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INTRODUCTION

HOW TO USE THIS CHECKLIST

The European native oyster (Ostrea edulis) was once a
prolific keystone species in European waters. Over the
past two hundred years, however, overfishing,
sedimentation, pollution, disease, invasive species and
climatic events have contributed to the near functional
extinction of native oyster habitat. Over the past decade,
efforts to rebuild native oyster populations and the
complex biogenic habitat they create have increased in
scale and number across Europe, often with the aim of
restoring both the biodiversity and ecosystem services
these complex habitats support.

The site selection checklist presented here aims to
provide foundational and practical site selection advice to
restoration practitioners working in the field of European
native oyster habitat restoration. The checklist
summarises factors that are important to consider in site
selection for European native oyster habitat restoration
projects. This information was collated through analysis
of expert knowledge contributed by scientists and
practitioners across the Native Oyster Restoration
Alliance (NORA) community. A full description of the
work undertaken is available on request.

Native oysters are biogenic habitat builders. These
complex biogenic reef habitats form through a selfreinforcing process, whereby the existence of adult
oysters provides the settlement substrate and settlement
cue for young oysters, which results in the construction of
a three dimensional reef habitat. Therefore, when native
oyster habitats are degraded and oysters removed, their
ability to form self-sustaining populations or to recover
without active intervention is negatively impacted.

It is recommended that restoration practitioners use this
checklist in a similar manner to a risk assessment; all
factors on this list should be considered, however,
inability to meet one or several of the factors, particularly
factors considered desirable (see Box 2), should not
prevent restoration efforts from being attempted. Though
this checklist is designed to be universally applicable, it
should still be adapted at the project level. A brief
introduction to the importance of each factor in the
checklist is provided in the pages following. Factors are
listed as either being essential or desirable (see Box 2).
To improve navigation and utility of this guidance, the
factors outlined in this checklist are grouped grouped into
subsections related to: threats to native oyster habitat
restoration (section I), project logistics (section II), abiotic
(section III), biotic (section IV), and socioeconomic
factors (section V). Please note that the order in which
the factors are listed within the groups does not
represent a hierarchy of importance. Throughout this
document, references are included where further reading
may be helpful to restoration practitioners.

Most potential restoration sites in Europe are limited both
in terms of recruitment and substrate availability (see
Box 1). Selecting a site that not only supports settlement,
but also survival, growth and reproduction is fundamental
in the long-term success of any restoration project. Since
site selection takes place early in the project timeline, the
success of all sequential stages depends on effective and
appropriate site selection.

BOX 1
Recruitment limited: sites that have insufficient
natural production of native oyster larvae in the
area. This is generally caused by the adult
population being below densities required for
successful fertilisation.
Substrate limited: sites that have larvae available in
the water column but insufficient substrate for
native oyster larvae to settle on. In European waters,
this is caused by removal or burial of historical
oyster reefs and other suitable hard substrates.
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BOX 2
For the purpose of this checklist, essential and
desirable are defined as:
Essential: “this information is required and must be
considered in all site selection efforts.”
Desirable: “this information should be considered
where possible and/or this information would
improve site selection but is not critical in all cases.”
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SITE SELECTION CHECKLIST

Desirable

Essential

(I) THREATS TO NATIVE OYSTER HABITAT RESTORATION
a)

Protection from destructive fishing methods

b)

Absence of extractive practices

c)

Absence of dredging in the area where restoration is being performed

d)

Minimum dissolved oxygen concentration

e)

Low sedimentation rate

f)

Low pollution levels

g)

Minimal sewage outflow within close proximity to the site

h)

Inorganic nutrient concentrations are below harmful threshold

i)

Absence of high impact Invasive Non-Native Species (INNS)

j)

Absence of unregulated harvesting or poaching

k)

Absence of OIE/EC listed diseases

Essential

a)

Agreement that the area can be used for restoration

b)

Licencing and regulation

c)

Availability of source oysters

Desirable

(II) PROJECT LOGISTICS

d)

Low intensity of anchoring or mooring

e)

Site accessibility

f)

Available area for restoration at the site

Desirable

Essential

(III) ABIOTIC FACTORS
a)

Substrate suitability for settlement

b)

Summer water temperature conditions provide potential for reproduction

c)

Water temperature maximum in summer

d)

Salinity minimum and range

e)

Low seabed mobility

f)

Concentration of inorganic nutrients

g)

Turbidity

h)

Current velocity

i)

Existence, strength and flushing of tides

j)

Wave exposure

k)

Water temperature minimum in winter

l)

Volume of freshwater inputs from rivers and streams

m)
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Water acidity
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Desirable

Essential

(IV) BIOTIC FACTORS
a)

Local ecological knowledge

b)

Evidence of historical distribution of Ostrea edulis at the site

c)

Site lies within historical range of Ostrea edulis

d)

