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Crynodeb Gweithredol

Mae'r adroddiad hwn yn cyflwyno asesiad cychwynnol o addasrwydd cynefinoedd i helpu
i ganfod ardaloedd a all fod yn addas i adfer wystrys brodorol (Ostrea edulis) ar hyd
arfordir Gogledd Cymru. Mae riffiau wystrys brodorol wedi dirywio dros 95% yn y DU ac
1ha yn unig o gynefinoedd wystrys sy’n weddill yng Nghymru. Mae ymdrechion ar waith
yn y DU a ledled Ewrop i ailadeiladu poblogaethau ac i adfer y gwasanaethau a'r
prosesau ecolegol gwerthfawr a ddarperir gan y rhywogaeth.

Cafodd model addasrwydd cynefin cydraniad uchel (grid 30 m) ei ddatblygu drwy
ddefnyddio’r data amgylcheddol sydd ar gael ar fathymetreg, cerrynt llanwol, straen
croesrym y gwely, halwynedd, tymheredd, ocsigen, cloroffyl-a, gwaddodion mewn
daliant a swbstrad gwely’r mor. Cafodd y setiau data hyn eu cyfuno a chofnodion
achosion hanesyddol o wystrys i ganfod ardaloedd a allai fod yn addas ar gyfer goroesiad
wystrys brodorol a datblygiad riffiau.

Mae allbwn y model yn dangos y gallai tua 3,276 km2 ledled ardal astudiaeth Gogledd
Cymru fod yn amgylcheddol addas i adfer wystrys brodorol. Mae'r ardaloedd a amlygwyd
yn cynnwys rhannau o Fae Caernarfon, de Penrhyn LIyn, dwyrain Ynys Enlli, rhan ogledd
orllewinol Bae Tremadog i'r De o Bwllheli ac i'r dwyrain o Drwyn Cilan. Mae cofnodion
wystrys hanesyddol ar y cyfan yn cyd-fynd a lleoliadau a nodwyd fel rhai a all fod yn
addas, gan gadarnhau i raddau allbynnau’r modelu.

Roedd data cychwynnol a gasglwyd yn Nwyrain Afon Menai cadarnhau presenoldeb rhai
cynefinoedd gwaddod cymysg a allai gynnal gwaith adfer. Fodd bynnag, amlygodd yr
arolygon hefyd heriau ymarferol, gan gynnwys cerrynt llanwol cryf a chyfnodau byr o
ddwr llonydd, a all gyfyngu ar hyfywedd gwaith dosbarthu a monitro.

Ar hyn o bryd dylid edrych ar y canfyddiadau hyn fel rhai rhagarweiniol a bwriedir iddynt
lywio ymchwil yn y dyfodol yn hytrach na diffinio safleoedd adfer. Bydd angen casglu
rhagor o ddata ac ymgysylltu lleol ac asesu cyfyngiadau gweithredol a rheoliadol cyn
rhoi blaenoriaeth i unrhyw saflecedd. Mae’r gwaith hwn yn rhoi sylfaen dystiolaeth
gynnar fel rhan o’r prosiect Cysylltu Conwy i asesu’r potensial am y dyfodol am adferiad
ar raddfa morlun o fewn ac yng nghyffiniau Afon Menai ac Ardal Cadwraeth Arbennig
Bae Conwy.
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Executive Summary

This report presents an initial habitat suitability assessment to help identify areas that
may be suitable for restoration of the native oyster (Ostrea edulis) along the North Wales
coastline. Native oyster reefs have declined by more than 95% in the UK and only 1ha
of oyster habitat remains in Wales. Restoration efforts around the UK and across Europe,
aim to rebuild populations and restore the valuable ecological services and processes
the species provides.

A high-resolution habitat suitability model (30 m grid) was developed using available
environmental data on bathymetry, tidal currents, bed shear stress, salinity,
temperature, oxygen, chlorophyll-a, suspended sediments and seabed substrate. These
datasets were combined with historic oyster occurrence records to identify areas that
could potentially be suitable for native oyster survival and reef development.

The model output indicates that approximately 3,276 km2 across the North Wales study
area may be environmentally suitable for native oyster restoration. Areas highlighted
include parts of Caernarfon Bay, south of the LIyn Peninsula, east of Bardsey Island,
northwestern part of Tremadog Bay to the south of Pwllheli and east of Cilan Head.
Historic oyster records generally coincide with locations identified as potentially suitable,
providing some support for the modelling outputs.

Initial ground-truthing in Menai West confirmed the presence of some mixed sediment
habitats that could support restoration. However, surveys also identified practical
challenges, including strong tidal currents and short slack-water periods, which may limit
feasibility of deployment and monitoring.

These findings should be regarded as preliminary and are intended to guide further
research rather than define restoration sites, at this stage. Additional ground-truthing,
local actor engagement and assessment of operational and regulatory constraints will
be required before any sites are prioritised. This work provides an early evidence base
as part of the Connecting Conwy project to assess the future potential for seascape-
scale recovery within and around the Menai Strait and Conwy Bay Special Area of
Conservation.

Cronfa Mewn Partneriaeth &
Teftadaeth ’ gﬁfﬁ{é o nbing iR
I"Q(

Heritage
Fund

In Partnership with May 2026 | Habitat suitability modelling for restoration of Ostrea edulisin North Wales
Welsh Government 3



£
S

PRIFYSGOL Zoological
BANGOR Society

UNIVERSITY of London

Introduction

General state of Ostrea edulis populations in the UK

Populations of native oyster, or the European flat oyster (Ostrea edulis) were once found
in high densities around the British Isles and Europe and were a dominant marine habitat
associated with estuaries, bays, sheltered inlets, sea locks/loughs/fjords and coastal
open seas. However, in the UK native oyster reefs have declined by 95% since the mid-
19th century (Beck et al., 2011), with the ecosystem recently classed as functionally
collapsed under the IUCN Red List of Ecosystems Framework (zu Ermgassen et al.,
2024).

The key drivers that have contributed to the decline in native oyster populations, include
a combination of disease, poor water quality including nutrient pollution, habitat loss,
historic overfishing, and competition with invasive non-native species (Herbert et al,
2016; Helmer et al., 2019; Jeppesen et al., 2018; Mori, 1979; Pouvreau et al., 2023;
Sas et al., 2020). Native oyster reefs are also subjected to the effects of climate change,
including sea level rise, increased storm severity and occurrences, rising sea
temperatures and ocean acidification (Gazeau et al., 2013; Gilson et al.,, 2021; Helmer
et al,, 2019; Kyzar et al., 2021; Munroe et al,, 2013). Given their significant decline and
ongoing threats, restoring native oyster habitat is required to increase habitat extent
and connectivity, contributing towards restored ecosystem function and delivery of
ecological and societal benefits to coastal waters.

When found in high densities, this species can act as an ecosystem engineer, forming
complex, three-dimensional biogenic reefs (Morris et a/,, 2019). Restoration efforts are
underway in various regions around the UK and across Europe, aiming to rebuild
populations and restore the valuable ecological services and processes oysters provide
(Thomas et al., 2022) (Figure 1). These include coastal protection through slowing wave
and storm surge energy, improved water quality and clarity through the oyster’s filter
feeding efficiency, contributing to blue carbon cycling, and providing important
sheltering, feeding, and nursery habitat for commercial fish species (Peterson et al.,
2003; Coen et al., 2007; Lee et al., 2020; Albentosa et al., 2023). Increasingly, coastal
habitats such as oyster reefs are being considered by governments as leading nature-
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based solutions to socio-environmental challenges such as poor water quality, coastal
erosion and climate change. Active restoration is required to recover these diverse
habitats from the scattered individual oysters remaining in Europe’s waters.

