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Executive Summary 


Assessment of the potential impacts of offshore wind farms include predictions of seabird collision 


mortality, for both individual projects and also cumulatively with other wind farms. Wind farm 


planning applications use worst case parameter estimates in collision risk modelling to ensure 


consented project designs are robust to subsequent modifications. For collision risk assessment this 


typically equates to designs with the highest rotor swept area for the planned generating capacity 


(i.e. many, small turbines). Currently there is no mechanism by which a wind farm’s collision 


mortality can be updated to reflect the design changes. Consequently, these published collision 


estimates are the ones used by later wind farms in their cumulative assessments, even though the 


built wind farms may in fact present much lower risks of collision. As the number of wind farms 


increases there is therefore a growing risk of planning refusal on the grounds of unacceptably high 


cumulative collision risk. 


To assist The Crown Estate to understand how much potential wind capacity is ‘locked up’ in the 


current cumulative totals MacArthur Green was commissioned to calculate updated collision 


mortality which reflected actual wind farm designs and thereby determine the ornithological 


‘headroom’ – the difference between the two estimates. The methods used are detailed in a 


previous report (MacArthur Green 2016). 


This work has focussed on five key collision risk species (gannet, kittiwake, lesser black-backed gull, 


great black-backed gull and herring gull), and one less widespread but potentially sensitive one 


(Sandwich tern). On the basis of current data, it is estimated that updating wind farm data would 


reduce cumulative gannet mortality by around 14%, while that for lesser black-backed gull would be 


reduced by around 40% (with the other species falling in between these two). On the basis of 


collision mortality per MW of installed (or planned) capacity, it appears that revising collision 


estimates could free up around 2,000MW of new wind farm potential in the North Sea. The data and 


calculations are provided in a spreadsheet which can be updated as new information becomes 


available. These should be treated as indicative estimates of headroom and potential new capacity, 


based on current methods and data availability. Certainty on wind farm designs and methodological 


changes will modify these figures in the future. 


Reassessment has also been conducted for Special Protection Area breeding populations, in order to 


provide guidance on areas of higher and lower sensitivity for future development. It is important to 


stress that these can only provide a relative guide, and that future developments will still need to 


undertake full assessments, the results of which cannot be predicted.  


It is also important to note that the acceptability (or otherwise) of cumulative mortality estimates is 


dependent on the status of the populations in question. Gannet populations are increasing and 


unlikely to be of conservation concern in the near future. In contrast, kittiwake populations have 


been in decline for more than a decade and this species can therefore be expected to be of 


increasing conservation concern both generally and with respect to wind farm impacts. Further 


declines may offset any headroom gained through the reassessment undertaken here.  
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1. Background 


As the manager of UK rights for offshore wind generation, The Crown Estate plays a major role in the 


offshore wind energy industry. As a responsible estate manager, The Crown Estate is interested to 


understand how much potential wind farm capacity is currently ‘locked-up’ in existing wind farm 


consents. This results from differences between impact assessments for proposed wind farm 


designs, which are typically derived using worst-case options for turbine dimensions and numbers, 


and as-built wind farms, which to date have invariably been smaller or make use of advancements in 


turbine technology to achieve planned power generation with fewer, larger turbines.  


For any given wind farm the reduction in predicted collision mortality due to design changes may be 


quite modest. However, when these are summed across wind farms as is required for cumulative 


impact assessment (CIA), the reduction in mortality can become substantial. Nevertheless, attempts 


to apply these changes in CIA for wind farms have been deemed inadmissible because while the 


planning consent remains valid there is the potential that further wind farm development could be 


undertaken. The consequence of this is that ornithological CIA is based on the mortality predicted 


for the consented wind farm development. 


This report presents an overview of work undertaken to collate turbine parameters for consented 


and built offshore wind farms in order to calculate the difference in collision mortality between the 


two. This difference is hereafter referred to as headroom.  


As well as an overall estimate of headroom, this has also been considered at a finer spatial 


resolution, since the focus of ornithology impact assessment often falls on seabird breeding colonies 


which have been designated as Special Protection Areas (SPAs). Thus, headroom has been calculated 


at the scale of, for example, the North Sea and also within the foraging ranges of species of seabird 


which are considered to be at significant collision risk from key SPAs. 


The results presented in this report and the accompanying spreadsheet are intended for internal use 


at The Crown Estate, in order to allow a better understanding of ornithological headroom which may 


be available across the existing offshore wind portfolio. The distribution of this report and its 


content for information is at the discretion of The Crown Estate.  


2. Introduction  


Ornithological assessment for offshore wind farms typically focuses on the potential for mortality as 


a result of collisions. Wind farms are assessed on the basis of both their project alone impacts and 


also cumulatively with other wind farms (and other relevant developments) with which their effects 


may be combined. As the number of offshore wind farms increases so do the cumulative impacts 


and as a consequence it seems reasonable to conclude that, at some future point, wind farm 


applications will be rejected on the basis that no more mortality is permissible. While this implies 


that statutory advisors with the responsibility for advising on development impacts have a maximum 


threshold against which they consider cumulative impacts, no such limits have been stated (and 


indeed there may be no firm limits, see e.g. Natural England 2015). In the absence of guidance on 


acceptable or tolerable thresholds the only reliable guide appears to be the most recent cumulative 
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total for a consented development. Thus, a conservative headroom estimate can be derived in 


relation to this cumulative consented total, although subsequent changes in the knowledge of the 


status of the seabird populations in question may also affect this.  


In the UK, Collision Risk Modelling (CRM) methods have become largely standardised, simplifying 


interpretation of the results obtained. In order to ensure that potential impacts are not 


underestimated wind farms are assessed on the basis of the worst case scenario (WCS) in terms of 


predicted numbers of collisions. This is usually represented by the largest number of small 


dimension turbines which could be installed (i.e. within the range of options under consideration by 


the developer at the time of the assessment). Wind farm assessments are also required to take into 


account the potential cumulative mortality across all wind farms which may affect the same seabird 


populations. The cumulative totals for each species are made up of the WCS mortality for each 


contributory wind farm, taken either from the wind farm Environmental Statement (ES) or the 


Development Consent Order (DCO). Wind farm alone mortality is rarely considered to be of concern 


for a wind farm in isolation. However, cumulative and in-combination totals (for Habitats 


Regulations Assessment, HRA, in relation to SPAs) are often subject to considerable scrutiny during 


the assessment and consenting process.   


Constructed offshore wind farms, particularly more recent ones, rarely use the number or type of 


turbines detailed in the application. Technological developments mean that generating capacities 


can be attained with fewer, larger dimension turbines. Collision mortality is almost always lower for 


these ‘as-built’ developments when compared with consented designs. Re-calculating collision 


mortality for built wind farms with updated parameters has the potential to reduce the predicted 


mortality, thereby increasing collision headroom. This is straightforward for constructed wind farms, 


however consented but as yet unbuilt or partially built wind farms may not have reached a final 


determination on turbine model (and number) making updates potentially less reliable. However, at 


such sites it is likely that the smaller consented turbines will have subsequently been ruled out in 


favour of a smaller number of larger turbines. Thus, updates can also be applied to these 


developments, albeit with the proviso that this remains indicative and further calculation may be 


required in future once the final design is known and/or fixed.  


The Crown Estate (TCE) is interested in identifying the magnitude of headroom available within the 


consented offshore wind portfolio for key seabird species, which could be translated into future 


wind farm developments. The methods for undertaking this calculation were developed by 


MacArthur Green in a previous piece of work conducted for TCE. This work found that, owing to the 


structure of the Band collision model, the original mortality could be updated using a simple 


equation relating old to new turbine parameters (MacArthur Green 2016). This report presents the 


results of the application of this approach to UK offshore wind farms and accompanies a 


spreadsheet (Ornithology CRM Headroom TCE 13_01_2017.xlsx) which contains the data used, the 


calculations and results obtained for five seabird species: gannet, kittiwake, lesser black-backed gull, 


great black-backed gull and herring gull. These species were selected on the basis that they are 


found widely around UK coasts in most months and spend a significant proportion of their time at 
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potential collision height (i.e. >22m), with the consequence that they usually have the highest 


collision risk estimates in offshore wind farm assessments.  


This work builds on a project which MacArthur Green undertook for the Marine Management 


Organisation (MMO) and TCE which was developed as part of the offshore wind industry’s Coping 


Strategy. That project (title: ‘Ornithological data inventory for offshore wind farm consenting’) 


involved collating publicly available data relating to offshore wind farm collision estimates.  


3. Methods 


The method for recalculating collision mortality uses ratios of consented and built turbine 


parameters to adjust the consented mortality estimates and does not require re-running of the 


collision model. The wind farm parameters required (both those on which the original assessment 


was based and updated ones for the built wind farm) are: 


 Number of turbines; 


 Rotor radius; 


 Blade pitch; 


 Max blade width (chord); and, 


 Average RPM. 


These data were sought for all UK offshore wind farms and were entered into a table in Excel (‘Wind 


Farm Specifications’). Having collated these data there are two steps required for re-calculating 


collision mortality. 


1. Calculate the species-specific probability of collision for a single transit for old and new 


turbine specifications; and, 


2. Calculate the adjusted mortality using Equation (1). 


  Updated mortality = Original mortality x (r0/r1) x (trf1/trf0) x (p. collision1/p.collision0)    [1] 


Where: 


r  = rotor radius 


trf  = total rotor frontal area (rotor area x no. of turbines) 


p.collision  = probability of collision on single transit (derived from the Band model) 


and, 


subscript 0  = original value,  


subscript 1  = updated value. 


 


[Note that the radius ratio is original/updated, while the other two terms are updated/original]. 


To undertake step 1, calculation of the probability of collision for the two turbine specs at each wind 


farm, the ‘Single transit collision risk’ tab as presented in the Band CRM Excel spreadsheet was used. 


To facilitate later calculations the original layout of this sheet in the Band model was rearranged so 


that all the data and calculations for any given wind farm were contained in a single column. This 
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made it possible to incorporate the calculations for all wind farms in a single sheet, greatly 


simplifying the presentation of the calculations. 


As the probability of collision is also species specific, a separate sheet was created for the five 


species (e.g. Gannet p.collision ratio, etc.). The turbines parameters used in the calculation are the 


rotor radius, blade pitch, blade width and rotor rpm, while the bird parameters are bird length, wing 


span, flight speed and flight type (gliding or flapping). The outputs for each species were the 


probability of collision based on the two turbine specifications and the ratio of the two. 


Step 2, using Equation (1), was then undertaken in a further sheet (CRM recalculation) which 


presents the original and updated mortality estimates and the difference between the two for all 


wind farms. It should be noted that the original mortality has been presented with recent revisions 


to the avoidance rate already applied. The avoidance rate revisions followed a review of seabird 


collision monitoring studies conducted by the BTO on behalf of Marine Scotland (Cook et al. 2014), 


which recommended increased collision avoidance rates for gannet, kittiwake, lesser black-backed 


gull, great black-backed gull and herring gull. The statutory nature conservation bodies subsequently 


issued a joint guidance note (JNCC 2014) which accepted (with minor modifications) the 


recommendations in Cook et al. (2014). Subsequent wind farm cumulative assessments have applied 


these avoidance rate adjustments retrospectively to all the wind farms included in their 


assessments. Thus, for large gulls the mortality presented in older wind farm assessments was 


typically calculated with a 98% avoidance rate (in conjunction with the model Option 1), which has 


been updated using the current accepted rate of 99.5% for these species and this model.  As this 


four-fold reduction has already been applied in recent wind farm assessments (e.g. for East Anglia 


THREE) it is therefore appropriate to apply the same adjustment prior to applying wind farm based 


recalculation to estimate the headroom available.  


3.1 Bird parameters 


Although the recalculation is based primarily on changes to the turbine parameters it is necessary to 


include bird biometric estimates (e.g. body length) to calculate the change in the probability of 


collision for a single rotor transit (‘p.collision’). It is current best practice is to present these as part of 


the collision risk assessment, and this has helped ensure that a standard set of values are used. 


These values were used for the recalculation and are presented in Table 1.  


Table 1. Species biometrics used for the recalculated probability of collision (p.collision).  


Species Body length (m) Wing span (m) Flight speed (ms-1) 


Gannet 0.94 1.73 14.9 


Kittiwake 0.39 1.08 13.1 


Lesser black-backed gull 0.58 1.42 13.1 


Great black-backed gull 0.71 1.58 13.7 


Herring gull 0.60 1.44 12.8 


Sandwich tern 0.39 1.00 10.5 
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If original collision assessments reported the parameter values used and these were different from 


those in Table 1 then these have been used to calculate the original p.collision value. If no values 


could be found in the documentation then the current values (Table 1) have been assumed. Any 


future change to these values (if advocated by the SNCBs) , if applied retrospectively, would lead to 


further collision estimate revision. 


4. Caveats and Assumptions  


The headroom calculations are based on Band model Option 1 or 2 (Band 2012). These are the basic 


versions of the collision model, which make no allowances for the relationship between flight height 


and collision risk but rather assumes a fixed proportion of birds fly at rotor height (PCH – potential 


collision height). The proportion will typically have been either estimated from the site-specific 


surveys conducted for the impact assessment (Option 1), or from a dataset pooled across many sites 


(Option 2; using data from e.g. Johnston et al. 2014). The latter approach is typically used when site 


specific surveys recorded flight height estimates for relatively few individuals of a given species. It is 


straightforward to apply a revision for changes in the PCH (multiply by the ratio of old to new PCH). 


However, estimates of PCH (and also what height bands were used to define rotor heights during 


surveys) and the sample size for the estimate are not consistently provided in assessments. 


Consequently, the current headroom calculations do not apply this adjustment. While there is scope 


to add this at a later stage, since the lower rotor tip height is restricted by the needs of shipping (e.g. 


22m above HAT) and raising turbines adds considerable expense, it seems likely that most wind 


farms will have been constructed with the minimum permissible clearance and this will also have 


been the basis for the assessment. It is therefore unlikely that there will be much gain in headroom 


from this adjustment (certainly when compared with the gains from reduced turbine numbers). 


For a small number of consented (but not yet constructed) wind farms the results from Band model 


Option 3 were accepted for the impact assessment and these value have not subsequently been 


revised for the basic model (this applies to the Dogger Bank projects). This model estimates collisions 


using seabird flight height curves which account for the fact that the density of seabirds in flight 


(generally) decreases with height. As the risk of collision also varies between the rotor tip and hub, 


these two relationships are combined to obtain collision estimates which reflect the fact that most 


seabird flight activity is at zero risk of collision (i.e. below rotor height) and those flights which do 


overlap with rotor heights are at low risk of collision as they occur within the outer section of the 


rotors. Option 3 collisions cannot be updated using the method applied here as part of the 


calculation includes estimation of the overlap between the bird height distribution and turbines. 


Furthermore, questions remain about the reliability of some of the data used to derive the seabird 


flight height curves and thus this approach has not been universally adopted by statutory advisors. 


As a result, the current preference of the statutory agencies is for collision assessments to be based 


on Options 1 or 2. Therefore, for those wind farms which were consented on the basis of Option 3, it 


has been necessary to review the technical reports in order to obtain collision mortality estimates 


derived using Options 1 or 2. Thus, for these sites the consented collisions may differ from the values 


used here, and consequently there are differences between the cumulative total estimated for this 


project and recent cumulative impact assessments. For example, the final East Anglia THREE 
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cumulative total for gannet mortality at UK wind farms in the North Sea and English Channel was 


2,874 (EATL 2016), whereas the equivalent estimate using Options 1 and 2 as estimated here is 


2,999.  


Not all the turbine parameters used in the recalculation are straightforward to obtain. For most wind 


farms the number of turbines and the rotor dimensions can be obtained. If the turbine model can be 


identified then the maximum blade width can be obtained from the manufacturer’s specifications. 


The remaining parameters (average blade pitch and average RPM) proved generally harder to 


obtain. To fill in these gaps, a range of options was adopted. If values for the missing parameter 


were available for the same turbine model used elsewhere these were used. The same approach 


was applied if the turbine model was considered likely to share characteristics (e.g. listed as the 


same dimensions for rotor diameter, but a different rated MW output). A similar approach was 


adopted if the turbine model was not known but the dimensions matched those for another site or 


turbine model. RPM was often given as a maximum and minimum with no average. If this was the 


case the maximum was used as this is the more precautionary. In one or two cases it was possible to 


back-calculate missing turbine parameters using known ones and the probability of collision. The 


least often available parameter was blade pitch. This value is often also difficult to obtain for wind 


farm assessments. In the latter cases a default of 15° is used and this default value was also used 


here. 


The proportion of flights recorded at Potential Collision Height (PCH) is another parameter used in 


the mortality calculation. For older wind farms this was typically obtained through the assignment of 


birds in flight to broad height bands (e.g. 0-20m, 20-150m, 150m+), with the number of flights in the 


middle band used to estimate the proportion at collision risk height. The use of these bands was 


necessary since surveys are commissioned prior to final decisions on turbine model and hub height 


have been made. In some cases the PCH value was then adjusted for assessed rotor heights (e.g. if 


the proposed rotor spanned 25 to 150m the survey estimate would be recalculated using 125/130 = 


96%). More recent applications, using digital aerial surveys, have calculated PCH on the basis of 


individual flight height estimates, however the method is essentially the same. 