Connectivity with naturally occurring larval broodstock

e)

Low predator abundance, or high habitat heterogeneity to provide protection

f)

Low abundance of species that compete for settlement area

g)

Phytoplankton abundance / chlorophyll a

h)

Low levels of harmful algae

i)

Potential for wider biodiversity enhancement of the site

j)

Existing non-oyster habitats are not negatively impacted by restoration activities

k)

An understanding of the prevalence of high impact Invasive Non-Native Species (INNS)

l)

An understanding of the prevalence of non-native species

m)

An understanding of the prevalence of OIE/EC diseases

n)

An understanding of the prevalence, density and distribution of the Pacific oyster (Crassostrea gigas)

Desirable

Essential

(V) SOCIOECONOMIC FACTORS
a)

Site safety concerns

b)

Engagement with government agencies including environmental regulators

c)

Stakeholder interest and support

d)

Potential for ecosystem service enhancement

e)

Returning heritage value to the area

f)

Coastal community development and well-being

g)

Education value

h)

Boosting the local economy and providing job opportunities

i)

Potential for citizen science research

j)

Potential for scientific research

k)

Potential to develop local partnerships

l)

Cooperation and potential co-location with local oyster fisheries or aquaculture

m)

Cooperation with (non-oyster) fisheries

n)

Absence of key benthic fisheries target species at the site

o)

Area not essential for livelihoods

p)

Protected area status

q)

Legal designation /
status of site requires environmental goals and targets to be met through restoration activity
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ESSENTIAL FACTORS FOR
SITE SELECTION

Engagement with
environmental regulators

Site safety

Licencing and regulation

Stakeholder
support

Protection from
destructive fishing
Absence
of extractive
practices

Minimum
dissolved oxygen
concentration
Availability of
source oysters

Agreement that
the area can be
used for restoration
Local ecological knowledge

NaCl
Absence of
maintenance
dredging

Temperature conditions
provide potential
for reproduction

Salinity minimum
and range

Water
temperature
maximum in
summer

Threats to native oyster habitat restoration
Project logistics

Biotic factors

Abiotic factors

Socioeconomic factors

Substrate suitability
for settlement

Low seabed mobility

Figure 1: Essential factors for consideration in native oyster habitat restoration site selection. Exclamation
marks indicate the most important of these factors, which either pose a direct threat to oyster survival, or
prohibit project establishment.
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CHECKLIST FACTORS
EXPLAINED
The remainder of this publication provides additional detail and contextual information regarding the factors
listed in the site selection checklist. Tolerance ranges and thresholds of the native oyster are included where
appropriate.
In some cases, restoration practitioners may use inference rather than direct measurement during site selection,
or may need to refer to relevant legislation or policy for guidance. Factors where these approaches may be helpful
are indicated throughout using the following symbols:

Use of indicator species

Observation of the general
health of the benthic community

Exclamation marks indicate the most important of
these factors, which either pose a direct threat to
oyster survival, or prohibit project establishment.

SECTION I
THREATS TO NATIVE OYSTER
HABITAT RESTORATION
ESSENTIAL
I (a) – Protection from destructive fishing methods
Physical removal of both live oysters and dead oyster
shell is detrimental to restoration efforts. Restoration
efforts should be located in areas closed to fishing with
bottom-contact gear, or in areas where potentially
damaging fishing methods are restricted. Locally relevant
legislation can be used to inform practitioners of fishing
grounds that are located within or close to the proposed
restoration site.

I (b) – Absence of extractive practices
Extractive practices include the extraction of sand or
gravel from the seabed, which more commonly, but not
exclusively, occurs offshore. Any practice which
physically removes seabed material will directly impact
native oyster habitat restoration by removing or burying
live oysters and/or the substrate they require for
settlement, and should therefore be avoided in site
selection. Locally relevant legislation can be used to
inform practitioners of extractive practices that may be
occurring within or close to the proposed restoration site.

Reference to locally relevant
legislation

I (c) - Absence of dredging in the area where
restoration is being performed
This relates to maintenance or capital dredge activities as
opposed to fishing using dredges. Dredging has
multifaceted impacts on native oysters, such as direct
removal of oysters or substrate, sediment plumes which
result in increased turbidity and sedimentation, and
resuspension of legacy pollutants. These impacts can
lead to physical burial as well as negatively impacting
oyster health, growth and survival. Locally relevant
legislation can be used to inform practitioners of dredging
activities that may be occurring in the area where
restoration is being performed.

