, Section for Coastal Ecology, Den-

mark
24	Honorary Professorship Marine Nature Conservation, University of Rostock, Rostock, Germany
25	Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Bremerhaven/Helgoland/Sylt, 

Germany
26	Department of Politics and Society, Aalborg University, Denmark
27	LEMAR, Ifremer, 29840 Argenton en Landunvez, France
28	Trinity Centre for Environmental Humanities, Trinity College Dublin, the University of Dublin, Ireland
29	Wageningen Marine Research, Wageningen University, Korringaweg 7, 4401 NT Yerseke, The Netherlands
30	Ulster Wildlife, McClelland House, Belfast BT3 9LE, UK
31	IVL Swedish Environmental Research Institute, Kristineberg Research centre, Kristineberg 566, 451 78 Fis-

kebäckskil, Sweden
32Independent consultant and visiting fellow University of Edinburgh. philine.zuermgassen@cantab.net

Reef ecosystems built by the European flat oyster (Ostrea edulis) are functionally extinct throug-
hout their native range, and we have limited understanding of their past abundance, distribution, 
or other characteristics. Here we present data collated by the NORA Historical Ecology Working 
Group and expanded on through a Zoological Society of London led project.
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The world was our oyster: Historical records reveal the 
vast extent of past European flat oyster reef ecosystems 
Page 2/2

We draw on written documentary sources, published across 350 years, to establish the historical 
range and locations of flat oyster reefs, their extent, physical characteristics and associated com-
munities. We summarise the evidence for the historical distribution of Ostrea edulis oyster reefs 
throughout its natural range. Additionally, evidence of the physical attributes of oyster reefs and 
biological community associated with them historically will be summarised. 

We present the resulting map of oyster reef presence at the ecosystem scale, together with as-
sociated levels of confidence of oyster reef presence and demonstrate that oyster reefs were a 
dominant three-dimensional feature along much of the European coastline and some shallow shelf 
seas. Substantial abundances of oysters were reported from the lower intertidal zone down to 80 
metres depth, with oyster reefs described predominantly on the scale of tens to hundreds of hec-
tares in size. Finally, we present historical accounts of species associated with oyster reefs, which 
described a total of 190 macrofaunal species from 13 phyla, indicating this ecosystem supported a 
highly diverse community. The descriptions provide key context in terms of native oyster reefs and 
beds to recently repeated European-wide commitments to restore ecosystems of the European 
seas.
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Site selection for native oyster (Ostrea edulis)  
reintroduction in an extinct oyster bed using multicriteria 
analysis and reference sites 

Emmy Cooper-Young1,2, Mark G. J. Hartl1, Lauren McWhinnie1 and William Sanderson1
1	 Institute of Life, Earth and Social Science, department of Energy, Geoscience, Infrastructure and Society, 

Heriot-Watt University, elc9@hw.ac.uk
²	 Conservation Scotland Programme, Marine Conservation Society

The native oyster (Ostrea edulis) beds in the Firth of Forth, Scotland, were amongst the largest in 
the UK, producing 30 million oysters per year for a decade at the peak of the fishery. The impact 
of overfishing was the main cause of the eventual collapse of the beds in the late 1800’s. The 
Forth has been at the heart of Scotland’s trade routes for centuries and increased human activities 
around the Firth of Forth have historically impacted the physical environment, from stressors such 
as capital dredging to industrial contamination. The removal of the Ostrea edulis beds has caused 
a shift in the benthos to soft-sediment communities with little remaining evidence of the oysters. 

Ostrea edulis restoration must occur in areas which have suitable environmental parameters for 
growth, survival, reproduction and recruitment, must be within the species’ natural biogeographic 
range and must avoid significant disturbance from other marine users. The change in environ-
mental parameters in the Forth since the removal of Ostrea edulis and present-day socioeconomic 
stressors and spatial conflicts are likely to result in an altered spatial envelope for restoration. 

The present study assesses the suitability of the central section of the Firth of Forth for Ostrea 
edulis  reintroduction, accounting for present day socioeconomic and environmental factors. Com-
parisons are made to the environment in a naturally occurring Ostrea edulis  bed, specifically it’s 
biodiversity and shell coverage based on in-situ surveys in both locations. The results are mapped 
on to the Firth of Forth with the relevant socioeconomic pressures and abiotic characteristics 
required for successful restoration. The development of multi-criteria analyses, to determine site 
suitability in the Firth of Forth are discussed. 
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An aquaculture-restoration network analysis for  
flat oyster recovery in the North Sea and The English 
Channel

B. Stechele1, L. Barbut2, G. Lacroix2, L. van Duren3, S. Degraer2, P. Bossier1, N. Nevejan1
1	 Laboratory of Aquaculture and Artemia Reference Center, Ghent University, Gent, Belgium,  

Brecht.Stechele@UGent.be
2	 Operational Directorate Natural Environment, Royal Belgian Institute of Natural Sciences, Brussel, Belgium
3	 Deltares, Delft, The Netherlands  

Flat oyster (Ostrea edulis) offshore restoration efforts are ongoing in several locations in the North 
Sea. Target locations for recovery of historical beds are present in the English Channel and the 
North Sea and mainly include historical offshore beds protected from bottom disturbing fisheries 
through offshore wind projects. Low larval concentrations and therefore recruitment is a signifi-
cant bottle neck for upscaling the restoration efforts or natural recovery. 

Flat oyster aquaculture might speed up restoration and recovery by systematically providing larvae 
but should be allocated correctly taking into account connectivity and suitability. 

Connectivity between restoration and target sites for recovery (future scenario) were compared 
to the historical connectivity network (past scenario) using a larvae dispersal model based on 10 
years data covering the English Channel and the North Sea. Flat oyster aquaculture suitability was 
evaluated based on biological suitability (growth and fitness indices mapped through a dynamic 
energy budget model approach) and depth which limits technical feasibility. Locations with good 
potential for restorative-aquaculture were identified based on the aquaculture suitability maps and 
an exercise where larval drift was backtracked from target locations (restoration or recovery) to 
the release locations. 

Potential sites for aquaculture activities that will support natural recovery were identified and 
include the Rampion wind farm (southern England), the coast of Normandy between Le Havre and 
le Tréport and Thames estuary where The Kentish Flats and the London Array wind parks colloca-
te with historical oyster beds. Flat oyster aquaculture off the Belgian coast supports the Borssele 
restoration site in the Netherlands, and restoration efforts on the Borkum Reef Grounds and Hel-
goland can be supported with aquaculture off the Frisian Islands. 
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Historic Gaelic place-names –  
markers for present oyster habitat?

Carly McNamara1, Sarah Gambell2, Brendan Robertson3, Natasha Walker-Milne3,  
Alasdair Whyte1 & Anna McGregor3
1	 School of Humanities, University of Glasgow, Carolyn.Mcnamara@glasgow.ac.uk 
2	 School of Education, University of Glasgow
3	 School of Biodiversity, One Health & Veterinary Medicine, University of Glasgow

This project aligns digital humanities methodologies, place-name analysis, and analysis of histori-
cal sources to further investigate and compliment research on site suitability for the reintroduction 
of native oysters Ostra edulis in the west of Scotland. By cross-referencing historical mentions of 
oysters with identifiable place-names referring to oysters and potentially suitable oyster habitats, 
it may be possible to identify regions for the reintroduction of native oysters with much higher 
precision. Historical sources include statistical accounts, local records, parliamentary reports, 
travel diaries between the 16th and 19th centuries, and Ordnance Survey maps. Archival place-
name research identified the Scots element scaur as one associated with oysters and mussels in 
the southwest of Scotland and opened-up new, timely research into Gaelic, Scots, and Old Norse 
place-names indicative of the possible presence of oyster-appropriate habitat. Using various deep 
mapping techniques (social spatial mapping), early analysis suggests there is overlap between the-
se potential habitat place-names and the presence of oysters in the west of Scotland. This histo-
rical analysis additionally reveals valuable cultural components of the relationship between oys-
ters and humans in the recent past, and even allows for the comparison of experiences between 
those of high and low socio-economic status. Future work within our NERC-funded Oyster Habitat 
Suitability Project will build on the outcomes of this foundational work to investigate native oyster 
presence in these sites using eDNA sampling and GIS modelling. Because the use of place-names 
has narrowed the field of potential sites, this approach thereby reduces the timeframe, financial 
overhead, and work required to identify potential restoration sites. 
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Remote and limited access; criterion worth considering  
in site selection for native oyster restoration

D. Smyth1, J. Kirkpatrick2 and R. Millar1
1	 Ulster Wildlife, 10 Heron Road, Belfast Northern Ireland, David.Smyth@ulsterwildlife.org 
2	 Queens University Belfast, School of Biology, Chlorine Gardens, Belfast Northern Ireland 

Investigations into the historical archives of native oyster fisheries in Northern Ireland revealed a 
number of locations which remained active after its official closure in 1903.

Further research of these sites showed that they’ve retained a self-sustaining population up until 
present day. A comparison with sites which have remained void of oysters since the collapse of 
1903, identified a number of factors which could be attributed to their demise. While also highl-
ighting criteria which can be contributed to the success of neighbouring extant populations.

An instrumental factor in the preservation of oyster populations appeared to be ease of site access 
which allowed for unchecked detrimental anthropogenic disturbance. Population dynamics for 
sites in Northern Ireland which currently maintain high density assemblages of oysters have shown 
that a policing protocol which restricts access can have the same positive effects of maintaining 
stock density as that of a remote location.

This presentation provides examples of sites which have maintained a self-sustaining status 
throughout the centuries of exploitation, examples of these may be beneficial to project managers 
who have been tasked with selecting secure areas for restoration initiatives. We also discuss how 
the same effects can be achieved on easily accessible sites through the implementation of closed 
zone legislation and policing. 

The success of adopting these parameters to site selection has been proven throughout the cen-
turies of native oyster husbandry and exploitation in Northern Ireland as is demonstrated by the 
revelations within the historical archives. 
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Quantifying the risk of disease dispersal to European  
flat oyster restoration sites by ocean modelling

Lara Schmittmann1, Kathrin Busch2, Julia Gottschalk3, Leon Mock1, Willi Rath1, and Arne Biastoch1,3

1	 GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany, lschmittmann@geomar.de
2	 Bedford Institute of Oceanography, Canada
3	 Kiel University, Germany 

Infectious diseases such as Bonamiosis are a risk factor for European flat oyster restoration ef-
forts. To ensure success of restoration, it is crucial to select disease-free oysters and restoration 
sites. Preferably, the sites are not connected to already diseased populations by ocean currents. 
Ocean circulation is thought to enable the fast and efficient spreading of passively dispersing 
pathogens or larvae carrying an infection from an initial disease outbreak to other locations. Here, 
we quantify the connectivity between European flat oyster populations (restored, wild, diseased, 
farmed) in an effort to provide a disease risk assessment for current restoration projects under the 
NORA umbrella. The dispersal of the pathogen Bonamia ostreae is approximated through passive-
ly drifting particles with ocean currents and tested in computer simulations. We use a hydrodyna-
mic model for the area of interest, the North West European Shelf (provided by Copernicus Marine 
Service), and the particle spreading software OceanParcels to 

i) 	 predict which European flat oyster restoration sites are connected to known diseased  
	 populations,  
ii) 	 quantify how distance impacts infection risk, and  
iii) 	 use simulations to predict potentially suitable new restoration sites. 

This versatile biophysical pipeline could be applied to various questions around disease dispersal 
to aid in the prediction and early detection of outbreaks, and guide marine spatial planning.

25NORA 5  /  6th – 8th November 2023 



26

Day 2  /  Historical ecology and site selection

Applying the IUCN Ecosystem Red Listing Criteria to the 
European oyster reef ecosystem

Philine zu Ermgassen1, A. Debney2, J. M. Fariñas-Franco3, C. Gamble2, C. Gillies4, B. Hancock5,  
H. McCormick2, J. Preston6, S. Pouvreau7, W.G. Sanderson8, Å. Strand9, Ruth H. Thurstan10
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School of Science and Computing, Atlantic Technological University, Old Dublin Road, Galway H91 T8NW, 
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4	 SeaGen Aquaculture, Newhaven, Victoria, Australia and TropWATER, James Cook University, Townsville, 
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5	 Senior Marine Restoration Scientist, Global Oceans Team, The Nature Conservancy, University of RI, USA, 
02882

6	 Joanne Preston - Institute of Marine Sciences, University of Portsmouth, Ferry Road, Portsmouth, PO4 9LY, 
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7	 LEMAR, Ifremer, 29840 Argenton en Landunvez, France
8	 Institute of Life and Earth Sciences, EGIS, Heriot-Watt University, Edinburgh, Scotland EH14 4AS, UK
9	 IVL Swedish Environmental Research Institute, Kristineberg 566, 451 78 Fiskebäckskil, Sweden
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Oyster reefs are frequently referred to as the temperate functional equivalent of coral reefs. Yet in 
the European context, there is little modern evidence for this.  Recent research into the historical 
ecology of this habitat has, however, cleared the waters on the past and provided strong evidence 
for their historical structure and extent.

Here we present an ecosystem definition based on extensive historical ecological research and 
determine the current conservation status of the European Oyster Reef Ecosystem by applying 
the IUCN Red Listing of Ecosystems standard. We find that the European Oyster Reef Ecosystem 
is collapsed under criterion A (reduction in geographic distribution) and criterion B (restricted 
geographic range). Assessment under criterion C (environmental degradation) and criterion D 
(disruption of biotic processes and interactions) were found to be data deficient, as while they are 
inextricably linked to the extent and ecosystem structure assessed in criteria A and B, no additio-
nal datasets related to criteria C and D could be identified to allow for independent verification. An 
assessment of criterion E (quantitative risk analysis) could not be completed as the ecosystem is 
already deemed collapsed, however, an overview of the pathways to collapse which were identified 
and therefore which may threaten the potential for the ecosystem to recover will be presented.
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Exploring Environmental DNA (eDNA) as a Tool  
for Detection and Monitoring of Bonamia ostreae  
in European Flat Oysters (Ostrea edulis)

Thiviya Nair1, Lone Madsen2, Maria Jacobsen2, Kamille Elvstrøm Krause2, Kári Karbech Mouritsen2 and  
Camille Saurel1
1	 Coastal Ecology, Danish Shellfish Centre, National Institute of Aquatic Resources, Technical University of 

Denmark, Øroddevej 80, 7900 Nykøbing Mors, Denmark, thna@aqua.dtu.dk
2	 Fish and Shellfish Diseases, National Institute of Aquatic Resources (DTU Aqua), Technical University of 

Denmark, 2800 Kgs, Lyngby, Denmark, loma@aqua.dtu.dk 

The utilisation of environmental DNA (eDNA) is emerging as a valuable and promising approach for 
the detection and monitoring of Bonamia ostreae, an unculturable and chronic pathogen that po-
ses significant threats to European flat oysters (Ostrea edulis). Although eDNA-based detection of 
B. ostreae in water has been reported, the influence of its presence on pathogen release into the 
water column remains poorly understood. This research endeavours to establish methodologies for 
utilising eDNA as a non-invasive and cost-effective means of testing the presence of B. ostreae in 
seawater incubated with infected flat oysters.

Multiple experimental investigations were conducted and compared in this study. Initially, infected 
flat oysters sourced from the Limfjorden were incubated in seawater for a duration of 48 hours. 
Subsequently, fecal matter was collected on a filter, and the remaining water underwent filtration 
at varying volumes (100 ml, 250 ml, 500 ml, and 1000 ml). Gill biopsies were obtained in parallel to 
filtration for some samples. DNA extraction was performed on all samples, followed by qPCR ana-
lysis to detect the presence of B. ostreae DNA. The outcomes revealed inconsistent detection of 
B. ostreae between gill and eDNA samples. This suggests that B. ostreae might infect the host but 
may not be detectable in the gills or tank water during the early stages of infection. Moreover, it 
implies that an incubation period longer than 48 hours may be required for consistent detection of 
the pathogen in the water. Subsequent experiments were conducted, wherein infected flat oysters 
were incubated and 100 ml of their tank water and fecal matter were filtered after 3, 4, and 5 days 
of incubation.

These findings underscore the potential of eDNA-based techniques while shedding light on the 
challenges associated with the tools employed and the detection of B. ostreae due to its intricate 
dynamics within the host and the surrounding environment. A comprehensive understanding of 
these factors can contribute to effective surveillance and management of B. ostreae, ultimately 
facilitating enhanced conservation efforts and sustainable management strategies for flat oyster 
populations.
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Evaluating the potential of eDNA-based approach to  
monitor flat oyster parasites

Isabelle Arzul1, Cyrielle Lecadet1, Adeline Marzari1, Bruno Chollet1, Nicolas Mérou2 and Lydie Canier1
1	 IFREMER-ASIM Unité Adaptation et Santé des Invertébrés Marins- La Tremblade, Isabelle.Arzul@ifremer.fr 
2	 POS3IDON, Etudes et recherche en environnement littoral, Dol-de-Bretagne, France

Surveillance of bivalve diseases currently targets bivalves. However, pathogens may spend some 
time in the water column and sediment during their transmission from infected to non-infected 
molluscs. In this context, the purpose of our work was to test the presence of bivalve pathogens 
outside their hosts and to evaluate the relevance of testing water and sediment versus hosts in 
surveillance programme 

In the previous years, methods were developed for the PCR detection of Marteilia refringens and 
Bonamia sp. parasites from water and sediment samples. Several samples of water, sediments and 
flat oysters were then regularly collected in Marteilia refringens and Bonamia ostreae endemic 
areas, and the detection of those parasites were monitored over time in the different studied com-
partments. The screening of these samples revealed the presence of M. refringens DNA in almost 
all the compartments investigated in this study highlighting the key role of planktonic and benthic 
compartments in its life cycle whereas B. ostreae DNA was only detected in flat oysters (Merou et 
al. 2023). 

