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2.4 Key components of the Project infrastructure  
2.4.1.1 For the purpose of the RIAA, the key components of the Project are separated into offshore, 

landfall(s) and onshore elements, with an overview of each provided below in Sections 2.5 
to 2.8. These subsequent sections provide detail and parameters where possible at this 
stage of design development and are described in accordance with the indicative design 
envelope principle. 

2.4.1.2 The key components of the Project are shown in Plate 2.1, noting the components that are 
common to both HVDC and HVAC technology. A description of the function of each 
component is provided in Table 2.3. 

Table 2.3 Key components and functionality  

Plate 
2.1 ID 

Component  Purpose / function  

Offshore infrastructure  

1 Floating WTGs WTGs convert wind energy to electricity. Each floating WTG will 
comprise a tower (assembled in sections), a rotor with three 
blades attached to a nacelle. The nacelle typically houses a 
gearbox, generator, converter, transformer, and control 
equipment.  

WTG floating unit Each WTG is supported by a floating unit that is positively 
buoyant and moored in position on the seabed. A number of 
floating unit concepts are currently under consideration. 

WTG station keeping 
system 

Each WTG on its floating unit will be secured in place using a 
station keeping or mooring system, involving anchors and 
mooring lines. Typically, multiple mooring lines will spread out 
radially from the floating structure, each ending in an anchor 
point on the seabed. 

2 Array cables Array cables will be used to connect the WTGs to the offshore 
substation. This will be via other WTGs if in a string or loop 
arrangement, or to a SDC, and then onto the offshore substation 
if in a star configuration. The cables will have a requirement to 
withstand both dynamic conditions at the floating units as well as 
static lay and burial in or on the seabed.  

SDC The SDCs allow cables from multiple WTGs to connect, with a 
single array cable then going from the SDC to the offshore 
substation. Subsea distribution centres comprise a foundation 
support structure and protection structure. 

3 Offshore substation(s) Offshore substations are installed to collect the energy 
generated by the WTGs and house transmission equipment. 
The latter is required to convert the wind farm electricity to 
higher voltages necessary for long distance transmission 
through subsea cables to the onshore grid. Offshore substations 
can be above the sea surface on a platform and/or subsea. Up 
to four platforms may be required for the Project. 

Subsea substations Subsea substations comprise a foundation support structure and 
protection structure, which is secured subsea to support 
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Plate 
2.1 ID 

Component  Purpose / function  

associated collection and transmission equipment. Given the 
access restrictions from being subsea, they will be designed for 
ease of access for operation and maintenance activities. 

4 Reactive compensation 
platform 

For HVAC transmission, there is an upper limit of offshore export 
cable route length, beyond which the electrical losses incurred 
during transmission become prohibitive. This limit can be 
increased using reactive power compensation equipment 
connected through a separate substation(s) along the offshore 
export cable route, typically close to the mid-point between the 
offshore substation and onshore substations.   

5 Offshore export cables Subsea export cables connect the offshore substation(s) to the 
landfall(s)where a transition joint bay links the offshore subsea 
cables to the onshore underground cables. This cable system is 
necessary to export power from the offshore wind farm through 
the onshore substations to the existing grid network. 

Landfall(s)  

6 Landfall(s) The landfall is the point at which the offshore export cables 
cross from the marine environment through the intertidal zone to 
the terrestrial environment and connect to the onshore export 
cables via transition joint bays. A trenchless solution is to be 
implemented to install ducts. Whilst other trenchless methods 
are available, Horizontal Directional Drilling (HDD) (or similar 
trenchless technique) is assessed in the EIA Report  and the 
RIAA. In relation to trenchless crossings, HDD has been 
presented in the EIA Report . Whilst other trenchless methods 
are available, HDD is presented herein as it is likely to have the 
largest construction footprint. 

Transition joint bay. This is a component of the landfall where the offshore export 
cables connect with the onshore export cables. Transition joint 
bays are permanent, below ground infrastructure, where the 
offshore and onshore export cables are jointed together. 
 

Onshore infrastructure  

7 Onshore export cables. These are underground cables that connect from the landfall 
transition joint bays to the onshore substations. As with the 
offshore export cables, the type and number of cables will 
depend on the transmission technology used. Cables are 
typically installed in ducts in a standard buried trench 
arrangement where possible. A trenchless method may be 
necessary to cross sensitive features such as watercourses, 
roads and pipelines. Whilst other trenchless methods are 
available, HDD (or similar trenchless technique) is assessed in 
the EIA Report .  

8 Onshore substations. Three onshore substations are required to transform / convert 
the onshore export cable voltage to the 400 kilovolts (kV) 
required to connect to SSEN Netherton Hub. 



MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment 

29 

Plate 
2.1 ID 

Component  Purpose / function  

9 Grid connection cables. These are the underground cables that connect from the 
proposed onshore substations to the grid connection point at 
SSEN Netherton Hub. 
  
These cables will be 400kV AC; compatible with grid 
requirements at the grid connection point. Cables are typically 
installed in ducts in a standard buried trench arrangement where 
possible. A trenchless method may be necessary to cross 
sensitive features such as watercourses, roads and pipelines. 
Whilst other trenchless methods are available, HDD (or similar 
trenchless technique) is assessed in the EIA Report . 

Grid connection. The nominated 400kV SSEN substation at SSEN Netherton Hub 
into which the Project will connect, noting that SSEN Netherton 
Hub is a separate project and does not form part of the 
consenting applications that the EIA and the RIAA relate to. 
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Plate 2.1 Key components of the Project  
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Plate 2.4 Floating platform key spatial parameters  

 

 

Table 2.5 Floating unit parameters  

Parameters  Indicative design envelope  

Floating unit concepts considered  Semi-submersible, barge, tension leg platform, or 
any other hybrid design to take into account 
emerging or future technologies. 

Floating unit surface dimensions  100m x 120m maximum size of floating unit (relates 
to semi-submersible as worst case). 

Floating unit shape  Rectangular, circular, triangular or hexagonal. 

Floating unit minimum spacing from other 
structures  

800m from centre of WTG to centre of nearest 
adjacent WTG. 
  
Minimum of 500m from WTG blade tip to offshore 
substation topsides. 

Elevation above waterline   Minimum 15m to maximum 25m above MSL.  

Floating unit cable location  Typically the base or one side of the floating unit. 

Mooring line connection points  Connection point is likely to be below the surface at 
the base of the floating unit. Alternatively, it might be 
connected above the waterline. 
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Parameters  Indicative design envelope  

Navigational safety lighting  All offshore infrastructure will have navigational 
safety lighting, the details of which will be agreed 
with key stakeholders (i.e. MCA and Northern 
Lighthouse Board) and as per International 
Association of Marine Aids to Navigation and 
Lighthouse Authorities Recommendation G1162 
(IALA, 2021) via Volume 4: Lighting and Marking 
Plan . 

Number of mooring lines per floating unit  Maximum of 8 (see Table 4.7 for further details on 
mooring lines). 

Platform colour  As required by MCA. 

 

Moorings 

2.5.3.3 A key component of all floating unit designs is the mooring of the floating unit to anchor 
points on the seabed. The purpose of moorings is to maintain the position of the floating 
unit and WTG against the forces of wind and waves over the lifetime of the Project. Mooring 
lines may be made up of chain, synthetic fibre or steel wire elements or any combination of 
these. 

2.5.3.4 Table 2.6 provides the maximum design scenarios for the three types of mooring concept 
considered. 

Table 2.6 Mooring parameters  

Parameters  Indicative design envelope  

Mooring concepts considered  Catenary mooring, taut-line mooring, semi-taut mooring, vertical 
tendon mooring. 

Number of mooring line 
connection points  

Semi-submersible floating unit. Minimum 3, maximum 8 using 
catenary mooring or semi-taut 
moorings. 

Barge floating unit. Minimum 3, maximum 8 using 
catenary mooring or semi-taut 
moorings. 

Tension leg platform floating unit. Minimum 3, maximum 8 
tendons. 

Mooring footprint (max)  800m radius per individually moored floating unit (all mooring lines 
and mooring footprint will be within the OAA boundary). 

Total mooring footprint (max)  2,010,619m2 / 2.01km2 
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Anchors 

2.5.3.5 Anchoring is an integral part of the overall mooring system and there is a wide spectrum of 
anchoring solutions that could installed for the floating unit concepts identified above. These 
include drag embedment anchors, driven piles and suction anchors. Justification of the 
anchor type selection considered within the design envelope is provided in Volume 1, 
Chapter 3: Site Selection and Consideration of Alternatives  of the EIA Report . 

2.5.3.6 Table 2.7 provides the scenarios for the three types of anchors considered. 

Table 2.7 Anchor parameters  

Parameters  Indicative design envelope (per anchor)  

Drag embedment anchors  

Maximum length  12m 

Width  12.5m 

Height  7m 

Height proud of seabed once fully installed  0m 

Maximum seabed displacement  3,750m2  

Driven pile anchors  

Maximum pile length  30m 

Pile diameter  3m 

Maximum hammer energy  3,500 kilojoules (kJ) 

Number of piles per day  Minimum of 1 and maximum of 2 

Length of pile proud of seabed once fully installed  0.5m 

Maximum seabed displacement  7.07m2 

Suction anchors  

Maximum pile length  20m 

Pile diameter  6.5m 

Length of pile proud of seabed once fully installed  0.5m 

Maximum seabed displacement  33.18m2 
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Subsea distribution centres and subsea substations 

2.5.4.5 Concepts currently being considered for the Project are SDCs and subsea substations, both 
of which are installed on the seafloor. SDCs connects cables from multiple WTGs, allowing 
a star configuration of the WTGs and array cables. This benefits operational stage efficiency 
by maintaining transmission for WTGs in the star in the event of a failure in an array cable 
or WTG. Only the faulty cable or WTG would become off-line, with the remainder of the 
WTGs connected to the SDC continuing to generate. 

2.5.4.6 Subsea substations are an alternative to tradition offshore HVAC fixed platform / topsides 
substation. They perform the same functionality in that they collect and transmit the 
electricity generated from the WTGs (see Section 4.5.5 of Chapter 4: Project Description ) 
but will house different (typically less) equipment that on a topside platform. The electricity 
transmitted is in HVAC form. 

2.5.4.7 The maximum design scenario for the SDCs and subsea substations is provided in Table 
2.9. 

Table 2.9 Subsea distribution centres and subsea substations parameters  

Parameters  Indicative design envelope  

Maximum number of SDC 45 (between five to eight array cables can be 
connected into one SDC). 

Maximum dimensions of SDC (length x width 
x height)  

18m x 8m x 5m 

Maximum dimensions of SDC including 
cable protection (length x width)  

38m x 28m 

SDC construction footprint (length x width)  58m x 48m 

Foundation type for SDC Suction caisson / skirt and gravity base foundations. 

Maximum number of subsea substations  Four 

Maximum dimensions of subsea substation 
centres (length x width x height)  

22m x 20m x 16m 

Maximum dimensions of subsea substation 
including cable protection (length x width)  

42m x 40m 

Foundation type for subsea substation  Suction caisson / skirt and gravity base foundations. 

 

2.5.5 Offshore substation  
2.5.5.1 The WTGs will connect (via the array cables and SDC, if deployed) to substation platforms 

located within the OAA. It is anticipated that there will be up to four offshore substations 
associated with the Project. The offshore substations will transform generated electricity 
from the WTGs to a higher voltage for transmission to shore via offshore export cables. The 
location and extent of the offshore substations will be confirmed through detailed design 
process but will be located within the Red Line Boundary. The worst case locations have 
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been considered for the purpose of the assessment. The offshore substations may be 
interconnected by link cables to deliver the combined output to a common export location, 
and for redundancy. 

2.5.5.2 It is anticipated that the offshore substation platform foundations that will support the topside 
equipment will be either jacket secured by driven piles or suction caisson fixed foundations. 
The fixed design concept types being considered are shown in Plate 2.5.  

2.5.5.3 The maximum design scenario for the offshore substations is provided in Table 2.10, 
including the foundation footprint sizes with the inclusion of scour protection, the form and 
scale of which would be decided either following geophysical and technical surveys and 
design phase of the Project and / or from post installation surveys. 

Plate 2.5 Illustration of fixed foundation types  
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Table 2.10 Offshore substation parameters  

Parameters  Indicative design envelope  

Number of offshore substations  4 

Water depth at proposed 
locations  

Between 87.8m to 133.7m. 

Offshore substation foundation 
type  

Jacket foundations secured by driven piles or suction caisson. 

Offshore substation shape  Rectangular or square topsides. 

Minimum spacing to other 
structures  

500m to other offshore substations. 
  
500m from WTG blade tip to offshore substation topsides 
infrastructure. 

Offshore substation topsides 
above -surface dimensions 
(maximum)  

80m above lowest astronomical tide (LAT) (not including mast and 
lightning conductor and cranes). 
  
100m above LAT (including mast and lighting conductor and cranes). 
  
106m length 
  
70m width 

Offshore substation foundation 
above -surface dimensions  

20m above LAT  
  
80m length 
  
60m width 

Offshore substation foundation 
below -surface dimensions 
(maximum) (width x length)  

80m x 60m  

Minimum height above water  20m (height from LAT to main deck of topsides). 

Driven piles length  95m 

Number of driven piles in total  12 for each offshore substation. 

Driven pile maximum diameter  3m 

Driven pile maximum hammer 
energy  

3,500kJ 

Number of driven piles per day  Minimum of 1 and maximum of 2. 

Length of pile proud of seabed 
once fully installed  

0.5m 

Offshore substations 
construction footprint  

130m x 110m 
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Parameters  Indicative design envelope  

Maximum seabed footprint 
(including scour protection)  

110m x 90m 

Scour protection types  Rock placement. 
  
Localised: concrete mattresses and bags. 

Scour protection quantity per 
foundation  

500m3 per offshore substation. 

 

2.5.6 Offshore export cables  
2.5.6.1 The wind farm would be connected to the landfall(s) by a maximum of five offshore export 

cable circuits. Each will be laid in a separate trench in the seabed. They will connect to 
onshore export cables via a transition joint bay, that will connect via further cables onward 
to the onshore substations. The offshore export cables will consist of one copper or 
aluminium conductor with electrical insulation material, screens, communication fibre and 
protective armour layers at expected voltages of 275kV for HVAC and either +320kV or 
+525kV for HVDC (depending on what type of HVDC technology is deployed). Each export 
cable would have a fibre optic cable (FOC) either integrated within the cable or secured to 
the outside. 

2.5.6.2 The offshore export cables will be typically buried 1m to 2m below the seabed for most of 
their length to the landfall(s) (see Section 2.7 for further information), depending on the 
outcome of the cable burial risk assessment. The exact routing of the export cables within 
the offshore export cable corridor will be determined during the detailed design process of 
the Project, with consideration of seabed conditions and environmental sensitivities 
following pre-construction surveys. 

2.5.6.3 The maximum design scenario for the offshore export cables is provided in Table 2.11. 

Table 2.11 Offshore export cable parameters  

Parameters  Indicative design envelope  

Expected offshore export cable maximum 
voltage  

275kV for HVAC. 
  
+320kV or +525kV for HVDC (depending on what 
type of HVDC technology is deployed). 

Grid transmission route length offshore  130 to 140km depending on the offshore substation 
and landfall(s) location(s) 

Number of offshore cable trenches (maximum)  5  

Cable trench width  Up to 30m per trench. 

Percentage of offshore export cable corridor 
considered suitable for burial  

Target burial of 100% of offshore export cables. 
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Parameters  Indicative design envelope  

Number of infrastructure crossings (max)  16 known crossings and an additional 6 (to take 
account of other developers export cables) within 
the offshore export cable corridor and 6 assumed 
crossings within the OAA. 

Trench / disturbance width  30m per trench. 
  
150m total. 

Burial depth  The offshore export cables will be typically buried 1 
to 2m below the seabed. 

Separation distance between cable  trenches  Closest distance will be three times the water depth 
along the offshore export cable route.  

Permanent cable corridor swathe width  and 
area  

3m width except for areas of rock placement (20% 
of cable route) where 15m is conservatively 
assumed. 
  
Total area for 5 cable trenches is 21km2.    

Cable protection type  Rock placement.  
  
Localised: concrete mattresses, bags or steel split 
pipe. 

Cable protection locations  Worst case assumes 20% of length requires rock 
placement. 

Cable protection berm dimension (height x 
width)  

2m x 7m 

Cable protection volume  1,155,000m3 

Dredging volume  35,000m3 

 

Electromagnetic fields and heat generated 

2.5.6.4 The offshore export cables transmit electricity at a higher voltage than is used in the array 
cables. 

2.5.6.5 Electromagnetic fields (EMF) emitted by HVAC offshore subsea cable are minimised by the 
arrangement of cable cores; three cores are laid together in trefoil and as the phase currents 
are balanced, the magnetic fields of the three cores tend to zero. The magnitude of the 
magnetic fields in the proximity of the cable is null and its presence in the sea bottom inert. 
Burial of the cable will also act to minimise emission of EMF. 

2.5.7 Reactive compensation platforms (HVAC only)  
2.5.7.1 Long distance, large capacity HVAC transmission systems may require RCPs to reduce the 

reactive power generated by the capacitance of the offshore export cable to improve power 
quality, voltage stability and transmission efficiency. 
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2.5.7.2 A maximum of two RCPs (if required) will be located within the offshore export cable 
corridor, typically between 40% to 60% of the total length from an offshore substation within 
the OAA to the onshore substations. Offshore export cables from the OAA would connect 
into the RCP before exiting the RCP and continuing to the landfall(s). While the location is 
not yet determined, the Applicant has included possible areas for installation of the 
structures within the Red Line Boundary and relevant consenting applications. 

2.5.7.3 The final location of the offshore RCP(s) within the identified search area will be defined in 
the detailed design stage, post consent. The siting will take into account final electrical 
design, water depth, ground conditions, marine traffic, proximity to shore, other existing / 
planned infrastructure and other engineering and economic factors. 

2.5.7.4 The RCPs will likely be paired in proximity to each other and may be connected by a bridge. 

2.5.7.5 The design of an RCP would be similar to the offshore substations. This is likely to be a 
multi-tier topside module containing the RCP equipment, which is installed on a foundation 
structure. It is anticipated that the RCP foundations will be either jacket or suction caisson 
fixed foundations. The fixed design concept types being considered are shown in Plate 2.5. 

2.5.7.6 The maximum design scenario for the RCP is provided in Table 2.12. 

Table 2.12 Reactive compensation platform parameters  

Parameters  Indicative design envelope  

Number of RCPs (maximum)  2 

Water depth range at proposed 
locations  

73.74m to 110.53m. 

RCP foundation type  Jacket foundations secured by driven piles or suction 
caisson. 

Offshore RCP shape  Rectangular or square topsides. 

Spacing separation distance between 
RCPs  

50 to 150m 

RCP topsides above -surface 
dimensions  

80m above LAT (not including mast and lightning conductor 
and cranes). 
  
100m above LAT (including mast and lighting conductor and 
cranes). 
  
50m length 
  
50m width 

RCP foundation above -surface 
dimensions (length x width)  

35m x 35m 

Minimum height above water  20m LAT 

Driven piles length  95m 

Number of driven piles in total  4 for each RCP. 







MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment 

46 

Activity  Vessel type  Indicative number  Round transits 1 

Rock placement vessel. 2 30 to Norway 

Anchor installation  Offshore construction vessel / 
larger AHTS. 

2 675 

Mooring line 
installation  

Offshore construction vessel. 2 144 

AHTS vessel. 2 675 

Support vessels  Guard vessel. 2 208 

Service operation vessel (SOV). 2 208 

Support vessel. 3 312 

 

2.6.2.3 It is anticipated that approximately 10 vessels would be on site at any one time during the 
construction of the Project. The numbers of vessels will be confirmed with further input from 
construction contractors post-consent. 

2.6.2.4 It is estimated that approximately 3,838 individual vessels transits (each representing a one-
way journey between port and worksite) would be required during the construction of the 
Project. It is estimated that the installation of each floating unit will require up to three vessel 
transits of the installation vessel. 

2.6.2.5 Upon arrival at the offshore worksite, installation vessel(s) may require repositioning within 
the field to complete the installation procedure. Following completion of the procedure, the 
vessel(s) may undertake a return transit to port. 

2.6.2.6 The routing of vessel trips will depend upon the final selection of the port facilities required 
to construct and operate the Project, which has not yet been determined. 