I (d) - Minimum dissolved oxygen concentration
Dissolved oxygen concentrations must remain sufficiently
high for native oysters to survive. While data on native
oyster dissolved oxygen tolerance is lacking, it has been
suggested that all bivalves require at least 3.5 mg/l for
survival (Vaquer-Sunyer and Duarte, 2008). Experiments
on the Eastern oyster, Crassostrea virginica, show that
survival is possible at 0.5 mg/l, but only in the short term
(Davis, 1975). Dissolved oxygen concentrations can
co-vary with other factors, such as biofouling organisms,
algal blooms, nutrient and pollution concentrations, and
temperature or stratification of the water column. In the
field, inferences can be made from the surrounding
biological community, and specifically the use of indicator
species. Information can also be drawn from locally
relevant legislation, such as the Shellfish Directive in the
UK, which specifies suitable dissolved oxygen thresholds
for growing oysters.
9

I (e) – Low sedimentation rate
Excess sedimentation can smother oysters and bury
settlement substrate and bury settlement substrate, thus
reducing oyster survival and recruitment. High
sedimentation rates can also damage the oysters’ filter
feeding apparatus by abrading the gills, which negatively
impacts growth and survival. Sedimentation rate can vary
both temporally and spatially, over relatively short
distances and time frames, which makes it challenging to
monitor. Observation of sediment on the seabed and
benthos can be useful in the field.

I (f) – Low pollution levels
Pollution may negatively impact survival, growth and
recruitment of oysters. Pollution encompasses many
different substances such as TBT, PAHs, other
hydrocarbons, inorganic nutrients and heavy metals that
may be present in the environment of the native oyster.
Pollution levels can be inferred through observation of the
benthic community and use of indicator species, or from
publicly available assessments by environmental
regulators. Locations with significant boat traffic, such as
marinas, may have elevated pollution levels. In such
situations the strength and flushing of tides will play a
role in determining whether the water in the marina is
replenished sufficiently to keep pollution manageable.

I (g) – Minimal sewage outflow within close
proximity to the site
Discharge of sewage into the water can lead to excess
nutrients and result in algal blooms and hypoxia. The use
of existing legislative frameworks, for example the
Bathing Waters Directive and Shellfish Directive in the
UK, can provide useful information about sewage
concentrations. Alternatively indicator species can be
used to identify where sewage outflow is problematic. It
is also useful to have knowledge of outflow pipes at the
selected site.

I (h) - Inorganic nutrient concentrations are below
harmful threshold
High concentrations of inorganic nutrients, such as
nitrates and phosphates, may enter marine and coastal
environments through agricultural runoff and sewage.
Harmfully elevated concentrations of inorganic nutrients
can result in algal blooms and hypoxia. The impact of
inorganic nutrients can vary with site specific conditions.
If inorganic nutrients are high over long hot days in a
stratified system, the harm to oysters could be
substantial. Both simple and complex analyses can be
conducted to assess nitrate and phosphate
10

concentrations. Environmental regulators may also hold
data on inorganic nutrients which can be accessed for site
selection. The use of indicator species, existing legislation
and general health of the benthic system can also be
useful in determining whether harmful thresholds are
exceeded at selected sites.

I (i) - Absence of high impact Invasive Non-Native
Species (INNS)
While many non-native species have little ecological
impact, some INNS can have significant negative impacts.
For example the American slipper limpet (Crepidula
fornicata), carpet sea squirt (Didemnum vexillum), and
American oyster drill (Urosalpinx cinerea) are particularly
damaging to native oyster populations and/or the
surrounding benthic community. The presence of high
impact INNS at a site does not preclude its restoration.
However, consideration should be given as to how the
presence of high impact INNS influences biosecurity
measures taken by the project, as well as the potential
impact on project progress (zu Ermgassen et al., 2020a).

I (j) - Absence of unregulated harvesting or
poaching
The native oyster is an edible species with a long history
of both cultivation and extraction by humans.
Unregulated harvesting of oysters has been a primary
cause of decline of oyster habitat and represents a direct
threat to restoration efforts. Unregulated harvesting can
be managed either through active protection, through
selecting sites that are inaccessible or/and through
participatory stakeholder engagement.

I (k) - Absence of OIE/EC listed diseases
The most impactful pathogens affecting oysters are those
identified by the World Organisation for Animal Health
(OIE) and/or the European Commission (EC). These
diseases are Bonamia ostreae, B. exitiosa, Marteilia
refringens, Mikrocytos mackini, and Herpes virus OsHV-1μVar. All are highly detrimental to the health and survival
of oyster populations and pose serious biosecurity
threats. Restoration practitioners may wish to consider
the disease status of a site during site selection. Disease
status has far reaching consequences for biosecurity
protocols and the potential survival of naive oysters
relayed to the area (Preston et al., 2020 and zu
Ermgassen et al., 2020a).
Photo: Stéphane Pouvreau

DESIRABLE

SECTION II
PROJECT LOGISTICS
ESSENTIAL

taking place. Restoration efforts within, for example,
marinas, provide excellent opportunity for access,
outreach and education, but the design of the restoration
activities must mitigate the risk to both the oysters and
the boats.