Additionally, the interest of passive samplers to detect the presence of pathogens in water is being 
investigated. Polymer membranes were immerged in seawater in a mollusc producing area and 
collected every month as well as oysters, water and sediment. All these samples were stored for 
further PCR analyses. After optimizing the DNA extraction step from these polymer membranes, 
the presence of Marteilia refringens and Bonamia spp. DNA was tested by Real-Time PCR. Prelimi-
nary PCR tests showed the presence of PCR inhibitors in DNA extracts from such samples, requi-
ring protocol optimization. 

As a conclusion, eDNA based approaches present an interest for the monitoring of bivalve disea-
ses, particularly in the context of conservation and restoration programmes where the number of 
oysters collected and finally killed for disease monitoring must be defined carefully. However, the 
performances of these approaches need to be formally defined to properly interpret results becau-
se the presence of PCR inhibitors might hamper the detection of parasite DNA and some pathogen 
might be more difficult than other to detect in environmental compartments.
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Investigating emerging environmental DNA methodology 
for the detection of Bonamia ostreas in stress in (Ostrea 
edulis) populations

Nuala Hanley-Allport1, William G. Sanderson1 Tim P. Bean2 & Tim Regan2
1	 Institute of Life and Earth Sciences, School of Energy, Geoscience, Infrastructure and Society,  

Heriot-Watt University, UK, nmh3@hw.ac.uk
2	 The Roslin Institute, The University of Edinburgh, Midlothian, EH25 9RG, United Kingdom

The European native oyster (Ostrea edulis) is an ecosystem engineer that builds biogenic reefs 
and provides important ecosystem services such as water filtration. However, the species is func-
tionally extinct across its former European range and consequently there are now multiple restora-
tion projects to reintroduce and rebuild populations of Ostrea edulis. 

One of the main techniques for oyster restoration involves translocation of oysters from an aqua-
culture site to a receiving restoration site and sometimes wild oysters need to be taken to a hat-
chery as brood stock. However, translocation risks the introduction of diseases to the restoration 
site, one of the most prevalent diseases of which is Bonamia ostreae.  

Current, UK biosecurity measures involves testing a sample of a batch of oysters to be moved, 
destructively sampling to obtain tissues, and then testing with qPCR and histopathology, thereby 
sacrificing the animal. If there is a low prevalence of a B. ostreae at the donor site, the disease 
could be missed using a sample-based approach.  Furthermore, populations of wild oysters can be 
exceedingly rare and the remaining stock therefore too valuable to kill to disease screen.  

The present study considers testing the oyster’s environment for B. ostreae.  Sediment samples 
were collected from a known Bonamia-positive site and these samples were subjected to qPCR 
and additional large scale eDNA extraction for optimization of the methodology. The results show 
promise as a non-destructive disease screening tool and could potentially help validate new met-
hods which are non-destructive, more practical, cost-effective, and reliable for monitoring B. ostre-
ae. There are important implications for oyster restoration, enabling biosecurity efforts to be more 
sustainable that are discussed.
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Helgoland-Oyster-Hatchery:  
An overview of achievements and implications for future 
solutions

Nicolás Araujo Piñeiro1, Bérenger Colsoul1, Anna Capelli1,2, Julius Ellrich1, Katja Fiegener1,3, Tanja Hausen1, 
Henning Hoffmann1,4, Lennard Klingforth1, Clemens Kozian-Fleck1, Nick Mackay-Roberts1, Dominique  
Noetzel1,4, Corina Peter1, Santiago E. A. Pineda-Metz1, Martin Sackmann1, Bernadette Pogoda1
1	 Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Germany, nicolas.pineiro@awi.de
2	 Polytechnic University of Marche, Italy
3	 Carl von Ossietzky University of Oldenburg, Germany
4	 University of Rostock, Germany

In recruitment-limited areas, the ecological restoration of native oyster reefs requires the de-
ployment of oysters. Considering the quality (e.g. biosecurity; spat-on-shell product form; size of 
juveniles) and the quantity required for restoration, as well as the preservation of existing popu-
lations, hatchery production of juvenile oysters is the best available technique. The production of 
European flat oysters (Ostrea edulis) in aquaculture hatcheries is currently unstable in Europe. 
The availability of seed (single-seed only; spat-on-shell production being non-existent) was not re-
liable over the last decade. As part of the PROCEED project, the Helgoland Oyster Hatchery (HOH) 
is developing Ostrea edulis hatchery technology for restoration purposes. For supplying substra-
te-limited areas, the HOH is aiming at the production of disease-free and biosecure spat-on-shell 
in large-scale volumes (> 1 million units). After design, construction and validation phases of the 
various biotechnical stages, the hatchery has produced larvae in large quantities since 2021 (> 20 
million larvae per year). Biosecurity, broodstock conditioning and food culturing methods have 
been established successfully. However, the larvae suffer massive mortality before completing me-
tamorphosis and settlement. As the currently available single-seed oysters from other hatcheries 
are not suitable for field deployment at the juvenile stage and the desired spat-on-shell product 
has not been achieved yet, further alternatives for the restoration program in Germany are under 
investigation. We present and summarise the hatchery's past production, research results, investi-
gated alternatives, as well as the next steps.
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Flat oyster broodstock cleaning treatments effect on  
bacteria levels and larvae production in hatchery

Lillie Rindal1, Lone Madsen2, Thiviya Nair1, Kári Karbech Mouritsen2, Jimmi Handberg Svensson1,  
Camilla Lynggaard Larsen1, Lene Laursen Christensen1, Pascal Barreau1, Camille Saurel1
1	 Coastal Ecology, Danish Shellfish Centre, National Institute of Aquatic Resources (DTU Aqua),  

Technical University of Denmark, Øroddevej 80, 7900 Nykøbing Mors, Denmark 
Lillie.zegeling@gmail.com; csau@aqua.dtu.dk

2	 Fish and Shellfish Diseases, National Institute of Aquatic Resources (DTU Aqua),  
Technical University of Denmark, 2800 Kgs. Lyngby, Denmark

European flat oyster (Ostrea edulis) production in hatcheries face several challenges encompass-
ing culture practices, broodstock genetic diversity and biosecurity. In an attempt to standardise 
culture practices of the flat oyster, the effect of different broodstock cleaning methods were tes-
ted using bacterial cell counting (CFU) on TCBS agar as indicator.

Oysters were fished from the Limfjorden, scraped and rinsed with freshwater and dipped in a chlo-
rine bath. Then four oyster groups were treated with 

A.	 magnesium chlorine (MgCl2) bath used in connection with biopsy for Bonamia ostreae detection 
+ antibiotics; 

B.	 MgCl2 bath, 

C.	 Antibiotics, 

D.	 no treatment. 

Additionally, the effect of weekly cleaning of all groups -brushing and rinsing with freshwater- on 
the bacteria found on shell surface, tank surface and water volume was tested on TCBS plates.

Results indicated that freshwater cleaning and chlorine bath reduced the bacteria level from more 
than 5000 and 200 to less than 15 and 0 CFU cm-2 on the oyster shell from two fishing areas. 
There was a clear effect of antibiotics on the bacterial count of oyster shell immediately after ex-
posure with almost no bacteria present vs more than 2000 CFU cm-2 in treatments without anti-
biotics. However, this tendence was reversed after some weeks of conditioning: oysters previously 
exposed to antibiotics had more CFU cm-2 (> 1500) than the others (< 250). Weekly cleaning was 
effective in reducing the number of bacteria in the outflow water, on oyster shells and tank surfa-
ces. 

The number of swarming events between the four treatments ranged between 3 to 5 over a 
1-month period for a total of between 5 and 7M larvae for the treatments without antibiotics and 
between 8 and 14M larvae for the treatments with antibiotics. 

The study indicates that antibiotics have an effect immediately after treatment but a few weeks 
after, it might allow the proliferation of opportunistic bacteria. After a month in the hatchery, the 
weekly cleaning removed bacteria in a similar way for all treatments. More larvae were produced 
with broodstock treated with antibiotics, although more replicates would be necessary to be con-
clusive. 
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The restoration of Ostrea edulis in the Mediterranean Sea: 
Recent progress in Sardinia 

Gianni Brundu1,2, Anuta Chindris1,2, Mattia Corrias1,2, Cheoma Frongia1,2, Philip Graham1,2, Chiara Lombardi3, 
Alessandro Pitzalis1 and Stefano Carboni1,2

1	 International Marine Centre - IMC Foundation, Loc. Sa Mardini 09170, Torregrande, Oristano, Italy, 
g.brundu@fondazioneimc.it

2	 NBFC, National Biodiversity Future Center, Palermo 90133, Italy
3	 Marine Environment Research Centre ENEA, Via Forte Santa Teresa, 19032 Pozzuolo di Lerici (La Spezia)

The Mediterranean Sea is a marine biodiversity hot spot, counting many endemic, endangered, 
threatened and vulnerable species. Natural populations of Ostrea edulis have been observed in 
the Mediterranean basin, including several Italian regions among which Sardinia, where the human 
consumption of this species has ancient origin (Masala and Wilkens, 2015). The high fishing effort 
documented in Europe since the industrial revolution placed wild stocks under significant pressure 
over recent decades and caused a drastic decline of natural populations (Thurstan et al., 2013). 
Infectious diseases (i.e. Bonamia ostreae and Marteilia refringens), pollution, invasive species and 
climatic events contributed to the near extirpation of Ostrea edulis (Pogoda et al., 2019).

Aiming to enhance the natural populations of Ostrea edulis, significant effort for the restoration of 
the species has been put in place in several European countries, recently joined by Italy. An expe-
rimental hatchery for Ostrea edulis seed production has been realized at the International Marine 
Centre (IMC) facilities, which is currently able to conditioning wild local broodstock and to produce 
flat oyster seed.

We will present the results obtained on the broodstock conditioning, larval and post-larval rea-
ring, protocols and describe instances of larval crashes, a problem common to many native oyster 
hatcheries. Seed obtained was successfully grown in a coastal lagoon and will be employed for 
restoration activities. IMC is currently coordinating efforts within the “native oyster habitat restora-
tion task” of a three years project as part of the larger National Biodiversity Future Center project 
(https://www.nbfc.it/) with environmental benefits, improving seawater clarity, enhancing the 
primary production and reducing the risk of anoxic events. The local interest in flat oyster farming 
could represent an important opportunity to investigate interactions between farmed, restored and 
wild populations. This presentation will also introduce another initiative currently been established 
in Italy, the project “Restoration of native oyster beds (Ostrea edulis) in the Gulf of La Spezia” in 
North-western Mediterranean Sea, led by the National Agency for New Technologies, Energy and 
Sustainable Economic Development (ENEA), taking on the challenge to restore wild native oyster 
reefs along the Italian coasts.
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Hatchery production of flat oyster (Ostrea edulis)  
for Dutch restoration projects

Marco Dubbeldam1, Renate Olie2, Margot van Aalderen2, Nienke Bakker3, Ainhoa Blanco4,  
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3	 Hatchery Roem van Yerseke, Groeninx van Zoelenstraat 35, 4401 KZ Yerseke, The Netherlands
4	 Wageningen Marine Research, P.O. Box 77, 4400 AB Yerseke, The Netherlands 
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6	 Royal Netherlands Institute of Sea Research, Texel, The Netherlands
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Foundation the Rich North Sea combined forces to focus on the improvement of reproduction of 
flat oysters in hatcheries. In co-operation with research institutions and SME’s the ‘breeding line’ 
part focusses on finding a predictable and reliable method to grow Bonamia-free and in the long 
run possibly Bonamia-resistant flat oyster spat, suitable for cost-efficient, large-scale nature rest-
oration purposes.

In the years 2020-2023 these objectives were translated into research questions and the following 
answers were found:

-	 Which factors determine the success of conditioning the broodstock (period, temperature, 	
	 origin of the broodstock, food quality/quantity, bacterial pressure)?

The answer is that broodstock of Dutch origin can be conditioned well to the moment that it re-
leases larvae, and that the quality of the released larvae is quite stable. The bacterial pressure on 
broodstock and released larvae is present and can cause effect in the larvae culture. The algae 
diet is nutritional sufficient but can be a source of bacterial pressure as well.

-	 Which factors determine the growth and survival of the produced larvae (conditioning 	
	 broodstock, origin stock, food quality/quantity, bacterial pressure)?

The answer is that larvae from broodstock originating from Grevelingen and Oosterschelde per-
form well, enough numbers of released larvae are produced. The first week of larvae culture has 
growth and development. But the second half, just before settlement, is critical to bacterial pres-
sure (Vibrio) and nutrition. On average, one third of the larvae becomes competent to settle and 
one quarter of this becomes spat, variation in these percentages are caused by condition of the 
larvae and type of settlement substrate.

-	 Which factors determine the growth and survival of the spat (broodstock conditioning, 	
	 origin, food quality/quantity, bacterial pressure)?

The answer is that the condition of the larvae seems to be the most critical issue for success in 
metamorphosis to spat, the condition seems mostly related to bacterial load of the culture system 
and nutritional value of the diet. Once larvae become spat, survival is high, provided that hygiene 
is good. In weeks after spatfall the size of several mm is achieved and in months it can grow to 
several cm in size.
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Alternative scour protection materials can enhance  
flat oyster (Ostrea edulis) settlement 

Pauline Kamermans1,2, Robbert-Jan Geertsma2, Tim Wijgerde2, Diede Maas2 and Remment ter Hofstede3
1	 Wageningen Marine Research, Korringaweg 7, Yerseke, The Netherlands, pauline.kamermans@wur.nl
2	 Marine Animal Ecology, Wageningen University & Research, Wageningen, The Netherlands
3	 Van Oord, Rotterdam, The Netherlands

Bivalve shellfish such as oysters play an important role in the marine ecosystem. Their shells provi-
de hard substrate onto which other organisms can grow, which increases biodiversity. Additionally, 
oyster reefs offer shelter from predation to mobile species making the reefs important nursing 
grounds for fish species. The flat oyster Ostrea edulis L. was a common species in the North Sea 
until about a century ago. However, intensive flat oyster fisheries at the end of the 19th century 
caused the oyster population to decline rapidly. Currently, the species is listed as ‘threatened’ or 
‘declining’ and only a few individuals remain in the North Sea. Since 2016, several flat oyster rest-
oration projects have started in the Dutch North Sea. Some are taking place in offshore windfarms, 
in which bottom trawling is banned, allowing oyster reefs to develop once a starting population 
has been introduced. Furthermore, the windfarms provide hard substate which can attract oyster 
larvae, which results in a relatively cost-efficient method to enlarge the oyster population in the 
North Sea. The offshore wind farm infrastructure generally includes layers of rock material, so-cal-
led scour protection, installed at the base of wind turbines or covering cable crossings to prevent 
the seabed from scouring. They generally resemble a flat pancake, composed of a filter layer of 
small-sized quarried rock, such as granite, topped with an armour layer of larger rocks. The rocky 
material acts as an artificial reef, hosting a broad range of marine species such as algae, inverte-
brate species and fish. The aim of this research was to determine the suitability of different stone 
materials for flat oyster settlement. To this end, rough and smooth concrete, smooth concrete 
covered with reefpaste, limestone, marble, eclogite, granite and 3D-printed sandstone were expo-
sed to flat oyster larvae in a hatchery as well as in the field and settlers were counted. In addition, 
behaviour of individual larvae was tracked with a camera system to investigate potential attraction 
by the substrates. Results of these experiments will be presented, allowing future users to select 
hard substrate most suitable to support oyster reef development.
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Utilising genetics to unlock the conservation efforts of  
Native flat oysters at The Oyster Restoration Company
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2	 Xelect Ltd, Horizon House, Abbey Walk, St Andrews, Scotland, KY16 9LB, United Kingdom

The European flat oyster (Ostrea edulis) was once widely distributed across Europe and was an 
important food resource for humans for centuries. Populations of flat oysters have declined by 
95% in Europe since the mid-19th century, due to overfishing, habitat removal and disease. In 
recent years, momentum has increased to restore and farm native oyster populations around 
European coastlines and as such there is increasing interest in supporting restoration and oyster 
farming through the breeding of stocks with enhanced performance.

The Oyster Restoration Company (TORC), a Scottish commercial shellfish hatchery, only produces 
native flat oyster seed, minimising the risk of introducing non-native oyster species, and has been 
utilising biosecurity and science to ensure that its breeding broodstock are one of the largest, geo-
graphically diverse, and free from disease populations within Europe.

A major impediment to in oysters’ production has been the lack of a substantial and consistent 
supply of oyster seed. However, this has now changed with TORC starting an advanced genetic 
selection programme with the aim of developing specific product lines for both aquaculture and 
restoration markets. For aquaculture production traits of interest include fast growth, shell colour, 
meat yield and disease resistance. Ecological restoration will benefit from increased resistance to 
Bonamiosis and from the maintenance of low inbreeding and co-ancestry in the breeding popula-
tion to provide highgenetic diversity in restored flat oyster populations.

