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Figure 10.1: The Fish, Shellfish and Sea Turtle Ecology Study Area  and Western Irish Sea Fish, Shellfish and Sea Turtle Study Area
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10.5 Methodology  

10.5.1 Methodology to inform the baseline 
Desktop studies 

 

Table 10.3: Summary of key desktop studies and datasets  

Title  Source  Year Author  

International Council for the 
Exploration of the Sea (ICES) 
Database on Trawl Surveys 
(DATRAS), Beam Trawl 
Surveys 

Data set on the distribution of 
fish and shellfish caught during 
scientific beam trawl surveys 
around the coast of Ireland 

2024 (trawls 
between 2015 and 
2024 utilised) 

ICESa 

International Council for the 
Exploration of the Sea (ICES) 
Database on Trawl Surveys 
(DATRAS), Northern Ireland 
Ground Fish Survey 

Data set on the distribution of 
fish and shellfish caught during 
scientific otter trawl surveys 
around the coast of Northern 
Ireland 

2024 (trawls 
between 2015 and 
2017 utilised) 

ICESb 

Ecological Sensitivity Analysis 
of the Celtic Sea to inform 
future designation of Marine 
Protected Areas (MPAs) 

Scientific analysis and report 
on the ecological sensitivity of 
the Irish part of the Celtic Sea 

2024 Marine 
Protected 
Area 
Advisory 
Group 

Biodiversity maps  National portal that compiles 
biodiversity data from multiple 
sources 

Various (accessed 
12/03/2024) 

The National 
Biodiversity 
Data Centre 

Marine Evidence based 
Sensitivity Assessment 
(MarESA) 

Online resource assessing the 
sensitivity of various species 
against a number of pressures 

Various (accessed 
12/03/2024) 

MarESA 

FishBase species accounts Biology of different species of 
fish 

Various (accessed 
12/03/2024) 

FishBase 

International Council for the 
Exploration of the Sea (ICES) 
Division VII a technical reports 
series 

Various scientific reports on 
fish and shellfish ecology from 
surveys undertaken in the Irish 
Sea 

Various Centre for 
Environment, 
Fisheries 
and 
Aquaculture 
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10.5 Methodology

10.5.1 Methodology to inform the baseline
Desktop studies
10.5.1.1 Information on fish, shellfish and sea turtle ecology within the Fish, Shellfish and Sea Turtle

Ecology Study Area and Western Irish Sea Fish, Shellfish and Sea Turtle Study Area was
collected through a detailed desktop review of existing studies and datasets. These reports and
data sets are summarised in Table 10.3.

Table 10.3: Summary of key desktop studies and datasets
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Figure 10.2: SACs designated for fish species within the Western Irish Sea Fish, Shellfish and Sea Turtle Study Area
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10.5.2 Baseline environment
10.5.2.1 The baseline environment has been described in detail within Volume III, Appendix 10.1: Fish,

Shellfish and Sea Turtle Ecology Technical Report (Revised March 2026) with a summary
provided here. The fish, shellfish and sea turtle receptors that could be potentially impacted by
the Proposed Development have been determined by the desktop review. Through this process
a number offish and shellfish species were identified as lEFs.

Fish
10.5.2.2 Fish communities in the Western Irish Sea are dominated by a diversity of flatfish and gadoid

species. Particularly abundant flatfish species within the Irish Sea include dab Limanda limanda,
plaice Pleuronectes platessa, solenette Buglossidium luteum, lemon sole Microstomas kitt and
sole Solea solea, and abundant gadoid species include haddock Melanogrammus aeglefinus
poor cod Trisopterus minutus, whiting Merlangius merlangus and cod Gadus morhua (Ellis et al.,
2000; Parker-Humphreys, 2004; Lynam and Ribeiro, 2022; ICES, 2025a; ICES, 2025b).
Additionally, Atlantic herring Clupea harengus, hake Merluccius merluccius, blue whiting
Micromesistius poutassou and Atlantic mackerel Scomber scombrus are common, particularly in
the pelagic and benthopelagic zones of the Irish Sea.

10.5.2.3 Fish assemblages within the Fish, Shellfish and Sea Turtle Study Area are typical of the sandy
and gravelly seabeds of the wider Western Irish Sea. Species noted during site specific surveys
included plaice, dab, poor cod, sand eel Ammodytes tobianus, common dragonet Callionymus
lyra and sand goby Pomatoschistus minutus, with sand eel and sand goby being particularly
abundant in some years. Other commercial species noted included whiting, lemon sole
Microstomus kitt, sole, John dory Zeus faberand turbot Psetta maxima.

Diadromous
10.5.2.4 The western Irish Sea is home to a number of diadromous fish species that migrate between the

sea and freshwater at different stages of their lifecycle. Inland Fisheries Ireland (IFl ) maintain a
number of fish counters located within rivers throughout Ireland (IFI, 2018a; 2018b; 2022b),
oversee the supply of data from salmon license and logbook data (IFI, 2022a) and undertake
various monitoring programmes, including for European eel (IFI, 2015). Rivers known to be used
by migratory fish on the east coast of Ireland (within the Western Irish Sea Fish, Shellfish and
Sea Turtle Study Area) include the Rivers Dargle (just south of Dublin Bay), Avoca (County
Wicklow), Slaney (South of county Wexford), Fane (County Louth), Dee (County Louth), Boyne
(County Louth) and Liffey (County Dublin) (CSTP, 2016; Inland Fisheries Ireland 2022a; 2025a;
2025b). It should however be noted that several other rivers and minor tributaries, not monitored
or surveyed as part of the CSTP or by the IFI, occur within the Western Irish Sea Fish, Shellfish
and Sea Turtle Study Area which may be utilised by diadromous fish species.

10.5.2.5 Atlantic salmon Salmo salarand sea trout Salmo trutta are two commercially important species
in the region. The rivers Slaney, Boyne, Dargle and Avoca on the east coast of Ireland (within the
Western Irish Sea Fish, Shellfish and Sea Turtle Study Area) are key rivers for migratory fish
species (CSTP, 2016; IFI, 2022a). Sea lamprey Petromyzon marinus, river lamprey Lampetra.
fluviatilis, and twaite shad Allosa fallax are known to occur in inshore waters off the coast of
county Wicklow (IFI, 2018a).

10.5.2.6 With the exception of sea trout, all of these migratory fish species are listed in Annex II of the
Habitats Directive (Council Directive 92/43/EEC) which makes provision for their protection
through designation of SACs. The Slaney River Valley SAC, River Barrow and River Nore SAC,
River Boyne and River Blackwater SAC and Lower River Suir SAC are all within the Western Irish
Sea Fish, Shellfish and Sea Turtle Study Area and have been designated for the protection of
migratory fish species. However, only the Slaney River Valley SAC is within the Zol, which is
designated for sea lamprey, river lamprey, twaite shad and Atlantic salmon (Figure 10.2).
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10.5.2.7 European eel Anguilla anguilla have also been found to occur within the Rivers Slaney and Boyne
(IFI, 2015) and may interact with the Proposed Development during their annual migration out to
sea to their spawning grounds. European eel are listed as an Annex II species on the Convention
on International Trade in Endangered Species (CITES) and the Convention on the Conservation
of Migratory species (Bonn convention) and are listed as Critically Endangered on Irelands red
list of species (King et al., 2011). They are also protected under the Eels Regulations 2009.

Elasmobranchs
10.5.2.8 Elasmobranchs are diverse and widespread throughout the Western Irish Sea and include

species of ray such as spotted ray Raja montagui, blonde ray Raja brachyura, thornback ray Raja
clavata and cuckoo ray Leucoraja naevus (Parker-Humphreys, 2004; Lynam and Ribeiro, 2022;
ICES, 2025a; ICES, 2025b). Widespread shark species include lesser spotted dogfish
Scyliorhinus canicula, nursehound Scyliorhinus stellaris, spurdog Squalus acanthias and stary
smooth hound mustelus asterias.

10.5.2.9 Elasmobranchs identified within the Fish, Shellfish and Sea Turtle Study Area include lesser
spotted dogfish, blonde ray, spotted ray, thornback ray, starry smooth hound, spurdog, tope and
cuckoo ray (Atalah etal., 2013; Lynam and Ribeiro, 2022; ICES, 2025a; ICES, 2025b).

Shellfish
10.5.2.10 Shellfish communities contribute to the biodiversity of the benthic ecosystem and are an important

link in the food chain, both as predators and prey. Key commercial species in Irish waters by
volume and value of landings are Norway lobster Nephrops norvegicus, great scallop Pecten
maximus, brown crab Cancer pagurus, European lobster Homarus gammarus, razor clams Ensis
siliqua and E. arcuatus, whelk Buccinum undatum and blue mussel Mytilus edulis. Brown crab,
lobster, whelk and king scallop constituted the largest estimated value of landings out of the
commercial shellfish species in Ireland in 2022 (Marine Institute and Bord lascaig Mhara, 2022).