2.6.2.7 There may also be a requirement for helicopters to travel to and from the OAA to assist with 
construction activities. Helicopters will largely be used to transfer personnel in between port 
visits and to any accommodation vessels but may also be used for construction materials 
or to support specific construction activities. It is estimated that two helicopter trips per week 
for duration of the main offshore construction, approximately 1,040 helicopter round trips 
may be required during the offshore construction period. The helicopter port or airfield 
location has not yet been determined but is expected to be Aberdeen bases on facilities at 
time of writing. 

2.7 Landfall(s)  
2.7.1.1 The landfall is the point at which the offshore export cables cross from the marine 

environment through the intertidal zone to the terrestrial environment and connect to the 
onshore export cables. 

2.7.1.2 The landfall(s) infrastructure will be constructed in three phases, to align with the phased 
installation of the offshore export cables and energisation of the WTGs. Further information 
on the indicative construction programme for landfalls is provided in Section 2.9.  

2.7.1.3 The key works for landfall(s) construction above and below MHWS are listed below. 
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Parameters  Onshore export cable 
corridor from the 
landfall(s) to the 
onshore substations   

Onshore export cable 
corridor from the 
onshore substations 
to SSEN Netherton 
Hub  

Onshore export cable corridor length  11.0km 2.35km 

No. of expected trenchless crossings (as per 
Crossing Register, Volume 3, Appendix 4.1  of 
the EIA Report ) 

9 2 

 

2.8.2.7 Plate 2.6 illustrates a typical onshore export cable configuration and temporary construction 
corridor cross-section for the onshore export cable corridor from the landfall(s) to the 
onshore substations. 

2.8.2.8 Plate 2.7 illustrates a typical onshore export cable configuration and temporary construction 
corridor cross-section for the onshore export cable corridor from the onshore substations to 
SSEN Netherton Hub. 

Plate 2.6 Typical construction corridor cross -section for the onshore export cable 
corridor from the landfall(s) to the onshore substations  
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Plate 2.7 Typical construction corridor cross -section for the onshore export cable 
corridor from the onshore substations to SSEN Netherton Hub  

 

 

Joint bays and cable jointing 

2.8.2.9 The joint bays are subsurface structures with an associated link box and FOC junction box 
that will be accessible at surface level. These link boxes enable electrical checks and testing 
to be carried out on the cable system during operation and maintenance.   

2.8.2.10 In all cases, the joint bays will be sited within the footprint of the onshore export cable 
corridor. 

2.8.2.11 The locations of the joint bays for each Phase will be determined during the detailed design 
stage. Onshore cabling is typically provided on drums of 1,000m in length, although can be 
provided in differing lengths ranging from 500m up to 2,000m. Typically, joint bays are 
located every 600m to 1,000m, however the location depends on factors such as crossings, 
bends, access and / or the need to avoid surficial or sub-surface features. Plate 2.8 presents 
an illustration of a typical joint bay arrangement. 

2.8.2.12 Table 2.16 provides maximum indicative design assessment assumptions for joint bays.  
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Plate 2.8 Illustration of a typical joint bay arrangement  

 

 

Table 2.16 Joint bay, link box and FOC junction box design parameters  

Parameters  Onshore export cable corridor 
from the landfall(s) to the 
onshore substations   

Onshore export cable corridor 
from the onshore substations 
to SSEN Netherton Hub  

Approximate number of joint 
bay locations  

8 to 24 2 to 6 

Number of joint bays  per 
location  

At each joint bay location, along 
the onshore export cable 
corridor from the landfall(s) to 
the onshore substations, there 
are up to 6 joint bays.  

At each joint bay location, along 
the onshore export cable 
corridor from the onshore 
substations to SSEN Netherton 
Hub, there are up to 7 joint bays. 

Joint bay: width, length and 
depth  

3m x 9m x 2m 

Link box: width, length and 
depth  

1m x 3m x 1.5m 

FOC junction box: width, length 
and depth  

1m x 3m x 1.5m 
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Plate 2.9 Indicative  construction programme  
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2.11.1.3 Once decommissioned, all components will be reused or recycled where possible. 

Offshore infrastructure 

2.11.1.4 The dismantling of turbine components, such as blades, nacelle, and tower, will primarily 
follow the reverse order of the installation process (see Section 2.6). These operations are 
expected to take place at the quayside, where they can be managed under controlled 
conditions.  

2.11.1.5 The removal and dismantling of the floating units will largely be the reversal of the 
installation process (Section 2.6). Decommissioning will be undertaken in the same 
controlled manner as the installation process and in accordance with a risk management 
plan to ensure the same level of safety and pollution measures. 

2.11.1.6 The floating unit will be towed to port (expected to be combined with the WTG. After the 
WTG is removed, the floating unit may be repurposed or taken to an alternative site or port 
suited to decommissioning larger structures. In this instance the floating units will be 
dismantled and recycled. 

2.11.1.7 Mooring lines will be fully removed from site. Anchors will be removed where feasible, 
practicable and less environmentally impactful to do so than leaving in position. In cases 
where anchors are to be left in situ, best practice shall be adopted to ensure environmental 
and other marine users are considered. 

2.11.1.8 The approach for decommissioning the array cables on the seabed is yet to be determined. 
This will be reviewed throughout the lifetime of the Project, and good practice guidance at 
time of decommissioning will be followed.    

2.11.1.9 The dynamic portion of the array cables within the water column will be fully removed. If 
there are no issues with stakeholders / regulators and the risk of the cables becoming 
exposed is minimal, then the static buried cables (and relevant cable protection) may be cut 
and left in situ to avoid disturbing the seabed unnecessarily.  

2.11.1.10 The ends of the cables will be cut as close to the seabed and weighted down for burial to 
ensure there is no interference with trawling and other users of the sea. A decision to 
decommission infrastructure in situ will be supported by a comparative assessment process 
in line with the Offshore Petroleum Regulator for Environment and Decommissioning 
(OPRED) (2025) and Scottish Government guidance (Scottish Government, 2022). 

2.11.1.11 The decommissioning methodology is anticipated to involve the removal of all offshore 
infrastructure above the seabed. This is relevant to the SDCs, offshore substations, and 
RCPs. Driven piles if used would be cut at seabed level to enable removal of the 
foundations. 

2.11.1.12 Further details on the decommissioning of the offshore infrastructure are provided in 
Section 4.12 of Volume 1, Chapter 4: Project Description  of the EIA Report . 

Offshore export cables 

2.11.1.13 Offshore export cables may be left in-situ or removed from the seabed. Relevant 
stakeholders and regulators will be consulted prior to decommissioning to establish which 
sections of the offshore export cables will require removal. If it is not required by 
stakeholders / regulators and the risk of the cables becoming exposed is minimal, then the 
cables (and relevant cable protection) may be cut and left in situ to avoid disturbing the 
seabed unnecessarily.  

2.11.1.14 The ends of the cables will be cut as close to the seabed and weighted down for burial to 
ensure there is no interference with commercial fishing activities and other users of the sea. 
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A decision to decommission infrastructure in situ will be supported by a comparative 
assessment process (in line with the OPRED, 2025 and Scottish Government, 2022). 

2.11.1.15 Further details on the decommissioning of the offshore export cables are provided in 
Section 4.12 of Volume 1, Chapter 4: Project Description of the EIA Report . 

Decommissioning ports 

2.11.1.16 The Applicant will endeavour to use Scottish and UK ports with an indicative shortlist of 
ports considered for the decommissioning of the Project provided in Volume 1, Chapter 4: 
Project Description  of the EIA Report . 

2.11.2 Onshore decommissioning  

Overview 

2.11.2.1 The decommissioning stage will commence at the end of the operational lifetime of the 
Project. The decommissioning duration of the onshore infrastructure may take the same 
amount of time as construction of the Project, up to 9 years, although this indicative timing 
may reduce. Materials would be reused or recycled, where possible, with the remainder of 
any material to be disposed with a licensed waste disposal site. 

2.11.2.2 Prior to decommissioning taking place, an onshore decommissioning plan will be submitted 
and agreed Aberdeenshire Council before decommissioning works commence, following 
cessation of commercial operation. 

Onshore export cables 

2.11.2.3 It is anticipated that the onshore electrical cables will be left in-situ with ends cut, sealed 
and buried to minimise environmental effects associated with removal. The underground 
structures of the joint bays, FOC junction boxes and link boxes will be removed only if it is 
feasible with minimal environmental disturbance or if their removal is required to return the 
land to its current agricultural use. It should be noted that, whilst this is the current 
assumption, the regulations and practice applicable at the time of planning for 
decommissioning will be reviewed and followed. Further detail will be provided in an 
onshore decommissioning plan, prepared prior to the start of any decommissioning 
activities. 

Onshore substations 

2.11.2.4 The onshore substations and associated access roads will be removed and the site 
reinstated. The decommissioning works are likely to be undertaken in reverse to the 
sequence of construction works and involve similar types and levels of equipment and 
vehicles. The onshore substation site will be restored to its original state or made suitable 
for an alternative use. Further detail will be provided in an onshore decommissioning plan, 
prepared prior to the start of any decommissioning activities. 
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Stakeholder  Stakeholder 
issue ID  

Date, 
document, 
forum  

Aspect  Stakeholder comment  How is this addressed in 
the RIAA  

example, species with smaller populations such as great black-
backed gull, are likely to be significantly impacted by a 
comparably smaller predicted impact." 
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The ZOI was initially outlined in the EIA Scoping Report (MarramWind Limited, 2023) and 
HRA Screening Report (MarramWind Limited, 2024). 

4.1.3.4 As outlined in the HRA Screening Report (see Table 3.1), the only designated site screened 
in for marine mammals is the Moray Firth SAC, designated for bottlenose dolphin. 
Connectivity with the Moray Firth SAC was identified based on potential interaction with the 
qualifying feature species (Criterion 2). The Moray Firth SAC lies approximately 150km west 
of the Project OAA and 90km away from landfall(s) (see Figure 2). No other SACs or 
qualifying species are screened in for this marine mammal assessment. 
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4.1.4 Summary of surveys and desk studies  

Project site-specific surveys 

4.1.4.1 No sightings of bottlenose dolphin were recorded during the site-specific DAS. It is noted 
that given the spatial separation between the site-specific survey area and the typical 
ranging pattern of bottlenose dolphin from the Moray Firth SAC, it would not be expected to 
detect bottlenose dolphins from this specific population in the DAS.  

4.1.4.2 While several marine mammal species were observed during the site-specific DAS, 
including Annex II species such as harbour porpoise (Phocoena phocoena) and grey seal 
(Halichoerus grypus), these are not qualifying features of the Moray Firth SAC and are 
therefore excluded from further discussion. 

CES MU and Moray Firth SAC 

4.1.4.3 Two distinct ecotypes of bottlenose dolphin are recognised in UK waters: a wide-ranging 
offshore type; and an inshore or coastal type, more likely to be site or area faithful 
(IAMMWG, 2023). In Scottish coastal waters, bottlenose dolphins typically inhabit coastal 
areas, within 2-5km from the shore and at depths of less than 30m, with the most frequent 
use of water depths between 2m and 20m (Quick et al., 2014; Cheney et al., 2013).  

4.1.4.4 There is a well-studied resident population of bottlenose dolphins in the coastal waters of 
East Scotland. This population is a qualifying feature of the Moray Firth SAC, the only SAC 
to support a known resident population of this species in the North Sea. The site was 
selected in 2005 on the basis of long-term, regular use by this relatively small and 
genetically isolated coastal population, which has been subject to intensive research since 
1989 through photo-identification studies and other monitoring programmes (NatureScot, 
2025c; Cheney et al., 2024). 

4.1.4.5 The Moray Firth SAC is located within the CES MU. The Moray Firth SAC bottlenose dolphin 
population uses the functionally linked habitat within the CES MU. The SAC population 
distribution can be considered synonymous with the extent of the CES MU. Therefore, 
information on the population size, density, and distribution for the Moray Firth SAC is 
considered at the CES MU scale. The current population size estimate for the CES MU is 
226 individuals (95% CI: 214 to 239; Cheney et al., 2024). The CES MU population is 
functionally linked to the Moray Firth SAC and forms the basis of connectivity considerations 
in this RIAA. Note that, the Moray Firth SAC population is considered separate to the 
population in the Greater North Sea MU therefore impacts are not assessed against this 
MU. 

Distribution and occurrence 

4.1.4.6 Acoustic monitoring from the East Coast Marine Mammal Acoustic Study between 2011 
and 2016 confirmed year-round presence of bottlenose dolphin in the Moray Firth, with peak 
occurrences during the Summer, but continued detections throughout most Winter months 
(Cheney et al., 2024; Palmer et al., 2019). Similar trends have been observed for other 
areas in the CES MU such as the Tayside area which has also been surveyed in Summers 
between 2017-2022. Indeed, there has been a recent decline in the absolute number of 
dolphins using the SAC in Summer, which could be due to an increase in individuals using 
other areas in this season (Cheney et al., 2024).  

4.1.4.7 Long-term photo-identification studies have demonstrated strong site fidelity within the 
population, with individuals recorded over multiple decades since data collection first started 
in 1989 (Wilson et al., 2004). More than 50% of the CES MU are regularly known to use the 
area within the SAC annually, but individuals are also known to range well beyond the site, 
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offshore ornithological receptors as outlined above. Across the 24 months of DAS, 20 
species were recorded with an overview of occurrence provided in Table 4.2 below. Of 
these, guillemot, fulmar, gannet, kittiwake and razorbill (Alca torda) were the most frequently 
encountered species, accounting for 95.4% of all birds recorded (guillemot (53.0%), fulmar 
(29.1%), gannet (6.5%), kittiwake (4.1%), razorbill (2.8%)). 

Table 4.2 Overview of offshore ornithological receptors recorded in the Project OAA 
plus 4km buffer  

Species  Frequency of occurrence 
over 24 surveys  

Maximum predicted abundance 
estimate (and associated 95% CI) in 
the OAA plus 4km buffer  

Guillemot  24 24,448 (22,158 to 26,964). 

Fulmar  24 3,765* (1,328 to 7,353). 

Gannet  24 2,814* (985 to 6,136). 

Kittiwake  24 1,818 (1,261 to 2,473). 

Razorbill  21 2,412 (1,973 to 2,863). 

Puffin  16 1,064 (826 to 1,321). 

Great black -backed gull 
(Larus marinus ) 

16 691 (131 to 1,669). 

Herring gull  11 315 (107 to 598). 

Great skua  4 54* (41 to 277). 

Arctic tern (Sterna 
paradisaea ) 

4 124 (54 to 201). 

European storm petrel 
(Hydrobates pelagicus ) 

2 298 (116 to 573). 

Manx shearwater (Puffinus 
puffinus ) 

2 17 (2 to 64). 
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Landfall(s) (up to mean high water springs) 

4.2.4.3 During VP surveys in the two proposed landfall sites, 42 species were recorded (Table 4.3). 
These species were distributed widely across within the survey area, although overall use 
of the intertidal area was limited at both Scotstown and Lundeton. With the exception of 
discrete roosting and loafing areas on intertidal rocks, located at the southern edge 
Scotstown and both the northern and southern areas of Lunderton. Which were typically 
used by waders, gulls and shag (Phalacrocorax aristotelis). 

4.2.4.4 Of the species recorded, the most abundant species were all recorded at Scotstown, 
including shag (peak count of 820 in August 2023), common gull (peak count of 427 in 
March 2023), razorbill (peak count of 350 in July 2023), gannet (peak count of 300 in 
October 2022), Arctic tern (peak count of 265 in early May 2023), herring gull (peak count 
of 260 in early May 2023), guillemot (peak count of 230 in August 2023) and eider 
(Somateria mollissima) (peak count of 120 in August 2023). 

Common scoter and wigeon (Mareca penelope) were also recorded in notably high 
numbers during VP surveys. One survey in early May 2023 recorded a peak count of 700 
common scoter at Lunderton. Wigeon were recorded in large numbers during three surveys  
with a peak of 320 individuals at Scotstown in November 2022. Both species were not 
recorded outside of spring and autumn migration months, so these records are considered 
to represent pulses of migratory flocks passing through the area.  

4.2.4.5 An overview of species recorded and the temporal range of records across both landfall 
sites is presented in Table 4.3. Species recorded in important numbers (>1% of an SPA, 
Ramsar or SSSI population that may have connectivity with the proposed landfall sites and 
associated buffers, or >1% of the UK or international population) are highlighted bold. 

Table 4.3 Overview of intertidal ornithological receptors recorded during site -
specific vantage point surveys at the two proposed landfall sites  

Species group  Species  Scotstown 
survey peak 
count  

Lunderton 
survey peak 
count  

Temporal range 
of records 
across both 
landfall sites  

Waterfowl  Pink-footed goose  1 2 September to 
October 

Gadwall  30 0 September 

Wigeon 320 4 September to 
November 

Eider  120 100 Present year-
round 

Common scoter 0 700 May 

Long-tailed duck 
(Clangula hyemalis) 

30 4 October to March 
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Species group  Species  Scotstown 
survey peak 
count  

Lunderton 
survey peak 
count  

Temporal range 
of records 
across both 
landfall sites  

Goldeneye (Bucephala 
clanbgula) 

0 3 February to March 

Red-breasted 
merganser (Mergus 
serrator) 

3 23 March to June 

Waders  Oystercatcher 
(Haematopus 
ostralegus) 

20 20 Present year- 
round 

Lapwing (Vanellus 
Vanellus) 

190 0 November to 
February 

Golden plover (Pluvialis 
apricaria) 

260 0 October to 
February 

Grey plover (Pluvialis 
squatarola) 

0 1 September  

Ringed Plover 
(Charadrius hiaticula) 

65 30 January to May 
and also recorded 
in August.  

Whimbrel 15 0 August to 
September. 

Curlew (Numenius 
arquata) 

20 5 Present year-
round. 

Bar-tailed godwit 
(Limosa lapponica) 

1 0 October  

Turnstone (Arenaria 
spp.) 

20 13 Recorded in all 
months. 

Knot (Calidris canutus) 24 1 August  

Sanderling (Calidris 
alba) 

38 16 August to 
December and 
also recorded in 
May. 

Dunlin (Calidris alpina) 6 13 July to March and 
also recorded in 
May. 

Purple sandpiper 
(Calidris maritima) 

9 25 October to May.  
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Species group  Species  Scotstown 
survey peak 
count  

Lunderton 
survey peak 
count  

Temporal range 
of records 
across both 
landfall sites  

Red-throated diver  17 5 October to early 
May and also 
recorded in June.  

Black-throated diver 2 0 September  

Great northern diver 
(Gavier immer) 

1 1 October  

Gannet  300 10 May to November. 

Shag 820 295 Present year-
round 

Little egret (Egretta 
garzetta) 

0 2 October  

 

4.2.5 Data limitations  
4.2.5.1 For intertidal ornithology, the primary data source is site-specific VP surveys, conducted 

over a 12-month period. Given the dynamic nature of the marine environment, bird 
distributions are expected to vary both spatially and temporally. Consequently, individual 
monthly surveys may not fully capture typical bird presence across the entire month. The 
same is also true for DAS data collected for offshore ornithological receptors. Despite this, 
both VP and DAS survey methodologies are in line with industry standard, with 
methodologies agreed with NatureScot during consultation (see Volume 1 , Chapter 12 : 
Offshore and Intertidal Ornithology  of the EIA Report ). As such, the survey data provides 
an appropriate indication of receptor presence, distribution and abundance for the purposes 
of this assessment.  

4.2.5.2 During DAS data collection, unsuitable weather resulted in five of the 24 monthly surveys 
(November 2021, February, June and December 2022 and January 2023) being rearranged 
and flown in a different month to that planned, and three being flown over multiple days as 
a result of unsuitable weather conditions partway through the survey. The approach to DAS 
and the solution for missed survey months was discussed and agreed with NatureScot 
during consultation (see consultation and engagement within Volume 1, Cha pter 12 
Offshore and Intertidal Ornithology  of the EIA Report ). Despite these gaps, the DAS 
dataset is considered appropriate and fit for purpose for characterising the offshore 
ornithology baseline and assessing potential effects from the Project. For full details on the 
survey protocol see Volume 3 , Appendix  12.1 of the EIA Report . 