This talk discusses the complexity of developing a breeding programme for European flat oysters, 
the challenges associated with developing techniques for tagging, tissue sampling and mating a 
group spawning species that is a protandrous alternating hermaphrodite, how spawning techni-
ques commonly applied to breeding programmes of the Pacific oyster are not relevant or techni-
cally not feasible for European flat oysters and the systems TORC will be using for the breeding 
programme and how it tracks the parent lineage over a 2-3 year production window so that the 
generated F-stock can be brought back into the program for the next successive crosses.
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When does genetics matter for production of native  
European oyster (Ostrea edulis) seed and restoration  
of populations?
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Populations of the native European oyster Ostrea edulis have declined sharply due to overfishing, 
habitat degradation, pollution and diseases. Over the last decade, numerous efforts have been un-
dertaken in Europe to restore or recreate oyster beds and reefs. To date, one of the main obstacles 
limiting the expansion and scaling-up of flat oyster restoration projects is that there is a limited seed 
supply to meet restoration requirements. Biosecurity and genetics must be considered when produ-
cing and transferring seed. Together, NORA’s Production and Genetics working groups launched an 
initiative among flat oyster producers to collect questions about the main genetic topics needing to 
be considered in restoration projects. A call for questions was disseminated among Production WG 
participants. This gathered more than 40 questions, which we grouped into four topics:

1.	 Phylogeography, population genetics and identification of evolutionary forces shaping the past 
and present structure of populations; 

2.	 Optimization of reproduction and monitoring of the resulting genetic diversity in hatchery- or 
pond-produced seed used to restore populations; 

3.	 Selective breeding methods to improve disease resistance or other traits and their practical im-
plementation; 

4.	 Connectivity between populations and positive/negative interactions between wild, restored 
and farmed oysters. 

These questions and corresponding topics will be summarized, highlighting the current stage of 
knowledge and the areas remaining to be explored. This will provide a starting point to establish 
practical guidelines for restoration practitioners and for further collaborative and applied research. 
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Scandinavian flat oyster populations
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The Swedish populations of flat oysters can be considered the last untouched stock of flat oysters 
in the world. Indeed, in contrast with the other European populations, these bivalves have histori-
cally been protected from fishing, and no translocation between different stocks has been docu-
mented. In addition, the harmful diseases Bonamiosis and Marteiliosis have never been detected in 
Skagerrak. These Scandinavian populations are unique but so far understudied, and whether these 
populations are genetically distinct remains unknown.  We have analysed low-coverage whole 
genome sequencing data from 20 flat oyster populations distributed in Skagerrak and Kattegat. I 
will present the results of our population structure analyses and will share our preliminary unders-
tanding of the connectivity among the Scandinavian populations of flat oysters.
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Genetic characterization of Ostrea edulis populations to 
assist choices in flat oyster restoration in the North Sea
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2	 Marine Animal Ecology, Wageningen University & Research, The Netherlands
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Several European flat oyster (Ostrea edulis) restoration projects are carried out in the Netherlands 
with the aim to re-establish flat oyster beds and increase biodiversity in the Dutch part of the North 
Sea. These restoration projects depend on supply from elsewhere, as the species is no longer 
abundant in the North Sea. To avoid the spread of disease and abide quality requirements of flat 
oyster restoration, source populations from outside the Netherlands are used in Dutch restoration 
projects. An additional quality requirement is to use oysters of the highest genetic diversity possi-
ble which is of great importance for the long-term survival of populations. The broader the genetic 
base, the better the chance of survival when environmental conditions change. The number of 
oysters needed to ensure sufficient genetic diversity for a viable population is one of the knowled-
ge gaps concerning genetic diversity in flat oyster restoration. This number is linked to the genetic 
diversity in the source population. Information on genetic diversity is also useful to avoid potential 
maladaptation after transplantation that could impair the sustainability of the program. In addition 
genetic characterization can assist in the choice of the origin of the oysters for future restoration 
projects. Here we characterize individuals of six flat oyster populations in the Netherlands inclu-
ding local populations (Oosterschelde, Grevelingen, Maasvlakte and Voordelta) and imported oys-
ters from Irish and Norwegian origin that were used for restoration projects. The genetic diversity 
of the oysters was characterized by means of SNP (single nucleotide polymorphism) analyses. A 
SNP is a variation at a single position in a DNA sequence among individuals, which makes them 
useful markers to detect small differences both within a population and among different populati-
ons. Preliminary results on genetic diversity and cluster membership of the populations investiga-
ted in this research are used to assess how this influences choices in flat oyster restoration con-
cerning the origin of the source and the minimum population size of introduced oysters for a viable 
flat oyster bed.

38NORA 5  /  6th – 8th November 2023 



Day 2  /  Monitoring Methods
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through shared metrics - progress, ambition and purpose 
of the NORA monitoring working group
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The first large scale action of the NORA Monitoring Working group was a workshop convened in 
2019 to agree a suite of common monitoring metrics that would enable a standardised approach 
to monitor the progress and success of restoration projects across Europe. The key output of this 
workshop was the European Native Oyster Habitat Restoration Monitoring Handbook (zu Ermgas-
sen et al. 2021). Standardised reporting of monitoring metrics allows for analysis across projects 
and can be used to identify drivers of success and failure, communicate lessons learnt and identify 
research needs. The monitoring metrics are summarised briefly to inform and update the now sub-
stantially larger NORA community of this collective output and purpose post COVID. 

Shared restoration project monitoring metrics and units can also be harnessed to identify im-
portant knowledge gaps and quantify the ecosystem services and functions provided by restored 
Ostrea edulis habitat. This is important to promote reef restoration to policy makers, underpin 
natural capital assessments, and give investors confidence in the benefit from restoration funding.  
Restoration project data and monitoring metrics collected by these projects can be effectively sha-
red more widely using open access online database platforms as demonstrated by the Australian 
Coastal Restoration Network. The first steps to achieve this will be presented as part of a colla-
borative project with the University of Edinburgh and the UK and Ireland Native Oyster Network 
to collect such data. These data can then be used to assess the uptake of the monitoring metrics, 
along with the social, economic and political factors critical for successful restoration projects.

Shared monitoring metrics also have the potential to address the priority research questions iden-
tified by the NORA community as being of most importance to native oyster restoration in Europe 
(zu Ermgassen et al 2020). The results of a cross – working group assessment of the extent to 
which existing monitoring metrics can serve to answer these 40 priority questions will be presen-
ted. This matrix will be mapped against metrics being collected by the restoration database pro-
ject. Collectively these actions are the first steps to providing Europe-scale data on benefits and 
success of oyster habitat restoration. 
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Assessing fish populations using both historical and  
contemporary monitoring methods at restored native  
oyster reefs in the Solent
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The Solent estuarine strait, located between mainland England and the Isle of Wight, is expe-
riencing degradation as a result of human activities and climate change. In response, the Solent 
Seascape Project (SSP) was launched in January 2023 as the first initiative of its kind in the UK, 
aiming to initiate restoration and recovery efforts at a seascape scale through collaboration and 
partnerships.

The project aims to investigate and enhance our understanding of fish populations and biodiversity 
on recently restored seabed oyster reefs at two locations in the Solent; Langstone Harbour and 
the River Hamble. To achieve this, we present the historical fish data collected by the Centre for 
Environment, Fisheries and Aquaculture Science (CEFAS) to provide a comprehensive baseline of 
the coastal fish species community, abundance and distribution in the Solent. This baseline data-
set serves as a foundation for analysis and monitoring of the impact of oyster reef restoration on 
fish populations in comparison to reference and control sites within the project area. 

Building upon the historical fish data, and current small fish survey data from 2012-2020, we 
present the Solent Seascape fish biodiversity scientific monitoring planned for the 5-year project 
duration. These include the integration of cutting-edge techniques such as environmental DNA 
(eDNA) sampling, Baited Remote Underwater Video (BRUV) surveys, and fish tagging. This mul-
tifaceted approach aims to provide a comprehensive understanding of the mobile fauna habitat 
utilization and biodiversity supported by restored seabed oyster reef habitat.

By combining traditional data collection methods with emerging technologies, the Solent Seasca-
pe project aims to address knowledge gaps regarding the current status of fish abundance and di-
versity and how these populations may change as the oyster reefs become more established. The 
project's emphasis on long-term monitoring at restoration, reference, and control sites ensures the 
acquisition of valuable data for ongoing assessment. 

The results of combining both historical, current and future fish data from multiple stakeholders 
will provide valuable information for sustainable management of key fish species and inform our 
understanding of the relationships between habitat structure, type, and inter-habitat distance on 
fish populations, and ecosystem connectivity across the Solent seascape.
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oyster beds through analysis of soundscapes, eDNA and 
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Based on the urgency to mitigate and halt environmental degradation, the number of habitat rest-
oration and enhancement projects has sharply increased globally. Long-term monitoring of rest-
oration activities is key to evaluate their biodiversity impact and success, but traditional visual met-
hods are often labour intensive. Novel techniques for assessing biodiversity are available, yet their 
robustness and efficiency have rarely been tested in the context of habitat restoration. Here we 
aim to assess taxonomic diversity and ecosystem complexity of developing/recovering European 
flat oyster habitats (EFOHs) in Scotland and Sweden, comparing for the first time traditional visual 
surveys with soundscape recordings and environmental (e)DNA analysis. Preliminary results from 
the visual surveys demonstrate a significant positive correlation between oyster shell coverage 
and species richness. Moreover, analyses of acoustic indices and phonic richness reveal a similar 
pattern, reinforcing this trend. Ultimately, forthcoming comprehensive analyses of the results from 
the three different methods will demonstrate whether the latter, individually or combined, are time 
and cost-effective tools to adequately assess/monitor ecosystem complexity and status, informing 
EFOH conservation and restoration efforts.
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From Sea to (Data)Table:  
Trials & Tribulations of Monitoring Data Collection

Gurjameer Ramday1, Naomi Kennon1, Alex Robertson-Jones1, Magnus Janson2 & William G. Sanderson1  
1	 EGIS, School of Energy, Geoscience, Infrastructure and Society, Heriot-Watt University, UK
2	 School of Applied Science, Napier university, UK

There have been significant efforts to standardise the monitoring of restoration programs through 
the European Native Oyster Habitat Restoration Monitoring Handbook (zu Ermgassen et al., 2021). 
Focusing on a consistent set of monitoring metrics allows for more efficient growth of monitoring 
programs by identifying those that have been found to work and also by allowing the cross-exami-
nation of projects. Shared methodologies play a key role in standardizing the quality & quantity of 
data and allow objectives and questions to be addressed across networks. Conversely, monitoring 
also needs to be developed within the framework of the site specific goals and the local environ-
mental conditions (Pomewroy et al. 2004).  As the NORA community expands, as do the environ-
ments in which restoration efforts are situated, it is vital to consider site specific variability and 
how methodologies may need to adapt accordingly.

In the case of the DEEP project, the Dornoch Firth is a tide swept body of shallow water with 
strong seasonal and stochastic variation requiring adaptation in data collecting methodologies. 
With access issues typically allowing only one workable tidal window per day, maximum efficiency 
is required to collect multiple metrics through each method, with each having their own set of chal-
lenges. The use of SCUBA divers allows for the collection of high quality in situ data, that in turn 
requires attention to quality control and quality assurance procedures. Whilst diving scientists are 
on site, they perform several other tasks such as survival analysis, video transects, logger repla-
cement/sampling and water clarity assessment. Each of these methods has required site specific 
modification to allow for local environmental conditions to be accounted for, and for maximum 
time efficiency to be achieved.  

These methodologies show that even with small working windows in a challenging environment, 
quality data can still be collected to support as many as 21 of the NORA monitoring metrics. The 
work also brings to attention the variability in data collection methods and issues of quality control, 
potentially highlighting an opportunity for misalignment when comparing metric data with other 
projects
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Conservation of an European oyster reef:  
Understanding ecosystem and oyster dynamics to inform 
future strategies for protection

K. Didderen1, P. Kamermans2 C. Coral3, O. Bos2, J.H. Bergsma1 & W. Lengkeek1
1	 Waardenburg Ecology, Culemborg, The Netherlands, k.didderen@waardenburg.eco
2	 Wageningen Marine Research, Yerseke, IJmuiden, The Netherlands.
3	 Royal NIOZ, Yerseke, Texel, The Netherlands

In 2015 a reef with European oyster Ostrea edulis was discovered in a shallow coastal area in the 
Dutch North Sea. This keystone habitat is internationally recognised as ‘threatened and declining’ 
in the NE Atlantic by OSPAR and implemented in the WFMD. Therefore, strategies for its conserva-
tion are currently being investigated. This rare natural reef provides a unique study object and un-
derstanding reef properties such as reef size, oyster population dynamics and ecosystem services 
provided by the reef, is crucial to inform these conservation strategies. In 2021-2023 we combined 
monitoring techniques - acoustic and UVC - as a novel combination for reef mapping - to quantify 
the extent of the reef and assess reef substrate. We compared annual transect data to investiga-
te spatial and temporal population dynamics and investigated ecosystem services by assessing 
biodiversity and spill-over of larvae to the wider area. The reef area spans over 200 hectares with 
dense and sparse patches of oyster reef, mussel beds, sandy areas and areas with shell material. 
Our results show that oysters lengths are skewed to adults of 50-90 mm, with small, but rare, 
individuals showing the reefs is still rejuvenating annually. This is confirmed by spat collectors. 
Additionally, quantifying the reef effect – including biodiversity and the outward radiation of oyster 
larvae – helps to better understand the potential ecosystem services and function of this native 
oyster habitat. The importance of these results to conservation, restoration and future monitoring 
strategies of native oyster habitat is discussed.
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Restoring ecosystem services:  
The impact of native oyster reefs on biodiversity  
in the Solent

Fiona Woods1,2,3, Luke Helmer3, Zoe Morrall2, Joanne Preston2, Antony Jensen1, Chris Hauton1  
1	 School of Ocean and Earth Science, University of Southampton, National Oceanography Centre,  

Southampton, UK, f.woods@soton.ac.uk
2	 Institute of Marine Sciences, School of Biological Sciences, University of Portsmouth, Portsmouth, UK
3	 Blue Marine Foundation, London, UK

Historically, native oyster (Ostrea edulis) reefs were abundant across the Solent and played a key 
role in supporting local fisheries. However, the population crashed in 2007, by 2011 annual stocks 
had reduced 90 % compared to the previous decade, and between 2013 and 2015 the Southern 
Inshore Fisheries and Conservation Authority closed the fishery completely as stocks remained 
low. In response, the Solent Oyster Restoration Project was created in 2016, aiming to reintroduce 
native oysters, enhance biodiversity and improve water quality. 

In September 2021 a 1000 m2 reef was established in Langstone Harbour. This involved placing a 
layer of cultch on the seabed and then depositing commercially grown native oysters on top. This 
process was repeated in the River Hamble in April 2023, where 2500 m2 of seabed was covered 
with cultch and oysters.

Prior to reef creation, baseline grab surveys of the sediment were conducted at control and rest-
oration sites in both locations. Stereo baited remote underwater video (BRUV) surveys were car-
ried out at both Hamble sites. 

Sediment surveys indicated low biodiversity and predominantly muddy mixed sediment with limited 
3D structure at all sites in Langstone Harbour and the River Hamble. BRUV baselines confirmed 
low biodiversity, with Carcinus maenas being the most prevalent species.

Following reef creation, BRUV units were utilised over the summer season to monitor community 
shifts associated with the creation of the reefs. At 1 year post restoration, the Langstone reef sho-
wed an increased mobile species diversity (H’=2.52, EH=0.91) compared to the control (H’=1.93, 
EH=0.73). Commercially important species, predominantly in juvenile stages, and their prey, 
including European sea bass Dicentrarchus labrax, Spondyliosoma cantharus, and Sepia offici-
nalis, were observed at the reef site. Four months post deployment, the Hamble reef is displaying 
a reduction in diversity (H’=1.6, EH=0.87) compared to the control (H’=1.81, EH=0.93). However, 
23 % more fish were recorded at the reef compared to the control, including mature Dicentrar-
chus labrax.

While assessment of the reefs is ongoing, these preliminary findings suggest that the restoration 
of native oyster reefs in Langstone Harbour and the River Hamble hold great promise for increa-
sing biodiversity and supporting fisheries in the Solent.
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Oyster reef biodiversity enhancement: an ecosystem  
engineering perspective 

Naomi Kennon1, Alex Robertson-Jones1, Gurjameer Ramday1, Michela Iodio1, Magnus Janson³,  
Salma Shalla⁴, Debbie McGregor⁴, Owen Paisley⁵, James Mair¹, Mike Bell², William Sanderson1
1	 EGIS, School of Energy, Geoscience, Infrastructure and Society, Heriot-Watt University, UK, 

nak7@hw.ac.uk
2	 International Centre for Island Technology, School of Energy, Geoscience, Infrastructure and Society, Heriot-

Watt University, UK
3	 School of Applied Science, Napier university, UK
4	 Shalla benthic identification services, Asahi House, Port Erin, Isle of Man
5	 SeaSearch, Argyll, UK

Habitats such as Ostrea edulis reefs are being increasingly considered for restoration as part of 
coastal conservation initiatives. They are targeted due to their role as ecosystem engineers and 
the many vital ecosystems services they provide. These services include blue carbon storage (Lee, 
et al., 2020), improved water quality (Robertson-Jones, et al., in prep.) and biodiversity enhance-
ment (Kennon, et al. 2023; Sanderson et al., 2008). The live and dead oyster shell creates a com-
plex matrix which provides microhabitats for a diverse faunal community (Kennon, et al. 2023). 
Organic carbon deposited onto the seabed in the form of faeces and pseudofaeces via biodeposi-
tion also enriches the sediment (Lee, et al., 2020). Both of these ecosystem functions probably en-
hance biodiversity in shellfish habitats in general (Zu Ermgassen et al. 2020). However, the relative 
importance of these processes in driving oyster reef communities and the direct effect clumps of 
oysters have on their biotic community has not been explored in detail. 

To investigate the influence these ecosystem services and functions are having on the biotic com-
munity associated with the oyster reef biodiversity sampling was carried out in several locations. 
Five locations were selected from around Scotland. In each of these survey locations biodiversity 
was recorded from samples with an oyster clump present and from an adjacent area where oysters 
were absent. For each sample two types of biodiversity data were collected: epibiotic abundance 
was recorded in situ and infaunal species abundance from sediment cores and subsequent labora-
tory processing. In all but one instance the biodiversity was found to be higher in the samples with 
oysters. Epifaunal biodiversity had the greatest proportional increase. Biological trait analysis was 
used to interpret how the biotic communities were benefitting from the presence of the functions 
(processes?) of the oysters. 