10.5.2.11 Common whelk is the most commercially important shellfish species, with the area surrounding
Arklow Bank forming part of the eastern Irish fisheries for this species. Mussels are the second
most commercially important shellfish. Seed mussel beds occur in inshore areas along the east
coast of Ireland with key areas around Wicklow and along the Wexford coastline (Volume III,
Appendix 14.1: Commercial Fisheries and Aquaculture Technical Report (Revised March 2026)).
A commercial mussel seed farm (the Irish Mussel Seed Company), located between Clogga Bay
and Kilmichael Point, near the harbour town of Arklow, Co. Wicklow, gained a Foreshore Licence
in 2018 to collect and harvest rope grown mussel spat, for a period of up to 10 years. The
sustainability of the natural mussel seed beds and licensed mussel seed farm are key
considerations in the EIAR.

10.5.2.12Whelk has been highlighted as a key species for consideration during consultation with the local
fisheries groups. The common whelk is an epibenthic mobile gastropod, inhabiting muddy sand,
sand and mixed sediments from depths of 0 m to 50 m. This species is widely distributed from
Iceland in the north to the Bay of Biscay, including throughout the Irish Sea. Stocks are likely to
be locally discrete due to the absence of a pelagic larval phase and therefore whelk in the Irish
Sea may comprise of a number of populations with limited connectivity (Morrissey ef al., 2022).

10.5.2.13 Nephrops is widely distributed on muddy substrates across the northeast Atlantic. Around Ireland
they are found at depths of 20 m to 600 m. Nephrops grounds are found 123.5 km south of the
Array Area and 62 km north of the Array Area. There is no known overlap of Nephrops habitat
with Arklow Bank or within the Zol. The Fish, Shellfish and Sea Turtle Ecology Study Area is
therefore, unlikely to support high numbers.

10.5.2.14Brown crab has been recorded on the South side of Arklow Bank and approx. 800m southwest
of the southern fork of the Cable Corridor (Atalah et al., 2013; Lynam and Ribeiro 2022; ICES,
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2025a; ICES, 2025b), however records are sparse, and abundances were low, with no records
from the site-specific benthic surveys. Given the preference of adult European lobsters for rockier
sediments and the Fish, Shellfish and Sea Turtle Ecology Study Area consisting mostly of sandy
sediment (Sand - Sandy gravel), the area is unlikely to support large populations of European
lobster.

Spawning and nursery grounds
10.5.2.15The Irish Sea supports spawning populations of several commercially important fish species.

Species such as whiting, haddock, cod, plaice, mackerel, herring and sandeel spawn within the
Western Irish Sea Fish, Shellfish and Sea Turtle Study Area (Coull etal., 1998; Ellis etal., 2012).
Spawning areas for lemon sole and sprat Sprattus sprattus occur throughout the southwest Irish
Sea, including the Fish, Shellfish and Sea Turtle Ecology Study Area and within the Proposed
Development (Figure 10.3 and Figure 10.5). The Fish, Shellfish and Sea Turtle Ecology Study
Area also overlaps, across a small stretch at the northern extent, with spawning grounds for cod,
ling Molva molva, mackerel, sandeel, sole, plaice and whiting (Figure 10.3 to Figure 10.5).

10.5.2.16 Nursery areas for several species, including herring, mackerel, lemon sole, anglerfish
Lophiiformes, haddock, cod and whiting are found within the Western Irish Sea Fish, Shellfish
and Sea Turtle Study Area and Fish, Shellfish and Sea Turtle Study Area (Coull etal., 1998; Ellis
et al., 2012). Nursery grounds for anglerfish, plaice, sand eel, haddock, cod, whiting, lemon sole
and herring overlap with the Fish, Shellfish and Sea Turtle Ecology Study Area (Figure 10.3 to
Figure 10.6). Elasmobranchs with nursery grounds in the Fish, Shellfish and Sea Turtle Ecology
Study Area include spotted ray, tope and thornback ray. Spurdog nursery grounds do not overlap
with the Fish, Shellfish and Sea Turtle Ecology Study Area, however there are high intensity
nursery grounds for this species 65 km north.

10.5.2.17 Nephrops are known to spawn within the Western Irish Sea Fish, Shellfish and Sea Turtle Study
Area, but do not overlap with the Proposed Development (Figure 10.5). As mentioned above, the
Fish, Shellfish and Sea Turtle Ecology Study Area is unlikely to contain high numbers of Nephrops
due to a lack of suitable habitat.
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Figure 10.3: Spawning and nursery grounds for mackerel, herring, sandeel and lemon sole  
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Figure 10.3: Spawning and nursery grounds for mackerel, herring, sandeel and lemon sole
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Figure 10.4: Spawning and nursery grounds for whiting, haddock, cod and plaice  
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Figure 10.4: Spawning and nursery grounds for whiting, haddock, cod and plaice
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Figure 10.5: Spawning and nursery grounds for sprat, spurdog, Nephrops and Ling  
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Figure 10.5: Spawning and nursery grounds for sprat, spurdog, Nephrops and Ling
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Figure 10.6: Nursery grounds for anglerfish, spotted ray, thornback ray and tope
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Figure 10.6: Nursery grounds for anglerfish, spotted ray, thornback ray and tope
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Basking Shark
10.5.2.18 Basking shark migrate through the Irish Sea during spring and summer and migration routes

cover large distances from the north of Scotland to North Africa. A tagging study of basking sharks
found that half of the tagged sharks entered the Economic Exclusive Zone (EEZ) of Ireland,
including the Irish Sea, indicating the importance of this area for overwintering and migration
(Doherty et al., 2017).

10.5.2.19A single basking shark was recorded in October 2019 during site-specific aerial surveys of the
Array Area plus 4 km buffer (see Volume II, Chapter 11: Marine Mammals (Revised March 2026)).
Basking shark is listed on the Convention for the Protection of the Marine Environment of the
North-East Atlantic (OSPAR) list of threatened/declining species including in Region III (Celtic
Seas) (OSPAR Commission, 2015), on the International Union for Conservation of Nature (IUCN)
Red List as globally Endangered (Rigby et al., 2019), on Ireland’s Red list as endangered (Clarke
et al., 2016) and protected under the Wildlife Act 1976 (as amended in 2022). In addition, as a
highly migratory species, basking shark is protected under various international conventions
including Convention on the Conservation of Migratory Species (CMS) (Bonn Convention) and
the United Nations Convention of the Law of the Sea (UNCLOS). While present in the area of the
Proposed Development, the Fish, Shellfish and Sea Turtle Study Area is unlikely to support high
numbers of basking sharks (Southall et al., 2005).

Sea Turtles
10.5.2.20 Historical records show that three species of sea turtle are likely to occur in Irish waters including

leatherback (or ‘leathery’) turtle Dermochelys coriacea, loggerhead turtle Caretta caretta and
Kemp’s Ridley turtle Lepidochelys kempii (King and Berrow, 2009; Botterell et al. 2020).
Leatherback turtle is the most regularly reported turtle species around the coast of Ireland,
accounting for just over 80% of all records (King and Berrow, 2009). Sightings and strandings
records for sea turtles suggests that leatherback turtle occur mostly around the south and west
coasts of Ireland although there are regular records for the western Irish Sea. There may be
distinct coastal ‘jellyfish hotspots’ in the Irish Sea representing important foraging areas
(Houghton et al., 2006). This species has a strong seasonal distribution with most sightings in the
Irish Sea in the summer months; most likely driven by an increase in the abundance of jellyfish,
as their key prey resource. Most records are from coastal waters although it is likely that animals
will range widely into offshore waters to forage. No leatherback turtles were recorded during the
site-specific aerial surveys. However, a leatherback turtle was observed in August 2020 as part
of the Marine Mammal Observer observations carried out during a programme of site
investigation activities.

10.5.2.21 Leatherback turtle is listed on the OSPAR list of threatened and declining species (OSPAR
Commission, 2009), on the IUCN Red List as globally vulnerable (Wallace et al., 2013) and
Ireland’s Red list as least concern (King et al., 2011). This species is also protected under the
Irish Wildlife Acts (1976 and 2000) and on Annex II and IV of the European Directive on the
Conservation of Natural Habitats and of Wild Fauna and Flora (92/43/EEC) (the ‘Habitats
Directive’). In addition, as a highly migratory species, leatherback turtle is protected under the
CMS (Bonn Convention).

Important Ecological Features (lEFs)
10.5.2.22 lEFs are defined as species considered to be important for ecological, commercial and/or

conservation reasons within the Fish, Shellfish and Sea Turtle Ecology Study Area and wider
Western Irish Sea Fish, Shellfish and Sea Turtle Study Area. The lEFs assessed within this
Chapter are presented in Table 10.6.
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10.6 Methodology for assessing the significance of effects  

10.6.1 Key parameters for assessment 
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sources as cited. Data that has been collected is based on existing literature, consultation with
stakeholders and identification of habitats to inform likely fish, shellfish and sea turtle species.

