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Session 1

Site selection for biogenic reef restoration: A case
study for native oyster restoration in a Natura 2000 site
Bernadette Pogoda1, Verena Merk1, Bérenger Colsoul1, Tanja Hausen1, Corina Peter1
1

Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Am Handelshafen 12,
D-27570 Bremerhaven, Germany

Against the background of biodiversity loss, marine
protected areas (MPAs) have been designated
worldwide. Following the provisions on protected areas
and spatial protection measures under EU law (Habitat
Directive, Bird Directive, Marine Strategy Framework
Directive (MFSD)) and agreements on MPAs under the
regional seas convention OSPAR, measures need to
be implemented in protected areas to maintain or to
restore a favourable conservation status. According to
the MSFD, protected areas should contribute to the
achievement of good environmental status (GES) of
the European seas.

Key words:
Ostrea edulis, site selection criteria,
MPA management, biodiversity

Biogenic reef restoration, namely native oyster
restoration is a designated measure in several European
MPAs. The European oyster is a reef-building species
and provides many ecosystem services, including
the increase of biodiversity. It is thus considered as a
species of particular ecological importance.
The identification of suitable sites is essential to
provide any restocked oysters with the best possible
environment for growth, survival and successful
recruitment. In terms of MPA management, it is
important to consider, in the process of site selection,
the necessary extent to achieve the conservation
objectives. Restored native oyster beds will become
self-seeding in the long term, and may even generate
further oyster beds, facilitating a revival of this species
in suitable North Sea ecoregions.
This presentation will address the identification
of relevant site selection criteria for biogenic reef
restoration in the Natura 2000 site Borkum Reefground,
namely for oyster reefs of the native European oyster
Ostrea edulis. We will focus on historical distribution,
abiotic and biotic factors, marine spatial planning
and logistical challenges for successful native oyster
restoration.
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Session 1

Native oysters on the border – insights and guidance
from over 10 years’ native oyster research and
management in Lough Foyle
Cass Bromley 1, Ciarán McGonigle 2
1

IBIS Project, Queens University Belfast

2

Loughs Agency, 22 Victoria Road, Prehen, Derry~Londonderry, BT47 2AB

Our presentation provides observations, insights and
guidance learnt from our long-term work with the native
oyster population in Lough Foyle (located on the border
between Northern Ireland and the Republic of Ireland).
We are keen to share the lessons we have learnt from
our regeneration efforts in a challenging cross-border
location within one of the last remaining productive wild
native oyster fisheries in Europe.

Key words:
guidance, management, regeneration,
research

Our work includes habitat survey methods; habitat
enhancement techniques; monitoring reproductive
patterns, including seasonal dynamics of brooding and
native oyster larval abundances; spat settlement; spat
collection; ex- tensive aquaculture technique trials;
carrying capacity modelling; and living with Bonamia,
competitors and invasive species. Other work has
experimentally investigated manipulating population
densities with the aim of developing sanctuaries to
enhance broodstock and associated biodiversity. We
have also been continually developing manage- ment
measures and guidance to promote the environmental
and commercial sustainability of the population.
We can offer experience and advice which we believe
will be of interest to and timely for NORA’s current and
future native oyster restoration projects.

6

Session 1

Rewilding Oysters in Essex – navigating our way to
a self-sustaining Ostrea edulis population
Alison J. Debney1, A. Bird2, Tom C. Cameron3, T. Thea Cox1, Alice E. Lown3, R. Dyer4, Philine zu Ermgassen5,
Tim Glover6, R. Harward2, L. Jenner7, R. Korda7 and M. Uttley6
1

Zoological Society of London, Outer Circle, Regents Park, NW1 4RY

2

Tollesbury & Mersea Oyster Company Ltd.

3
4
5
6
7

University of Essex

Kent & Essex Inshore Fishery Conservation Authority
The Nature Conservancy
Blue Marine Foundation
Natural England

The Tollesbury and Mersea Oyster Company works
on the premise of 50% success and 50% failure.
With this approach they have managed to recover
native oyster beds on their private several orders
from being functionally and economically extinct
to being economically viable beds. Assessment
of these managed beds and remnant “wild” beds
further offshore led to the designation of the
Blackwater, Crouch, Roach and Colne Estuaries Marine
Conservation Zone (MCZ) in 2013 with the conservation
objectives of recovering the native oyster population
and native oyster beds (with the associated biota) to
Favourable Condition. This is the only marine protected
area in England for oyster bed habitat.

Key words:
Ostrea, Essex, Restoration, Oyster

The Essex Native Oyster Restoration Initiative (ENORI) –
a collaboration between oystermen, scientists,
government and conservationists - is building on
this pioneering spirit to recover the native oysters
in the wider-MCZ to self-sustaining populations that
provide ecosystem services, increased biodiversity
and ultimately a sustainable fishery. In addition to the
oysterman’s knowledge, we are using science to guide
our decision making. Here we describe the current
populations of the Essex coast, identify limiting factors
to their expansion and present our experimental
restoration plans to overcome these limitations to
rewild the Essex subtidal coast.
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Scoping the potential for restoration of native
oyster in Galway Bay, Ireland
Oliver Tully1, Gerry O Halloran2, Diarmuid Kelly2, Colm O’Dowd2
1

Marine Institute, Oranmore, Galway, Ireland

2

Cuan Beo, Main Street, Kinvara, Co. Galway

Productivity and dynamics of native oyster stocks rests
on three critical processes in their life cycle. Spawning
biomass should be at a level that does not limit larval
supply to receiving habitats. Suitable habitat needs
to be available for settlement at a scale that enables
significant recruitment and post settlement mortality
should be within limits that provides significant
production to maturity to provide for restored
ecosystem services and enables a surplus production
for human consumption.

Key words:
Galway, Spawning, Cultch, Bonamia

Assessment of stock biomass and distribution of native
oyster, the potential to increase settlement through
habitat enhancement and monitoring of the prevalence
of Bonamia ostrea, that can cause significant mortality,
are ongoing in Galway Bay Ireland. This Bay previously
supported significant oyster beds in its estuaries
which are now depleted. Although spawning stock
is concentrated in one area broad scale intertidal
survey work in 2018 showed widespread occurrence
of native oyster at low densities. Small scale cultch
trials, at sentinel sites at various distances from the
spawning stock, resulted in settlement at all sites but
lower settlement at a site distant from the spawning
concentration. Furthermore, settlement was significantly
higher on mixed clam (mainly Ensis magnus) cultch
than mussel cultch or Pacific oyster cultch. Recruitment
in 2018 was probably more constrained by available
habitat for settlement than by larval supply. The
prevalence of Bonamia was highly variable in different
areas of the Bay and the implications for mortality are
unclear. Controlled trials to estimate post settlement
mortality rates are planned.
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Flat Oyster Restoration in France:
the FOREVER project
Stéphane Pouvreau1, Sonia Gachelin2, Hélène Cochet3, Nassim Sebaibi4, Samuel Chaudemanche4 and
Pierre Boudry1
1
2
3
4

Ifremer, Laboratory of Environmental Marine Sciences (LEMAR), 29280 Plouzané, France
Comité Régional Conchylicole de Bretagne Sud, 56400 Auray, France

Bureau d‘études COCHET Environnement, 56550 Locoal Mendon, France
ESITC Caen, 14610 Epron, France

In France, the flat oyster was once a dominant species
in most coastal ecosystems but is now confined to only
a few localized sites, notably in Brittany. Moreover,
these residual populations are subjected to growing
threats that limit them still further, to the point that if no
action is taken soon, the species and its habitats could
completely disappear from these coasts. In that context,
FOREVER, for Flat Oyster REcoVERy, is a three-year
project (2018-2020, FEAMP Aquaculture Innovation
call) to promote the reestablishment of flat oysters in
Brittany. This multi-partner regional project is led by
CRC Bretagne-Sud and involves Ifremer, ESITC Caen
and CRC Bretagne Nord.