This work highlights how the oyster reef forms the foundation of important ecosystem services 
including enhanced niche provision and pelagic-benthic coupling. Overall, the present work is the 
most detailed biodiversity study of wild European oyster habitat to date and demonstrates the 
importance of Ostrea edulis as an ecosystem engineer that modifies its environment to the benefit 
of a large and complex community of organisms.
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Oysters in the light:  
the biodiversity of associated seaweed 

Michela Iodio1, Naomi Kennon1, Francis Bunker2, Owen Paisley3, Debbie McGregor4, Salma Shalla4 and  
William G. Sanderson1
1	 Institute of Life and Earth Sciences, EGIS – Herriot-Watt University / Research Director, Dornoch Environ-

mental Enhancement Project, michelaiodio@gmail.com
2	 MarineSeen, Estuary Cottage, Bentlass, Hundleton, Pembrokeshire SA71 5RN
3	 Sireach na Mara, Eden House, Glac A’Mhuilinn, By Tarbert PA29 6XR
4	 Shalla benthic identification services, Asahi House, Port Erin, Isle of Man

European oyster (Ostrea edulis) habitats have declined substantially and are now subject to resto-
rative conservation initiatives throughout their former range.  These restoration initiatives are often 
predicated on potential increases in biodiversity, yet there are no biodiversity studies of undistur-
bed wild oyster habitats.  Ostrea edulis is known to occur from the tide swept circalittoral to the 
sheltered, shallow sublittoral and from brackish estuarine to open coast, shelf seas. 

The present study sets out to examine the relationship between naturally occurring, relatively 
undisturbed oyster reefs and their associated marine seaweeds in the upper infralittoral zone. The 
seaweed community structure was compared across three oyster habitat sites in Scotland. The 
study also examined the associated faunal assemblage as an indicator of biodiversity. Field sur-
veys were undertaken between May and June 2022 and samples collected by snorkelling during 
low tide at each site. Seaweed biomass was used as a proxy of abundance.  Faunal communities 
associated with the seaweeds and the oysters were sorted and enumerated. There was no dif-
ference in seaweed communities between sites but there was a significant variation in seaweed 
diversity (Shannon-Weiner, H’). The biodiversity of the associated invertebrate community was not 
significantly greater with greater seaweed biomass. However, the combined epibiotic biodiversity 
of oysters and their seaweed was significantly greater than the biodiversity of similar sized cobbles 
and their seaweed. Overall, the present study is a rare example from wild European native oyster 
habitats. The findings draw attention to variations in biodiversity likely to be found across different 
types of oyster habitats and the additional biodiversity provided by oyster habitats when found in 
the photic zone. The conservation management implications are discussed.
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MAREA:  
Matchmaking restoration, ecology and aquaculture 

C. Bertolini1, R. Pastres1
1	 Department of Environmental Sciences Informatics and Statistics, Ca’ Foscari University of Venice, 30170 

Venice, Italy, camilla.bertolini@unive.it

The project MAREA is a restorative aquaculture project where Ostrea edulis restoration is combi-
ned with  mussels’ culture sites, to ensure protection from dredging and harvesting of adults.  A 
literature review was conducted highlighting a key gap of knowledge on the recruitment proces-
ses. Growth and recruitment processes were then studied in detail with a combination of modelling 
and experimental approaches to understand the possibility of growing oysters commercially at the 
site starting from oyster spat recruited on collectors in the nearby farm areas. This would enable 
an assessment of the feasibility to both start a local farming chain and to enable reef expansion 
on different substrata on the seabed. A Scope For Growth model was parametrised with empiri-
cal data from the lagoon, enabling the prediction of shell, somatic and reproductive tissues. The 
‘opendrift’ larval drift model was also modified to predict Ostrea edulis dispersal and settlement 
and implemented in the Northern Adriatic in different swarming periods with satellite derived for-
cings to understand the potential of exporting this method in the rest of the Adriatic region beyond 
the lagoon and provide tools for upscaling beyond. In the context of restorative aquaculture princi-
ples, the project quantified some of the ecosystem services associated with the restoration ac-
tion,  focusing specifically on carbon and nitrogen fluxes, improving the understanding of carbon 
dynamics associated with shell growth and dissolution processes, providing another tool that will 
allow to expand beyond the study site.  With the project coming to an end, it will be an opportunity 
to highlight what was learnt during the process and what are the gaps that are still needed to be 
filled.
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Oysters and shellfish in Scottish Gaelic songs,  
stories and sayings 

Alasdair C. Whyte1, Carly McNamara2, Sarah Gambell3, Brendan Robertson4,  
Natasha Walker-Milne4 & Anna McGregor4
1	 School of Humanities, University of Glasgow, Alasdair.Whyte@glasgow.ac.uk
2	 School of Humanities, University of Glasgow, Carolyn.Mcnamara@glasgow.ac.uk
3	 School of Education, University of Glasgow, Sarah.Gambell@glasgow.ac.uk
4	 School of Biodiversity, One Health & Veterinary Medicine, University of Glasgow

This paper will present analysis of the importance of oysters, specifically, and shellfish, more gene-
rally, to ecosystem services in Gaelic Scotland, as evidenced in Scottish Gaelic songs, stories and 
sayings. The paper will include performance of some of the relevant songs, as well as synopses of 
relevant Gaelic-language stories and sayings in translation. Identified areas of particular relevance 
within ecosystem services include: provisioning, specifically the awareness and celebration of oys-
ters as part of an holistic and plentiful diet by Gaelic-speakers and awareness of their importance 
to local biodiversity and sustainability; and culture, in terms of wellbeing and connection to place, 
as is evidenced by the frequency of references to oysters and shellfish in the identified material. 
The paper will propose a correlation between: detrimental changes to the natural environment; 
the decline of Scottish Gaelic; and the erosion of local knowledge of the natural environment. The 
paper thus builds on recent work by Roddy Maclean and NatureScot on ecosystem services and 
Gaelic (Maclean 2021; Maclean 2021b). In summary, the paper will propose that oysters and shell-
fish were integral to ecosystems in Gaelic Scotland and, furthermore, draw attention to evidence 
in songs, stories and sayings involving oysters and shellfish which shed new light on aspects of 
relationships between people of varying social status in parts of Gaelic Scotland. It will be argued 
that this evidence, in turn, can add much to debates about historical, current and future ownership 
and management of coast, sea and land in Scotland. The research for this paper was conducted 
under the auspices of the NERC-funded Oyster Habitat Suitability Project at the University of Glas-
gow.
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Saving Our Oyster Reefs:  
A Science Meets Impact Investor-Based Approach  
to Commercial Restorative Aquaculture 

N. Sachlikidis1,2, M. Johnston1, O. Wynn-Jones1 and A. Overweter1
1	 Cadman Capital Group, nik@cadmancapital.com 
2	 The Oyster Restoration Company, Mellon Charles, Aultbea, Rosshire, IV22 2JL, The United Kingdom 

nik@oysterrestorationcompany.co.uk or nik@cadmancapital.com

Impact investing is becoming increasingly important in environmental restoration.  Between 2004 
and 2018 it is estimated that 8 billion dollars of private funds have been invested in programs 
aimed positive environmental impacts, with the rate of investment into environmental causes 
increasing to over 4 billion.  Whilst still relatively small, impact investment into the marine sector is 
increasing as the importance of aquatic ecosystems are being realised. By providing substantial 
targeted investments to projects with strong environmental outputs, impact investors are helping 
to overcome previous barriers and achieve meaningful and sustained results. 

The Oyster Restoration Company (TORC), a private enterprise backed by the impact investor Cad-
man Capital, has been investing in the science behind native oyster spat production for the past 
five years. Driven by impact investment philosophy,  TORC aims to restore native oyster ecosys-
tems by first creating and leveraging substantial quantities native oyster seed to deploy through 
the environmental, restoration, and aquaculture sectors . 

This talk discusses a science meets impact investor-based approach to commercial restorative 
aquaculture aimed at saving native oyster reefs with the goal of having substantial positive im-
pacts on global ecosystems.  We offer an inside look into the approach taken by The Oyster Rest-
oration Company, focusing initially on seed supply and employing a scientifically-driven strategy 
to produce fit-for-purpose hatchery seed. By prioritizing scientific outcomes, this aims to address 
the challenges associated with developing commercially viable hatcheries for native oyster deploy-
ment systems for environmental offset. 
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Offshore oyster restoration in mitigation scenarios:  
The happy stakeholder?

Bernadette Pogoda1 
1	 Shelf Sea System Ecology, Alfred Wegner Institute Helmholtz Centre for Polar and Marine Research,  

Germany  

Underlining the crucial role of energy security and the fight against climate change, the Ostende 
Declaration highlights the need to strengthen European cooperation to ensure affordable, secure 
and sustainable energy, while at the same time, continuing efforts to protect the marine ecosys-
tem. Against this background, mitigation scenarios for offshore wind such as specific marine con-
servation measures and the support for MPA management move into focus, in some countries as 
an obligatory part of the authorization processes for offshore wind farm construction. We present 
a German case study, where upscaling oyster restoration is closely tied to designated compen-
sation measures. We define relevant stakeholders, describe their roles, needs and engagement, 
including policy-makers, involved authorities, industry partners, scientific partners as well as the 
responsible offshore wind entrepreneurs. For the first approved mitigation, a 10 ha biogenic reef 
system of the native European oyster Ostrea edulis, to be fully implemented in 2026, important 
steps during the process of engaging stakeholders will be explained and discussed: Communica-
tion and collaboration to establish the legal framework across involved ministries, acknowledging 
the importance of a common terminology and language; challenges of knowledge transfer from 
science to policy, including understandings and misunderstandings when communicating scientific 
results; transition from research projects to commercial implementation, considering problematic 
timelines and bottlenecks. Against the background of NORA outreach activities, this presentation 
will focus on the role of restoration managers and scientist at science-policy and policy-industry 
interface and aspects of tailor-made, solution-orientated knowledge transfer.
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The evolving seascape for native oyster restoration in 
Scottish waters 

Cass Bromley1, David Donnan2
1	 NatureScot, Inverdee House, Baxter Street, Torry, Aberdeen, AB11 9QA, Cass.Bromley@nature.scot
2	 NatureScot, Battleby House, Redgorton, Perth PH1 3EW

Since NORA 4 in 2021, there has been a steady increase in the level of activity and interest in na-
tive oyster restoration in Scotland which is reflected in the number of active and potential projects 
seeking advice from NatureScot (the statutory nature agency in Scotland). This presentation will 
provide an overview of the characteristics of Scottish oyster restoration projects and the evolving 
nature of factors which are influencing or acting as drivers for nature restoration in the marine and 
coastal environment. This includes the role of shellfish restoration in climate change mitigation/ 
blue carbon, corporate social responsibility and compensation/ mitigation in relation to marine 
development. Many of the projects are community and citizen-science-led and have a wider scale, 
holistic perspective. We will also provide an update on the developments within NatureScot and 
Scottish Government, including the guidance packages that have been produced. As the pioneer 
projects start to look towards their future growth, the presentation will consider the lessons lear-
ned and the challenges of scaling up, together with the importance of continuing to ensure that 
restoration projects are well-sited and justified. Although presented from the Scottish perspective, 
this talk covers aspects that are relevant to the entire NORA community. 
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Seawilding Practitioner track:  
towards engagement and ambitious action in regenerating 
North Sea nature

R. Van Leeuwen1, K. Van den Wijngaard2, G. Hanon, E. Schrijver, J. Motuzaitė 
1	 rienvanleeuwen@ark.eu
2	 karel.vandenwijngaard@ark.eu  

This presentation highlights the findings of the Seawilding Practitioner track, project aiming to en-
gage individuals and stakeholders affecting and being affected by the North Sea nature, encoura-
ging a "nature first" perspective, and teaching rewilding approach for seascapes. The North Sea 
is becoming busier with numerous activities, and while biodiversity seems to be included in many 
agendas, several factors may compromise the effective regeneration scale: 

1.	 lack of engagement with North Sea nature and human-induced impact, 

2.	 lack of knowledge about the marine ecosystem, processes, and regeneration opportunities, 

3.	 a “nature last” or, at best, “nature inclusive” perspective, 

4.	 lack of alignment in or connection between the efforts to improve the marine ecosystem in the 
North Sea. 

Our project addresses these issues by offering this track and follow-up focus-meetings. From 
2022 until now, one 2-day full event and two 1-day shortened version events were organized. 
Overall, 65 participants from different fields of work attended at least one event. Since then, one 
focus meeting took place with some participants from these multiple events. Results show that by 
sharing footage, feelings and knowledge about the North Sea ecosystem and its various species, 
a sense of connection with the sea can be reinforced. This can work as a powerful stimulus to 
shift stakeholder perspective and activate them to create more nature-positive interventions. The 
rewilding triangle adapted from Perino et al. (2019) is an effective visualization tool for introducing 
the rewilding approach and explaining its processes. A newly developed 7-step seascape method 
based on rewilding approach helps participants to analyse various marine areas from ecosystem 
and socio-economic perspectives and consider possible nature-enhancing interventions. One or 
two-day tracks serve as an initial stakeholder engagement tool, but to translate this engagement 
to powerful and aligned actions, it is crucial to retain connection with and between the partici-
pants. Therefore, focus meetings serve as a continuum, bridging the gap between practicing the 
seascape rewilding method and implementing it for real. This presentation contributes to expan-
ding knowledge of how a rewilding approach and tools can help facilitate more engagement and 
more ambitious action in the North Sea ecosystem regeneration field.
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Outplacement of hatchery spat-on-shell:  
effects of different substrates, methods and timing  
on survival and growth 

J.H. Bergsma1, R.A. Olie2 and M. Dubbeldam3
1	 Waardenburg Ecology, Varkensmarkt 9 4101CK, Culemborg, j.bergsma@waardenburg.eco 
2	 The North Sea Foundation / The Rich North Sea programme, Arthur van Schendelstraat 600, 3511 MJ, 

Utrecht.
3	 Stichting Zeeschelp, Jacobahaven 1, 4493 ML, Kamperland

One of the goals of the KOPON group (Culture and Research on Flat Oyster in the Netherlands) 
is to find successful methods for outplacement of hatchery produced flat oysters. Two field tests 
were done in the nearshore Natura2000 area Voordelta. One testing different shell substrates for 
settlement of oyster spat and the second outplacing spat from the hatchery at different ages into 
the field.

Along the Dutch coast we see oysters settle mainly on other shells, such as Ensis sp., native 
oysters, Pacific oysters, mussels and cockles. To find out which shells are most suitable for outpla-
cement of oysters we tested 4 different substrates and had spat settle on them in a hatchery. We 
used shells of mussel, Pacific oyster, king scallop and chalk coted oyster. Questions we wanted to 
answer were stability of the settlement materials and possible difference in survival of the spat. 

In the field test, also movement of these shells by current and waves was investigated by putting 
loose shells on the seabed and making a little barrier around them with crates. In the crates we 
also put different shells with spat to follow survival and growth. The effect was measured after 3 
months and 15 months.

In the second field test, we wanted to find out how long spat on shell should be kept in the hatche-
ry before outplacement. Keeping the spat longer in the hatchery is more costly due to e.g. lower 
turnover, more food and care. Two separate batches of oyster spat-on-shell were tested. One 
batch of one month old and one batch of two months old. Spat from the same two batches were 
kept in the hatchery for one more month, before the second outplacement. The growth and survi-
val were measured after 6 months and 10 months.
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Pilot project for the restoration of native flat oyster beds  
in San Simón inlet (Galicia, NW Spain)

A. Cerviño-Otero1, E. Pérez2, A. González1, M. Ortega1, D. Iglesias1, A. Villalba1 and C. Gabín-Sánchez1
1	 Centro de Investigacións Mariñas (Xunta de Galicia). Pedras de Corón, s/n. 36620 Vilanova de Arousa  

(Galicia, Spain) ana.cervino.otero@xunta.gal
2	 Confraría de Pescadores Virxe do Carme de Arcade. Rúa do Peirao s/n 36690 Arcade (Galicia, Spain)

Natural beds of flat oyster (Ostrea edulis, Linnaeus 1758) began to disappear from Galician (NW 
Spain) rias (local name for estuaries) in the middle of the last century due to overfishing, which 
was heightened by introduced diseases. Bonamiosis caused catastrophic mortalities, contributing 
to the decline of this species since 1980s, as it occurred throughout the Atlantic European coast. 
With the aim of recovering the natural flat oyster beds in the San Simón inlet (inner area of Ria de 
Vigo), one of the areas with the highest native oyster production in Galicia long ago, a restoration 
project has just started. Currently, the production of this species is residual, so the final objective 
is to recover sustainable oyster fishery in this area and to strengthen the ecosystem services provi-
ded by this species.

Among the recommendations for the restoration of this species is the creation of breeding sanc-
tuaries. For this, a broodstock maintaining system will shortly be installed considering the previous 
information collected, specially the location of natural beds, both those that currently exist and 
those that have disappeared. Adult oysters will shortly be introduced into this system, and will be 
monitored for growth and mortality. In addition, physical parameters of the area are being recor-
ded. Likewise, an epidemiological surveillance program will be addressed to determine the presen-
ce of parasites of the Bonamia genus and other pathogens and pathological conditions in the resi-
dual flat oyster native bed, as well as those used as broodstock in the breeding system. The use of 
spat collectors will be evaluated in accordance with the progression of the restoration process.
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Will we be able to restore the flat oyster Ostrea edulis  
in a changing ocean?

Carole Di Poi1, Emilien Pousse1, Elisabeth Le Mouillour1, Isabelle Arzul2, Charlotte Corporeau1,  
Andréaz Dupoué1, Christophe Lambert1, Cyrielle Lecadet2, Nelly Le Goïc1, Danielle Mello1, Claudie Quéré1, 
Rafael Trevisan1, Stéphane Pouvreau1, Ika Paul-Pont1, Arnaud Huvet1
1	 Laboratoire de Sciences de l’Environnement de Marin (LEMAR), UMR 6539 UBO-CNRS-IRD-Ifremer, Tech-

nopole Brest Iroise, 29280 Plouzané, France, carole.dipoi@ifremer.fr
2	 Ifremer, Laboratoire de Génétique et Pathologie des Mollusques Marins, 17390 La Tremblade, France

Global changes are altering the biophysical conditions of coastal waters and can significantly 
influence the practice and outcomes of ecological restoration. Will our current efforts to restore 
the European flat oyster be in vain in the near future if the species is unable to cope with rapidly 
changing oceanic conditions? 

