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Introduction

During the fourth meeting of the Offshore Wind Leasing Round 4 Plan (“Round 4") strategic steering
group for kittiwake compensation (the “Steering Group”) on 25™ April 2023, the attendees discussed
the approach to selecting sites for artificial nesting structures (“ANS") as a strategic compensation
measure for kittiwake. NIRAS (as technical advisors to The Crown Estate) presented site selection
criteria, which covered both onshore and offshore locations (as described below). The criteria were
developed to enable potential locations for an ANS to be ranked and were categorised as either
‘critical' or ‘aimed at optimising the success of the measure’. Criteria were refined from those used in
previous offshore wind project ANSs, which were made publicly available as compensation measures.
As a result, these criteria have undergone a detailed consultation process and were reviewed by
Natural England and other stakeholders. This process ensures a strong foundation for determining
suitable potential locations for kittiwake ANS.

The Steering Group reached a consensus that the criteria were appropriate and agreed to apply them
to potential locations as part of the strategic measure planning. This document outlines the site
selection process undertaken by NIRAS (on behalf of The Crown Estate) to determine ecologically
beneficial locations to construct an ANS for breeding kittiwake in the North Sea.

Site Selection Process

The site selection process for an ANS has been undertaken via a Geographical Information System
exercise where ecological criteria is a primary consideration. The location of an ANS in terms of
proximity to productive foraging areas and avoiding competition with other existing seabird colonies
while maintaining connectivity with existing breeding kittiwake colonies are the key factors to increase
the chance of colonisation of a structure.

Considerable site selection work has been undertaken and presented in an offshore and onshore
context by recent offshore wind farm compensation cases. Those of particular relevance are from
Hornsea Four (Orsted, 2022) and Outer Dowsing (2023). The site selection methodology presented
here builds on this work, using similar approaches.

To maximise the chances of success, an ANS must have the basic building blocks required for the
formation of a new colony, these are a safe nesting environment within foraging range of a stable
prey source. One of the most important factors in choosing an optimal location for an ANS is the
availability of prey resources. Colonies are generally located where travel distances between breeding
and foraging locations are reduced, enabling optimal foraging for central-place foragers (Sandvik et.
al. 2016). However, the size and distribution of colonies also has the potential to influence prey
availability, and can create areas where new colony formation is unlikely. Density dependent factors
are important in driving colony foraging patterns of kittiwake (Wakefield et. al. 2017), and segregation
between colony foraging areas is apparent at some colonies (Bolton et. al. 2020). Therefore, the size
and proximity of neighbouring colonies is important in determining the intensity of potential
intraspecific inter-colony competition and segregation in foraging areas (Bolton et. al. 2020). Social
attraction and stimulation is also important for kittiwake. Prospecting birds are strongly attracted to
sites where social cues indicate breeding conditions are optimal (i.e. areas where productivity is high).
In terms of connectivity to existing colonies, kittiwake are not highly philopatric with only 11%
returning to their natal colony to breed (Horswill and Robinson 2015). The majority (c. 89%) of first
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time breeders generally recruit to other colonies within 100 km of their natal colony, with the rest
recruiting ether between 400-1000 km from the natal colony (Coulson 2011).

These considerations have formed the key foundations for building a strong approach to determining
suitable ANS locations.

Selection Criteria

A limited number of Special Protection Areas ("SPAs") are present in English waters for kittiwake and
as a consequence, on the east coast, almost all impacts from offshore wind farms ("OWFs") are
apportioned back to the Flamborough and Filey Coast SPA. To maintain connectivity with this
population, site selection is only considered for sites in English, North Sea waters. Offshore and
coastal locations within 100 miles of the coast were considered with the primary focus on the
following ecological factors. It is envisioned that this will be a multi-faceted process with technical
factors considered (see next steps) once sites of high ecological suitability have been identified.