4.2.5.3 It is also acknowledged that an outbreak of HPAI occurred across UK seabird colonies from 
2021 onwards, coinciding with the collection of DAS data for the Project. HPAI affected 
several key species, including gannet, guillemot, razorbill, puffin, and kittiwake, with notable 
mortality events recorded. While DAS data remain valid for assessing at-sea distribution, 
potential impacts on colony size and productivity during the outbreak period are 
acknowledged and have been considered when interpreting baseline trends. 
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4.3.5 Data limitations  
4.3.5.1 While surveys were planned for days with acceptable weather, actual conditions during 

surveys were not always optimal. The distribution survey on 30 September 2022 had to be 
paused due to high wind and rain, with 1.6km of the transect not driven due to unsafe 
conditions. Additionally, the flight activity survey at Rattray on 10 November 2022 had to be 
stopped after 30 minutes, due to a combination of high winds (making it hard to hear geese 
calls) and declining visibility. Weather conditions and poor visibility also meant the Coralhill 
vantage point was not surveyed in September 2022 visit, and the Kirkhill vantage point was 
not surveyed during the November visit.  

4.3.5.2 During the January 2023 visits, 0.7km of the transect was inaccessible due to flooding. A 
further 0.5km could not be surveyed due to a road closure north of Memsie.    

4.3.5.3 The surveys on 4 October 2023 and 25 January 2024 occurred during moderate rain. The 
survey on 1 November 2023 was hampered by heavy rain, and the survey on 24 January 
2024 occurred during winds measuring 6 on the Beaufort scale. Wind speeds also peaked 
between 6 and 7 on the Beaufort scale during the surveys on 23 November 2023, 27 and 
29 February and 21 to 22 March 2024. 

4.3.5.4 While these conditions reduced the amount of data available to inform the baseline, it is still 
considered that the data sets are fit for purpose. The extensive data set for 2022 / 2023 
comprises 239 goose and swan records collected during 40 days of fieldwork over an eight-
month period. The inaccessible lengths of road are a very small proportion of the entire 
289km surveyed each month (less than 0.6%). Moreover, in almost all cases, a full survey 
was completed on other occasions without such limitations. For 2023 / 2024, the dataset 
comprises 72 goose, swan and wader observations collected during 23 days of fieldwork 
over a seven-month period. Importantly, no key survey period or key locations were missed.  
As such, it is considered that sufficient baseline data is available to allow a robust 
assessment of potential impacts. 
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by subsea power cables are known to dimmish rapidly with distance, following an inverse 
square relationship both vertically and horizontally from the cable source. Typically, 
magnetic field strength falls to negligible levels within approximately 10m from the cable 
(Normandeau et al., 2011). While shallow burial or external cable protection does not 
decrease the inherent strength of the EMF, it increases the distance between the cable and 
nearby receptors, effectively lowering their exposure.  

5.2.1.8 Any deterioration of water quality from the re-suspension of contaminants from sediment, 
release of anti-fouling substances, and vessel- or WTG-related pollution including increased 
traffic, oil and fluid spill, and accidental collision (Bailey et al., 2014; Maxwell et al., 2022) 
may occur intermittently throughout the lifetime of the Project. The introduction of chemical 
pollution is likely to be short-lived and localised. Additionally, with the correct control 
measures adopted throughout the life cycle of the Project, the risk is further mitigated. 
Embedded environmental measures and contingency planning, such as a Marine Pollution 
Contingency Plan (M-033), Lighting and Marking Plan (VMNSP; M-038; including 
commitments to vessel management and best practice), Project Environmental Monitoring 
Programme (PEMP) (M-049) and Environmental Management Plan (M-122) will be 
implemented to provide additional safeguards (OSPAR, 2008).  

5.2.1.9 Taking account of these factors, and supported by the best available scientific evidence, no 
LSE on the bottlenose dolphin qualifying feature of the Moray Firth SAC is concluded from 
these impact pathways. These impact pathways are therefore not taken forward for 
assessment. 

5.2.2 Project parameters  
5.2.2.1 The aim of this Section is to provide a summary of the key Project parameters and impacts 

assessed in the RIAA. A more detailed account of these parameters and impacts is 
presented in Volume 1, Chapter 11: Marine Mammals  in the EIA Report . 

Maximum design scenario 

5.2.2.2 The RIAA applies a parameter-based design envelope approach, assessing a realistic worst-
case scenario for potential impacts on marine mammals that are qualifying features of 
relevant National Site Network. This approach ensures that the conclusions of the HRA 
remain valid for any Project design that falls within the assessment parameters, allowing 
flexibility for future refinements which cannot be predicted at the time of submission of the 
planning application, marine licences consents and Section 36 (s.36) consent. By assessing 
the worst-case parameters for each impact and receptor, the RIAA identifies the maximum 
potential for an AEoSI. Any alternative design scenario, as described in the project 
description detailed in Chapter 2, would result in effects of no greater significance in HRA 
terms.  

5.2.2.3 The specific maximum design scenario parameters relevant to marine mammal receptors are 
detailed in Table 5.2. These parameters represent the highest magnitude of activity with the 
potential to affect the COs of relevant National Site Network.
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Activity / impact  Maximum design scenario parameter  Justification  

 
 

Decommissioning  

Auditory injury from 
increased UWN  

The maximum design scenario will be equal to (or less than) that of the construction stage. 

Disturbance from 
decommissioning activities  

Vessel collisions from 
increased vessel presence 
and traffic  

Disturbance from increased 
vessel presence and traffic  

Indirect effects on marine 
mammals via changes in 
prey availability  
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Table 5.3 Summary of construction impacts for marine mammals  

Designated site  Qualifying feature(s)  Impacts  Embedded 
environmental 
measures  

Additional 
mitigation  

Moray Firth SAC  Bottlenose dolphin UWN (auditory injury). M-032 
M-105 
M-114 
M-115 
M-121 

No additional 
mitigation is 
required. 

UWN (disturbance and displacement). M-032 
M-105 
M-121 

No additional 
mitigation is 
required. 

Collision risk with vessels. M-039 Adherence to 
Scottish Marine 
Wildlife Watching 
Code (SMWWC); 
speed restrictions; 
designated transit 
routes. 

Vessel disturbance. M-039 SMWWC; 
predictable vessel 
schedules; 
minimisation of 
unnecessary 
manoeuvring 

Indirect effects to prey species. M-028 
M-048 
M-049 
See Volume 1, 
Chapter 10: Benthic, 

No additional 
mitigation is 
required. 



MarramWind Offshore Wind Farm   December 2025 
Report to Inform Appropriate Assessment 

144 

Designated site  Qualifying feature(s)  Impacts  Embedded 
environmental 
measures  

Additional 
mitigation  

Epibenthic and 
Intertidal Ecology  
and Volume 1, 
Chapter 13: Fish 
Ecology  of the EIA 
Report . 
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Table 5.4 Summary of operation and maintenance impacts for marine mammals  

Designated 
site  

Qualifying 
feature(s)  

Impacts  Embedded environmental measures  Additional mitigation  

Moray Firth 
SAC 

Bottlenose dolphin UWN (operational noise 
from WTGs and cables). 

M-054 
M-057  
M-122 

Monitoring as required under PEMP 
(M-049, if retained). 

Collision risk with 
vessels. 

M-039 
M-122 

Adherence to SMWWC. 

Vessel disturbance. M-039 
M-122 

SMWWC 

Indirect effects to prey 
availability. 

M-028 
M-048 
M-049 
M-122 
See Volume 1, Chapter 10: Benthic, Epibenthic 
and Intertidal Ecology , and Volume 1, 
Chapter  13: Fish Ecology  of the EIA Report . 

See Volume 1, Chapter 10: Benthic, 
Epibenthic and Intertidal Ecology  
and Volume 1, Chapter 13: Fish 
Ecology  of the EIA Report . 

Entanglement and / or 
secondary 
entanglement. 

M-054 
M-057 
M-122 

Regular inspection and maintenance of 
moorings and cables to reduce debris; 
reporting to relevant authorities. 
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Table 5.5 Summary of decommissioning impacts for marine mammals  

Designated 
site  

Qualifying 
feature(s)  

Impacts  Embedded Environmental measure s Additional mitigation  

Moray Firth 
SAC 

Bottlenose 
dolphin 

UWN (auditory injury). M-106 Adherence to latest guidance available at the 
time. 

UWN (disturbance and 
displacement). 

M-106 Adherence to latest guidance available at the 
time. 

Collision risk with vessels. M-039 
M-106 

Adherence to latest guidance available at the 
time. 

Vessel disturbance. M-039 
M-106 

Adherence to latest guidance available at the 
time. 

Indirect impacts on prey 
species. 

M-049  
M-106 
 
See Volume 1, Chapter 10: Benthic, 
Epibenthic and Intertidal Ecology , and 
Volume 1, Chapter 13: Fish Ecology  of the 
EIA Report . 

See Volume 1, Chapter 10: Benthic, 
Epibenthic and Intertidal Ecology  and 
Volume 1, Chapter 13: Fish Ecology  of the 
EIA Report . 
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Maximum design scenario 

5.3.2.2 The process of assessing using a parameter-based design envelope approach means that 
the assessment considers a maximum design scenario whilst allowing the flexibility to make 
improvements in the future in ways that cannot be predicted at the time of submission of 
the planning application, marine licences applications and s.36 consent. 

5.3.2.3 The assessment of the maximum adverse scenario for each receptor establishes the 
maximum potential adverse effect and as a result effects of greater adverse significance 
would not arise should any other scenario (as described in Chapter 2) to that assessed 
within this Section be taken forward in the final Project design.  

5.3.2.4 The maximum design scenario parameters that have been identified to be relevant to 
offshore and intertidal ornithology are outlined in Table 5.6 and are in line with the project 
design envelope (Chapter 2).  
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5.3.3 Project commitments  
5.3.3.1 A number of embedded environmental measures have been incorporated into the Project 

design to avoid or reduce potential adverse effects on offshore and intertidal ornithology 
qualifying features and to support the achievement of relevant conservation objectives as 
seen within Table 5.7 and Table 5.8 (Section 5.4.3 Construction stage), Table 5.9 (Section 
5.3.5 O&M stage) and Table 5.10 and Table  5.11 (Section 5.3.6 Decommissioning stage).  

5.3.3.2 The relevant embedded environmental measures within the design and their relevance to 
the offshore and intertidal ornithology assessment are detailed Appendix B . Further detail 
on the embedded environmental measures is provided in Appendix B , which identifies the 
scope of each measure, how and where it will be applied, and the securing mechanisms.  

5.3.4 Construction  stage   

Offshore ornithology  

5.3.4.1 Based on the designated sites, features and effect pathways presented within Table 3.1, 
and accounting for any amendments required to screening conclusions following feedback 
received in Section 3.6, the effect pathways requiring assessment during the construction 
stage are provided in Table 5.7.  
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Intertidal ornithology 

5.3.4.2 Based on the designated sites, features and effect pathways presented within Table 3.1, 
and accounting for any amendments required to screening conclusions following feedback 
received in Section 3.6, the effect pathways requiring assessment during the construction 
stage are provided in Table 5.8. 
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Table 5.8 Summary of construction impacts for intertidal ornithology  

Designated site  Qualifying feature(s)  Impacts  Embedded 
environmental 
measures  

Buchan Ness to Collieston 
Coast SPA  

Guillemot, shag and seabird 
assemblage qualifying 
features. 

Direct temporary disturbance and displacement (offshore export 
cable corridor and landfall). 
 
Construction activities such as increased vessel activity and above 
and underwater noise may result in temporary direct disturbance or 
displacement of birds. 

M-120 
M-121 

Ythan Estuary, Sands of 
Forvie and Meikle Loch  
SPA 

Eider and waterbird 
assemblage qualifying 
features. 

Direct temporary disturbance and displacement (offshore export 
cable corridor and landfall). 
 
Construction activities such as increased vessel activity and above 
and underwater noise may result in temporary direct disturbance or 
displacement of birds. 

M-120 
M-121 
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5.3.5 Operation  and maintenance stage  

Offshore ornithology 

5.3.5.1 Based on the designated sites, features and effect pathways presented within Table 3.1, 
and accounting for any amendments required to screening conclusions following feedback 
received in Section 3.6, the effect pathways requiring assessment during the O&M stage 
are provided in Table 5.9. 
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Intertidal ornithology 

5.3.5.2 No effect pathways were identified for assessment of intertidal ornithology during the O&M 
stage. This is because during O&M stage the export cable will be fully installed and 
subterranean, with only the potential for infrequent ad-hoc maintenance. 

5.3.6 Decommissioning  stage  

Offshore ornithology 

5.3.6.1 Based on the designated sites, features and effect pathways presented within Table 3.1, 
and accounting for any amendments required to screening conclusions following feedback 
received in Section 3.6, the effect pathways requiring assessment during the 
decommissioning stage are provided in Table 5.10. 
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Intertidal ornithology 

5.3.6.2 Based on the designated sites, features and effect pathways presented within Table 3.1, 
and accounting for any amendments required to screening conclusions following feedback 
received in Section 3.6, the effect pathways requiring assessment during the 
decommissioning stage are provided in Table 5.11. 
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Table  5.11 Summary of decommissioning impacts for intertidal  ornithology  

Designated site  Qualifying feature(s)  Impacts  Embedded 
environmental 
measures  

Buchan Ness to Collieston 
Coast SPA  

Guillemot, shag and seabird 
assemblage qualifying 
features 

Direct temporary disturbance and displacement (offshore export cable 
corridor and landfall). 
 
Decommissioning activities such as increased vessel activity and 
above and underwater noise may result in temporary direct disturbance 
or displacement of birds. 

M-120 
M-121 
 

Ythan Estuary, Sands of 
Forvie and Meikle Loch  
SPA 

Eider and waterbird 
assemblage qualifying 
features. 

Direct temporary disturbance and displacement (offshore export cable 
corridor and landfall). 
 
Decommissioning activities such as increased vessel activity and 
above and underwater noise may result in temporary direct disturbance 
or displacement of birds. 

M-120 
M-121 
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Activity / impact  Maximum design scenario parameter  Justification  

construction works and involve similar types and 
levels of equipment and vehicles. Assessment 
assumptions as per construction stage.  

 
Onshore export cable corridor:   
Onshore export cables will be left in-situ with ends cut, 
sealed and buried to minimise environmental effects 
associated with removal. The underground structures of the 
joint bays, FOC junction boxes and link boxes will be 
removed only if it is feasible with minimal environmental 
disturbance or if their removal is required to return the land 
to its current agricultural use. 

Impact 2: Increased human presence, noise 
and vibration - functionally linked non -
designated habitat, supporting pink -footed 
geese, associated with Loch of Strathbeg 
SPA / Ramsar  

Refer to Impact 1 within a 500m buffer. 
 
 

A maximum design scenario assumes that 
development may take place anywhere within 
the Onshore Red Line Boundary. 
 
Direct effects on qualifying features of the SPA / 
Ramsar within non-designated functionally 
linked land within a 500m disturbance buffer of 
the Onshore Red Line Boundary, based on 
Goodship and Furness (2022). 
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5.4.5.4 The decommissioning stage of the Project will involve the removal or safe abandonment of 
onshore infrastructure including cables. These activities are assessed using the maximum 
design scenario, as outlined in Table 5.12 (see Section 5.4.2 for full details). 

5.4.5.5  The nature and scale of decommissioning activities are anticipated to be comparable to, or 
less than, those of the construction stage. Therefore, potential effects on the pink-footed 
geese qualifying features of the Loch of Strathbeg SPA / Ramsar are assessed jointly with 
the construction stage. 

5.4.6 Summary of construction, operation and maintenance and 
decommissioning impacts for pink -footed geese  

5.4.6.1 The activities outlined for construction, O&M and decommissioning stages have been 
assessed. 

5.4.6.2 Table 5.13 summarises the construction, O&M and decommissioning stage impacts on the 
pink-footed goose feature of the Loch of Strathbeg SPA / Ramsar, including relevant 
embedded environmental measures. 
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Table 5.13 Summary of construction , O&M and decommissioning impacts for pink -footed geese  

Designated site  Qualifying 
feature(s)  

Impacts  Embedded environmental 
measures  

Loch of Strathbeg SPA / 
Ramsar  

Pink-footed goose Land take / land cover change to functionally-linked non-designated 
habitat. 

M-002  
M-009 
M-027 

Increased human presence, noise and vibration to functionally linked 
non-designated habitat. 

M-011 
M-012 
M-027 
M-063 
M-066 
M-133 
M-134  
M-135  
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Designated 
site  

Qualifying 
feature(s)  

Impact pathway  COs Justification for AEoSI  conclusion  AEoSI  
conclusion  

 
No sustained disturbance or population-level 
effects predicted. 

Vessel collision risk. CO 1 Dolphins are agile and capable of avoiding 
vessels. Most Project vessels are slow-moving or 
stationary. Activity occurs outside SAC.  
 
VMNSP and SMWWC measures will be 
implemented.  
 
Collision risk is negligible. 

No AEoSI 

CO 2a 

Vessel disturbance. CO 1 Project vessels operate outside SAC and follow a 
VMNSP with speed restrictions and designated 
routes. 
 
Dolphins are habituated to vessel traffic.  
 
No significant behavioural disturbance predicted. 

No AEoSI 

CO 2b 

Indirect impacts on 
prey. 

CO 1 Potential effects on prey species (for example, 
from noise, seabed disturbance, SSC) are 
temporary, localised, and outside SAC.  
 
Dolphins are generalist feeders with access to 
alternative foraging areas. Embedded 
environmental measures will minimise impacts. 

No AEoSI 

CO 2c:  The supporting habitats and 
processes relevant to bottlenose 
dolphin and the availability of prey for 
bottlenose dolphin are maintained. 

Operation and maintenance  

Moray Firth 
SAC 

Bottlenose 
dolphin 

UWN (operational 
WTGs and cables). 

CO 1 Operational noise levels are low, below 
behavioural and injury thresholds, and 

No AEoSI 

CO 2a 
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Designated 
site  

Qualifying 
feature(s)  

Impact pathway  COs Justification for AEoSI  conclusion  AEoSI  
conclusion  

CO 2b concentrated in frequencies outside dolphin 
hearing sensitivity.  
 
Project OAA is located 150km from SAC.  
 
No significant effects predicted. 

Vessel collision risk. CO 1 See construction stage assessment. Fewer 
vessels during O&M and continued 
implementation of VMNSP.  
 
No new risks introduced. 

No AEoSI 

CO 2a 

Vessel disturbance. CO 1 See construction stage assessment. Lower vessel 
activity and predictable maintenance schedules 
reduce risk.  
VMNSP remains in place. 
 
No new risks introduced. 

No AEoSI 

CO 2b 

Indirect effects on 
prey. 

CO 1 See construction stage assessment.  
 
No measurable impact on prey or supporting 
habitats during O&M. 

No AEoSI 

CO 2c 

Entanglement with 
mooring lines and / 
or secondary 
entanglement. 

CO 1 Direct entanglement is highly unlikely due to 
mooring design and distance from SAC. 
 
Secondary entanglement risk is low and mitigated 
through environmental measures (for example, 
taut lines, debris removal). 

No AEoSI 

CO 2a 
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6.2.4.21 Further evidence that an auk displacement rate of 50% is precautionary comes from studies 
that indicate auk habituation to offshore wind farms. This was recently demonstrated at 
Thanet offshore wind farm, where auk displacement was shown to be statistically 
significant, but only in the short term, with abundances increasing within the wind farm from 
year two post-construction suggesting some level of habituation after one year of operation. 
Indeed, year two and three displacement rates for auks fell from a range of 75% to 85% in 
the first year of operation to a low of 31% to 41% within year two and three of operations 
(Royal HaskoningDHV, 2013). There is also further emerging evidence as additional post-
construction monitoring of offshore wind farms continues, with reports of auk numbers 
increasing and observations of foraging behaviour within the wind farm itself (Leopold and 
Verdaat, 2018). This includes evidence of habituation within offshore wind farms of the 
Belgium wind farm concession zone which previously concluded displacement rates of over 
70%, now reporting higher numbers within the wind farm than outside (Degraer et al. 2021). 
This would suggest that displacement rates are expected to diminish over the operational 
life of offshore wind farms. 