While updating the original PCH values for ones more closely matching the dimensions of installed 


turbines, the required data were rarely provided to permit this. It may be possible to investigate this 


aspect further, however following a preliminary review this was considered to be a low priority for 


three reasons: 


1. As noted above, PCH has been calculated in a variety of methods which are often not 


explained in sufficient detail to permit recalculation. It was estimated that fewer than 10 


wind farms had sufficient data;  


2. When adjustment did appear to be possible, the change in lower tip height was small, 


generating mortality changes in the order of <5%; and, 


3. Because the original methods for calculating PCH have varied and are often not explained 


clearly, this aspect would require a considerable amount of additional documentation in 


order to provide the necessary evidence base expected to satisfy SNCBs (in contrast with the 
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turbine information used for the main CRM adjustment which is much more transparent and 


less open to debate and confusion). 


Consequently, no adjustment for PCH has been included here. If this is undertaken in the future it is 


recommended that a detailed summary of the data and methods used for each wind is provided in 


order to maximise SNCB acceptance.  


5. Results 


The Excel file contains several sheets, named as follows (note some species names have been 


abbreviated due to the character limit on tab names): 


 Guide 


 Wind Farm Specifications 


 CRM recalculations 


 CRM per MW 


 NNF SPA CRM recalculation 


 R&A SPA CRM recalculation 


 MB SPA CRM recalculation 


 BF SPA CRM recalculation 


 AOE SPA CRM recalculation 


 FFC pSPA CRM recalculation 


 Gannet p.collision 


 Kittiwake p.collision 


 Lssr. BB gull p.collision 


 Gt. BB gull p.collision 


 Herring gull p.collision  


 S. tern p.collision 


The following sections provide a guide to the contents of each sheet. The Excel file has been 


constructed with links between sheets so that if new information becomes available this can be 


entered in to the appropriate cells (primarily Wind Farm Specifications) which will automatically 


update the CRM adjustment and update mortality estimates.  


5.1 Wind Farm Specifications 


This sheet contains a summary of the collision parameters for each UK offshore wind farm. The key 


parameters are those relating to the turbine specifications. As noted above, these were not all 


available for all sites, however in most cases values could be estimated from other locations. This 


table also includes turbine hub height, however this value is not currently used in the calculations 


(see above re the use of Band model Option 3). Individual cells have additional notes to provide 


supporting information (e.g. on turbine model, etc.).  
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5.2 CRM recalculations 


This sheet lists all the UK offshore wind farms included in the assessment for each species. Wind 


farms are assigned to three regions (E, W, S), followed by the original and updated values for the 


rotor radius, total rotor frontal area (TRF) and probability of collision (P.collision), extracted from the 


preceding sheets. These values are then used to obtain an overall CRM adjustment value (a value by 


which the original mortality can be multiplied to obtain the updated mortality) using equation 1.  


The most recent estimate of the consented mortality for each species is listed in the next column. 


These were extracted from the East Anglia THREE wind farm cumulative assessment for the North 


Sea and English Channel sites, and from the individual wind farm assessments for Irish Sea sites (East 


Anglia THREE is the most recent development to be examined by the Planning Inspectorate and 


Natural England accepted the cumulative collision totals presented in the assessment). The Band 


model used for the reported mortality is given (either 1 or 2) and confirmation of the avoidance rate 


applied (in all cases 98.9% for gannet and kittiwake and 99.5% for the large gulls). The next two 


columns provide the recalculated mortality, following application of the CRM adjustment, and the 


headroom (the difference between the original and updated mortalities). The final columns provide 


the total and regional headroom summaries. These are also presented in Table 2. For all species, the 


larger number of wind farms in the North Sea means that the majority of the collisions (and hence 


headroom) are accounted for here.  


A column of the current mortality (revised figure where data are available or original if no update is 


possible) divided by the wind farm capacity (in MW, the most recent estimate available) is provided 


at the right-hand end of the table. These data are analysed further in the ‘CRM per MW’ sheet. 


5.3 CRM per MW 


Summary statistics for the collisions per MW estimates have been provided by region (East, West 


and All). Further discussion on the results is provided later. 


5.4 Species p.collision 


These sheets have been adapted from the ‘single rotor transit collision’ sheets in the Band model 


Excel file. While the latter presents the various calculations in tabular form, here the tables have 


been rearranged into columns to permit calculation for each wind farm in a single sheet, with the 


calculations repeated for the two sets of turbine parameters. The results of the calculations are 


provided in the first 12 rows, below which are the turbine parameters (linked to the Wind Farm 


Specification sheet), the species biometrics used (body length, wing span, flight speed, etc.) and then 


the cells which perform the calculations.  
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Table 2. Summary cumulative collision mortality for UK offshore wind farms, and split between those in the 


North Sea (including English Channel) and those in the Irish Sea. Original collision estimates are those for 


consented projects, updated estimates have been recalculated using as built (or planned) wind farm 


specifications and headroom is the difference between the two.  


 


Species UK Collision Mortality 


Total 


UK North Sea Collision 


Mortality Total (inc. 


English Channel) 


UK Irish Sea Collision 
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Gannet 3055 2618 437 2999 2589 409 56 28 28 
Kittiwake 3949 3288 661 3726 3172 554 223 116 107 
Lesser black-backed gull 682 412 270 503 302 201 179 110 69 
Great black-backed gull 913 637 276 885 623 262 28 14 14 
Herring gull 803 521 282 724 479 245 78 41 37 


 


5.5  Assignment of mortality to SPAs 


In addition to collision risk modelling for their impact assessments, wind farms within foraging range 


of SPA breeding colonies have also typically undertaken Habitats Regulations Assessments (HRA) for 


those species considered at risk of likely significant effects. In most cases these assessments cover 


relatively small areas (reflecting individual species’ foraging ranges) and are focussed on the 


breeding period as this is when impacts are considered most likely.  


The key species at risk of collisions in English waters for which offshore wind farm HRA has been 


undertaken are gannet, kittiwake, lesser black-backed gull, herring gull and Sandwich tern. The 


estimated number of individuals of these species predicted to be at risk of collisions from SPAs at 


which they are designated features have been provided in named sheets in the Excel spreadsheet, 


with the updated mortality and headroom calculated. The abbreviated names for each SPA and the 


species included are: 


 NNC - North Norfolk Coast SPA (Sandwich tern) 


 R&A – Ribble and Alt Estuary SPA (lesser black-backed gull) 


 MB – Morecambe Bay SPA (lesser black-backed gull, herring gull) 


 BF – Bowland Forest SPA (lesser black-backed gull) 


 AOE – Alde Ore Estuary SPA (lesser black-backed gull, herring gull) 


 FFC – Flamborough and Filey Coast pSPA (gannet and kittiwake) 


Sandwich tern has not been assessed more widely for this project as their distribution and foraging 


habits are generally quite localised with the consequence that (with notable exceptions) they have 


rarely been considered at significant risk of collision impacts. However, there are particular regions 


where this species may be identified as a key risk, hence its inclusion in the SPA section. 
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Furthermore, this list omits great black-backed gull because the only SPA for this species with 


breeding season connectivity to English waters is the Isles of Scilly. Therefore, HRA will only be 


required in relation to this species for wind farm proposals within 60k of these islands (note also that 


this is likely to be an over-estimate: 60km has been derived from the herring gull estimate which has 


been used due to the very limited data for great black-backed gull). 


For most of the HRA conducted for these SPAs, the focus of interest has been the breeding season, 


since this is the period for which the species are designated, with assessment of collisions during the 


breeding months at wind farms within foraging range. For these reasons the excel sheets only 


include a subset of wind farms. Appendix 1 provides maps for lesser black-backed gull, herring gull 


and Sandwich tern which show the foraging ranges from their SPAs which overlap (or have the 


potential to overlap) with offshore wind farms. For the SPAs included in the Appendix 1 figures (A1.1 


to A1.3) there has been no systematic attempt to attribute nonbreeding mortalities to the 


populations. However, gannet and kittiwake from the FFC pSPA have received more attention with 


regards to potential impacts, including estimation of the proportion of nonbreeding season collisions 


which can be attributed to these populations, and thus they are discussed in more detail below and 


maps are included in the text.  


The gannet and kittiwake mortality estimates attributable to the Flamborough and Filey Coast pSPA 


have been taken from the East Anglia THREE in-combination assessment (EATL 2016) as this is the 


most recent HRA available. For these SPA features original and updated mortality has been split into 


three seasons: breeding, post-breeding and pre-breeding (Furness 2015). The proportion of 


mortality attributed to the FFC pSPA populations in each season is based on estimates of the 


foraging ranges in the breeding season and studies of migration for the nonbreeding seasons (see 


MacArthur Green 2015 for details – these reports are included in Appendices 2 and 3). The 


nonbreeding apportioning method is based on studies of migration in these species, which provides 


a guide to movements post- and pre- breeding and hence the wind farms which may be 


encountered. Table 3 summarises the original mortalities, the updated values and the estimated 


headroom. Figures 1 and 2 show the breeding season foraging ranges from FFC pSPA for these 


species (plus other British SPAs which could be connected to offshore wind farms in English waters) 


and the estimated percentage of total mortality in the nonbreeding seasons at current wind farms 


which can be attributed to the FFC pSPA populations.  
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Table 3. Seasonal and annual cumulative collision mortality for Flamborough and Filey Coast pSPA populations 


of gannet and kittiwake at UK offshore wind farms. Headroom is the difference between the original and 


updated collision estimates.  


 


Species Breeding Post-breeding Pre-breeding Annual 
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Gannet 162 110 52 21 14 7 15 11 4 198 135 63 


Kittiwake 165 145 20 73 61 12 81 73 8 319 279 40 


 


For gannet over 80% of the mortality for the FFC pSPA population is predicted to occur during the 


breeding season. This reflects two aspects of this species biology: very few individuals from UK 


colonies remain in the North Sea during winter and large numbers of individuals from other colonies 


pass through the North Sea on migration. This greatly reduces the proportion of gannet collisions 


(during the non-breeding season) which are expected to be breeding birds from the FFC pSPA. The 


implications of this for future wind farm development is that new projects within gannet foraging 


range of the FFC pSPA would be expected to account for most of the headroom (assuming the 


assessment method remains as used for East Anglia THREE). However, as can be seen on Figure 1, 


gannets are not uniformly distributed within the foraging radius of the colony. Thus, fewer collisions 


would be predicted at locations in lower density areas (e.g. to the south of the Hornsea zone) than 


at locations closer to the colony (e.g. immediately to the east of the colony). It should also be noted 


that presenting mortalities for individual colonies in this manner (as required for HRA) clearly omits 


important aspects of the species’ biology and distribution. In this case, the gannet densities increase 


to the north of FFC pSPA, due to the increasing proximity to the largest breeding population of 


gannets in the world, at the Bass Rock. Furthermore, the broad divisions of breeding season 


mortality at wind farms in the North Sea indicated on Figure 1 reflect the contribution of birds from 


the Bass Rock to the total collision estimates, rather than the fact that FFC pSPA birds don’t forage in 


this area (e.g. gannet breeding season collision mortality is attributed equally between Bass Rock 


and FFC pSPA birds at the Dogger Bank wind farms, even though these wind farms are similar 


distances from FFC pSPA as wind farms to the south). On this basis, while a wind farm off the coast 


of Northumberland would be expected to contribute fewer FFC pSPA collisions than one off 


Humberside, the former would also need to be assessed against the Bass Rock colony, while the 


latter would only be assessed against FFC pSPA. And overall, the gannet densities suggest that the 


wind farm off Northumberland would have higher gannet mortality. It is also important to 


remember that although 100% of breeding season collisions at wind farms in the outer Thames 


would be assigned to FFC pSPA, in reality there are very few predicted gannet collisions at these 


locations farms at this time of year and this assignment is precautionary.  


The results for kittiwake are somewhat different, with around 50% of annual mortality predicted to 


occur in the breeding season and 25% in each of the two nonbreeding seasons. This reflects the 
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smaller contrast in predicted FFC pSPA collision mortality across seasons for most North Sea wind 


farms (i.e. 17% in the breeding season and 5% to 7% in the nonbreeding seasons) which in turn is a 


reflection of the smaller foraging range for this species (60km compared with 229km for gannet).  


Only two wind farms are located within foraging range from the FFC pSPA: Humber Gateway and 


Westermost Rough, neither of which had high kittiwake mortality predictions. While this could 


appear to imply that wind farm location is less important for this species, it is apparent from the 


summer densities (Figure 2) that the region to the east and north-east of FFC pSPA has the highest 


densities and thus wind farm development within this area will account for more of the available 


headroom than equivalent locations to the south-west of the pSPA. It should also be noted that, as 


for gannet, there are more breeding colonies to the north of FFC pSPA, which also account for the 


higher densities off the Northumberland coast. In contrast, there are very few kittiwake colonies, 


and none with more than a few tens of pairs, to the south of FFC pSPA. 
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Figure 1. Density of gannets in summer (SeaMAST output) overlaid with mean maximum foraging range from 


key SPAs with potential for connectivity to wind farms in English waters. Wind farms are colour-coded to 


identify different contributions to seasonal collision mortality of the FFC pSPA population. 
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Figure 2. Density of kittiwakes in summer (SeaMAST output) overlaid with mean maximum foraging range from 


key SPAs with potential for connectivity to wind farms in English waters. Wind farms are colour-coded to 


identify different contributions to seasonal collision mortality of the FFC pSPA population. 
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6. Collision mortality per MW and implications for future offshore wind development 


In order to further understand how estimated headroom translates into potential wind farm 


capacity, the estimated mortality per megawatt has been calculated at each wind farm (see ‘CRM 


per MW’ sheet in the excel file). The intention is to provide a guide to how much additional wind 


power capacity could be installed before the current mortality threshold is reached (i.e. the level of 


the most recent cumulative assessment). These estimates have been summarised for east (North 


Sea) west (Irish Sea) and combined.  


There is a considerable variation in collision mortality per megawatt capacity among wind farms 


(Table 4, Figure 3). At most wind farms, collision mortality per megawatt is very low (using the 


updated mortality estimates), with a median estimate below 0.04 collisions/MW for all species. 


There are only 10 species & wind farm combinations where the collisions per megawatt estimates 


are greater than 0.5: 


 Blyth (for all species except lesser black-backed gull),  


 Firth of Forth Alpha and Bravo (gannet and kittiwake), 


 Neart na Gaoithe (gannet), and 


 Teesside (kittiwake). 


The median and mean collision mortalities per megawatt for gannet and kittiwake are an order of 


magnitude higher than for the large gulls. Therefore, in terms of providing guidance for potential 


future wind farm capacity, gannet and kittiwake would be expected to be the species most likely to 


set future limits. Considered across English waters as a whole, the mean collision estimates per 


megawatt (which are higher than the median values and therefore more precautionary) for gannet 


and kittiwake are 0.15 and 0.14 respectively. On the basis of the total headroom calculated above 


(Table 2) these generate estimates of additional wind farm capacity of approximately 2,880 MW and 


4,714 MW respectively. However, these estimates are not evenly split across regions: the North Sea 


mortalities per MW are much higher, at 0.2 and 0.18 for gannet and kittiwake respectively. This 


indicates that the North Sea additional wind farm capacity would be around 2,000 MW (gannet) or 


3,070 MW (kittiwake).  


Since limits on development would be defined by the lower value, this indicates that on the basis of 


the current increase in headroom, and assuming new development is located in ‘average’ positions 


with respect to collision risk, the current wind farm portfolio could be expanded by around 10% (for 


the wind farms used in this project the total generating capacity is estimated to be approximately 


23,000 MW). Clearly, if new wind farms are located such that gannet mortality is predicted to be 


above average (e.g. in the higher density areas  indicated on Figure 1) then this would be expected 


to reduce the potential for expansion, and vice versa.  


There is a greater range in the per MW estimates for kittiwake than gannet (Figure 3). This is likely to 


be a reflection of the differences in foraging ranges for these two species. Gannet forage over much 


wider areas with the consequence they are recorded widely at relatively consistent (and potentially 


lower) densities. In contrast, kittiwakes forage over much shorter distances which results in 


relatively high densities near colonies, and lower densities between colonies. Furthermore, kittiwake 
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are likely to be more coastal than gannet, and there is therefore a greater likelihood of overlap with 


earlier rounds of wind farm development which are found in shallower near coast waters. Thus, 


while gannet mortality per MW is comparatively low and even across most wind farms, kittiwake 


mortality per MW is slightly higher at nearshore, close to colony wind farms with the result that the 


overall per MW mortality is higher for this species. 


For gannet and kittiwake which are found widely, larger scales are appropriate as the wide variability 


in estimates across wind farms means that it is very difficult to reliably refine predictions to finer 


spatial scales. However, the SeaMast density outputs (e.g. Figures 1 and 2) provide a guide to areas 


which are likely to have higher or lower collision risks. However, for other species finer scale 


assessment is more straightforward and is likely to be of greater interest. For example, within the 


foraging range of Sandwich terns from the North Norfolk Coast SPA there are four wind farms for 


which mortality has been estimated (Dudgeon, Race Bank, Sheringham Shoal and Triton Knoll). The 


per MW mortality at the three nearest wind farms is very similar (c. 0.04), while the estimated 


headroom is 35. This indicates that, on the basis of this species alone, within this area there may be 


potential for up to 875MW of additional wind capacity.  As for gannet and kittiwake, the SeaMast 


outputs provide a useful additional guide on areas likely to be of higher or lower risk (Appendix 1). 