10.5.4.2 Coull et al. (1998) and Ellis et al. (2012) are considered the key references for providing broad
scale overviews of the potential extent of fish spawning and nursery grounds. These publications
provide an indication of the general location of spawning and nursery grounds from various
sources and do not define precise spatial boundaries and may fail to account for recent spatio-
temporal changes in spawning and nursery behaviour. Additionally, the spawning times given in
these publications represent the maximum duration of spawning on a species/stock basis. In
some cases, the duration of spawning may be much more contracted, on a site-specific basis,
than reported in Coull et al. (1998) and Ellis et al. (2012).

10.5.4.3 No site-specific fish, shellfish and sea turtle surveys were carried out to inform the assessment,
although some information was obtained from site-specific benthic subtidal ecology surveys,
aerial surveys and observations carried out by the Marine Mammal Observers during site
investigation surveys. It is possible that some species have not been identified as being locally
important within the Fish, Shellfish and Sea Turtle Ecology Study Area, particularly with respect
to pelagic species which would not have been sampled during site-specific benthic surveys.
However, the comprehensive desktop study completed over the wider region of the western Irish
Sea captured all reported fish, shellfish and sea turtle species and described these in the context
of the Fish, Shellfish and Sea Turtle Ecology Study Area. Thus, a conservative approach was
adopted in terms of the suite of species considered within the baseline environment and the lEFs
set out in Table 10.6 are considered to be robust for the purposes of the impact assessment.

10.6 Methodology for assessing the significance of effects

10.6.1 Key parameters for assessment
10.6.1.1 The assessment of significance of effects has been carried out on both of the two discrete project

design options detailed in Volume II, Chapter 4, Description of Development (Revised March
2026). This approach has allowed for a robust and full assessment of the Proposed Development.

10.6.1.2 The two Project Design Options and parameters relevant to each potential impact are detailed in
Table 10.7 and Table 10.8.
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between one to ten years to recover (Sabatini and Hill, 2008). However, as set out above, this
species is likely to occur in deeper waters on a substrate of mud, outside the Array Area.
Therefore, Nephrops are unlikely to be impacted by temporary habitat loss/disturbance and are
considered to be of Negligible sensitivity.

10.9.1.5 Sessile molluscs are also likely to be sensitive to substratum loss and physical disturbance given
their lack of mobility. For blue mussel, recoverability can occur across the short term (1-5 years)
due to fast colonisation rates (Kerckhof et al., 2019). MarESA has assessed blue mussels as
having a high intolerance but a high recoverability to substratum loss (Tyler-Walters, 2008).
Recovery will however depend on sufficient levels of fecundity, annual recruitment and settlement
of juvenile spat on new substratum. The presence of mussel seed beds in the Fish, Shellfish and
Sea Turtle Study Area will aid recruitment and as such recoverability is likely to be high within the
Proposed Development. Consequently, blue mussels are deemed to be unable to adapt or avoid
the impact, with high recoverability and regional importance. Therefore, blue mussels are
considered to be of Low sensitivity to temporary habitat loss and disturbance.

10.9.1.6 Common whelk are likely to be sensitive to substratum loss and physical disturbance due to life
history traits including direct development from benthic egg capsules, lack of a planktonic larval
stage (low dispersal and connectivity), limited adult mobility and late maturity, which makes them
vulnerable to localised depletion (Skerrittand Durrance, 2018; Colvin etal., 2023; 2024; Uboldi,
2025). There was no MarESA assessment for common whelk, however an assessment for dog
whelk Nucella lapillus, which has similar ecology to common whelk (i.e. lays eggs in protective
egg capsules), suggests that sensitivity to substratum loss (defined as the complete removal of
occupied substratum) will be high (Tyler-Walters, 2007). Whelks in the Irish Sea occur in spatially
distinct ‘stocklets’ with limited connectivity (Skerritt and Durrance, 2018; Fahy et al., 2000).
Temporary habitat loss I disturbance has the potential to cause both direct effects (mortality,
injury, displacement) and indirect effects (i.e. alterations to predator prey dynamics as
demonstrated in Ramsay and Kaiser (1998) in response to dredging activity). Therefore, common
whelk are deemed to have a limited ability to avoid or adapt to the impact, high recoverability and
regional value, and are considered to be of Medium sensitivity to temporary habitat loss and
disturbance.

10.9.1.7 Most fish species are mobile and are unlikely to be directly affected by temporary habitat loss.
However, temporary habitat loss/disturbance could lead to adverse effects on fish and shellfish
species that either spawn within the Fish, Shellfish and Sea Turtle Study Area or use the habitats
within the area as nursery grounds for juveniles (which have limited mobility than adult
counterparts). The baseline assessment suggests that the main spawning areas for the majority
of key fish and shellfish species do not overlap with the Array Area and therefore significant
impacts on spawning stocks are not anticipated. The exception to this is lemon sole and sprat,
for which the spawning habitat overlaps the Array Area and Cable Corridor and Working Area.
Lemon sole and sprat both have pelagic eggs (Geffen et al., 2021), and as such recruitment is
unlikely to be greatly affected by temporary habitat loss / disturbance due to a lack of impact
pathway to their eggs. Sprat have a pelagic life history and therefore habitat loss / disturbance to
the benthic environment is unlikely to impede recruitment. Sprat are deemed to have a high ability
to avoid temporary habitat loss, high recoverability and are of regional importance therefore this
receptor is assessed as Negligible sensitivity.

10.9.1.8 Lemon sole, unlike sprat, have a mostly benthic life history, despite eggs being pelagic. Therefore,
habitat loss and disturbance may interfere/disrupt adult spawning events and metamorphoses
into young individuals. Lemon sole spawn throughout much of their Irish and UK distribution and
as such temporary habitat loss is unlikely to have a great impact on recruitment at a whole stock
level. However, Lemon sole is more restricted in their habitat preference when compared to other
flatfish species (Hinz et al., 2003; Hinz et al., 2006), with Hinz et al., (2003) hypothesising that
this may be caused by the requirement for sufficient amounts of small prey items as a result of
their small mouth size. Lemon sole are considered to have medium tolerance and adaptability,
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medium recoverability and are of regional importance. This receptor is therefore assessed as
Medium sensitivity.

10.9.1.9 The Array Area and Cable Corridor and Working Area overlap with nursery grounds for herring,
sandeel, lemon sole, whiting, cod, anglerfish, spotted ray, thornback ray and tope. Juvenile fish
are expected to have some ability to avoid the impact, albeit less so than their more mobile adult
counterparts. All these species are either benthic or demersal during at least part of their life
history and as such have a high dependency upon the benthic environment / habitats. Temporary
habitat loss will only affect a small proportion of their wider nursery grounds. Therefore, these
receptors are deemed to have medium adaptability and tolerance, medium recoverability and are
of local to regional importance. These lEFs are considered to be of Medium sensitivity.

10.9.1.10 All other mobile fish and shellfish lEFs are considered to be highly adaptable, with a high
recoverability and local to international importance and are therefore assessed as being of Low
sensitivity.

10.9.1.11 As highly mobile species, both leatherback turtle and basking shark are unlikely to be affected
directly by temporary habitat loss/disturbance. In addition, key prey items for basking shark
(zooplankton) and leatherback turtle (jellyfish) are unlikely to be affected by temporary habitat
loss/disturbance and therefore the sensitivity of both species is assessed as Negligible.

10.9.1.12Temporary habitat loss/disturbance is likely to be very localised and would occur in the immediate
vicinity of the activities and within the boundaries of the Proposed Development. Following
completion of the activities it is anticipated that the habitats would recover, and fish and shellfish
species are likely to recolonise the recovered areas. The sensitivity offish, shellfish and sea turtle
lEFs to temporary habitat loss/disturbance has been assessed as Negligible to Medium.

Construction phase

MAGNITUDE OF THE IMPACT

10.9.1.13 During construction, habitat will be temporarily lost/disturbed during the installation of 110-122 km
of inter-array cable, 25-28 km of interconnector cables and 35-40 km of offshore export cable,
and during the temporary placement of spud legs from jack up vessels, anchors associated with
construction vessels and site preparation activities including sandwave and boulder clearance.

10.9.1.14Seabed preparation activities will occur in advance of installation of the inter-array, inter-
connector and offshore export cables, with sandwave clearance required for 30% of inter-array,
interconnector and offshore export cables. Boulder clearance would be required for 100% of inter-
array, interconnector and offshore export cables. Cable burial will occur within the same area
where sandwave clearance and boulder clearance has previously been completed, therefore
cable burial will represent a repeat disturbance of some of the area affected by pre-construction
clearance. The design scenario is for a temporary habitat loss of a maximum of 9,929,060 m2:
4,219,460 m2 as a result of sandwave clearance, 2,850,000 m2 as a result of boulder clearance,
2,850,000 m2 of disturbance for cable installation and 1,200 m2 as a result of UXO clearance.
Additionally, the design scenario factors in 278,400 m2 of temporary habitat loss as a result of the
use of jack-up barges/vessels. It should be noted that the 9,929,060 m2 area of disturbance is
conservatively high due to a proportion of this area representing repeat disturbance.