6.2.4.22 The most recent evidence in relation to auk behavioural responses to offshore wind farms 
in the UK comes from the post-construction monitoring of Beatrice Offshore Wind Farm, 
which indicated higher abundances of guillemot and razorbill within the Beatrice Offshore 
Wind Farm compared to pre-construction surveys (MacArthur Green, 2021). Specifically, 
results indicated that there were significant increases in overall auk abundance following 
post-construction. Results from the second year of post-consent monitoring suggested no 
indication of avoidance of the offshore wind farm or individual turbines and in some cases 
higher densities of auks were recorded in proximity to turbines (MacArthur Green, 2023). 
Overall, it was concluded that no displacement effects on auks were detected from the two 
years of post-consent monitoring for the Beatrice Offshore Wind Farm (Trinder et al. 2024). 

6.2.4.23 The only studies that demonstrate significant and robust displacement effects are reported 
for offshore wind farms in the German North Sea. Peschko et al. (2020), reported 
displacement effects of 44% in the breeding season, although with a 95% CI of 8 to 66% 
suggesting considerable uncertainty. Later studies on displacement effects during the non-
breeding season reported that only during the post breeding migration did displacement 
within the offshore wind farm and response radius reach 79%. For the winter period the 
displacement effect was reported at 51% within the offshore wind farm and response radius 
(Peschko et al. 2024). However, as Lamb et al. (2024) concluded, reported displacement 
responses are likely to be site specific especially between different wind farm designs and 
distant geographical locations. 

6.2.4.24 Therefore, in conclusion, there is strong evidence to support the Developer approach auk 
displacement rate of 50% within offshore wind farm sites and out to a 2km buffer. This would 
be considered precautionary as displacement effects of 50% or higher have not been 
concluded in the breeding season in any study and significant displacement effects of 70% 
or higher have only been concluded during autumn passage and only within one study area 
outside UK waters that see large numbers of guillemot pass through this area (Peschko et 
al. 2024). This does not align with the guidance approach that suggests the use of up to 
60% displacement for all seasons (NatureScot, 2025a). Both approaches will be provided 
in the impact assessments for all three auk species. 

6.2.4.25 In relation to mortality rates, current evidence suggests that the response of seabirds to 
offshore wind farms varies depending on the species and life stage of the individual birds. 
The levels both spatially and temporally to which birds may avoid offshore wind farms are 
likely to be based on key factors such as competition levels within the wider area and prey 
abundance within the offshore wind farm. The consequence of such avoidance may result 
in reduced foraging areas available to individuals. Mortalities are likely to correlate strongly 
with the quality of the area within the offshore wind farm that some individuals are displaced 
from but conversely may offer increased foraging efficiency for those still entering the 
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Predicted Project abundance and consequent distributional effects 

6.2.4.37 As described within Volume 3 , Appendix 12.1 and Volume 3 , Appendix 12. 5 of the 
EIA Report , two methods of abundance estimation have been completed for the Project 
based on the 24 months of site-specific DAS collected.  

6.2.4.38 To ensure the most appropriate dataset were utilised for assessment, the design-based vs 
model-based datasets were interrogated. Model-based abundance estimates were used 
where a complete season of results was available. Design-based abundance estimates 
were selected where a full season of model-based abundances were not available or where 
they were deemed unsuitable. This resulted in the use of model-based abundances for the 
kittiwake and gannet breeding seasons alone and the use of design-based for all other 
seasons and species (guillemot, razorbill and puffin). 

6.2.4.39 Although the model-based abundances were fully available for guillemot, they were deemed 
unsuitable due to the significant difference from the design-based estimates. The 
apportioned and availability bias corrected estimates derived from MRSea modelling were 
consistently lower suggesting these results maybe underestimations. Over half of the 
model-based confidence intervals showed no overlap with the design-based confidence 
intervals showing a persistent divergence in results. 

6.2.4.40 The primary method of distributional response assessment will be based on the matrix 
approach as agreed through consultation with NatureScot (See consultation and 
engagement within Volume 1 , Chapter 12 : Offshore and Intertidal Ornithology  of the 
EIA Report ). In accordance with the matrix approach, displacement matrices are provided 
for the key assessments on an annual basis.  

6.2.4.41 For the five species screened in for a quantitative assessment of distributional response 
effects, the assessment focuses on the mean seasonal peak abundance of both flying and 
sitting birds for the Project OAA plus a 2km buffer as provided in Table 6.6 The operational 
and maintenance phase predicted consequent displacement mortality when considering 
both the Developer and guidance approach is also provided in Table 6.6 prior to 
apportionment to individual designated sites and features. Apportioning rates and 
consequent displacement mortality is provided for each respective designated site 
qualifying feature screened in for assessment. 

6.2.4.42 Confidence limits around the mean peak abundances have been apportioned to designated 
sites and qualifying features taken through for distributional response assessment. These 
are provided in Appendix C. 
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Table 6.6 Predicted Project abundance and consequent mortality as assessed within the EIA  Report  for the operation and 
maintenance stage  

Species  Season   Mean peak abundance ( OAA 
plus 2km buffer)  

Developer  approach  Guidance approach  

Displacement and 
mortality rate (%)  

Consequent 
mortality 
(individuals per 
annum)  

Displacement 
and mortality 
rate (%)  

Consequent 
mortality 
(individuals 
per annum)  

Kittiwake  Breeding 890 N/A N/A 30% 
displacement; 
1% to 3% 
mortality. 

2.67 to 8.01. 

Non-
breeding 

144 N/A N/A 30% 
displacement; 
1% to 3% 
mortality 

0.43 to 1.30. 

Guillemot  Breeding 16,989 50% displacement; 
0% to 1% mortality. 

0.00 to 84.95. 60% 
displacement; 
3% to 5% 
mortality. 

305.80 to 
509.67. 

Non-
breeding 

5,237 50% displacement; 
0% to 1% mortality. 

0.00 to 26.19. 60% 
displacement; 
1% to 3% 
mortality. 

31.42 to 
94.27. 

Razorbill  Breeding 356 50% displacement; 
0% to 1% mortality. 

0.00 to 1.78. 60% 
displacement; 
3% to 5% 
mortality. 

6.41 to 10.68. 
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Species  Season   Mean peak abundance ( OAA 
plus 2km buffer)  

Developer  approach  Guidance approach  

Displacement and 
mortality rate (%)  

Consequent 
mortality 
(individuals per 
annum)  

Displacement 
and mortality 
rate (%)  

Consequent 
mortality 
(individuals 
per annum)  

Non-
breeding 

1,214 50% displacement; 
0% to 1% mortality. 

0.00 to 6.07. 60% 
displacement; 
1% to 3% 
mortality. 

7.28 to 21.85. 

Puffin  Breeding 554 50% displacement; 
0% to 1% mortality. 

0.00 to 2.77. 60% 
displacement; 
3% to 5% 
mortality. 

9.97 to 16.62. 

Non-
breeding 

50 50% displacement; 
0% to 1% mortality. 

0.00 to 0.25. 60% 
displacement; 
1% to 3% 
mortality. 

0.30 to 0.90. 

Gannet  Breeding 642 60% to 80% 
displacement; 0% to 
1% mortality. 

3.85 to 5.14*. 70% 
displacement; 
1% to 3% 
mortality. 

4.49 to 13.48. 

Non-
breeding 

304 60% to 80% 
displacement; 0% to 
1% mortality. 

1.82 to 2.43*. 70% 
displacement; 
1% to 3% 
mortality. 

2.13 to 6.38. 

Table Note: * For the purposes of presenting the range of potential displacement effects the worst-case scenario of a 1% mortality rate only is presented. Please 
note, however, as concluded within Section 6.2.3.5, there is potential that the consequential mortality rate could be less than 1%. 
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Table 6.8 Buchan Ness to Collieston Coast  SPA contemporaneous  and latest count 
for relevant qualifying features  

Qualifying feature  Contemporaneous  count ( Burnell 
et al.  2023; breeding adults)  

Latest count (SMP,  2025; breeding 
adults) * 

Kittiwake  22,590 31,406 (2025) 

Guillemot  39,440 33,225 (2025) 

Table Note: *Year of latest count provided in brackets. 
 

6.2.7.7 Seasonal apportioning rates for each qualifying feature screened in for assessment are 
provided in Table 6.9. Further detail of how these apportioning rates have been derived is 
provided in Appendix  C. 
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Table 6.9 Buchan Ness to Collieston Coast SPA apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical rate 
(%) 

Adult / 
immature ratio 
rate (%)  

Overall 
apportionment 
rate (%)  

Return migration 
rate (%; collision 
risk only)  

Post -breeding 
migration rate (%; 
collision risk only)  

Non-breeding rate 
(%; distributional 
responses only)  

Kittiwake  18.96% 10% 69.14% 11.80% 2.40% 1.81% 2.40% 

Guillemot  39.22% 7% 60.65% 22.12% N/A N/A 22.12% 
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Plate 6.1 Population trend of the kittiwake feature of Buchan Ness to Collieston 
Coast  SPA from 198 6 to 2025 (SMP, 2025) 

 

 



MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

233 

Table 6.10 Census data for the kittiwake feature of Buchan Ness to Collieston Coast SPA between 1985 to 2025 

Year Census Count  

1986 1995 1998 2001 2004 2007 2019 2023 2025 

Population 
(breeding 
adults)  

38,996 49,914 60,904 27,844 26,660 25,084 22,590 27,094 31,406 

 

Table 6.11 Annual compound growth rate for the kittiwake feature of Buchan Ness to Collieston Coast SPA between 1985 to 
2025 

Year 1986 to  2025 1986 to  1998 1998 to  2001 2001 to  2019 2019 to  2025 2023 to  2025 

Change in 
population size  
(breeding 
adults)  

-7,590 21,908 -33,060 -5,254 8,816 4,312 

Annual 
compound 
growth rate  (%) 

-0.55% 3.79% -22.96% -1.16% 5.65% 7.66% 
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Distributional response during the operation and maintenance stage 

6.2.7.12 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.12 These impact predictions are based on abundance and 
consequent mortality following the guidance preferred displacement and mortality rates 
presented in Table 6.6, apportioned to the kittiwake feature of Buchan Ness to Collieston 
Coast SPA using the apportioning rates presented in Table 6.9 The appropriateness of the 
proposed displacement and mortality rates for the guidance approach is summarised within 
Section 6.2.4  

6.2.7.13 A displacement matrix is also presented within Table 6.13 for the predicted annual breeding 
adult apportioned abundance for the kittiwake feature of the Buchan Ness to Collieston 
Coast SPA within the Project OAA plus 2km buffer. 

Table 6.12 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the kittiwake feature of Buchan 
Ness to Collieston Coast SPA  following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

30% Disp ; 1 - 3% 
Mort  (breeding 
adults per 
annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

22,590 Breeding season  0.32 to 0.95 0.001% to 0.004% 

Non-breeding season  0.01 to 0.03 <0.001% 

Annual  0.33 to 0.98 0.001% to 0.004% 

Latest count  
(2025) 

31,406 Breeding season  0.32 to 0.95 0.001% to 0.003% 

Non-breeding season  0.01 to 0.03 <0.001% 

Annual  0.33 to 0.98 0.001% to 0.003% 

 

6.2.7.14 As summarised in Table 6.12, the level of impact predicted annually or seasonally does not 
exceed a 0.02% change in adult survival rate. In accordance with NatureScot Guidance 
Note 11 (NatureScot, 2023g) no further consideration of the predicted impact is required. 
Such a minimal change in survival rate would be indistinguishable from natural fluctuations 
in the population, therefore the potential for an AEoSI in relation to distributional 
response effects during the O&M stage  can confidently be ruled out for the Project 
alone . 
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Table 6.13 Buchan Ness to Collieston Coast SPA kittiwake feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 

10 0 0 0 0 0 1 1 2 3 4 5 7 8 9 10 11 

20 0 0 0 1 1 1 2 4 7 9 11 13 15 17 20 22 

30 0 0 1 1 1 2 3 7 10 13 16 20 23 26 29 33 

40 0 0 1 1 2 2 4 9 13 17 22 26 30 35 39 43 

50 0 1 1 2 2 3 5 11 16 22 27 33 38 43 49 54 

60 0 1 1 2 3 3 7 13 20 26 33 39 46 52 59 65 

70 0 1 2 2 3 4 8 15 23 30 38 46 53 61 68 76 

80 0 1 2 3 3 4 9 17 26 35 43 52 61 69 78 87 

90 0 1 2 3 4 5 10 20 29 39 49 59 68 78 88 98 

100 0 1 2 3 4 5 11 22 33 43 54 65 76 87 98 108 

 







MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

238 

Table 6.15 Summary of predicted combined d istributional response  and collision 
risk impact  during the operation and maintenance stage  apportioned to the 
kittiwake feature of Buchan Ness to Collieston Coast SPA  following the guidance 
approach  

Populatio n 
count  

Population 
size 
(breeding 
adults)  

Season  Predicted Impact  

CRM + 30% Disp; 1 - 
3% Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et 
al. (2023) 

22,590 Breeding season  2.97 - 3.60 0.013 - 0.016% 

Non-breeding season  0.36 - 0.38 0.002 - 0.002% 

Annual  3.34 - 3.99 0.015 - 0.018% 

Latest count  
(2025) 

31,406 Breeding season  2.97 - 3.60 0.009 - 0.011% 

Non-breeding season  0.36 - 0.38 0.001 - 0.001% 

Annual  3.34 - 3.99 0.011 - 0.013% 

 

6.2.7.19 As summarised in Table 6.15, the level of impacted predicted annually or seasonally does 
not exceed a 0.02% change in adult survival rate. In accordance with NatureScot Guidance 
Note 11 (NatureScot, 2023g) no further consideration of the predicted impact is required. 
Such a minimal change in survival rate would be indistinguishable from natural fluctuations 
in the population, therefore the potential for an AEoSI in relation to combined collision 
risk and distributional response effects during the O&M stage  can confidently be 
ruled out for the Project alone . 

Direct temporary habitat loss / disturbance during construction and decommissioning stages 
(offshore export cable corridor) 

6.2.7.20 Kittiwake are considered to have low vulnerability to noise, lighting and visual disturbances 
that may be present during construction activity (Fliessbach et al. 2019). The presence of 
vessels within the export cable corridor section within close proximity to the SPA boundary 
is therefore not expected to impact the distribution of kittiwake within the site boundary, 
especially given the commitment to HDD for cable installation, to avoid and minimise direct 
habitat loss / disturbance within close proximity to the SPA.  

6.2.7.21 Construction and decommissioning activities within the offshore export cable corridor are 
expected to be highly localised and temporary in nature, focussed on vessels in operation, 
with kittiwake having the opportunity to return to the area when activities have ceased. 
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Plate 6.2 Population trend of the guillemot  feature of Buchan Ness to Collieston 
Coast  SPA from 198 6 to 2025 (SMP, 2025) 
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Table 6.16 Census data for the guillemot  feature of Buchan Ness to Collieston Coast  SPA between 198 6 to 2025 

Year Census Count  

1986 1995 2001 2007 2019 2023 2025 

Population 
(breeding 
adults)  

17,281  37,385  39,332  25,857  39,440  40,763  33,225  

 

Table 6.17 Annual compound growth rate for the guillemot  feature of Buchan Ness to Collieston Coast SPA between 198 6 to 
2025 

Year 1986 to  2025 1986 to  1995 1995 to  2001 2001 to  2007 2007 to  2019 2019 to  2023 2023 to  2025 

Change in 
population size  
(breeding adults)  

15,945 20,104 1,947 -13,475 13,584 1,323 -7,538 

Annual 
compound 
growth rate  (%) 

1.69% 8.95% 0.85% -6.75% 3.58% 0.83% -9.72% 
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Distributional response during the operation and maintenance stage 

6.2.7.24 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.18 and Table 6.19. These impact predictions are based on 
abundance and consequent mortality following both the Developer and guidance preferred 
displacement and mortality rates presented in Table 6.6, apportioned to the guillemot 
feature of Buchan Ness to Collieston Coast SPA using the apportioning rates presented in 
Table 6.9. The appropriateness of the proposed displacement and mortality rates for the 
Developer and guidance approaches are summarised within Section 6.2.4. 

6.2.7.25 A displacement matrix is also presented within Table 6.20 for the predicted annual breeding 
adult apportioned abundance for the guillemot feature of Buchan Ness to Collieston Coast 
SPA within the Project OAA plus 2km buffer. 

Table 6.18 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the guillemot feature of Buchan 
Ness to Collieston Coast SPA following the Developer approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

50% Disp; 0 to  
1% Mort 
(breeding adults 
per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

39,440 Breeding season  0.00 to 19.94 0.000% to 0.051% 

Non-breeding season  0.00 to 5.98 0.000% to 0.015% 

Annual  0.00 to 25.92 0.000% to 0.066% 

Latest count  
(2025) 

33,225 Breeding season  0.00 to 19.94 0.000% to 0.060% 

Non-breeding season  0.00 to 5.98 0.000% to 0.018% 

Annual  0.00 to 25.92 0.000% to 0.078% 
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Table 6.20 PVA results for annual predicted impacts  from the Project alone  apportioned to the guillemot feature of Buchan 
Ness to Collieston Coast SPA  

Scenario modelled  Annual increase 
in mortality  
(breeding adults)  

Density independent counterfactual metric (35yrs)  

Median CGR Reduction in annual 
growth rate (%) 

Median CPS Reduction in final population 
size after 35yrs (%) 

50% Displacement, 
1% mortality  

25.9 0.999 0.09 0.969 3.12 

60% displacement , 3% 
mortality (breeding, 
1% mortality (non -
breeding)  

79.0 0.997 0.27 0.908 9.19 

60% displacement, 5% 
mortality (breeding, 
3% mortality (non -
breeding)  

141.2 0.995 0.48 0.842 15.85 

 

  



MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

246 

Table 6.21 Buchan Ness to Collieston Coast SPA guillemot  feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 1 1 2 2 3 5 10 16 21 26 31 36 41 47 52 

10 0 5 10 16 21 26 52 104 155 207 259 311 363 415 466 518 

20 0 10 21 31 41 52 104 207 311 415 518 622 726 829 933 1,037 

30 0 16 31 47 62 78 155 311 466 622 777 933 1,088 1,244 1,399 1,555 

40 0 21 41 62 83 104 207 415 622 829 1,037 1,244 1,451 1,659 1,866 2,073 

50 0 26 52 78 104 130 259 518 777 1,037 1,296 1,555 1,814 2,073 2,332 2,592 

60 0 31 62 93 124 155 311 622 933 1,244 1,555 1,866 2,177 2,488 2,799 3,110 

70 0 36 73 109 145 181 363 726 1,088 1,451 1,814 2,177 2,540 2,903 3,265 3,628 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 41 83 124 166 207 415 829 1,244 1,659 2,073 2,488 2,903 3,317 3,732 4,147 

90 0 47 93 140 187 233 466 933 1,399 1,866 2,332 2,799 3,265 3,732 4,198 4,665 

100 0 52 104 155 207 259 518 1,037 1,555 2,073 2,592 3,110 3,628 4,147 4,665 5,183 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 1 2 3 3 4 8 17 25 34 42 51 59 67 76 84 

90 0 1 2 3 4 5 9 19 28 38 47 57 66 76 85 95 

100 0 1 2 3 4 5 11 21 32 42 53 63 74 84 95 105 

 



































MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

275 

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 1 1 2 3 3 6 13 19 26 32 38 45 51 58 64 

90 0 1 1 2 3 4 7 14 22 29 36 43 50 58 65 72 

100 0 1 2 2 3 4 8 16 24 32 40 48 56 64 72 80 
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6.2.9.6 For the above features Table 6.42 provides information on the contemporaneous and latest 
count for relevant qualifying features which have been utilised for assessment of potential 
effects, where relevant.  

Table 6.42 Forth Islands SPA contemporaneous  and latest count for relevant 
qualifying features  

Qualifying feature  Contemporaneous  count ( Burnell et al.  
2023; breeding adults)  

Latest count (SMP,2025; 
breeding adults) * 

Kittiwake  9,084 14,216 (2024) 

Razorbill  7,631 8,375 (2024) 

Puffin  85,846 117,960 (2024) 

Gannet  150,518 92,090 (2024) 

Table Note: *Year of latest count provided in brackets. 