ECOSYSTEM SERVICES PROVIDED BY NATIVE OYSTERS OSTREA EDULIS

INCREASED WATER CLARITY INCREASED FISH INCREASED OYSTER CULTURAL VALUE IMPROVED WATER
Can benefit recovery of PRODUCTION POPULATIONS Have previously QUALITY
seagrass and other coastal Provides a suitable Provides a spill formed the heart of Removes pollutants
aquatic plants feeding and nursery over effect to local coastal communities from the water column

oyster fisheries

g grounds for fish

BIODIVERSITY

ENHANCEMENT STABILISATION OF

Form a complex SEDIMENTS

Regulating services structure that provides Reduces the resuspension
shelter and food for a DENITRIFICATION of fine sediment,

Cultural services diversity of species Removes excess nutrients improving water clarity

. Provisioning services

NATIVE
< OYSTER
 NETWORK

UK RELAND

©2020, Native Oyster Network - UK & Ireland,
Native Oyster Restoration Alliance.

Figure 1. Ecosystem services provided by native oysters, Ostrea edulis. © Native Oyster Network- UK &
Ireland, Native Oyster Restoration Alliance.

Historic records

Historical populations of native oysters had an average reef size of 30ha (Thurstan et
al., 2024). The North Wales coastline featured abundant native oyster beds, particularly
during the 17th, 18th and early 19th centuries. Notable locations included the Menai
Strait near Caernarfon and Beaumaris, areas off Puffin Island, and around Anglesey at
sites such as Rhoscolyn and Llanddwyn Island (Hayden-Hughes et a/, 2023 and
references therein).

These oyster beds were important to local coastal communities, serving as a significant
food source and contributing to the Welsh economy. Welsh oyster boats reported
landing 8,000 oysters daily, but up to 15,000- 20,000 oysters in some areas (White,
1894). Oysters have formed a part of the diet, with large quantities of native oyster
shells discovered in Roman fortresses and Mesolithic archaeological remains in Wales
(Wheeler and Pryce, 1926; Schulting and Richards, 2002).
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Unfortunately, there are hardly any oyster habitats remaining in Wales, with only 1ha
having been mapped; the locations of which are considered sensitive (NRW, 2020).
There are currently no remnant native oyster populations found North Wales, however
there are suitable habitats present to support this important and once present species.
Recent restoration efforts aim to revive these historic oyster habitats, recognizing their
ecological importance and potential to enhance resilience and the condition of the North
Wales coastline.

Ongoing restoration efforts

The #NNF2 Restoring Wild Oysters to Conwy Bay project (2023-2025), delivered in
partnership by The Zoological Society of London (ZSL) and Bangor University completed
the first small-scale research trial to assess the feasibility of oyster restoration in this
area. While the restoration of native oysters provides important ecosystem services the
broader ambition of recovering Conwy Bay's coastal ecosystem cannot be achieved
through recovery of a single habitat or species in isolation. To realise the full potential
of nature recovery locally, requires a shift from targeted, small-scale single-species
interventions to coordinated, seascape-scale restoration across the mosaic of connected
habitats that together define this coastline (Preston et al,, 2025; zu Ermgassen et al,,
2025), in line with the principles set out in the Lawton Review (Lawton et a/.,, 2010)

The #NNF3 Connecting Conwy: A plan for seascape scale recovery of coastal habitats
in Conwy Bay and the Menai Straitresponds directly to this— building on the foundations
of the previous marine habitat recovery work, including native oyster restoration trials
and local seagrass restoration efforts, to take a whole-system approach to marine
habitat recovery across Conwy Bay and the Menai Strait.

Habitat suitability models (HSMs), also referred to as species distribution models, are
used to predict the spatial suitability of habitats across a defined spatial landscape, using
a set of ecologically relevant environmental variables and known species occurrence
data. As such, HSMs are a widely applied as an initial tool for assessing site suitability
in coastal habitat restoration, including for native oyster (Armstrong et a/., 2021; Pogoda
et al., 2023; Stechele et al,, 2023; EA, 2024; Pereiro et al, 2025 etc.) (Figure 2).
Restoration handbooks and best-practice guidelines such as Preston et al., (2020) and
Hughes et al., (2023), often recommend the use of HSMs (where available) to support
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initial site selection. However, the usefulness of these outputs depends on the spatial
resolution and accuracy of the underlying data.
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Figure 2. Native oyster potential restoration areas in Wales (within the model extent of 0 to 80 m depth)
from NRW, 2026. Contains Natural Resources Wales information © Natural Resources Wales and
Database Right. All rights Reserved. This includes some information based on data provided by: ©
European Union, 1995-2026. Copyright © 2020-2026, GEBCO. © JNCC and other data providers as set
out in their data inventory.

Purpose of the report

The purpose of this report is to identify areas that may be suitable for the restoration of
native oyster beds along the North Wales coastline, within and surrounding the Conwy
Bay and Menai Strait region. A range of oceanographic, geologic and biophysical data is
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used to characterise suitable sites. This work will contribute to a field campaign as part
of the #NNF3 Connecting Conwy: A plan for seascape scale recovery of coastal habitats
in Conwy Bay and the Menai Strait to ground-truth habitat suitability, identifying
knowledge gaps and data limitations when modelling is applied to localised fine-scale
regions.

Study area

The study examines the North Wales coastline, within the eastern Irish Sea, extending
from northern Cardigan Bay to Liverpool Bay (52.2°N to 53.6°N and -5.2°E to -2.5°E).
The area is characterised by pronounced spatial heterogeneity, with physical conditions
varying over relatively short distances. The area encompasses a wide range of water
depth and habitats, ranging from extensive intertidal mud- and sand flats between
Anglesey and Liverpool Bay to deep and more quiescent waters off to the east of
Anglesey where water depths exceed 120 m.

Regional hydrodynamics are primarily driven by tidal forcing, which generates strong
currents and maintains a well-mixed water column throughout the year. The tidal
regime is macrotidal, with ranges exceeding 8 m in places. The strongest currents occur
near exposed headlands with steep bathymetric gradients, particularly around northwest
Anglesey, where velocities can exceed 3 m s—1. In contrast, much of the nearshore zone
is relatively shallow, with depths generally less than 10 m within 1 km of the coastline.
Extensive intertidal areas are a key feature of the region, especially toward Liverpool
Bay, where large mudflat and sandflat systems are exposed during low tide. Offshore,
conditions differ markedly: to the east of Anglesey, water depths exceed 100 m and
hydrodynamic conditions are comparatively less energetic. This combination of
energetic headlands, sheltered embayments, and transitional coastal zones creates a
wide range of hydrodynamic environments. These variations strongly influence sediment
distribution, resulting in a mosaic of seabed types ranging from fine-grained depositional
sediments to coarser, mobile substrates.

The North Wales coastline is also subject to significant anthropogenic pressure. Activities
include commercial and recreational navigation, supported by major port infrastructure
such as Holyhead, as well as fisheries, tourism, and coastal defence developments. In
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addition, offshore renewable energy installations have expanded in recent years. These
combined pressures have contributed to habitat alteration and degradation, particularly
affecting vegetated coastal ecosystems. While the area is subject to many pressure,
many protections levels have been set in place in effort to protect its marine
ecosystem with 8 Special Protection Areas (SPAs) including Liverpool Bay SPA; 8 Special
Areas of Conservation (SACs) including Menai Strait and Conwy Bay SAC; and 41 Sites
of Special Scientific Interest (SSSIs) including Glannau Rhoscolyn SSSI, and Porth
Ceiriad, Porth Neigwl ac Ynysoedd Sant Tudwal SSSI. Consequently, the region provides
a relevant and representative setting for assessing habitat suitability and restoration
potential for the native oyster, O. edulis.