Key words:
Flat oyster restoration, Recruitment,
Restoration Ecology, Ostrea edulis

The project consists in 3 complementary actions. The
first action aims to inventory the main populations of
wild flat oyster in Brittany and to describe their health
and genetic characteristics. The second action focuses
on the ecology and the dynamics of the two remarkable
beds still remaining in the bays of Brest and Quiberon.
The last action promotes restoration and management
measures for these beds in partnership with local
actors (fisheries and shellfish farming bodies, regional
authorities, environmental management organizations
such as Natura 2000). One major goal of this last action
is also to develop dedicated settlement structures made
of calcareous concrete (e.g. shellfish by-products) that
are suited to flat oyster recruitment and growth, easy to
use, and on which colonization can be easily evaluated.
We will present the progress of these 3 actions
achieved so far as well as the prospects for 2019. Taking
together, the 3 actions aim to protect the remnant wild
populations and perpetuate the farming activities of this
endemic heritage species while ensuring its long-term
role in the marine biodiversity of the Brittany coasts.
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Session 2

Recommendations for flat oyster restoration in the
North Sea
Hein Sas1, Karel van den Wijngaard2, Karin Didderen3, Tom van der Have3, Pauline Kamermans4, Emilie Reuchlin5,
Jan Groot6, Luuk Folkerts7
1

Sas Consultancy

2

ARK Natuurontwikkeling

3

Bureau Waardenburg

4
5
6
7

Wageningen Marine Research
WWF Netherlands
Edmelja BV

Buitengaats Consortium

Over the past three years, our team has performed
flat oyster (Ostrea edulis) restoration pilots and
experiments at various locations in the Dutch North
Sea area: Voordelta (near shore), Borkum Reef and
Gemini wind farm (both offshore). Besides, we have
participated in modelling exercises in which physical
and environmental oyster growth conditions were
simulated.

Key words:
Pilot design, monitoring, maintenance

Our key objective of a restoration pilot is: an
autonomously growing, or at least self-sustaining,
flat oyster reef in the open North Sea.
Based on the results of the experiments and models
we have derived recommendations for such flat oyster
restoration pilots. These include the following aspects:
•

•

•

•
•
•

Location selection criteria of flat oyster restoration
pilots;
Source assessment and selection of the flat oyster
seed population;

Treatment of the oysters seed population, to ensure
their health and biosecurity when deployed;

Methods to stimulate settlement of flat oyster larvae;
A standard pilot design;

A default pilot monitoring and maintenance scheme,
following the NORA metrics.

We have not been able to determine the threshold
size and density of a self-sustaining flat oyster
population in the North Sea (yet). This important
knowledge gap can only to be solved by more,
well designed pilots and experiments accompanied
by monitoring (‘learning-by-doing’).
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Session 2

A Rich North Sea: where wind energy and
nature development complement each other
Nathalie Strookman1, G. Schild2
1

Natuur & Milieu, Netherlands

2

The North Sea Foundation, Netherlands

Dutch environmental organisations Natuur & Milieu
and The North Sea Foundation are taking large-scale
action to strengthen underwater ecosystems in North
Sea offshore wind farms. Naturally occurring reefs
in the North Sea have virtually disappeared due to
human intervention and diseases. But, because bottom
trawling is prohibited in and around wind farms, new
living reefs can be developed in these locations. This
creates areas where shellfish can attach, which in
turn creates sheltered nursery areas where North Sea
biodiversity is given a ‘kick-start‘. Within 5 years we
will have pilots in 5 locations. We already have one
flat oyster restoration pilot in place in windfarm Eneco
Luchterduinen where we are testing survival, growth,
reproduction and settlement of the oysters. In the next
5 years we are scaling up with new pilots to validate
knowledge in different conditions and test new material
and new target species. In the end our goal is to
make the offshore sector enthusiastic about its crucial
contribution to North Sea nature development and
we will strive for new government policy that ensures
nature enhancement in each new windfarm. With this
project we want to show the unique combination of
offshore wind and nature enhancement is a winning
combination.

Key words:
Nature development, offshore wind farms,
Dutch NGO’s

In our talk we would like to share our lessons learned so
far and together with the audience explore options for
the next pilots.
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Implementing large scale flat oyster restoration
in offshore wind farms
Remment ter Hofstede1, Pauline Kamermans2, Jasper van Houcke3, Pieter Geijsen4, Karin Didderen5
and Tjeerd Bouma6
1

Van Oord DMC, Schaardijk 211, Rotterdam, The Netherlands

2

Wageningen Marine Research, Korringaweg 7, Yerseke, The Netherlands

3
4
5
6

HZ university of applied sciences, Edisonweg 4, Vlissingen, The Netherlands
Roem van Yerseke hatchery, Korringaweg 35, Yerseke, The Netherlands
Bureau Waardenburg, Varkensmarkt 9, Culemborg, The Netherland

NIOZ Netherlands Institute for Sea Research, Korringaweg 7, Yerseke, The Netherlands

The contribution of offshore wind farms to the
diversification of the North Sea environment is
increasingly receiving attention. In the Netherlands,
a duty of commitment to ecological enhancement of
wind farms has been included in the new plot decrees.
These imply that demonstrable efforts should be
undertaken to design and build an offshore wind farm
in an eco-friendly manner that actively helps to foster
conservation goals for species and habitats.

Key words:
offshore wind, oyster, restoration, supply

Innovative eco-designs for scour protection in wind
farms are expected to be beneficial for the marine
environment and associated societal interests, thereby
contributing to a positive public perception of the
large-scale roll out of offshore wind.
Experimental research is now undertaken to determine
and influence the interaction between the marine
ecosystem and the various elements of offshore wind
farms, including the scour protection at the base of
a turbine, and the undisturbed seabed in between.
We have started several multi-annual initiatives to
specifically study the potential of using offshore
windfarms for the restoration of European flat oyster
beds. These primarily focus on
i)

determining the most favourable life stage of the
oysters for induced occupation of scour protection,

ii) the designs of practical outplacement methods, and
iii) the investigation of potential supply issues.

We will share the approach, phasing and coherence of
our research initiatives, and will present our first results.
The studies are fully tailored to enable near-future
oyster reef restoration in offshore wind farms,
cost-effectively and at an industrial scale.
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Offshore flat oyster restoration in the North Sea:
Techniques and experiences
Helga van der Jagt1, Wouter Lengkeek1, Emilie Reuchlin2, Joost Bergsma1, Brenda Deden2, Karin Didderen1,
Pauline Kamermans3, Tom M. van der Have1, Hein Sas4, Luuk Folkerts5, Jan Groot6
1

Bureau Waardenburg, P.O. Box 365, 4100 AJ Culemborg, The Netherlands

2

WWF Netherlands

3
4
5
6

Wageningen Marine Research

Sas Consultancy

Buitengaats Consortium
Edmelja BV

Offshore flat oyster reef restoration pilots are still rare
due to technical and monetary reasons. Flat oyster
restoration pilots for kick-starting oyster reefs and
distilling success factors were started in 2018 at two
offshore locations in the North Sea: one large active
restoration pilot of approximately 80.000 adult oysters
within an area of 1 ha voluntarily closed for bottom
trawling (Borkum Reef Ground). We placed 14.000
adult oysters around two turbines in the offshore
wind farm (OWF) Gemini. Together with stakeholders
and commissioning parties we have tested methods
to effectively place oysters, research cages, empty
shell substrate and 3D-printed structures on the sea
floor, and monitored the results according to NORA
metrics. We present the first results and discuss the
various methods used, their feasibility, how to work
cost-efficiently offshore and the lessons learned. Our
offshore pilots show that flat oysters survive, grow, have
a good condition and develop reproductive organs,
and in the Borkum Stones pilot we already found flat
oyster larvae. Working in OWFs and with fishermen
provides the opportunity to combine economic
activities at sea with nature restoration while reducing
construction and monitoring costs. Offshore oyster
restoration is challenging but a unique opportunity for
private-public partnerships to enhance biodiversity of
the North Sea, and therefore it is crucial to share
hands-on experience, tips and tricks.