10.9.1.1 5This accounts for a very small proportion (<0.1%) of the habitats present within the
13,748,211,512 m2 Western Irish Sea Fish, Shellfish and Sea Turtle Study Area and <1% of the
habitats present in the 1,108,846,004 m2 Fish, Shellfish and Sea Turtle Ecology Study Area. It
should also be noted that habitat disturbance will occur throughout the four-year construction
phase, with only a small proportion of the overall footprint presented above affected at any one
time, and recovery occurring quickly following installation of infrastructure.
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10.9.1.16The exact number of anchors or anchor repositions required is not known. However, the
disturbance area will be very small, particularly in the context of activities such as cable burial
and sandwave clearance and therefore will not add significant areas to the design scenario for
temporary habitat loss/disturbance.

10.9.1.17The impact will affect the lEFs directly through direct damage and disturbance and indirectly due
to loss of important habitats, such as foraging, nursery or spawning habitats. The impact will occur
as a series of discrete events associated with each of the activities over the construction phase
of the Proposed Development, which will take place over a period of four years. Habitat loss is
expected to be localised to within the immediate vicinity of the activity and therefore will occur
within the Array Area and Cable Corridor and Working Area.

10.9.1.18A recent review commissioned by the Crown Estate reviewed the effects of cable installation on
subtidal sediments and habitats (RPS, 2019), drawing on monitoring reports from over 20 UK
offshore windfarms. This review showed that sandy sediments recover quickly following cable
installation, with trenches infilling quickly following cable installation and little or no evidence of
disturbance in the years following cable installation. It also presented evidence that remnant cable
trenches in coarse and mixed sediments and muddy sediments were conspicuous for several
years after installation. However, these shallow depressions were of limited depth (i.e. tens of
cm) relative to the surrounding seabed, over a horizontal distance of several metres and therefore
did not represent a large shift from the baseline environment (RPS, 2019).

10.9.1.19Jack-up footprints associated with foundation and wind turbine installation will result in
compression of seabed sediments beneath spud cans or tubular legs where these are placed on
the seabed. These will infill overtime, although may remain on the seabed fora number of years,
as demonstrated by monitoring studies of UK offshore windfarms (BOWind, 2008). Monitoring at
the Barrow offshore windfarm showed depressions were almost entirely infilled approximately
one year after construction (BOWind, 2008). In areas where mobile sands and coarse sediments
are present such as in the majority of the Array Area (see Volume II, Chapter 9: Benthic Subtidal
and Intertidal Ecology (Revised March 2026); jack-up depressions are likely to be temporary
features which will only persist for a period of months to a small number of years.

10.9.1,20The impact is predicted to be restricted to the near-field, short term duration, frequent and of low
consequence. Habitats are expected to recover following cessation of the construction activities.
It is predicted that the impact will affect the receptor both directly and indirectly. The magnitude
is therefore, considered to be Low.

SIGNIFICANCE OF THE EFFECT

10.9.1.21 The magnitude of the impact has been assessed as Low.

10.9.1.22 The sensitivity of Nephrops, sprat, leatherback turtle and basking shark is Negligible. Therefore,
the significance of effect from temporary habitat loss to these lEFs is Imperceptible, which is not
significant in EIA terms.

10.9.1.23The sensitivity offish species with overlapping nursery grounds and common whelk is Medium.
Therefore, the significance of effect from temporary habitat loss to these lEFs is Slight adverse,
which is not significant in EIA terms.

10.9.1.24The sensitivity of all other lEFs is Low. Therefore, the significance of effect from temporary habitat
loss to all other lEFs is Slight adverse, which is not significant in EIA terms.

PROPOSED MITIGATION

10.9.1.25The effect of temporary habitat loss/disturbance is not significant in EIA terms. As such, no
mitigation measures are proposed.
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RESIDUAL EFFECT ASSESSMENT

10.9.1.26The significance of effect from temporary habitat loss/disturbance is not significant in EIA terms.
Therefore, no additional mitigation to that already identified in Table 10.13 is considered
necessary. Therefore, no ecologically significant adverse residual effects have been predicted in
respect of temporary habitat loss/disturbance.

Operational and maintenance phase

MAGNITUDE OF IMPACT

10.9.1.27 Operational and maintenance activities within the Array Area and along the Cable Corridor and
Working Area may lead to temporary subtidal habitat loss/disturbance. The design scenario
covers the repair and reburial of sections of inter-array cables, export cables and interconnector
cables once every five years and disturbance of 613,200 m2 of seabed from jack-up barges
across operational and maintenance phase and 275,000 m2 from operational dredging once
every 5 years.

10.9.1.28 Recovery to seabed habitats would be expected to occur quickly following removal of spud cans
from jack-up vessels. Cable repair or reburial activities will affect seabed habitats in the immediate
vicinity of these operations, with effects on seabed habitats also expected to be similar to the
construction phase. The spatial extent of this impact is very small in relation to the Array Area
and Cable Corridor and Working Area, although there is the potential for repeat disturbance to
the habitats because of these activities (e.g. placement of spud cans on or in close proximity to
where these were placed during construction; remedial burial of a length of cable installed during
the construction phase, affecting the same area of seabed). Activities resulting in the temporary
subtidal habitat loss/disturbance will occur intermittently throughout the operational and
maintenance phase.

10.9.1.29The impact is predicted to be restricted to the near-field, short term duration, infrequent and of
low consequence. Habitats are expected to recover following cessation of repair activities. The
magnitude is therefore, considered to be Negligible.

SIGNIFICANCE OF EFFECT

10.9.1.30The magnitude of the impact has been assessed as Negligible.

10.9.1.31 The sensitivity of Nephrops, sprat, leatherback turtle and basking shark is Negligible. Therefore,
the significance of effect from temporary habitat loss to these lEFs is Imperceptible, which is not
significant in EIA terms.

10.9.1.32 The sensitivity offish species with overlapping nursery grounds and common whelk is Medium.
Therefore, the significance of effect from temporary habitat loss to these lEFs is Not Significant,
which is not significant in EIA terms.

10.9.1.33The sensitivity of all other lEFs is Low. Therefore, the significance of effect from temporary habitat
loss to all other lEFs is Not Significant, which is not significant in EIA terms.

PROPOSED MITIGATION

10.9.1.34The effect of temporary habitat loss/disturbance is not significant in EIA terms. As such, no
mitigation measures are proposed.

RESIDUAL EFFECT ASSESSMENT

10.9.1.35The significance of effect from temporary habitat loss/disturbance is not significant in EIA terms.
Therefore, no additional mitigation to that already identified in Table 10.13 is considered
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10.9.2.2 Adult fish have high mobility and can actively avoid areas where there is high sedimentation
making them less susceptible to physiological effects compared to juvenile fish or shellfish
species. Juvenile fish are likely to be present throughout the Array Area and Cable Corridor and
Working Area and nursery areas have been mapped for several species as overlapping the Fish,
Shellfish and Sea Turtle Study Area. However, juvenile fish typically inhabit coastal and estuarine
areas which are subject to high natural variations in suspended sediments and deposition
(Rijnsdorp and Stralen, 1985) and therefore it is unlikely that a temporary increase in suspended
sediment concentrations will lead to adverse effects on individuals occurring within the Fish,
Shellfish and Sea Turtle Study Area.

10.9.2.3 Migratory fish species known to occur in the area are also expected to have some tolerance to
high suspended sediment concentrations, given their migration routes typically pass through
estuarine habitats which have background suspended sediment concentrations which are
considerably higher than those expected within the Fish, Shellfish and Sea Turtle Study Area
(Wass and Leeks, 1999). For example, the Severn Estuary, a key river system for diadromous
fish species, can regularly be exposed to suspended sediment concentrations of >1,000 mg I
(Bull, 1997), with concentrations varying by five-fold over a 24-hour period (Rijnsdorp and Stralen,
1985). As it is predicted that construction activities associated with the Proposed Development
will produce temporary and short-lived increases in suspended sediment concentrations, with
levels below those experienced in estuarine environments, it would be expected that any
migratory species should only be temporarily affected (if they are affected at all). Any adverse
effects on these species are likely to be short-term behavioural effects (i.e. avoidance) and are
not expected to create a barrier to migration to rivers or estuaries used by these species in the
Western Irish Sea Fish, Shellfish and Sea Turtle Ecology Study Area.

10.9.2.4 Hatching success of fish and shellfish larvae has the potential to be affected by increased
suspended sediment concentrations, with interspecific variation depending on the sediment
concentration and composition (Kjelland et al., 2015). For example, Kiorboe et al. (1981) found
no effect on development or hatching of herring eggs exposed to 5-500 mg / I of suspended
sediments, whereas Griffin et al. (2009) found sub lethal and lethal effects on Pacific herring
Clupea Pallasi eggs exposed to 250 and 500 mg / 1 of suspended sediment.