 


Table 4. Summary annual collision mortality (using updated estimates) per MW of wind farm generating 


capacity, split into E (North Sea) W (Irish Sea) and All regions (for wind farm list see accompanying 


spreadsheet). 


Summary 
statistic 


Region Gannet Kittiwake Lesser black-
backed gull 


Great black-
backed gull 


Herring 
gull 


5% percentile E 
 


0.000 0.000 0.000 0.000 0.000 


Median 0.041 0.058 0.003 0.013 0.000 


Average 0.197 0.182 0.016 0.083 0.052 


95% percentile 1.116 0.760 0.073 0.247 0.306 


5% percentile W 0.000 0.000 0.000 0.000 0.000 


Median 0.000 0.000 0.000 0.000 0.000 


Average 0.005 0.017 0.035 0.002 0.008 


95% percentile 0.031 0.101 0.114 0.008 0.044 


5% percentile All 
regions 


0.000 0.000 0.000 0.000 0.000 


Median 0.017 0.034 0.003 0.003 0.000 


Average 0.147 0.139 0.021 0.062 0.043 


95% percentile 0.926 0.688 0.114 0.148 0.208 
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Figure 3. Box plot of annual collision mortality (updated values) per megawatt. Thick lines are the median 


value, boxes indicate the 25% and 75% range and dashed lines the upper 95% range. The y-axis has been 


cropped at 0.5 to improve clarity. This omits four outliers for gannet (0.7, 1.0, 1.3, 2.1) and kittiwake (0.6, 0.7, 


0.9, 1.3), one for great black-backed gull (1.6) and one for herring gull (0.7). 


7. Population status and implications for headroom acceptance 


As discussed above, the concept of collision headroom is dependent on two factors; an estimate of 


the cumulative mortality and a tolerable mortality threshold. While calculation of the first of these is 


relatively straightforward and can also be updated as new wind farm information becomes available, 


the latter values have not been stated by regulators or SNCBs for any species. In the absence of 


guidance from statutory agencies on how they determine tolerable limits it is necessary to infer 


what these may be from comments provided on wind farm cumulative assessments. Hence, for the 


purposes of this work we have assumed the most recently submitted cumulative mortality 
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represents a precautionary estimate of the threshold (at the time of writing this is for the East Anglia 


THREE wind farm which has not yet been consented, but for which NE accepted the mortality 


estimates for the key collision risk species: gannet, kittiwake and the three large gulls).  


However, even this cannot be considered to represent a fixed threshold, since the status of the 


seabird populations and our understanding of their ecology and factors affecting their demography 


will affect the magnitude of mortality which will be considered acceptable. With this in mind, the 


following sections review the population data and status for the five key species focussed on this 


report. 


7.1. Gannet 


About three-quarters of the world’s gannet population breed in Britain and Ireland, so we have a 


particularly strong responsibility to monitor and protect this species. Following censuses of the 


world’s gannet colonies in 1900, 1939, 1949, 1969-70, decadal counts at colonies in Britain and 


Ireland have been made since the 1980s (Wanless et al. 2005). Because gannets are relatively easy 


to census (now by aerial photography), there is high confidence in the count data. From 50,000 pairs 


(or Apparently Occupied Nests AONs) in 1900, numbers increased slowly until 1939, then more 


rapidly at about 2% per annum up to 1994-95. From then to 2003-04 the rate of increase fell to 1% 


p.a., with 261,000 AONs in Britain and Ireland in 2003-04 (Wanless et al. 2005), the lower growth 


rate possibly indicating density-dependent constraints starting to act. However, the Scottish 


population increased by a further 33% from 2003-04 to 2013-14 (Murray et al. 2015). Small colonies 


have tended to grow faster than large colonies, and several new colonies have formed as the 


population has grown. The Bass Rock colony has become the largest gannet colony in the world with 


75,259 AONs in 2014 (Murray et al. 2014).  


Continued growth of gannet colonies may have been favoured by the recent increases in abundance 


of herring and mackerel stocks, on which gannets feed extensively. Climate warming and the 


northward spread of mackerel has been suggested as the cause of recent establishment of a 


successful gannet colony as far north as Bear Island (74°27’ N) in the Svalbard Archipelago (Anker-


Nilssen et al. 2016). Reductions in amounts of fish discarded by fisheries may reduce food supply for 


gannets, especially in winter, but it is uncertain whether gannets depend on discards or simply feed 


on them when available.  


Breeding success of gannets is consistently very high, suggesting that they have more than adequate 


food supplies during the breeding season, although birds from larger colonies tend to travel further 


for food while breeding which suggests some competition.  


Most gannet colonies in Great Britain are included in the Natura2000 network as SPAs for breeding 


gannets so that 96% of the GB population is represented within SPAs (Stroud et al. 2016). The only 


gannet colony in England, at Flamborough & Filey Coast pSPA, which is the closest gannet colony to 


many UK offshore wind farms, has increased from 720 pairs in 1986 to 3,940 in 2004, 7,859 in 2009, 


11,061 in 2012 and 12,494 in 2015 (JNCC SMP online database).  
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In summary, the good conservation status of gannets would suggest that the population will be 


relatively resilient to impacts from offshore wind collision mortality, but due to the concentration of 


wind farms in the North Sea, the colonies at greatest risk of impact will be at Flamborough & Filey 


Coast pSPA and Bass Rock (Forth Islands SPA). The main concern relates to in-combination and 


cumulative impacts of collision mortality, with particular focus on HRA concerns about in-


combination impacts on the population at Flamborough & Filey Coast pSPA and Bass Rock (Forth 


Islands SPA).  


General options for further increasing gannet collision mortality headroom (i.e. measures which 


would be effective across most wind farms) include refining flight height estimates using altimeter 


data, deriving evidence based estimates of nocturnal flight activity and conduct further work on 


avoidance rates. Altimeter deployments on adult gannets foraging from the Bass Rock (Cleasby et al. 


2015) have revealed behaviour based differences in flight height, with commuting flight generally 


lower (below PCH) than active foraging flight. It would be useful to extend this work to nonbreeding 


periods, although longer term deployments would probably introduce complications due to the 


need to regularly calibrate pressure operated altimeters. Data to refine nocturnal flight activity have 


already been collected by other research projects so this would be fairly straightforward to conduct 


once the data were obtained. Derivation of an evidence-based avoidance rate for gannet should be 


possible from analysis of the data collected for the ORJIP project. This is likely, but not certain, to 


give an avoidance rate that is higher than the value recommended by NE for existing CRM 


calculation.  


Adults foraging from the colony at FFC pSPA have been tracked by the RSPB (e.g. Langston et al. 


2013). While these data have been reported on by the RSPB, they have not been used to estimate 


the magnitude of breeding season connectivity of this colony with existing and planned wind farms. 


Such analysis may be planned or underway by the RSPB, or could be conducted by other researchers 


if these data could be obtained. The habitat utilisation maps which could be developed would allow 


refinement of the extent of connectivity with existing wind farms (hence could reduce the number of 


collisions attributed to FFC pSPA) and would also permit identification of areas of higher and lower 


risk for future wind farm development. Given that commuting flight appears to be of lower collision 


risk than active foraging flight, a better understanding of the areas used for foraging would clearly be 


of great value. Furthermore, as tracking has been conducted over several years it should be possible 


to determine the extent of consistency in site selection between years. 


7.2. Kittiwake 


Kittiwake breeding numbers in the British Isles increased considerably from 1900 to the 1980s 


(Coulson 2011). However, breeding numbers have since decreased, with strongest decreases in 


Shetland (for example on Fair Isle from 20,000 pairs in 1987 to 2,000 pairs in 2014 (Fair Isle Bird 


Observatory Report for 2014), while breeding numbers declined by 93% at Noss and by 86% at Foula 


between 2000 and 2015 according to the JNCC SMP database). Numbers decreased by 66% in 


Scotland as a whole from 1986 to 2011 (Foster and Marrs 2012) but have remained approximately 


stable in recent years at the largest colony in England (Flamborough & Filey Coast pSPA; 42,692 


AONs in 2000, 45,278 AONs in 2016 JNCC SMP database). It should be noted that although there has 
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been some disagreement between wind farm developers and the SNCBs about the reliability of 


some of the historical counts at FFC pSPA, the broad trends in kittiwake colony counts over the last 


two decades are not in dispute.  


Kittiwakes at North Sea colonies feed mainly on sandeels, and show reduced breeding success when 


sandeel stocks decline (Oro and Furness 2002, Frederiksen et al. 2004). Kittiwakes are considered to 


be particularly sensitive to impacts of increased sea temperatures through the effect of those on 


sandeel abundance (Frederiksen et al. 2004), but in addition are affected by increased sea 


temperatures outside the breeding season in wintering areas (Laffoley and Baxter 2016). Kittiwakes 


are also subject to increased predation impacts when food availability for large predatory seabirds is 


reduced (Oro and Furness 2002).  


In line with observed trends and ecological relationships in Scotland, Sandvik et al. (2014) predicted 


that kittiwakes would be extirpated from Norwegian breeding colonies within 10 to 100 years as a 


consequence of increasing sea temperatures and altered marine ecosystems, and the current trend 


in breeding numbers in Norway is consistent with that prediction (Anker-Nilssen et al. 2016).  


Breeding numbers at the Isle of May (Forth Islands SPA) have been approximately stable in recent 


years. That colony is subject to detailed monitoring of kittiwake ecology by CEH scientists, and 


provides a sentinel of human impacts on the marine environment in relation to climate change, 


fisheries and offshore renewables. In the UK, the relative importance of the Flamborough & Filey 


Coast pSPA kittiwake population has increased as it has maintained moderately good breeding 


success and breeding numbers in recent years while numbers in much of northern Britain have 


declined towards extinction. As a result, there is likely to be especially strong emphasis on ensuring 


that the Flamborough & Filey Coast pSPA kittiwake colony remains at good conservation status. 


However, the trend in kittiwake numbers predates wind farm development and there is a strong 


case to be made that, while wind farms may cause additional mortality, the primary driver of current 


declines lies elsewhere. 


The main option for further increasing kittiwake collision mortality headroom (i.e. measures which 


would be effective across most wind farms) would be to derive evidence based estimates of 


nocturnal flight activity and conduct further work on avoidance rates. Data to refine nocturnal flight 


activity have already been collected by other research projects so this would be fairly 


straightforward to conduct once the data were obtained. Derivation of an evidence-based avoidance 


rate for kittiwake should be possible from analysis of the data collected for the ORJIP project. This is 


likely, but not certain, to give an avoidance rate that is higher than the value recommended by NE 


for existing CRM calculation. 


Adults foraging from the colony at FFC pSPA have been tracked by the RSPB as part of the FAME and 


STAR projects. While these data have been presented in summary form by the RSPB, they have not 


been used to estimate the magnitude of breeding season connectivity of this colony with existing 


and planned wind farms. Such analysis may be planned or underway by the RSPB, or could be 


conducted by other researchers if these data could be obtained. The habitat utilisation maps which 


could be developed would allow refinement of the extent of connectivity with existing wind farms 
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(hence could reduce the number of collisions attributed to FFC pSPA) and would also permit 


identification of areas of higher and lower risk for future wind farm development. As tracking has 


been conducted over several years it should be possible to determine the extent of consistency in 


site selection between years. 


7.3. Lesser black-backed gull 


Breeding numbers in the UK increased by 29% from the national census in 1969-70 to 1985-88, and 


by a further 40% from 1985-88 to 1998-2002. Numbers seem to have remained approximately stable 


or declined from 2000 to 2015, but with strong variation in trend between colonies and little 


statistical confidence in trend estimates (http://jncc.defra.gov.uk/page-2886). With some evidence 


for increases in urban nesting numbers and some licenced culling of breeding birds, this species 


appears not to be a strong focus of conservation efforts.  


Lesser black-backed gull numbers decline in UK waters in winter, so the main concern in relation to 


offshore wind farm impacts is likely to be in combination impacts of collision mortality for breeding 


birds from SPA colonies closest to developments. This will particularly apply to the Alde-Ore Estuary 


SPA population, the only SPA for breeding lesser black-backed gulls on the east coast of England.  


Stroud et al. (2016) estimated that about 38.5% of the GB population breeds within SPAs. The Alde-


Ore Estuary SPA, the SPA for this species closest to many offshore wind farms in UK southern North 


Sea waters, held around 22,000 pairs in the early 1990s but numbers decreased to 6,000 pairs in 


2003 (Stroud et al. 2016; although this was due primarily to changes in agriculture in the area 


removing food resources). Other SPA populations of concern are likely to be the Forth Islands 


population in east Scotland, and the six SPA populations around the Irish Sea. 


The main option for further increasing lesser black-backed gull collision mortality headroom (i.e. 


measures which would be effective across most wind farms) would be to derive evidence based 


estimates of nocturnal flight activity. Data to refine nocturnal flight activity have already been 


collected by other research projects so this would be fairly straightforward to conduct once the data 


were obtained.  


7.4. Great black-backed gull 


Breeding numbers in the UK decreased by 7% from the national census in 1969-70 to 1985-88, and 


by a further 4% from 1985-88 to 1998-2002, and have continued to decrease by an estimated 11% 


from 1998-2002 to 2015 (http://jncc.defra.gov.uk/page-2888). Decreases in breeding numbers have 


been particularly large at some of the largest colonies in northern Britain, whereas numbers have 


increased in SW England (especially in the Isles of Scilly).  


There is only one SPA for breeding great black-backed gulls in England, the Isles of Scilly SPA, while 


there are five in the far north of Scotland. Breeding numbers have declined in all five Scottish SPA 


colonies. Together the SPAs hold only about 17% of the GB breeding population (Stroud et al. 2016) 


and are distant from southern North Sea offshore wind farms so HRA is not generally an issue for 


this species in relation to UK offshore wind farms. There also appear to have been decreases in 


numbers coming to UK waters in winter from overseas (predominantly north Norway). With some 
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licenced culling of breeding birds, this species appears not to be a strong focus of conservation 


efforts.  


As a scavenging species, feeding extensively on fishery discards, especially in the nonbreeding 


period, this species may decrease in UK waters as the landings obligation results in further reduction 


in fishery discards. The main concern in relation to offshore wind farm developments is cumulative 


impacts of collision mortality at the EIA scale, which is most likely to affect the wintering population 


in the North Sea. An uncertain, but probably high proportion of these birds are from north 


Norwegian colonies. In addition, older wind farm assessments rarely considered this species, making 


it difficult to estimate robust cumulative collision totals.  


The main options for further increasing great black-backed gull collision mortality headroom (i.e. 


measures which would be effective across most wind farms) would be to derive evidence based 


estimates of nocturnal flight activity and track nonbreeding season movements. This species has 


been little studied to date, so it would be necessary to conduct studies to derive these estimates. A 


geolocator logger study of breeding birds from colonies in UK, Norway and the Faeroes would 


provide data for both of these objectives. 


7.5. Herring gull 


This species increased enormously in breeding numbers in the UK from 1900 to about 1970, but has 


declined considerably at many colonies since 1970. Breeding numbers in the UK decreased by 48% 


from the national census in 1969-70 to 1985-88, and by a further 13% from 1985-88 to 1998-2002. 


Trends since 2000 are uncertain, and appear to vary among regions and colonies 


(http://jncc.defra.gov.uk/page-2887). Stroud et al. (2016) estimated that about 12.5% of the GB 


population breeds within SPAs. With evidence for continuing increases in urban nesting numbers 


and some licenced culling of breeding birds, this species appears not to be a strong focus of 


conservation efforts, although it has been red listed due to the large decline.  


As a scavenging species using a wide range of foods including fishery discards, domestic and 


agricultural terrestrial wastes, the herring gull is likely to be adversely affected by forthcoming 


(further) reductions in fishery discards and dumping of food waste to land-fill. In the southern North 


Sea, collision risk of this species tends to be highest in winter, when numbers peak and include birds 


from north Norway as well as birds from UK colonies. The main concern is likely to be over 


cumulative collision mortality at the EIA scale. There may be some HRA concerns; herring gull is a 


feature of six SPAs on the east coast of Scotland, including Forth Islands SPA. It is not yet a 


designated feature of any SPAs for breeding seabirds in east England, but Stroud et al. (2016) 


indicate that it could qualify under SPA Guidelines selection stage 1.3 at the Alde-Ore Estuary and at 


Flamborough & Filey Coast, and at Stage 1.2 at Morecambe Bay. 


The main option for further increasing herring gull collision mortality headroom (i.e. measures which 


would be effective across most wind farms) would be to derive evidence based estimates of 


nocturnal flight activity. There is some suitable data from past studies which could be used for this, 


although it may also be necessary to conduct further studies to improve the sample size.   
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8. Discussion 


As the number of offshore wind farms has increased in the UK, collision mortality has become one of 


the main consenting risks. The number of wind turbine collisions is predicted using a model which 


combines seabird flight activity, species specific biometric estimates and turbine parameters. 