Key words:
offshore wind farms, NORA-metrics,
3D printed reef structures
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Updated Restoration Guidelines for Shellfish Reefs
Philine S.E. zu Ermgassen1, Boze Hancock2, Simon Branigan3, Chis Gillies3, Jun Cheng4
1

University of Edinburgh, Changing Oceans Group, Kings Buildings, Edinburgh

2

The Nature Conservancy, University of Rhode Island, Graduate School of Oceanography, RI, USA, 02882.

3
4

The Nature Conservancy, Melbourne, VIC, 3053, Australia
The Nature Conservancy, Beijing, 100600, China

When The Nature Conservancy first published a
practitioner’s guide to restoration in 2009, oyster
restoration was not practiced outside of the US.
Over the past decade there has been a growing uptake
of oyster habitat restoration globally, with numerous
Crassostrea and Ostrea species and a host of new
environmental and logistical settings. These new
species and settings have presented challenges with
both common and unique solutions. Colleagues from
around the globe have collaborated to produce an
updated and more detailed guide to the opportunities
and potential pitfalls in planning oyster restoration,
drawing on the lessons learned. The updated guide
includes chapters on making the case for restoration
and identifying potential funding, feasibility studies and
project planning, restoration in practice, biosecurity
and permitting, monitoring and public engagement,
beyond oysters and innovation such as mussel reefs as
well as guidance on how to scale up restoration efforts.
The guide has contributing authors from New Zealand,
Australia, Hong Kong/China, USA and Europe, and is
intended to be applicable globally.

Key words:
oyster habitat restoration, Practitioners
Guide, restoration planning,
knowledge transfer

Here we introduce the guide and seek constructive
feedback from NORA members, as the guide will be
going to press after NORA2.
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Session 3

Research driven practice and strategy underpinning
the Solent Oyster Restoration project
Joanne Preston1, Luke Helmer1, Eric Scott-Harris1, Jacob K. Hammerson2, Morven Robertson2, Ian Hendy2
1

Institute of Marine Sciences, University of Portsmouth, Ferry Road, Eastney, PO4 9LY

2

Blue Marine Foundation, London, WC2R 1LA, UK

The growing momentum of Ostrea edulis restoration
requires research led strategy to inform and facilitate
best practice in restoration efforts and maximise
likelihood of success. An overview of the research
underpinning the Solent Oyster Restoration Project
(SORP) will be presented. Baseline surveys highlight the
importance of interpreting data within historical and
geographical contexts and the ecological challenges
by the presence of the invasive species Crepidula
fornicata. Overcoming barriers to restoration and
identifying limiting factors specific to a restoration
site requires knowledge of larval recruitment and
substrate characteristics and availability. Within the
Solent, a combination of hydrodynamic, larval ecology
and molecular research methods have been used to
understand regional recruitment and identify restoration
sites. As a Bonamia positive area biosecurity remains
an important consideration and an essential aspect of
restoration monitoring; here the disease status and
implications for strategy will be discussed. The efficacy
of restoration aquaculture to increase larval output and
recruitment to the seabed will be considered in light of
existing challenges from disease, with a brief overview
of additional benefits of associated biodiversity and
the importance of connectivity of restoration methods
and sites. Large-scale restoration of native oyster beds
is a key aim of the SORP. The conflicting challenges
of increasing seabed density to restore oyster reefs
and conservation and biodiversity status of receiving
biotopes is discussed in light of a six month estuary
wide re-seeding trial to determine the suitability of
subtidal mixed sediment for juvenile oyster survival and
growth at three differing densities.

Key words:
Recruitment, biodiversity, oyster reefs,
Bonamia
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Investigation of Bonamia ostreae and Marteilia refringens
cycle outside their bivalve host, Ostrea edulis
Nicolas Mérou1, Stéphane Pouvreau2 and Isabelle Arzul1
1

IFREMER, Laboratoire de Génétique et Pathologie des Mollusques Marins (LGPMM), 17390 La Tremblade, France

2

IFREMER, Laboratoire des Sciences de l‘Environnement Marin (LEMAR), 29840 Argenton en Landunvez, France

Since the late 1970’s, natural populations of flat
oyster Ostrea edulis in France have been affected
by marteiliosis and bonamiosis, caused by the
protozoan parasites Marteilia refringens and Bonamia
ostreae respectively. Nowadays, these diseases still
cause significant mortality on oyster beds and in
oyster farming. In recent years, there has been a
renewed interest for this native species because of its
patrimonial, economic and ecological interests. In this
context, a better understanding of parasitic cycles could
be very useful for the management of wild populations.
The work proposed here is devoted to study the
distribution of both parasites in the surrounding
environment near the oysters. The main study site is the
Roz flat oyster bed in Rade of Brest (Brittany, France),
known to be endemic regarding both diseases. For
two years (2018-2020), sampling is carried out every
season and includes not only flat oysters but also water,
sediment, plankton, other bivalves and benthic species
associated with flat oysters. Detection of both parasites
in samples is carried out by real-time PCR. Analyses are
still in progress but first results reveal a different
seasonal dynamics of B. ostreae and M. refringens in
the flat oyster bed. Interestingly, B. ostreae has only
been detected in flat oysters, contrary to M. refringens
which could be detected in all the tested categories
of samples (sediment, water, plankton and bivalves).
Subsequent analyses based on RNA detection and
histology will also be performed to characterize more
deeply the two parasites in these environmental
samples.

Key words:
Bonamia ostreae, Marteilia refringens,
Field study, parasite cycle
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Bonamia infection in flat oysters (Ostrea edulis) in
relation to European restoration projects
Brenda Deden1, Hein Sas2, Pauline Kamermans3, Emilie Reuchlin1, Tom van der Have4, Jan Groot5, Karel
van den Wijngaard6, Antonio Villalba7, Isabel Arzul8, Philine zu Ermgassen9, Bernadette Pogoda10, Bérenger
Colsoul10, Luke Helmer, Alice Lown12, Nadescha Zwerschke13, Joanne Preston11
1

WWF Netherlands

2

Sas Consultancy

3
4
5
7
8
9
10
11
12
13

Wageningen Marine Research, The Netherlands
Bureau Waardenburg5 Edmelja BV
ARK Natuurontwikkeling

Centro de Investigacións Mariñas (CIMA)

Institut français de recherche pour l‘exploitation de la mer (Ifremer)
University of Edinburgh

Alfred Wegener Institute
University of Portsmouth
University of Essex

Queen’s University Belfast

A growing interest for reintroducing the flat oyster to
enhance aquatic nature development in the North Sea
area is accompanied with the need to learn more about
oyster ecology. The disease bonamiosis is a major
threat for the development and spread of flat oysters
and brings considerable risks for restoration projects.