II (a) – Agreement that the area can be used for
restoration

II (e) - Site accessibility

For restoration projects that are co-located with other
marine uses, agreement that the area can be used for
restoration is essential. During this process, it is
important that expectations are laid out and the
responsibilities of both the restoration practitioners and
the other marine users are discussed. Many, but not all,
marine uses are licensed activities, and engagement with
all users regardless of their legal status will best secure
the future of restoration efforts. In a crowded marine
space, agreements that an area can be used for
restoration can be challenging and time consuming to
navigate and should be approved prior to any restoration
activities being performed.

II (b) - Licencing and regulation
Obtaining the correct licencing is an essential prerequisite
to restoration activities. A common example of required
licencing is the Marine Licence, issued by the Marine
Maritime Organisation (MMO) or Marine Scotland in the
UK or the Foreshore License from the Department of
Housing, Local Government and Heritage in Ireland,
which is required for placing substrate onto the seabed.
Marine Protected Areas (MPAs) commonly protect
multiple features simultaneously, so ensuring that
restoration activities do not negatively impact other
species or habitats of conservation importance is critical
and will require assessment by competent authorities.
Licences/permits might also be necessary from seabed
owners such as the Crown Estate. Licences can take a
long time, sometimes many years, to be approved, so
applying early is important to avoid delays in the
restoration project (Preston et al., 2020).

II (c) - Availability of source oysters
For sites that are recruitment limited, availability of
source oysters underpins project viability. A suitable
source of oysters must be accessible with regards to both
travel distance and logistics, as well as being suitable in
terms of genetic make-up and biosecurity profile (Preston
et al., 2020).

DESIRABLE
II (d) - Low intensity of anchoring or mooring

In order to establish and maintain a native oyster habitat
restoration site, the area selected must be accessible at
important times in the oyster’s life cycle and at regular
intervals throughout the year to conduct maintenance
and monitoring activities. Travel time, staff safety, water
depth, wave height and storm frequency may all be
factors which affect site accessibility both inshore and
offshore, as well as the associated costs of access and
monitoring.

II (f) – Available area for restoration at the site
A common aim of native oyster restoration projects is to
establish a self-sustaining population. Given the
interannual variability in recruitment, the influence of
tides and currents, and the sessile nature of adults, oyster
population sustainability is likely to be achieved at larger
rather than smaller scales. Restoration sites should
therefore consider whether there is sufficient suitable
habitat surrounding the restoration site to accommodate
population expansion and build up a resilient native
oyster population.

SECTION III
ABIOTIC FACTORS
ESSENTIAL
III (a) - Substrate suitability for settlement
Native oyster larvae require suitable hard substrate to
settle on. Sediment type, stability and shell content all
contribute to the substrate suitability. Firm silty sand or
silty gravel with shells and stones is suggested to be the
most appropriate for settlement (Smaal et al., 2017). The
higher the shell mix in the substrate, the more easily
larvae can settle. Expert knowledge suggests that ideally,
substrate should include over 60% shell content and that
substrate increases in suitability as grain size increases
(Kamermans et al., 2018). If suitable substrate is not
available at the selected site, cultch (shell or other
suitable settlement substrate) can be deployed to provide
settlement area. Many substrate limited restoration sites
deploy cultch shortly before the native oyster spawning
season. Correct timing of cultch deployment can be
critical to reduce competition with biofouling organisms
that compete for settlement substrate (Preston et al.,
2020).

Anchoring and mooring can physically damage oyster
habitat, and oyster substrate or cages may similarly pose
a risk to boats. It may therefore be desirable to avoid
areas with high intensity boating activity. Boating activity,
however, by no means precludes restoration activities
11

III (b) - Summer water temperature conditions
provide potential for reproduction
For native oysters to reproduce, a temperature threshold
must be exceeded. There is some discussion around
where this threshold lies, but 15-16°C is commonly
accepted (Korringa, 1952; Perry and Jackson, 2017). It is
not only temperature, but the duration of the warm
period which is crucial to reproductive success. It has
been suggested that elevated temperatures are required
for at least three weeks over the summer season to allow
successful reproduction. The combination of temperature
and duration is sometimes expressed as the temperature
sum (sum total of degrees per day above 7 °C). For peak
larval abundance, a temperature sum of 617 was
considered optimal by Chapman et al. (2021), although
the exact number likely varies by location.

III (c) - Water temperature maximum in summer
The European native oyster’s natural range stretches from
Norway in the north, to the Mediterranean in the south.
Local adaptation influences the range of temperatures
which the native oyster can tolerate. No definitive
maximum critical temperature has been established for
native oyster survival (Perry and Jackson, 2017). Expert
knowledge suggests that 26-30°C may represent the
survival threshold in the field, however, lab reared oysters
have survived at higher temperatures. Understanding
local thresholds may be important when planning for
future climate scenarios, which will likely result in some
parts of the historical range no longer being suitable for
native oysters.