Uncertainty about the appropriate values for some of these parameters typically results in the use of 


precautionary estimates. As the number of wind farms has increased, the increase in cumulative 


mortality predictions has resulted in efforts to reduce the degree of precaution applied. The main 


collision model parameter to which this has been applied is the collision avoidance rate. This value is 


used to account for the expected turbine avoidance behaviour birds exhibit. This parameter is 


required by the model because predictions are derived from surveys conducted prior to wind farm 


construction when there are no objects for the birds to avoid. The avoidance rate has a large effect 


on the final collision predictions and thus change to this value has a big effect. It is also 


straightforward to apply avoidance rate revisions retrospectively to collision predictions made using 


lower rates, thereby enabling update of cumulative estimates. The BTO undertook a review of 


monitoring data at operational wind farms (Cook et al. 2014) which resulted in the avoidance rate 


for gannet and kittiwake being increased from 98% to 98.9% and for large gulls from 98% to 99.5%. 


These reduced the collision estimates for gannet and kittiwake to almost half of the previous totals 


and for the large gulls to a quarter of the previous totals. Even so, it is probable that for these 


species the avoidance rates remain precautionary, however it is likely that a considerable amount of 


additional monitoring will be required before any further revisions are possible.  


Although the values for some other parameters in the collision model are probably precautionary, 


many of these relate to aspects of the species’ biology (e.g. nocturnal activity estimates, flight 


heights, etc.) and will therefore require development of more accurate survey methods or long term 


studies before robust updates are feasible. The work presented here has focussed on the physical 


characteristics of the wind turbines. These are mostly known with certainty and therefore much less 


subject to debate (blade pitch is possibly an exception to this, as to date this has not been modelled 


in relation to wind speed). Consequently, updating the original collision predictions made on the 


basis of planned turbines, using parameters for the constructed wind farms does not require 


development of a supporting evidence base. The only reason that the revised collision estimates 


presented here (for operational wind farms and those under construction) may not be considered 


acceptable by SNCBs relates to the planning consents. These allow for wind farm construction based 


on worst case designs which are typically based on larger numbers of smaller turbines which 


generate higher collision risks. However, wind farm developments typically make use of larger 


turbines as this enables them to achieve consented generating capacities with fewer installed 


turbines. The problem is, that while the consent remains valid, the developer retains the option to 


construct a wind farm which corresponds to the upper limits allowed. Clearly, the likelihood of this 


actually occurring is very small, however there is a strong reluctance on the part of the SNCB’s to 


accept this when assessing cumulative effects. This is the main barrier to acceptance of the revised 


cumulative collisions presented here. 


In order to future proof the headroom calculations produced here, a spreadsheet format has been 


used. This comprises three primary tables:  
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 Wind farm data 


 Species specific probability of collision (single rotor transit) calculations 


 Collision recalculations 


The species-specific probabilities of collision and collision recalculations use data contained in the 


wind farm data sheet. Therefore, updates to the wind farm values in this sheet will transfer across to 


the collision estimates. 


The other aspect which determines collision mortality headroom is the tolerable limit of allowable 


mortality. No explicit limits have been defined by the SNCBs, therefore in lieu of such estimates we 


have used the last consented cumulative totals (or values accepted during project examination by 


NE) as an indication of the minimum threshold value. Consequently, the calculated headroom 


collision mortalities are also minimum estimates on the basis of current methods and data. As the 


designs for more recently consented projects become publicly available these can be incorporated 


into the calculations and will (almost certainly) reduce collisions further.  Revisions to the collision 


modelling methods and parameter values used would also alter the predictions. While these are 


likely to reduce predicted collision rates, it is possible that monitoring studies may report collision 


rates higher than those predicted, which could lead to upward revision of cumulative mortality. 


Furthermore, the thresholds are also subject to change due to change in the size and status of the 


relevant populations. Wind farm collisions can be assessed against a range of population scales, 


from biogeographic to individual SPA breeding colonies. As the population scale reduces in size 


across this range, so the relative impact increases (although this is partially offset by the smaller 


number of wind farms contributing to the total mortality). It is therefore not surprising that the main 


concern for wind farm impact assessments is usually at the level of individual SPA populations. This 


is compounded by the requirement to assess impacts against SPA populations in isolation, despite 


the fact that seabird breeding colonies are connected through immigration and emigration. Changes 


in the status of individual SPA populations is therefore likely to large effects on acceptable mortality 


levels.  


Of the species most at risk of collision, which are also well represented in the UK SPA suite, kittiwake 


is likely to be the species for which there is most concern, largely due to widespread declines at most 


colonies. Gannet is also often cited as a species of concern, although this is largely a reflection of the 


high proportion of this species which breeds at British colonies and the consequent responsibility to 


safeguard the species. The population is still growing (in contrast to most other seabird species) and 


there is increasing evidence that gannets have very high wind farm avoidance (probably higher than 


the current 98.9% avoidance rate). However, set against this is the fact that the headroom for 


gannet is less than that for kittiwake. Thus, it seems likely that one or other of these species will be 


the subject of primary concern for future North Sea wind farm developments, depending on the 


location.  


Few Irish Sea wind farm assessments have presented collision estimates for gannet and kittiwake, 


which is presumably a reflection of low densities of these species (it is also notable that there are 


relatively few SPAs for these species found around the Irish Sea). Therefore, there is scope for 


further wind farm expansion in relation to impacts on these species. However, lesser black-backed 
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gull and herring gull are present in higher numbers within this region and are features of several 


SPAs. Consequently these species have been the focus of wind farm assessments. In addition, large 


numbers of common scoters and red-throated divers over-winter in the Irish Sea and are subject to 


displacement effects. Therefore, while collision risks for certain species may not be limiting, other 


species and other impacts also need to be considered.  


The south coast has comparatively few seabird SPAs and the SeaMast data suggest quite low 


densities. The main collision risk posed by wind farms in this region is likely to be to birds on 


migration, which would be expected to be a smaller risk than that for breeding birds at wind farms 


within foraging range.  


The other species most commonly considered at widespread risk of collisions are the large gulls 


assessed in this study. While these species are features of a few SPAs, they are generally present in 


smaller numbers, have relatively short foraging ranges and have low predicted numbers of breeding 


season collisions. It is generally at wider population scales that concerns have been raised. 


Nonbreeding season collision predictions tend to be high for great black-backed and herring gull due 


to influxes of birds into the North Sea from colonies further north (e.g. Norway). However, while the 


collision predictions increase, so too do the population sizes, which has tended to offset concerns. 


Lesser black-backed gulls migrate away from the North Sea in winter, so for this species the focus is 


more on breeding season collisions, but these are localised and generally quite low. The very high 


large gull avoidance rates have also greatly reduced predicted impacts and concerns and these 


species are unlikely to be significant consenting risks for future wind farm development.  
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Appendix 1:  SPA Collision risk species foraging range overlaps with existing offshore wind farms 


Lesser black-backed gull 


 


Figure A1.1. Density of lesser black-backed gulls in summer (SeaMAST output) overlaid with mean maximum 


foraging range from key SPAs with potential for connectivity to wind farms in English waters. 







  30 | P a g e  
 


 


Table A1.1. Annual in-combination collision mortality for lesser black-backed gulls from Ribble and Alt Estuary 


SPA, Morecambe Bay SPA, Bowland Fells SPA and Alde Ore Estuary SPA at UK offshore wind farms. Headroom 


is the difference between the original and updated collision estimates.  
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Herring gull 


 


Figure A1.2. Density of herring gulls in summer (SeaMAST output) overlaid with mean maximum foraging 


range from key SPAs with potential for connectivity to wind farms in English waters. 
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Table A1.2. Annual in-combination collision mortality for herring gulls from Morecambe Bay SPA and Alde Ore 


Estuary SPA at UK offshore wind farms. Headroom is the difference between the original and updated collision 


estimates.  
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Sandwich tern 


 


Figure A1.3. Density of Sandwich terns in summer (SeaMAST output) overlaid with mean maximum foraging 


range from key SPAs with potential for connectivity to wind farms in English waters. 
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Table A1.3. Annual in-combination collision mortality for Sandwich tern from North Norfolk Coast SPA at UK 


offshore wind farms. Headroom is the difference between the original and updated collision estimates.  
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Appendix 2: Apportioning of the Flamborough and Filey Coast pSPA gannet population among 


North Sea offshore wind farms 


(https://infrastructure.planninginspectorate.gov.uk/wp-


content/ipc/uploads/projects/EN010056/EN010056-000556-


5.4%20(3)%20Information%20to%20Inform%20HRA%20Appendix%203.pdf) 
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Appendix 3: Apportioning of the Flamborough and Filey Coast pSPA kittiwake population 


among North Sea offshore wind farms 


(https://infrastructure.planninginspectorate.gov.uk/wp-


content/ipc/uploads/projects/EN010056/EN010056-000557-


5.4%20(4)%20Information%20to%20Inform%20HRA%20Appendix%204.pdf) 
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Review of Seabird Demographic Rates and Density Dependence 


 
 


Summary 
 
Constructing realistic population models is the first step towards reliably assessing how 
infrastructure developments, such as offshore wind farms, impact the population trends of 
different species. The construction of these models requires the individual demographic 
processes that influence the size of a population to be well understood. However, it is 
currently unclear how many UK seabird species have sufficient data to support the 
development of species-specific models. 
 
Density-dependent regulation of demographic rates has been documented in a number of 
different seabird species. However, the majority of the population models used to assess the 
potential impacts of wind farms do not consider it. Models that incorporate such effects are 
more complex, and there is also a lack of clear expectation as to what form such regulation 
might take. 
 
 We surveyed the published literature in order to collate available estimates of seabird and 
sea duck demographic rates. Where sufficient data could not be gathered using UK 
examples, data from colonies outside of the UK or proxy species are presented. We 
assessed each estimate’s quality and representativeness. Estimates are usually only 
available for a limited number of colonies, and there may be substantial inter-colony 
variation. Therefore we also indicate the extent to which estimates may be applied to 
different colonies. 
 
This report and the accompanying material details demographic information on the 32 
species of seabird and sea duck thought to be most vulnerable to off-shore renewable 
developments in the UK.  The species covered are (in taxonomic order): greater scaup 
(Aythya marila), common eider (Somateria mollissima), goldeneye (Bucephala clangula), 
long-tailed duck (Clangula hyemalis), common scoter (Melanitta nigra), velvet scoter 
(Melanitta fusca), red-throated diver (Gavia stellata), black-throated diver (Gavia arctica), 
great northern diver (Gavia immer), Manx shearwater (Puffinus puffinus), northern fulmar 
(Fulmarus glacialis), great cormorant (Phalacrocorax carbo), European shag (Phalacrocorax 
aristotelis), northern gannet (Morus bassanus), great crested grebe (Podiceps cristatus), 
Arctic skua (Stercorarius parasiticus), great skua (Stercorarius skua),  black-legged kittiwake 
(Rissa tridactyla), little gull (Larus minutus), black-headed gull (Chroicocephalus ridibundus), 
common gull (Larus canus), lesser black-backed gull (Larus fuscus), herring gull (Larus 
argentatus), great black-backed gull (Larus marinus), Sandwich tern (Sterna sandvicensis), 
common tern (Sterna hirundo), Arctic tern (Sterna paradisaea),  little tern (Sternula 
albifrons), common guillemot (Uria aalge), razorbill (Alca torda), black guillemot (Cepphus 
grylle), Atlantic puffin (Fratercula arctica). 
 
The drivers that cause year-to-year variation in survival and productivity rates and the 
direction of their influence are also presented. In the majority of species this demonstrates 
that information on a specific colony cannot necessarily be extrapolated to multiple colonies 
without applying some degree of qualitative interpretation.  
 
The majority of the seabird species considered received high and intermediate data quality 
and representation scores for adult survival rates. The exceptions were great black-backed 
gull and little gull. There was considerably less information available on juvenile and 
immature survival rates, and great northern diver, northern fulmar, Arctic skua, common tern, 
razorbill and Atlantic puffin were only available as return rates between fledging and 
recruitment. Juvenile and immature survival rates were not available for goldeneye, long-
tailed duck, velvet scoter, Manx shearwater, little gull, black-headed gull, great black-backed 
gull, Arctic tern and little tern. An estimate of productivity from a long-term monitoring study 
was identified for the majority of species, with the exception of little gull. However, in some 
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species this was only available for a limited number of species. The survival and productivity 
rates of sea ducks were largely lacking, with the exception of common eider. 
 
An estimate for age of recruitment was available for all of the seabird and sea duck species 
considered. There was considerably less information identified for the incidence of missed 
breeding and the rate of breeding dispersal (both of juveniles and adults). Elevated rates of 
natal dispersal were identified in northern fulmar, black-legged kittiwake, common gull, 
lesser black-backed gull, herring gull, arctic tern, common guillemot and black guillemot. 
However, these processes are likely to vary between colonies. Therefore the reported rates 
should not be used without applying some degree of qualitative interpretation. 
 
There was substantial evidence that populations of seabirds and sea ducks exhibit 
compensatory density-dependent regulation on survival, productivity, recruitment and 
dispersal processes. However, in specific species and populations there was also clear 
evidence that depensatory density-dependent regulation operates on the rate of productivity. 
Depensation was reported in almost two times the number of studies that reported 
compensation as a mechanism regulating productivity rates. This positive feedback 
mechanism on the population size has the potential to be highly destabilising.  
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Glossary 
 
Age-class – A group of individuals from the same species that are of similar age. Age-
specific demographic parameters are detailed within each species account and 
accompanying material where possible. The age classes considered in this report are as 
follows; juvenile (fledging year), immature (years between the fledging year and recruitment), 
adult (breeding age bird) and senior.  
 
Demographic parameter - A factor that determines the population size. The most important 
demographic parameters for seabirds and sea ducks are; survival, productivity, recruitment, 
dispersal and incidence of breeding. 
 
Density-dependence - The influence of population size or density on one or more 
demographic parameters. This report considers density-dependent regulation acting as 
either compensatory (a negative feedback with population size) or depensatory (a positive 
feedback with population size). 
 
Dispersal – Annual rate of permanent migration from the natal (hatching) or breeding 
population. 
 
Estimation method – The modelling structure used to estimate recapture rates. This can be 
constant (CR) or varying (VR) through time. In long-term studies, recovery or re-sighting 
rates may change (e.g. caused by changes in reporting, protection laws or re-sighting effort). 
The influence of this process on the estimation of survival will depend on whether the rates 
were modelled as constant over time or time-dependent. 
 
Family – A scientific taxonomy grouping level, indicating species that typically share similar 
demographic and ecological traits. The family is detailed for each species in the 
accompanying material to aid matching of demographic rates between similar species. 
 
Incidence of missed breeding – Annual rate of breeding age birds that do not attempt to 
breed. 
 
Key Site - The Seabird Monitoring Programme (SMP) has established a UK and Ireland-wide 
network of four 'Key Site' colonies; Skomer, Canna, Fair Isle and the Isle of May. 
 
Mark-recapture – A technique used to estimate survival rates by re-capturing or re-sighting 
the identification rings on live birds. 
 
Productivity - The annual population estimate of number of chicks fledged per pair. 
 
Recruitment – The mean age that an individual from a population finishes deferred 
reproduction and recruits into the breeding population. 
 
Ring-recovery – A technique used to estimate survival rates by recovering of identification 
ring from dead birds. 
 
Standard deviation of the demographic process – When a demographic parameter is 
estimated to vary through time either with or without a trend, an estimation of the range is 
given as the standard deviation of the process (SDp). For a single study this is the reported 
standard deviation, and for multiple studies this is the mean of the standard deviations or the 
standard deviation of the point estimates, whichever is larger. 
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Standard error of the confidence - When a demographic parameter is estimated to be 
constant through time, the confidence associated with this point estimate is given as the 
standard error of the estimate (SEe). 
 
Survival - The annual population estimate of number of individuals that survive from one 
breeding season to the next. 
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1. Introduction 
 
The interaction between seabirds and offshore renewable energy developments has 
received considerable attention in recent years. Negative consequences include birds 
colliding with turbines, being displaced from their feeding grounds and wind farms acting as 
barriers (e.g. Drewitt & Langston 2006; Everaert & Stienen 2007; Johnston et al 2014). In 
order to assess the potential impacts of proposed new developments, population models are 
used to predict how a population is likely to change following their construction. The type of 
population model employed has largely depended on the quantity and precision of the 
demographic data available, and it is currently unclear how many UK seabird and sea duck 
species have sufficient data to support the development of species specific models. 
 
In some cases, a stochastic Leslie matrix model (Caswell 2001) has been used to assess 
the potential impacts of offshore renewable developments on seabird and sea duck 
populations. However, for populations that have been intensively studied, more recent 
methods have also been used. A limited number of population studies have also included a 
compensatory density-dependent response (e.g. Freeman et al 2014). This negative 
feedback on population size operates to offset the losses of individuals from the population, 
for example, a lowered population density may cause a temporary increase in survival or 
productivity in the remaining individuals, supporting an increase in the population size back 
towards the long-term average. The use of density-independent population models has 
generally been considered to be a precautionary approach. However, among certain 
species, particularly gulls, the influence of density-dependent regulation on demographic 
rates can also appear as a positive feedback on population size, i.e. it acts as a depensatory 
mechanism. This mechanism can act to accelerate further population decline and has the 
potential to be highly destabilising.  
 