Key words:
flat oyster, Ostrea edulis, Bonamia,
restoration

In recent years, marine reef recovery projects are
gaining momentum and generate a renewed interest in
restoring flat oyster populations. This is accompanied
with a growing need to fill knowledge gaps related to
the critical condi- tions of oyster growth and spread.
Most of the current flat oyster culture and many of the
recent restoration attempts occur in North West Europe.
Hence, this paper aims to present the state-of-the-art
knowledge on Bonamia infection to be taken into
account when working on flat oyster restoration projects
in the European marine environment, with emphasis on
the seas, inlets and estuaries of North West Europe.
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Translocation and biosecurity for European oysters
(Ostrea edulis (L.)) in environmental restoration projects
William G. Sanderson1,2, Robert C. Cook1, Ashley Cordingley1, Hannah Lee1, James M. Mair1, Rebecca C. MacPherson1
and Joanne S. Porter3
Corresponding author:
1
2
3

Centre for Marine Biodiversity and Biotechnology (CMBB), ILES, Heriot-Watt University, Edinburgh, Scotland, EH14 4AS
St. Abbs Marine Station, St Abbs, Scottish Borders, TD14 5QF, UK

International Centre for Island Technology, School of Life Sciences, Heriot-Watt University, the Old Academy,
Stromness, Orkney, KW16 3AW, UK

Shellfish habitats formed by the European oyster
(Ostrea edulis) are a conservation priority in the North
East Atlantic and, as a result, habitat restoration projects
have been initiated in several European countries
in the last five years. The restoration of large oyster
populations requires the cultivation of oysters in
aquaculture and the translocation of stock and
brood-stock shellfish between different regions.

Key words:
Restoration, Invasive Non-Native Species,
Biosecurity, Shellfish Disease.

Globally, invasive non-native marine species are one
of the three greatest threats to marine biodiversity
and, ironically, aquaculture has historically been a
significant vector for the translocation of problematic
invasive species. In addition, damaging oysters
diseases, in some cases also non-native, have become
established in farmed and wild-fished remnant Ostrea
edulis populations in the NE Atlantic. In some cases,
restoration of oyster populations is being attempted
in locations where there are already established
populations of invasive non-native species. However, in
many more cases, such as the Dornoch Firth, restoration
of oysters is being undertaken in protected areas where
these invasive non-native species and diseases are not
known to exist.
In the present study we describe the translocation
of 300 oysters between the west and east coast of
Scotland. A process of testing, cleaning, surface
sterilisation and depuration was used as a ‘biosecurity
fire-wall’ between collection at the site of origin and
translocation to the restoration sites. After two years the
growth, survival and associated biota were assessed
and compared with the source epibiotic communities.
The success of the translocation process and it’s
implications for restoration are discussed.
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Non-destructive Bonamia screening for hatchery
production of Bonamia-free flat oysters
(Ostrea edulis L.)
Pauline Kamermans1, Ainhoa Blanco1, Pim van Dalen1, Frank Peene2, Marc Engelsma3
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Efforts to restore flat oyster populations in the North
Sea are gaining momentum. When flat oyster beds
are restored in areas where the oysters are absent it
is unclear if pathogens such as Bonamia ostrea are
present. In such cases it is obligatory to use Bonamiafree oysters. A novel, non-destructive screening method
to determine the status of the oyster with regard to
Bonamia was developed. With this method Bonamiafree oysters were selected from a Bonamia infected
population. These oysters produced Bonamia-free
larvae. In this way, a Bonamia-free broodstock can be
established in a hatchery that produces Bonamiafree offspring. Producing Bonamia-free oysters with
broodstock originating from a Bonamia-infected area
provides disease-free oysters that may have developed
tolerance or resistance to the disease. This is very useful
for restoration projects since international regulations
and national policies aim to prevent the transfer of
diseases to new areas, but protection against disease
is desired, in case it ultimately does appear in a newly
established bed.

Key words:
broodstock, screening, Bonamia,
restoration

21

Day Two
Wednesday 22nd May

Session 4

What does success look like, and how
do we get there?

New insights on the distribution, population size and
management of Ostrea edulis in Sweden
The biodiversity of bivalve shellfish habitats: ‘maintenance’
and ‘restoration’ targets
Demographic modelling of Ostrea Edulis in Essex, UK
CLIMAVORE: On Tidal Zones
European flat oyster in Denmark: natural and hatchery based
production

22

Session 4

New insights on the distribution, population size
and management of Ostrea Edulis in Sweden
Linnea Thorngren1, Thomas Dunér Holthuis1, Per Bergström1, Susanne Lindegarth1, Mats Lindegarth1
1
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In Sweden, Ostrea edulis is on the fringe of its
northern distribution. The species is found in a patchy
distribution in the archipelago areas in the northern
part of the Swedish west coast, where salinity is high
enough. Knowledge of the geographical and vertical
distribution and abundance of O. edulis in the region
is inadequate, both historical and present, and the size
of the population has never been assessed. Fishing for
oysters is reserved to the landowner, who often signs
licensing agreements with diving fishermen, but the
status of the population and the overall sustainability
of fishing is not known.
Here we present findings from a comprehensive fieldstudy from 346 sites on the occurrence, distribution
and abundance of Ostrea edulis in Sweden. Using a
stratified random sampling design and towed video,
we collected representative and quantitative estimates
of frequency of occurrence and abundance. The data
were also used to estimate the total population size
and associated sampling error of O. edulis in the area,
for the very first time. The study contributes with new
information to assess the sustainability of current use
of O. edulis in Sweden, and reveals that this marginal
population actually constitutes a significant part of the
decimated population of O. edulis in northern Europe.
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The biodiversity of bivalve shellfish habitats:
‘maintenance’ and ‘restoration’ targets
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The habitat preferences of the native oyster Ostrea
edulis (L.) and the horse mussel (Modiolus modiolus L.)
once overlapped: there are records of the two keystone species co-occurring alive, and shell deposits
of O. edulis have also been found within several
horse mussel habitats. Horse mussels have not been
targeted by fisheries throughout their range, but
have been incidentally damaged. By contrast, oysters
were systematically targeted. Remnant, apparently
undisturbed, horse mussel habitats therefore still
exist and have been increasingly designated within
Marine Protected Areas. Oyster habitats, however, are
fewer, rarely un-impacted and increasingly the focus of
restoration attempts. Because shellfish are ecosystem
engineers, they alter biodiversity by creating additional
structural niches and by enhancing benthic-pelagic
coupling. Occurring, to differing degrees, in a variety of
habitats: from low to high current conditions, and from
shallow to deeper continental waters, horse mussels
and oysters have been recorded with a variety of
associated biota.

Overall, the results are discussed within the context of
shellfish restoration and the extent to which objectives
for oyster restoration can be ‘mapped-onto’ our
understanding of other species. Diversity indices, and
not community composition, are probably reliable
metrics of management success. Target values for
these indices are likely to be governed by site specific
tidal flow conditions and respond to abrasive physical
impacts from fisheries.

In the present study we describe the biodiversity of a
rare undisturbed oyster habitat. We also describe horse
mussel biodiversity from 15 locations across a wide
range of environmental contexts. Diversity was found
to be consistently high across all sample sites whereas
multivariate analysis found significant differences in
community composition. Total macrofaunal abundance
showed a highly significant relationship with bivalve
abundance and a significant relationship with current
speed. At two sites, fishing pressure has had a physical
impact on the habitats and the scale of change in
biodiversity indicators was assessed.
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Demographic modelling of Ostrea edulis in
Essex, UK
Alice E. Lown1, R. Dyer2, L.A. Hepburn1 and Tom C. Cameron1
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The European native oyster has a wide geographic
range yet relatively little is known on individual
variation in growth and survival rates outside of an
aquaculture setting. It is important to ascertain how
this such intraspecific variation translates into variation
in population growth. Using data from a unique
multi-season growth and survival experiment we
present an Integral Project Model of Ostrea edulis in
the Blackwater, Crouch, Roach and Colne Estuaries
Marine Conservation Zone in Essex, UK. We show
the demographic sensitivities of O. edulis population
growth rate to variation in size-based growth and
survival and variation in recruitment. We find these
sensitivities switch as simulated recovery succeeds.
We show how the model can be used to predict how
populations may change over time in response to
stochastic variation in spatfall and make predictions
on the response of populations to management
interventions.