Thus, we address the vulnerability of Ostrea edulis and its associated benthic communities to 
microplastic pollution under ocean warming and acidification. Plastic pollution and climate change 
have previously been studied in the short-term as separate issues, although they are chronic and 
fundamentally linked. Here, twelve oyster reefs were exposed, over an entire life cycle (1 year), in 
semi-closed mesocosms to +2°C, -0.32 pH units and to an environmentally relevant mixture of mi-
croplastics (x 50), as single or multi-stress exposures and based on regional projections for 2100. 
We are assessing the effects on the individual physiology and life-history traits, population dyna-
mics, and on epibiosis functional traits, richness and abundance (not presented). 

During the winter season, oysters exposed to seawater warming and acidification simultaneously, 
regardless of the presence of microplastics, are metabolically more active, grow more and con-
sume more food than individuals in ambient seawater. This scenario does not appear to have a 
negative impact on macrophysiological traits, probably because the water temperature, even when 
warmed, remains within the species' thermal tolerance range. Interestingly, oysters exposed to the 
multi-stress and microplastic scenarios hatch larvae earlier than in the others conditions, but these 
events are currently ongoing and the dataset need to be completed. 

“Science is a long-term process” and the data acquired over time will confirm whether seawater 
biophysical changes modify the phenology of reproduction, the survivorship of larvae, and whet-
her macrophysiological traits diverge during the summer. Thus, we highlight the need to carry out 
experimental studies throughout the seasons to better predict the responses of ectothermic orga-
nisms to global changes. 

This real-time experiment takes place in Oceanolab, a newly-opened space at the Oceanopolis 
aquarium and science centre, offering the citizens to see “science in the making”. This is a ”win-
win” initiative, producing sound scientific knowledge and transferring it directly to society.
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Cost – effectiveness analyses of scenarios for European 
flat oyster restoration in an offshore wind farm

P. Jacobs1, T. Van der Hiele1, J. Heringa1, G. Verbeeke1, L. Tonk2, R. Ter Hofstede3,4, J. Van Houcke1
1	 HZ University of Applied Sciences, pascalle.jacobs@hz.nl, 
2	 Wageningen Marine Research 
3	 Delft University of Technology 
4	 Van Oord Dredging and Marine Contractors

European oysters (Ostrea edulis) once covered large areas of the North Sea, but have disappeared 
due to a combination of overexploitation and the destruction of benthic habitats including hard 
substrate necessary for settlement. Offshore wind parks offer an opportunity for this species to 
thrive again; fishing is banned inside these parks and scour protection provides hard settlement 
substrate.  However, ecological restoration of marine systems is capital-intensive. The success 
of restoration projects is mainly determined by the choice of methods and techniques and con-
sequently costs. Costs and cost-effectiveness information are therefore key in decision making 
processes concerning the selection of restoration efforts and techniques. So far, marine ecosys-
tem restoration cost assessments have mainly focused on near-shore shallow habitats. The aim 
of this study was to provide insight into the most cost-effective outplacement options to create a 
European flat oyster reef in an offshore wind farm in the North Sea. Within the current policy and 
legislation framework several outplacement scenarios were identified based on best practices, 
expert knowledge, and preliminary results of several pilots. Scenarios included 'adults placed loose 
on the seafloor', 'adults in cages', 'adults on granite' as well as 'spat on shells' and 'spat on granite' 
and a combined adult and spat scenario. Cost-effectiveness of the different scenarios was deter-
mined by estimating the expected reef biomass post-deployment with a population model. The 
option to add additional settlement substrate for a period of 5 years was also included in the calcu-
lations. The main conclusions from this modelling exercise were that 1. based on investment value, 
the scenarios 'adult on seafloor' 'adults in cages' and 'spat on shells' had the highest revenues per 
Euro invested; 2. adding substrate in the years post-deployment increased cost-effectiveness in 
the model for all scenarios, and 3. when considering the time to success, defined here as an adult 
population of at least 20.000 oysters, the scenarios 'spat on shells' and the combined scenario of 
'adults' and 'spat on shells' were the preferred scenario with time to success taking 8-10 years. 
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SeaCrete, a bio-based and bio-sourced alternative  
to concrete, used for flat oyster (Ostrea edulis) settlement

Thomas Kodger1, Yanhua Zhao1, Sophie Valk2, Robbert-Jan Geerstma2, Pauline Kamermans2,3,  
Stephane Pouvreau4 and Tinka Murk2
1	 Physical Chemistry and Soft Matter, Wageningen University & Research, Wageningen,  

The Netherlands, thomas.kodger@wur.nl.
2	 Marine Animal Ecology, Wageningen University & Research, Wageningen, The Netherlands
3	 Wageningen Marine Research, Korringaweg 7, Yerseke, The Netherlands
4	 Ifremer, Argenton, France

Oyster reefs provide vital components of healthy marine systems. The North Sea historically was 
rich in oyster-dominated reefs, which have been fully removed by over a century of overharvesting 
and bottom disturbance by trawling. To be able to reintroduce the native flat oyster in the North 
Sea hard substrate is needed for the larvae to settle on. Current initiatives involve introduction of 
concrete materials. However, concrete has a large CO2 footprint and should be avoided. Ideally, 
a natural reef should recover on natural materials. However, finding biocompatible alternatives 
that remain intact to support oysters in generating biogenic reefs remains difficult. Current under-
water adhesives, are based on reactive two-part epoxide chemistry that is unnatural, expensive, 
and harmful. How can pieces be mechanically held together for several years underwater until the 
oysters have had the opportunity to form a robust reef? The tube worm P. californica offers a solu-
tion; initially, a combination of positively- and negatively charged polypeptides form a ‘glue’, which 
is secreted as a fluid, but soon after changes in the local solution, the fluid adhesive hardens and 
ultimately turns into a covalently bound, cement-like structure. We have developed ReefGlue, 
inspired by P. californica, with the final goal of utilising bio-sourced components to gluematerial to-
gether. This glue has been shown to remain intact in seawater over the duration of three months. In 
addition, oyster larvae of the Pacific oyster (Crassostrea gigas) have shown capable of settling on 
ReefGlue materials. By adding marine fragments to the ReefGlue a hard substrate called SeaCrete 
is produced that can act as a replacement for concrete. The suitability in stimulating larval attrac-
tion and settlement of this bio-based and bio-sourced alternative to concrete is tested for the flat 
oyster (Ostrea edulis). Additionally, the effectiveness is tested by determining larval attraction 
behaviour and settlement rates in comparison to natural and alternative settlement substrates like 
concrete and limestone using a camera-tracking system. Settlement rates are tested in the field in 
Brittany, France. Results of both attraction and settlement experiments will be presented.
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Developing cost-effective oyster restoration techniques  
in offshore windfarms - The EcoScour project

Wouter van Broekhoven1, Remment ter Hofstede1,2

1	 Van Oord, Schaardijk 211, 3063NH Rotterdam, The Netherlands, wouter.vanbroekhoven@vanoord.com
2	 Delft University of Technology, Mekelweg 5, 2628CD Delft, The Netherlands

Once vast, and key to shaping the local ecology, reefs of European flat oyster (Ostrea edulis) have 
almost completely disappeared from the southern North Sea due to fishing and, later, disease. The 
resulting soft-bottom environment is no longer conducive to autonomous regeneration of flat oys-
ter reefs. However, the significant volumes of hard substrate introduced with offshore wind farms 
provide opportunities to recreate oyster reefs.

The objective of the EcoScour project is to determine the most cost-effective way to actively intro-
duce flat oyster in offshore wind farms in order to initiate the recreation of oyster reefs, at scale.

A desk study provided insights on the effectiveness of deploying adults versus juvenile oysters or 
spat, and on deployment methods. Settlement of oyster larvae on mussel shells, granite, and mar-
ble was tested and compared in the field. Sensitivity of oyster spat to invasive alien species treat-
ments was tested and compared for a range of spat sizes. Methods and requirements to deploy 
adult oysters either loose on hard and soft substrates or fixed on hard substrate were derived from 
laboratory testing. Guidelines for selecting source areas, and procurement considerations, for oys-
ters meant for outplacement were developed. An analysis was carried out to determine the optimal 
outplacement solution considering costs, benefits, practicalities, and risks.

Field-testing of the EcoScour concept was carried out at the two-turbine Borssele V wind farm in-
novation site, 20 km from the southern coast of the Netherlands. In October 2020, research cages 
containing different substrates to compare settlement by oysters and by other species were placed 
on the scour protection, and at 40 cm elevation at both turbines. Brood stock structures with 250 
fixed adult oysters each were also installed, with the oysters expected to reproduce and thereby 
function as in situ larvae pumps to initiate oyster reef development. Monitoring is ongoing.

We present an overview of the EcoScour project from inception to the latest monitoring efforts. We 
show the various research and monitoring activities that have sprouted from the project thus far, 
and discuss how these contribute to our goal to make eco-friendly scour protection cost-effective 
and applicable at scale. 
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The fishery of the European native oyster (Ostrea edulis) 
in Mar Menor lagoon (SE of Spain) on the late-20th century 

Fiz da Costa1, Montserrat Ramón2, Eve Galimany2, Ángel Hernández-Contreras3, Sebastián Hernandis3,  
María José Rosique4, Marina Albentosa3
1	 Centro Oceanográfico de Vigo, Instituto Español de Oceanografía (IEO-CSIC), Vigo, Spain, 

fiz.dacosta@ieo.csic.es
2	 Institut de Ciències del Mar (ICM-CSIC), Passeig Marítim de la Barceloneta 37-49, 08003 Barcelona, Spain
3	 Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (IEO-CSIC), San Pedro del Pinatar 

(Murcia), Spain
4	 Retirede

The Mar Menor lagoon (SE Spain) suffers from severe eutrophication, which has been exacebated 
since the collapse of the lagoon in 2016. Along with this process, the populations of the European 
flat oyster Ostrea edulis have been decimated in the lagoon for the last decades. Information on 
the existing population was needed as oyster restoration has been proposed as a Nature based 
Solution to improve water quality in the lagoon. Then, the project RemediOS, within the framework 
of the Mar Menor Oyster Initiative, was designed to address several goals, including the compi-
lation of data on the historical fishery of the flat oyster to disseminate the importance of having 
healthy bivalve reefs to different stakeholders. 

The information available on the oyster bed of Mar Menor is scattered in a multitude of studies 
published in congresses, doctoral theses, reports, etc., that are not easily accessible nor digitized. 
During the RemediOS project a historical study of the oyster bed of Mar Menor was carried out by 
collating information from: i) available data from the fishery of the 1980s, ii) scientific publications 
on its cartography, reproduction, recruitment of seed in collectors and growth, and iii) direct testi-
monies of fishermen who were active in those years. 

After the revision of all the documentation, the literature reported that in the 1980-90s a popu-
lation over 130 million flat oysters was estimated. However, this population vanished through the 
years because of the degradation of the environmental conditions within the lagoon, the negative 
effect of the sponge Cliothosa hancocki, and the massive proliferation of the invasive macroalgae 
Caulerpa prolifera. In 2006, flat oyster’s population located at Mar Menor were Bonamia and Mar-
teilia-free. The oysters’ reproductive cycle exhibited two spawning periods, one from December-
January to June, and a second period of lower intensity from July to September. Recruitment was 
studied using different spat collectors, with coupelles yielding the best results.

This information provides a key context for the implementation of Mar Menor Oyster Initiative and 
highlight the importance to use native flat oyster broodstock to produce seed in hatcheries for 
future restoration initiatives.
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BioReef:  
Restoring Biogenic Reefs for Biodiversity enhancement  
in Danish Waters

L. Damsgaard Jørgensen1, H. Semmler Le1, T. Sørensen1, P. Nielsen2, J. Kjerulf Petersen2, C. Saurel2,  
T. Kristoffersen3
1	 WWF-DK, Svanevej 12, DK-2400 Copenhagen NV, lisbeth.jorgensen@wwf.dk
2	 DTU Aqua, Section for Coastal Ecology, Øroddevej 80, DK-7900 Nykøbing Mors
3	 Ørsted, Nesa Allé 1, DK-2820 Gentofte

Biogenic mussel and oyster reefs were previously widespread throughout the Danish part of the 
North Sea but have disappeared from most historical locations within their biological range. Bioge-
nic reefs provide habitat and fulfil an important ecological function in the marine ecosystem. The-
reby biogenic reefs provide an inestimable value for the biodiversity they host and for the ecosys-
tem goods and services provided. In the BioReef project WWF Denmark, DTU Aqua and the global 
energy company Ørsted aims to restore healthy populations of European flat oyster (Ostrea edulis) 
and horse mussel (Modiolus modiolus) in locations within their historical range in the Danish part 
of the North Sea region. 

Based on evidence of historical distribution and feasibility of restoration with an emphasis on sites 
with minimal bottom-disturbing activities, ten candidate sites for ecological restoration have been 
identified. During autumn 2023 the abiotic and biotic conditions of four priority sites will be sur-
veyed to enable a final selection of sites for ecological restoration.

The broodstocks are collected locally and bred in a local hatchery under biosecurity protocols to 
ensure robust, disease-free seed for restoration. Spat-on shell and different settlement materials 
are tested in the hatchery and at grow-out test locations in the Limfjorden. The project aims to 
develop methods and protocols for upscaled production of certified disease-free European flat 
oyster and for biosecurity procedures for broodstock management to protect the ecosystem, as 
well as protocols and methods for successful horse mussel spat production on substrate suitable 
for restoration. 

The BioReef project will not only contribute to reversing biodiversity decline through active nature 
restoration efforts, but will also with its novel methods and protocols for seed production and reef 
establishment prospect broader applications in marine restoration efforts worldwide. The project 
emphasizes the importance of biogenic reefs as essential components of marine ecosystems and 
underscores the need for collaborative approaches.
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The history of Ostrea edulis in Northern Irish waters; 
the value of archival information in present day restoration 
initiatives 

Jade Kirkpatrick1, David Smyth2 and Rachel Millar2
1	 Queen’s University Belfast, jkirkpatrick07@qub.ac.uk
2	 Ulster Wildlife 

Articles and publications relating to the history of the native oyster within a specific location have 
proved extremely useful when obtaining permissions for proposed restoration work. Northern Ire-
land has only recently started a concerted effort to restore Ostrea edulis within its coastal waters. 
Local government are keen to restore and use historical sites to up-scale current projects. As infor-
mation on the native oyster in Northern Ireland has been sparse compared to other documented 
regions within the oyster’s natural range. The authors have endeavored to create a timeline and 
identified sites to accompany any applications for future restoration projects. It is hoped this infor-
mation will assist in the procurement of the necessary permissions from the authorities.
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Past, Present and Future Native Oyster Restoration Efforts 
in Northern Ireland

Rachel Millar1, Jade Kirkpatrick1,2 and David Smyth1
1	 Ulster Wildlife, McClelland House, 10 Heron Road, BT3 9LE, Rachel.Millar@ulsterwildlife.org
2	 Queen’s University Belfast, School of Biological Sciences, 19 Chlorine Gardens, Belfast BT9 5DL

The United Nations Decade of Ecosystem Restoration has started, and restoration ecology has 
become a global priority across many important marine habitats such as seagrass, saltmarsh and 
the native oyster. With the ongoing climate and biodiversity crisis there has never been a more pa-
ramount time to act, particularly with threatened keystone species like the European native oyster 
(Ostrea edulis). In recent years England, Scotland and Wales have embarked on several small-sca-
le native oyster restoration initiatives. These are now well established throughout the UK with a 
number being scaled up to large seabed deployments. However, Northern Ireland has been lagging 
behind in these restoration initiatives, despite once having abundant stocks and successful fisher-
ies throughout its sea loughs. Historical restoration attempts have been few and far between and 
have mainly focused on the re-establishment of commercial stocks. An EU funded venture in the 
late 90s led by a fisherman's Co-op in Strangford Lough introduced adult brood stock and deploy-
ed cultch deployments with limited success. Presently native oyster restoration efforts are still 
scarce but in demand. However, a real sense of drive behind governing bodies to boost biodiversity 
and blue carbon habitats is changing the perspective. With this positivity we envisage pilot studies 
and larger scale projects being funded and supported to meet the needs of local and national en-
vironmental targets. Currently the eNGO Ulster Wildlife has established two native oyster nurseries 
creating small brood stocks to support re-establishment of oysters in the wild. From a more com-
mercial capacity the Loughs Agency have also been making positive movements towards resto-
ring native oysters to former stock levels. Recently, Ulster Wildlife with support from the Northern 
Ireland Department of Agriculture Environment and Rural Affairs has prioritised native oyster rest-
oration by implementing a five-year plan to expand the nursery network and blue carbon habitats 
across Northern Ireland. Historical oyster beds are being explored as deployment sites for larger 
scale seabed deployments to bring native oyster restoration in-line with the rest of the progress 
being made in the UK. 



64NORA 5  /  6th – 8th November 2023 

Poster Session  /  Historical Ecology and Site Selection

11 
Restoration of native oyster (Ostrea edulis) reefs along 
Dublin’s coastline using artificial reef technology

Brian Rice1, Robert Wilkes², Tasman Crowe1 and Paul Brooks1
1	 Earth Institute and School of Biology and Environmental Science, University College Dublin,  

brian.rice@ucdconnect.ie
2	 Environmental Protection Agency, Castlebar, Co. Mayo, Ireland

Many coastal ecosystems are subject to a range of human pressures such as increased pollution, 
habitat destruction and overfishing along with increasing pressures from climate change. This 
requires further research into Nature-based solutions to restore ecosystem services in impacted 
habitats.  Oyster communities stand to provide a wide array of nature-based mitigation services 
(e.g., water clarification, wave energy dissipation, and coastal erosion protection). 

This project looks to enhance future oyster reef restoration projects and protect a threatened 
native species, the European flat oyster (Ostrea edulis).  Ongoing and successful restoration of 
native oyster beds have occurred globally and there is an increasing body of knowledge of what 
conditions are suitable to attempt restoration measures.  In Dublin, Ireland, harvesting and over 
exploitation in the 19th and into the early 20th century combined with the disease Bonamia ost-
rea and increased pollution from a growing population led to dramatic declines of native oysters 
within the area. To date this project has identified several historical ranges of Ostrea edulis around 
Dublin, Ireland where the species has been locally extinct for around a century.  An analysis of data 
collected by the Irish Environmental Protection Agency and the Marine Institute in accordance to 
monitoring guidelines under the EU Water Framework Directive including general water chemistry 
parameters, pollutants, and substrate composition have shown that these proposed sites fall within 
recommended thresholds recommended by other native oyster restoration researchers and have 
comparable conditions to the native oyster population in Tralee Bay where a productive population 
still resides.  