This report presents individual species accounts for a selection of British seabirds, sea 
ducks, divers and grebes. Each account gathers the most up to date published estimates on 
the following demographic parameters: age-specific survival, age-specific productivity, age 
of recruitment, incidence of missed breeding, and natal and adult breeding dispersal. 
Particular attention has been given to regional variation in demographic rates, indicating the 
extent to which estimates may be applied to other less-well studied colonies. Where 
possible, the intrinsic and extrinsic factors that influence demographic rates are also 
detailed. The reported rates should enable population models that assess the impacts of 
offshore wind farms to be developed as reliably and realistically as possible. Where sufficient 
data could not be gathered using UK examples, data from colonies outside of the UK have 
been presented, or a proxy species has been identified. The evidence for density-dependent 
regulation of seabird demographic rates is also reviewed using examples from the UK, as 
well as non-UK studies on similar species.  
 
2. Methodology 
 
The project steering group included representatives from the Statutory Nature Conservation 
Bodies and Marine Scotland Science. The species considered in this report were identified 
by the Project Steering Group as those most likely to be impacted by offshore renewable 
developments. An extensive review was conducted for each species of peer-reviewed, 
scientific literature using the ISI Web of Science database. Grey literature was also explored 
using the Google Scholar search engine. Each search was conducted using the species 
scientific name, common name and the demographic terms: survival, productivity OR 
breeding success, and recruitment. The search was focused on studies from the UK, but 
when UK information was lacking, the geographic scope was widened. The productivity of 
several species is monitored annually at four Seabird Monitoring Program (SMP) Key Sites: 
Canna, Isle of May, Fair Isle and Skomer. Annual reports for the SMP key sites were 
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obtained from http://jncc.defra.gov.uk/page-4467. For species where insufficient information 
was obtained through these channels, secondary literature sources were used: Cramp and 
Simmons (1977, 1983) Cramp (1985) and Baldassarre (2014). Where possible, all relevant 
articles were obtained in order to extract the relevant information from the text. To facilitate 
the comparison of demographic studies with different study periods the national population 
trajectory is detailed for each species. Trends were described based on national census data 
accessed from http://jncc.defra.gov.uk/page-3201 (JNCC 2014). 
 
2.1. Demographic rates for seabirds in the UK 


 
Survival rates are generally presented as annual estimates. When estimates for more than 
one colony were identified, the mean was estimated (weighted by the duration of each study) 
to represent survival across a broader geographic area. Age-specific survival rates are 
detailed where possible using the following age classes; juvenile (fledging year), immature 
(years between the fledging year and recruitment in to the breeding population), adult 
(breeding age bird) and senior. Where immature survival rates have been published as a 
single value between fledging and recruitment, these rates have not been converted into 
annual estimates. To construct age-specific models these rates will need to be split into 
annual rates that reflect the relevant age of recruitment. Caution should be applied when 
using these estimates to parameterise population models because survival rates of birds 
typically increase following the first year of life (Caughley 1977). A direct division of the 
immature survival rate into the recruitment time period is likely to be unrealistic. In the 
accompanying material, each survival estimate is presented with the methodology used for 
data collection. This is because the assumptions and biases associated with estimating 
survival rates from live recapture and dead recovery data differ (see Robinson & Ratcliffe 
2010 for review). The biggest difference being that estimates of survival from live recapture 
models will typically be confounded by permanent emigration (which is equivalent to death 
within the study, since the individual is no longer available for recapture). This means that 
survival estimates generated from these models will underestimate the ‘true’ survival rate by 
an amount proportional to the degree of dispersal. For breeding adults of some species (e.g. 
guillemot, puffin) sufficient effort to re-encounter individuals (e.g. Harris et al 2000a) will 
reduce this bias since there is a high degree of site fidelity once individuals recruit to the 
breeding population. For others species (e.g. Sandwich tern), a high degree of breeding 
dispersal is likely and this bias may be large (e.g. Ratcliffe et al 2008). Each survival 
estimate in the accompanying material is also presented with the methodology used for 
estimation. This is because the recovery or re-sighting rates in long-term studies can change 
with time (e.g. caused by changes in reporting, protection laws or re-sighting effort). The bias 
on the survival estimates will depend on whether the rates were modelled as constant or 
varying over time. Estimates modelled using variable recapture rates are likely to be more 
reliable. 
 
Productivity rates are expressed as the annual population estimate of number of chicks 
fledged per pair. Where rates of productivity were reported to increase with parental age or 
experience, annual estimates are also given for each age class separately. Regional trends 
in productivity rates were assessed using the analysis carried out by Cook and Robinson 
(2010). A regional mean and variance was estimated by using the grouping highlighted by 
Cook and Robinson (2010) to categorise the colony-specific rates detailed by Mavor et al 
(2008) and any more recent studies. For species where it was not possible to identify 
consistent regional trends, but reported large variation between colonies, colony-specific 
means were presented from Mavor et al (2008) and any more recent studies.  
 
The incidence of missed breeding is the proportion of breeding adults that may skip an 
individual breeding attempt, but continue to breed at the same colony in subsequent years. 
The rate of breeding dispersal represents the proportion of breeding age individuals that 
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migrate to breed at other colonies each year, and natal dispersal represents the proportion 
of individuals in a cohort that recruit into a breeding colony separate from their birth colony. 
These parameters are given as annual means to illustrate the potential biases associated 
with the specified estimates of survival and productivity. There is considerably less 
information available on both of these demographic processes, and they are likely to vary 
markedly between colonies depending on the local population trend and resource 
availability. To incorporate these mechanisms into population models would require some 
degree of qualitative interpretation. Unless specified, recruitment into the breeding 
population is given as the rounded modal (i.e. most common) value.  
 
All of the demographic parameters identified for each species of seabird and sea duck are 
detailed in the accompanying material. To assist the accessibility of this information the best 
available parameters for each species are presented in this report. When a process is 
estimated to vary temporally either with or without a trend, an estimation of the range is 
given as the standard deviation of the process (SDp). For a single study this is the reported 
standard deviation, and for multiple studies this is the mean of the standard deviations or the 
standard deviation of the point estimates, whichever is larger. The SDp of multiple studies 
will represent the average variability. When a process is estimated to be constant through 
time, the confidence associated with the point estimate is given as the standard error of the 
estimate (SEe). We suggest that, for population modelling purposes, values of ±2*SDp 
should approximately encompass much of the likely range of variation in each demographic 
parameter. 
 
Each demographic parameter is presented with a quality and representation score. To 
assess quality, the estimate is scored on the number of years considered by the study, the 
number of individuals included per year, and whether an estimation of the range or error is 
available with the point estimate. Representation is assessed at the national scale; the 
estimate is scored on whether the data is from the UK, includes recent data (<10 years old), 
and whether the trajectory of the study colony reflects the current UK population trend. For 
example, if a study is based on more than 5 years but the population trajectory changed 
during the study period or does not match the current UK trend, the estimate may receive a 
good data quality score but a poor representation score (conditional on the other criteria). 
Each criterion receives a 0 for “no”, 1 for “partially/unknown and therefore requiring further 
evaluation”, and 2 for “yes”; scoring quality and representation individually out of 6. The 
itemisation of the scores for each species is detailed on the second worksheet of the 
accompanying material. 
 
3. How to use this report 
 
When interpreting the individual species accounts, it is worth considering that long-term 
studies and those that include several locations are likely to give more reliable parameter 
values and be more representative of the inherent variability in these. Estimates based on 
more than one study are identified in bold in the summary table (Table 33). When selecting 
values to parameterise population models some qualitative interpretation of the local 
population trends should also be employed. For species where regionally specific values are 
recommended in the species account, preference should be given to rates from colonies that 
have the same population trajectory, as opposed to colonies that are closely distributed. 
 
The assessment of model validity is an essential part of model parameterisation. The model 
output should be heavily evaluated against the current population trend. If the model does 
not realistically recreate the local population trend alternative parameter values should be 
considered. Different modelling frameworks (e.g. stochastic) should also be explored if the 
quantity and precision of the demographic data available are sufficient.  
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4. Quality Assurance 
 
An extensive and consistent search of the relevant literature was undertaken by using 
standardised search terms that were applied to all species. The data in the accompanying 
material and the body of text presented in this report have been subjected to an internal 
review by a senior BTO scientist. An earlier version of the report was commented on by the 
project steering group and all comments were incorporated in the final version. Additional 
spot-checking between the accompanying material and the report was conducted by Sue 
O’Brien (JNCC). 
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5. Species-specific accounts of demographic rates in 
seabirds 


 
5.1 Sea ducks 
 
5.1.1. Greater scaup (Aythya marila) 
 
Table 1. Recommended estimates of demographic rates for the greater scaup. 


Demographic parameter Mean SDp SEe 
Data 
quality 


Data 
representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 0.400   3 1 
Adult survival 1 0.810  0.038 5 1 
Productivity 1    
 0.570  0.120 5 1 


Age of recruitment 2    
 2   4 2 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Flint et al 2006; 2Dementiev & Gladkov 1952, cited by Cramp & Simmons 1977. 
 
Recommended demographic rates  
Published estimates of survival are largely from breeding populations in North America and 
Iceland. These include a mark-recapture study (Flint et al 2006) and two other studies where 
the methods were not detailed (Boyd 1962; Austin et al 2000). Juvenile survival rates have 
not been empirically measured but have been estimated based on productivity and 
population size data (Flint et al 2006). At present there are not sufficient data to explore 
regional variation in survival rates, therefore population models will have to assume the 
reported estimates of survival to be representative more broadly. 
 
Estimates of local productivity are also limited to a few non-UK studies (see accompanying 
material greater scaup). Further matching of local population trends is recommended in 
order to assess the suitability of these estimates for modelling UK birds. At present there are 
not sufficient data to explore regional variation in productivity rates, and population models 
will have to assume the reported estimates to be representative more broadly. 
 
Published information on the age of recruitment for greater scaup is relatively old and not 
based on UK data. Furthermore, the reported estimates differ; recruitment occurs at age 1 
(Delacour 1959) or 2 years (Dementiev & Gladkov 1952, cited by Cramp & Simmons 1977). 
It was not possible to verify the corresponding population trend for these estimates. The 
older age is presented in Table 1 because it matches the estimates reported for other sea 
ducks (Tables 1-6). Information on natal and adult dispersal and the incidence of missed 
breeding is lacking. As a proxy for the incidence of missed breeding it may be appropriate to 
use estimates based on common eider (Table 2), however further matching of local 
population trends is recommended in order to assess the suitability of these estimates. 
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There is large disparity between the rates of breeding dispersal identified for the sea ducks 
(Tables 1-6). The application of these rates across multiple different species is not 
recommended. 
 
Population trend in UK 
The greater scaup is a UK BAP species and a red-list Bird of Conservation Concern. In the 
UK they breed in low numbers, but the winter population is supplemented from Iceland, 
Fennoscandia and Russia (Wernham et al 2002). Winter densities are highest in Northern 
Ireland and Scotland (Kirby et al 1993). Numbers in the UK decreased between the late 
1980s and early 2010s (Austin et al 2014). 
 
Factors influencing survival rates 
Populations of greater scaup in Canada are declining and the possible drivers of local 
survival are reviewed by Austin et al (2000).  
 
Factors influencing productivity rates 
Populations of scaup in Canada are declining and the possible drivers of local productivity 
are reviewed by Austin et al (2000) and Baldassarre (2014).  
 
Knowledge gaps 
The demographic parameters of greater scaup are poorly resolved for the UK and 
information on the incidence of missed breeding and rates of dispersal are lacking. In the 
absence of a focused ringing or monitoring program in the UK it will be difficult to improve 
these estimates based on local data. 
 
  







Review of Seabird Demographic Rates and Density Dependence 


7 
 


5.1.2. Common eider (Somateria mollissima) 
 
Table 2. Recommended estimates of demographic rates for the eider. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 0.200   2 2 
Adult survival (>2 year) 2-3 0.886 0.009  6 4 
Productivity 4-6  


  
 0.379 0.470  5 1 


Age of recruitment  1,7  
  


 3   3 1 
Incidence of missed breeding 2  


  
 0.200 0.141  4 2 
Breeding dispersal  


  
Natal -   - - 
Adult 3 0.012   4 3 
1Sperduto et al 2003; 2Coulson 1984; 3Hario et al 2009; 4Sweenen 1991; 5Hario & Rintala 2006; 6Lehikoinen et al 
2006; 7Christensen 1999. 
 
Recommended demographic rates 
The published estimates of survival for UK common eiders are relatively old (Coulson 1984). 
There are a number of more recent studies on populations outside of the UK (see 
accompanying material for common eider), however the local population trends for these 
studies could not be identified, and further evaluation is needed to assess their suitability for 
modelling UK eiders. The estimate given for Finland (Hario et al 2009) was similar to the UK 
estimate, and therefore these studies were combined to give the estimate of adult survival in 
Table 2. At present there are not sufficient data to explore regional variation in survival rates, 
therefore population models will have to assume the reported estimates to be representative 
more broadly. Sperduto et al (2003) estimated juvenile survival by combining data on similar 
species. There is some disparity between the estimate of adult survival given by Sperduto et 
al (2003) and the estimate in Table 2. Therefore caution should be applied when using their 
estimate of juvenile survival to model UK common eider.  
 
Estimates of productivity are also limited to a few non-UK studies that indicate productivity 
can vary substantially between breeding sites (see accompanying material for common 
eider). Further matching of local population trends is recommended in order to assess the 
suitability of these estimates for modelling UK birds. 
 
Eiders are thought to start breeding between the age of 2 and 4 years (Christensen 1999; 
Sperduto et al 2003). It was not possible to verify the corresponding population trend for 
these estimates; however the mean age is similar to the other estimates reported for sea 
ducks (Tables 1-6). Outside of the UK, females are thought to remain site faithful once they 
have recruited (Hario et al 2009). Information on natal dispersal is lacking. The incidence of 
intermittent breeding among eiders was found to increase in relation to population size 
(Coulson 1984).  
 
 
 







Review of Seabird Demographic Rates and Density Dependence 


8 
 


Population trend in UK 
The density of eiders breeding in the UK is greatest along coastal Scotland and Northern 
Ireland. During the winter, densities are supplemented by birds of continental origin (Baillie & 
Milne 1989), and concentrations are highest in south-east Scotland (especially the Firths of 
Tay and Forth), Cumbria and eastern UK, with smaller numbers also occurring in sheltered 
locations in western Scotland. Breeding and non-breeding numbers increased markedly 
during the last century (Kirby et al 1993), but more recently, numbers have declined (Austin 
et al 2014). 
 
Factors influencing survival rates  
Outside of the UK, adult survival does not show spatial or temporal variation (Alaska, Wilson 
et al 2007). However, large scale mortality events have been linked to the over exploitation 
of food resources (Camphuysen et al 2002), as well as epidemic disease (i.e. avian cholera) 
(Tjørnløv et al 2013). 
 
Factors influencing productivity rates 
Productivity increases with age (Baillie & Milne 1982). Local productivity rates have also 
been linked to winter climate (Lehikoinen et al 2006), parent quality, nest location (Bolduc et 
al 2005) and salinity (DeVink et al 2005). Productivity rates are also reported to decrease as 
local population densities increase (Hario & Rintala 2006), and levels of nest predation by 
gulls increases (Mendenhall & Milne 1985; Mawhinney et al 1999; Donehower & Bird 2008). 
Clutch size has also been negatively linked to population size (Coulson 1999).  
 
Knowledge gaps  
Information on breeding dispersal and incidence of missed breeding is lacking. To improve 
the data quality scores on the age of recruitment and the incidence of missed breeding 
would require intensive monitoring. 
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5.1.3. Goldeneye (Bucephala clangula) 
 
Table 3. Recommended estimates of demographic rates for the goldeneye. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival 1 0.770   3 1 
Productivity 2    
 0.365   2 1 


Age of recruitment 1-2    
 3   5 1 
Incidence of missed breeding 1-3    
 Some   - - 
Breeding dispersal    
Natal  -   - - 
Adult 3-5 0.564 0.125  5 1 
1Dow & Fredga 1984; 2Eadie et al 1995; 3Milonoff et al 2002; 4Dow & Fredga 1983; 5Johnson 1967. 
 
Recommended demographic rates  
There are no published estimates of survival for goldeneye in the UK. The estimates of 
survival published by Dow and Fredga (1984) are based on Swedish breeding populations, 
and the local population trend could not be identified. Therefore further matching of local 
population trends is recommended in order to assess the suitability of these estimates for 
modelling UK goldeneye. At present there are not sufficient data to explore regional variation 
in survival rates, therefore population models will have to assume the estimate of adult 
survival from Sweden to be representative more broadly. 
 