III (d) - Salinity minimum and range
The native oyster is a marine and coastal species which
does not tolerate freshwater. In-field experience suggests
that adult native oysters are not commonly found at
salinities less than 16 PSU. Native oyster larvae exhibit
lower tolerance to reduced salinity, generally requiring
salinities above 20 PSU for settlement and growth (Davis
and Ansell, 1962). It also appears that spawning is not
possible at salinities lower than 20 PSU (Davis and
Ansell, 1962). Restoration practitioners with in-field
experience suggested that salinities above ~25 PSU are
optimal to ensure that the site selected accommodates
the entire life cycle of the native oyster. Salinity also
affects susceptibility to some diseases. For example high
salinities of 34-35 PSU appears to reduce the impact of
the parasite M. refringens.

III (e) Low seabed mobility

consolidation of the underlying sediments. Oysters on
consolidated sediments are able to tolerate higher
degrees of shear stress before seabed mobility adversely
affects oysters. Attention should also be paid to mobile
sand waves, which can have the same smothering effect.
Restoration practitioners should be aware that low
mobility sites can still be affected by mobile sand waves
intermittently.

DESIRABLE
III (f) - Concentration of inorganic nutrients
Harmful levels of inorganic pollutants (nitrates and
phosphates) are critical to avoid in native oyster
restoration site selection. The presence of inorganic
nutrient pollution does not, however, preclude oyster
restoration activity, although it may need to be managed
accordingly. Furthermore, the bioremediation potential of
native oysters may even be a reason for selecting sites
with moderate inorganic nutrient pollution for restoration
activities. Oysters are known to increase nutrient uptake
and cycling, so can themselves help to keep inorganic
nutrients below harmful thresholds (Ayvazian et al.,
2021). Indicator species, inference from benthic
community health, and referring to local legislation can
provide information on inorganic nutrients.

III (g) - Turbidity
Turbidity is caused by a range of processes, some of
which are beneficial to native oysters, and some of which
are detrimental. High turbidity could be due to high
abundance of plankton, which is an important food
source. However, high turbidity can also arise due to high
pollution, excess inorganic nutrients, or suspended
sediments, which can smother or contaminate native
oyster populations. To inform decisions regarding
turbidity, inferences can be made from the health of the
surrounding benthic system, and the presence of other
filter feeding organisms.

III (h) - Current velocity
Current velocity must be low enough that oysters are able
to settle out of the water column and attach to the seabed
substrate. However, a very low current velocity may result
in increased sediment deposition, meaning that oysters
become buried or smothered. For this reason, a low to
moderate current velocity is optimal. Among restoration
practitioners and published literature, opinions differ on
the optimum current velocity. Most estimates state that
velocities between 0.25 and 1 m/s are optimal.

III (i) - Existence, strength and flushing of tides
Areas with high seabed mobility are unsuitable for oyster
restoration as mobile sediments can smother oysters.
Seabed mobility is a function of both the shear stress (the
combined effect of waves and tidal flows) and the level of
12

Renewal of water brings refreshed nutrients and dissolved
oxygen. This is particularly important in semi-enclosed
systems such as marinas, where pollution may be
elevated and water prone to stagnation. Understanding
tidal dynamics is key to understanding the import and

SECTION IV
BIOTIC FACTORS

export of oyster larvae to a potential restoration site.
Most restoration efforts do not aim to act in isolation, so
understanding larval flows and connectivity with
surrounding populations is important in long term
success.

ESSENTIAL
IV (a) - Local ecological knowledge

III (j) - Wave exposure

Local Ecological Knowledge (LEK) refers to the local,
place-based knowledge that helps people to create more
productive or healthier ecosystems. The Society of
Ecological Restoration suggests that restoration
strategies which incorporate LEK alongside formal
science can be particularly effective, therefore available
LEK should be considered in site selection (Gann et al.,
2019). At present, there is a scarcity of LEK regarding the
native oyster, since many populations were decimated
preceding living memory. Remnant oyster fishing
communities are, however, an invaluable remaining
source of LEK.

The impact of waves on site suitability depends on the
depth of the water. In deep, offshore sites, for example,
the force exerted on the seabed from waves (i.e. shear
stress) is relatively low. In shallow sites with similar wave
energy, however, the level of shear stress can be
detrimental. Shallow sites with high wave exposure or
intensity should be avoided as this may result in oysters
becoming dislodged or damaged, particularly when they
are small in size and newly settled.

III (k) - Water temperature minimum in winter
While native oysters can survive at -1.5°C (Korringa,
1952), higher temperatures, between 5°C and 9°C, are
required for growth and normal metabolic function
(Bayne, 2017). In intertidal sites, freezing has been
identified as a major source of winter mortality, therefore
where freezing is a potential risk, intertidal sites should be
avoided.