Method

Data acquisition

All data fields were interpolated to a common high-resolution grid covering the study
domain, extending from 52.55° N to 53.65° N and -5.2° W to -2.5° W with a longitudinal
resolution of 1/2000° and a latitudinal resolution of 1/4000° (around 30 m horizontal
resolution). This high resolution was chosen to retain as much data detail especially in
the nearshore region as possible as the North Wales coastline is complex, and small-
scale changes in bathymetry and seabed substrate occur which would be lost with
coarser resolution gridding. All datasets were interpolated onto this grid using linear
interpolation.

Environmental data

Environmental data were compiled from multiple sources to
maximise spatial resolution and were subsequently harmonised onto a common 30 m
resolution grid for the North Wales study area using interpolation

Bathymetry

Bathymetry data comes from Ward et a/,, (2023) and is a compilation of data from
EMODnet (www.emodnet-bathymetry.eu, 2018 EMODnet Digital Terrain Model;
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resolution of 1/16 x 1/16 arc minutes, 115 m) and the UK Hydrographic Office
ADMIRALTY Marine Data Portal (www.admiralty.co.uk) (2—4 m horizontal resolution UK
Hydrographic Office multibeam data); see Ward et a/., (2023) for details. For this report,
the data from the R50 (<50 m horizontal model resolution in the near-shore area) model
grid in Ward et al, (2023) were interpolated to a regular spaced grid using linear
interpolation.

Tidal velocities

Mean depth-averaged tidal velocities were obtained from Ward et a/, (2023). Tidal
velocities were simulated with TELEMAC-2D on an unstructured mesh grid (R50 in Ward
et al., 2023) and simulate an average 28-day tidal cycle. For more information on the
hydrodynamic model set-up and validation, please see Ward et a/, (2023). The data
were interpolated to a regular spaced grid using linear interpolation.

Bed shear stress

Tidally-driven maximum bed shear stress (bss;) was calculated from peak tidal velocities
from Ward et al,, (2023) (see tidal velocities for details) as where p is density set to
1025 kg/m?3and uvy is the friction velocity.

bss; = p uvy

Wave-driven bed shear stress (bss,) was estimated using winter monthly mean
significant wave height (H,) and period (T) from Neill (2024). The underlying wave
model is SWAN run in a nested setup with a lower resolution North Atlantic setup and a
high resolution (1/120 x 1/202°) Irish Sea model for the period 2014 to 2020. The wave
induced bed shear stress (bss,,) was calculated as:

1 2
bssy, = Ep fwUp

where f,, = 0.02is the wave friction factor and U,is the near-bed orbital velocity
amplitude. U, was estimated using the empirical formulation of Soulsby (1997):

Mewn Partneriaeth &
Llywodraeth Cymru

%gptfaadaeth ’ i;;}f?{é

Heritage
Fund

In Partnership with May 2026 | Habitat suitability modelling for restoration of Ostrea edulisin North Wales
Welsh Government 1 0



ZSL

PRIFYSGOL Zoological

BANGOR Society

UNIVERSITY of London

_h
JoT

Where g = 9.81 m/s? is the gravitational acceleration and h is the water depth. The
exponential term accounts for finite-depth attenuation, with coefficients derived from
empirical fits to linear wave theory.

H
Up = 5 ()1 %exp [~ (441—=)4]

To account for nonlinear interactions between waves and tidal currents, the combined
wave—current bed shear stress (bss,,.) was estimated following the parametrisation of
Soulsby (1997), which provides a direction-averaged approximation of the original
model of Grant and Madsen (1979):

bss,,  bss,,

+(

2
bss; )

bss,,: = bss; \/1 + 1.2 bss,

Total suspended matter

Satellite derived mean total suspended matter data was obtained from EMODnet
(EMODnet, 2025). The data has a horizontal resolution of 0.00314° in longitude and
latitude. The data were interpolated to the high-resolution grid using linear interpolation.
This dataset does not fully cover nearshore areas, resulting in data gaps close to the
coastline.

Salinity and temperature

Salinity and bottom temperature data was extracted from the Copernicus Marine Service
Atlantic - European North West Shelf - Ocean Physics Analysis and Forecast product
(Copernicus Marine Service, 2025b). The data has a resolution of 1/36° and data
spanning full years was available for 2023 and 2024. Bottom temperatures and salinities
were extracted for the study area and interpolated to the high-resolution 30m grid using
linear interpolation. Here, monthly mean data was used from which annual means,
minima and maxima were calculated.

Cronfa Mewn Partneriaeth &
Frefiadacth ‘ @ﬁ\% e Gy

Heritage
Fund

In Partnership with May 2026 | Habitat suitability modelling for restoration of Ostrea edulisin North Wales
Welsh Government 1 1



£
S

PRIFYSGOL Zoological
BANGOR Society

UNIVERSITY of London

Oxygen concentrations

Oxygen concentrations were extracted from the Copernicus Marine Service Atlantic -
European North West Shelf - Ocean Biogeochemistry Analysis and Forecast product
(Copernicus Marine Service, 2025a). The data has a resolution of 1/36° and data
spanning full years was available for 2023 and 2024. Bottom oxygen concentrations
were extracted for the study area and interpolated to the high-resolution grid using
linear interpolation. Here, monthly mean data was used from which annual means,
minima and maxima were calculated.

Chlorophyll concentrations

Monthly mean chlorophyll concentrations were extracted from the High-Resolution
Ocean Colour (HR-OC) Consortium (Brockmann Consult, Royal Belgian Institute of
Natural Sciences, Flemish Institute for Technological Research) which distributes Level
4 (L4) chlorophyll-a concentration (CHL, expressed in ug/l) for the Sentinel 2/MSI sensor
at 100m resolution for a 20km coastal zone (Copernicus Marine Service, 2025c). The
monthly mean data was used to calculate annual means, minima and maxima which
were interpolated to the high-resolution grid using linear interpolation.

Seabed sediment data

Seabed sediment data were compiled from Smeaton et a |. (2021, Supplementary
Materials
https://www.frontiersin.org/articles/10.3389/feart.2021.593324/full#supplementary-
material; Table 1.xIsx). The dataset aggregates habitat surveys, the European Nature
Information System (EUNIS), and additional records from the UK Hydrographic Office
and the British Geological Survey. Sediments were classified using a modified Folk
classification scheme (Folk, 1954; Kaskela et a/, 2019), which categorises seabed
material into 16 classes based on proportions of mud (<63 pm), sand (63-2000 pm),
and gravel (>2000 um) with additional categories indicating shell presence. The mean
spacing between sediment samples is ~270 m across the study area, decreasing to
~110 m within 100 m of the coastline. Point observations were interpolated onto the 30
m grid using nearest-neighbour interpolation to produce categorical substrate maps.
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Percentage of gravels was derived from these classifications; however, the discrete
nature of the Folk16 scheme (five classes of percentage of gravels) results in spatial
discontinuities. To improve suitability for habitat modelling, percentage of gravels were
refined by assuming higher gravel fraction in sandy sediments relative to muddy
sediments. Furthermore, point data where shells were recorded were extracted
additionally. The point data was gridded to the high-resolution grid using nearest
neighbour interpolation as a presence/absence mask.