10.9.2.5 Sedimentation can reduce egg survival (Kjelland et al., 2015), and therefore increased sediment
doses near spawning habitats may affect the viability of spawning stocks. Spawning grounds for
lemon sole, plaice, sprat, whiting, sole, sandeel, mackerel, ling and cod overlap the Fish, Shellfish
and Sea Turtle Ecology Study Area, and eggs and larvae for these species are pelagic (other
than sandeel). Increased suspended sediment concentrations can reduce the buoyancy of
pelagic fish eggs leading to fatality (Westerberg et al., 1996). However, these species can spawn
in areas with naturally high baseline suspended sediment levels.

10.9.2.6 Sandeel have benthic eggs which are attached to grains of sand. Effects of increased Suspended
Sediment Concentration (SSC) in the water column and associated smothering, have been
shown to be inconsequential to sandeel species (MarineSpace Ltd et al., 2013). Sandeel eggs
are likely to be tolerant to increases in SSC and deposition due to the nature of resuspension and
deposition within their natural high energy environment.

10.9.2.7 All fish lEFs (including diadromous species) are considered to be highly adaptable and tolerant
to suspended sediments, with high recoverability and regional importance, therefore they are
assessed as Low sensitivity.

10.9.2.8 Mobile shellfish species, such as crabs and lobsters, are insensitive to increases in turbidity and
are likely to actively avoid such areas as they rely on visual acuity during predation (Neal and
Wilson, 2008). Nephrops are not considered to be sensitive to increases in suspended sediment
concentrations or sediment deposition, since they are a burrowing species with the ability to
excavate any sediment deposited within their burrows (Sabatini and Hill, 2008). Mobile shellfish
species are therefore considered to be highly adaptable and tolerant to suspended sediments
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and smothering, have high recoverability and local to regional importance. These lEFs are
therefore assessed as Low sensitivity.

10.9.2.9 Sessile/low mobility shellfish, such as whelk, mussel, razor clam, scallops and cockle, may be
vulnerable to increased suspended sediment concentrations and to sediment deposition as this
can lead to clogged feeding apparatus and smothering. Cockles, scallops, whelks and clams are
adapted to environments where there is a high natural flux in sediment levels (e.g. estuaries) and
therefore they are of low sensitivity or not sensitive to increased suspended sediment
concentrations and sediment deposition (Tyler-Walters, 2007; Marshall and Wilson, 2008).
Sessile/low mobility shellfish species are therefore considered to be highly adaptable and tolerant
to suspended sediments and smothering, have high recoverability and local to regional
importance. These lEFs are therefore assessed as Low sensitivity.

10.9.2.10 Mussels are relatively tolerant to high levels of suspended sediments and thrive in areas that
would be harmful to other suspension feeders. Mussels have limited ability to move short
distances to avoid burial from sediment deposition, however mortalities from sand burial have
been reported (Tyler-Walters, 2008). As mentioned above recoverability can occur across the
short term (1-5 years) due to the fast colonisation rates of blue mussel (Toschko et al., 2008;
Kerckhof eta/., 2019). MarESA has assessed blue mussels as having an intermediate intolerance
but a high recoverability to smothering (Tyler-Walters, 2008). Therefore, blue mussels are
considered to be of medium adaptability and tolerance to suspended sediments and smothering,
have high recoverability and local to regional importance. These lEFs are therefore assessed as
Low sensitivity.

10.9.2.11 As highly mobile species, both leatherback turtle and basking shark are unlikely to be affected
directly by increases in suspended sediment concentrations and sediment deposition. In addition,
there are unlikely to be any indirect effects through changes to prey communities as zooplankton,
including jellyfish, are unlikely to be affected by increases in suspended sediment concentrations
and sediment deposition. Therefore, the sensitivity of both species is assessed as Negligible.

10.9.2.12 In summary, temporary increases in suspended sediment concentrations and sediment
deposition are likely to be very localised and would occur within one tidal excursion of the
construction activities, with the majority of any effects occurring within the boundaries of the
Proposed Development. Following completion of activities, it is anticipated that fish, shellfish and
sea turtle populations would repopulate and rapidly recover (where displacement has occurred
at all). Fish, shellfish and sea turtle lEFs have therefore been assessed as Negligible to Low
sensitivity to increased suspended sediments and associated deposition.

Construction phase

MAGNITUDE OF THE IMPACT

10.9.2.13The installation of Proposed Development infrastructure within the Array Area and Cable Corridor
and Working Area will lead to increases in SSC, above baseline levels, and associated sediment
deposition. Full details of the modelling undertaken to inform this assessment is presented in
Volume III, Appendix 6.1: Marine Physical Processes Numerical Modelling (Revised March 2026),
including the individual scenarios considered and assumptions within these and full modelling
outputs for SSC and associated sediment deposition. A baseline for sedimentological conditions
is presented in Volume II, Chapter 6: Coastal Processes (Revised March 2026). For the purposes
of this assessment, site preparation activities, drilling for foundation installation and cable
installation have been considered.

10.9.2.14Sandwave clearance may involve disturbance of seabed material along a corridor of 70 m wide
and to a depth of 10 m for inter-array, export and OSP interconnector cables. Sandwave
clearance will also occur at 20% of OSP and WTG installations along a maximum diameter of
100 m. Modelling of suspended sediment associated with sandwave clearance and associated
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disposal show that within the first few hours limited concentrations of fine sediment (generally
< 5 mg/l) are observed within 5 km of the works. Disposal of the dredged load at the disposal
points within the Array Area initially result in SSC of the order of 2,500 mg/l, which are rapidly
dispersed such that by five hours concentrations are below 100 mg/l with elevated SSC above 1
mg/l (which is considered functionally immeasurable) not being predicted after 15 hours following
the initial sandwave clearance. For sediment deposition thicknesses between 50 mm and 150
mm are predicted to occur within 1 km of the disturbance event. Between 1.5 and 5 km from the
disturbance event (depending on modelled scenario) sediment deposition is predicted to be 1 to
2.5 mm and beyond this sediment deposition becomes immeasurable.

10.9.2.15 Modelling of suspended sediment associated with sandwave clearance along the export cables
show initial SSC at a maximum of 2,000 mg/l (assuming one dredging cycle), reducing to
elevations of less than 1 mg/l within 10 hours. For sediment deposition, thicknesses up to 250
mm are predicted to occur within 1 km. At 10 km from the disturbance event sediment deposition
is predicted to be 2.5 mm and beyond this sediment deposition becomes immeasurable.

10.9.2.16The design scenario for foundation installation assumes the drilled installation of 25 WTG piles
7-11 m in diameter and 2 OSP piles 7-14 m in diameter. Numerical modelling has simulated
drilling at WTG for 88 hours, followed by a 12 hour pause and then another 88-hour drilling event
at the Southern OSP. Suspended sediment concentrations and extent progressively increase
across the drilling event. After completion of WTG drilling the greatest SSC is within the centre of
the plume (approximately 25 mg/l). During OSP drilling SSC of over 100 mg/l are expected at the
point of activity, reducing to <25 mg/l 18 km North of point of activity. Two days following cessation
of drilling activities SSCs are undiscernible from background levels. Sediment deposition is
expected to be approximately 15 mm following completion of drilling.

10.9.2.17At the landfall the use of trenchless techniques (i.e. HDD or Direct Pipe) could also result in an
increase in suspended sediments and sediment deposition at the exit point(s), including release
of bentonite (drilling mud). Modelling of SSC at the HDD shows maximum concentrations of 50
mg/l with concentrations returning to background levels outside the Cable Corridor and Working
Area. For sediment deposition, 6.5 days after cessation of instillation works a maximum
deposition of 7.5 mm is predicted within 0.3 km. Bentonite release has also been assessed within
accidental pollution Section 10.9.5.

10.9.2.1 8The design scenario proposes the installation of 110-122 km of inter array cables, 25-40 km of
export cables and 25-28 km of interconnector cables. Cable trenching using jetting tools has been
modelled. Numerical modelling show that the greatest increase in SSC is observed immediately
adjacent to the works (exceeding 2,000 mg/l), with elevated SSC generally not observed beyond
4 km from the inter-array cable trenching operations. Sediment deposition of 100 mm occur
immediately adjacent and deposition is not predicted to occur beyond 3 km from the inter-array
cable trenching operations.

10.9.2.19The impact is predicted to be restricted to the near-field, short term duration, frequent and of low
consequence. Baseline conditions are expected to resume following cessation of the construction
activities. It is predicted that the impact will affect the receptor both directly and indirectly. The
magnitude is therefore, considered to be Low.

SIGNIFICANCE OF THE EFFECT

10.9.2.20The magnitude of the impact has been assessed as Low.