Key words:
Population modelling, Growth, Survival,
Restoration
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CLIMAVORE: On Tidal Zones
Daniel Fernández Pascual1 and Alon Schwabe2

CLIMAVORE investigates how to eat as climate
changes in an era of increasingly evident man-induced
environmental transformations. Revolving around a
specifically designed oyster table in the tidal zone of
Portree, the ongoing project tackles the detrimental
effects of salmon farms in the Isle of Skye, Scotland.
Each day at high tide, the new structure works as an
underwater oyster table with 1,000 Ostrea edulis that
act as key filter feeders in the polluted shores of the
island. At low tide, the structure emerges above the
sea and functions as a dining table for humans, with
public tastings of ingredients that clean the water by
breathing: seaweeds like kelp or dulse, and bivalves
like oysters, clams, scallops and mussels. Through a
series of ongoing public workshops, the oyster table
is activated in collaboration with local stakeholders,
residents, schools, politicians and researchers to
raise awareness of the vital role of common oysters
around the island. Aiming to divest away from salmon
farming and develop a new local imaginary based on
alternative aqua-cultures, a network of local restaurants
has also been established to revitalise the ecological
and culinary heritage of Skye. Each restaurant replaced
farmed salmon with a CLIMAVORE dish to reconnect
people with clean coastal ecologies. The long-term
site-specific project aims to look at other ways of
monitoring the state of the water and making
pollution visible in order to consolidate human
and other-than-human forms of coastal inhabitation
through the restoration of bivalve populations.

Key words:
Aqua-cultures, CLIMAVORE,
common oyster, tidal zone
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European flat oyster in Denmark:
natural and hatchery based production
Camille Saurel1, Pernille Nielsen1, Pascal Barreau1, Lene Friis Møller1, Jens Kjerulf Petersen1
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In the Limfjorden, Denmark, a small but persistent
population of wild European flat oysters (Ostrea edulis)
has been established for more than 165 years enduring
dramatic fluctuations in population size. Population size
has decreased over the last fifteen years from 10,000 to
less than 1,100 tonnes. Nowadays it is increasing and
colonising new areas, but potentially threatened by
the thriving and expanding competitive invasive Pacific
oyster (Crassostrea gigas).

Key words:
Denmark, hatchery, stable production,
population

The Danish Shellfish Center (DSC) has for the past
fifteen years invested large amount of research effort
into flat oyster hatchery production for several reasons:
i) unpredictable natural spat fall threatening
sustainable recruitment,

ii) increasing interest on flat oysters for aquaculture
to boost flat oyster production in relation to heavily
regulated fisheries,
iii) issue of mixed recruitment with C. gigas on spat
collectors,

iv) new threat of Bonamia and potential competition
with C. gigas in the Limfjorden and finally

v) growing focus on restoration of native oyster reefs in
Europe and Denmark. DSC has the unique flat oyster
hatchery in Denmark, and is currently producing
1-1.5 million of 0.5 mm spats and securing the
ongrowing of 105 >1cm spats per year. This
production will be upscaled to 4-6 million of >1cm
spats a year thanks to a new DSC hatchery currently
under construction.
We present an update on the status, perspectives and
threats of the wild flat oyster population in Denmark
and on the research and challenges on hatchery
production carried out at the DSC for flat oyster
restoration.
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Performance of the first native oysters
reintroduced to European offshore grounds
Verena Merk1, Bérenger Colsoul1 and Bernadette Pogoda1
1
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In the past, European Flat Oysters (Ostrea edulis) were
abundant not only along the coasts of Europe but also
in high densities in offshore areas of the North Sea.
Potentially, those substantial offshore oyster grounds
released significant amounts of larvae that drifted
towards the coast, a crucial source for sustaining
oyster reefs there. Considering this, restoration of
coastal oyster habitats needs to be accompanied with
reestablishing the extinct offshore oyster grounds.
Project RESTORE, conducted at Alfred Wegener
Institute Helmholtz Centre for Polar and Marine
Research (AWI) in cooperation with the German Federal
Agency for Nature Conservation (BfN), evaluates
logistical feasibility of restoration and biological
performance of oysters at offshore sites.

Key words:
Health status, German Bight, field study

Reintroduction of O. edulis was conducted in 2017
in the German Bight. Seed oysters were deployed
offshore on 25m water depth by scientific divers.
Special attention was paid not to translocate foreign
organisms and diseases. Therefore, seed oysters
certified as healthy and produced in artificial seawater
were implemented. Oyster monitoring took place over
a period of two years, including parameters such as
health, condition, survival, and growth.
This presentation will focus on:
•

•
•

Infection of O. edulis in the German Bight by diseases
and parasites;
Survival of deployed seed oysters;

Overall performance of reintroduced oysters

Results so far indicate a successful reintroduction and
justification for the implementation of pilot reefs as a
next step of reestablishing the German oyster grounds.
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Preferential parasitism of native oyster Ostrea edulis
over non-native Magallana gigas by a Polydorid worm
in Plymouth Sound, UK
Anaëlle J. Lemasson1,2,3 and Anthony M. Knights3
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Parasites are important structural components of
marine communities that can affect organism fitness
and ecological interactions, and the success of
restoration projects. Here, we investigate the host
association of Polydora ciliata with two ecologically
and economically important oyster species, the native
oyster, Ostrea edulis, and the non-native Magallana
gigas, and examine its impacts on two fitness aspects:
condition and shell strength. Our results provide strong
inferential evidence of host-specificity by P. ciliata with
a tendency toward infestation of the native O. edulis
over the introduced M. gigas. Evidence suggests
increasing prevalence of parasitism with organismal
age, but no clear indication that parasitism leads to
reduced condition or shell strength. The prevalence
of infection of O. edulis by P. ciliata over M. gigas
observed here holds potential implications for species
competition and dominance, and their respective
population maintenance, which could explain the much
lower abundances of O. edulis compared to M. gigas
at specific geographical locations. Additionally, these
results could hold significance for restoration strategies
as well as the aquaculture sector, with parasitism likely
to alter success and lower production output.

Key words:
Intertidal, Parasitism,
Non-native species, UK
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Investigating growth and mortality of the European flat
oyster, Ostrea edulis, when re-seeded at a range of densities,
and the changes to the benthic biotope in the Solent, UK
Eric Harris-Scott1, Joanne Preston1, Jacob Kean-Hammerson2, Ian Hendy2
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The UK’s native oyster, Ostrea edulis, has been
identified as one of the most threatened species in
the UK, requiring conservation action. The decline of
the native oyster population over the last 25 years was
critical in its priority species classification in the UK’s
Biodiversity Action Plan, also resulting in the loss of
ecosystem services associated with oyster beds.
Large-scale restoration of previously extensive oyster
beds is the key aim of the Solent Oyster Restoration
Project, achieved through the introduction of large
numbers of juvenile O. edulis to the Solent. Before the
Solent restoration can occur, a six-month re-seeding
trial is required to determine the most appropriate
density to relay oysters. The River Hamble was selected
for the trial due to natural oyster beds at the river mouth
and large numbers of oysters in Hamble marinas, which
are part of the Restoration Project’s existing broodstock
programme.
The trial consists of relaying 30,000 oysters across three
sites along the River Hamble estuary; each site has three
relaying beds. In each bed is a trial density of juvenile
O. edulis, 1m2, 5m2 and 10m2. Biotope surveys of the
relaying sites before and after the trial will show any
changes to the benthic environment. Alongside each
bed is an ‘oyster string’, a cord with oysters attached
at the same density as the adjacent bed, weighted to
the seabed. The ‘oyster strings’ monitor growth and
mortality, to determine the most appropriate density,
informing further restoration in the Solent.
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Shellfish production in Sardinia: an opportunity
for Ostrea edulis (Linnaeus, 1758) production
and restocking
Gianni Brundu1 and G. Giménez Papiol1
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In 2016, the Italian oyster production accounted about
145 tonnes, exclusively represented by the Pacific oyster
Crassostrea gigas. More than 20% of total production is
accounted to a single company located in Sardinia and
operating in a small brackish lagoon.