Historic occurrence data

Historic records of native oysters were compiled from Hayden-Hughes et a/., (2023) and
Thurstan et al., (2024). Locations were plotted for the North Wales coastline and then
refined according to the location and bed descriptions.

Suitability criteria

Habitat suitability criteria were compiled for Ostrea edulis for a range of variables and
extracted from the reports compiled by Smaal et a/.,, (2017), Perry and Jackson (2017),
and Hayden-Hughes et al., 2026. These are summarised in Table 1. As data was not
necessarily a 1:1 equivalent to the baseline reports or details of the data were unclear
(e.g., for bed shear stress), some adjustments of the suitability criteria had to be made
to achieve equivalence as closely as possible. For a number of variables (e.g., oxygen
concentrations) the whole study area was deemed suitable, but unclarities existed with
regards to what exact metrics were used in the original report (e.g., daily means,
monthly means or annual means). The column Notes details which metrics were selected
for this report.
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Table 1. Summary of Environmental factors determining O. edulis habitat suitability.

ENVIRONMENTAL
FACTOR

SUITABLE
RANGE

NOTES

Water depth (m)

>-79 m and <-1m

Water depth below mean sea level

Sediment composition

Sand and mud with
gravel and/or shell
present; shells;
gravel; rock and

boulders

Classified according to Folk16 scale

Total suspended
sediment (mg/I)

< 60 mg/I

Maximum sea bed shear
stress (N/m2)

0.125-2.5 N/m?

It was not clear if the bed shear
stress values given in the literature
were means or maxima. Ranges
suggest means. Furthermore, it was
unclear if they reflected currents
only or currents and waves
combined. Here, bed shear stress is
calculated as the combination of
both current- and wave-induced bed
shear stress (max bss currents plus
mean bss winter waves).

Current velocity (m/s)

>0.125 m/s and

Here, depth averaged currents were

<0.8 m/s used. Sea bed currents will be ~50%
- 80% of the depth averaged
currents.
Salinity (psu) >25 psu
Winter temperature (°C) | >3 °C Here, annual minimum monthly
mean temperatures were used. Ideal
winter temperature has been noted
as >7°C, but literature suggests
survival possible at very low
temperatures.
Oxygen concentration >3.5 mg/I Annual mean of monthly mean
(mg/I) oxygen concentrations used
Chlorophyll >1.68 pg/I
concentrations (ug/l)
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Habitat suitability determination

For each environmental variable, maps were generated which distinguished between
suitability criteria met (value of 1) and suitability criteria not met (value of 0). From the
individual environmental suitability criteria, combined habitat suitability metrics were
established in two ways: (1) binary suitability maps were established by multiplying all
the individual variable suitability maps to give an overall yes/no map (value of 1 for
suitable, value of 0 for unsuitable). (2) percentage suitability maps were generated by
multiplying all the individual variable suitability maps to give and overall yes/no map
(value of 100% for suitable down to a value of 0% for unsuitable).

Results

Combined habitat suitability maps: hydrodynamics

The habitat suitability model identified 3,276 km? potentially suitable for O. edulis within
the study area. Figure 3 shows binary habitat suitability (i.e., suitable or not suitable)
based on hydrodynamic variables only. Generally, near-shore regions are unsuitable due
to a combination of shallow water depths, too high or too low current speeds and bed
shear stress values. To the north of Anglesey, to the west of the LIyn Peninsula and in
parts of the Menai Straits, very strong tidal currents render the region unsuitable for
oysters. Areas identified as suitable are located offshore of the coastline stretching
between the northeastern tip of Anglesey and Liverpool Bay, with smaller suitable areas
close to the coast in Red Warf Bay, the Menai Strait and Conwy Bay and the Rhyl Flats.
Furthermore, Holyhead Bay shows widely suitable conditions. Large parts of Caernarfon
Bay away from the near-shore regions which are unsuitable to high bed shear stresses
are classed as suitable. To the south of the LIyn Peninsula, only the western parts of
Tremadog Bay are classed as suitable. In the northwest, very low current speeds render
the habitat unsuitable, whereas in the southwest, bed shear stress values are exceeded.
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Figure 3. Habitat suitability based on hydrodynamics only (water depth, current velocity, bed shear stress,
total suspended matter and salinity). Red circles indicate approximate locations of historic oyster beds.

Generally, locations for which records of historic oyster beds are present are classed as
suitable based on hydrodynamic conditions. However, it is worth noting that there are
some uncertainties in the identification of the exact location of the historic oyster beds,
e.g., the historic bed located at the western entrance of the Menai Strait. Here, for
example, the record contains the following description: “[Carnarvon] The oyster fishery
used to be of some importance. There is a bank off the southern mouth of the Straits,
in nine fathoms of water, which used to make a capital dredging ground. The area of
this bank is about half a-mile square, and the sides fall abruptly into deep water. But
little is done in oyster fishing now” (Thurstan et a/,, 2024).

Note that the variables that are most important in determining suitability from a
hydrodynamic viewpoint are bed shear stress and current speed. Suitability is therefore
highly dependent on the cut-off limits chosen for these variables. See individual variable
maps in the Appendix A for more details.
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Combined habitat suitability maps: Sediments and
hydrodynamics

Sea bed sediments vary widely across the study area (Figure 4) and the suitability
classification is highly sensitive to the choice of suitable substrate classes. Here, soft
muddy and sandy sediments (M = Mud, sM = sandy Mud, mS = muddy Sand and S =
Sand) have been deemed unsuitable. Because oysters require some type of hard
substrate (e.g., gravel beds, boulders, shells) to attach, their presence has been set to
allow the substrate to be suitable.

Latitude {*N}
o
@

Figure 4. Seabed sediment classification according to the Fold16 scale.

In near-coastal areas, the high degree of sediment heterogeneity leads to a highly
patchy pattern of suitable habitat locations (Figure 3). Generally, the presence of
historical beds corresponds with areas of suitable sea bed substrate (e.g., northeastern
Menai Strait, Caernarfon Bay, Conwy Bay, Bardsey Island and Bardsey Island). Note that
here pure sand has been excluded as a suitable substrate type due to its high degree of
sediment mobility. Combined with the hydrodynamic maps, overall habitat suitability
maps can be obtained (see Figures 5 and 6).
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Figure 5. Habitat suitability based only sediment classification. Red circles show historical oyster beds

From south to north, suitable habitat areas are found to the south of the LIyn Peninsula
and to the east of Bardsey Island. Furthermore, the northwestern part of Tremadog Bay
to the south of Pwllheli and east of Cilan Head is deemed suitable. Large parts of
Caernarfon Bay are classed as suitable.
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Suitabilty

Figure 6. Combined habitat suitability based on hydrodynamics and seabed substrate. Red circles denote
historical oyster beds.

Ground-truthing

Initial ground-truthing was undertaken to verify the outputs of the habitat suitability
model and to assess whether areas predicted to be highly suitable for restoration of the
native oyster, European flat oyster, exhibited site conditions consistent with successful
reef establishment and long-term persistence. The purpose of this process was to inform
validation of fine-scale model predictions.

The habitat suitability model output extends from northern Cardigan Bay to Liverpool
Bay, but this initial ground-truthing exercise focused on the Menai Strait and Conwy Bay
SAC.