10.9.2.21 The sensitivity of basking shark and sea turtle is Negligible. Therefore, the significance of effect
from increased suspended sediment and deposition is Imperceptible, which is not significant
in EIA terms.

10.9.2.22 The sensitivity of all other lEFs is Low. Therefore, the significance of effect from increased
suspended sediment and deposition is Slight adverse, which is not significant in EIA terms.
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PROPOSED MITIGATION

10.9.2.23The effect of increased suspended sediments and associated deposition is not significant in EIA
terms. As such, no mitigation measures are proposed.

RESIDUAL EFFECT ASSESSMENT

10.9.2.24The significance of effect from increased suspended sediments and associated deposition is not
significant in EIA terms. As such, no additional mitigation to that already identified in Table 10.13
is considered necessary. Therefore, no ecologically significant adverse residual effects have
been predicted in respect of increased suspended sediments and associated deposition.

Operational and maintenance phase

MAGNITUDE OF IMPACT

10.9.2.25 Operation and maintenance activities, such as the repair and re-burial of cables, will result in
seabed sediment disturbance. The volumes of sediment disturbance are expected to be far less
than that disturbed during construction. The design scenario considers the repair and re-burial,
once every 5 years (once every 3 for inter-array), of 110-122 km of inter-array cables, 30-40 km
of export cables and 25-28 km of interconnector cables. The design scenario also considers
400,000 m3 of sediment during operational dredging once every 5 years.

10.9.2.26The impact is predicted to be restricted to the near-field, short term duration (occurs across
operation and maintenance period, however individual events will be short term), frequent and of
low consequence. The magnitude is therefore, considered to be Low.

SIGNIFICANCE OF EFFECT

10.9.2.27The magnitude of the impact has been assessed as Low.

10.9.2.28The sensitivity of basking shark and sea turtle is Negligible. Therefore, the significance of effect
from increased suspended sediment and deposition is Imperceptible, which is not significant
in EIA terms.

10.9.2.29The sensitivity of all other lEFs is Low. Therefore, the significance of effect from increased
suspended sediment and deposition is Slight adverse, which is not significant in EIA terms.

PROPOSED MITIGATION

10.9.2.30 The effect of increased suspended sediments and associated deposition is not significant in EIA
terms. As such, no mitigation measures are proposed.

RESIDUAL EFFECT ASSESSMENT

10.9.2.31 The significance of effect from increased suspended sediments and associated deposition is not
significant in EIA terms. As such, no additional mitigation to that already identified in Table 10.13
is considered necessary. Therefore, no ecologically significant adverse residual effects have
been predicted in respect of increased suspended sediments and associated deposition.

Decommissioning phase

MAGNITUDE OF IMPACT

10.9.2.32 Decommissioning would be undertaken in reverse of construction using similar plants and
materials. However, the volumes of sediment disturbance are expected to be far less than that
disturbed during construction due to scour protection, cables and cable protection being left in-

situ.
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Table 10.15: Mortality, potential injury, temporary threshold shift, masking and behaviour criteria 
for fish , shellfish and turtles in relation to pile driving noise  (Popper et al . 2014) 

Fish grouping  Mortality 
and 

potential 
mortal 
injury  

Impairment  

Recoverable 
injury 

Temporary 
Threshold Shift 

Masking Behaviour 

Type 1: No 
swim bladder 
(particle 
motion 
detection)  

>219 dB 
SELcum or 
>213 dB 
peak 

>216 dB SELcum 
or >213 dB peak 

>186 dB 
SELcum 

(N) Moderate 

(I) Low 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

Type 2: Swim 
bladder is not 
involved in 
hearing 
(particle 
motion 
detection)  

>210 dB 
SELcum or 
>207 dB 
peak 

>203 dB SELcum 
or >207 dB peak 

>186 dB 
SELcum 

(N) Moderate 

(I) Low 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

Type 3: Swim 
bladder is 
involved in 
hearing 
(primarily 
pressure 
detection)  

>207 dB 
SELcum or 
>207 dB 
peak 

>203 dB SELcum 
or >207 dB peak 

>186 dB 
SELcum 

(N) High 

(I) High 

(F) Moderate 

(N) High 

(I) High 

(F) Moderate 

Sea turtles  >210 dB 
SELcum or 
>207 dB 
peak 

(N) High 

(I) Low 

(F) Low 

(N) High 

(I) Low 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

Eggs and 
larvae  

>210 dB 
SELcum or 
>207 dB 
peak 

(N) Moderate 

(I) Low 

(F) Low 

(N) Moderate 

(I) Low 

(F) Low 

(N) Moderate 

(I) Low 

(F) Low 

(N) Moderate 

(I) Low 

(F) Low 

�1�R�W�H�V�����S�H�D�N���D�Q�G���U�P�V���V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O�V���G�%���U�H���������3�D�����6�(�/���G�%���U�H���������3�D�����V�������$�O�O���F�U�L�W�H�U�L�D���D�U�H���S�U�H�V�H�Q�W�H�G���D�V���V�R�X�Q�G���S�U�H�V�V�X�U�H���H�Y�H�Q for 
fish without swim bladders since no data for particle motion exist.  Relative risk (high, moderate, low) is given for animals at three 
distances from the source defined in relative terms as near (N; tens of metres from source), intermediate (I; hundreds of metres 
from source), and far (F; thousands of metres from source). 
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(tens of metres from the source), intermediate (hundreds of metres from the source) and far
(thousands of metres from the source) (Table 10.15). Additionally, insufficient data exists for
recoverable injury and TTS from pile driving on eggs and larvae and sea turtles, and as such the
same ranking system has been applied for these receptors.

Table 10.15: Mortality, potential injury, temporary threshold shift, masking and behaviour criteria
for fish, shellfish and turtles in relation to pile driving noise (Popper etal. 2014)

Fish grouping Mortality
and

potential
mortal
injury

Recoverable
injury

Impairment

BehaviourTemporary
Threshold Shift

Masking

Type 1: No >219 dB >216 dB SELcum >186 dB (N) Moderate (N) High
swim bladder
(particle
motion
detection)

SELcum or
>213 dB
peak

or >213 dB peak SELcum (I) Low

(F) Low

(I) Moderate

(F) Low

Type 2: Swim
bladder is not
involved in
hearing
(particle
motion
detection)

>210 dB
SELcum or
>207 dB
peak

>203 dB SELcum
or >207 dB peak

>186 dB
SELcum

(N) Moderate

(I) Low

(F) Low

(N) High

(I) Moderate

(F) Low

Type 3: Swim >207 dB >203 dB SELcum >186 dB (N) High (N) High
bladder is
involved in
hearing
(primarily
pressure
detection)

SELcum or
>207 dB
peak

or >207 dB peak SELcum
(I) High

(F) Moderate

(I) High

(F) Moderate

Sea turtles >210 dB
SELcum or
>207 dB
peak

(N) High

(I) Low

(F) Low

(N) High

(I) Low

(F) Low

(N) High

(I) Moderate

(F) Low

(N) High

(I) Moderate

(F) Low

Eggs and >210 dB (N) Moderate (N) Moderate (N) Moderate (N) Moderate
larvae SELcum or

>207 dB
peak

(I) Low

(F) Low

(I) Low

(F) Low

(I) Low

(F) Low

(I) Low

(F) Low

Notes: peak and rms sound pressure levels dB re 1 pPa; SEL dB re 1 pPa2s. All criteria are presented as sound pressure even for
fish without swim bladders since no data for particle motion exist. Relative risk (high, moderate, low) is given for animals at three
distances from the source defined in relative terms as near (N; tens of metres from source), intermediate (I; hundreds of metres
from source), and far (F; thousands of metres from source).
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Table 10.16: Mortality, potential injury, temporary threshold shift, masking and behaviour criteria 
for fish , shellfish and turtles  in relation to vessel noise and other continuous sounds  (Popper et 
al. 2014) 

Fish grouping  Mortality 
and 

potential 
mortal 
injury  

Impairment  

Recoverable 
injury 

Temporary 
Threshold Shift 

Masking Behaviour 

Type 1: No 
swim bladder 
(particle 
motion 
detection)  

(N) Low 

(I) Low 

(F) Low 

(N) Low 

(I) Low 

(F) Low 

(N) Moderate 

(I) Low 

(F) Low 

(N) High 

(I) High 

(F) Moderate 

(N) Moderate 

(I) Moderate 

(F) Low 

Type 2: Swim 
bladder is not 
involved in 
hearing 
(particle 
motion 
detection)  

(N) Low 

(I) Low 

(F) Low 

(N) Low 

(I) Low 

(F) Low 

(N) Moderate 

(I) Low 

(F) Low 

(N) High 

(I) High 

(F) Moderate 

(N) Moderate 

(I) Moderate 

(F) Low 

Type 3: Swim 
bladder is 
involved in 
hearing 
(primarily 
pressure 
detection)  