 

6.2.9.7 Seasonal apportioning rates for each qualifying feature screened in for assessment are 
provided in Table 6.43. Further detail of how these apportioning rates have been derived is 
provided in Appendix  C. 
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Table 6.43 Forth Islands SPA apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical rate  
(%) 

Adult / 
immature ratio 
rate  (%) 

Overall 
apportionment 
rate  (%) 

Return migration 
rate (%; collision 
risk only)  

Post -breeding 
migration rate (%; 
collision risk only)  

Non-breeding rate 
(%; distributional 
responses only)  

Kittiwake  2.51% 10% 69.14% 1.56% 0.59% 0.45% 0.59% 

Razorbill  N/A N/A N/A N/A N/A N/A 0.72% 

Puffin  46.52% 7% 94.07% 40.70% N/A N/A 26.83% 

Gannet  55.99% 10% 68.36% 34.45% 31.27% 24.32% 24.32% 
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Assessment of potential effects from the project alone 

Kittiwake 

Distributional responses, collision risk and combined effects during the operation and maintenance 
stage 

6.2.9.8 The assessment of the kittiwake feature of Forth Islands SPA is presented within 
Section  6.2.21. For all effect pathways assessed, the potential for an AEoSI can 
confidently be ruled out  for the Project alone . 

Razorbill 

Distributional response during the operation and maintenance stage 

6.2.9.9 The assessment of distributional response effects for the razorbill feature of Forth Islands 
SPA is presented within Section 6.2.22. As concluded within Section  6.2.22, the potential 
for an AEoSI in relation to distributional response effects during the O&M stage can 
confidently be ruled out for the Project alone . 

Entanglement during the operation and maintenance stage 

6.2.9.10 As summarised in Section 6.2.16, the potential for an AEoSI in relation to entanglement 
during the O&M stage for the razorbill feature of Forth Islands SPA can confidently 
be ruled out.  

Puffin 

Population trend 

6.2.9.11 The population growth trends of the Forth Islands SPA puffin feature are based on census 
data within the SMP database (2025) (Plate 6.6, Table 6.44, Table 6.45) for the Isle of May 
count sector, which makes up the majority of the SPA population. Since citation in 1990, 
the Forth Island SPA puffin colonies have undergone significant growth, with the Isle of May 
colony reaching a peak count of 138,600 breeding adults in 2003. Between 2003-2009 a 
decline in population is recorded which may be linked to the reduction in adult survival noted 
at the colony during the same time period (Burnell et al. 2023). The recent colony trend has 
been relatively stable with minor fluctuations in population size between counts, with the 
latest 2024 count recording a total of 104,208 breeding adults at the Isle of May. No detailed 
consideration of the potential effect of HPAI on puffins is provided within Tremlett et al. 
(2024) due to low mortality from HPAI recorded for puffin. 
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Plate 6.6 Population trend for puffin  within the Isle of May  count sector from 198 4 to 
2024 (SMP, 2025) 
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Table 6.44 Census data for puffin  within the Isle of May  count sector from 1984 to 2024  

Year Census Count  

1984 1989 1992 1998 2003 2009 2013 2017 2024 

Population 
(breeding adults)  

24,000  37,256  40,212  84,000  138,600  89,942  92,400  78,400  104,208  

 

Table 6.45 Annual compound growth rate for puffin  within the Isle of May count sector from 1984 to 2024  

Year 1984 to  2024 1998 to  2024 2003 to  2024 2009 to  2024 2013 to  2024 2013 to  2024 

Change in 
population size  
(breeding adults)  

80,208 20,208 -34,392 14,266 11,808 25,808 

Annual c ompound 
growth rate  (%) 

3.74% 0.83% -1.35% 0.99% 1.10% 4.15% 
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Distributional response during the operation and maintenance stage 

6.2.9.12 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.46 and Table 6.47. These impact predictions are based on 
abundance and consequent mortality following both the Developer and guidance preferred 
displacement and mortality rates presented in Table 6.6, apportioned to the puffin feature 
of Forth Islands SPA using the apportioning rates presented in Table 6.43 The 
appropriateness of the proposed displacement and mortality rates for the Developer and 
guidance approaches are summarised within Section 6.2.4 

6.2.9.13 A displacement matrix is also presented within Table 6.48 for the predicted annual breeding 
adult apportioned abundance for the puffin feature of Forth Islands SPA within the Project 
OAA plus 2km buffer. 

Table 6.46 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the puffin  feature of Forth Islands  
SPA following the Developer approach  

Popul ation 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

50% Disp; 0 to  1% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

85,846 Breeding season  0.00 to 1.13 0.000% to 0.001% 

Non-breeding season  0.00 to 0.07 0.000% to <0.001% 

Annual  0.00 to 1.19 0.000% to 0.001% 

Latest count  
(2024) 

117,960  Breeding season  0.00 to 1.13 0.000% to- 0.001% 

Non-breeding season  0.00 to 0.07 0.000% to <0.001% 

Annual  0.00 to 1.19 0.000% to 0.001% 
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Table 6.47 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the puffin  feature of Forth Islands  
SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

60% Disp; 1 to  5% 
Mort (breeding 
adults per annum) * 

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

85,846 Breeding season  4.06 to 6.76 0.005 - 0.008% 

Non-breeding season  0.08 to 0.24 <0.001% 

Annual  4.14 to 7.01 0.005% to 0.008% 

Latest count  
(2024) 

117,960  Breeding season  4.06 to 6.76 0.003% to 0.006% 

Non-breeding season  0.08 to 0.24 <0.001% 

Annual  4.14 to 7.01 0.004% to- 0.006% 

Table Note: *As summarised in Table 6.6, a mortality rate of 3 to 5% has been applied during the breeding season and a 
mortality rate of 1 to 3% has been applied during the non-breeding season 

 

6.2.9.14 As summarised in Table 6.46 and Table 6.47, regardless of the approach taken the level 
of impacted predicted annually or seasonally does not exceed a 0.02% change in adult 
survival rate. In accordance with NatureScot Guidance Note 11 (NatureScot, 2023g) no 
further consideration of the predicted impact is required. Such a minimal change in survival 
rate would be indistinguishable from natural fluctuations in the population, therefore the 
potential for an AEoSI in relation to distributional response effects during the O&M 
stage  can confidently be ruled out for the Project alone . 
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Table 6.48 Forth Islands  SPA puffin  feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 1 1 1 1 2 2 2 2 

10 0 0 0 1 1 1 2 5 7 10 12 14 17 19 22 24 

20 0 0 1 1 2 2 5 10 14 19 24 29 33 38 43 48 

30 0 1 1 2 3 4 7 14 22 29 36 43 50 57 65 72 

40 0 1 2 3 4 5 10 19 29 38 48 57 67 76 86 96 

50 0 1 2 4 5 6 12 24 36 48 60 72 84 96 108 119 

60 0 1 3 4 6 7 14 29 43 57 72 86 100 115 129 143 

70 0 2 3 5 7 8 17 33 50 67 84 100 117 134 151 167 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 2 4 6 8 10 19 38 57 76 96 115 134 153 172 191 

90 0 2 4 6 9 11 22 43 65 86 108 129 151 172 194 215 

100 0 2 5 7 10 12 24 48 72 96 119 143 167 191 215 239 
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Entanglement during the operation and maintenance stage 

6.2.9.15 As summarised in Section 6.2.16, the potential for an AEoSI in relation to entanglement 
during the O&M stage for the puffin  feature of Forth Islands SPA can confidently be 
ruled out.  

Gannet 

Population trend 

6.2.9.16 The population growth trends of the Forth Islands SPA gannet feature are based on census 
data within the SMP database (2025), Harris et al. (2023) and Burton et al. (2024) (Plate 
6.7, Table 6.49, Table 6.50) The compound growth rates presented suggest the Forth 
Islands SPA in the long term has been on a stable increase in population size since 1990, 
though the colony is known to have been increasing for over 100 years (Jeglinski et al. 
2022). Although the 2021 colony count is an extrapolation only, the reduction of growth rate 
predicted is likely to be consistent with the actual trend, as the colony (pre-HPAI) was 
considered close to carrying capacity in the early 2020s (Harris et al. 2023). 

6.2.9.17 In 2022, the Forth Islands SPA gannet population was significantly impacted by HPAI, with 
5,035 confirmed cases of dead gannets at the SPA and a significant reduction in colony 
size in 2022 (total of 42,454 birds recorded in June 2022) as reported in Lane et al. (2024). 
Counts undertaken in 2023 recorded a total of 103,688 birds, indicating an increase of 144% 
compared to the 2022 count and above the citation count, though still a marked reduction 
in size in contrast to the previous 2014 census (31% decline). A further census was 
undertaken in 2024, to further monitor potential effects of HPAI (Burton et al. 2024). No 
major mortality events were reported in 2024, it is unclear whether the colony has 
undergone further decline in population size between 2023-2024 or if the difference is down 
to the 2023 survey being an extrapolated count based on partial coverage (Burton et al. 
2024). 
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Plate 6.7 Population Trend of the Gannet Feature of the Forth Islands SPA from 1985 
to 2024 (SMP, 2025, Harris et al ., 2023; Burton et al ., 2024) 
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Table 6.49 Census data for the gannet feature of Forth Islands SPA between 1985 to 2024 

Year Census Count  

1985 1994 1999 2004 2009 2014 2021 2022 2023 2024 

Population 
(breeding 
adults)  

43,182 68,794 88,220 96,130 121,706 150,518 162,000 42,454 103,688 92,090 

 

Table 6.50 Annual compound growth rate for the gannet feature of Forth Islands SPA between 1985 to 2024 

Year 1985 to  2024 1985 to  2014 1985 to  2004 2004 to  2014 2014 to  2021 2021 to  2024 2022 to  2024 

Change in 
population size  
(breeding adults)  

60,506 107,336 52,948 54,388 11,482 -69,910 49,636 

Annual 
compound 
growth rate  (%) 

1.96% 4.40% 4.30% 4.59% 1.06% -17.16% 47.28% 
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Distributional response during the operation and maintenance stage 

6.2.9.18 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.51 and Table 6.52. These impact predictions are based on 
abundance and consequent mortality following both the Developer and guidance preferred 
displacement and mortality rates presented in Table 6.6, apportioned to the gannet feature 
of the Forth Islands SPA using the apportioning rates presented in Table 6.43. The 
appropriateness of the proposed displacement and mortality rates for the Developer and 
guidance approaches are summarised within Section  6.2.4. 

6.2.9.19 A displacement matrix is also presented within Table 6.53 for the predicted annual breeding 
adult apportioned abundance for the gannet feature of Forth Islands SPA within the Project 
OAA plus 2km buffer. 

Table 6.51 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the gannet feature of Forth Islands 
SPA following the Developer approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

60 to  80% Disp; 1% 
Mort (breeding 
adults per annum) * 

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

150,518 Breeding season  1.33 to 1.77 0.001% to 0.001% 

Non-breeding season  0.44 to 0.59 0.000% to 0.000% 

Annual  1.77 to 2.36 0.001% to 0.002% 

Latest count  
(2024) 

92,090  Breeding season  1.33 to 1.77 0.001% to 0.002% 

Non-breeding season  0.44 to 0.59 0.000% to 0.001% 

Annual  1.77 to 2.36 0.002% to 0.003% 

Table Note: * For the purposes of presenting the range of potential displacement effects the worst-case scenario of a 1% 
mortality rate only is presented. Please note however, as concluded within Section  6.2.4, there is potential that the 
consequential mortality rate could be less than 1%.  
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Table 6.52 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the gannet feature of Forth Islands 
SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

70% Disp; 1 - 3% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

150,518 Breeding season  1.55 to 4.64 0.001% to 0.003% 

Non-breeding season  0.52 to 1.55 0.000% to 0.001% 

Annual  2.07 to 6.20 0.001% to 0.004% 

Latest count  
(2024) 

92,090  Breeding season  1.55 to 4.64 0.002% to 0.005% 

Non-breeding season  0.52 to 1.55 0.001% to 0.002% 

Annual  2.07 to 6.20 0.002% to 0.007% 

 

6.2.9.20 As summarised in Table 6.51 and Table 6.52, regardless of the approach taken the level 
of impact predicted annually or seasonally does not exceed a 0.02% change in adult 
survival rate. In accordance with NatureScot Guidance Note 11 (NatureScot, 2023g) no 
further consideration of the predicted impact is required. Such a minimal change in survival 
rate would be indistinguishable from natural fluctuations in the population, therefore the 
potential for an AEoSI in relation to distributional response effects during the O&M 
stage  can confidently be ruled out for the Project alone . 
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Table 6.53 Forth Islands SPA gannet feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 1 1 1 1 2 2 2 3 3 

10 0 0 1 1 1 1 3 6 9 12 15 18 21 24 27 30 

20 0 1 1 2 2 3 6 12 18 24 30 35 41 47 53 59 

30 0 1 2 3 4 4 9 18 27 35 44 53 62 71 80 89 

40 0 1 2 4 5 6 12 24 35 47 59 71 83 94 106 118 

50 0 1 3 4 6 7 15 30 44 59 74 89 103 118 133 148 

60 0 2 4 5 7 9 18 35 53 71 89 106 124 142 159 177 

70 0 2 4 6 8 10 21 41 62 83 103 124 145 165 186 207 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 2 5 7 9 12 24 47 71 94 118 142 165 189 212 236 

90 0 3 5 8 11 13 27 53 80 106 133 159 186 212 239 266 

100 0 3 6 9 12 15 30 59 89 118 148 177 207 236 266 295 
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Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

CRM + 60 to  80% 
Disp; 1% Mort 
(breeding adults 
per annum) * 

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

Non-breeding season  1.27 to 1.42 0.001% to0.001% 

Annual  16.30 to 16.89 0.011% to 0.011% 

Latest count  
(2024) 

92,090  Breeding season  15.03 to 15.47 0.016% to 0.017% 

Non-breeding season  1.27 to 1.42 0.001% to 0.002% 

Annual  16.30 to 16.89 0.018% to 0.018% 

Table Note: * For the purposes of presenting the range of potential displacement effects the worst-case scenario of a 1% 
mortality rate only is presented. Please note however, as concluded within Section  6.2.4, there is potential that the 
consequential mortality rate could be less than 1%.  

Table 6.56 Summary of predicted combined distributional response  and collision 
risk  impact  during the operation and maintenance stage  apportioned to the gannet 
feature of Forth Islands SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

CRM + 70% Disp; 1 
to  3% Mort 
(breeding adults 
per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

150,518 Breeding season  15.25 to 18.35 0.010% to 0.012% 

Non-breeding season  1.35 to 2.38 0.001% to 0.002% 

Annual  16.60 to 20.73 0.011% to 0.014% 

Latest count  
(2024) 

92,090  Breeding season  15.25 to 18.35 0.017% to 0.020% 

Non-breeding season  1.35 to 2.38 0.001% to 0.003% 

Annual  16.60 to 20.73 0.018% to 0.023% 
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Table 6.58 Fowlsheugh  SPA contemporaneous  and latest count for relevant 
qualifying features  

Qualifying feature  Contemporaneous  count ( Burnell 
et al.  2023; breeding adults)  

Latest count (SMP,2025; breeding 
adults) * 

Kittiwake  28,078 30,966 (2023) 

Razorbill  18,844 20,869 

Table Note: *Year of latest count provided in brackets. 

 

6.2.10.7 Seasonal apportioning rates for each qualifying feature screened in for assessment are 
provided in Table 6.59. Further detail of how these apportioning rates have been derived is 
provided in Appendix  C. 
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Table 6.59 Fowlsheugh SPA  apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical rate  
(%) 

Adult / 
immature ratio 
rate  (%) 

Overall 
apportionment 
rate  (%) 

Return migration 
rate (%; collision 
risk only)  

Post -breeding 
migration rate (%; 
collision risk only)  

Non-breeding rate 
(%; distributional 
responses only)  

Kittiwake  12.62% 10% 69.14% 7.85% 1.78% 1.35% 1.78% 

Razorbill  N/A N/A N/A N/A N/A N/A 0.97% 
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Assessment of potential effects from the project alone 

Kittiwake 

Population trend 

6.2.10.8 The population growth trends of the Fowlsheugh SPA kittiwake feature are based on census 
data within the SMP database (2025) (Plate 6.8, Table 6.60, Table 6.61). From 1992 
through to 2012, the colony underwent significant decline in population size before 
stabilising in 2012. The recent colony trend has been relatively stable with only minor 
fluctuations in population size report pre and post HPAI. Within Tremlett et al. (2024) a 
positive increase in population size of 64% is presented, though it is unclear where the 
baseline count (pre-HPAI) is derived from. 

Plate 6.8 Population trend for  the kittiwake feature of Fowlsheugh SPA  from 198 6 to 
2023 (SMP, 2025) 
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Table 6.60 Census data for the kittiwake feature of Fowlsheugh SPA between 198 6 to 2023 

Year Census Count  

1986 1992 1999 2006 2012 2018 2022 2023 

Population 
(breeding adults)  

44,102 69,744 37,600 22,280 18,674 28,078 35,380 30,966 

 

Table 6.61 Annual compound growth rate for the kittiwake  feature of Fowlsheugh  SPA between 198 6 to 2023 

Year 1986 to  2023 1986 to  1992 1992 to  2012 2012 to 2022 2022 to  2023 

Change in population 
size (breeding adults)  

-13,136 25,642 -51,070 16,706 -4,414 

Annual c ompound 
growth rate  (%) 

-0.95% 7.94% -6.38% 6.60% -12.48% 
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Distributional response during the operation and maintenance stage 

6.2.10.9 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.62. These impact predictions are based on abundance and 
consequent mortality following the guidance preferred displacement and mortality rates 
presented in Table 6.6, apportioned to the kittiwake feature of Fowlsheugh SPA using the 
apportioning rates presented in Table 6.59. The appropriateness of the proposed 
displacement and mortality rates the guidance approach are summarised within 
Section  6.2.4 

6.2.10.10 A displacement matrix is also presented within Table 6.63 for the predicted annual breeding 
adult apportioned abundance for the kittiwake feature of the Fowlsheugh SPA within the 
Project OAA plus 2km buffer. 

Table 6.62 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the kittiwake feature of 
Fowlsheugh  SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

30% Disp; 1 to  3% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

28,078 Breeding season  0.21 to 0.63 0.001% to 0.002% 

Non-breeding season  0.01 to 0.02 <0.001% 

Annual  0.22 to 0.65 0.001% to 0.002% 

Latest count  
(2023) 

30,966  Breeding season  0.21 to 0.63 0.001% to 0.002% 

Non-breeding season  0.01 to 0.02 <0.001% 

Annual  0.22 to 0.65 0.001% to 0.002% 

 

6.2.10.11 As summarised in Table 6.62, the level of impacted predicted annually or seasonally does 
not exceed a 0.02% change in adult survival rate. In accordance with NatureScot Guidance 
Note 11 (NatureScot, 2023g) no further consideration of the predicted impact is required. 
Such a minimal change in survival rate would be indistinguishable from natural fluctuations 
in the population, therefore the potential for an AEoSI in relation to distributional 
response effects during the O&M stage  can confidently be ruled out for the Project 
alone . 
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Table 6.63 Fowlsheugh  SPA kittiwake feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 

10 0 0 0 0 0 0 1 1 2 3 4 4 5 6 7 7 

20 0 0 0 0 1 1 1 3 4 6 7 9 10 12 13 14 

30 0 0 0 1 1 1 2 4 7 9 11 13 15 17 20 22 

40 0 0 1 1 1 1 3 6 9 12 14 17 20 23 26 29 

50 0 0 1 1 1 2 4 7 11 14 18 22 25 29 33 36 

60 0 0 1 1 2 2 4 9 13 17 22 26 30 35 39 43 

70 0 1 1 2 2 3 5 10 15 20 25 30 35 41 46 51 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 1 1 2 2 3 6 12 17 23 29 35 41 46 52 58 

90 0 1 1 2 3 3 7 13 20 26 33 39 46 52 59 65 

100 0 1 1 2 3 4 7 14 22 29 36 43 51 58 65 72 

 





MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

308 

Combined effects during the operation and maintenance stage 

6.2.10.14 Due to the kittiwake feature of Fowlsheugh SPA being screened in for assessment of both 
distributional response and collision risk, there is potential for both effect pathways to impact 
the feature combined. Consideration of both impacts combined is presented within Table 
6.65 for the guidance approach to assessment of distributional responses. 

6.2.10.15 As is standard practice predicted displacement and collision consequent mortality have 
been added together to inform the level of predicted combined impact. It is important to note 
that simply adding both impacts together is highly likely to lead to an overestimate of impact, 
as a bird that is displaced cannot consequently collide with a WTG and vice versa.  