Proximity to foraging areas

One of the most important factors in choosing an optimal location for an ANS is the availability of
prey resources. There are however considerable knowledge gaps surrounding the location, size and
availability to kittiwake of their key prey resources, especially further into the offshore environment.
Diet and habitat preference studies indicate there is variation in the importance of these factors across
their range (Wilson et. al. 2021, Chivers et. al. 2012). The quantity of prey resources available to
foraging breeding adult birds (i.e. numbers of breeding adults and chicks the resource can
energetically support) is associated with a degree of uncertainty, but certain proxies have been agreed
by the Steering Group on as the most likely indicators of favourable food resources — two of these
proxies have been used in this exercise: the presence of tidal mixing fronts and forage fish
distribution.

Within foraging range of physical descriptors of prey abundance and availability e.g. tidal
fronts

A key environmental feature that has been identified as providing important foraging opportunities
for kittiwake are fronts (Camphuysen et. al. 2005). In the UK and Dutch waters, the Flamborough Front
appears to be a particular area of importance for kittiwake (Riddell and Davison-Smith, (2023)).
Kittiwakes can only reach prey within the top metre of the water column, so they are often associated
with hydrographic features such as shelf breaks and tidal fronts which concentrate prey near the water
surface (Leopold, 1993; Skov and Durinck, 1998; Markones, 2007). Stratification of the water column
and tidal currents running over uneven topography is thought to be important in creating surface
aggregations of sandeels that kittiwakes can exploit (Embling et. al, 2012). Though tidal fronts can
vary significantly depending on oceanographic, meteorological and climatic drivers, identification of
persistent fronts may provide a useful indication of prey availability.

Miller & Christodoulou (2014) produced maps identifying frontal locations which have been widely
used in the recommendation of UK Marine Protected Areas, as a proxy for identifying regions with
high pelagic diversity. These maps were used in the heat map production process to identify potential
areas of high prey availability and appropriate foraging conditions for kittiwake.
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Within foraging range of biological descriptors of prey abundance and availability e.g. sandeel
habitat, or other proxies indicating high likelihood of prey availability

During the breeding season, kittiwake feed mainly on small pelagic shoaling fish; in UK waters these
consist of energy-rich species such as sandeels, sprats and young herring. Sandeel are a key prey
species for the seabirds in the North Sea and their abundance and size are strongly linked to breeding
success in kittiwake (Lewis et. al. 2001). There is a degree of regional variability in kittiwake prey
preferences (Chivers et. al. 2012, Bull et. al. 2004, Furness and Tasker 2000), therefore this criteria does
not represent an absolute measure of likely prey availability.

Marine Scotland (Langton et. al. 2021) have recently produced verified distribution models for the
lesser sandeel (Ammodytes marinus), with maps predicting the occurrence and likely density of
sandeels in parts of the North Sea. The probability of presence of buried sandeel in the North Sea
study region was used in the heatmap process to identify potential prey resources for kittiwake.

Proximity to existing kittiwake colonies

For colonial seabirds, proximity of conspecific individuals is a strong stimuli influencing nest site
selection (Buxton et. al. 2020). The presence of other nesting birds breeding successfully provides
information about local breeding conditions (e.g., abundant food, safe places to nest) (Forbes and
Kaiser 1994, Kildaw et. al. 2005). Consequently, the presence of a colony may reliably indicate
favourable conditions. Birds are likely to recruit to other colonies within 100 km of their natal colony
therefore proximity to existing kittiwake breeding sites will be a key factor in ensuring colonisation for
an ANS. Connectivity between colonies is important, however, the presence of a large number of birds
may increase competition for food resources nearby. Exceptionally large colonies only occur where
there is little or no suitable nesting habitat elsewhere within the foraging range of birds from that
colony (Furness and Birkhead 1984). This implies that provision of ANS would be more likely to attract
kittiwakes where competition for resources would be less than at large colonies (e.g. avoiding areas
within foraging range of large colonies). Therefore this criteria was based on the proximity to existing
‘small’ colonies (<5,000 pairs), with higher value given to sites closer (likely to be within visual range)
to existing colonies with decreasing value based on dispersal distances detailed in Coulson (2011).

NB. There are populations of kittiwake known to be breeding on North Sea oil and gas rigs within the
search area (Orsted, 2022), however, the location of these rigs and population sizes of kittiwakes are
not in the public domain so have not been included in this exercise. This information (or similar
collected by other developers) could alter the scoring of some areas offshore to become more
favourable for locating an ANS.