DESIRABLE
IV (b) - Evidence of historical distribution of
Ostrea edulis at the site
Oyster fishery records, middens, shells, fossils, anecdotal
accounts, or historical ecology studies can provide
evidence that oysters once existed at the site.
Incorporation of such knowledge may improve the
likelihood that a site is suitable for present day restoration
efforts. Though physical evidence is desirable, it is not
present at a large number of current restoration sites, in
particular in offshore waters. In such cases, knowledge
from surrounding areas may be useful.

III (l) - Volume of freshwater inputs from rivers and
streams
The volume of freshwater inputs is closely linked to both
salinity and turbidity. Rivers and streams often carry high
sediment loads, which could be detrimental to native
oyster populations. Fluctuations in salinity due to
freshwater input from rivers change seasonally and with
the weather. Therefore potential restoration sites close to
many rivers and streams should consider additional
sediment and salinity sampling to ensure suitability for
oysters throughout the year.

IV (c) - Site lies within the historical range of the
Ostrea edulis
The historical decline of the native oyster predates
rigorous monitoring and survey. While the historical
presence of oysters can be confirmed through fisheries
records or shell deposits in many locations, this is not
always possible, in particular offshore. The historical
range of the native oyster is, however, better understood
and can serve as a guide as to whether restoration or
reintroduction (as opposed to an introduction) of native
oysters is appropriate at a given site.

III (m) - Water acidity
Native oysters are sensitive to low pH, with each life stage
having differing tolerances to acidity. Mortalities have
been observed at pH ≤6.9 with spat showing greater
sensitivity (Bamber, 1990). Other oyster species
(C. virginica) have shown disrupted reproduction at lower
pH (Boulais et al., 2017). As the pH of the global oceans
decreases due to ocean acidification, native oysters may
experience greater exposure to acidic seawater, which
could be detrimental in their reproduction, growth and
development.
Photo: Floor Driessen, Bureau Waardenburg

IV (d) - Connectivity with naturally occurring larval
broodstock
Connectivity with naturally occurring broodstock is
desirable as a potential source of larvae. Connectivity
may also contribute to increased resilience of both the
restored and existing habitats. Hydrodynamic studies are
important for understanding patterns of water flow and
hence larval connectivity.
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IV (e) - Low predator abundance, or high habitat
heterogeneity to provide protection

IV (i) - Potential for wider biodiversity
enhancement of the site

Predation is a major source of mortality in young oysters.
Predation pressure can be mitigated to a degree by high
habitat heterogeneity, which can provide protection to
oyster spat. Practitioners may choose to avoid sites with
known high densities of native oyster predators. While
the complex ecological studies required to assess
predator impact and abundance are beyond the scope of
most native oyster restoration projects, potential
predation pressure can be inferred from surveys of
predators which are present at the site.

Restoring oysters increases biodiversity, through the
existence of oysters themselves, and the biodiverse reef
system they create. Healthy shellfish habitat can also
positively benefit associated habitats such as seagrasses
(Sharma et al., 2016). Where biodiversity is a stated
restoration goal, restoration practitioners may wish to
consider the potential for such habitat interactions during
site selection.

IV (f) - Low abundance of species that compete for
settlement area
A high abundance of biofouling organisms can result in
native oysters being outcompeted for space on suitable
substrate. At locations with a high abundance of
biofouling species, careful timing of cultch placement can
to some extent mitigate the impact of this competition in
the near term, and features of the surrounding
environment, such as high kelp cover, can help to shade
and suppress species that compete for settlement area
(Shelamoff et al., 2019). For oysters suspended in cages,
regular cleaning ensures that species which compete for
settlement area are kept at manageable levels.

IV (g) - Phytoplankton abundance / chlorophyll a
Oysters are filter feeders, clearing up to 5.2 litres of water
an hour of suspended particles (zu Ermgassen et al.,
2020b). Food limitation is therefore a potential risk in
enclosed waters or where phytoplankton abundance is
low. Chlorophyll-a measurements are a commonly used
proxy for phytoplankton abundance as direct
measurements in the field are challenging. Native oyster
growth begins when chlorophyll concentrations exceed
0.5 µg/l (Yildiz et al., 2011). Hatchery experiments have
shown that higher chlorophyll concentrations (1.68 µg/l
at a controlled temperature of 22°C) are optimal for
reproduction (Millican and Helm, 1994). Restoration
practitioners may wish to consider food availability when
selecting a site for restoration.