Table 6.65 Summary of predicted combined d istributional response  and collision 
risk impact  during the operation and maintenance stage  apportioned to the 
kittiwake feature of Fowlsheugh  SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted Impact  

CRM + 30% Disp; 1 
to  3% Mort 
(breeding adults 
per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

28,078 Breeding season  1.98 to 2.40 0.007% to 0.009% 

Non-breeding season  0.27 to 0.28 0.001% to 0.001% 

Annual  2.25 to 2.68 0.008% to 0.010% 

Latest count  
(2023) 

30,966 Breeding season  1.98 to 2.40 0.006% to 0.008% 

Non-breeding season  0.27 to 0.28 0.001% to 0.001% 

Annual  2.25 to 2.68 0.007% to 0.009% 

 

6.2.10.16 As summarised in Table 6.65 the level of impact predicted annually or seasonally does not 
exceed a 0.02% change in adult survival rate. In accordance with NatureScot Guidance 
Note 11 (NatureScot, 2023g) no further consideration of the predicted impact is required. 
Such a minimal change in survival rate would be indistinguishable from natural fluctuations 
in the population, therefore the potential for an AEoSI in relation to combined collision 
risk and distributional response effects during the O&M stage  can confidently be 
ruled out for the Project alone . 

Razorbill 

Distributional response during the operation and maintenance stage 

6.2.10.17 The assessment of distributional response effects for the razorbill feature of Forth Islands 
SPA is presented within Section  6.2.22 As concluded within Section  6.2.22 the potential 
for an AEoSI in relation to distributional response effects during the O&M stage can 
be confidently ruled out for the Project alone . 
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Table 6.66 East Caithness Cliffs  SPA contemporaneous  and latest count for relevant 
qualifying features  

Qualifying feature  Contemporaneous  count ( Burnell 
et al.  2023; breeding adults)  

Latest count (SMP,2025; breeding 
adults) * 

Great black -backed gull  532 278 (2024) 

Kittiwake  48,958 36,532 (2024) 

Razorbill  40,373 33,023 (2024) 

Table Note: *Year of latest count provided in brackets. 

 

6.2.11.7 Seasonal apportioning rates for each qualifying feature screened in for assessment are 
provided in Table 6.67. Further detail of how these apportioning rates have been derived is 
provided in Appendix  C. 
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Table 6.67 East Caithness Cliffs  SPA apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical 
rate  (%) 

Adult / 
immature 
ratio rate  (%) 

Overall 
apportionment 
rate  (%) 

Return 
migration rate 
(%; collision 
risk only)  

Post -breeding 
migration rate 
(%; collision 
risk only)  

Non-breeding 
rate (%; 
collision risk  
only)  

Non-breeding 
rate (%; 
distributional 
responses only)  

Great 
black -
backed 
gull  

N/A N/A N/A N/A N/A N/A 0.19% N/A 

Kittiwake  23.25% 10% 69.14% 14.47% 7.72% 5.84% N/A 7.72% 

Razorbill  N/A N/A N/A N/A N/A N/A N/A 3.43% 

 



MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

313 

Assessment of potential effects from the project alone 

Great black-backed gull 

Collision risk during the operation and maintenance stage 

6.2.11.8 The assessment of collision risk for the great black-backed gull feature of East Caithness 
Cliffs SPA is presented within Section  6.2.20. As concluded within Section 6.2.22, the 
potential for an AEoSI in relation to collision risk during the O&M stage can 
confidently be ruled out for the Project alone . 

Kittiwake 

Population trend 

6.2.11.9 The population growth trends of the East Caithness Cliffs SPA kittiwake feature are based 
on census data within the SMP database (2025) (Plate 6.9, Table 6.68, Table 6.69). The 
kittiwake feature of East Caithness Cliffs SPA has been in continued decline since the early 
2000s and appears to remain in decline based on the latest count in 2024. Due to the 2024 
colony count being unavailable at the time of the HPAI review undertaken by Tremlett et al. 
(2024), potential effects of HPAI on East Caithness Cliffs SPA kittiwake feature are 
uncertain.  

Plate 6.9 Population trend for the kittiwake feature of East Caithness Cliffs  SPA from 
1977 to 2024 (SMP, 2025) 
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Table 6.68 Census data for the kittiwake feature of East Caithness Cliffs  SPA between 19 77 to 2024 

Year Census Count  

1977 1986 1999 2015 2024 

Population (breeding adults)  83,384 64,93 80,900 48,920 36,532 

 

Table 6.69 Annual compound growth rate for the kittiwake  feature of East Caithness Cliffs  SPA between 19 77 to 2024 

Year 1977 to  2024 1977 to  1986 1986 to  1999 1999 to  2024 2015 to  2024 

Change in population 
size (breeding adults)  

-34,464 -18,452 15,968 -44,368 -12,388 

Annual c ompound 
growth rate  (%) 

-1.13% -2.74% 1.71% -3.13% -3.19% 
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Distributional response during the operation and maintenance stage 

6.2.11.10 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.70. These impact predictions are based on abundance and 
consequent mortality following the guidance preferred displacement and mortality rates 
presented in Table 6.6, apportioned to the kittiwake feature of East Caithness Cliffs SPA 
using the apportioning rates presented in Table 6.67. The appropriateness of the proposed 
displacement and mortality rates the guidance approach are summarised within 
Section  6.2.4. 

6.2.11.11 A displacement matrix is also presented within Table 6.71 for the predicted annual breeding 
adult apportioned abundance for the kittiwake feature of the East Caithness Cliffs SPA 
within the Project OAA plus 2km buffer. 

Table 6.70 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the kittiwake feature of East 
Caithness Cliffs  SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

30% Disp; 1 to  3% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

48,958 Breeding season  0.39 to 1.16 0.001% to 0.002% 

Non-breeding season  0.03 to 0.10 <0.001% 

Annual  0.42 to 1.26 0.001% to 0.003% 

Latest count  
(2024) 

36,562 Breeding season  0.39 to 1.16 0.001% to 0.003% 

Non-breeding season  0.03 to 0.10 <0.001% 

Annual  0.42 to 1.26 0.001% to 0.003% 

 

6.2.11.12 As summarised in Table 6.70, the level of impact predicted annually or seasonally does not 
exceed a 0.02% change in adult survival rate. In accordance with NatureScot Guidance 
Note 11 (NatureScot, 2023g) no further consideration of the predicted impact is required. 
Such a minimal change in survival rate would be indistinguishable from natural fluctuations 
in the population, therefore the potential for an AEoSI in relation to distributional 
response effects during the O&M stage  can confidently be ruled out for the Project 
alone . 
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Table 6.71 East Caithness Cliffs  SPA kittiwake feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 

10 0 0 0 0 1 1 1 3 4 6 7 8 10 11 13 14 

20 0 0 1 1 1 1 3 6 8 11 14 17 20 22 25 28 

30 0 0 1 1 2 2 4 8 13 17 21 25 29 34 38 42 

40 0 1 1 2 2 3 6 11 17 22 28 34 39 45 50 56 

50 0 1 1 2 3 3 7 14 21 28 35 42 49 56 63 70 

60 0 1 2 3 3 4 8 17 25 34 42 50 59 67 76 84 

70 0 1 2 3 4 5 10 20 29 39 49 59 69 78 88 98 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 1 2 3 4 6 11 22 34 45 56 67 78 90 101 112 

90 0 1 3 4 5 6 13 25 38 50 63 76 88 101 113 126 

100 0 1 3 4 6 7 14 28 42 56 70 84 98 112 126 140 
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Combined effects during the operation and maintenance stage 

6.2.11.15 Due to the kittiwake feature of East Caithness Cliffs SPA being screened in for assessment 
of both distributional response and collision risk, there is potential for both pathways to lead 
to effects on the feature combined. Consideration of both impacts combined is presented 
within Table 6.73 for the guidance approach to assessment of distributional responses. 

6.2.11.16 As is standard practice predicted displacement and collision consequent mortality have 
been added together to inform the level of predicted combined impact. It is important to note 
that simply adding both impacts to together is highly likely to lead to an overestimate of 
impact, as a bird that is displaced cannot consequently collide with a WTG and vice versa.  

Table 6.73 Summary of predicted combined d istributional response  and collision 
risk impact  during the operation and maintenance stage  apportioned to the 
kittiwake feature of East Caithness Cliffs  SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

CRM + 30% Disp; 1 
to  3% Mort 
(breeding adults 
per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

48,958 Breeding season  3.65 to 4.42 0.007% to 0.009% 

Non-breeding season  1.17 to 1.23 0.002% to 0.003% 

Annual  4.81 to 5.65 0.010% to 0.012% 

Latest count  
(2024) 

36,562 Breeding season  3.65 to 4.42 0.010% to 0.012% 

Non-breeding season  1.17 to 1.23 0.003% to 0.003% 

Annual  4.81 to 5.65 0.014% to 0.015% 

 

6.2.11.17 As summarised in Table 6.73, the level of impact predicted annually or seasonally does not 
exceed a 0.02% change in adult survival rate. In accordance with NatureScot Guidance 
Note 11 (NatureScot, 2023g) no further consideration of the predicted impact is required. 
Such a minimal change in survival rate would be indistinguishable from natural fluctuations 
in the population, therefore the potential for an AEoSI in relation to combined collision 
risk and distributional response effects during the O&M stage  can confidently be 
ruled out for the Project alone . 

Razorbill 

Distributional response during the operation and maintenance stage 

6.2.11.18 The assessment of distributional response effects for the razorbill feature of East Caithness 
Cliffs SPA is presented within Section  6.2.22. As concluded within Section  6.2.22, the 
potential for an AEoSI in relation to distributional response effects during the O&M 
stage can confidently be ruled out for the Project alone . 
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Table 6.74 Copinsay SPA contemporaneous  and latest count for relevant qualifying 
features  

Qualifying feature  Contemporaneous  count ( Burnell et 
al. 2023; breeding adults)  

Latest count (SMP,2025; 
breeding adults) * 

Great black -backed gull  134 97 (2023-2024) 

Kittiwake  1,910 670 (2024) 

Guillemot  24,761 10,991 (2015-2023) 

Table Note: *Year of latest count provided in brackets. 

 

6.2.12.7 Seasonal apportioning rates for each qualifying feature screened in for assessment are 
provided in Table 6.75. Further detail of how these apportioning rates have been derived is 
provided in Appendix  C. 

 



MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

323 

Table 6.75 Copinsay  SPA apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical 
rate  (%) 

Adult / 
immature 
ratio rate  (%) 

Overall 
apportionment 
rate  (%) 

Return 
migration rate 
(%; collision 
risk only)  

Post -breeding 
migration rate 
(%; collision 
risk only)  

Non-breeding 
rate (%; 
collision risk 
only)  

Non-breeding 
rate (%; 
distributional 
responses only)  

Great 
black -
backed 
gull  

N/A N/A N/A N/A N/A N/A 0.24% N/A 

Kittiwake  0.73% 10% 69.14% 0.45% 0.13% 0.10% N/A 0.13% 

Guillemot  12.12% 7% 60.65% 6.84% N/A N/A N/A 6.84% 
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Assessment of potential effects from the project alone 

Great black-backed gull 

Collision risk during the operation and maintenance stage 

6.2.12.8 The assessment of collision risk for the great black-backed gull feature of Copinsay SPA is 
presented within Section  6.2.20. As concluded within Section  6.2.22, the potential for an 
AEoSI in relation to collision risk during the O&M stage can confidently be ruled out 
for the Project alone . 

Kittiwake 

Distributional responses, collision risk and combined effects during the operation and maintenance 
stage 

6.2.12.9 The assessment of the kittiwake feature of Copinsay SPA is presented within 
Section  6.2.21. For all effect pathways assessed, the potential for an AEoSI can 
confidently be ruled out for the Project alone . 

Guillemot  

Population trend 

6.2.12.10 The population growth trends of the Copinsay SPA guillemot feature are based on census 
data within the SMP database (2025) (Plate 6.10, Table 6.76, Table 6.77). Between 1986 
and 2005 a significant decline was recorded. From 2005-2023, the population size has 
fluctuated between surveys with an overall minor positive growth trend. The effect of HPAI 
on guillemot colonies in Scotland varied considerably, though an overall decline of 56% was 
recorded between pre and post HPAI counts for Copinsay SPA (Tremlett et al. 2024). 
However, it is unclear to what degree this is due to HPAI, or if the change is related to other 
factors (such as population redistribution, adverse weather, change in prey availability or 
survey error) (Tremlett et al. 2024).  
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Plate 6.10 Population trend of the guillemot feature of Copinsay  SPA from 198 6 to 
2025 (SMP, 2025) 
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Table 6.76 Census data for the guillemot feature of Copinsay SPA between 19 86 to 2024 

Year Census Count  

1986 1999 2005 2008 2012 2015 2023 

Population (breeding 
adults)  

39,460  25,025  6,263  18,331  11,214  24,728  10,991  

 

Table 6.77 Annual compound growth rate for the guillemot feature of Copinsay SPA between 19 86 to  2024 

Year 1986 to  2023 1986 to  2005 2005 to  2012 2012 to  2015 2015 to  2023 

Change in population 
size (breeding adults)  

-28,469 -33,197 4,951 13,514 -13,737 

Annual c ompound 
growth rate  (%) 

-3.40% -9.23% 8.68% 30.16% -9.64% 
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Distributional response during the operation and maintenance stage 

6.2.12.11 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.78 and Table 6.79. These impact predictions are based on 
abundance and consequent mortality following both the Developer and guidance preferred 
displacement and mortality rates presented in Table 6.6, apportioned to the guillemot 
feature of Copinsay SPA using the apportioning rates presented in Table 6.75. The 
appropriateness of the proposed displacement and mortality rates for the Developer and 
guidance approaches are summarised within Section  6.2.4. 

6.2.12.12 A displacement matrix is also presented within Table 6.78 for the predicted annual breeding 
adult apportioned abundance for the guillemot feature of Copinsay SPA within the Project 
OAA plus 2km buffer. 

Table 6.78 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the guillemot feature of Copinsay 
SPA following the Developer approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

50% Disp; 0 to  1% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

24,761 Breeding season  0.00 to 6.17 0.000% to 0.025% 

Non-breeding season  0.00 to 1.85 0.000% to 0.007% 

Annual  0.00 to 8.01 0.000% to 0.032% 

Latest count  
(2015-2023) 

10,991 Breeding season  0.00 to 6.17 0.000% to 0.056% 

Non-breeding season  0.00 to 1.85 0.000% to 0.017% 

Annual  0.00 to 8.01 0.000% to 0.073% 
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Table 6.80 PVA results for annual predicted impacts  from the Project alone  apportioned to the guillemot feature of Copinsay 
SPA 

Scenario modelled  Annual increase 
in mortality 
(breeding adults)  

Density independent counterfactual metric (35yrs)  

Median CGR Reduction in annual 
growth rate (%) 

Median CPS Reduction in final population 
size after 35yrs (%) 

50% Displacement, 
1% mortality  

8.0 0.999 0.08 0.971 2.94 

60% displacement , 3% 
mortality (breeding, 
1% mortality (non -
breeding)  

24.4 0.998 0.25 0.914 8.62 

60% displacement, 5% 
mortality (breeding, 
3% mortality (non -
breeding)  

28.8 0.997 0.30 0.899 10.10 
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Table 6.81 Copinsay SPA guillemot feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 1 1 2 3 5 6 8 10 11 13 14 16 

10 0 2 3 5 6 8 16 32 48 64 80 96 112 128 144 160 

20 0 3 6 10 13 16 32 64 96 128 160 192 224 256 288 321 

30 0 5 10 14 19 24 48 96 144 192 240 288 337 385 433 481 

40 0 6 13 19 26 32 64 128 192 256 321 385 449 513 577 641 

50 0 8 16 24 32 40 80 160 240 321 401 481 561 641 721 801 

60 0 10 19 29 38 48 96 192 288 385 481 577 673 769 865 962 

70 0 11 22 34 45 56 112 224 337 449 561 673 785 898 1,010 1,122 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 13 26 38 51 64 128 256 385 513 641 769 898 1,026 1,154 1,282 

90 0 14 29 43 58 72 144 288 433 577 721 865 1,010 1,154 1,298 1,442 

100 0 16 32 48 64 80 160 321 481 641 801 962 1,122 1,282 1,442 1,603 
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Table 6.83 Fair Isle  SPA apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical rate  
(%) 

Adult / 
immature ratio 
rate  (%) 

Overall 
apportionment 
rate  (%) 

Return migration 
rate (%; collision 
risk only)  

Post -breeding 
migration rate (%; 
collision risk only)  

Non-breeding rate 
(%; distributional 
responses only)  

Great skua  8.04% 0% 67.87% 5.46% N/A N/A N/A 

Kittiwake  0.25% 10% 69.14% 0.16% 0.15% 0.11% 0.15% 

Guillemot  8.48% 7% 60.65% 4.78% N/A N/A 4.78% 

Razorbill  4.85% 7% 58.58% 2.64% N/A N/A 0.25% 

Puffin  7.57% 7% 94.07% 6.62% N/A N/A 1.38% 

Gannet  5.17% 10% 68.36% 3.18% 2.21% 1.38% 1.38% 
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Assessment of potential effects from the project alone 

Great skua 

Collision risk during the operation and maintenance stage 

6.2.13.8 The assessment of collision risk for the great skua feature of Fair Isle SPA is presented 
within Section  6.2.21. As concluded within Section  6.2.21, the potential for an AEoSI in 
relation to collision risk during the O&M stage can  confidently be ruled out for the 
Project alone . 

Kittiwake  

Distributional responses, collision risk and combined effects during the operation and maintenance 
stage 

6.2.13.9 The assessment of the kittiwake feature of Fair Isle SPA is presented within Section  6.2.21. 
For all effect pathways assessed, the potential for an AEoSI can confidently  be ruled 
out for the Project alone . 

Guillemot 

Population trend 

6.2.13.10 The population growth trends of the Fair Isle SPA guillemot feature are based on census 
data within the SMP database (2025) (Plate 6.11, Table 6.84,Table 6.85). Between 1986 
to 1999, the colony population trend was relatively stable to increasing. During the early 
2000s the colony underwent significant decline before stabilising in 2010. Between 2003 to 
2007 Scottish guillemot colonies recorded a drop in productivity which is believed to 
correlate with a reduction in sandeel abundance at the time (Burnell et al. 2023), which likely 
explains the population decline observed at Fair Isle SPA. In recent years the colony trend 
has stabilised but with a slight decline noted in the most recent count in 2021. The effect of 
HPAI on guillemot colonies in Scotland varied considerably, which is also reflected at 
colonies across Shetland, such as Noss and Hermaness, Saxa Vord and Valla Field (-17% 
and +10% population change post HPAI respectively), however guillemots on Fair Isle SPA 
were not monitored in Tremlett et al. (2024). Therefore, the extent of impact on the guillemot 
colony at Fair Isle SPA as a result of HPAI is unclear.  
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Plate 6.11 Population trend of the guillemot feature of Fair Isle SPA from 198 6 to 
2021 (SMP, 2025) 
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Table 6.84 Census data for the guillemot  feature of Fair Isle  SPA between 19 86 to 2021 

Year Census Count  

1986 1989 1994 1999 2005 2010 2015 2021 

Population 
(breeding adults)  

45,019  43,310  50,348  52,604  36,622  26,131  28,038  24,515  

 

Table 6.85 Annual compound growth rate for the guillemot  feature of Fair Isle  SPA between 19 86 to  2021 

Year 1986 to  2021 1986 to  1995 1999 to  2010 2010 to  2015 2015 to  2021 

Change in population 
size (breeding adults)  

-20,503 7,586 -26,473 1,907 -3,523 

Annual c ompound 
growth rate  (%) 

-1.72% 1.21% -6.16% 1.42% -2.21% 
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Distributional response during the operation and maintenance stage 

6.2.13.11 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.86 and Table 6.87 These impact predictions are based on abundance 
and consequent mortality following both the Developer and guidance preferred 
displacement and mortality rates presented in Table 6.6, apportioned to the guillemot 
feature of Fair Isle SPA using the apportioning rates presented in Table 6.83. The 
appropriateness of the proposed displacement and mortality rates for the Developer and 
guidance approaches are summarised within Section  6.2.4. 

6.2.13.12 A displacement matrix is also presented within Table 6.86 for the predicted annual breeding 
adult apportioned abundance for the guillemot feature of Fair Isle SPA within the Project 
OAA plus 2km buffer. 