Avoidance of areas where intraspecific competition is likely to be high.

The size and distribution of colonies has the potential to influence prey availability, so can create areas
where new colony formation is unlikely. Density dependent factors are important in driving colony
foraging patterns of kittiwake (Wakefield et. al. 2017), and segregation between colony foraging areas
is apparent at some sites (Bolton et. al. 2020). Therefore, the size and proximity of neighbouring
colonies is important in determining the intensity of potential intraspecific inter-colony competition
and segregation in foraging areas (Bolton et. al. 2020), especially in relation to the installation of a
new colony. The size and stability of prey resources will be key to whether neighbouring colonies are
able to share or segregate resources at sea. For example, Paredes et. al. (2014) found that foraging
areas of adjacent kittiwake colonies were highly segregated close to the colonies, but shared foraging
grounds existed at more remote oceanic locations. Density-dependent competition may drive
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segregation locally, but temporally stable areas of high productivity located further away may be able
to support a greater number of birds, causing segregation to break down (Bolton et. al. 2020).

Predictive modelling informed by seabird tracking data has been used to map the key at sea hotspots
(which are likely to be foraging areas) for kittiwakes in UK waters (Cleasby et. al. 2020; Wakefield et. al.
2017). These maps have been used to highlight areas where competition for food resources is likely to
be most intensive with the heatmap criteria set up to avoid overlap of ANS foraging areas with the
key foraging areas of existing North Sea colonies.

Likelihood of exchange with FFC population but avoiding direct competition
for resources

Statutory stakeholders have previously agreed that ANS site selection should avoid the core foraging
range distance from the Flamborough and Filey Coast (“FFC") SPA (55 km for kittiwakes (based on
Woodward et. al. 2019)), whilst maintaining some connectivity with FFC SPA to allow colony
interchange to be a possibility. Therefore, a criteria scoring highly for connectivity with FFC SPA
population (i.e. Within 100 km (Coulson 2011)) but not overlapping with the mean (core) foraging
ranges from the SPA was included.

Hard Constraints

There are constraints from existing infrastructure, including oil and gas platforms, cables and
pipelines, aggregates, OWFs, protected monuments and protected wrecks where the seabed is
already occupied and therefore cannot be built in this location. In addition, there are areas such as
navigational channels, military areas and also some specific types of land use where it is not possible
to build structures. These are deemed as hard constraints and are removed from the study area.

Based on previous site selection discussions for other projects & spatial planning the following data
and buffers have been used:

¢ Off wind farm (OWF) +15km buffer (based on an arbitrary value)

* OWF-met equipment

* Wave & tidal +500m

¢ Cables & pipelines +500m buffer

* Aggregate extraction areas +500m buffer

* Wrecks +500m buffer

* Wreck exclusion zones

¢ Scheduled monuments

* World Heritage Site

¢ IMO major shipping channels +1km

* Oil & Gas structures+500m

¢ Carbon capture Storage +500m

¢ Evaporates licence areas +500 (none were found in the area)

¢ Offshore mining +500m

¢ Land use types which would most likely preclude ANS construction, specifically residential, military, ceme-
tery, quarry and retail.
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In addition, The Crown Estate hold commercially sensitive information which has been considered in
the identification and refinement of the Area’s of Search.

The following datasets were not freely and publicly available:

« Defence areas
» Anchorage areas
« Aquaculture licences

Designated sites

Marine Conservation Zones ("MCZs"), Special Areas of Conservation (“SACs") and SPAs are highlighted
in the final heatmaps but could still be considered if good ANS locations exist within them, but where
an ANS would not cause an adverse effect on designated or classified features.

Map creation

A map was created for each criteria described in Section 3 above, the spatial extent of the search area
within each map was scored based on the classification bands outlined in Table 4.1, with certain
criteria weighted more highly if deemed to be critical to success (opposed to those which would
optimise success). Ecological considerations included in the process are presented within Figure 4.2 to
Figure 4.4. Scores were weighted by importance with critical criteria scoring double that of optimising
criteria. All maps were overlaid and scores were calculated (summed) for each 10 km? cells to give the
final heatmap surface. Hard constraints were then overlaid and are presented on the final map (Error!
Reference source not found.). The map is also presented as an interactive web map and can be
accessed via https://experience.arcgis.com/experience/a39d5aff7316419cba9098b5b3156221.