Estimates of productivity are lacking because it is difficult to follow chicks after the brood has 
left the nest site. Chick mortality is highest in the first week following hatching (Paasivaara & 
Pöysä 2007) and two non-UK studies estimate productivity to 15 days (Milonoff & Paananen 
1993; Eadie et al 1995). Nest success rates are also reviewed in Baldassarre (2014). Brood 
survival is low, but it is thought to vary with geographic location and year (Baldassarre 2014). 
Therefore, colony-specific rates may be more suitable than a national average when 
parameterising population models for this species. Further matching of local population 
trends is recommended in order to assess the suitability of the non-UK estimates for 
modelling UK goldeneye. The values in Table 3 are presented for consideration as national 
values when parameterising population models for this species. 
 
Published information on the age of recruitment for goldeneye is relatively old and not based 
on UK data (Dow & Fredga 1984). It was not possible to verify the corresponding population 
trend for this estimate; however the age is similar to the other estimates reported for sea 
ducks (Tables 1-6). Some incidence of missed breeding is reported by Dow and Fredga 
(1984), Eadie et al (1995) and Milonoff et al (2002), however the rate has not been  
quantified at the population-level. Breeding dispersal for females is relatively high (Johnson 
1967; Dow & Fredga 1983; Eadie et al 1995). Furthermore, females that did not breed 
successfully were more likely to change nesting sites, although distances moved were 
typically less than 1km (Dow & Fredga 1983). Information on natal dispersal is lacking but 
thought to be lower for females than males (Dow & Fredga 1983). For the incidence of 
missed breeding it may be appropriate to use estimates based on eider. Further matching of 
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local population trends is recommended in order to assess the suitability of these estimates. 
There is large disparity between the rates of breeding dispersal identified for the sea ducks 
(Tables 1-6). Therefore the application of these rates across multiple different species is not 
recommended. 
 
Population trend in UK 
A small population of goldeneye breed in Scotland (Musgrove et al 2013). Birds winter in 
both freshwater and coastal habitats, and coastal, winter densities are highest in Scotland 
(Campbell et al 1986). Numbers in the UK declined between 1986 and 2012 (Austin et al 
2014). 
 
Factors influencing survival rates  
The drivers of survival for goldeneye have not been identified. 
 
Factors influencing productivity rates 
Outside of the UK, first time breeders have smaller clutches (Dow & Fredga 1984; Milonoff et 
al 2002). Local productivity has been linked to lay date (Dow & Fredga 1984) and availability 
of nest sites (Pöysä & Pöysä 2002). Productivity rates are reported to be negatively 
influenced by predation (Andersson & Eriksson 1982; Dow & Fredga 1984), and clutch size 
(Eriksson 1979), but increase with chick body mass (Paasivaara & Pöysä 2007). There was 
no evidence for an effect of temperature and rainfall (Paasivaara & Pöysä 2007).  
 
Knowledge gaps 
The demographic rates for the UK population of goldeneye are largely unknown. Outside of 
the UK, productivity and survival rates are also poorly resolved and estimates of breeding 
dispersal and the incidence of missed breeding are lacking. In the absence of a focused 
ringing or monitoring program in the UK it will be difficult to improve these estimates based 
on local data. 
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5.1.4. Long-tailed duck (Clangula hyemalis) 
 
Table 4. Recommended estimates of demographic rates for the long-tailed duck. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival 1-2 0.730 0.014  5 1 
Productivity 3    
 1.900 0.660  5 1 


Age of recruitment 4    
 2   2 1 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Boyd 1962; 2Schamber et al 2009; 3Bengtson 1972; 4Cramp & Simmons 1977. 
 
Recommended demographic rates  
In the absence of a focused UK program on long-tailed duck, local survival and productivity 
rates are largely unknown. Published estimates are from breeding populations in Iceland 
(survival - Boyd 1962; productivity - Bengtson 1972; see accompanying material for long-
tailed duck). The local population trend could not be identified for these studies, and there is 
no evidence to suggest that the UK population and the Icelandic population overlap on 
wintering grounds (Wernham et al 2002). Estimates based on the other sea duck species 
may therefore be more appropriate for parameterising population models on this species 
(Tables 1-6). Further matching of local population trends is recommended in order to assess 
the suitability of these estimates. 
 
Published information on the age of recruitment for long-tailed duck is relatively old and not 
based on UK data (Cramp & Simmons 1977). It was not possible to verify the corresponding 
population trend for this estimate; however the age is similar to the other estimates reported 
for sea ducks (Tables 1-6). Information on breeding dispersal and the incidence of missed 
breeding is lacking. The paucity of ring-recoveries and lack of reliable offshore counts means 
that little is known about site fidelity in this species between winters. As a proxy for the 
incidence of missed breeding it may be appropriate to use estimates based on eider, 
however further matching of local population trends is recommended in order to assess the 
suitability of these estimates. There is large disparity between the rates of breeding dispersal 
reported for the other sea ducks. Therefore the application of these rates across multiple 
different species is not recommended. 
 
Population trend in UK 
The long-tailed duck is a winter visitor to the UK, breeding in northern Eurasia and North 
America. Winter densities are highest in the east coast firths of Scotland, but birds also 
overwinter on Shetland, Orkney and the Outer Hebrides (Campbell et al 1986). In the 
absence of targeted monitoring, exact population trends are unknown (Austin et al 2014). 
Numbers were thought to be relatively stable in the 1980s (Kirby et al 1993) but have shown 
signs of decline in recent decades (Austin et al 2014). 
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Factors influencing survival rates  
Mortality in fixed fishing nets can be substantial (Bengtson 1972).  
 
Factors influencing productivity rates 
Local productivity rates have been linked to predation (Alison 1975).  
 
Knowledge gaps 
Information on age of recruitment, incidence of missed breeding and rates of dispersal are 
lacking. In the absence of a focused ringing or monitoring program in the UK it will be difficult 
to improve these estimates based on local data. 
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5.1.5. Common scoter (Melanitta nigra) 
 
Table 5. Recommended estimates of demographic rates for the common scoter. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 0.749  0.056 3 1 
Adult survival 1 0.783  0.032 3 1 
Productivity 2    
 1.838 1.184  5 1 


Age of recruitment 3    
 3   3 2 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  0.123  0.040 4 1 
1Fox et al 2003; 2Gardarsson and Einarsson 2004; 3Bengtson 1972; 4Cramp and Simmons 1977. 
 
Recommended demographic rates  
In the absence of a focused UK program on common scoter, local survival and productivity 
rates are largely unknown. Published estimates are from breeding populations in Iceland 
(survival - Fox et al 2003; productivity - Bengtson 1972; Gardarsson & Einarsson 2004; see 
accompanying material for common scoter), where a male-biased sex ratio was noted 
(Bengtson 1972). The local population trend could not be identified for these studies, and 
consequently the estimates given in Table 5 received low data quality and representation 
scores. The Icelandic population considered by Bengtson (1972) are likely to overlap with 
the UK breeding population on wintering grounds (Wernham et al 2002), and therefore both 
populations may experience the same drivers influencing their survival rates. The estimate of 
juvenile survival appeared very high compared to the rates identified for the other sea duck 
species (Tables 1-6). Therefore when parameterising population models for common scoter 
it may be more appropriate to use estimates of juvenile survival from similar species, such 
as common eider (Table 2).  
 
Published information on the age of recruitment for common scoter is relatively old and not 
based on UK data (Cramp & Simmons 1977). It was not possible to verify the corresponding 
population trend for this estimate; however the age is similar to the other estimates reported 
for sea ducks (Tables 1-6). Female breeding dispersal is thought to be relatively low (Fox et 
al 2003), but information on natal dispersal and the incidence of missed breeding is lacking. 
As a proxy for the incidence of missed breeding it may be possible to use estimates based 
on common eider (Table 2), however further matching of local population trends is 
recommended in order to assess the suitability of these estimates. There is large disparity 
between the rates of breeding dispersal reported for the other sea ducks (Tables 1-6). 
Therefore the application of these rates across multiple different species is not 
recommended. 
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Population trend in UK 
The common scoter is a UK BAP species and a red-list Bird of Conservation Concern. They 
breed in low numbers in western and northern Scotland (Gibbons et al 1993), but the 
wintering population is inflated with birds that breed in western Siberia and western and 
northern Europe. Winter densities are highest in coastal areas; the Carmarthen Bay, 
Liverpool Bay, the Moray and Dornoch Firths and the Firth of Forth (Kirby et al 1993). During 
the 1980s numbers were thought to be relatively stable, although declines were noted in the 
Moray Firth (Kirby et al 1993). More recent trends were not identified. 
 
Factors influencing survival rates  
The drivers of survival for common scoter have not been identified. 
 
Factors influencing productivity rates  
Outside of the UK, local productivity rates are negatively influenced by decreased food 
availability, severe weather and avian predation (Cramp & Simmons 1977; Gardarsson & 
Einarsson 2004).  
 
Knowledge gaps 
Information on age of recruitment, incidence of missed breeding and rates of dispersal are 
lacking for this species. In the absence of a focused ringing or monitoring program in the UK 
it will be difficult to improve these estimates based on local data. 
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5.1.6. Velvet scoter (Melanitta fusca) 
 
Table 6. Recommended estimates of demographic rates for the velvet scoter. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival 1 0.773  0.018 4 1 
Productivity 2    
 0.350 0.058  3 1 


Age of recruitment 3    
 2   2 2 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult 4 0.688   2 1 
1Krementz et al 1997; 2Traylor et al 2004; 3Hartman et al 2013 4Brown & Brown 1981. 
 
Recommended demographic rates  
In the absence of a focused UK program on velvet scoter, local survival and productivity 
rates are largely unknown. Published estimates of adult survival are based on similar 
species (Garthe & Hüppop 2004), or were not published with the methodology used for 
estimation (Krementz et al 1997). Similarly, the majority of published estimates for 
productivity are relatively old and not based on UK data (Hildén 1964; Waaramaki 1968, 
cited by Cramp & Simmons 1977; see accompanying material for velvet scoter). The value 
of productivity given in Table 6 reflects estimates from Canada. Further matching of local 
population trends is recommended in order to assess the suitability of these estimates for 
modelling the UK population. The estimates of survival and productivity identified for the 
other sea duck species should also be considered when parameterising population models 
for this species (Tables 1-6).  
 
The published estimates for the age of recruitment differ; birds recruit to the breeding 
population at age 2 (Hartman et al 2013) or 3 years (Cramp & Simmons 1977). Both of these 
values were identified as the modal age for the other sea duck species (Tables 1-6). It was 
not possible to verify the corresponding population trend for these estimates and therefore 
the more recent estimate is reported in Table 6. There is some relatively old information on 
the dispersal of breeding adults from outside of the UK (Brown & Brown 1981). However, 
information on natal dispersal and the incidence of missed breeding are lacking. As a proxy 
for the incidence of missed breeding it may be appropriate to use estimates based on 
common eider (Table 2), however further matching of local population trends is 
recommended in order to assess suitability.  
 
Population trend in UK 
The velvet scoter is a winter visitor to the UK, breeding in Scandinavia and Siberia. Winter 
densities are highest in the Moray Firth and St Andrews Bay (Kirby et al 1993). However, in 
the absence of targeted monitoring, exact population trends are unknown (Austin et al 2014). 
Regional differences in population change emerged in the 1980s (Kirby et al 1993), and 
signs of decline have been noted in recent decades (Austin et al 2014).  
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Factors influencing survival rates  
Survival rates were not related to concentrations of heavy metals (Wayland et al 2008), but 
mortality in fixed fishing nets can be locally substantial (Stempniewicz 1994). 
 
Factors influencing productivity rates 
Local productivity rates have been linked to lay dates and brood size (Traylor & Alisauskas 
2006). Productivity rates increase during years with favourable weather conditions (Hildén 
1964; Traylor & Alisauskas 2006), but decrease in response to predation from mink 
(Nordström et al 2002) and gulls (Finland, Mikola et al 1994). Local productivity may also 
decline at high population densities (Hartman et al 2013).  
 
Knowledge gaps 
Information on juvenile and immature survival, age of recruitment, incidence of missed 
breeding and rates of dispersal are lacking. In the absence of a focused ringing or 
monitoring program in the UK it will be difficult to improve these estimates based on local 
data. 
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5.2 Divers 
 
5.2.1. Red-throated diver (Gavia stellata) 
 
Table 7. Recommended estimates of demographic rates for the red-throated diver. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 
0.600   2 1 


Immature survival (1-2 year) 1 0.620   2 1 
Adult survival (>3 year) 1-2 


0.840  0.074 4 2 
National-average productivity 3-4  


  
 0.571 0.222  6 3 


Age of recruitment 5  
  


 3   4 3 
Incidence of missed breeding  


  
 -   - - 


Breeding dispersal  
  


Natal -   - - 
Adult 6 0.250   2 3 
1Hemmingsson & Eriksson 2002; 2Schmutz 2014; 3Gomersall 1986; 4Booth 1999; 5Okill 1994; 6Okill 1992. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on red-throated diver, there are no 
published estimates of local survival rate. Outside of the UK, published estimates include a 
ring-recovery study from Sweden (Hemmingsson & Eriksson 2002) and a mark–recapture 
study from Alaska (Schmutz 2014). Both of these studies are based on stable populations. 
The Swedish population considered by Hemmingsson and Eriksson (2002) is likely to 
overlap with the UK breeding population on wintering grounds (Wernham et al 2002). 
Therefore both populations may experience the same drivers influencing their survival rates. 
The estimate of adult survival given in Table 7 combined both of these studies and is 
recommended for modelling stable populations of red-throated diver, such as Shetland and 
the Hebrides (Dillon et al 2009). When constructing population models for populations that 
are increasing (i.e. Scottish Mainland and the Orkneys) these survival estimates may not be 
suitable. Regional differences in population trend should be considered when interpreting 
the outputs of any models parameterised with these values. Juvenile and immature survival 
rates are poorly resolved due to small sample sizes. Hemmingsson and Eriksson (2002) did 
not exclude birds ringed as non-fledged chicks, which may cause values to be slightly 
underestimated. However, the quoted rates appear to be higher than those identified for the 
black-throated and great northern diver (Table 8; Table 9). These rates should be used with 
caution in population models, and it may be more suitable to use values estimated for great 
northern diver (Table 9). 
 
The rate of productivity given in Table 7 is calculated from all the UK estimates listed in the 
accompanying material for red-throated diver. Although this estimate is derived from 
relatively old studies where the underlying population trajectory could not be verified, the 
value is similar to the estimate reported for the stable population breeding in Alaska (Rizzolo 
et al 2014). In the UK, regional differences in population trends have been reported (Dillon et 
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al 2009), but regional trends in productivity have not been investigated (e.g. Cook & 
Robinson 2010). Colony-specific rates may be more suitable than a national average when 
constructing population models. These should be selected based on the local population 
trajectory. For example, the estimates given by Booth (1999) may be more suitable for 
modelling populations with increasing trends than those given by Gomersall (1986) (see 
accompanying material for red-throated diver).  
 
Based on a small sample size, birds first breed at age 3 although some may also attempt to 
breed at age 2 (Okill 1994). This age of recruitment is lower than the estimates identified for 
black-throated and great northern diver (Table 8; Table 9). Some qualitative interpretation of 
the local population trends should be employed when parameterising this value in population 
models, and the age of recruitment reported for black-throated or great northern divers may 
be more suitable (Table 8; Table 9). In the UK, dispersal of breeding adults is high (Okill 
1992), but information on natal dispersal is generally lacking. Hemmingsson and Eriksson 
(2002) report some fidelity to the natal colony, however small sample sizes prevented 
reliable estimation of emigration rates. 
 
Population trend in UK 
The number of breeding pairs in Orkney and north and west Scotland increased between 
1994 and 2006. During the same time period, populations in Shetland and the Hebrides 
numbers remained relatively stable (Dillon et al 2009). Birds overwinter in coastal and near 
offshore waters around the UK and the population are inflated by individuals from 
Scandinavia and Greenland (Wernham et al 2002). The number of red-throated divers 
wintering in the UK was relatively stable between the mid-1990s and 2005, but increased 
between 2005 and 2012 (Austin et al 2014). 
 
Factors influencing survival rates 
Outside of the UK, local survival rates have been linked to the marine environment, and 
decrease at high values of the Pacific Decadal Oscillation (i.e. survival rates are lower 
following warmer sea temperatures and stronger winds, Schmutz 2014).  
 
Factors influencing productivity rates 
Outside of the UK, local productivity rates have been linked to flooding risk (Eberl & Picman 
1993; Douglas & Reimchen 1988), human disturbance (Rizzolo et al 2014) and predation by 
foxes (Douglas & Reimchen 1988; Rizzolo et al 2014). 
 