Table 6.86 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the guillemot feature of Fair Isle 
SPA following the Developer approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

50% Disp; 0 to  1% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

24,515 Breeding season  0.00 to 4.31 0.000% to 0.018% 

Non-breeding season  0.00 to 1.29 0.000% to 0.005% 

Annual  0.00 to 5.60 0.000% to 0.023% 

 

Table 6.87 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the guillemot feature of Fair Isle 
SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

60% Disp; 1 to  5% 
Mort (breeding 
adults per annum) * 

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

24,515 Breeding season  15.51 to 25.85 0.063% to 0.105% 

Non-breeding season  1.55 to 4.65 0.006% to 0.019% 

Annual  17.06 to 30.50 0.070% to 0.124% 

Table Note: *As summarised in Table 6.6, a mortality rate of 3 to 5% has been applied during the breeding season and a 
mortality rate of 1 to 3% has been applied during the non-breeding season 
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Table 6.88 PVA results for annual predicted impacts  for the Project alone  apportioned to the guillemot feature of Fair Isle SPA 

Scenario modelled  Annual increase 
in mortality 
(breeding adults)  

Density independent counterfactual metric (35yrs)  

Median CGR Reduction in annual 
growth rate (%) 

Median CPS Reduction in final population 
size after 35yrs (%) 

50% Displacement, 
1% mortality  

5.6 1.000 0.03 0.991 0.93 

60% displacement , 3% 
mortality (breeding, 
1% mortality (non -
breeding)  

17.1 0.999 0.08 0.972 2.77 

60% displacement, 5% 
mortality (breeding, 
3% mortality (non -
breeding)  

30.5 0.999 0.14 0.951 4.92 
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Table 6.89 Fair Isle SPA guillemot feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 1 1 2 3 4 6 7 8 9 10 11 

10 0 1 2 3 4 6 11 22 34 45 56 67 78 90 101 112 

20 0 2 4 7 9 11 22 45 67 90 112 134 157 179 202 224 

30 0 3 7 10 13 17 34 67 101 134 168 202 235 269 302 336 

40 0 4 9 13 18 22 45 90 134 179 224 269 314 358 403 448 

50 0 6 11 17 22 28 56 112 168 224 280 336 392 448 504 560 

60 0 7 13 20 27 34 67 134 202 269 336 403 470 538 605 672 

70 0 8 16 24 31 39 78 157 235 314 392 470 549 627 706 784 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 9 18 27 36 45 90 179 269 358 448 538 627 717 806 896 

90 0 10 20 30 40 50 101 202 302 403 504 605 706 806 907 1,008 

100 0 11 22 34 45 56 112 224 336 448 560 672 784 896 1,008 1,120 
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Entanglement during the operation and maintenance stage 

6.2.13.17 As summarised in Section  6.2.16, the potential for an AEoSI in relation to entanglement 
during the O&M stage  for the guillemot feature of Fair Isle SPA can confidently be 
ruled out.  

Puffin 

Distributional response during the operation and maintenance stage 

6.2.13.18 The assessment of distributional response effects for the puffin feature of Fair Isle SPA is 
presented within Section 6.2.22. As concluded within Section 6.2.22, the potential for an 
AEoSI in relation to distributional response effects during the O&M stage can  
confidently  be ruled out for the Project alone . 

Entanglement during the operation and maintenance stage 

6.2.13.19 As summarised in Section 6.2.16, the potential for an AEoSI in relation to entanglement 
during the O&M stage for the puffin feature of Fair Isle SPA can confidently be ruled 
out.  

Razorbill 

Distributional response during the operation and maintenance stage 

6.2.13.20 The assessment of distributional response effects for the razorbill feature of Fair Isle SPA 
is presented within Section 6.2.22 As concluded within Section 6.2.22, the potential for 
an AEoSI in relation to distributional response effects during the O&M stage can  
confidently  be ruled out for the Project alone . 

Entanglement during the operation and maintenance stage 

6.2.13.21 As summarised in Section 6.2.16, the potential for an AEoSI in relation to entanglement 
during the O&M stage for the razorbill  feature of Fair Isle SPA can confidently be 
ruled out.  

Fulmar 

Distributional response during the operation and maintenance stage 

6.2.13.22 The assessment of distributional response effects for the fulmar feature of Fair Isle SPA is 
presented within Section 6.2.17. As concluded within Section 6.2.17, the potential for an 
AEoSI in relation to distributional response effects during the O&M stage can 
confidently be ruled out for the Project alone . 
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Table 6.90 Calf of Eday  SPA contemporaneous  and latest count for relevant 
qualifying features  

Qualifying feature  Contemporaneous  count ( Burnell et 
al. 2023; breeding adults)  

Latest count (SMP,2025; 
breeding adults) * 

Great black -backed gull  532 278 

Kittiwake  672 - 

Guillemot  4,681** - 

Table Note: *Year of latest count provided in brackets. ** It is unclear with the guillemot 2015 to 2021 population estimate 
for Calf of Eday SPA is derived from as it does not match SMP (2025) colony counts presented in Table 6.92. 

 

6.2.14.7 Seasonal apportioning rates for each qualifying feature screened in for assessment are 
provided in Table 6.91. Further detail of how these apportioning rates have been derived is 
provided in Appendix  C. 
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Table 6.91 Calf of Eday SPA apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical 
rate  (%) 

Adult / 
immature 
ratio rate  (%) 

Overall 
apportionment 
rate  (%) 

Return 
migration rate 
(%; collision 
risk only)  

Post -breeding 
migration rate 
(%; collision 
risk only)  

Non-breeding 
rate (%; 
collision risk 
only)  

Non-breeding 
rate (%; 
distributional 
responses only)  

Great 
black -
backed 
gull  

N/A N/A N/A N/A N/A N/A 0.09% N/A 

Kittiwake  0.18% 10% 69.14% 0.11% 0.14% 0.11% N/A 0.14% 

Guillemot  1.51% 7% 60.65% 0.85% N/A N/A N/A 0.85% 
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Assessment of potential effects from the Project alone 

Kittiwake 

Distributional responses, collision risk and combined effects during the operation and maintenance 
stage 

6.2.14.8 The assessment of the kittiwake feature of Calf of Eday SPA is presented within 
Section  6.2.21. For all effect pathways assessed, the potential for an AEoSI can 
confidently be ruled out for the Project alone . 

Great black-backed gull 

Collision risk during the operation and maintenance stage 

6.2.14.9 The assessment of collision risk for the great black-backed gull feature of Calf of Eday SPA 
is presented within Section 6.2.20. As concluded within Section 6.2.20, the potential for 
an AEoSI in relation to collision risk during the O&M stage can confidently  be ruled 
out for the Project alone . 

Guillemot 

Population trend 

6.2.14.10 The population growth trends of the Calf of Eday SPA guillemot feature are based on census 
data within the SMP database (2025) (Plate 6.12, Table 6.92, Table 6.93). Since citation 
in 1998, the colony population has experienced a declining trend before stabilising in 2002. 
Between 2002 and 2018, the colony experienced a steady increase in population size 
although no population data is available pre and post HPAI to understand the current 
population trend. The effect of HPAI on guillemot colonies in Scotland varied considerably, 
which was also reflected at colonies across Orkney, although the Calf of Eday was not 
monitored in Tremlett et al. (2024). Therefore, the extent of impact on the guillemot colony 
at the Calf of Eday SPA as a result of HPAI is unclear.  
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Plate 6.12 Population trend for  guillemot  within the Calf of Eday SPA from 19 69 to 
2018 (SMP, 2025) 
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Table 6.92 Census data for the guillemot feature of Calf of Eday SPA between 19 69 to 2018 

Year Census Count  

1969 1986 2002 2016 2018 

Population (breeding adults)  5,451  16,944  3,430  4,654  7,375  

Table 6.93 Annual compound growth rate for the guillemot  feature of Calf of Eday  SPA between 19 69 to 2018 

Year 1969 to  2018 1969 to  1986 1986 to  2002 2002 to  2018 2016 to  2018 

Change in population size  
(breeding adults)  

1,925 11,494 -13,514 3,945 2,722 

Annual c ompound growth rate  
(%) 

0.62% 6.90% -9.50% 4.90% 25.89% 
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Distributional response during the operation and maintenance stage 

6.2.14.11 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.94 and Table 6.95. These impact predictions are based on 
abundance and consequent mortality following both the Developer and guidance preferred 
displacement and mortality rates presented in Table 6.6, apportioned to the guillemot 
feature of Calf of Eday SPA using the apportioning rates presented in Table 6.91 The 
appropriateness of the proposed displacement and mortality rates for the Developer and 
guidance approaches are summarised within Section 6.2.4 

6.2.14.12 A displacement matrix is also presented within Table 6.96 for the predicted annual breeding 
adult apportioned abundance for the guillemot feature of Calf of Eday SPA within the Project 
OAA plus 2km buffer. 

Table 6.94 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the guillemot feature of Calf of 
Eday SPA following the Developer approach  

Population 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

50% Disp; 0 to  1% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

4,681 Breeding season  0.00 to 0.77 0.000% to 0.016% 

Non-breeding season  0.00 to 0.23 0.000% to 0.005% 

Annual  0.00 to 1.00 0.000% to 0.021% 

 

Table 6.95 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the guillemot feature of Calf of 
Eday SPA  following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted impact  

60% Disp; 1 - 5% 
Mort (breeding adults 
per annum) * 

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

4,681 Breeding season  2.76 to 4.60 0.059% to 0.098% 

Non-breeding season  0.28 to 0.83 0.006% to 0.018% 

Annual  3.03 to 5.42 0.065% to 0.116% 

Table Note: *As summarised in Table 6.6, a mortality rate of 3 to 5% has been applied during the breeding season and a 
mortality rate of 1 to 3% has been applied during the non-breeding season 
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Table 6.96 PVA results for annual predicted impacts for the Project alone apportioned to the guillemot feature of Calf of Eday 
SPA 

Scenario modelled  Annual increase in 
mortality (breeding 
adults)  

Density independent counterfactual metric (35yrs)  

Median CGR Reduction in annual 
growth rate (%) 

Median CPS Reduction in final 
population size after 
35yrs (%) 

50% Displacement, 1% 
mortality  

1.0 1.000 0.02 0.991 0.90 

60% displacement , 3% 
mortality (breeding, 
1% mortality (non -
breeding)  

3.0 0.999 0.07 0.974 2.64 

60% displacement, 5% 
mortality (breeding, 
3% mortality (non -
breeding)  

5.4 0.999 0.13 0.954 4.61 
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Table 6.97 Calf of Eday SPA guillemot feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 1 1 1 1 1 2 2 2 

10 0 0 0 1 1 1 2 4 6 8 10 12 14 16 18 20 

20 0 0 1 1 2 2 4 8 12 16 20 24 28 32 36 40 

30 0 1 1 2 2 3 6 12 18 24 30 36 42 48 54 60 

40 0 1 2 2 3 4 8 16 24 32 40 48 56 64 72 80 

50 0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

60 0 1 2 4 5 6 12 24 36 48 60 72 84 96 108 120 

70 0 1 3 4 6 7 14 28 42 56 70 84 98 112 125 139 
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Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

80 0 2 3 5 6 8 16 32 48 64 80 96 112 127 143 159 

90 0 2 4 5 7 9 18 36 54 72 90 108 125 143 161 179 

100 0 2 4 6 8 10 20 40 60 80 100 120 139 159 179 199 
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Table 6.99 West Westray  SPA apportionment results to inform assessment  

Qualifying 
feature  

Breeding season apportioning rate  Non-breeding season apportionment rate (%)  

Colony 
apportionment 
Rate (%) 

Sabbatical rate  
(%) 

Adult / 
immature ratio 
rate  (%) 

Overall 
apportionment 
rate  (%) 

Return migration 
rate (%; collision 
risk only)  

Post -breeding 
migration rate (%; 
collision risk only)  

Non-breeding rate 
(%; distributional 
responses only)  

Kittiwake  1.17% 10% 69.14% 0.73% 2.30% 1.74% 2.30% 

Razorbill  N/A N/A N/A N/A N/A N/A 0.15% 
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Assessment of potential effects from the Project alone 

Kittiwake  

Population trend 

6.2.15.8 The population growth trends of West Westray SPA kittiwake feature are based on census 
data within the SMP database (2025) (Plate 6.13, Table 6.100, Table 6.101) for the Noup 
Cliffs RSPB count sector, as this is the only sector with consistent colony counts to inform 
population trends. Since citation in 1996, the colony population overall has experienced a 
significant decline, although with a decreasing rate since 2004. Within the last six years the 
colony has remained relatively stable, with a minor decrease in population size recorded 
pre and post HPAI. In Scotland the kittiwake population increased by 21% post-HPAI in 
contrast to pre-HPAI, despite a minimum of 760 positive cases of the virus recorded for 
kittiwake (Tremlett et al. 2024). Individual kittiwake colony growth rate changes varied 
considerably from -83% to +191%, suggesting infection may have been more localised in 
comparison to the infection spread reported for other species (Tremlett et al. 2024). The 
relatively stable population size between 2017-2023 would suggest kittiwakes at West 
Westray SPA were not significantly affected by HPAI, though further site-specific 
information on HPAI is limited to support this conclusion. 

Plate 6.13 Population trend for  kittiwake within the Noup Cliffs RSPB count sector 
from 198 6 to 2023 (SMP, 2025) 
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Table 6.100 Census data for kittiwake within  the Noup Cliffs RSPB count sector from 1986 to 2023  

Year Census Count  

1986 1987 1994 1999 2004 2017 2023 

Population (breeding 
adults)  

44,300  24,646  25,412  35,092  9,386  3,644  2,972  

 

Table 6.101 Annual compound growth rate for kittiwake within the Noup Cliffs RSPB count sector from 1986 to 2023  

Year 1986 to  2023 1986 to  1994 1994 to  1999 1999 to  2004 2004 to  2017 2017 to  2023 

Change in population 
size (breeding adults)  

-41,328 -18,888 9,680 -25,706 -5,742 -672 

Annual c ompound 
growth rate  (%) 

-7.04% -6.71% 6.67% -23.18% -7.02% -3.34% 
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Distributional response during the operation and maintenance stage 

6.2.15.9 The level of predicted impact in relation to distributional responses during the O&M stage 
is provided in Table 6.102. These impact predictions are based on abundance and 
consequent mortality following the guidance preferred displacement and mortality rates 
presented in Table 6.6, apportioned to the kittiwake feature of West Westray SPA using the 
apportioning rates presented in Table 6.99. The appropriateness of the proposed 
displacement and mortality rates for the Developer and guidance approaches are 
summarised within Section 6.2.4. 

6.2.15.10 A displacement matrix is also presented within Table 6.103 for the predicted annual 
breeding adult apportioned abundance for the kittiwake feature of West Westray SPA within 
the Project OAA plus 2km buffer. 

Table 6.102 Summary of predicted d istributional response  impact  during the 
operation and maintenance stage  apportioned to the kittiwake feature of West 
Westray SPA following the guidance approach  

Populatio n 
count  

Population 
size (breeding 
adults)  

Season  Predicted Impact  

30% Disp; 1 to  3% 
Mort (breeding 
adults per annum)  

Percentage point 
change  in survival 
rate  (%) 

Burnell et al.  
(2023) 

1,932  Breeding season  0.02 to 0.06 0.001% to 0.003% 

Non-breeding season  0.01 to 0.03 0.001% to 0.002% 

Annual  0.03 to 0.09 0.002% to 0.005% 

Latest count  
(2017-2023) 

4,838*  Breeding season  0.02 to 0.06 0.000% to 0.001% 

Non-breeding season  0.01 to 0.03 0.000% to 0.001% 

Annual  0.03 to 0.09 0.001% to 0.002% 

Table Note: High uncertainty in the latest count due to some of the RSPB sub sites not being surveyed since 1999. It is 
Unclear if due to change in sub-colony sites surveyed or an absence of birds. 

 
6.2.15.11 As summarised in Table 6.102, regardless of the approach taken the level of impact 

predicted annually or seasonally does not exceed a 0.02% change in adult survival rate. In 
accordance with NatureScot Guidance Note 11 (NatureScot, 2023g) no further 
consideration of the predicted impact is required. Such a minimal change in survival rate 
would be indistinguishable from natural fluctuations in the population, therefore the 
potential for an AEoSI in relation to distributional response effects during the O&M 
stage  can confidently be ruled out for the Project alone . 
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Table 6.103 West Westray SPA kittiwake feature operation and maintenance stage  displacement matrix  

Displacement 
(%) 

Mortality (%)  

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 

20 0 0 0 0 0 0 0 0 1 1 1 1 1 2 2 2 

30 0 0 0 0 0 0 0 1 1 1 1 2 2 2 3 3 

40 0 0 0 0 0 0 0 1 1 2 2 2 3 3 4 4 

50 0 0 0 0 0 0 0 1 1 2 2 3 3 4 4 5 

60 0 0 0 0 0 0 1 1 2 2 3 4 4 5 5 6 

70 0 0 0 0 0 0 1 1 2 3 3 4 5 5 6 7 

80 0 0 0 0 0 0 1 2 2 3 4 5 5 6 7 8 

90 0 0 0 0 0 0 1 2 3 4 4 5 6 7 8 9 

100 0 0 0 0 0 0 1 2 3 4 5 6 7 8 9 10 
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Table 6.106 PVA results for annual predicted impacts  for the Project alone  apportioned to the kittiwake  feature of West Westray 
SPA 

Effect pathway  Scenario modelled  Annual 
increase in 
mortality 
(breeding 
adults)  

Density independent counterfactual metric (35yrs)  

Median CGR (standard 
deviation (SD))  

Reduction in 
annual growth 
rate (%) 

Median CPS (SD) Reduction in final 
population size after 
35yrs (%) 

Collision risk  Project alone 0.5 1.000 0.01 0.995 0.53 

Combined effects  30% displacement; 
1% mortality 

0.5 1.000 0.01 0.996 0.44 

30% displacement; 
3% mortality  

0.6 1.000 0.01 0.995 0.49 
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6.2.18.5 The closest European storm petrel colonies to the OAA are located in the Shetland Isles. 
Tracking data indicate that individuals from these colonies forage up to 397km from the 
colony during daylight hours. In contrast, nocturnal distributions are considerably more 
restricted, with birds remaining closer to the colony. This behaviour reflects a diurnal 
foraging strategy followed by afternoon commuting flights to ensure arrival at the colony 
under cover of darkness (Bolton, 2021). Given that the OAA lies over 150km from Shetland, 
storm petrel presence in the area is expected to occur primarily during daylight hours. 
Consequently, DAS data are considered representative of storm petrel activity in the OAA, 
especially given data was collected at a resolution of 1.5cm Ground Sampling Distance 
(GSD) which is above global best practice. Over 24 months of DAS monitoring, storm 
petrels were recorded in only two months and in low numbers, indicating limited use of the 
site. No substantial nocturnal presence is anticipated beyond what has been captured 
during daylight surveys. 

6.2.18.6 Similarly, Manx shearwater were recorded in low numbers (only in two months) during DAS, 
and surveys are not considered to underestimate presence due to potential nocturnal 
activity. Though Manx shearwater show some nocturnal activity, available evidence shows 
peak flight and foraging activity just after sunrise, with a second peak before sunset followed 
by a rapid decline at the onset of darkness (Dean et al. 2013). Manx shearwater foraging 
occurs almost exclusively during daylight hours, with bird activity in the early evening 
characterised by birds roosting on the water near to colonies before returning to burrows in 
darkness (Deakin et al. 2022). Given the nearest SPA for Manx shearwater is >300km away 
on the west coast, it is highly unlikely that Manx shearwater will be present within any 
proximity to the OAA during nocturnal hours, and therefore no substantial nocturnal 
presence is anticipated beyond what has been captured during daylight surveys. 

6.2.18.7 It is recognised that both petrels and shearwaters are sensitive to light pollution, raising the 
theoretical possibility that artificial lighting associated with the Project could influence their 
behaviour. However, Brown et al. (2023) and Deakin et al. (2022) indicates that 
disorientation in these species is primarily associated with high-intensity lighting, particularly 
under foggy conditions, based on studies from oil and gas platforms (Ronconi et al. 2015). 
The lighting used on offshore wind farms, including the Project, is of significantly lower 
intensity than that examined in such studies. The majority of studies are on fledglings 
conducting maiden flight or adults returning to burrow affected by coastal structures 
illuminated by light (Brown et al. 2023). Additionally, publishing of bird behaviours towards 
artificial lighting is biased towards opportunistic findings of areas known for stranding, rather 
than a controlled search of potentially affected birds (Brown et al. 2023). 