IV (h) - Low levels of harmful algae
Harmful algae can produce biotoxins, which are
biologically derived toxic substances that have the
potential to cause morbidity or mortality in native oysters.
Locations with a known history of toxic algal blooms
should be avoided when selecting restoration sites.
Testing the water for biotoxins or biotoxic plankton is
complex and expensive. General ecosystem health,
indicator species, legislation and any existing historical
reports of such incidents can be used to infer the
likelihood of the area suffering from issues with biotoxins.
Furthermore, attention should be paid to the tendency for
a location to stratify, as high nutrient availability is more
likely to result in harmful algal blooms where the water
column is not well mixed.
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IV (j) - Existing non-oyster habitats are not
negatively impacted by restoration activities
When undertaking any restoration project, it is important
to consider the habitats that already exist at the
restoration site. Marine protected areas commonly
protect multiple features simultaneously, so projects
located in MPAs must ensure that restoration activities
do not negatively impact other species or habitats of
conservation importance.

IV (k) - An understanding of the prevalence of high
impact Invasive Non-Native Species (INNS)
If a restoration site has high impact INNS present, it is
crucial that restoration practitioners understand the local
prevalence. Practitioners can consequently adapt their
management practices to allow oysters to thrive, whilst
adhering to stringent biosecurity guidelines (zu
Ermgassen et al., 2020a).

IV (l) - An understanding of the prevalence of
non-native species
Non-native species, even if they are not high impact and
invasive, may still need to be considered in project
planning and biosecurity measures. While many nonnative species have little or no impact, it is difficult to
predict which species will become problematic when
introduced. The precautionary principle should therefore
be applied when working in areas with non-native
species. The risk of potential spread of such species, for
example through the movement of equipment, should be
managed (zu Ermgassen et al., 2020a). Restoration
practitioners may therefore wish to consider the presence
and prevalence of non-native species when selecting a
restoration site.

IV (m) - An understanding of the prevalence of
OIE/EC diseases
The presence of OIE/EC diseases such as B. ostreae, B.
exitiosa, M. refringens, M. mackini and Herpes virus
OsHV-1-µVar does not preclude a site from being suitable
for native oyster habitat restoration. Where diseases are
present, understanding the prevalence and spatial
distribution of diseases within the site can be useful in
site selection. Restoration practitioners may, for example,
choose to locate restoration efforts in areas with a lower
disease prevalence. It is necessary in some sites to work
with disease to develop resistance within native oyster
populations (zu Ermgassen et al., 2020a).

IV (n) - An understanding of the prevalence,
density and distribution of the Pacific oyster
(Crassostrea gigas)
The native oyster now co-occurs with the invasive Pacific
oyster throughout much of Europe. Evidence that the two
species compete is equivocal but not ruled out, in part
due to differing (but overlapping) depth niches. It has
been proposed that the Pacific oyster may be beneficial in
enhancing recruitment of the native oyster, by providing
shell material for settlement and improving structural
stability of the reef (Christianen et al., 2018). Restoration
practitioners seeking to promote native oyster habitats,
as opposed to mixed-species reefs, may wish to consider
the prevalence and distribution of Pacific oysters within
the site during site selection.

DESIRABLE
V (d) - Potential for ecosystem service
enhancement
Native oyster habitats are commonly restored both for
the biodiversity and the ecosystem services they support.
Ecosystem services vary across space and time, partially
as a result of abiotic factors, but also due to spatial
differences in the number of people who benefit from
them. Some locations therefore have a greater potential
to deliver ecosystem service benefits than others. Where
stakeholders identify one or more specific ecosystem
services that they wish to see restored, restoration
practitioners should consider how the location of the
restoration effort may maximise these services.

V (e) - Returning heritage value to the area

SECTION V
SOCIOECONOMIC FACTORS
ESSENTIAL
V (a) - Site safety concerns
Permanently or temporarily creating infrastructure at sea
or altering the shoreline may impact safety for users of
the area. Where possible, practitioners should seek to
mitigate risks at the site selection stage. A full risk
assessment of potential safety concerns should be
undertaken, and consideration should be given as to
whether the location of the proposed restoration can be
altered to mitigate any identified risks. It is likely that
safety at sea will be considered during the permitting
process. Project staff training should also be considered.

V (b) - Engagement with government agencies
including environmental regulators
Early and effective engagement with government
agencies, including statutory nature conservation
authorities and environmental regulators, is essential and
beneficial to the restoration project. Early engagement
with regulators will reduce the potential for delays in
identifying which permissions are necessary, whilst also
providing opportunity for regulators to contribute advice
towards the project. It must be recognised that successful
restoration will contribute to achieving national and
European Union nature conservation targets.

V (c) - Stakeholder interest and support
An interested and supportive community of stakeholders
can help with project delivery, publicity and even funding,
and ultimately move a project forward and secure its long
term success. Existing stakeholder networks or
community groups may provide a basis for effective
stakeholder engagement. Stakeholder support generates
the social licence required for a restoration project to
succeed. Effective stakeholder engagement can also help
to identify and resolve potential conflicts which may arise.

