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1 Introduction 

1 Cenos Offshore Windfarm (hereafter ‘the Project’) is a proposed floating offshore wind farm, located 

approximately 200km offshore from the north-east coast of Aberdeen, Scotland. The Project is proposed by 

Cenos Offshore Windfarm Ltd. (‘the Applicant’) and is a Joint Venture (JV) between Flotation Energy (FE) 

and Vårgrønn As (Vårgrønn).  

2 Within this report, the term ‘distributional responses’ refers to two key responses assessed for seabirds in 

relation to the presence of offshore wind farms (OWFs): displacement and barrier effects (NatureScot, 

2023a).  

3 Displacement is defined as ‘a reduced number of birds occurring within or immediately adjacent to an 

offshore wind farm’ (Furness et al., 2013; Bradbury et al., 2014). This is a direct result of birds avoiding the 

area of operational turbines and the avoidance response is species dependent. For species which are less 

adaptive or have highly localised foraging ranges, any displacement impacts may have the potential to create 

population level effects. Advice from the UK Statutory Nature Conservation Bodies (SNCBs) (JNCC et al., 

2022) considers that both birds in flight and on the water may be displaced.   

4 Barrier effects may occur when birds that would have previously flown through an area (e.g. in transit to 

feeding, resting or nesting areas) either have to cease flying or alter their flight paths due to the presence of 

an OWF (JNCC et al., 2022), which may affect energetic costs (Masden et al., 2010). For the purpose of this 

assessment, barrier effects only apply to birds in flight and are considered together with displacement to 

assess distributional responses. This Appendix of the Environmental Impact Assessment Report (EIAR) 

should be read in conjunction with EIAR Vol. 3, Chapter 12: Ornithology. 

5 Bradbury et al. (2014), Furness et al. (2013), Masden et al. (2010) and Wade et al. (2016) consider the 

sensitivity of key seabird species to distributional responses (displacement and barrier effects). Following 

these as well as the NatureScot guidance (NatureScot, 2023a) and the project-specific advice received from 

NatureScot (received 2nd April 2024), the species listed below are considered as sensitive or vulnerable to 

distributional responses and are addressed in this Appendix:  

• Black-legged kittiwake (Rissa tridactyla), hereafter ‘kittiwake’; 

• Common guillemot (Uria aalge), hereafter ‘guillemot’;  

• Atlantic puffin (Fratercula arctica), hereafter ‘puffin’; and 

• Northern gannet (Morus bassanus); hereafter ‘gannet’. 

6 The above species were selected using the joint SNCB interim advice (JNCC et al., 2022) which advises 

species which score three or higher in either disturbance susceptibility or habitat specialisation from 

Bradbury et al. (2014) should be progressed to the matrix stage, in addition to gannet which should be 

included regardless of scores. This, combined with information from site-specific Digital Aerial Survey (DAS; 

Annex 4, EIAR Vol. 4, Appendix 16: Marine Mammal Baseline Report), supported inclusion of guillemot, puffin 

and gannet. Kittiwake is included following NatureScot representation and requests from MD-LOT for other 

Scottish projects.  

7 Kittiwake, puffin and gannet are assessed for both the breeding and non-breeding seasons, whereas guillemot 

is only assessed for the non-breeding season. This is due to there being no guillemot breeding colonies within 

foraging range of the Project (using mean max foraging range from Woodward et al. (2019)). This was 
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discussed and agreed with NatureScot during the Scoping Workshop on 29th February 2024 and the 

subsequent written advice received 2nd April 2024.  

8 The species were selected based on their sensitivity, as mentioned above, and abundance in the Project area. 

Presence of key species in site-specific DAS of the DAS Area (the Innovation and Targeted Oil and Gas 

(INTOG) ‘E-a’ Area plus a 4km buffer), the Array Area and the Array Area plus 2km buffer are presented 

alongside density and abundance estimates in EIAR Vol. 4, Appendix A19: Ornithology Baseline Report. Other 

species, such as razorbill (Alca torda) and red-throated diver (Gavia stellata), have also been identified as being 

susceptible to distributional responses, however, observed abundance in the area was too low to warrant 

inclusion in this assessment.  

9 As discussed with NatureScot at the Ornithology Catch Up on 7th August 2024, fulmar (Fulmaris glacialis) will 

be assessed qualitatively for distributional responses. This information is presented in EIAR Vol. 3, Chapter 

12: Ornithology and the Report to Inform Appropriate Assessment (RIAA).  