6.2.18.8 Impact consequences of such attraction are speculative due to uncertainty regarding 
nocturnal behaviours of seabirds (avoidance rate, attraction and flight heights) on approach 
to illuminated structures. 

6.2.18.9 During daylight hours Manx shearwaters utilize slope-soaring and stay close to the water to 
gain maximum wind shear (Spivey et al. 2014), suggesting risk of collision is minimal. 
Similarly, storm petrels fly with a combination of flapping and short glides, often moving in 
zig-zags and sometimes shearing in strong winds remaining close to the sea surface, 
suggesting risk of collision is minimal (Flood and Thomas, 2007). 

6.2.18.10 In relation to distributional response effects there is a lack of empirical evidence to inform 
the likely distributional response of petrels and shearwaters in response to WF 
developments. Generally, these species have been considered of low vulnerability to 
displacement (Furness et al. 2013) based on their efficient flight behaviour, low wing loading 
and short flight initiation distances to vessel presence (Deakin et al. 2022). 

6.2.18.11 Based on current evidence, there has been a generalisation of behaviours towards light that 
have been translated by some authors to predict responses of adult birds at-sea to turbine 
lighting based on evidence from oil and gas platforms or vessels. There is currently no 
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Table 6.108 Summary of predicted collision risk  during the operation and maintenance stage  apportioned to the great skua  
feature of distant designated sites following the guidance approach  

Site  Population count  Population size (breeding 
adult s) 

Breeding season p redicted 
collision impacts (breeding 
adults)  

Breeding season 
percentage point change in 
survival rate (%)  

Hermaness, Saxa Vord and 
Valla Field SPA  

Burnell et al. (2023). 2,060 0.03 0.001% 

Latest count (2023 to 2024). 472 0.005% 

Fetlar SPA  Burnell et al. (2023). 1,708 0.03 0.002% 

Latest count (2023)*. 266 0.010% 

Noss SPA  Burnell et al. (2023). 952 0.02 0.002% 

Latest count (2024). 160 0.014% 

Foula SPA  Burnell et al. (2023). 3,692 0.07 0.002% 

Latest count (2023)*. 616 0.012% 

Fair Isle SPA  Burnell et al. (2023). 860 0.04 0.004% 

Latest count (2024). 326 0.011% 

Hoy SPA  Burnell et al. (2023). 2,810 0.10 0.004% 

Latest count (2023)*. 514 0.019% 
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Site  Population count  Population size (breeding 
adult s) 

Breeding season p redicted 
collision impacts (breeding 
adults)  

Breeding season 
percentage point change in 
survival rate (%)  

St Kilda SPA  Burnell et al. (2023). 422 <0.01 <0.001% 

Latest count SMP (2024). 140 0.001% 

Handa SPA  Burnell et al. (2023). 566 0.01 0.001% 

Latest count (2025). 176 0.004% 

Table Note: * Latest count derived from Tremlett et al. (2024) rather than the SMP database. Colony values have been adjusted based on the % Apparently Occupied Territory coverage 
where the 2023 survey did not provide full coverage of the SPA. 
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Table 6.110 Summary of predicted collision risk  during the operation and maintenance stage  apportioned to the great black -
backed gull  feature of distant designated sites following the guidance approach  

Site  Population count  Population size (breeding 
adult s) 

Non-breeding season 
predicted collision impacts 
(breeding adults)  

Non-breeding season 
percentage point change in 
survival rate (%)  

East Caithness Cliffs SPA  Burnell et al. (2023) 532  0.03 0.006% 

Latest count (2015 to 2024) 278  0.011% 

Copinsay SPA  Burnell et al. (2023) 134  0.04 0.030% 

Latest count (2023 - 2024) 97  0.041% 

Hoy SPA  Burnell et al. (2023) 64  <0.01 0.005% 

Latest count (2024) 12  0.028% 

Calf of Eday SPA  Burnell et al. (2023) 116  0.01 0.013% 
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Table 6.111 Kittiwake  apportionment results to inform assessment  

Designated site  Breeding season apportioning rate  Non-breeding season apportionment rate  

Colony 
apportionment Rate 
(%) 

Sabbatical rate 
(%) 

Adult / 
immature ratio 
rate (%)  

Overall 
apportionment 
rate (%)  

Return 
migration rate 
(%; collision 
risk only)  

Post -breeding 
migration rate 
(%; collision 
risk only)  

Non-breeding 
rate (%; 
distributional 
responses 
only)  

North Caithness 
Cliffs SPA  

3.30% 10.00% 69.14% 2.05% 1.94% 1.47% 1.94% 

Forth Islands 
SPA 

2.51% 10.00% 69.14% 1.56% 0.59% 0.45% 0.59% 

Copinsay SPA  0.73% 10.00% 69.14% 0.45% 0.13% 0.10% 0.13% 

Hoy SPA  0.14% 10.00% 69.14% 0.09% 0.08% 0.06% 0.08% 

St Abb's Head 
to Fast Castle 
SPA 

2.20% 10.00% 69.14% 1.37% 0.65% 0.49% 0.65% 

Fair Isle SPA  0.25% 10.00% 69.14% 0.16% 0.15% 0.11% 0.15% 

Calf of Eday 
SPA 

0.18% 10.00% 69.14% 0.11% 0.14% 0.11% 0.14% 

Rousay SPA  0.15% 10.00% 69.14% 0.09% 0.34% 0.26% 0.34% 

Marwick Head 
SPA 

0.36% 10.00% 69.14% 0.22% 0.10% 0.08% 0.10% 
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Designated site  Breeding season apportioning rate  Non-breeding season apportionment rate  

Colony 
apportionment Rate 
(%) 

Sabbatical rate 
(%) 

Adult / 
immature ratio 
rate (%)  

Overall 
apportionment 
rate (%)  

Return 
migration rate 
(%; collision 
risk only)  

Post -breeding 
migration rate 
(%; collision 
risk only)  

Non-breeding 
rate (%; 
distributional 
responses 
only)  

Farne Islands 
SPA 

1.49% 10.00% 69.14% 0.93% 0.66% 0.50% 0.66% 

Sumburgh Head 
SPA 

0.37% 10.00% 69.14% 0.23% 0.04% 0.03% 0.04% 

Noss SPA  0.05% 10.00% 69.14% 0.03% 0.10% 0.07% 0.10% 

Foula SPA  0.11% 10.00% 69.14% 0.07% 0.06% 0.05% 0.06% 

Hermaness, 
Saxa Vord and 
Valla Field SPA  

0.03% 10.00% 69.14% 0.02% 0.07% 0.06% 0.07% 

Cape Wrath SPA  0.90% 10.00% 69.14% 0.56% 0.03% 0.02% 0.03% 

Flamborough 
and Filey Coast 
SPA 

N/A N/A N/A N/A 7.19% 5.44% 7.19% 
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Table 6.112 Summary of predicted d istributional response  impact s during the operation and maintenance stage  apportioned to 
the kittiwake  feature of distant designated sites  following the guidance  approach  

Site  Population 
count  

Population 
size (breeding 
adult)  

Predicted distributional response impacts (breeding 
adults)  

Percentage point change in survival rate (%)  

Breeding; 30% 
Disp ; 1 to 3% 
Mort  

Non-breeding; 
30% Disp ; 1 to 3% 
Mort  

Annual; 30% 
Disp ; 1 to 3% 
Mort  

Breeding; 
30% Disp ; 1 
to 3% Mort  

Non-breeding; 
30% Disp ; 1 to 
3% Mort  

Annual; 30% 
Disp ; 1 to 
3% Mort  

North 
Caithness 
Cliffs SPA  

Burnell et al. 
(2023). 

11,142 0.05 to 0.16 0.01 to 0.03 0.06 to 0.19 0.000 to 
0.001% 

< 0.001% 0.001 to 
0.002% 

Latest count 
(2023 to 
2024). 

18,608 0.000 to 
0.001% 

< 0.001% 0.000 to 
0.001% 

Forth Islands 
SPA 

Burnell et al. 
(2023). 

9,084 0.04 to 0.12 0.00 to 0.01 0.04 to 0.13 0.000 to 
0.001% 

< 0.001% 0.000 to 
0.001% 

Latest count 
(2024). 

14,216 0.000 to 
0.001% 

< 0.001% 0.000 to 
0.001% 

Copinsay 
SPA 

Burnell et al. 
(2023). 

1,910 0.01 to 0.04 <0.01 0.01 to 0.04 0.001 to 
0.002% 

< 0.001% 0.001 to 
0.002% 

Latest count 
(2024). 

670 0.002 to 
0.005% 

< 0.001% 0.002 to 
0.006% 

Hoy SPA  Burnell et al. 
(2023). 

532 0.00 to 0.01 <0.01 0.00 to 0.01 0.000 to 
0.001% 

< 0.001% 0.001 to 
0.002% 

Burnell et al. 
(2023). 

10,300 0.04 to 0.11 0.00 to 0.01 0.04 to 0.12 0.000 to 
0.001% 

< 0.001% 0.000 to 
0.001% 
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Site  Population 
count  

Population 
size (breeding 
adult)  

Predicted distributional response impacts (breeding 
adults)  

Percentage point change in survival rate (%)  

Breeding; 30% 
Disp ; 1 to 3% 
Mort  

Non-breeding; 
30% Disp ; 1 to 3% 
Mort  

Annual; 30% 
Disp ; 1 to 3% 
Mort  

Breeding; 
30% Disp ; 1 
to 3% Mort  

Non-breeding; 
30% Disp ; 1 to 
3% Mort  

Annual; 30% 
Disp ; 1 to 
3% Mort  

St Abb's 
Head to Fast 
Castle SPA  

Latest count 
(2024). 

11,992 0.000 to 
0.001% 

< 0.001% 0.000 to 
0.001% 

Fair Isle SPA  Burnell et al. 
(2023). 

896 0.00 to 0.01 <0.01 0.00 to 0.01 0.000% to 
0.001% 

< 0.001% 0.001% to 
0.002% 

Calf of Eday 
SPA 

Burnell et al. 
(2023). 

672 0.00 to 0.01 <0.01 0.00 to 0.01 0.000% to 
0.001% 

< 0.001% 0.001% to 
0.002% 

Rousay SPA  Burnell et al. 
(2023). 

660 0.00 to 0.01 <0.01 0.00 to 0.01 0.000% to 
0.001% 

0.000% to 
0.001% 

0.001% to 
0.002% 

Marwick Head 
SPA 

Burnell et al. 
(2023). 

1,812 0.01 to 0.02 <0.01 0.01 to 0.02 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Latest count 
(2023). 

2,878 0.000 % to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Farne Islands 
SPA 

Burnell et al. 
(2023). 

8,804 0.02 to 0.07 0.00 to 0.01 0.03 to 0.08 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Latest count 
(2024). 

5,790 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Sumburgh 
Head SPA 

Burnell et al. 
(2023). 

1,932 0.01 to 0.02 <0.01 0.01 to 0.02 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Latest count 
(2018 to 
2023). 

691 0.001% to 
0.003% 

< 0.001% 0.001% to 
0.003% 
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Site  Population 
count  

Population 
size (breeding 
adult)  

Predicted distributional response impacts (breeding 
adults)  

Percentage point change in survival rate (%)  

Breeding; 30% 
Disp ; 1 to 3% 
Mort  

Non-breeding; 
30% Disp ; 1 to 3% 
Mort  

Annual; 30% 
Disp ; 1 to 3% 
Mort  

Breeding; 
30% Disp ; 1 
to 3% Mort  

Non-breeding; 
30% Disp ; 1 to 
3% Mort  

Annual; 30% 
Disp ; 1 to 
3% Mort  

Noss SPA  Burnell et al. 
(2023). 

358 0.00 to 0.00 <0.01 0.00 to 0.00 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Latest count 
(2024). 

154 0.001% to 
0.002% 

0.000% to 
0.001% 

0.001% to 
0.002% 

Foula SPA  Burnell et al. 
(2023). 

850 0.00 to 0.01 <0.01 0.00 to 0.01 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Hermaness, 
Saxa Vord 
and Valla 
Field SPA  

Burnell et al. 
(2023). 

354 0.00 to 0.00 <0.01 0.00 to 0.00 0.000% to 
0.000% 

< 0.001% 0.000% to 
0.001% 

Latest count 
(2023). 

354 0.000% to 
0.000% 

< 0.001% 0.000% to 
0.001% 

Cape Wrath 
SPA 

Burnell et al. 
(2023). 

7,244 0.01 to 0.04 <0.01 0.02 to 0.05 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Latest count 
(2017-2023). 

6,616 0.000% to 
0.001% 

< 0.001% 0.000% to 
0.001% 

Flamborough 
and Filey 
Coast SPA  

Burnell et al. 
(2023). 

45,504 N/A 0.03 to 0.09 0.03 to 0.09 N/A < 0.001% < 0.001% 

Latest count 
(2022). 

44,574 N/A < 0.001% < 0.001% 
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Table 6.113 Summary of predicted collision risk  during the operation and maintenance stage  apportioned to the kittiwake 
feature of distant designated sites  following the guidance approach  

Site  Population 
count  

Population 
size 
(breeding 
adult)  

Predicted collision impacts (breeding adults)  Percentage point change in survival rate (%)  

Breeding  Return 
migration  

Post -
breeding 
migration  

Total n on-
breeding  

Annual  Breeding  Non-
breeding  

Annual  

North 
Caithness 
Cliffs SPA  

Burnell et 
al. (2023). 

11,142 0.46 0.20 0.08 0.28 0.75 0.004% 0.003% 0.007% 

Latest 
count 
(2023 to 
2024). 

18,608 0.002% 0.002% 0.004% 

Forth Islands 
SPA 

Burnell et 
al. (2023). 

9,084 0.35 0.06 0.03 0.09 0.44 0.004% 0.001% 0.005% 

Latest 
count 
(2024). 

14,216 0.002% 0.001% 0.003% 

Copinsay 
SPA 

Burnell et 
al. (2023). 

1,910 0.10 0.01 0.01 0.02 0.12 0.005% 0.001% 0.006% 

Latest 
count 
(2024). 

670 0.015% 0.003% 0.018% 

Hoy SPA  Burnell et 
al. (2023). 

532 0.02 0.01 <0.01 0.01 0.03 0.004% 0.002% 0.006% 

Burnell et 
al. (2023). 

10,300 0.31 0.07 0.03 0.10 0.40 0.003% 0.001% 0.004% 
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Site  Population 
count  

Population 
size 
(breeding 
adult)  

Predicted collision impacts (breeding adults)  Percentage point change in survival rate (%)  

Breeding  Return 
migration  

Post -
breeding 
migration  

Total n on-
breeding  

Annual  Breeding  Non-
breeding  

Annual  

St Abb's 
Head to Fast 
Castle SPA  

Latest 
count 
(2024). 

11,992 0.003% 0.001% 0.003% 

Fair Isle SPA  Burnell et 
al. (2023). 

896 0.04 0.02 0.01 0.02 0.06 0.004% 0.002% 0.006% 

Calf of Eday 
SPA 

Burnell et 
al. (2023). 

672 0.02 0.01 0.01 0.02 0.05 0.004% 0.003% 0.007% 

Rousay SPA  Burnell et 
al. (2023). 

660 0.02 0.04 0.01 0.05 0.07 0.003% 0.008% 0.011% 

Marwick 
Head SPA 

Burnell et 
al. (2023). 

1,812 0.05 0.01 <0.01 0.01 0.06 0.003% 0.001% 0.004% 

Latest 
count 
(2023). 

2,878 0.002% 0.001% 0.002% 

Farne 
Islands SPA  

Burnell et 
al. (2023). 

8,804 0.21 0.07 0.03 0.10 0.31 0.002% 0.001% 0.003% 

Latest 
count 
(2024). 

5,790 0.004% 0.002% 0.005% 

Sumburgh 
Head SPA 

Burnell et 
al. (2023). 

1,932 0.05 <0.01 <0.01 0.01 0.06 0.003% <0.001% 0.003% 
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Site  Population 
count  

Population 
size 
(breeding 
adult)  

Predicted collision impacts (breeding adults)  Percentage point change in survival rate (%)  

Breeding  Return 
migration  

Post -
breeding 
migration  

Total n on-
breeding  

Annual  Breeding  Non-
breeding  

Annual  

Latest 
count 
(2018 to 
2023). 

691 0.008% 0.001% 0.008% 

Noss SPA  Burnell et 
al. (2023). 

358 0.01 0.01 <0.01 0.01 0.02 0.002% 0.004% 0.006% 

Latest 
count 
(2024). 

154 0.004% 0.009% 0.014% 

Foula SPA  Burnell et 
al. (2023). 

850 0.02 0.01 <0.01 0.01 0.02 0.002% 0.001% 0.003% 

Hermaness, 
Saxa Vord 
and Valla 
Field SPA  

Burnell et 
al. (2023). 

354 <0.01 0.01 <0.01 0.01 0.02 0.001% 0.003% 0.004% 

Latest 
count 
(2023). 

354 0.001% 0.003% 0.004% 

Cape Wrath 
SPA 

Burnell et 
al. (2023). 

7,244 0.13 <0.01 <0.01 <0.01 0.13 0.002% <0.001% 0.002% 

Latest 
count 
(2017-
2023). 

6,616 0.002% <0.001% 0.002% 
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Site  Population 
count  

Population 
size 
(breeding 
adult)  

Predicted collision impacts (breeding adults)  Percentage point change in survival rate (%)  

Breeding  Return 
migration  

Post -
breeding 
migration  

Total n on-
breeding  

Annual  Breeding  Non-
breeding  

Annual  

Flamborough 
and Filey 
Coast SPA  

Burnell et 
al. (2023). 

45,504 N/A 0.74 0.31 1.05 1.05 N/A 0.002% 0.002% 

Latest 
count 
(2022). 

44,574 1.05 N/A 0.002% 0.002% 

 





MarramWind Offshore Wind Farm  December 2025 
Report to Inform Appropriate Assessment  
 
 

395 

Table 6.114 Summary of predicted combined d istributional response  and collision risk impact  during the operation and 
maintenance stage  apportioned to the kittiwake  feature of distant designated sites  following the guidance  approach  

Site  Population 
count  

Population 
size 
(breeding 
adult)  

Predicted distributional response impacts 
(breeding adults)  

Percentage point change in survival rate (%)  

Breeding; 
CRM+ 30% 
Disp ; 1 to 3% 
Mort  

Non-breeding; 
CRM+ 30% Disp ; 
1 to 3% Mort  

Annual; 
CRM+ 30% 
Disp ; 1 to 3% 
Mort  

Breeding; 
CRM+ 30% 
Disp ; 1 to 3% 
Mort  

Non-breeding; 
CRM+ 30% Disp ; 
1 to 3% Mort  

Annual; 
CRM+ 30% 
Disp ; 1 to 3% 
Mort  

North 
Caithness 
Cliffs SPA  

Burnell et 
al. (2023). 

11,142 0.52 to 0.63 0.29 to 0.31 0.81 to 0.94 0.005% to 
0.006% 

0.003% to 0.003% 0.007% to 
0.008% 

Latest 
count (2023 
to 2024). 

18,608 0.003% to 
0.003% 

0.002% to 0.002% 0.004% to 
0.005% 

Forth Islands 
SPA 

Burnell et 
al. (2023). 

9,084 0.39 to 0.48 0.09 to 0.09 0.48 to 0.57 0.004% to 
0.005% 

0.001% to 0.001% 0.005% to 
0.006% 

Latest 
count 
(2024). 

14,216 0.003% to 
0.003% 

0.001% to 0.001% 0.003% to 
0.004% 

Copinsay 
SPA 

Burnell et 
al. (2023). 

1,910 0.11 to 0.14 0.02 to 0.02 0.13 to 0.16 0.006% to 
0.007% 

0.001% to 0.001% 0.007% to 
0.008% 

Latest 
count 
(2024). 

670 0.017% to 
0.021% 

0.003% to 0.003% 0.020% to 
0.024% 

Hoy SPA  Burnell et 
al. (2023). 

532 0.02 to 0.03 0.01 to 0.01 0.03 to 0.04 0.004% to 
0.005% 

0.002% to 0.002% 0.007% to 
0.008% 






































































































































































































































































































































































































