Key words:
oyster, reproduction, aquaculture,
future challenges

Sardinia has many areas covered by shallow coastal
lagoons, which could represent potential sites for oyster
far- ming. Aiming to improve the oyster production,
the International Marine Centre (IMC) coordinated the
Ostrinnova project, funded by Sardinian Region and
involving 15 fishermen cooperatives. The objectives of
the project were to
i) increase the production by transferring knowledge
and skills,

ii) individuate new potential sites suitable for farming,

iii) realise an experimental mollusc hatchery in Sardinia,
to investigate on the oyster reproduction and
rearing.
During the execution of Ostrinnova, involved fishermen
cooperatives highlighted the will to develop new oyster
farms and the interest to rear the European flat oyster
Ostrea edulis as an alternative and more remunerative
species in comparison to C. gigas. For this reason
and considering that along the Sardinian coasts exist
well-established natural populations of O. edulis, the
scientific research of IMC for the future is focused on
the reproduction and rearing of O. edulis for farming.
Research on O. edulis will have a local impact and can
contribute to the global production of the species and
to the restocking efforts invested in other areas.
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Restoration of Ostrea edulis along the coast
of County Wicklow, Ireland
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Globally, oyster habitats are the most degraded habitats
among costal systems, with the loss of 99%. These 350
million years old keystone species and their natural
habitats are at the brink of total collapse, mainly due
to intensive human industrial harvesting and pollution.
Ostrea edulis (European flat oyster) historically
embraced and provided ecological functions along the
east and south eastern coastline of Ireland, establishing
80 km extensive reefs from Wicklow Head to Ravens
Point, Co. Wexford. In 2017, the County Wicklow
community started the initiative to restore their historic
native oyster habitat. The first goal in this restoration
project is to provide a detailed, comprehensive site
suitability analysis and environmental assessment of
coastal and off shore marine areas in order to achieve
the first oyster reef restoration and reintroduction of
native oyster population in Ireland. We are basing
our biomimetic approach on the existing scientific
knowledge, as well as traditional, cultural knowledge
of local communities. Our presentation will include
the oyster restoration project design, with all existing
environmental, social and economic GIS data sets
necessary for the feasibility study and for the site
suitability modelling and analysis. Our team has been
collaborating with Native Oyster Restoration Alliance
(NORA) experts and we are looking for your support to
make this important project a success for Ireland and
the European marine environment.

Key words:
NORRI, oyster reef restoration,
Ostrea edulis
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Introducing the Native Oyster Network - UK & Ireland:
How we aim to facilitate Ostrea edulis restoration on
a national scale
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The Native Oyster Network has been recently
established in collaboration with the Zoological Society
of London and the University of Portsmouth, to facilitate
the restoration of the native oyster, Ostrea edulis,
across the UK & Ireland. This new network aims for
an ecologically coherent and collaborative approach
to native oyster restoration, by promoting effective
communication between native oyster restoration
projects, to promote best practise. We also strive to
increase the awareness of the social and political worth
of native oysters.

Key words:
Ostrea edulis, restoration, Network,
Monitoring

During this presentation, we will introduce the Native
Oyster Network and overview the projects and
partnerships that are part of the network. We will outline
the key approaches that we have identified as essential
to facilitate restoration on a national scale in the UK
& Ireland. These approaches include, implementing
minimum monitoring protocols for projects within our
network, producing a recommendations handbook for
UK restoration practitioners and compiling a biosecurity
database of oyster suppliers.
As native oyster restoration in the UK & Ireland is still in
the early stages, we do not currently know what success
looks like. Despite this, equipped with a new sense of
enthusiasm from the establishment of the Native Oyster
Network, that brings together expertise from scientists,
conservationists, fishers and government, we are
optimistic that successful restoration is attainable.
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The Native Oyster as a diversification species for
shellfish growers; a driver for restoration in Wales
Maria Hayden-Hughes1 and David Smyth1
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The inshore waters of North Wales once had serval
Native oyster fisheries for the rural communities
along its coastline. However, overexploitation and the
prevalence of disease resulted in the collapse of the
fishery in the early 1900s. The demise of the Native
had a considerable impact on the region. The Ministry
of Agriculture Fisheries and Food initiated an urgent
attempt at restoring the fishery with hatchery trials at its
Conwy station in 1919. The research had considerable
success in Native Oyster laying’s at Tal-Y-Foel.
Unfortunately, successive Bonamia related mortalities
and the introduction of diploid Pacific’s led to a lack of
interest in the Native.

Key words:
North Wales, Restoration,
Self-sustaining, Source-sink

A historical and nostalgic curiosity in the once lucrative
fishery among the north Wales fishermen has led to a
recent interest in restoring the Native. It is envisaged
that with the help of the Shellfish Research Centre at
Bangor University and the Welsh Government that
tentative trials can begin on a small-scale basis.
The fishermen intend to establish a Bonamia resistant
strategically positioned broodstock source and sink
fishery using hydrodynamic modelling and cultch
lays. The fishery will embrace the OSPAR and UKBAP
recommendations in relation to Ostrea edulis. A low
impact hand gathering approach will be used and a
strict no-take policy will be in place on the broodstock
assemblage which will remain as an environmental
enhancement zone. It is hoped that a pro-active
management approach which involves all concerned
parties in this novel ecologically aware approach to
restoring a fishery will be successful.
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Ostrea angasi oyster reefs
Sarah C. Ugalde1, Christine Crawford1
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Angasi oysters (Ostrea angasi) once formed dense
coastal reefs around Tasmania, and were important for
fish and biodiversity. Their strong flavour appealed to
early settlers, and the reefs were over-harvested. Today,
the only known remaining reef in Australia is Georges
Bay, Tasmania. Attempts are being made to restore the
reefs and to farm this delicious oyster.

Key words:
Angasi, aquaculture, reef, restoration
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The unique case of flat oysters Ostrea edulis in Sweden:
are we the exception that confirms the rule?
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Over the past years, oyster (Ostrea edulis) beds in
Europe have been reported to be in regression. There
are no known indications of a similar trend in Sweden,
however, as there is no systematic monitoring of oyster
beds in Sweden and as the knowledge of past and
present distribution is fragmented, such conclusions
are speculative at best and should be confirmed.
Furthermore, several of the factors identified as major
threats to flat oysters in Europe are nonexistent or
limited in Sweden, further enhancing the need for
quantification of population development in the region.