10 The primary method of assessment used within this assessment is the matrix method presented in the joint 

SNCB interim guidance (JNCC et al., 2022), as agreed in the NatureScot advice (received 2nd April 2024). 

This method estimates the number of birds that may be expected to die as a result of distributional responses 

due to the presence of the Project.  

11 SeabORD modelling was used to provide additional contextual information on the effect of the Project on 

distributional responses of seabirds during the chick rearing period. Modelling was undertaken for kittiwake 

and puffin only, as it is not possible to model gannet using SeabORD; guillemot were outside of foraging range 

during the breeding season. 

12 Species-specific displacement rates were applied during analysis however, any predicted impacts are assumed 

to cover both displacement and barrier effects to effectively examine distributional responses as a whole.  
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18 Where seasons started or ended halfway through the month, the 15th was used as a mid-month cut off, and 

surveys were assigned to a season based on the date that the survey was flown. 

19 As noted above, the SNCB interim guidance (JNCC et al., 2022) defines displacement as affecting both birds 

on the water and in flight; therefore, the MSPs were calculated from monthly population estimates for all 

birds present within the Array Area plus 2km.  

20 All estimates of density and abundance include ‘unidentified’ birds which have been ID apportioned (allocated) 

to species based on the relative abundance ratios of identified species within each category. More detail on 

apportioning of unidentified birds and the calculation of absolute estimates of density and abundance can be 

found in EIAR Vol. 4, Appendix A19: Ornithology Baseline Report.  

21 For guillemot and puffin, density and abundance estimates have been adjusted to provide absolute estimates 

(accounting for animals diving at the time of the survey; i.e., adjusting for availability bias).  
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2.2 SeabORD modelling 

2.2.1 Introduction and scope of SeabORD 

26 Created by the UK Centre of Ecology and Hydrology (CEH), SeabORD is used to quantify the fate of seabirds 

impacted by displacement and barrier impacts during the breeding season (Searle et al., 2014, 2018). It is an 

individual-based modelling approach which predicts the bio-energetic consequences to seabirds from changes 

in flight paths due to the presence of offshore wind farms.  

27 SeabORD simulates the flightpaths of individual birds from identified breeding colonies to potential foraging 

areas in scenarios with and without additional wind farms present (Searle et al., 2019). Data are fed into bio-

energetic equations which estimate the percentage body mass loss of each bird, acting as a proxy of survival. 

Refer to EIAR Vol. 4, Appendix A22: Distributional Responses Report - Annex 2 for further detail.  

28 Currently the software can only be used to predict the potential impacts of windfarms on four species; 

kittiwake, guillemot, razorbill and puffin. As there are no Special Protection Areas (SPA) or non-SPA breeding 

guillemot colonies within the breeding season foraging range of the Project, this species was not assessed. 

For razorbill, the low observed abundance during DAS means that they are not included in SeabORD analysis 

for the Project. Therefore, only kittiwake and puffin were analysed using SeabORD. 

29 Multiple scenarios were ran through SeabORD to determine the estimated mortality of birds due to the 

presence of the Project. The effect of distributional responses was assessed for the Project alone (Project 

alone scenario) as well as in combination with neighbouring OWFs (Cumulative scenario). Four other OWFs 

were included in analysis: European Offshore Wind Deployment Centre (EOWDC), Green Volt Windfarm, 

Hywind Scotland Pilot Project and Kincardine Floating Offshore Windfarm. 

30 Four seabird colonies were included in the assessment; three for kittiwake (Fowlsheugh SPA, Buchan Ness 

to Collieston Coast SPA and Troup, Pennan and Lion’s Head SPA) and one for puffin (Farne Islands SPA).  

31 As there were no tracking data available for seabirds within these colonies, SeabORD was run using the 

‘distance decay’ function as described in EIAR Vol. 4, Appendix A22: Distributional Responses Report - Annex 

2. 
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3 Results 

3.1 Predicted impacts: displacement matrices 

32 Table 4 provides estimates of predicted mortality occurring due to distributional responses, as determined 

by species-specific rates of displacement and mortality. For each species, predicted mortalities are calculated 

for the Array Area plus 2km buffer and presented for the breeding and non-breeding seasons, where 

applicable. As standard practice, these estimates are detailed as ‘whole birds’ and therefore values are 

rounded up or down, where relevant. 