Part of this project aims to test established and novel oyster habitat units including traditional 
lobster pots and cultch bags, experimental oyster castles and cultch, and the suitability of larger 
scale commercial units that will be modified for deep water locations.  Preliminary findings of the 
suitability of these methods and project development will be presented.
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Charting the importance of native oyster (Ostrea edulis) 
beds as biodiversity hotspots to establish baselines for 
ecological restoration

Mateja Svonja1, Conor Graham1, Colin Hannon1, Máire ní Énniu2, Jose M. Fariñas-Franco1
1	 Marine and Freshwater Research Centre, Atlantic Technological University, Dublin Road, Galway, Ireland, 

mateja.svonja@research.atu.ie
2	 Údarás na Gaeltachta, Na Forbacha, Co. na Gaillimhe, H91 TY22, Ireland

The native European oyster Ostrea edulis populations have become severely diminished, with 
the loss of extensive beds across Northern Europe. The current drive for restoration traditionally 
tackles population structure, survival, and recruitment elements to monitor success. In ecological 
restoration, however, habitat creation, not just supplementation, is an indispensable element of 
these plans. Nevertheless, a project's success is challenging to assess without a prior understan-
ding of what a biodiverse native oyster reef should look like. The West of Ireland hosts some of the 
most extensive Ostrea edulis beds in Western Europe and is, therefore, in an enviable position to 
provide ecological indicators of success to inform restoration projects.

To that effect, the Connemara Native Oyster Restoration Project will conduct systematic biodiver-
sity studies of relatively intact native oyster beds in Kilkieran and Bertraghboy Bay, two sheltered 
bays in the Irish-speaking region of Connemara, Co. Galway. The aim is to establish essential 
benchmark data to facilitate restoration within and outside Ireland. These native oyster beds, 
found in the proximity of maerl and seagrass habitats of high conservation value, provide a unique 
opportunity for establishing biodiversity targets, which are impossible elsewhere in areas with acti-
ve plans for restoration but from which native oyster habitats are functionally extinct.

Collaborating with local communities and fishermen, providing knowledge and access to the expe-
rimental sites, the project will analyse the historical and current extent and condition of remnant 
oyster beds using remote, broadscale mapping methods and complete a systematic biodiversity 
study through a combination of in situ photo and video imagery and limited removal samples by 
divers to describe faunal assemblages and quantify their biodiversity. Within designated 'no take' 
areas in each bay, experimental translocation of local Ostrea edulis stocks and cultch experiments 
will be conducted while concurrently monitoring faunal colonisation patterns, followed by a com-
plete ecosystem characterisation of the associated food web in native oyster beds using stable 
isotope analysis. The project outcomes will be shared with restoration initiatives elsewhere in Eu-
rope to inform success metrics for the ecological restoration of these endangered habitats.
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Potential use of Mediterranean salines for the culture  
of the flat oyster: RESALAR Project

Marina Albentosa1, Angel Sallent2, Ángel Hernandez-Contreras1, Sebastián Hernandis1,3, Mar Celdrán2,  
Jose Luis García Varas4, Pedro García2 
1	 Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (IEO-CSIC), San Pedro del Pinatar 

(Murcia), marina.albentosa@ieo.csic.es
2	 ANSE. Asociación de Naturalistas del Sureste, Murcia, Spain 
3	 Instituto de Investigación en Medio Ambiente y Ciencia Marina (IMEDMAR‑UCV), Universidad Católica de 

Valencia SVM, Calpe (Alicante), Spain
4	 WWF. World Wide Fund for Nature, Madrid, Spain

In the framework of the Mar Menor Oyster Initiative (MMOI, SE Spain), the IEO participates in the 
RESALAR project (The Regeneration of salines and sandbanks in the Mar Menor) whose main 
objective is the restoration of degraded coastal habitats. RESALAR has the support of the Biodi-
versity Foundation in the call for aid to support large transformative projects of scientific-technical 
nature for the promotion of the bioeconomy and the contribution to the ecological transition of 
2021 within the framework of the Recovery, Transformation and Resilience Plan (PRTR), financed 
by the European Union - NextGenerationEU. RESALAR promotes the restoration of part of the 
Marchamalo saltponds (8 hectares) in order to recover the salt activity in an artisanal way and 
using the salt ecosystem for the reproduction and conservation of species of the Mar Menor that 
can be used in restoration actions of the lagoon. The Marchamalo saltponds have a high ecological 
and cultural value despite having been abandoned for more than 30 years. Since 2019, ANSE has 
acquired the concession to use the saltponds for 50 years and has initiated their restoration with 
the RESALAR project. The project includes Action 4 on flat oyster cultivation in saltponds, which 
aims to assess the potential of the water supply channels to the saltponds for the cultivation of 
the Mar Menor flat oyster. For this purpose, the seed produced in hatchery (RemediOS Project) is 
growing in those channels as a previous step to its use in restoration actions and bioextraction of 
nutrients from the lagoon. It will also evaluate the potential of the saltponds to obtain seed through 
natural recruitment using traditional and new collectors. The interaction of the saltponds with the 
flat oyster is twofold, on the one hand the salines ecosystem provides a controlled space neces-
sary for some of the activities required in future nutrient bioextraction/restoration actions, and 
on the other hand the presence of oysters in the supply channels of the saltponds increases the 
quality of the salt produced as a natural filter.
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Pilot study on the natural diet of  Flat oyster  
(Ostrea edulis) larvae in Lake Grevelingen 

A. Blanco Garcia1; M. van den Heuvel-Greve1; A. de Groot2
1	 Wageningen Marine Research, ainhoa.blanco@wur.nl
2	 Wageningen Environmental Research

Nutritionally balanced food is essential for shellfish larvae development. The variety of food con-
sumed by the larvae in nature ensures a balanced nourishment. The most important food source 
in the growth cycle of shellfish is microalgae. They provide the essential fatty acids require for 
growth as shellfish lack the ability to synthesize fatty acids themselves.  Microalgae species selec-
tion for shellfish aquaculture is often based on parameters including cell size (length or volume), 
biochemical composition (lipid, protein, carbohydrates), digestibility and ease of culturing. And so, 
the number of microalgae species used in shellfish hatcheries are limited. However, food requi-
rements differ between shellfish species and these standard diets may lack essential nutrients 
depending not only on the shellfish species, but also their life stages. 

Walne (1974) observed that Ostrea edulis diets suitable for the growth of larvae or juveniles, may 
show deficiencies at metamorphosis. Millican and Helm (1994) observed that hatchery pre-con-
ditioning and conditioning diets for flat oyster were not ideal since the total lipid levels in newly 
released larvae were considerably lower than those in larvae brooded in the sea. And yet the list of 
microalgae species cultured in hatcheries has not increased much since then.

This study aimed at finding a suitable/appropriate microalgal diet for the culture of flat oyster 
larvae in the hatchery based on their natural diets. We used a DNA-based approach for the qualita-
tive analyses of the phytoplankton present in the water column and the phytoplankton ingested by 
the flat oyster larvae.

Flat oyster larvae were collected from the Grevelingen Meer and individually isolated and preser-
ved with 96 % Ethanol prior analyses. For the collection of phytoplankton, water samples were 
filtered through a Sterivex-HV Pressure Filter Unit (0.45 µm pore size) and stored on ethanol-buf-
fer until DNA extraction.

DNA was extracted with the DNeasy PowerSoil Kit (Qiagen). DNA barcoding was done on a 
~300bp fragment in the V4-section of the 18S region of the mitochondrial DNA.

Metabarcoding analysis of the phytoplankton present in both the phytoplankton and larvae sam-
ples are still on going.

Millican, P.F., Helm, M.M.,1994. Effects of nutrition on larvae production in the European flat oys-
ter, Ostrea edulis. Aquaculture, 123: 83-94

Walne, P.R. (1974). Culture of bivalve molluscs; 50 years of experience at Conwy. Fishing News 
Books Ltd, Farnham-Surrey-England, 189 pp.
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Improving flat oyster settlement:  
understanding larvae dynamics and evaluating the use of 
biodegradable settlement substrate in Lake Grevelingen, 
The Netherlands

L.J. Bouwman1, P. Jacobs1, E. Hartog1 
1	 HZ University of Applied Sciences, lotte.julia.bouwman@hz.nl

In the Netherlands, European flat oysters (Ostrea edulis) are commercially cultivated in Lake 
Grevelingen and the Oosterschelde. This cultivation is at risk because factors such as predation, 
diseases including Bonamia ostrea, and anoxic conditions are threatening the continuity of sustai-
nable aquaculture practices. However, the main driver behind the decline in flat oyster cultivation 
seems to be the ineffective collection of larvae on commercial oyster plots. 

To collect oyster spat, oyster farmers seed empty mussel shells on their bottom plots. Research 
was initiated in 2020 to investigate alternative oyster spat collecting methods that employ frames 
with hanging settlement substrates, positioned at 30 cm to 1.50 m off-bottom. In France, the use 
of settlement substrates on frames is a well-established practice to collect oyster spat. The re-
search in the Netherlands showed promising potential for ‘off-bottom’ spat collecting. Still, it indi-
cated an urgent need for improved predictability of the abundance, timing, and spatial distribution 
of oyster larvae for timely placement of collector materials. 

Early 2023, we initiated a project with a focus on optimizing flat oyster spat collection. The main 
objectives are, firstly, to develop a sampling method for oyster farmers to independently detect and 
forecast peaks of flat oyster larvae and estimate settlement time. To achieve this, we aim to deve-
lop pragmatic tools such as identification protocols for larvae at pediveliger stage and reproduc-
tive stages in adult oysters. The collected data and the measured environmental parameters will 
also be used to validate and improve predictive models of larvae dynamics. The second objective is 
to investigate the feasibility of biodegradable collector materials. Currently, off-bottom collectors 
used in France consist of plastic coupelles or empty shells in plastic netting. An unintentional con-
sequence of using plastic materials might be the release of microplastics during handling. Biode-
gradable materials can therefore provide a suitable alternative.

Research for this project will take place from 2023 to 2025 in Lake Grevelingen, the Netherlands. 
The project is a collaboration of partners from the research group Aquaculture in Delta Areas at 
HZ University of Applied Sciences, Dutch oyster farmers, the Dutch Oyster Association, govern-
mental organizations, and a vocational education institute, Scalda. 
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Do waterborne cues by predators and prey induce shell 
thickening in European oysters? 

Julius A. Ellrich1, Clemens Kozian-Fleck1, Tanja Hausen1 and Bernadette Pogoda1
1	 Shelf Sea System Ecology, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research,  

27498 Helgoland, julius.ellrich@awi.del

Predators can control prey populations by consuming prey individuals. Yet, prey can respond to 
predator cues with behavioral and morphological anti-predator responses protecting them from 
consumption. In aquatic predator-prey systems, such non-consumptive predator-prey interactions 
are often mediated by waterborne cues released by predators that are detected by prey. For in-
stance, waterborne cues by predatory crabs can induce shell thickening in snails and bivalves that 
can protect these molluscs from predators. Similarly, waterborne cues emanating from crushed 
prey can induce such anti-predator responses in conspecific prey. We present a manipulative lab 
experiment designed to test whether waterborne cues released by common predatory brown crabs 
(Cancer pagurus) and waterborne cues emanating from crushed European oysters (Ostrea edulis) 
can induce shell thickening in European oysters. For that, we exposed juvenile oysters in aquaria 
(with constant sea water flow-through) to either crab water (treatment 1), oyster water (treatment 
2) or sea water (treatment 3= control) for three months. We obtained crab water from keeping oys-
ter-fed crabs in 500 L sea water and oyster water from keeping crushed oysters in the same sea 
water volume. We applied these treatments to the aquaria (1 L / aquarium) three times per day and 
measured temperature and salinity in each aquarium daily. To confirm that the crab water contai-
ned crab cues, we additionally exposed mussels (Mytilus spp.), that are known to increase byssal 
thread production when detecting crab cues, to crab and sea water. We found that oyster survival 
(69 ± 2 %, mean ± SE) did not differ among the three treatments indicating that crab and oyster 
water did not trigger oyster mortality. Water temperature and salinity did not vary among the treat-
ments confirming that growth conditions were similar across all treatments. Mussels significantly 
increased byssal thread production when exposed to crab water showing that crab water contai-
ned crab cues. Next, oyster shell strength of all three treatments will be measured using state-of-
the-art high precision press force sensors to answer whether waterborne cues by predators and 
crushed prey induce shell thickening in European oysters.
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The European native oyster (Ostrea edulis):  
history and status of the aquaculture industry

Eve Galimany1, Fiz da Costa2 
1	 Department of Marine Renewable Resources, Institut de Ciències del Mar (ICM-CSIC), Passeig Marítim de la 

Barceloneta 37-49, 08003 Barcelona, Spain, galimany@icm.csic.es 
2	 Centro Oceanográfico de Vigo, Instituto Español de Oceanografía (IEO-CSIC), Vigo, Spain,  

fiz.dacosta@ieo.csic.es

A decline of the European oyster populations in addition to its increasing demand and an overpo-
pulated Earth has stimulated aquaculture practices. These practices may be more or less suc-
cessful according to, e.g., locations or environmental characteristics. To understand the overlap 
between natural oyster populations and aquaculture in terms of locations and demands, the NORA 
Production Working Group aims to launch the Historical Aquaculture initiative, which proposes 
a collaborative effort to gather the data needed for the study. Oyster cultures not only offer food 
provisioning but also have important ecosystem services thus gathering historical culture data 
from 1800s onwards will provide an up to date status in Europe and evaluate if aquaculture loca-
tions for flat oyster were located in the same place that the natural beds replacing their overall 
functions.
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A European collaboration to identify the causes of crashes 
in Ostrea edulis hatchery production 

Philine zu Ermgassen1, Marina Albentosa2, Nienke Bakker3, Ainhoa Blanco4, Kruno Bonačić5,  
Stefano Carboni6,7, Gianni Brundu6,7, Bérenger Colsoul8, Nicolás Araujo Piñeiro8, Fiz da Costa9,  
Marco Dubbeldam10, Monica Fabra11, Thomas Galley12, Dennis Gowland13, Nicholas Jones12, Ángel Hernández2, 
Sebastián Hernandis2, Ane T. Laugen14, Thorolf Magnesen15, Shelagh Malham12, Bernadette Pogoda8,  
Joanne Preston11, Hein Sas16, Camille Saurel17, Juan L. Barja18, Sean Teng10, Pim Dreth10, Mario Prečanica5, 
Knut Magnus Persson19, Pauline Kamermans4,20

1	 Independent consultant and visiting fellow University of Edinburgh, philine.zuermgassen@cantab.net
2	 Instituto Español de Oceanografía (IEO, CSIC). Centro Oceanográfico de Murcia. Varadero, 1, 30740,  

San Pedro del Pinatar (Murcia), Spain
3	 Roem van Yerseke BV, Yerseke, The Netherlands
4	 Wageningen Marine Research, Wageningen University and Research, Yerseke, The Netherlands
5	 Department of Applied Ecology, University of Dubrovnik, Dubrovnik, Croatia
6	 International Marine Centre - IMC, Loc. Sa Mardini, 09170 Torre Grande, Italy
7	 NBFC, National Biodiversity Future Center, Palermo 90133, Italy
8	 Biological Institute Helgoland, Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung, 

Helgoland, Germany
9	 Instituto Español de Oceanografıa (IEO, CSIC), Centro Oceanográfico de Vigo, Subida a Radio Faro, 50, 

36390, Vigo, Spain
10	Stichting Zeeschelp, Kamperland, The Netherlands
11	nstitute of Marine Sciences, School of Biological Sciences, University of Portsmouth, Portsmouth, UK
12	Centre for Applied Marine Sciences, School of Ocean Science, Bangor University, Menai Bridge, LL59 5AB, 

UK
13	Northbay Innovations Ltd, New Horries, Deerness, Orkney UK. KW17 2QL
14	Centre for Coastal Research (CCR), Department of Natural Sciences, University of Agder, Postboks 422, 

NO-4604 Kristiansand, Norway
15	Department of Biological Sciences, University of Bergen, Norway 
16	Sas Consultancy, Amsterdam, The Netherlands
17	Coastal Ecology, Danish Shellfish Centre, National Institute of Aquatic Resources, Technical University of 

Denmark, Øroddevej 80, 7900 Nykøbing Mors, Denmark 
18	University of Santiago de Compostela,  Department of Microbiology & Institute of Aquaculture.  15782, Co-

ruña, Spain 
19	
20	Marine Animal Ecology, Wageningen University, Wageningen, The Netherlands

A group of ten hatcheries from across Europe have convened through a Dutch Ministry of Agricul-
ture, Nature and Food Quality supported project, in order to collaboratively seek answers to the 
causes of larval mass-mortality occurrences in Ostrea edulis hatchery production. Wageningen 
Marine Research launched the effort in 2022, inviting all hatcheries currently producing Ostrea 
edulis seed in Europe to join in a collaborative, data-sharing project. A group visit was organised 
through the programme in March 2023, to the newly refurbished (now state-of-the-art) Danish 
Shellfish Centre in Nykøbing Mors, Denmark. 