The size of the identified Areas of Search ("AOS") are considered large enough to provide the
flexibility required for ground conditions to ensure the structures can be suitably micro-sited and
acquire the necessary site permits and licences.
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Table 4.1 Details on site selection scoring criteria — Scores were weighted by importance with critical criteria scoring double that of optimising criteria. Foraging ranges used are based

on Woodward et. al. 2019, colony interchange distances are based on information in Coulson 2011.

Criteria

Prey availability —
proximity to fronts

Prey availability — proxim-
ity to sandeels

Connectivity - Distance to
existing colonies

Connectivity to FFC SPA
but avoiding direct compe-
tition

Weighting

Critical

Critical

Critical

Optimal

Area is within mean forag-
ing range (55 km) of a tidal
front

Area lies on an area with
sandeel presence

Area is 0-5 km from a small
(<5000 pairs) existing col-
ony (close enough to be in
visual range for social cues)

Areas within 100 km?* of FFC
SPA but beyond likely forag-
ing overlap zone i.e. beyond
mean foraging range but
out with likely foraging

Area is beyond mean for-
aging range but within
mean-max foraging range
(156 km) of a tidal front

Area is beyond mean for-
aging range but with-in

mean-max foraging range
(156 km) of sandeel areas

Areas between 5-100 km
from an existing small col-
ony (areas of high connec-
tivity where interchange of
birds is most likely based
on distances stated in
Coulson 2011Y)

N/A

Area is beyond mean-max
foraging range (156 km) of a
tidal front

Area is beyond mean-max
foraging range (156 km) of
sandeel areas

Area between 100-900 km
from any known breeding
colonies (lower chance of
colony interchange?)

Area beyond 100 km of FFC
SPA !

NIRAS

__

No tidal fronts exist within
max recorded foraging
range (770 km) for the spe-
cies.

No foraging areas likely to
exist within max foraging
range (770 km) of the site

Areas beyond >900 km
from any known breeding
colonies (beyond the dis-
tance colony interchange is
likely to occur?)

Areas within likely foraging
overlap zone of FFC SPA i.e.
within mean foraging range
(55 km)

" Coulson (2011) examined ringing recoveries of kittiwake born in the UK and states "Peak of recoveries of kittiwake were within 100 km of their place of birth, and a second, smaller peak
occurred between 400 and 900 km from the natal colony. With the only exception being two birds which were found beyond 1500 km (moving from the UK to Greenland)".
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Minimising competition
for resources with existing
colonies

Document ID: RKRCHMWTM2627-904792668-1058

Optimal

overlap zone (between 55-
100 km from FFC)

Areas beyond and within
max curvature kernels from
Cleasby et. al. 2020 Gettis
Ord hotspots — Limited
competition for resources

Areas between statistically
significant areas and max
curvature kernels from
Cleasby et. al. 2020 Gettis
Ord hotspots — some com-
petition for resources

Areas within the 5% Gettis
Ord bands Cleasby et. al.
2020 Gettis Ord hotspots —
high competition for re-
sources likely

Areas within the 1% Gettis
Ord band Cleasby et. al.
2020 Gettis Ord hotspots -
highest competition for re-
sources likely
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Figure 4.7: SPA connectivity and composition criteria map
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Figure 4.3: Prey availability criteria map
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Figure 4.8: Connectivity and competition criteria map based on colony locations
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Figure 4.4: Connectivity and competition criteria map based on hotspots
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Figure 4.5. Hard Constraints