Knowledge gaps 
Adult survival rates for the UK population of red-throated diver are currently unknown, and 
are poorly resolved for populations outside the UK. Juvenile and immature survival rates are 
also poorly resolved. There is little information on the incidence of missed breeding and natal 
dispersal. The estimate for age of recruitment is also based on a small sample size. Further 
analysis of colour-marking data from Shetland and Orkney may help improve these 
estimates. 
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5.2.2. Black-throated diver (Gavia arctica) 
 
Table 8. Recommended estimates of demographic rates for the black throated-diver. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1  0.400   2 1 
Adult survival (>2 year) 1-2 0.817 0.064  4 1 
National-average productivity 3-8  


  
 0.425 0.292  6 4 


Age of recruitment 9    
 5   3 1 


Incidence of missed breeding  
- - 


 -   - - 
Breeding dispersal  


  
Natal -   - - 
Adult -   - - 
1Hemmingsson & Eriksson 2002; 2Nilsson 1977; 3Mudge & Talbot 1993; 4Hancock 2000; 5Sharrock 1976; 
6Jackson 2003; 7Bundy 1979; 8Thom 1986; 9Lehtonen 1970. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on black-throated diver, there are no 
published estimates of local survival rate. The estimates of survival published by 
Hemmingsson and Eriksson (2002) and Nilsson (1977) are based on Swedish breeding 
populations. Although the local population trend could not be identified for either of these 
studies, the wider European and UK breeding populations were both increasing during the 
1990s (Hemmingsson & Eriksson 2002; Austin et al 2014). The rates of survival estimated 
by Hemmingsson and Eriksson (2002) are constrained by very small sample sizes; 
therefore, despite the study being considerably older, the estimate reported by Nilsson 
(1977) was also included when calculating the estimate of adult survival given in Table 8. 
Regional variation in the survival rates of black-throated diver has not been investigated. At 
present there are not sufficient data to model colony-specific survival rates, therefore 
population models will have to assume that the estimate of adult survival from Sweden is 
representative more broadly. Juvenile survival rates are poorly resolved due to small sample 
sizes. Therefore it may be more appropriate to use survival estimates based on the other 
diver species to build population models for black-throated diver. 
 
Regional trends in population size and productivity rates have not been investigated (e.g. 
Cook & Robinson 2010). The average rate of productivity given in Table 8 is calculated from 
all of the UK estimates listed in the accompanying material for black-throated diver. Although 
these studies are relatively old, the UK population trend is not thought to have changed 
since the mid-1990s (Austin et al 2014). Furthermore, these studies considered large 
geographic areas and therefore should be representative more broadly.  
 
Published information on the age of recruitment for black-throated diver is also relatively old 
and not based on UK data (Lehtonen 1970, cited by Nilsson 1977). It was not possible to 
verify the corresponding population trend for this estimate; however the age is similar to the 
estimate reported for the great northern diver (Table 9). Hemmingsson and Eriksson (2002) 
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report some natal and adult site-fidelity, however very small sample sizes (n=3 birds tagged 
as adults; n=2 birds tagged as chicks) prevented reliable estimation of dispersal rates. The 
rates of dispersal given for red-throated or great northern diver should be considered when 
parameterising population models for black-throated diver (Table 7; Table 9). Further 
matching of local population trends is recommended in order to assess the suitability of 
these estimates for modelling UK birds. 
 
Population trend in UK 
The black-throated diver is a UK BAP species. The European population of black-throated 
divers increased during the 1990s (Hemmingsson & Eriksson 2002), and this trend has 
continued in the UK over the last decade (Austin et al 2014). More recent trends for outside 
of the UK could not be identified for this publication. 
 
Factors influencing survival rates 
The drivers of survival for black-throated diver have not been identified. 
 
Factors influencing productivity rates 
In the UK, local productivity rates have been linked to prey diversity (Jackson 2003, 2005) 
and floating artificial nesting rafts (Hancock 2000) 
 
Knowledge gaps 
The survival rates of black-throated diver in the UK are currently unknown, and are poorly 
resolved outside of the UK. Information on the incidence of missed breeding and dispersal is 
lacking, and the age of recruitment is based on relatively old data. In the absence of a 
focused UK ringing program on black-throated diver it will be difficult to improve these 
estimates using local data.  
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5.2.3. Great northern diver (Gavia immer) 
 
Table 9. Recommended estimates of demographic rates for the great northern diver. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Immature survival (0-3 year) 1 0.770  0.020 6 2 
Adult survival (>4 year) 1-2 0.870  0.078 6 2 
Productivity 3-6  


  
 0.543 0.170  6 1 


Age of recruitment 7  
  


 6   3 1 
Incidence of missed breeding 7  


  
 0.307   3 1 
Breeding dispersal  


  
Natal 1 


0.069   2 2 
Adult 2 


0.090 0.166  6 1 
1Piper et al 2012; 2Mitro et al 2008; 3Belant & Anderson 1991; 4Croskery 1991; 5Timmermans et al 2005; 6Grear 
et al 2009; 7Evers 2004.  
 
Recommended demographic rates  
The great northern diver is a winter visitor to the UK that breeds in Iceland. In the absence of 
a focused ringing program in Iceland, the local survival rates are largely unknown. Published 
estimates are limited to breeding populations in New England and Wisconsin; including a 
ring-recovery (Mitro et al 2008) and two mark–recapture studies (Mitro et al 2008; Piper et al 
2012). These studies identified drivers of survival that were similar to those identified to 
influence the productivity of black-throated diver in the UK; e.g. fluctuating water levels (UK – 
Hancock 2000; US – Piper et al 2002) and water chemistry (UK – Jackson 2005; US – Piper 
et al 2012). The estimates of survival in Table 9 appear to be higher than those identified for 
the other two species of diver. However, the higher data quality score attained by these 
studies indicates that they are likely to be more robust. The rates for juvenile and immature 
survival given by Piper et al (2012) are adjusted for natal dispersal and therefore the bias on 
true survival rate may be low. In America, adult survival rates are similar across different 
regions (Mitro et al 2008). Therefore, these rates may be suitable for modelling the 
population of great northern divers that winter in the UK.  
 
There is little published information on the productivity of great northern divers breeding in 
Iceland. Therefore the rate of productivity given in Table 9 reflects estimates from America 
and Canada (see accompanying material for great northern diver). One of the identified 
drivers of productivity in America and Canada is similar to that identified to influence black-
throated diver breeding in the UK; water chemistry (UK – Jackson 2005; US – Piper et al 
2012). Therefore this value may be suitable for modelling the productivity of UK birds.  
 
The mean age of first breeding is higher than identified for the other two species of diver 
considered (range 4-11 years; Evers et al 2000, cited by Evers 2004).  In America, adult and 
natal breeding dispersal is thought to be low (Mitro et al 2008; Piper et al 2012), and the 
incidence of missed breeding is thought to be high (Yonge 1981, cited by Evers 2004; Taylor 
& Vogel 2003, cited by Evers 2004).  
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Population trend in UK 
The wintering population increased during the late 1990s, but stabilised between 2000 and 
2012 (Austin et al 2014).  
 
Factors influencing survival rates 
Outside of the UK, local survival rates have been linked to water chemistry and lake size 
(Piper et al 2012), nest location and mercury levels (Mitro et al 2008). In America, survival 
rates do not appear to differ between the sexes (Mitro et al 2008). 
 
Factors influencing productivity rates 
Outside of the UK, local productivity rates have been linked to water chemistry, lake-size 
(Piper et al 2012) and population size (Evers 2004). 
 
Knowledge gaps 
The demography of great northern divers wintering in the UK is poorly resolved. In the 
absence of a focused ringing or monitoring program in Iceland it will be difficult to improve 
these estimates based on local data.  
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5.3 Procellariiformes 
 
5.3.1. Manx shearwater (Puffinus puffinus)  
 
Table 10. Recommended estimates of demographic rates for the Manx shearwater. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival 1 0.870 0.080  6 4 
Experience-specific productivity    
1st attempt 2 0.630 0.141  2 3 
>1 attempt 2 0.781 0.118  2 3 


Colony-specific productivity 
  


 
  


Rum 3 0.680 1.442  6 4 
Sanda 3 0.890 0.134  6 4 
Skomer 1 0.598 0.098  6 4 
Bardsey 3 0.810 0.032  6 4 


National-average productivity 1,3   
  


 0.697 0.426  6 4 


Age of recruitment 4    
 5   2 3 
Incidence of missed breeding 5    
 0.157   2 3 
Breeding dispersal    
Natal 6-7 Low   - - 
Adult 4 Low   - - 
1Büche et al 2013; 2Brooke 1978a; 3Mavor et al 2008; 4Harris 1966; 5Perrins et al 1973; 6Harris 1972; 7Brooke 
1978b. 
 
Recommended demographic rates  
The UK estimates of survival for Manx shearwater are largely limited to Wales (see 
accompanying material for Manx shearwater). They include a relatively old ring-recovery and 
mark-recapture study from Skokholm that adjusted the estimates of survival for the 
occurrence of skipped breeding (Perrins et al 1973). Therefore the bias on true survival rate 
may be low. More recent estimates include a mark-recapture analysis from Skomer (Büche 
et al 2013; Table 10). Regional variation in survival rates has not been investigated; 
therefore population models will have to assume the estimates of adult survival from Wales 
to be representative more broadly. Juvenile and immature survival rates are more difficult to 
resolve due to lower recovery rates. In Perrins et al (1973), the sample of years and 
individuals was too small for reliable conclusions to be drawn. More recent attempts to 
estimate survival during this life stage have not been made. 
 
Regional trends in productivity have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
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productivity to parameterise population models on this species (Table 10). The productivity 
of Manx shearwater is monitored annually at one SMP Key Site: Skomer, and long-term 
productivity estimates are given for three additional UK localities by Mavor et al (2008). 
 
The age of first breeding has been explored by aging Manx shearwaters ringed as young 
and later found with an egg (Harris 1966). The modal age was 5 years, however a large 
proportion were also 6 or 7 years old at first breeding.  Because some of the older birds in 
this study might have bred one or more seasons before being discovered, these results 
cannot be taken as definite ages of first breeding. Harris (1966) also reports that the modal 
age of first return following deferred reproduction occurs at 4 years old. Given that seabirds 
often prospect breeding sites during the year of first return, a modal age of first breeding at 5 
years appears to be sensible. Local incidence of missed breeding has been estimated on 
Skokholm (Perrins et al 1973), but this study is based on one year and is therefore unlikely 
to be representative more widely. Breeding dispersal of adult Manx shearwaters is low and 
any movements within a colony are usually short (Harris 1966; Perrins et al 1973). Natal 
dispersal also appears to be low (Skokholm, Harris 1972), especially for males (Skokholm, 
Brooke 1978b).  
 
Population trend in UK 
Manx shearwaters breed exclusively on islands, and of the UK population, 40% breed on 
Rum, and 50% in Pembrokeshire on the adjacent islands of Skomer, Skokholm and 
Middleholm. Exact population trends are difficult to verify because of the nocturnal and 
subterranean habit of this species (JNCC 2014). 
 
Factors influencing survival rates 
The drivers of survival for Manx shearwater have not been identified. 
 
Factors influencing productivity rates 
There is no evidence that local productivity rates are influenced by rainfall flooding burrows 
(Thompson & Furness 1991). On Skokholm, productivity of first time breeders was relatively 
low, stabilising from the second attempt (Brooke 1978a).  
 
Knowledge gaps 
Existing ring-recovery and sighting data should be sufficient to estimate adult survival rates 
away from Wales and investigate regional trends. Other active mark-recapture studies are 
on Rum and Copeland. There is little information on juvenile and immature survival rates, 
and breeding dispersal rates have not been quantified. Assuming low levels of natal 
dispersal, one approach would be to solve for juvenile survival based on other demographic 
parameters and population trend data from a regularly monitored site (e.g. Skomer). To 
improve the data quality scores on the incidence of missed breeding and the age of 
recruitment would require intensive monitoring. 
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5.3.2. Northern fulmar (Fulmarus glacialis) 
 
Table 11. Recommended estimates of demographic rates for the northern fulmar. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Immature survival (0-8 
years)1 0.260 0.150  6 1 
Adult survival 2 0.936 0.055  6 3 
Colony specific productivity    
Ailsa Craig 3 0.740 0.112  6 3 
Handa 3 0.460 0.124  6 3 
St. Kilda 3 0.280 0.072  6 3 
Canna 3 0.400 0.089  6 3 
Hermaness 3 0.410 0.124  6 3 
Burravoe 3 0.320 0.017  4 3 
Eshaness 3 0.420 0.089  6 3 
Noss 3 0.400 0.108  6 3 
Foula 3 0.390 0.000  4 3 
Troswick Ness 3 0.390 0.089  6 3 
Sumburgh Head 3 0.450 0.089  6 3 
Fair Isle 4 0.426 0.087  6 4 
North Ronaldsay 3 0.230 0.170  6 3 
Papa Westray 3 0.480 0.190  6 3 
Rousay 3 0.520 0.150  6 3 
Eynhallow 5 0.414 0.138  6 3 
Costa Head 3 0.470 0.124  6 3 
Mull Head 3 0.400 0.124  6 3 
Gultak 3 0.400 0.124  6 3 
Old Man, Hoy 3 0.450 0.133  6 3 
Wilkhaven 3 0.220 0.210  6 3 
Easter Ross 3 0.160 0.139  6 3 
Isle of May 6 0.346 0.101  6 4 
Tantallon 3 0.310 0.218  6 3 
Farne Islands 3 0.540 0.089  6 3 
Coquet Island 3 0.460 0.150  6 3 
Marsden Cliffs 3 0.230 -  4 3 
Peel Headlands 3 0.340 0.246  6 3 
Glen Maye 3 0.350 0.174  6 3 
Bardsey 3 0.740 0.112  6 3 
Skomer 7 0.327 0.131  6 4 


National-average productivity 3-7 
 


 
  


 0.419 0.127  6 4 
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Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age of recruitment 8    
 9   4 3 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal 9 0.915 0.035  5 3 
Adult 10-11 Low   - - 
1Jenouvrier et al 2003; 2Grosbois & Thompson 2005; 3Mavor et al 2008; 4Shaw et al 2010; 5Lewis et al 2009; 
6Newell et al 2010; 7Büche et al 2013; 8Ollason & Dunnet 1978b; 9Dunnet et al 1979; 10Macdonald 1977; 11Hatch 
1987. 
 
Recommended demographic rates  
The UK estimates of survival for northern fulmar are largely limited to Eynhallow, Orkney 
(see accompanying material for northern fulmar). They include two mark-recapture studies, 
conducted almost 30-years apart, that report similar estimates of adult survival (Dunnet & 
Ollason 1978a; Grosbois & Thompson 2005). The estimate of adult survival given in Table 
11 reflects the more recent study that utilises a longer time series (Grosbois & Thompson 
2005). Juvenile and immature survival rates are more difficult to resolve because few rings 
are recovered for these age-classes. As a proxy for survival between fledging and first return 
to the colony, it may be appropriate to use estimates based on southern fulmars (Jenouvrier 
et al 2003). Converted into an annual rate of survival (using the age of recruitment for 
southern petrel, 11±4 years, Jenouvrier et al 2003), the quoted rates for immature survival 
appear to be higher than the rates identified for the other species of seabird considered in 
this report (0.884). Therefore it may be more suitable to use juvenile survival estimates from 
other Procellariiform species. Regional variation in survival rates has not been investigated; 
however regional differences in population trends could not be wholly attributed to local 
differences in breeding success (Cook & Robinson 2010). At present there are not sufficient 
data to model colony-specific survival rates for northern fulmar, therefore population models 
will have to assume the estimates from Orkney are representative more broadly. It will be 
important to consider the regional differences in population trend as caveats of population 
models that are developed for colonies away from Orkney.  
 
Cook and Robinson (2010) could not identify consistent trends in the productivity of northern 
fulmar within the SMP and OSPAR regions. Consequently, it may be more suitable to use 
colony-specific rates of productivity to parameterise population models on this species 
(Table 11). The productivity of northern fulmars is monitored annually at all four SMP Key 
Sites: Isle of May, Canna, Fair Isle and Skomer, and long-term productivity estimates are 
given for 27 additional UK localities by Mavor et al (2008). 
 
Published information on the age of recruitment for northern fulmar is relatively old (Ollason 
& Dunnet 1978), and national census data indicate that the trajectory of the UK population 
has changed since this study; from increasing to decreasing (Austin et al 2014). Therefore 
caution should be applied when using the reported age to model current population trends 
(Table 11). The reported age is considerably higher than reported for other UK seabirds, but 
is similar to the closely related southern fulmar (11±4 years, Jenouvrier et al 2003). 
Consequently, the difference to the other seabirds may reflect life history strategy, as 
opposed to population trajectory. Some missed breeding is reported by Carrick (1954) and 
Ollason and Dunnet (1983), however small sample sizes prevented population rates being 
reliably quantified. Some tendency for individuals to skip breeding in response to 
environmental factors is reported for southern (Jenouvrier et al 2003) and northern fulmars 
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(Thompson & Ollason 2001). In the UK, the proposed mechanism is lower recruitment of 
sand eels during the previous winter (Thompson & Ollason 2001). Adult dispersal has not 
been quantified, but very high mate and site-fidelity indicates that this parameter is likely to 
be low (MacDonald 1977; Hatch 1987). In contrast, natal breeding dispersal is thought to be 
extremely high (Dunnet et al 1979). Although this estimate comes from a relatively old study, 
high levels of natal dispersal will strongly influence the subsequent population trajectory. 
This process requires consideration when building population models for this species. 
 