Collation of existing datasets

A comprehensive site assessment considered any significant anthropogenic activities
that may affect restoration success, including dredging, aggregate extraction, and other
seabed disturbances. The presence of marine assets such as submarine cables, and
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pipelines was assessed to avoid conflicts with infrastructure. Ecological risks must be
evaluated, particularly within a disease control area for Bonamia ostreae (CD 09.2011)
which can affect native oyster survival and be a consideration when sourcing oysters.
Proximity to historical oyster reefs was examined as can indicate favourable habitat
conditions. Existing nature conservation designations was considered, which may
provide both opportunities and regulatory constraints. Fishing regulations were reviewed
to determine existing protections (inshore fisheries legislation).

The native oyster potential suitability map was overlaid with existing data layers sourced
from DataMap Wales. Factors including significant activities (navigational dredging,
ports and harbours), fishing regulations (several and regulating orders), existing nature
conservation designations (MPAs) and historical and maritime assets (designated wrecks
and scheduled monuments) were assessed within this region (Figure 7).

2 L4 y i i I
Esri, HERE, : a A
Garmin, USGS / comyiy ) B S5 _.l’\.
Legend : :

[ Native oyster potential suitability
MPAs

Menai Strait & Conwy Bay SAC o
S [
Shellfisheries
[ | several & Regulating orders ’
Navigational infrastructure
[ Navigational dredging ‘ s A’
%) Ports & harbours — ,'

Historic assets 4 1
[ Designated wrecks \
I scheduled Monuments

N
012 4 6
A BN . km Esri UK, Esri, HERE, Garmin, GeoTechnologies, Inc., USGS

Figure 7. Map of the native oyster potential suitability areas (green) within the Menai Strait and Conwy
Bay SAC overiaid with data layers for MPAs, shellfisheries, navigational infrastructure, and historic assets.
Contains public sector information licensed under the Open Government Licence v3.0. (Data source:
DataMap Wales).
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The ground-truthing survey areas were selected through a process of elimination,
considering logistical and environmental constraints. Restoration is recommended in
areas known to have supported native oyster populations however there are further
criteria that need to be considered (Preston et a/., 2020). Areas within or near SSSIs
were avoided because of the potential environmental impact of restoration activities
(cultch translocation) and logistical challenges. Important shellfisheries, historical assets
and areas near navigational/ maintenance dredging areas were avoided. However,
proximity to ports and harbours can be a constraint (increased maritime traffic) and
beneficial for restoration activities (vessel availability, reduced mobilisation and
demobilisation costs and cultch storage). Water depth was also an important
consideration as monitoring can be challenging at deep restoration sites.

Menai West is a Shellfish Waters Protected Area (SWPA) designated by Welsh Ministers
for the protection and support of shellfish growth. Good water quality is essential to
produce high-quality shellfish and existing monitoring programmes are in place for each
SWPA (Figure 8). Water quality is also important for restoration success and with
existing monitoring data can be beneficial for site selection. Existing skill sets, knowledge
and vessels of local fishers can be beneficial for restoration delivery and long-term
monitoring.

Mewn Partneriaeth &
Llywodraeth Cymru

In Partnership with

May 2026 | Habitat suitability modelling for restoration of Ostrea edulisin North Wales
Welsh Government 2 1

%gptfaadaeth ‘ T’;Z}f?{é

Heritage
Fund




= 29

PRIFYSGOL Zoological

BANGOR Society

UNIVERSITY of London

— High

Good
Moderate
Poor

— Bad

St Asaph

\, = Chester

L=
SWARE

Figure 8. Water Watch Wales map provides information about each individual waterbody from Water
Framework Directive (WFD) Regulations Cycle 3 Classification (Interim 2024) Rivers, Waterbodies and
Coastal Water graded from high (blue) to bad (red) condition. Contains public sector information licensed
under the Open Government Licence v3.0.

Field surveys

A small subset of locations in Menai West was selected for field assessment (Figure 9).
Surveys were designed to evaluate the physical characteristics that are known to
influence oyster survival, recruitment, and reef development. Parameters examined
included substrate composition and stability, water depth, and the benthic communities
present.
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Figure 9. Map of subtidal potential suitability locations in Menai West selected for groundtruthing surveys.

Field investigations were conducted using a combination of underwater video and
acoustic seabed surveys, depending on site accessibility and water depth. Imagery was
analysed to confirm the presence of firm substrates such as shell, gravel, and
consolidated sediments, which provide suitable attachment surfaces for juvenile oysters.
Areas dominated by unstable fine silts or heavily mobile sediments were considered less
favourable, regardless of model predictions.

Biological assessments were also undertaken to identify potential ecological constraints
and opportunities. Evidence of shell material, and associated reef fauna was recorded
where present, as these features can indicate suitability and enhance restoration
potential. Conversely, presence of invasive species, excessive macroalgal cover, or signs
of poor water quality were noted as factors that could limit restoration success.
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Results

From the still imagery analysis, it was recorded these areas of seabed in Menai West
were largely comprised mobile ‘subtidal sand’ and ‘subtidal mixed sediment’ with
encrusting taxa and a variety of infauna. Four habitats/ biotopes were observed. The
substrate was largely comprised of ‘Circalittoral fine sand’ (SS.SSa.CFiSa), and silt
covered pebbles and shells, recorded as ‘Circalittoral mixed sediment’ (SS.SMx.CMx).
Large infaunal communities of polychaetes and burrowing anemone were recorded as
‘Circalittoral muddy sand’ (SS.SSa.CMuSa), and some presence of silt covered cobbles
or boulders, recorded as ‘Moderate energy circalittoral rock’ (CR.MIR). Example images
of the habitats/biotopes identified are provided in Table 2.

Table 2. Images illustrating the habitats/biotopes identified during the Menai West groundtruthing still
imagery analysis.

SS.SSa.CFiSa SS.SMx.CMx

SS.SSa.CMuSa ~ CR.MCR
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The imagery was reviewed for the non-native species. The Chilean oyster, Ostrea
chilensis was recorded in the imagery in low densities (Figure 10). The species is known
to be present within the Menai Strait since being introduced in 1964.

Figure 10. Example of seabed image including non-native species, Ostrea chilensis.

Ground-truthing results were compared with model outputs to assess the degree of
agreement between predicted and observed habitat conditions. Sites where field
observations confirmed the presence of suitable substrate, subtidal mixed sediment
could be favourable for restoration efforts and reef creation. Native oysters are a
recognised biotope of subtidal mixed sediments (EUNIS code A5.435) and it is deemed
as a preferential habitat type for oysters. However, during the survey work, it was noted
that the period at the turn of the tide when there is little or no horizontal motion of tidal
water, known as slack water, was short (approximately 20 minutes). This would pose a
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significant logistical challenge when delivering restoration activities and monitoring
(deploying cultch, water clarity for imagery analysis, time for dive observations).

The ground-truthing surveys helped to inform validation of fine-scale model predictions,
however it was concluded that these survey sites would not be suitable because of the
logistical challenges posed. Further consideration and extensive ground-truthing would
be needed.

Recommendations

The validation process provides an important quality assurance step, demonstrating the
reliability of the habitat suitability model while identifying opportunities for model
refinement. Incorporating field-based observations improves confidence in the final site
selection and ensured that recommended restoration areas were supported by both
spatial modelling and empirical evidence.

Extensive ground-truthing surveys are needed to reduce uncertainty and help refine the
prioritisation of restoration sites. For example, salinity, temperature, oxygen
concentration and total suspended matter were factors considered in the HSM but the
data was derived from satellite imagery. Existing environmental conditions should be
assessed to determine whether they meet the habitat requirements for oysters. Key
parameters include salinity, turbidity, water quality, water depth, predominant sediment
type, wave exposure, and tidal current speeds can be recorded using loggers. Additional
survey techniques could also be applied such as grab sampling, and diver observations.