33 Predicted mortalities are considered as a proportion of the regional population. Regional populations in the 

breeding season are derived from colony data extracted from the Seabird Monitoring Programme (SMP) 

based on species-specific foraging ranges while Biologically Minimum Population Scales (BDMPS; Furness 

2015) are used in the non-breeding season. Refer to EIAR Vol. 4, Appendix A23: Regional Populations and 

Associated Colony Counts for more detail.  

34 Current NatureScot guidance suggests that for guillemot during the non-breeding season, the population 

derived for the breeding season, using the species-specific mean-maximum foraging range (mmfr) + 1SD from 

Woodward et al. (2019) is used (NatureScot, 2023b). There are no guillemot colonies within breeding season 

mmfr + 1SD, therefore NatureScot request via written advice on the 2nd April 2024 that the BDMPS 

population be used to assess impacts to guillemot in the non-breeding season. 

35 Within EIAR Vol. 3, Chapter 12: Ornithology, mortality from distributional responses is used to determine 

the percentage point change in adult survival in relation to the regional population. This metric is used to 

determine whether population level analysis is required, following NatureScot advice received in the 

Ornithology Catch Up on 7th August 2024 and subsequent written advice received 10th September 2024.   
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3.2 Predicted impacts: SeabORD model outputs 

36 SeabORD outputs for kittiwake and puffin are presented in EIAR Vol. 4, Appendix A22: Distributional 

Responses Report - Annex 2. Outputs are presented separately for each of the SPAs for the Project-alone 

scenario and Cumulative (multiple OWFs) scenario.  

37 For the Project alone scenario for kittiwake and puffin, the additional mortality caused by the presence of 

the Project was less than 0.01% (Table 7 and Table 11; EIAR Vol. 4, Appendix A22: Distributional Responses 

Report - Annex 2) for both puffin and kittiwake. The adult survival at the end of the breeding season for 

kittiwake was 100% with a negligible difference in the number of chicks not surviving the season with and 

without the Project being present (Table 8; EIAR Vol. 4, Appendix A22: Distributional Responses Report - 

Annex 2). The mean survival for adult puffin at the end of the breeding season was 99.999% and, like kittiwake, 

the difference between the number of chicks not surviving the breeding season with and without the Project 

was negligible (Table 12; EIAR Vol. 4, Appendix A22: Distributional Reponses Report - Annex 2). 

38 In cumulative scenarios, which included four additional windfarms, additional mortality was under 0.5% for 

all SPAs for both kittiwake and puffin. The greatest additional mortality was estimated at Fowlsheugh SPA, 

under moderate conditions for kittiwake (0.412%) though adult survival at the end of the breeding season 

was 100% for all colonies. For puffin, adult survival was 99.999% (Table 14; EIAR Vol. 4, Appendix A22: 

Distributional Responses Report - Annex 2). With more windfarms present, fewer chicks were estimated to 

survive the season. Additional chick mortality was never predicted to be above 4.5%.  
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4 Discussion and Conclusions 

4.1 Consideration of estimated displacement mortalities in assessment 

39 This Appendix provides assessment of estimated mortalities of seabird species arising from distributional 

responses using displacement matrices (Section 3.1 and Annex 1:  Displacement matrices) and SeabORD 

(Section3.2, and EIAR Vol. 4, Appendix A22: Distributional Responses Report – Annex 2). As part of EIA, 

the effect of these mortalities must be considered in the context of regional populations during both the 

breeding and non-breeding seasons. 

40 The estimated mortality from distributional responses due to the presence of the Project on regional seabird 

populations during the breeding and non-breeding seasons using the matrix approach are presented in Table 

4. These are detailed per species and per season, in the context of the most contemporaneous population 

counts to DAS of the Project. For the breeding season, the most recent population counts are taken directly 

from the Seabird Monitoring Programme (SMP) database, hosted by the British Trust for Ornithology (BTO), 

which can be made available upon request from BTO. The process of deriving the regional populations is 

detailed in EIAR Vol. 4, Appendix A23: Regional Populations and Associated Colony Counts. The non-

breeding regional populations follow the Biologically Defined Minimum Population Scales (BDMPS) regions 

from Furness (2015). For kittiwake the BDMPS region is ‘UK North Sea’ and for guillemot, puffin and gannet 

the BDMPS region is ‘UK North Sea and Channel’. 