(N) Low 

(I) Low 

(F) Low 

170 dB rms for 48 
hrs 

158 dB rms for 
12 hours 

(N) High 

(I) High 

(F) High 

(N) High 

(I) Moderate 

(F) Low 

Sea turtles  (N) Low 

(I) Low 

(F) Low 

(N) Low 

(I) Low 

(F) Low 

(N) Moderate 

(I) Low 

(F) Low 

(N) High 

(I) High 

(F) Moderate 

(N) High 

(I) Moderate 

(F) Low 

Eggs and 
larvae  

(N) Low 

(I) Low 

(F) Low 

(N) Low 

(I) Low 

(F) Low 

(N) Low 

(I) Low 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

(N) Moderate 

(I) Moderate 

(F) Low 

�1�R�W�H�V�����S�H�D�N���D�Q�G���U�P�V���V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O�V���G�%���U�H���������3�D�����6�(�/���G�%���U�H���������3�D�����V�������$�O�O���F�U�L�W�H�U�L�D���D�U�H���S�U�H�V�H�Q�W�H�G���D�V���V�R�X�Q�G���S�U�H�V�V�X�U�H���H�Y�H�Q for 
fish without swim bladders since no data for particle motion exist.  Relative risk (high, moderate, low) is given for animals at three 
distances from the source defined in relative terms as near (N; tens of metres from source), intermediate (I; hundreds of metres 
from source), and far (F; thousands of metres from source). 
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10.9.3.8 For continuous noise sources such as vibropiling and dredging, quantitative criteria for
assessment are only available for recoverable injury and TTS for Type 3 fish. For other potential
effects (i.e. masking and behaviour changes) the qualitative approach described above is
applicable (Table 10.16)

Table 10.16: Mortality, potential injury, temporary threshold shift, masking and behaviour criteria
for fish, shellfish and turtles in relation to vessel noise and other continuous sounds (Popper et
al. 2014)

Fish grouping Mortality Impairment
and

potential
mortal Recoverable Temporary Masking Behaviour
injury injury Threshold Shift

Type 1: No (N) Low (N) Low (N) Moderate (N) High (N) Moderate
swim bladder
(particle

(I) Low (I) Low (I) Low (I) High (I) Moderate

motion
detection)

(F) Low (F) Low (F) Low (F) Moderate (F) Low

Type 2: Swim (N) Low (N) Low (N) Moderate (N) High (N) Moderate
bladder is not
involved in

(I) Low (I) Low (I) Low (I) High (I) Moderate

hearing
(particle
motion
detection)

(F) Low (F) Low (F) Low (F) Moderate (F) Low

Type 3: Swim (N) Low 170 dB rms for 48 158 dB rms for (N) High (N) High
bladder is
involved in

(I) Low hrs 12 hours
(I) High (I) Moderate

hearing
(primarily
pressure
detection)

(F) Low (F) High (F) Low

Sea turtles (N) Low (N) Low (N) Moderate (N) High (N) High

(I) Low (I) Low (I) Low (I) High (I) Moderate

(F) Low (F) Low (F) Low (F) Moderate (F) Low

Eggs and (N) Low (N) Low (N) Low (N) High (N) Moderate
larvae (I) Low (I) Low (I) Low (I) Moderate (I) Moderate

(F) Low (F) Low (F) Low (F) Low (F) Low

Notes: peak and rms sound pressure levels dB re 1 pPa; SEL dB re 1 pPa2s. All criteria are presented as sound pressure even for
fish without swim bladders since no data for particle motion exist. Relative risk (high, moderate, low) is given for animals at three
distances from the source defined in relative terms as near (N; tens of metres from source), intermediate (I; hundreds of metres
from source), and far (F; thousands of metres from source).
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Table 10.17: Mortality, potential injury, temporary threshold shift, masking and behaviour criteria 
for fish, shellfish and turtles in relation to explosions  (Popper et al . 2014) 

Fish grouping  Mortality 
and 

potential 
mortal injury  

Impairment  

Recoverable 
injury 

Temporary 
Threshold Shift 

Masking Behaviour 

Type 1: No 
swim bladder 
(particle 
motion 
detection)  

229-234 dB 
peak 

(N) High 

(I) Low 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

NA (N) High 

(I) Moderate 

(F) Low 

Type 2: Swim 
bladder is not 
involved in 
hearing 
(particle 
motion 
detection)  

229-234 dB 
peak 

(N) High 

(I) High 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

NA (N) High 

(I) High 

(F) Low 

Type 3: Swim 
bladder is 
involved in 
hearing 
(primarily 
pressure 
detection)  

229-234 dB 
peak 

(N) High 

(I) High 

(F) Low 

(N) High 

(I) High 

(F) Low 

NA (N) High 

(I) High 

(F) Low 

Sea turtles  229-234 dB 
peak 

(N) High 

(I) High 

(F) Low 

(N) High 

(I) High 

(F) Low 

NA (N) High 

(I) High 

(F) Low 

Eggs and 
larvae  

>13 mm.s-1 
peak velocity 

(N) High 

(I) Low 

(F) Low 

(N) High 

(I) Low 

(F) Low 

NA (N) High 

(I) Low 

(F) Low 
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10.9.3.9 For explosive noise sources such as UXO detonation, quantitative criteria for assessment are
only available for mortality and potential mortal injury. For other potential effects the qualitative
approach described above is applicable (Table 10.17).

Table 10.17: Mortality, potential injury, temporary threshold shift, masking and behaviour criteria
for fish, shellfish and turtles in relation to explosions (Popper etal. 2014)

Fish grouping Mortality
and

potential
mortal injury

Impairment

Recoverable
injury

Temporary
Threshold Shift

Masking Behaviour

Type 1: No 229-234 dB (N) High (N) High NA (N) High
swim bladder
(particle

peak (I) Low (I) Moderate (I) Moderate

motion
detection)

(F) Low (F) Low (F) Low

Type 2: Swim 229-234 dB (N) High (N) High NA (N) High
bladder is not
involved in

peak
(I) High (I) Moderate (I) High

hearing
(particle
motion
detection)

(F) Low (F) Low (F) Low

Type 3: Swim 229-234 dB (N) High (N) High NA (N) High
bladder is
involved in

peak
(I) High (I) High (I) High

hearing
(primarily
pressure
detection)

(F) Low (F) Low (F) Low

Sea turtles 229-234 dB (N) High (N) High NA (N) High
peak

(I) High (I) High (I) High

(F) Low (F) Low (F) Low

Eggs and >13 mm.S'1 (N) High (N) High NA (N) High
larvae peak velocity (I) Low (I) Low (I) Low

(F) Low (F) Low (F) Low

Notes: peak and rms sound pressure levels dB re 1 pPa; SEL dB re 1 pPa2 s. All criteria are presented as sound pressure even for
fish without swim bladders since no data for particle motion exist. Relative risk (high, moderate, low) is given for animals at three
distances from the source defined in relative terms as near (N; tens of metres from source), intermediate (I; hundreds of metres
from source), and far (F; thousands of metres from source).
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TYPE 1

10.9.3.10Type 1 species, those with no swim bladder, are reported to be insensitive to sound pressure and
are most likely to detect the particle motion element of sound (Popper et al., 2014). Type 1
species, likely to be present within the Zol include flatfish, gobies, Atlantic mackerel, sand eel and
elasmobranchs.

10.9.3.11 The Popper etal. (2014) criteria for fish with no swim bladder (Type 1) indicates that piling is likely
to have a Moderate effect on masking for fish within tens of metres from the noise source and a
Low effect beyond this. Behavioural effects are likely to be High within tens of metres, Moderate
within hundreds of metres and Low at greater distances (Table 10.15).

10.9.3.12The Popper et al. (2014) criteria for fish with no swim bladder (Type 1) indicates for continuous
noise sources, mortality and recoverable injuries are likely to be Low at all distances. Moderate
TTS effects may be observed within tens of metres and Low beyond this distance. High effects
on masking are likely within tens and hundreds of metres from the noise source with Moderate
effects within thousands of metres. Moderate behavioural effects are likely within tens and
hundreds of metres and Low behavioural effects are likely at thousands of metres (Table 10.16).

10.9.3.13Sandeel are considered as partially stationary receptors, due to their burrowing nature, substrate
dependence, and benthic spawning behaviour. The Fish, Shellfish and Sea Turtle Ecology Study
Area overlaps with nursery grounds for sandeel and a small stretch of sandeel spawning grounds
in the Northern extent. Sandeel are thought to be affected by vibration through the seabed,
particularly when buried in the seabed during hibernation. Therefore, they may experience some
mortality or recoverable injury in addition to TTS and behavioural responses. Taking into account
their stationary nature, sandeel are deemed to be of medium adaptability, tolerance and
recoverability and are of regional value. They have been assessed as Medium sensitivity.