The intensity of recreational and commercial activities should be assessed. Particular
attention to boating, mooring, fishing, trawling, and bait digging, as these activities can
physically damage restored reefs. Data collection of marine and coastal recreation
carried out in Southwest Wales by Pembrokeshire Coastal Forum would be a useful
resource if available in other areas.

Short-term climate change implications could be incorporated into site selection and
restoration planning. Relevant factors include projected sea level rise, increasing storm
frequency and intensity, and associated changes in sediment dynamics and water
quality. These influences may affect the stability and persistence of restored oyster reefs
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over time. However, long-term scenarios should not deter restoration trials taking place
as provide key lessons learnt for future restoration efforts.

Consultation with local actors can provide valuable insights into historical oyster
presence, site conditions, practical considerations, and current pressures. Early and
sustained engagement with regulators, fisheries representatives, conservation
organisations, and other interested parties is strongly recommended to identify
constraints and build support and to codesign restoration activities. Restoration needs
to be operational, place-based, and co-designed with fishers, recognising fisheries as
part of the solution.

Land ownership and seabed rights should be confirmed at an early stage. In most cases,
the seabed is owned by The Crown Estate, although local exceptions may apply. This is
also a key consideration for accessing to the shoreline and transporting equipment.
Prospective restoration practitioners should ensure that sufficient broodstock supply and
cultch materials are available to support restoration efforts.

Following ground-truthing and consultation, sites can be ranked according to their
overall suitability and the specific drivers of the project. Ranking criteria may include
environmental suitability, ecological risk, likelihood of long-term persistence, logistical
feasibility, local support, and regulatory complexity.

This process enables restoration practitioners and collaborators to identify the most
suitable locations for native oyster restoration and to prioritise sites with the greatest
probability of ecological and operational success.

Conclusion

The habitat suitability assessment indicates that there are areas along the North Wales
coastline where environmental conditions may be suitable for the restoration of native
oyster (Ostrea edulis) habitat. The overlap between modelled suitable areas and
historical oyster records suggests that the model is identifying locations with
characteristics consistent with those that have previously supported oyster populations.
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However, the results also demonstrate that environmental suitability does not
necessarily equate to restoration feasibility. Initial ground-truthing in Menai West
identified habitats that may be capable of supporting oysters, but also highlighted
practical constraints, including strong tidal currents and short slack-water periods, which
would make restoration and monitoring more challenging. Other factors not fully
captured by the model, such as seabed disturbance, water quality, disease risk, local
actor priorities and regulatory requirements, will also influence site suitability.

Taken together, the findings suggest that there is potential for native oyster restoration
within Menai Strait and Conwy Bay SAC, but that further work is required before specific
sites can be selected with confidence. Habitat suitability modelling has proved to be a
useful tool for identifying areas for investigation, but it should be used alongside detailed
field surveys and consultation with relevant parties.

This work provides an early evidence base as part of the Connecting Conwy project to
assess the future potential for seascape-scale recovery within and around the Menai
Strait and Conwy Bay Special Area of Conservation. Further ground-truthing, local actor
engagement and site appraisal is needed to identify locations that offer the best balance
of environmental suitability, practical feasibility and long-term restoration potential.

Mewn Partneriaeth &
Llywodraeth Cymru

In Partnership with

May 2026 | Habitat suitability modelling for restoration of Ostrea edulisin North Wales
Welsh Government 28

%gptfaadaeth ‘ T’;Z}f?{é

Heritage
Fund




£
S

PRIFYSGOL Zoological
BANGOR Society

UNIVERSITY of London

References

Albentosa, M., Akinyemi, M. I., Vera, M., Ibarrola, |., Filgueira, R., Galimany, E., da Costa, F., Pardo, B.
G., Vazquez-Luis, M., Hernandez, A., Hernandis, S. and Martinez, P. (2023). Recovery of
eutrophized marine ecosystems using the European flat oyster, Ostrea edulis. Aquatic
Conservation:  Marine  and  Freshwater  Ecosystems, 33(7), 645-660. doi:
https://doi.org/10.1002/aqc.3926

Armstrong, S., Pearson, Z., Williamson, D., Frost, N. and Scott, C. (2021). Restoring marine and coastal
habitats in Wales: Identifying spatial opportunities and benefits. NRW Evidence Report No. 554.
96pp, NRW, Cardiff.

Beck, M.W., Brumbaugh, R.D., Airoldi, L., Carranza, A., Coen, L.D., Crawford, C., Defeo, O., Edgar,
G.J., Hancock, B., Kay, M.C., Lenihan, H.S., Luckenbach, M.W., Toropova, C.L., Zhang, G. and
Guo, X. (2011). Oyster reefs at risk and recommendations for conservation, restoration, and
management. BioScience, 61(2), 107-116. doi: https://doi.org/10.1525/bio.2011.61.2.5

Coen, L. D., Brumbaugh, R. D., Bushek, D., Grizzle, R., Luckenbach, M. W., Posey, M. H., Powers, S.

P. and Tolley, S. G. (2007). Ecosystem services related to oyster restoration. Marine Ecology
Progress Series, 341, 303-307.

Copernicus Marine Service, 2025a. Atlantic - European North West Shelf - Ocean Biogeochemistry
Analysis and Forecast. Copernicus Marine Service. doi: hitps://doi.org/10.48670/moi-00056

Copernicus Marine Service, 2025b. Atlantic - European North West Shelf - Ocean Physics Analysis and
Forecast. Copernicus Marine Service. doi: https://doi.org/10.48670/moi-00054

Copernicus Marine Service, 2025c. North West Shelf Region, Bio-Geo-Chemical, L4, monthly means
and interpolated daily observation. doi:
https://data.marine.copernicus.eu/product/OCEANCOLOUR NWS BGC HR L4 NRT 009 2
09/description

EA (2024). Native Oyster Bed Potential [Data layer]. Environment Agency. Available:
https://www.data.gov.uk/dataset/31530300-0f98-42ac-9b68-b6c980f5383c/native-oyster-bed-
potential#licence-info. (Accessed: 10 Oct 2025).

EMODnet (2025). EMODnet Physics - Total Suspended Matter - GridSeriesObservation - Concentration
of total suspended matter - NORTH SEA. CNR. Available at: https://erddap.emodnet-
physics.eu/erddap/griddap/TSM_NORTHSEA.html (Accessed: 11 Jan 2025)

Folk, R.L., 1954. The distinction between grain size and mineral composition in sedimentary-rock
nomenclature. The Journal of Geology, 62(4), pp.344-359.

Cronfa

Treftadaeth ’ gﬁfﬁ”
Var

Heritage
Fund

Mewn Partneriaeth &

Llywodraeth Cymru

In Partnership with

Welsh Government 29

May 2026 | Habitat suitability modelling for restoration of Ostrea edulisin North Wales



£
S

PRIFYSGOL Zoological
BANGOR Society

UNIVERSITY of London

Gazeau, F., Parker, L. M., Comeau, S., Gattuso, J.-P., O’Connor, W. A., Martin, S., Pértner, H.-O. and
Ross, P. M. (2013). Impacts of ocean acidification on marine shelled molluscs. Marine Biology,
160, 2207-2245. doi: https://doi.org/10.1007/s00227-013-2219-3

Gilson, A. R., Coughlan, N. E., Dick, J. T. A., and Kregting, L. (2021). Marine heat waves differentially
affect functioning of native (Ostrea edulis) and invasive (Crassostrea [Magallana] gigas) oysters
in tidal pools. Marine Environmental Research, 172, 105497. doi:
https://doi.org/10.1016/j.marenvres.2021.105497

Grant, W. D. and Madsen, O. S. (1979). Combined wave and current interaction with a rough bottom.
Journal of Geophysical Research, 84(C4), 1797-1808.