41 Estimated mortalities are higher in the breeding season for puffin whereas kittiwake and gannet have similar 

estimated mortality in both seasons; using both approaches, estimated mortalities from distributional 

responses are predicted to be low. Direct comparison between outputs from displacement matrices and 

SeabORD is challenging as the displacement matrices assess the impact in the context of species-specific 

regional populations whereas SeabORD focuses on the impact at the individual SPA/colony level, specifically 

those expected to have the greatest impact, given the location in relation to the Project.  

42 Using the matrix approach, estimated mortality from distributional responses was below 0.01% of the 

regional populations for all species and seasons, indicating that the level of predicated impact to populations 

is likely to be low. Within EIAR Vol. 3, Chapter 12: Ornithology it is determined whether estimated mortality 

from distributional responses (combined with collision mortality for gannet and kittiwake), leads to a 

percentage point change in adult survival of equal to or more than 0.02%. This is additionally presented and 

discussed within EIAR Vol. 4, Appendix A25: Population Viability Analysis Report.  

43 For the purpose of quantitative impact assessment, results using the matrix approach will be fed into 

Population Viability Analysis (PVA) (EIAR Vol. 4, Appendix A25: Population Viability Analysis Report) and the 

Habitats Regulation Appraisal (HRA), presented within the RIAA.   
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1 Introduction 

1 This Annex supports the assessment of distributional responses undertaken for the Cenos Offshore 

Windfarm (hereafter ‘the Project’). The Project is a planned 50/50 joint venture (JV) between Flotation 

Energy (FE) and Vårgrønn. This Annex will provide additional contextual information from SeabORD 

modelling to support EIAR Vol. 4, Appendix A22: Distributional Responses Report.  

2 Within this Annex, the term ‘distributional responses’ refers to two key responses assessed for seabirds in 

relation to the presence of offshore wind farms (OWFs): displacement and barrier effects (NatureScot, 

2023). Further information is provided in EIAR Vol. 4, Appendix A22: Distributional Responses Report. 

3 Following the approach proposed in the Scoping Workshop held 29th February 2024, the Scoping Report, 

and the subsequent agreement through the Scoping Opinion (received September 2024), the matrix method 

has been used as the primary method of assessing distributional responses for the Project (JNCC et al., 2022), 

with modelling outputs from SeabORD (Mobbs et al., 2018; Searle et al., 2018) used to provide contextual 

information.  

4 SeabORD is an individual-based modelling method developed by the UK Centre of Ecology and Hydrology 

(CEH) which assesses the bio-energetic impacts of distributional responses to individual birds as well as 

specific populations, quantified by the number of estimated mortalities. SeabORD simulates flight paths of 

individual birds from identified breeding colonies to potential foraging areas in the presence of single or 

multiple OWFs and compares these to flightpaths simulated with no OWFs present (Searle et al., 2014; 2018; 

2019). Activity budgets derived from these flight paths are then fed into bio-energetic equations which 

estimate the percentage body mass loss of the birds, which acts as a measure of survival.  

5 Technically, within the simulations only the chick-rearing period is modelled. However, this will be referred 

to as the breeding period throughout this Annex. 

6 SeabORD was run using a ‘distance decay’ function which assumes that as the distance from the colony 

increases, the density of foraging birds decreases. Distributional responses were assessed using SeabORD 

for the following species: 

• Black-legged kittiwake (Rissa tridactyla), hereafter ‘kittiwake’; and 

• Atlantic puffin (Fratercula arctica), hereafter ‘puffin’.  

7 Currently, SeabORD is only able to predict the impact of distributional responses for the above species plus 

razorbill (Alca torda) and common guillemot (Uria aalge). For guillemot, there are no Special Protection Area 

(SPA) or non-SPA breeding colonies within breeding season foraging range of the Project, so the species is 

not assessed. This follows advice received for the Project from NatureScot on 2nd April 2024. Razorbill are 

not assessed for distributional responses for the Project due to low observed abundance in Digital Aerial 

Surveys (DAS), so are not included in SeabORD analysis.    

8 Estimated mortality from distributional responses is estimated in relation to SPA and non-SPA breeding 

colonies. Colonies within the species-specific mean maximum foraging range plus one standard deviation 

(mmfr + 1SD) from the Project were derived during connectivity and apportioning (see EIAR Vol. 4, Appendix 

A24: Apportioning Report) for each species modelled, using foraging ranges presented in Woodward et al. 