10.9.3.14AII other Type 1 lEFs, including those with known spawning and nursery grounds in the Fish,
Shellfish and Sea Turtle Ecology Study Area, are expected to be able to avoid noise sources
before potential mortal injuries could occur, though there might be some temporary physiological
effects in addition to behavioural responses. They are deemed to be of high adaptability, tolerance
and recoverability and are of local to international value. They have been assessed as Low
sensitivity.

TYPE 2

10.9.3.15Type 2 species, those with a swim bladder not involved in hearing, are reported to be insensitive
to sound pressure and are most likely to detect the particle motion element of sound (Popper et
al., 2014). Type 2 species, likely to be present within The Fish, Shellfish and Sea Turtle Ecology
Study Area, include ling, blue whiting, Atlantic salmon and sea trout.

10.9.3.16The Popper etal. (2014) criteria for fish with a swim bladder that is not involved in hearing (Type
2) indicates that piling is likely to have a Moderate effect on masking for fish within tens of metres
from the noise source and a Low effect beyond this. Behavioural effects are likely to be High
within tens of metres, Moderate within hundreds of metres and Low at greater distances (Table
10.15).

10.9.3.17The Popper et al. (2014) criteria for fish with a swim bladder that is not involved in hearing (Type
2) indicates for continuous noise sources, mortality and recoverable injuries are likely to be Low
at all distances. Moderate TTS effects may be observed within tens of metres and Low beyond
this distance. High effects on masking are likely within tens and hundreds of metres from the
noise source with Moderate effects within thousands of metres. Moderate behavioural effects are
likely within tens and hundreds of metres and low behavioural effects are likely at thousands of
metres (Table 10.16).
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10.9.3.1 8 Ling and blue whiting are highly mobile with pelagic eggs and are expected to be able to avoid
noise sources before potential mortal injuries could occur. TTS and behavioural responses might
occur, but these would be temporary (high recoverability), with affected individuals anticipated to
resume normal behaviours or recolonise areas shortly after piling has ceased. They are deemed
to be of high adaptability, tolerance and recoverability and are of local importance. They have
been assessed as Low sensitivity.

10.9.3.19 Atlantic salmon and sea trout occur within the Slaney River Valley SAC and other East Ireland
rivers and tributaries, including the Avoca River which is adjacent to the Proposed Development
(albeit in low numbers due to the levels of pollution as a result of abandoned mines along the
Avoca (Wightman et al., 2020)). Whilst their migration patterns out of these rivers are not fully
understood, they are assumed to either migrate northerly (as demonstrated for salmon in the
Rivers Castletown and Boyne (Barry etal., 2020)) or south westerly (as demonstrated for salmon
in the Rivers Blackwater, Suir, Nore and Barrow (Rikardsen et al., 2021)). These species are
expected to be able to avoid noise sources before potential mortal injuries could occur, this may
impede upon or delay their migration. They have been deemed to be of medium adaptability,
tolerance and recoverability and are of international value. They have been assessed as Medium
sensitivity.

TYPE 3

10.9.3.20Type 3 species, those with a swim bladder that is involved in hearing (connected to the inner ear),
can detect both particle motion and sound pressure and can hear sounds over a far greater
distance than other hearing groups. They are more sensitive to sound than Type 1 and 2 species.
Type 3 species likely to be present within the Zol include cod, whiting, Atlantic herring, sprat,
European eel and twaite shad.

10.9.3.21 The Popper et al. (2014) criteria for fish with a swim bladder that is involved in hearing (Type 3)
indicates that piling in likely to have a High effect on both masking and behaviour on fish within
tens and hundreds of metres from the noise source and a Moderate effect beyond this. The
Popper et al. (2014) criteria for fish with a swim bladder that is not involved in hearing indicates
for vessels and other continuous noise sources, mortality is likely to be Low at all distances (Table
10.15).

10.9.3.22 Moderate TTS effects may be observed within tens of metres and Low beyond this distance. High
effects on masking are likely within tens and hundreds of metres from the noise source with
Moderate effects within thousands of metres. Moderate behavioural effects are likely within tens
and hundreds of metres and Low significance effects are likely at thousands of metres.

10.9.3.23 For continuous noise sources, it is likely there will be a High masking effect at all distances. For
behavioural effects, Popper et al. (2014) suggests the effects are likely to be of High behavioural
effects within tens of metres, Moderate within hundreds of metres and Low within thousands of
metres (Table 10.16).

10.9.3.24 Atlantic herring have a high substrate dependency during spawning and lay benthic eggs,
however no known spawning grounds overlap with the Zol. Juvenile and adult Atlantic herring are
expected to be able to avoid noise sources before potential mortal injuries could occur unless
they are engaged in spawning behaviour. They are deemed to be of medium adaptability,
tolerance and recoverability and are of regional importance. They have been assessed as
Medium sensitivity.

10.9.3.25Twaite shad are known to occur within the Lower River Suir SAC, River Barrow and River Nore
SAC and Slaney River Valley SAC (King and Linnane, 2004; King and Roche, 2008), and
European eel occur across the rivers and tributaries of East Ireland, with little being known about
their seaward migration out of these rivers. They are expected to be able to avoid noise sources
before potential mortal injuries could occur, however this may delay their migration. They are
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Table 10.18: Noise modelling results for injury ranges for fleeing and stationary receptors (single 
piling at C WTG location)  

Receptor  Criteria  

Noise level (dB re 1 µPa  
Sound Pressure Level (SPL)/  

dB re 1 µPa2 s Sound  
Exposure Level (SEL))  

Impact  range (m) at C WTG 
site  

Mortality and potentially mortal injury   
Type 1 fish SPLpeak 213 140 

 SELcum (fleeing) 219 <50 

 SELcum (static) 219 520 
Type 2 fish SPLpeak 207 330 

 SELcum (fleeing) 210 <50 

 SELcum (static) 210 2,200 
Type 3 fish SPLpeak 207 330 

 SELcum (fleeing) 207 <50 

 SELcum (static) 207 3,400 
Eggs and 
Larvae SPLpeak 207 330 

 SELcum (static) 210 2,200 
Turtles SPLpeak 207 330 

 SELcum (fleeing) 210 <50 

 SELcum (static) 210 2,200 
Recoverable Injury   
Type 1 fish SPLpeak 213 140 

 SELcum (fleeing) 216 <50 

 SELcum (static) 216 840 
Type 2 fish SPLpeak 207 330 

 SELcum (fleeing) 203 <50 

 SELcum (static) 203 6,000 
Type 3 fish SPLpeak 207 330 

 SELcum (fleeing) 203 <50 

 SELcum (static) 203 6,000 
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away from the noise source before underwater noise and vibration levels increase to a level that
may cause damage to the individual.

10.9.3.33The model was run for both stationary and fleeing individuals (travelling at a constant speed of
1.5 m/s) and assumed 11 m diameter monopiles for WTGs and 14 m diameter monopiles for
OSPs, both with a maximum blow energy of 3.500 kJ. For further details of the modelled locations
and foundation design details modelled see Volume III, Appendix 11.1: Underwater Noise
Assessment (Revised March 2026). One pile will be installed at any one time. Piling may occur
for up to 5 hours 10 minutes per a day and the total duration of piling for the project will be up to
71 days.

10.9.3.34The biggest modelled ranges are predicted at the Central (C) WTG monopile followed by the
North (N) WTG monopile and South West (SW) WTG monopile.

10.9.3.35The largest recoverable injury ranges for fish (>203 dB SELcum threshold) are predicted to be
6 km assuming a stationary receptor; if a fleeing animal is assumed, these ranges reduce to less
than 50 m. Maximum TTS ranges (>186 dB SELcum threshold) are predicted up to 39 km for a
stationary animal, reducing to 28 km for a fleeing animal. These are shown in Table 10.18.

Table 10.18: Noise modelling results for injury ranges for fleeing and stationary receptors (single
piling at C WTG location)

Receptor Criteria

Noise level (dB re 1 pPa
Sound Pressure Level (SPL)/

dB re 1 pPa2 s Sound
Exposure Level (SEL))

Impact range (m) at C WTG
site

Mortality and potentially mortal injury
Type 1 fish SPLpeak 213 140

SELcum (fleeing) 219 <50
SELcum (static) 219 520

Type 2 fish SPLpeak 207 330
SELcum (fleeing) 210 <50
SELcum (static) 210 2,200

Type 3 fish SPLpeak 207 330
SELcum (fleeing) 207 <50
SELcum (static) 207 3,400

Eggs and
Larvae SPLpeak 207 330

SELcum (static) 210 2,200
Turtles SPLpeak 207 330

SELcum (fleeing) 210 <50
SELcum (static) 210 2,200

Recoverable Injury
Type 1 fish SPLpeak 213 140

SELcum (fleeing) 216 <50
SELcum (static) 216 840

Type 2 fish SPLpeak 207 330
SELcum (fleeing) 203 <50
SELcum (static) 203 6,000

Type 3 fish SPLpeak 207 330
SELcum (fleeing) 203 <50
SELcum (static) 203 6,000
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