Key words:
species interaction, habitat modelling,
threats, management

In this talk we will synthesize recently developed
knowledge regarding development of the flat oyster
population in Sweden based on data from several
ongoing projects and relate the results to existing
knowledge on threats against flat oysters in Sweden.
The data presented is derived from field data collected
in 2013 to 2018 using a submersible towed camera and
subsequent image analysis. Data was analyzed using
species distribution modeling including observations
on bottom substrate and depth, and modelled data
on wave exposure and minimum salinities. The models
were used to assess the importance and predictive
power of the included variables, and to develop a
spatial prediction to assess the distribution of oysters.
Implications for management of the species as well as
ongoing research initiatives will also be addressed in
the presentation.
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60 years after becoming ecologically extinct in the mid
20th century, observations of oyster gatherers suggested
flat oysters occurred in the Wadden Sea once again.
A long-term monitoring programme of shellfish in the
Wadden Sea observed flat oysters for the first time
in 2014 in the sublittoral. Additionally, during a short
survey in 2017 flat oysters were found in 9 littoral sites
and one sublittoral site in the Western Wadden Sea. Flat
oysters were found in low densities mainly along two
tidal creeks with a substantial density of dead shells of
cockles, Pacific oysters, mussels and soft shell clams and
extensive Pacific oyster reefs. The settlement substrates
of flat oysters generally reflected the abundance of
empty shells at a site, and a few individuals were found
on live Pacific oysters. Flat oyster larvae were found in
low concentrations and their presence was confirmed
by qPCR, suggesting that active reproduction takes
place. These results suggest that the flat oyster
population in the Wadden Sea has recovered. An
aquaculture experiment with flat oysters on Texel in the
seventies of the last century may have been the source
population. The spread within two nearby tidal basins
suggests that suitable conditions for flat oyster recovery
are currently present in the Wadden Sea, in particular
in areas around Pacific oyster reefs. Given the high
abundance of shell substrate and low concentration of
larvae, the Wadden Sea population can be considered
as recruitment limited and restoration efforts should
therefore aim at enhancing the production of larvae.

Key words:
settlement substrate, bivalve shells,
Pacific oysters, larvae sampling
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Can Rhinos help to save Oysters? Lessons learned
from ZSL’s Rhino Impact Investment Bond that could
shape the future of oyster restoration
Charlie Endsor1, Alison J. Debney1 and O. Withers1
1
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Natural reefs of oysters are globally imperilled, with an
estimated 85% loss of habitat worldwide. Furthermore,
those populations remaining are generally considered
in poor condition. The European native oyster species
(Ostrea edulis), once the basis of a thriving fishery, is
characterised by low growth rate and poor recruitment
success making it a particularly vulnerable species.
O. edulis oyster populations have declined by more
than 95% since the mid-1800s due to historic
over-harvesting, disease, competition from invasive
species and predators. Oyster beds are now one of
the most threatened marine habitats in Europe.

Key words:
Impact Investment, Oyster, Finance

Massive investment is required to turn this situation
around so that we can achieve ecosystem recovery
across Europe. ZSL is beginning to assess the feasibility
of using innovative finance approaches such as
impact investing and impact bonds as a method of
directing capital towards oyster restoration to finance
this recovery at scale and sustainably maintain this
impact. Impact investments are investments made into
companies, organisations, and funds with the intention
to generate social and environmental impact alongside
a financial return. What needs to be considered at the
outset is the repayment model. Could oysters be used
as a revenue generating asset?
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To protect or to serve? Potential industry and the
challenges of establishing restoration objectives
using reference sites, Australia (Ostrea angasi).
Sarah C. Ugalde1, Christine Crawford1, Chris L. Gillies2, Simon Reeves2, Boze Hancock2
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Native flat oyster (Ostrea angasi) reefs were once
common across Australia’s southern coast but were
lost during the mid-late 1800s to early 1900s due to
destructive fishing practices, overfishing, and changes
to the estuarine conditions. The last known existing
reef is in Georges Bay, Tasmania, and despite active
O. angasi aquaculture, the reef is the foundation for a
small wild-harvest industry. This creates interest and
immediately opportunities to protect, repair, restore,
or potentially harvest, native oyster reefs. Oyster reef
restoration projects have been active in Australia since
2014, and to aid in the establishment of clear and
realistic goals and objectives, an interim reference
ecosystem model was developed based on available
knowledge of O. angasi ecology and from aquaculture
of this species. Six metrics with measurable indicators
were developed and applied to the Port Phillip Bay
Restoration Project (Gillies et al., 2017). This model
will be discussed in relation to the development of
O. angasi reef restoration in Tasmania.

Key words:
Angasi, harvest, industry, restoration

Key challenges and opportunities will be discussed.
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Native Oyster Restoration through Aquaculture:
case study on the Belgian Part of the North Sea
Brecht Stechele1, Nancy Nevejan1, Dimitry van der Zande2 and Peter Bossier2
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Aquaculture of bivalves have been described as one
of the most sustainable and health seafood sources.
Beside sustainable, native oysters are a true delicacy
and often go highly priced over the counter. But in
well-managed native oyster aquaculture, can also lie a
potential for restoration.

Key words:
Dynamic Energy Budget, Ostrea edulis,
Reef Restoration, Aquaculture

During the beginning of 2019, the Belgian Marine
Spatial plan 2020-2026 was published by the Belgian
federal public service. The MSP2020-2026 allocates
6 nearshore areas to facilitate extractive aquaculture
(seaweeds and bivalves). Two large offshore areas
where allocated as ‘multi-use’ areas for energy
generation and extractive aquaculture combined.
Based on the Dynamic Energy Budget (DEB) model
for flat oyster forced with satellite date, growth rate
was modelled for these areas, indicating where
highest oyster aquaculture productivity could be
reached. Besides growth, the DEB model also models
reproduction intensity, quantifying the amount of eggs
released by a single oyster. Coupling the DEB model
with a larvae dispersal model will reveal where oyster
aquaculture infrastructure should be deployed, for
good aquaculture yields and fall-out of oyster larvae
to area’s designated for restoration in the Belgian
MSP2020-2026.
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A business case for oyster restoration on the North Sea:
new collaborations at the win-win intersection
Brenda Deden1, Emilie Reuchlin1, Karel van den Wijngaard2 and Kees Kaffka3
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From 2015 onwards, WWF and ARK collaborate on
shellfish reef restoration in the Dutch North Sea.
Together with the Flat Oyster Restoration Consortium1
and financial support of the Haringvliet Dream Fund
Project, we were able to kick-start and/or strengthen
4 oyster reefs (ostrea edulis) in 2018. Monitoring the
experiments provided crucial information on how to
actively restore flat oyster reefs, first measurements
not only showed survival, but also oyster reproduction
and growth.

Key words:
business case, ecosystem services,
oyster reef restoration, ostrea edulis
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The flat oyster consortium is a Dutch
cooperation between Bureau Waardenburg,
Wageningen Marine Research and Sas
Consultancy

Despite promising results, these first restoration
experiments are small dots on a North Sea scale. They
catalyse the need for scaling-up restoration projects
towards our aim of large self-sustaining oyster reefs
that provide a strong basis for a healthy and resilient
North Sea ecosystem. To realize, three major
bottlenecks must be overcome, including a lack of:
1. space for nature restoration;

2. sourcing material (oyster larvae);
3. financial resources.