Hayden-Hughes, M., Bayford, P., King, J. and Smyth, D., (2023). The European native oyster, Ostrea
edulis, in Wales, a historical account of a forgotten fishery. Aquatic Living Resources, 36, p.7.

Hayden-Hughes, M., Leanza, G., Parry, R., Shute, S., Trotman, C., and Gamble, C. (2026). A review of
marine habitats to inform habitat suitability modelling for the Connecting Conwy Project. Bangor:
Bangor University.

Helmer, L., Farrell, P., Hendy, |., Harding, S., Robertson, M. and Preston, J. (2019). Active management
is required to turn the tide for depleted Ostrea edulis stocks from the effects of overfishing,
disease and invasive species. Peerd, 7, €6431. doi: https://doi.org/10.7717/peerj.6431

Herbert, R. J. H., Humphreys, J., Davies, C. J., Fielding, P., Genner, M. J., Jenkins, S. R., Kaiser, M.
J., Moseley, C., Moschella, P. S., O’'Beirn, F., Posen, P. E., and Hawkins, S. J. (2016). Ecological
impacts of non-native Pacific oysters (Crassostrea gigas) and management measures for
protected areas in Europe. Biodiversity and Conservation, 25, 2835-2865. doi:
https://doi.org/10.1007/s10531-016-1209-4

Hughes, A., Bonacic¢, K., Cameron, T., Collins, K., Da Costa, F., Debney, A., Van Duren, L., Elzinga, J.,
Farifias-Franco, J.M., Gamble, C. and Helmer, L. (2023). Site selection for European native
oyster (Ostrea edulis) habitat restoration projects: An expert-derived consensus. Aquatic
conservation: marine and freshwater ecosystems, 33(7), pp.721-736.

Jeppesen, R., Rodriguez, M., Rinde, J., Larsen, M. M., Henriksen, P., Henriksen, H. J. and
Timmermann, K. (2018). Effects of hypoxia on fish survival and oyster growth in a highly
eutrophic estuary. Estuaries and Coasts, 41, 89-98. doi: https://doi.org/10.1007/s12237-016-
0169-y

Kaskela, A.M., Kotilainen, A.T., Alanen, U., Cooper, R., Green, S., Guinan, J., van Heteren, S., Kihiman,
S., Van Lancker, V., Stevenson, A. and EMODnet Geology Partners, 2019. Picking up the
pieces—harmonising and collating seabed substrate data for European maritime
areas. Geosciences, 9(2), p.84.

Kyzar, T., Safak, I., Cebrian, J., Clark, M. W., Dix, N., Dietz, K., Gittman, R. K., Jaeger, J., Radabaugh,
K. R., Roddenberry, A., Smith, C. S., Sparks, E. L., Stone, B., Sundin, G., Taubler, M. and
Angelini, C. (2021). Challenges and opportunities for sustaining coastal wetlands and oyster

Cronfa B o Mewn Partneriaeth &

Treftadaeth RN / ( gf Liywodraeth Cymru

Heritage ;("11( In Partnership with May 2026 | Habitat suitability modelling for restoration of Ostrea edluiisin North Wales
Fund Welsh Government 3 0



£
S

PRIFYSGOL Zoological

BANGOR Society

UNIVERSITY of London

reefs in the southeastern United States. Journal of Environmental Management, 296, 113178.
doi: https://doi.org/10.1016/j.jenvman.2021.113178

Lawton, J.H., Brotherton, P.N.M., Brown, V.K., Elphick, C., Fitter, A.H., Forshaw, J., Haddow, R.W.,
Hilborner, S., Leafe, R.N., Mace, G.M., Southgate, M.P., Sutherland, W.J., Tew, T.E., Varley, J.
and Wynne, G.R. (2010) Making Space for Nature: a review of England’s wildlife sites and
ecological networks. Report to Defra

Lee, H. Z. L., Davies, |. M., Baxter, J. M., Diele, K. and Sanderson, W. G. (2020). Missing the full story:
First estimates of carbon deposition rates for the European flat oyster, Ostrea edulis. Aquatic
Conservation:  Marine  and  Freshwater  Ecosystems, 30, 2076-2086. doi:
https://doi.org/10.1002/aqc.3402

Neill, S.P. (2024). Wave resource characterization and co-location with offshore wind in the Irish
Sea. Renewable Energy, 222, p.119902.

NRW (2020). Estimating the Carbon Sink Potential of the Welsh Marine Environment. Report No 428.
Produced by ABPmer for NRW. Natural Resources Wales, Cardiff. 81p. Available at:
https://cdn.naturalresources.wales/media/692035/nrw-evidence-report-428 blue-carbon v11-
002.pdf (Accessed: 18 Aug 2025)

NRW, 2026. Native Oyster Potential Restoration Areas. Natural Resources Wales, Datamap Wales.
Available at: https://datamap.gov.wales/layers/geonode:nrw native oyster pot resto areas
(Accessed: 01 Apr 2026).

Mori, K. (1979). Effects of artificial eutrophication on the metabolism of the Japanese oyster Crassostrea
gigas. Marine Biology, 53, 361-369. doi: https://doi.org/10.1007/BF00391619

Morris, R. L., Bilkovic, D. M., Boswell, M. K., Bushek, D., Cebrian, J., Goff, J., Kibler, K. M., La Peyre,
M. K., McClenachan, G., Moody, J., Sacks, P., Shinn, J. P., Sparks, E. L., Temple, N. A., Walters,
L. J., Webb, B. M., and Swearer, S. E. (2019). The application of oyster reefs in shoreline
protection: Are we over-engineering for an ecosystem engineer? Journal of Applied Ecology, 56,
1703-1711. doi: https://doi.org/10.1111/1365-2664.13390

Munroe, D., Tabatabai, A., Burt, I., Bushek, D., Powell, E.N. and Wilkin, J. (2013). Oyster mortality in
Delaware Bay: Impacts and recovery from Hurricane Irene and Tropical Storm Lee, Estuarine,
Coastal and Shelf Science, 135, 209-219. doi: https://doi.org/10.1016/j.ecss.2013.10.011.

Pereiro, D., Dabrowski, T., Tully, O., Lyons, K., Morrisey, P., Daly, E., Basu, B., Kelly, D., O’Halloran,
G., O'Dowd, C. and Nolan, G. (2025). Habitat suitability assessment for native oyster based on
temperature and salinity modelling in an estuarine environment. Ocean Dynamics, 75(10), p.86.

Perry, F. and Jackson, A. (2017). ‘Ostrea edulis Native oyster’. In Tyler-Walters, H. and Hiscock, K.
(eds), Marine Life Information Network: Biology and Sensitivity Key Information Reviews [online].
Plymouth: Marine Biological ~ Association of the United Kingdom. doi:
https://doi.org/10.17031/marlinsp.1146.2

Cronfa B o Mewn Partneriaeth &

Treftadaeth RN / ( gf Liywodraeth Cymru

Heritage ;("11( In Partnership with May 2026 | Habitat suitability modelling for restoration of Ostrea edluiisin North Wales
Fund Welsh Government 3 1



£
S

PRIFYSGOL Zoological
BANGOR Society

UNIVERSITY of London

Peterson, C. H., Grabowski, J. H. and Powers, S. P. (2003). Estimated enhancement of fish production
resulting from restoring oyster reef habitat: quantitative valuation. Marine Ecology Progress
Series, 264, 249-264. doi: http://www.jstor.org/stable/24867515

Pogoda, B., Hausen, T., Rothe, M., Bakker, F., Hauser, S., Colsoul, B., Dureuil, M., Krause, J., Heinicke,
K., Pusch, C. and Eisenbarth, S. (2023). Come, tell me how you live: Habitat suitability analysis
for Ostrea edulis restoration. Aquatic Conservation: Marine and Freshwater Ecosystems, 33(7),
pp.678-695.