(2019). SeabORD allows for up to six colonies to be included within the simulation. For this project, the SPA 

colonies included in the analysis for kittiwake and puffin are presented in Table 1.  
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15 The same approach was used for puffin as for kittiwake. Apportioning indicated three colonies with 

apportioning weightings greater than 0.00: Farne Islands SPA (0.42), Forth Islands SPA (0.42) and Coquet 

Island SPA (0.08) (EIAR Vol. 4, Appendix A21: Apportioning Report). However, both Forth Islands SPA and 

Coquet Island SPA were found to be approximately 265km from the site. As the mmfr + 1SD for puffin is 

265.4km, it would be expected that only a small number of individuals from either of these SPAs could be 

impacted by the Project and were therefore not included within simulations.   

16 Multiple scenarios were run through SeabORD to determine the estimated mortality of birds due to the 

presence of the Project during the breeding season. The effect of distributional responses was assessed for 

the Project (Project Alone scenario) and including other neighbouring OWFs (Cumulative scenario). 

SeabORD allows for up to five OWFs, including the Project, to be included in models. The OWFs selected 

were included based on proximity to the Project and if they had received consent at the time of analysis 

(December 2024). The OWFs which were considered in addition to the Project within the Cumulative 

scenario were: 

• European Offshore Wind Deployment Centre (EOWDC); 

• Green Volt Windfarm; 

• Hywind Scotland Pilot Park Project, hereafter ‘Hywind’; and  

• Kincardine Floating Offshore Windfarm, hereafter ‘Kincardine’.  
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4 Discussion 

41 SeabORD simulations for the Project Alone scenario suggested little impact on the mortality of both 

kittiwake and puffin. For both species, no colony was predicted to have an additional adult mortality 

greater than 0.010%, and all SPA colonies were predicted to have impacts of 0.006% or less during 

moderate conditions (Table 7 and Table 11).  

42 As expected, it was found that additional mortality increased under the Cumulative Scenario, most likely 

due to the increased flight distance across the modelled period. For kittiwake, the presence of all wind 

farms cumulatively led to estimated additional mortalities of 283.5 adults across the three colonies under 

moderate conditions (Table 9). For puffin, estimated additional mortalities at Farne Islands SPA were 

calculated at 24.8 adults per year (Table 13).  

43 From the simulations run for puffin, it was found that there was a mortality rate of approximately 0.1% 

or 0.8% of impacted, or displaced, individuals within the Project Alone and Cumulative scenarios 

respectively, lower than the 3-5% mortality rate regularly used in displacement matrices within 

quantitative assessment of Scottish offshore wind projects (Table 11 and Table 13). For kittiwake, it was 

found that the mortalities caused by the wind farm accounted for approximately 0.8% or 5.23% of the 

impacted individuals within the simulation for the Project Alone and Cumulative scenarios respectively 

(Table 7 and Table 9). Displacement matrices and a more detailed comparison of the two methods is 

presented in EIAR Vol. 4, Appendix A22: Distributional Responses Report. 

44 SeabORD simulations could also be impacted by the prey distribution selected. As no appropriate GPS 

data were available, it was assumed that prey distribution was uniform. This is unlikely to occur in reality, 

with theories such as Ashmole’s Halo documenting areas of low prey abundance surrounding seabird 

colonies due to predation from individuals at breeding colonies (Ashmole, 1963), which has also been 

identified in high-latitude seabird species (Patterson et al., 2022). For the version of SeabORD available, 

it is only possible to include non-uniform prey distributions if GPS data for the species and colony of 

interest are available. These data must include the density of birds for locations within the simulation 

area for each of the colonies under consideration, with was unavailable for the Project.   

45 As previously mentioned, the results in this Annex have been scaled using a scaling factor of 1/proportion 

of the population modelled. This was done to estimate the full number of mortalities that would be 

expected to occur if the whole population was included in models and assumes that the results of 

simulations will scale linearly. This could have impacts on the scaled number of mortalities estimated as 

it is not clear what the scale or direction of any changes in the proportion of population simulated would 

include.  

46 As the model is parameterised using various sources of information or expert judgement, the uncertainty 

around these individual parameters is not always clearly stated. Thus, it is likely that the true level of 

uncertainty is unaccounted for by the model (Searle et al., 2022). Planned expansions and developments 

of the SeabORD model including some of the points mentioned, such as the issues surrounding 

uncertainty, and have been further described in Searle et al. (2022).  
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