WWF and ARK are developing a business case wherein
current bottlenecks are translated into practical
solutions for largescale restoration. Starting from
the economic valuation of ecosystem services of
oyster reefs, new public-private partnerships emerge.
Together with other North Sea users we are developing
a unique 100 acres, innovative pilot project aiming to
demonstrate investments in nature restoration yields
ecological and economical profits in the short and
long term, when integrated with sustainable economic
activities including seaweed farming, low impact fishing
for crustaceans, shellfish aquaculture and an offshore
hatchery for oysters.
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Towards an ex-situ carbon budget for the
native European oyster O. edulis
Hannah Lee1,2,3, William Sanderson1,3 and Karen Diele2,3
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Since 2009 research focusing on marine ecosystems
as carbon stores has been gaining traction where
historically work has focused on terrestrial stores1.
Within this ‘blue carbon’ research, a disproportionate
bias towards photosynthetic marine ecosystems has
been observed2,3. A three-tiered ecosystem review of
potential blue carbon stores in the Scottish marine
environment highlighted bivalve beds as significant
stocks of biogenic carbonate, in the form of shell
accumulation4. However, no values were estimated for
bed-associated mud deposits2,4,5. As bivalve restoration
projects gain momentum, improving the understanding
of the potential service provision by these habitats, in
terms of carbon storage and water quality management,
is vital for advising marine management3. The rate of
both passive and active deposition as well as rates
of calcification and respiration were quantified at
St Abbs Marine Station. The emerging understanding
of restored oyster beds, as carbon sinks or carbon
stores is discussed.
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A multidisciplinary assessment of the effects of
predicted climate change on the native oyster,
Ostrea edulis: what implications for restoration?
Anaëlle J. Lemasson1,2,3, Jason M. Hall-Spencer3, Stephen Fletcher3 and Anthony M. Knights3
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Ocean acidification and warming (OAW) may threaten
restoration efforts when it comes to marine calcifiers
such as oysters, by negatively impacting their fitness.
Identifying if and under what scenarios these changes
might occur is therefore crucial. Here, the effects of
OAW conditions predicted for the UK were assessed
in mesocosm experiments on various aspects of the
physiology, condition, nutritional composition, and
traits linked to predation resistance of native flat oyster
Ostrea edulis collected in Plymouth Sound, UK. It is
often argued that native species are more susceptible
to environmental change than non-native, and as such
it was hypothesised that Ostrea would not fare well,
hindering current restoration efforts, and reopening
the debate on the eradication of the non-native
Magallana gigas. While experimental conditions did
not affect the clearance rate nor the condition index of
O. edulis, its metabolic rates and energetic demands
were somewhat increased by warming (but not pCO2).
These changes were reflected in lower levels of
protein, lipid, and carbohydrate, as well as reduced
caloric content in soft tissue under OAW. Interestingly,
despite these changes, adductor muscle strength
and shell strength of Ostrea remained unimpacted.
These findings are in contrast with previous findings
for Magallana and suggest that Ostrea might be
comparatively less affected by environmental stress
linked with future climate change. If these laboratory
findings hold true for populations in the wild, then
these findings may strengthen arguments in favour
of investment in Ostrea restoration in UK waters.

Key words:
Climate change, Magallana (Crassostrea)
gigas, Ecosystem services, UK
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Population connectivity of restored oyster beds:
the larval behaviour of Ostrea edulis and why it matters
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Understanding larval dispersal, defined as the spread
of larvae from a spawning site to a settlement location
is key for maximising recruitment and ensuring site
connectivity between restored Ostrea edulis beds.
Indeed, the supply of larvae to any restoration site is
a key indicator of success. Marine invertebrate larvae,
such as O. edulis, are weak swimmers compared to
current velocities (1-10 mm/sec vs. >1m/sec), and
they are therefore frequently assumed to have little
control over their dispersal. Models assuming passive
larval dispersal are thus generally thought to offer a
reasonable approximation of larval dispersal. However,
larvae can move vertically through the water column,
and this behaviour can influence the intensity and
direction of their dispersal.

Key words:
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hydrodynamic modelling, larval behaviour

In this study we investigated the vertical distribution and
behaviour of O. edulis in the water column throughout
its larval life history, and under different scenarios of
light/darkness, food/no food, and 13 or 24°C. The
results provide compelling evidence that the behaviour
of O. edulis matters to their dispersal and that it is
targeted to minimising over dispersal away from parent
populations. We suggest that hydrodynamic models,
aimed at predicting the dispersal of O. edulis with
passive particle simulation, will greatly overestimate
dispersal. We therefore recommend simulating larval
dispersal with biophysical models, i.e. combining
hydrodynamic models with active particle tracking,
which mimic the behaviour of O. edulis in the water
column. Biophysical models should increase the
accuracy of larval dispersal predictions, enabling
restoration efforts to maximise connectivity and
resilience between restored beds.
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Predicting the timing of swarming of larvae:
a future tool in native oyster restoration?
Margot Maathuis1,2, Joop W.P. Coolen1,3, Hein Sas4, Karel van de Wijngaard5, Tom M. van der Have2,
Pauline Kamermans1
1

Wageningen Marine Research, Wageningen University & Research, P.O. Box 77, 4400 AB Yerseke, The Netherlands

2

Bureau Waardenburg, P.O. Box 365, 4100 AJ Culemborg, The Netherlands

3

Wageningen University, Aquatic Ecology and Water Quality Management Group, Droevendaalsesteeg 3a,
6708 PDWageningen, The Netherlands

4
5

Sas Consultancy, Danie Theronstraat 22D, 1091 XZ Amsterdam, The Netherlands

ARK Natuurontwikkeling, Molenveldlaan 43, 6523 RJ Nijmegen, The Netherlands

Larval swarming of flat oysters usually peaks during
summer and depends on various environmental
factors, in particular temperature. A large, historical
dataset collected by Korringa in the Eastern Scheldt
(daily larvae sampling in summer, 1936-1946) was
reanalysed with respect to the temperature sum, tidal
difference and lunar cycle. In the saline, non-tidal Lake
Grevelingen weekly larvae counts in the summer period
were available in the period 1979-2006 and were
analysed with respect to temperature sum, lunar cycle
and chlorphyll-a concentration. Generalised Additive
Models (GAMs) were created based on these datasets
(1100 records in total). The results show that the peaks
in oyster larvae abundance were predicted at different
temperature sums in the Eastern Scheldt and Lake
Grevelingen. Lunar cycle had a significant effect on
the concentration of larvae in the Eastern Scheldt, but
not in the non-tidal Lake Grevelingen. Chlorophyll-a
had a significant effect on larval occurrence in Lake
Grevelingen, which suggests that food abundance
is also important for gametogenesis in flat oysters
and might explain the larger temperature sum for
this area. These results are compared with previous
estimates of the temperature sum for spawning. We
hypothesize that flat oyster spawning takes place during
spring tides (optimal fertilization) and swarming of
larvae during neap tides (promoting larval retention).
We will discuss the implications for future flat oyster
restoration practices. A validated model could be used
to predict optimal timing of substrate outplacement to
optimize spat settlement in substrate-limited flat oyster
populations.

Key words:
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chlorophyll-a, Eastern Scheldt

48

Session 6b

Studies into the genetics of disease
resistance in oysters
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Oyster culture in the UK is based on the farming of
two species, both of which suffer from diseases that
significantly constrain productivity. The Pacific oyster,
Crassostrea gigas, is the most commonly cultured
species, with around 1000 tonnes produced for human
consumption per annum. C. gigas is routinely affected
by mass mortality events associated with acute infection
of Ostreid Herpesvirus (OsHV-1), a pathogen which
has spread across the globe and for which there are
limited methods through which shellfish farmers can
control the disease. Conversely, the European native
oyster, Ostrea edulis, forms a relatively small proportion
of cultured animals with around 100 tonnes produced
per annum in the UK. One of the key reasons for lower
production levels is that the native oyster suffers heavily
from mortality associated with chronic infection of the
protozoan parasite Bonamia ostreae. Recently, there
has recently been increasing interest in producing
large quantities of O. edulis for use in conservation
projects restocking of keystone native species. As such,
requirement for good quality, disease resistant spat has
been increasing.

Key words:
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The majority of oyster spat cultured around the British
Isles originate from a handful of small hatcheries
and associated spatting ponds. Due to constraints
associated with the cost of holding and evaluating
broodstock animals, these hatcheries currently have
limited capacity to utilise traditional techniques of
pedigree based selective breeding.
This paper will discuss how UK hatcheries can take
advantage of single-nucleotide polymorphism (SNP)
markers to enhance disease resistance and help
maintain genetic diversity.
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