The group meets regularly to openly share their experiences regarding all aspects of Ostrea edulis 
hatchery production. This knowledge exchange and the hatchery visit have already proven to be 
invaluable to participants. We present the ten priority questions for increasing the consistency and 
success in hatchery production of the European flat oyster for habitat restoration, identified by the 
group through an iterative and open process. The collaboration has also involved the open sharing 
of protocols, variables measured within the hatchery production process, and the results of bat-
ches of Ostrea edulis seed produced. Data from the 2023 and earlier production seasons will be 
analysed to determine any factors underlying the occurrence of mass-mortality events. Preliminary 
results and an overview of the activities of the group will be presented.
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Reproduction of the flat oyster (Ostrea edulis)  
in a hyperhaline lagoon

Sebastián Hernandis1,2, Fiz da Costa3, Ángel Hernandez-Contreras1, Marina Albentosa1
1	 Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (IEO-CSIC), San Pedro del Pinatar 

(Murcia), Spain, sebastian.hernandis@ieo.csic.es
2	 Instituto de Investigación en Medio Ambiente y Ciencia Marina (IMEDMAR‑UCV), Universidad Católica de 

Valencia SVM, Calpe (Alicante), Spain
3	 Centro Oceanográfico de Vigo, Instituto Español de Oceanografía (IEO-CSIC), Vigo, Spain

The Mar Menor (MM) lagoon (SE Spain) suffers a severe eutrophication process aggravated since 
the collapse of the lagoon in 2016. Together with it, the populations of the flat oyster Ostrea edulis 
have been decimated in the lagoon, but also in the European seas, where the species and the 
habitats provided by it have mainly disappeared. The Mar Menor Oyster Initiative (MMOI) main 
objectives are gaining knowledge on the nutrient extraction capability of the MM flat oyster (O. 
edulis) and developing the required tools for restoration and bioextraction actions. The project 
RemediOS, within the framework of the MMOI, aims to obtain flat oyster seed using the decimated 
local broodstock to provide the initiative with an oyster population to work with. The present work 
describes the results of the first attempt of MM local broodstock reproduction in captivity. Larvae 
produced in the hatchery accounted for 57.5 million, of which 11.8 million were cultured and 0.68 
million survived to settlement and metamorphosis.
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An experimental platform to support the  
flat oyster restoration 

Hugo Koechlin1, Carole Di Poi1, Stéphane Pouvreau1
1	 Laboratoire de Sciences de l’Environnement de Marin (LEMAR), UMR 6539 UBO-CNRS-IRD-Ifremer, Station 

expérimentale Ifremer, 29840, hugo.koechlin@ifremer.fr

The flat oyster is an ecosystem engineer, forming biogenic reef habitats and thus providing vari-
ous ecosystem functions and services. Today, the ecological restoration of Ostrea edulis habitats 
is being addressed by a number of projects in Europe. To answer various restoration questions, 
the use of hatcheries and experimental facilities can be very useful, particularly for producing 
seed oysters, studying the ecology and behaviour of the species, the effect of predation or simply 
testing the suitability of different substrates for restoration projects before they are used in the 
natural environment.

The Ifremer experimental platform (Argenton, Brittany) has been dedicated to experimentation 
on bivalves and the production of biological material for over 30 years. The site benefits from 
exceptional water quality with no shellfish farms or other human activities nearby. There are 8 
experimental rooms including 1 room dedicated to mesocosms, 1 larval development room, 1 mi-
cronursery and settlement room, 2 small volume experimental rooms (50 L tanks), 2 large volume 
experimental rooms (250 L tanks) and 1 quarantine. The experimental rooms enable studies to be 
carried out in a "controlled environment" and environmental parameters to be modified (tempe-
rature, pH, salinity, diets). To support the experiments and feed bivalves, an algae room allows a 
production of 1,200 litres of microalgae a day.

Drawing on our experience in bivalves’ reproduction and ecophysiology, we can help to improve 
the protocols for conditioning flat oyster broodstock under controlled conditions and for triggering 
larval release (e.g. testing new diets, triggering gametogenesis/swarming, testing the effects of 
genetic diversity...).

At same time, we also took part in studies aimed at identifying the most suitable methods (‘spat-
on-shell’, ‘spat-on-structure’) and substrate types (concrete, shellfish by-products, etc.) for scaling 
up recruitment in the field. Experiments in a controlled environment enables us to test the larvae's 
settlement behaviour in real time and identify their preferences before deployment in the natural 
environment. A high-performance 3D microscope makes it easy to analyse and count post-larvae.

Our research group and our experimental tools can contribute to the search for a collaborative 
solution to overcome the obstacles to restoring flat oysters.
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Control of the flat oyster reproduction in hatchery:  
histological and transcriptomic approach and effects of 
inducers

Y. Lian1, I. Boutet1, A.S. Le Port1, A. Andersen1, R. Gonzales-Araya2, A. Tanguy1
1	 Sorbonne Université, CNRS, UMR 7144, Station Biologique de Roscoff, Place Georges Teissier, CS90074, 

29680 Roscoff, France, yanwen.lian@sb-roscoff.fr
2	 Centre Régional de la Conchyliculture Bretagne Nord, 2 Rue du Parc au Duc, 29600 Morlaix, France

The European flat oyster (Ostrea edulis L.) is the endemic species of the European coasts but 
its exploitation has been reduced during the last decades due to high mortalities events mainly 
caused by parasites. Within the framework of a European project (PERLE 2) which aims to produce 
genetic lines of Ostrea edulis with hardiness traits for the purpose of repopulating natural oyster 
beds in Brittany, we generated a chromosome-level genome assembly and annotation for Ostrea 
edulis to provide genomic data that can serve as a reference for many other genomic studies. 
As part of a genetic selection program, a new European program ARCHE aimed to describe the 
molecular mechanisms involved in gametogenesis, to test the possibility of synchronizing gonad 
development and to attempt to orientate the sex of individuals with the final goal to optimize the 
flat oyster reproduction in hatchery condition. Ostrea edulis is a hermaphroditic bivalve with rhyth-
mic consecutive sexuality, which means that individuals can change sex during the same reproduc-
tive period. The reproductive cycle begins with the maturation of the male gonads, followed by the 
development of the female gonads, leading to a hermaphroditic stage. Maturation of the female 
gonads continues after the emission of spermatozoa. Fertlisation takes place in the female's ca-
vity, which then incubates the larvae before releasing them into the environment before fixation 
10 to 12 days later. Reproduction control is particularly important in a bi-parental cross-breeding 
strategy used in the on-going genetic selection program. Our aim was to describe the gametoge-
nesis cycle by combining a histological and a transcriptomic approach, and to test the effect of 
molecules that could induce gametogenesis. The main results of this study revealed that it seems 
possible to trigger gametogenesis under controlled conditions using inductor molecules, and to 
promote the development of both sexes. Transcriptomic analyses have also identified several mo-
lecular markers whose regulation is sex-specific and which could represent new candidates for a 
more effective control of reproduction in hatcheries.
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Characterizing differential methylation patterns between 
male and female flat oysters

Sophie Valk1, Nicky Brouwer, Hendrik-Jan Megens2, Marc Engelsma3, Tinka Murk1, Pauline Kamermans4 and 
Reindert Nijland1
1	 Marine Animal Ecology, Wageningen University & Research, The Netherlands, sophie.valk@wur.nl 
2	 Animal Breeding and Genomics, Wageningen University & Research, The Netherlands
3	 Wageningen Bioveterinary Research, Wageningen University & Research, The Netherlands
4	 Wageningen Marine Research, Wageningen University & Research, The Netherlands

To cope with changes in the environment, sessile invertebrates employ epigenetic mechanisms to 
facilitate phenotypic plasticity. Such epigenetic mechanisms include histone modification, non-
coding RNA activity, and DNA methylation, of which the latter is currently the most extensively 
studied. The majority of DNA methylation involves the modification of cytosines by the addition 
of methyl groups, which can alter the identity of gene transcripts and their transcription rates. 
DNA methylation is suggested to play a complex role in regulating genome activity in bivalves. For 
example, environmental factors are shown to induce sex reversal through epigenetic pathways in 
the Pacific Oyster (Crassostrea gigas). Flat oysters (Ostrea edulis) are protandrous hermaphro-
dites that first mature as males, but can later switch between sex and develop female gonads. 
Skewed-sex ratios are not uncommon in flat oyster populations, where a minority in female oysters 
can limit the reproductive output. As this hampers restoration success of flat oyster populations it 
is imperative to increase our understanding about sex determination mechanisms in flat oysters. 
Ostrea edulis does not possess sex chromosomes, and we therefore used whole-genome Nano-
pore sequencing to explore if sex-specific methylation patterns exist, as these might constitute 
mechanisms that regulate sex differentiation. By generating a first comparison between high 
resolution methylomes of male and female Ostrea edulis, we observed several differentially methy-
lated regions. This study reveals the power of third generation sequencing platforms to determine 
epigenetic modifications and provides a stepping stone to enhance our understanding of epigene-
tic mechanisms underlying sex determination of Ostrea edulis.
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REFONA project – Restoration and Conservation  
of the flat oyster in Nouvelle-Aquitaine Localization and  
characterization of the beds condition and dynamics 

C. Carpentier1, J. Vieira1, Y. Weiller2 and K. Leleu3
1	 CAPENA, Prise de Terdoux 17480 Le Château d’Oléron, France, c.carpentier@cape-na.fr
2	 OFB, Natural Marine Park of the Gironde estuary and the Pertuis sea, France
3	 OFB, Natural Marine Park of Arcachon bay, France 

REFONA project is based on the will to re-establish and preserve an essential habitat for the 
marine ecosystem balance: native oyster beds. Started in 2021, the first steps of REFONA aims to 
locate the remaining populations of Ostrea edulis in southwest of France (Nouvelle-Aquitaine) and 
have a better understanding of their conditions and dynamics. 

The last location of individuals known in Nouvelle-Aquitaine are from 80s/90s in Arcachon bay 
and from 2015 in the Pertuis Charentais. A survey was carried out with oyster farmers, fishers, 
divers and other littoral users to collect information about the current presence of Ostrea edulis. 
On-the-ground prospections have started in 2022 and three techniques have been used depen-
ding on the location of the remaining population: on foot for the intertidal area and by scuba diving 
or submarine video device for the infralittoral spots. 

Seven areas of interest were identified based on the observation of flat oysters, located from the 
foreshore to 26m depth: five in the Pertuis Charentais and two in Arcachon bay.

Among these spots, two stand out with an ecological stage of 1 corresponding of single and se-
veral individuals aggregates, fixed, with a density of 1 to 5 oysters/m² (one in Arcachon bay, the 
other one in the Pertuis Charentais). 

The first zoosanitary analysis carried out on these two main spots appear to indicate the absence 
of contamination by M.refringens and B.ostreae in the Pertuis Charentais bed and the presence of 
B.exitiosa in the one in Arcachon bay. 

In 2023, REFONA project continues to pinpoint and characterize health conditions and recruit-
ment dynamics of the flat oysters remaining population in Nouvelle-Aquitaine. Genetic diversity of 
these flat oysters and the associated habitat are also studied. 

Results will be used in a second phase to understand the factors and environmental conditions 
driving these population dynamics and functioning so that flat oysters’ beds restoration could be 
tested in the best spots.

REFONA project is funded by and driven in partnership with the Nouvelle-Aquitaine Region, the 
Marine Natural Park of the Gironde estuary and the Pertuis sea, the Marine Natural Park of Arca-
chon bay, the French Office of Biodiversity and IFREMER.
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Calcein staining of Ostrea edulis as a potential use for  
monitoring in restoration

Tanja Hausen1, Verena Merk1, Timon Ameis2, Bérenger Colsoul1, Maarten Boersma3,4 and Bernadette Pogoda1
1	 Alfred Wegener Institute (AWI), Helmholtz Centre for Polar and Marine Research, Bremerhaven, Germany, 
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2	 University of Potsdam, Potsdam, Germany 
3	 Alfred Wegener Institute (AWI), Helmholtz Centre for Polar and Marine Research, Biological Institute  

Helgoland, Germany 
4	 University of Bremen, FB2, Bremen, Germany 

Growth is an important parameter for evaluating the progress and success of the restoration of 
European oysters (Ostrea edulis). However, sampling time and the ability to survey individual 
growth are often limited. Chemical dyes, such as calcein, can be used to place markers at the time 
of release, allowing measurements of growth to be made in shell cross-sections at any later date. 
In this study, calcein dyes were tested on Ostrea edulis for possible negative effects and for the 
best result of incremental marking and its potential for growth measurements at three different 
calcein concentrations (100 mg l-1, 150 mg l-1, 200 mg l-1,) with three different immersion times 
(6 h, 12 h, 24 h). The results show that calcein is a reliable in situ fluorescent marker producing 
sufficient growth lines in the cross-section of Ostrea edulis. At a concentration of 100 mg/l or 
more and immersion times of 6 h or more, no negative effects on growth and survival were obser-
ved after five months. Applications include the possibility for long-term, individual growth data 
for a large number of oysters for restoration monitoring as well as the option of marking restored 
oysters from aquaculture production to distinguish them from existing wild stock populations or 
natural offspring.
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Recording Diseases and Biodiversity of European  
Flat oyster (Ostrea edulis) in the Belgian Part of the  
North Sea: Opportunities and Challenges for Restoration 
and Sustainable Aquaculture 

Tofael Ahmed Sumon1, Molly Hughes1, Isabelle Arzul2, Thomas R.H. Kerkhove3, Francis Kerkhove3,  
Annelies Declercq1
1	 Laboratory of Aquaculture and Artemia Reference Center, Ghent University, Ghent-9000, Belgium,  
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2	 Adaptation et Santé des Invertébrés Marins (ASIM)-Ifremer-La Tremblade, FRANCE
2	 Marine Ecology and Management (MARECO), Royal Belgian Institute of Natural Sciences (RBINS), 3de en 

23ste Linieregimentsplein, B-8400 Ostend, Belgium 

One of the objectives of the H2020 UNITED project is to investigate the feasibility of native oyster 
restoration and cultivation within offshore wind farms in the North Sea. The European flat oyster, 
Ostrea edulis, is a restoration priority due to its threatened status as well as its ability to build bio-
genic reefs and provide a variety of ecosystem services. However, due to overexploitation, habitat 
degradation, and disease, Ostrea edulis in the North Sea is functionally extinct. An important first 
step to reintroducing flat oysters is to investigate the prevalence of known parasites. This study 
aims to determine the health status of flat oysters introduced into the Belgian Part of the North 
Sea (BPNS) regarding Bonamia and Marteilia parasites, and additionally to characterize the fouling 
biodiversity which becomes associated with the introduced oysters.

To this end, certified Bonamia and Marteilia free flat oysters were purchased from Norway (adult 
oysters) and England (spat), then introduced into nearshore and offshore pilot sites in the BPNS. 
After two years these individuals and their offspring were sampled (N = 356). Fouling organisms 
associated with the oysters were also sampled and taxonomically identified.

Individual oysters were each split into two tissue samples, one for Real Time PCR analysis (qPCR) 
and the other for histological analysis. If the multiplex qPCR resulted in positive detection of Bona-
mia or Marteilia parasites, then histological slides for the same individual would be used for further 
analysis.

None of the flat oysters which had been introduced into the BPNS tested positive for the presence 
of Bonamia or Marteilia DNA. Positive controls (tenfold dilution series of the parasite DNA) yielded 
positive results, validating the methodology. This analysis is the first of its kind in the BPNS as 
these oyster diseases had not been monitored before in such large scale via multiplex qPCR and 
histology. This is a promising result for oyster restoration plans. Additionally, a high species diver-
sity was associated with flat oyster habitat, including other reef-forming species such as the Ross 
worm Sabellaria spinulosa. However, high densities of tube-dwelling amphipods such as Jassa 
spp. and Monocorophium spp. were also recorded, posing challenges to offshore aquaculture as 
fouling organisms.
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An updated machine learning model to facilitate  
European oyster monitoring

Santiago E.A. Pineda-Metz1, Bernadette Pogoda1
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In the context of restoration and conservation, marine ecosystem monitoring requires abundance 
and biomass metrics, as well as fitness metrics such as species-specific condition indices. Here, 
we suggest an approach to assess several metrics in a non-destructive way through transformation 
factors and biometric models. Within the frame of European flat oyster (Ostrea edulis) restoration 
efforts, such a model was developed in the form of a machine learning biometric model, to esti-
mate Ostrea edulis total and shell wet weight from biometric data. We present an updated version 
of 12 of the original 45 models and potential applications across oyster restoration and conserva-
tion measures. For improving the model, 2167 new datapoints for total wet weight, and 1776 new 
datapoints for shell wet weight were considered. The updated models were those considering the 
numerical variables height, width, and length, and the categorical variable ‘type’. Comparison bet-
ween model iterations showed an increased accuracy, especially for estimating shell wet weight. 
These could be attributed not only to the larger N, but also to including a broader spectrum of 
oyster sizes. The further development of such models can improve and facilitate data acquisition 
for restoration efforts by providing biological metrics for local Ostrea edulis populations.
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The early stage of the associated benthic community  
at the pilot oyster reef in the German North Sea

Santiago E.A. Pineda-Metz1, Bernadette Pogoda1
1	 Alfred Wegener Institute (AWI), Helmholtz Centre for Polar and Marine Research, Bremerhaven, Germany, 
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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 (POR) 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 images and underwater visual census one and two years after 
the deployment. Preliminary results show the benthic community associated to the PORs to be 
dominated by sagartiid anthozoans, the asteroid Asterias rubens, and decapods such as Canger 
pagurus and Liocarcinus sp. Furthermore, comparison between the POR sub-units showed signi-
ficant differences between them during both campaigns. Furthermore, an increase of abundance 
from 2021 to 2022, marked by a compositional change and increased abundance of sessile and 
colonial organisms. During the 2022 monitoring, loose Ostrea edulis individuals were found, albeit 
image quality and the presence of shells deployed as cultch for reef construction made difficult to 
confirm if these were alive or not. These results reflect early successional stages and might provi-
de the first evidence of oyster survival and settlement for an offshore restoration effort.
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Recruitment and nutrient bioextraction potential  
of oyster seed in a eutrophicated lagoon 
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(Murcia), Spain, marina.albentosa@ieo.csic.es
2	 Departamento de Ciencias del Mar y Biología Aplicada, Universidad de Alicante, Alicante, Spain
3	 Instituto de Investigación en Medio Ambiente y Ciencia Marina (IMEDMAR‑UCV), Universidad Católica de 

Valencia SVM, Calpe (Alicante), Spain
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Within the framework of the Mar Menor Oyster Initiative, MMOI (initiative for the bioextraction 
of nutrients from the Mar Menor, a eutrophicated coastal lagoon of the SE Spain, by introducing 
oysters) and in collaboration with the INTEMARES project (project for the conservation of mari-
ne areas of the Natura 2000 Network), a study was carried out on the feeding behavior of oyster 
seed obtained from collectors deployed in different points of the Mar Menor. The collectors were 
deployed for two consecutive years, 2020 and 2021, and oyster seeds were obtained and kept in 
the laboratory for their biometric characterization, growth measurements, genetic identification 
and physiological study to assess their potential bioextractor of nutrients through the estimation of 
their scope for growth (SFG).