Document ID: RRCHMWTM2627-904792668-1058

Drawing ref: 81400214 007

NIRAS

16/22



NIRAS

IBOOW  F0OW  2300W  2000W  1°300W  1S00W  0°300W  0%00"  0Q0'E  I00°E 100'E  200°E  2000E 30 PNUE  4Q0E  400E  SO0E
N
z
s
2 EAnburgh
£
BeawickiopoTIvee ] 2
g
=
- Hawick
£
2
2
z
2]
b Carlisle
=
=
£ pven
=
5
Kendal =z
5
'S
&
arrow-in-Furness
z Morecambe
2 Harrogate
&
Ble(kl)oulpreston Burnley Leeds g
Southport Rmhdalel—(uddersf«e\d @
z Bolton
5
Q_ : St Heléns Manchester
. Liverpool Sheffield
oyt z
Lincoln 1S
Chester '.Q
f:_ Wrexham Stoke-on-Trent
Nottingham gy,
Oswestry
=z
5
Shrewsbury =
Leicester A
z Wolverhampton Peterborough
1Y
2 Birmingham oy Thetford
] Coventry Kettering |
Redditch Wellingborough Bury st e
Northampton Cambridge Edmungs _g
Worcester et Rol &
£ Hereford Banbury ;"e‘:‘"“;s
@ Cheltenham Luton
Gloucester
Hemel Harlow _, AN g
ﬁ;’;;‘j’ Oxtord Hempstead e Bergq 2
High Middelburg Zod s,
z MNedport Swindon O ’
2 . slough  Londo
27 Cardiff Bristol Reading MERER A
Weston-super-Mare B:::Wmd . woking Bruges
] Basingstoke ch z
Frome i 2
Crawley Dunkirk Aalst | &
z salisbury ot lzegem
§‘ Jaice ot o o Seraardsbergen
@ outhampton i 3 onse
- - - - P - - Brighton /HdSl § . - - - r
300" W 29300°W 2000°W 1°300'W 1°00"W 0°300°W 0°00" 0°300°E 1°00°E 1°300° 200°€ 20300°€ 3°00' 00E 4°00°E
Legend Data Copyright: ";""
" . " Coastline- EMODnet (2022) &g
Hard Constraints point features AOS (ODOW)- Corio (2023) »
® AOs, Kittiwake Tower AOS (Kittiwake Tower)- RWE (2023) g ot
Coastline Designated Sites- JNCC& NE (2022) i
Hard constraints include several layers: Amsterdam
[ Aos Land Use- OpenStreetMap (2023) Londont | ¢ Germ
[ ExtentArea Evaporites- TCE (2021) . Brubsels
Wave Export Cables- TCE (2020)
[l Projects of TCE Round4 Plan Offshore Windfarms/ Pipelines/ Carbon Capture&Storage/ P
77) Protected Areas (SPA& SAC & MCZ)  Tidal & Wind Export Cables -TCE (2023) .
& g Meteorological Equipment/
[ Hard Constraints Wave & Tide sites/Mineral Aggregates /Offshore mining- TCE (2022) a
Combined Scores Protected Wrecks/ Scheduled monuments/ World Heritage Sites/ . i
Conservation Areas- Historic England (2023) UK Nautical Miles
-0 Battlefields- HE (2021) 0 15 30 60 90 120
-4 Oil&Gas infrastructures- NSTA (2022) Kilometres
Cables- EMODnet (2019-2021) ’
-7 Shipping Channels- IMO (2022) NI R¥\S
.-t Esri UK, Esri, Garmin, FAO, NOAA, USGS, Esri UK, Esri, HERE, i
12-14 Garmin, FAO, NOAA, USGS, Esri, GEBCO, Garmin, NaturalVue Prawniby:MMAH
Drawing ref: 81400214 008

Figure 4.6. Final map of combined scores
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5 Results

5.1.1 Following the application of the scoring criteria and hard constraints to the ecologically favourable

areas, nine preferred areas were identified Error! Reference source not found.Figure 5.6). These nine

areas, were then scored based on the existing comparative scoring criteria (presented in Steering

Group meetings). There are no specific determinators between the way each site has been labelled (A-

). Economical and construction constraints should be considered at a later stage for these sites. This
process should not rule out the further consideration of remaining areas as new information may
become available in the future, which may make other areas suitable for an ANS delivered
collaboratively or strategically with other parties.