Pouvreau, S., Lapégue, S., Arzul, |. and Boudry, P. (2023). Fifty years of research to counter the decline
of the European flat oyster (Ostrea edulis): a review of French achievements and prospects for
the restoration of remaining beds and revival of aquaculture production. Aquatic Living
Resources, 36, 13. doi: https://doi.org/10.1051/alr/2023006

Preston J., Gamble, C., Debney, A., Helmer, L., Hancock, B. and zu Ermgassen, P. S. E. (eds) (2020).
European Native Oyster Habitat Restoration Handbook. The Zoological Society of London, UK.,
London, UK.

Preston, J., Debney, A., Gamble, C., Hardy, M. J., Underwood, G.J.C., Garbutt, A., Harley, J., Baker,
R., Dunk, R.M., Grigg, M. and Hancock, B.T., Hendy, |I. W., La Marca, E. C., Murray, J., Pettorelli,
N., Pittman, S.J., Reeves, S.E., Robertson, M., Sturrock, A.M., Thurstan, R.H., Unsworth,
R.K.F., Ward, E.A., Ward, S.L., Watson, G. J., Watson, S.C.L., Wedding, L.M., Worthington, A.,
Wright, A., Yesson, C. and Zu Ermgassen, P.S.E. (2025). Seascape connectivity: evidence,
knowledge gaps and implications for temperate coastal ecosystem restoration practice and
policy. npj Ocean Sustainability, 4(1), 33. doi: https://doi.org/10.1038/s44183-025-00128-3

Sas, H., Deden, B., Kamermans, P., Zu Ermgassen, P.S., Pogoda, B., Preston, J., Helmer, L., Holbrook,
Z., Arzul, |., Have, T. and Villalba, A. (2020). Bonamia infection in native oysters (Ostrea edulis)
in relation to European restoration projects. Aquatic Conservation: Marine and Freshwater
Ecosystems, 30, 2150-2162. doi: https://doi.org/10.1002/aqc.3430

Schulting, R.J and Richards, M.P. (2002). Finding the coastal Mesolithic in southwest Britain: AMS
dates and stable isotope results on human remains from Caldey Island, Pembrokeshire, South
Wales. Antiquity 76: 1011-1025.

Smaal, A., Kamermans, P., Kleissen, F., van Duren, L. and van der Have, T. (2017). Flat oysters on
offshore wind farms: opportunities for the development of flat oyster populations on existing and
planned wind farms in the Dutch section of the North Sea (No. C052/17). Wageningen Marine
Research.

Smeaton C, Hunt CA, Turrell WR and Austin WEN (2021). Marine Sedimentary Carbon Stocks of the
United Kingdom’s Exclusive Economic Zone. Front. Earth Sci. 9:593324. doi:
10.3389/feart.2021.593324

Soulsby, R. L. (1997). Dynamics of Marine Sands: A Manual for Practical Applications. Thomas Telford,
London, 249 pp.

Cronfa B o Mewn Partneriaeth &

Treftadaeth RN / ( gf Liywodraeth Cymru

Heritage ;("11( In Partnership with May 2026 | Habitat suitability modelling for restoration of Ostrea edluiisin North Wales
Fund Welsh Government 3 2



£
S

PRIFYSGOL Zoological
BANGOR Society

UNIVERSITY of London

Stechele, B., Hughes, A., Degraer, S., Bossier, P. and Nevejan, N. (2023). Northern Europe's suitability
for offshore European flat oyster (Ostrea edulis) habitat restoration: A mechanistic niche
modelling approach. Aquatic Conservation: Marine and Freshwater Ecosystems, 33(7), pp.696-
707

Thomas, S., Collins, K., Hauton, C. and Jensen, A. (2022). A review of the ecosystem services provided
by the native oyster (Ostrea edulis): Implications for restoration. IOP Conference Series:
Materials Science and Engineering, 1245, 012010. doi: https://doi.org/10.1088/1757-
899X/1245/1/012010

Thurstan, R.H., McCormick, H., Preston, J., Ashton, E.C., Bennema, F.P., Cetini¢, A.B., Brown, J.H.,
Cameron, T.C., Da Costa, F., Donnan, D.W. and Ewers, C. (2024). Records reveal the vast
historical extent of European oyster reef ecosystems. Nature Sustainability, 7(12), pp.1719-
1729. doi: hitps://doi.org/10.1038/s41893-024-01441-4

Ward, S.L., Robins, P.E., Owen, A., Demmer, J. and Jenkins, S.R. (2023). The importance of resolving
nearshore currents in coastal dispersal models. Ocean Modelling, 183, p.102181.

Wheeler, R.E.M, Pryce, T.D. (1926). The roman fort near Brecon. Cymmrodorion Society, 37.

White, P.J. (1894). The sea fisheries of North Wales: a paper read before the Liverpool Welsh National
Society, March 21st 1894, Liverpool: Foulkes.

zu Ermgassen, P. S. E., Preston, J., and Sanderson, W. G. (2025). Collapsed European oyster reefs
must be restored at ecosystem scales. Restoration Ecology. doi:
https://doi.org/10.1111/rec.70215

zu Ermgassen, P.S.E., McCormick, H., Debney, A., Farifias-Franco, J.M., Gamble, C., Gillies, C.,
Hancock, B., Laugen, A.T., Pouvreau, S., Preston, J., Sanderson, W.G., Strand, A. and
Thurstan, R.H. (2024). European native oyster reef ecosystems are universally collapsed.
Conservation Letters, 18, e13068. doi: https://doi.org/10.1111/conl.13068

Mewn Partneriaeth &

Llywodraeth Cymru

In Partnership with

Welsh Government 3 3

%gptfaadaeth ‘ T’;Z}f?{é

Heritage
Fund

May 2026 | Habitat suitability modelling for restoration of Ostrea edulisin North Wales



i,
S

PRIFYSGOL Zoological
BANGOR Society

UNIVERSITY of London

Appendix A

Environmental variability

Maps outputs to display variability of environmental factors determining Ostrea edulis
habitat suitability: Bathymetry (Figure Al), TSM (Fig. A2), Mean tidal speed (Fig. A3),
Combined bed shear stress (Fig. A4), Salinity (Fig. A5), Sediment type (Fig. A6),
Minimum monthly mean temperatures (Fig. A7).

yes

z £ =z
5 53 § 8 #
& -5 4.5 -4 -35 -3 .
Longitude (°E) Longitude (°E)
Figure A1. (left) Bathymetry of the North Wales coastline. (right) Related habitat suitability.
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Figure A2. (left) Total suspended matter in the North Wales region. (right) Associated habitat suitability.
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Figure A3. (left) Mean tidal current speed. (right) Associated habitat suitability.
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Figure A4. (left) Combined bed shear stress from currents and waves. (right) Associated habitat suitability.
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Figure A5. (left) Salinity. (right) Associated habitat suitability.
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Figure A6. (left) Seabed sediment as classified by the Folk16 scale. (right) Associated habitat suitability.
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Figure A7. (left) Minimum monthly mean temperatures. (right) Associated habitat suitability.
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