The native oyster has been an important food source and
played a central role in coastal communities across
Europe since before the Roman times. This cultural
identity has been largely lost throughout much of Europe
due to the extirpation of native oyster habitat. Returning
this heritage value could help restore the cultural identity
of coastal communities. When selecting the most
appropriate site for restoration, practitioners should
consider whether communities have a relevant historical
identity which could be strengthened through restoration
efforts.

V (f) - Coastal community development and wellbeing
Enhancing a sense of togetherness through collaborative
projects can help develop strong communities who care
for each other and the ecosystems around them. Potential
to build communities around restoration may be a factor
to consider in site selection. An understanding of local
history and present day community needs and/or
perspectives is important to consider when selecting a
site for restoration.

V (g) - Education value
Native oyster restoration provides opportunities for
outreach and education with schools and the public in
general. Education and outreach activities help to bring
local residents closer to the restoration project through
enhancing understanding and appreciation of the need to
restore native oyster habitat. Furthermore, some funders
may require that public outreach and education be
incorporated into project plans. In these cases, selecting
restoration sites which provide access and opportunities
for engagement may be key to securing project funding.
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V (h) - Boosting the local economy and providing
job opportunities

V (n) - Absence of key benthic fisheries target
species at the site

Restoration activities often involve the production or
procurement of oysters, the placement of substrate for
oyster settlement, project management and monitoring.
Such activities create jobs and generate employment
which benefits the local economy. Selecting a location
which could benefit significantly from such investment
may be a consideration in restoration projects with a
strong socioeconomic focus.

Benthic fishing is particularly impactful on seabed
ecosystems and is likely to damage or destroy native
oyster habitat. If key benthic fisheries target species are
present at the restoration site, there is an increased
likelihood of conflict with fishing communities, or damage
to the restored oysters. Native oyster habitat restoration
efforts may, for example, choose to avoid areas that are
particularly rich in certain target species to avoid the risk
of potential conflict.

V (i) - Potential for citizen science research

V (o) - Area not essential for livelihoods

Engaging the public in native oyster restoration projects
through citizen science activities encourages proenvironmental thinking, provides a living classroom
experience and allows for scientific data collection which
can gather crucial evidence to inform project
management. Such efforts may benefit both the project
and the host community. Therefore the potential to
engage in citizen science at a given site may be a factor to
consider in site selection.

Differing marine uses must be balanced equitably
through early and transparent stakeholder engagement. If
a proposed restoration site is essential for livelihoods, this
should be taken into consideration and avoided during
site selection.

V (p) - Protected area status
Restoration efforts may weigh up the benefits and
drawbacks of locating restoration activities within an
existing MPA. Undertaking restoration activity in an MPA
may afford protection to the restored oyster habitat.
Working within an MPA may also increase the
administrative requirements for the project. When
working in or adjacent to an MPA, other protected
features must not be detrimentally impacted. Although
co-location with an MPA appears overwhelmingly
beneficial, absolute protection is not guaranteed. In
particular, attention should be paid to how adjacent areas
are managed, as some activities such as oil and gas
extraction can have an impact beyond the footprint of the
site and therefore may impact nearby protected sites.

V (j) - Potential for scientific research
Native oyster habitat restoration science is an emerging
field. The potential for a project to support scientific
research, for example through proximity to research
institutions, may therefore be considered in site selection.

V (k) - Potential to develop local partnerships
Evidence of existing local partnerships may be requested
by funders and as such may be critical in identifying sites
suitable for restoration. Furthermore, local partners may
be key for delivering on stakeholder and public
engagement as well as citizen science, which contribute
positively to project delivery.

V (q) - Legal designation / status of site requires
environmental goals and targets to be met through
restoration activity

V (l) - Cooperation and potential co-location with
local oyster fisheries or aquaculture

In some locations, native oysters and native oyster habitat
are a conservation feature. Restoration practitioners may
find that developing projects in these designated sites, in
partnership with government agencies responsible for
protected sites and environmental regulation, will be
beneficial with regards to access to relevant advice,
possible support with monitoring or additional funding
opportunities.

V (m) - Cooperation with (non-oyster) fisheries
Non-oyster fisheries have the potential to impact native
oyster habitat restoration efforts, and restoration efforts
have the potential to impact other water users through
placement of substrate, legal or voluntary protection, and
through marker buoys. Clear communication about the
risks of conflict of interest between fishers and the
restoration of a sensitive benthic community should be
considered. Where necessary, a marine spatial plan or
agreement should be co-developed before the location of
restoration activities is decided.
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Oyster fishers and aquaculture companies are key and
often enthusiastic stakeholders in native oyster habitat
restoration. Given the scarcity of local ecological
knowledge on oysters and the challenges of sourcing
oysters and navigating licenses, restoration practitioners
may find it advantageous to cooperate or co-locate with
existing oyster fisheries or aquaculture companies.
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Selecting a site that not
only supports settlement,
but also survival, growth
and reproduction is
fundamental in the
long-term success of any
restoration project.