Table 5.7 Scoring table with scores for each area based on agreed criteria

AOS Overall score
A 20
B 27
C 23
D 25
E 23
F 24
G 16

Reasoning

Scores highly on proximity to potential food resources fronts, proximity to exist-
ing colonies may be closer than scored (due to presence of offshore colonies) but
slightly further from sandeel abundance than other sites and outside area of likely
interchange with FFC SPA.

Scores highly on proximity to potential food resources, may be closer than scored
(due to presence of offshore colonies, however, these locations are not available
in the public domain so could not be included in spatial analyses) but may be too
close to existing colonies which could increase competition for food resources.

Scores highly on proximity to potential food resources, may be closer than scored
(due to presence of offshore colonies, however, these locations are not available
in the public domain so could not be included in spatial analyses) but may be too
close to existing colonies which could increase competition for food resources.

Scores highly on proximity to potential food resources, may be closer than scored
(due to presence of offshore colonies, however, these locations are not available
in the public domain so could not be included in spatial analyses) but potentially
close to offshore wind developments.

Scores highly on proximity to potential food resources, may be closer than scored
(due to presence of offshore colonies, however, these locations are not available
in the public domain so could not be included in spatial analyses) but outside
area of likely interchange with FFC SPA and potentially close to offshore wind de-
velopments.

Scores highly on proximity to potential food resources, may be closer than scored
(due to presence of offshore colonies, however, these locations are not available
in the public domain so could not be included in spatial analyses) but outside
area of likely interchange with FFC SPA and potentially close to offshore wind de-
velopments.

Good proximity to potential foraging areas but scored down on criteria/issues as-
sociated with being onshore e.g. coastal erosion and higher levels of human dis-
turbance/conflict.
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5.1.2

19 Good proximity to potential foraging areas but scored down on criteria/issues as-
sociated with being onshore e.g. coastal erosion and higher levels of human dis-
turbance/conflict. Site close to areas where competition for prey is likely to be
high.

1 Good proximity to potential foraging areas but scored down on criteria/issues as-
sociated with being onshore e.g. coastal erosion and higher levels of human dis-
turbance/conflict Close to areas where competition for prey is likely to be high
and further than the 100 km distance advised for connectivity with existing land-
based colonies.

Apart from AOS 'I', all sites scored positively on the critical criteria. This uses only publicly available
colony locations from the seabird monitoring program database, therefore there is the potential that
all AOS may also be closer to existing colonies than the scores can reflect, e.g. there are kittiwake
colonies on offshore structures which will likely mean there is more connectivity with existing colonies.
All sites other than AOS ‘I score highly for ecological suitability so should be considered further. AOS
‘I' has been excluded from further consideration.

Next steps

Now a ‘long list' of areas of search have been identified via the NIRAS and developer-led approaches,
the long list can be refined based on a number further criteria. As noted within the initial sections of
this report, the site selection approach has been determined by ecological aspects. A potential barrier
to the implementation of an ANS in an AOS may be as a result of hard constraints, such as shipping
lanes etc.

Following discussion surrounding the suitability of onshore or offshore artificial nesting structures, the
Steering Group decided to pursue offshore artificial nesting structures as a preference as a result of
Steering Group discussions and the ecological evidence presented within the KSCP, and lack of
certainty in the development of further onshore artificial nesting structures.

The next stage in the site selection process will be to apply additional shortlisting criteria as follows:

Additional soft constraints to be considered:
« SAC

« SPA

- MCZ

- Sites of Special Scientitific Interest ("SSSI")
» Ramsar sites

- Proximity to Areas of Outstanding Natural Beauty
« Disposal sites

« Shellfisheries classification areas

« Bathing waters

« Awarded Oil & Gas licence blocks

« Hydrocarbons fields

* Proximity Ports/ HA areas
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NIRAS

« Shipping activity

* Tourism/ leisure activities

« Fishing grounds (in consultation with local fisherman)
* Nature reserves

« Historical conservation areas

To be considered during the refinement to a site within an AOS:

* Unexploded ordnance

- Engineering considerations (e.g. suitable ground/ seabed conditions, depths)
* Lease agreements

« Site access

« Land use plans/ spatial plans

« Flood risk/ coastal erosion (terrestrial locations)
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