Recruitment in 2021 was notably lower than in the previous year, which could be related to the 
episode of mass mortality that occurred a few weeks before the recovery of the collectors. The 
natural collection of oyster seed in the Mar Menor is not sufficient to initiate any bioremediation 
action so hatchery production is necessary. The seed recruited in both years belongs, according to 
genetic analysis, to a congener of the flat oyster, Ostrea stentina, which shows lower growth and 
clearance rates than those of Ostrea edulis. The SFG values obtained for the seed of both years 
were similar and showed substantially lower values than those available for O.edulis seed, which 
indicates its lower interest as a nutrient bioextractor species but does not detract from its ecolo-
gical interest. In addition, being a species that inhabits the lagoon and has survived its different 
environmental crises, it could be appropriate to consider restoration actions with both species.
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Circadian rhythmicity of filtration rate of adult and juvenile 
Ostrea edulis at different temperatures
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Since oyster growth, survival, and reproduction are limited by their capacity to acquire nutrients 
from the surrounding environment, the establishment of efficient feeding protocols and the selec-
tion of suitable diets are crucial to promote successful hatchery operations. However, food inges-
tion and nutrient assimilation depend, not only on the composition and nutritional characteristics 
of selected diets, but also on the intrinsic oyster filtration capacity. The influence of both environ-
mental and endogenous factors on oyster physiology has been largely investigated in the past 
decades across a range of natural and laboratory conditions. Nevertheless, to date Ostrea edulis 
feeding behaviour remains particularly unexplored. Moreover, most of the data currently available 
were acquired at random times during the day, ignoring the circadian rhythmicity of oyster fee-
ding activities. It is a concern therefore that the current knowledge on Ostrea edulis filtration rate 
might be unrepresentative of the real filtration capacity of this species. In the present study the 
circadian fluctuations of Ostrea edulis filtration rate were investigated under laboratory conditions, 
also considering the combined effects of water temperature and oyster size. The results showed 
a discontinuous food ingestion throughout 24-hour intervals, with most of the feeding activities of 
both juvenile and adult oysters observed during hours of darkness (6PM - 6AM), suggesting the 
potential influence of photoperiod. The rhythmicity of filtration rate was also found to be positively 
influenced by water temperature (Pearson’s correlation, r = 0.5, p = 0.004) and body size (r = 0.6, 
p < 0.001), with higher values recorded for larger oysters at higher temperatures. Promoting a bet-
ter understanding of Ostrea edulis feeding behaviour, the accurate filtration rate measurements 
provided in this study will contribute to the development of more efficient feeding protocols and 
breeding programmes for native oyster hatchery production. These findings may also contribute 
to the development of predictive models and ‘coastal calculators’ for the estimation of O. edulis 
filtration capacity. These models could allow us, not only to assess the contribution of past oyster 
populations and to quantify loss of ecosystem services, but also to facilitate planning, manage-
ment, and monitoring of restoration activities, supporting native oyster restoration programmes all 
around Europe. 

82NORA 5  /  6th – 8th November 2023 



83NORA 5  /  6th – 8th November 2023 

Poster Session  /  Ecosystem services

30 
Two years of growth and physiological performance  
of the flat oyster Ostrea edulis in a hyperhaline lagoon 

Sebastián Hernandis1,2, Ramón Filgueira3, Eve Galimany4, Irrintzi Ibarrola5, Angel Hernández-Contreras1,  
Mar Celdrán6, Fiz da Costa7, Marina Albentosa1
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The Mar Menor lagoon (SE Spain) is the largest hyperhaline lagoon in the Mediterranean basin. 
The effect of several anthropogenic impacts on the lagoon during the last decades have been 
degrading the lagoon environmental conditions until the recent ecosystem collapse in 2016. In this 
context, The Mar Menor Oyster Initiative (MMOI) aims to gain knowledge on the nutrient extraction 
capability of the Mar Menor flat oyster (Ostrea edulis) and develop the necessary tools for restora-
tion and bioextraction actions.

After the reproduction in captivity of local broodstock, 5910 individuals (height ~ 22 mm) were 
placed in the Mar Menor lagoon for two years of monitoring (starting on April 2023) of their phy-
siological competence, growth and survival. The experiment is being done in the entrance channel 
of San Pedro del Pinatar saltponds, located in the northern basin of the lagoon. This channel (16 
m wide, 200 m length, average depth of 1.5 m) has a consistent Mar Menor water intake provided 
by pumps that feeds the channel and the saltponds. Individuals were placed halfway down the 
channel in baskets anchored at 1 m depth over concrete blocks and a multiparametric probe was 
installed to monitor several water parameters.

Every month, all individuals are weighed and three subsamples of 50 individuals taken for biome-
tric measurements (length, height and wide). Of those 150 individuals, 40 are used in a physiolo-
gical experiment to measure several physiological variables such as clearance rate and respiration 
rate, and to estimate the scope of growth. The remaining 110 individuals are dissected for elemen-
tal analysis for C and N, contaminants and for histological and hormonal maturation.

The present work shows the results for the first months of experimentation and provides essential 
information to approach future restoration implementations.

This study is part of the project RESALAR whose main objective is the restoration of degraded 
coastal habitats and has the support of the Biodiversity Foundation within the framework of the 
Recovery, Transformation and Resilience Plan (PRTR), financed by the European Union - NextGe-
nerationEU

−
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Restoring oysters in the anthropocene:  
stress vs benefits of wastewater

Alex Robertson-Jones1, William Sanderson1, Mark Hartl1, Clayton Magill1, NurTahirah Jaafar2 
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Poor coastal water quality is increasingly a high-profile issue in UK seas; reported spills from 
combined sewage overflows in England have doubled since 2016 (DEFRA, 2022). There is a great 
unmet need to mitigate the impacts of wastewater and, understand if filter feeding bivalves could 
be part of the solution.

This poster will outline studies to better understand oyster feeding and stress in response to was-
tewater through field experiments and molecular techniques novel to the study of oysters. GC-MS 
will be used to investigate lipid markers of nutrition and stress, as well as oxidative stress and DNA 
damage (comet assay), and proteomic markers. Experiments in laboratory aquaria and in the field 
will be carried out to address whether: 

1.	 there are toxic effects of exposure to wastewater for the oysters; 

2.	 whether there are nutritional benefits of wastewater that may enhance growth and proliferation 
of oyster reefs, and 

3.	 whether there are exposure levels at which toxic effects and benefits trade-off against each 
other. 

In all these areas, there are significant knowledge gaps with respect to Ostrea edulis (zu Ermgas-
sen et al., 2020). Understanding these three factors will be critical to models of site suitability for 
restoration projects and claims of the nature-based solutions offered by restoration.

In Scotland, The Dornoch Firth and the Firth of Forth both had oyster (Ostrea edulis) beds which 
were fished out in the mid-1800s but have contrasting histories of anthropogenic impacts. The 
Firth of Forth has an industrial history with legacy pollutants in its catchment. The Dornoch Firth is 
the least industrialised inlet on the Scottish east coast but nevertheless has low levels of wastewa-
ter input from the organic remains of the whisky industry. In Malaysia the Setiu wetlands has low 
levels of waste from human conurbations and fin fish aquaculture but has two species of oyster 
that are widespread (Crassostrea Iredalei and Saccostrea sp). 

Overall, the use of bivalve shellfish has been proposed as a mitigative measure for wastewater 
treatment in coastal waterbodies and in multitrophic aquaculture.  The present study sets out to 
investigate these possibilities within the context of a cost benefit analysis between enhanced fee-
ding opportunities and physiological stress.
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The epibiotic community of the European flat oyster  
and its habitat as a function of the state of development  
of the reef

Abel Zempléni1,2, Nicolas Desroy2, Stéphane Pouvreau1

1	 LEMAR, Ifremer, 29840 Argenton en Landunvez, France, stephane.pouvreau@ifremer.fr
2	 Laboratoire Environnement Ressources de Bretagne Nord, Ifremer, Station Ifremer de Dinard,  

38 rue du Port Blanc, 35800 Dinard, France

It is agreed upon that Ostrea edulis is a keystone species for European reef-associated ecosys-
tems. Among all the ecosystem services provided by this species (filtration, substrate and sho-
reline stabilization, denitrification, bentho-pelagic coupling, biomass production, etc.), this study 
focuses on associated biodiversity. Epibionts of the European flat oyster have been investigated by 
scientists since the 18th century. Hundreds of species living in oyster reef ecosystems have been 
identified in European waters. In this study, flat oysters from the Bay of Daoulas, in the Bay of 
Brest (Finistère, France), have been studied, in relation with the vitality of the reef formation.

Thirty-two samples were collected on the 4th of April 2023 and analyzed. Individual living (n=10) 
and dead (n=9) oysters were compared, as well as aggregates from the ground (n=10) and from a 
restored biogenic reef (n=3). For each sample, all the epibionts and endobionts were identified to 
the species when possible. More than a hundred species associated to oysters were found. Abun-
dance and species richness were calculated for each sample. When weighted with the total volume 
or the whole surface of the samples, both ecological parameters tend to be higher for individual 
oysters. Dead individual oysters show the highest abundance and species richness, although the 
differences with individual living oysters and aggregates from the ground are not significant. Ag-
gregates from the restored biogenic reef show both the lowest abundance and species richness, 
significantly lower than for all the other categories (p-value < 0.05). ANOVA models, a Venn-dia-
gram as well as a Multidimensional Scaling (nMDS) have been applied to the dataset, along with an 
analysis of functional diversity. Comparisons of species richness found in this study with historical 
data have also been made at the “Class” taxonomic range. The preliminary analysis, with a partial 
dataset, shows a similar distribution of different classes in our study to historical data. In fact Poly-
chaeta and Malacostraca are dominant in both datasets. 

The primary purpose of this study is therefore to characterize Ostrea edulis reef associated eco-
systems with a special focus on the different stages of reef formation (individual oysters, aggrega-
tes and reef structures) in comparison with previous studies. This will give us a better understan-
ding of this specific ecosystem service of European Flat Oysters and bring information for a better 
definition of the ecosystem reference baseline in the purpose of ecological restoration of this 
species and its habitat in Europe.
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NatureScot’s Marine and Coastal Enhancement Guidance

Cass Bromley1, David Donnan2, Sarah Cunningham3 and Brodie Thomas
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This poster complements NatureScot’s talk by presenting the guidance packages that NatureScot 
has developed to help practitioners navigate planning and setting up restoration projects. Whilst 
having fed into NORA’s guidance documents, there are specific considerations for Scottish waters 
and therefore our recently published Native Oyster Guidance is the latest addition to this growing 
suite of publications. As many projects are working to restore more than one habitat/ species, the 
Marine and Coastal Enhancement Framework Guidance was drawn up in collaboration with GoBe, 
Heriot-Watt University, Swansea University and the UK Centre for Ecology & Hydrology (UKCEH) 
to provide a generic framework, setting out advice ranging from site selection to licensing require-
ments. The package includes a Proforma to assist projects with planning and to help NatureScot 
understand, evaluate and advise on proposals. The Scottish Seagrass Restoration Handbook was 
developed with Marine Scotland, Marine Scotland Science, Marine Scotland Licencing and Project 
Seagrass. The Scottish Code for Conservation Translocations also provides important guidance for 
projects.
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Marine and Coastal enhancement projects in  
Scottish waters
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This poster complements NatureScot’s talk by presenting maps and information relating to active 
and potential native oyster restoration projects in Scottish waters. 
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The Wild Oysters Project:  
Education and engagement programme overview
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The Wild Oysters project, a national collaboration led by ZSL, the Blue Marine Foundation, and 
British Marine, is aiming to restore Britain’s seas to health through the restoration of the native 
oyster.

A key project activity has been developing and delivering our education and engagement program-
me, with the aim of re-ignite the cultural awareness of native oysters and inspire the next genera-
tion of marine stewards.

We have developed an education programme featuring a range of free lesson plans, work sheets 
and interactive games, designed to link with the national curriculum for England, Scotland, and 
Wales. To date, our education programme has delivered education sessions to over 12,000 school 
students, with an additional 13,000 students reached through online education materials. Along-
side this, more than 73,000 members of the public have been engaged with our project, aiming to 
inspire and inform on coastal habitat restoration. Whilst aiming high for stakeholder engagement, 
we have also had over 250 volunteer citizen scientists contribute more than 2000 hours to our 
project, fundamental to the successful monitoring of our oyster nurseries in our marina sites.

This poster presentation aims to showcase our outreach and engagement programme objectives, 
activities and achievements, along with our lessons learnt and next steps. By sharing our progress 
and future plans, we aim to highlight the importance of collaborative working with stakeholders for 
effective native oyster restoration. We look forward to sharing our insights and discussing these at 
the NORA 5 conference.
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Citizen science to enable native oyster (Ostrea edulis) 
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Restoration Forth (RF) is a multi-partner, community-inspired marine restoration programme based 
in the Firth of Forth, Scotland. The project aims to re-introduce native oysters (Ostrea edulis) to 
the Forth and work closely with local communities to educate and inspire people about the marine 
environment.

It can be challenging to involve communities in the deployment of native oysters onto areas of 
subtidal seabed and citizen science can play a vital role in connecting people to restoration work 
happening off the shore. The RF team have developed an ‘Oyster Observer Guide’ (OOG) designed 
to encourage people to participate in data collection, improve their biodiversity knowledge, better 
connect with their local shoreline, and beyond.

The OOG is a resource of two halves – an ID guide of four target bivalve species; and a shoreline 
survey; the data from which will contribute to ongoing site selection for native oyster restoration in 
the Forth. 

Four target bivalve species were selected for the OOG – the native oyster (Ostrea edulis), Pacific 
oyster (Magallana gigas), saddle oyster (Anomia ephippium) and the horse mussel (Modiolus mo-
diolus). The team devised a quick and simple survey methodology, which requires participants to 
identify and collect shells from the four target species within a 10x10 m square plot on the shoreli-
ne. 

Native oyster shell data will help the RF team better understand if there is a relationship between 
the deposition of old native oyster shells on the shore and the historical oyster reef that once flou-
rished in the Forth. Saddle oysters and horse mussel shells will help inform habitat suitability work 
as well, because these species are thought to occupy similar niches. Pacific oyster shells with 
contribute to the knowledge of the spread of an invasive, non-native species that may occupy the 
same niches or even compete with the native oyster. 

With robust and widespread data gathered by citizen scientists Restoration Forth aims to contribu-
te to datasets on native oyster restoration throughout the NORA community. 

Over the next year the project team will build on the OOG and develop further citizen science asks 
which will be used in engaging communities around the Forth and beyond. 

89NORA 5  /  6th – 8th November 2023 



Poster Session  /  Stakeholder involvement

37 
Applied research on oyster aquaculture:  
some relevant findings for oyster restoration
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In the Netherlands, both Pacific oysters (Crassostrea gigas) and European flat oysters (Ostrea 
edulis) are cultivated. The latter species is mainly grown in Lake Grevelingen, the largest saltwater 
lake in Europe. Recruitment and therefore production of these oysters have decreased here over 
the last 10 years. The main causes of the decline are Bonamia and predation by the Japanese oys-
ter drill (Ocinebrellus inornatus). Also, low oxygen conditions in the lake might play a role. Together 
with local oyster farmers the research group 'Aquaculture in Delta areas' of the HZ University of 
Applied Sciences has investigated means to increase the recruitment and survival of European flat 
oysters. Some of the findings are also relevant for oyster restoration projects:

1.	 Establishing peak abundance of oyster larvae by counting larvae in water samples to tune the 
placement of settlement materials with the larval peak. If placement is too early there could be 
fouling on the material, if placement is too late, larvae already settled. In a new project, we will 
additionally monitor movement, and larval development stages to predict settlement time and 
location. In restoration areas, hard substrate material is often placed to enhance oyster settle-
ment, therefore optimizing time and location will increase chance of success.

2.	 Traditionally, oyster farmers capture oyster larvae using empty mussel shells on shallow cul-
ture plots. We have noticed that it is difficult if not impossible to differentiate between the two 
species when oyster spat is small (< 50 mm). When naturally recruited oysters are used for 
restoration projects in areas where both species are present it is recommended to wait until 
oysters are large enough to ensure proper identification.

3.	 Japanese oyster drill is a predator of shellfish, especially oysters. In some areas, losses due to 
predation are up to 100 %. In several experiments mobility, prey preferences, and management 
measures were tested to provide farmers with strategies to minimize predation on their stock. 
One of the measures that farmers can take is to keep their juvenile oysters off bottom during 
summer months when predation was most severe. 
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Citizen scientists have a role to play in seabed restoration projects. The British Sub Aqua Club’s 
Operation Oyster volunteer project is now three years old and in conjunction with partners has 
built a support framework to train volunteer divers to identify and record native flat oysters in the 
course of their diving. Recently, BSAC in conjunction with Seawilding produced the Shore Survey-
or training course for non-divers and is currently piloting the Underwater Surveyor Course to train 
divers to gather underwater metrics. The course makes specific reference to NORA monitoring 
guidance. Vectis Expeditions Ltd, a BSAC Centre of Excellence, is running pilot events for this new 
course.  This paper reflects on the diving expeditions run for BSAC Operation Oyster over the last 
two years, discussing lessons learned about the effective use of volunteer citizen scientists in a 
meaningful way to support the regeneration of native oyster populations.
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