Population trend in UK 
The northern fulmar breeds throughout the British coastline, and national census data 
indicate that UK colonies rapidly increased between 1969 and 1998, stabilised between the 
late 1980s and early 2000s, and declined between 2000 and 2013 (JNCC 2014). The recent 
decline was attributed in part to a decline in discards from trawler fisheries. Regional 
differences in the rate of decline were identified in three discrete geographic areas; one 
surrounding the Irish Sea, one on the West coast of Scotland and one covering Orkney, 
Shetland and the East Coast of Scotland and Northern England (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Local survival has been linked to the marine environment, and decrease at high values of 
the winter Northern Atlantic Oscillation (i.e. survival rates are lower following warmer sea 
temperatures and stronger winds, Grosbois & Thompson 2005). Survival does not appear to 
differ between the sexes (Dunnet & Ollason 1978a).  
 
Factors influencing productivity rates 
Local productivity rates have been linked to parental age and quality (Dunnet & Ollason 
1978b; Ollason & Dunnet 1978; Lewis et al 2009), as well as lay dates (Hatch 1990). 
Productivity rates are also reported to be negatively influenced by a decrease in prey 
biomass (Grey et al 2003), and also decrease at high values of the winter Northern Atlantic 
Oscillation (i.e. productivity rates are lower following warmer sea temperatures and stronger 
winds, Thompson & Ollason 2001; Lewis et al 2009). There is no evidence that productivity 
depends on nesting density (Lewis et al 2009).  
 
Knowledge gaps 
Juvenile and immature survival rates are largely unknown, and high levels of natal dispersal 
will make this parameter difficult to deduce without multi-colony studies. However, this would 
also permit adult breeding dispersal to be quantified. The reported age of recruitment reflects 
a period when the population trajectory differed from the present day, and the incidence of 
missed breeding is not resolved. These parameters could potentially be examined using the 
long-term monitoring data from Orkney. 
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5.4  Gannet 
 
5.4.1. Northern gannet (Morus bassanus) 
 
Table 12. Recommended estimates of demographic rates for the northern gannet. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    
Juvenile survival (0-1 year) 1 0.424  0.007 6 3 
Immature survival (1-2 years) 1 0.829  0.004 6 3 
Immature survival (2-3 years) 1 0.891  0.003 6 3 
Immature survival (3-4 years) 1 0.895  0.003 6 3 
Adult survival (>5 year) 1 0.919 0.042  6 3 
Experience-specific productivity    
1st attempt 2 0.553  0.019 3 3 
2nd attempt 2 0.645   1 3 
3rd attempt 2 0.770   1 3 
>4th attempt 2 0.817   1 3 
Regional-specific productivity      
East 1-5 0.698 0.071  6 4 
West 3-4 0.710 0.105  6 4 


National-average productivity 1-3, 5 
 0.700 0.082  6 4 


Age of recruitment 1-2    
 5   5 3 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal -   - - 
Adult 6 Low   - - 
1Wanless et al 2006; 2Nelson 1966; 3Mavor et al 2008; 4Cook & Robinson 2010; 5Shaw 2010; 6Nelson 1965. 
 
Recommended demographic rates  
The survival rates of northern gannet in the UK are relatively well resolved and recent 
estimates include a ring-recovery analysis that considers regional differences in survival (see 
accompanying material for northern gannet). The identified differences were attributed to the 
relatively low number of individuals ringed as adults at colonies other than Bass Rock 
(Wanless et al 2006). Furthermore, regional differences in population trends were largely 
attributed to local differences in breeding success (Cook & Robinson 2010). Therefore, it 
may be sufficient to employ a national average for survival when parameterising population 
models for this species. The study by Wanless et al (2006) examined ten colonies in the UK 
and excluded ring-recoveries of birds found dead or recaptured alive at the colony. 
Therefore, the estimates of survival given in Table 12 are unlikely to be biased by natal or 
adult dispersal. 
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Regional trends in productivity rates were identified in two discrete geographic areas (Cook 
& Robinson 2010; Appendix S1 for map). The productivity of northern gannets is monitored 
annually at one SMP Key Site: Fair Isle, and long-term productivity is given for seven 
additional UK localities by Nelson (1966), Wanless et al (2006), Mavor et al (2008) and 
Shaw et al (2010) (see accompanying material for northern gannet). The range of 
productivity values given in Table 12 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Nelson 
(1966), Wanless et al (2006), Mavor et al (2008) and Shaw et al (2010). The published 
information on experience-specific productivity rates is relatively old (Table 12). These 
values should be used in population models to guide the proportional change that can be 
expected with age, as opposed to absolute values of productivity. 
 
Published information on the modal age of recruitment for northern gannet is available from 
two studies conducted 40 years apart (Nelson 1966; Wanless et al 2006). Although the rate 
of population growth has changed during this time (Wanless et al 2006; Murray et al 2006; 
JNCC 2014), the reported age of recruitment was similar in both studies (Table 12). Adult 
breeding dispersal is thought to be low (Nelson 1965) but has not been quantified at the 
population level. Information on natal breeding dispersal and the incidence of missed 
breeding is also lacking. It may be necessary to identify proxy species from outside of the 
UK to parameterise these processes in population models. 
 
Population trend in UK 
There are 21 gannet colonies around the British Isles, and the majority of these occur on 
remote offshore islands and stacks, with two on mainland cliffs. National census data 
indicate that the majority of colonies in the UK increased rapidly between 1969 and 2002 
(JNCC 2014). More recently, this rate of increase is thought to have slowed (Wanless et al 
2006; Murray et al 2006). The rate of increase varies consistently within two discrete 
geographic areas; the first covering Orkney, the West Coast of the United Kingdom and 
Ireland and the second covering Shetland and the East Coast of the United Kingdom (Cook 
& Robinson 2010). 
 
Factors influencing survival rates 
The drivers of survival for northern gannet have not been identified. 
 
Factors influencing productivity rates 
Local productivity rates have been linked to parental experience and increase sequentially 
between the first and the fourth breeding attempt (Nelson 1966). 
 
Knowledge gaps 
The juvenile and immature survival rates for northern gannets are poorly resolved, and 
breeding dispersal and the incidence of non-breeding are largely unknown. The incidence of 
missed breeding could potentially be explored using long-term monitoring data from Fair Isle, 
however the estimation of other demographic parameters would require intensive monitoring 
and multi-colony studies. Assuming that natal dispersal is low, an alternative approach would 
be to solve for juvenile survival rates based on other demographic parameters and 
population trend data collected from a regularly monitored site (e.g. Isle of May). 
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5.5 Grebe 
 
5.5.1. Great crested grebe (Podiceps cristatus) 
 
Table 13. Recommended estimates of demographic rates for the great crested grebe. 


Demographic parameter Mean   SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival (>4 years) 1-2 0.725  0.028 4 2 
Productivity 1,3    
 1.275 0.035  4 3 


Age of recruitment 1,4    
 2   2 3 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Abt & Konter 2009; 2Fuchs 1982; 3Prestt & Jefferies 1969; 4Cramp & Simmons 1977. 
 
Recommended demographic rates  
There are no published estimates of survival for the great crested grebe in the UK. Published 
estimates of adult survival include two ring-recovery studies that examine data collected 
across extensive areas (Germany, Fuchs 1982, cited by Garthe & Hüppop 2004; and 
Europe, Abt & Konter 2009). Further matching of local population trends is recommended in 
order to assess the suitability of these estimates for modelling the UK population. At present 
there are not sufficient data to model colony-specific survival rates, therefore population 
models will have to assume that these estimates are representative more broadly. The 
estimate of immature survival reported by Abt and Konter (2009) is not listed in Table 13 
because it extends past the age of recruitment (see accompanying material for great crested 
grebe). It may be necessary to identify proxy species to parameterise the survival rates of 
great crested grebe in population models. 
 
Estimates of productivity are also limited to a few studies (see accompanying material for 
great crested grebe). These include an old estimate for the UK (Prestt & Jefferies 1969) and 
a more recent estimate for Europe (Abt & Konter 2009). Further matching of local population 
trends is recommended in order to assess the suitability of these estimates for modelling UK 
birds. A limited proportion of great crested grebes can also successfully fledge two broods 
within one breeding season (4.3%, Harrison & Hollom 1932; 4.6%, Simmons 1974). This 
mechanism should be considered when constructing population models for this species. 
 
The age of first breeding is thought to occur at age 2 (Abt & Konter 2009; Cramp & Simmons 
1977), although birds may pair and hold territory from their first year (Cramp & Simmons 
1977). Information on natal and adult dispersal and the incidence of missed breeding is 
lacking. Consequently, it may be more appropriate to use estimates based on the diver 
species to parameterise these processes in population models. Further matching of local 
population trends and demographic processes is recommended in order to assess the 
suitability of other species for modelling great crested grebe. 
 







Review of Seabird Demographic Rates and Density Dependence 


31 
 


Population trend in UK 
In the UK, the great crested grebe is widely, although thinly distributed. They breed on large, 
shallow inland waters, and some move to coastal waters during winter. The UK population 
declined between 2002 and 2012 (Austin et al 2014). 
 
Survival rates 
The drivers of survival for great crested grebe have not been identified. 
 
Productivity rates 
Outside of the UK, local productivity rates are reported to be positively influenced by 
increased prey availability (Ulenaers & Dhont 1994; Ulfvens 1988), but are negatively 
influenced by predation levels associated with human disturbance (Keller 1989). 
  
Knowledge gaps 
Juvenile and immature survival rates are poorly resolved. Information on natal and adult 
dispersal, as well as missed breeding is also lacking. In the absence of a focused ringing or 
monitoring program in the UK it will be difficult to improve these estimates based on local 
data. 
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5.6 Cormorants 
 
5.6.1 Great cormorant (Phalacrocorax carbo) 
 
Table 14. Recommended estimates of demographic rates for the great cormorant. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival  
  


Juvenile survival (0-1 year) 1-2 0.540  0.090 6 1 
Adult survival (>3 year) 1-2 0.868 0.055  6 1 
Experience-specific productivity  


  
1st attempt 3 1.445   4 1 
2nd attempt 3 1.758   4 1 
3rd attempt 3 2.076   4 1 
≥4th attempt 3 2.274   4 1 


Regional-specific productivity   
  


An Glas Eilean 4 1.730 1.010  6 4 
North Sutor 4 2.060 0.581  6 4 
Ballard Cliff 4 1.340 0.201  6 4 
Ynysoedd Gwylan 4 2.970 0.759  6 4 
Skomer 4 1.590 0.710  6 4 
South Solway "B" 4 1.090 0.980  4 4 
Will's Strand 4 2.480 0.106  6 4 
Caithness 4 2.652 0.752  4 4 


National-average productivity 4-5  
 


  
 1.985 0.666  6 4 


Age of recruitment 6-7    
 3   5 1 
Incidence of missed breeding  


  
 -   - - 
Breeding dispersal  


  
Natal 1-2 0.240 0.127  6 1 
Adult 2,7 0.123 0.042  6 1 
1Frederiksen & Bregnballe 2000a; 2Hénaux et al 2007; 3Bregnballe 2006; 4Mavor et al 2008; 5Budworth et al 
2000; 6Kortlandt 1942; 7Frederiksen & Bregnballe 2000b. 


 
Recommended demographic rates  
The UK estimates of adult survival for P. carbo are relatively old and based on ring-recovery 
studies from Caithness, NE Scotland (Wernham & Peach 1999; Budworth et al 2000). The 
reported values are considerably lower than those identified for the other seabird species, 
possibly due to hunting activities changing levels of survival and emigration (Wernham & 
Peach 1999; see accompanying material for great cormorant). The breeding biology of P. 
carbo and P. c. sinensis (the continental race) is highly similar; therefore demographic rates 
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may be interchangeable for these populations. The values of adult survival given in Table 14 
are estimated from mark-recapture studies on the continental race (Frederiksen & 
Bregnballe 2000a; Hénaux et al 2007). In the UK, regional differences in population trends 
could not be wholly attributed to local differences in breeding success (Cook & Robinson 
2010). However, at present there are not sufficient data to model colony-specific survival 
rates. It will be important to consider these regional differences in population trend as 
caveats of any population models developed. Furthermore, P. c. sinensis has increased 
rapidly in recent decades (Frederiksen & Bregnballe 2000a), and local population trajectories 
should be matched before extrapolating these rates across multiple colonies. 
 
Cook and Robinson (2010) could not identify regional trends in the productivity of 
cormorants within the SMP and OSPAR regions. Consequently, it may be more suitable to 
use colony-specific rates of productivity to parameterise population models on this species 
(Table 14). The productivity of great cormorant (P. carbo) is monitored annually at one SMP 
Key Site: Skomer, and long-term productivity is given for six additional UK localities by 
Mavor et al (2008). Published information on experience-dependent productivity for great 
cormorant is not from the UK (Table 14; Bregnballe 2006). These values should be used in 
population models to guide the proportional change that can be expected with age, as 
opposed to absolute values of productivity. 
 
The majority of birds breed for the first time at age 3 (range 2-5, P. c. sinensis - Kortlandt 
1942; Frederiksen & Bregnballe 2000b). Although Budworth et al (2000) provide some 
information on inter-colony movements of P. carbo in Scotland, information on natal and 
adult dispersal is largely lacking for the UK. The natal and adult dispersal rates detailed in 
Table 14 are for the continental race (Frederiksen & Bregnballe 2000a; Hénaux et al 2007). 
Information on the incidence of missed breeding is lacking. 
 
Population trend in UK 
National census data indicate that great cormorant populations increased slightly between 
the 1970s and 2000, but have declined between 2000 and 2013 (JNCC 2014). Regional 
differences in population trends were identified in seven discrete geographic areas; 
Shetland, Orkney and North Scotland, East Scotland, East England, South East England, 
South and West England and East Ireland and West Scotland. Colonies in Orkney, North 
Scotland, East Ireland and West Scotland were declining, whilst the others were increasing 
(Cook & Robinson 2010). Furthermore, there is an increasing number of the continental race 
P. c. sinensis now overwintering in the UK (Newson et al 2005). 
 
Factors influencing survival rates 
Local survival rates of P. c. sinensis decrease when winter sea temperatures increase and 
this effect is greater at high population densities (Frederiksen & Bregnballe 2000a). Survival 
rates do not appear to differ between the sexes (Frederiksen & Bregnballe 2000a). 
 
Factors influencing productivity rates 
Local productivity is higher at inland colonies compared to coastal colonies (Newson et al 
2005). Outside of the UK, local productivity rates of P. c. sinensis have been linked to 
concentrations of contaminants (Dirksen 1995), and in Denmark, productivity increases with 
parental experience up the fourth breeding attempt (Bregnballe 2006).  
 
Knowledge gaps 
There is a large quantity of data on colour-ringed cormorants that could be used to assess 
regional differences in survival. To resolve the incidence of missed breeding would require 
intensive monitoring of a marked population.  
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5.6.2 European shag (Phalacrocorax aristotelis)  
 
Table 15. Recommended estimates of demographic rates for the European shag. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 0.513 0.246  6 4 
Immature survival (1-2 year) 1 0.737 0.181  6 4 
Adult survival (>3 year) 1 0.858 0.194  6 4 
Age-specific productivity    
1st attempt 2 0.532 0.049  3 4 
≥2nd attempt 2 0.785 0.042  3 4 


Regional-specific productivity   
  


West 3-4  2.135 0.322  6 4 
North 3-4 1.277 0.456  6 4 
East 3-5 1.132 0.511  6 5 


National-average productivity 3,5   
  


 1.303 0.483  6 5 


Age of recruitment 6  
  


 2   4 2 
Incidence of missed breeding  


  
 -   - - 
Breeding dispersal  


  
Natal 7 0.049   2 2 
Adult 8 0.100   4 5 
1Frederiksen et al 2008; 2Daunt et al 1999; 3Mavor et al 2008; 4Cook & Robinson 2010; 5Newell et al 2010; 6Aebischer 1986; 
7Aebischer 1995; 8Barlow et al 2013. 
 
Recommended demographic rates  
The UK estimates of survival for European shag are largely limited to the Isle of May, SE 
Scotland (see accompanying material for European shag). There is also a relatively old ring-
recovery study from the Farne Islands, NE England (Coulson & White 1957). The rates 
reported from this older study were considerably lower than those reported from the Isle of 
May using mark-capture analysis. This is most likely due to the old-style rings becoming 
worn and illegible with time (Coulson & White 1957), and therefore these estimates are likely 
to be unreliable. The estimates of adult survival from the Isle of May were largely similar. 
The survival rates detailed in Table 15 are taken from Frederiksen et al (2008) because the 
time series considered spanned most of the other studies. Regional differences in population 
trends could be largely attributed to local differences in breeding success (Cook & Robinson 
2010). Therefore, it may be sufficient to assume that the Isle of May estimate of survival are 
representative more broadly.  
 
Regional trends in productivity rates were identified in three discrete geographic areas (Cook 
& Robinson 2010; Appendix S2 for map). The productivity of the European shag is 
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monitored annually at three SMP Key Sites: Isle of May, Canna and Skomer, and long-term 
productivity estimates are given for 18 additional UK localities by Mavor et al (2008). The 
range of productivity values given in Table 15 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Mavor et al 
(2008) and Newell et al (2010). These estimates indicate large variability to occur within 
each region. Published information on experience-dependent productivity for European shag 
is relatively old (Table 15; Daunt et al 1999). These values should be used in population 
models to guide the proportional change that can be expected with age, as opposed to 
absolute values of productivity. 
 
Published information on the age of recruitment for the European shag is relatively old. The 
European shag typically breeds for the first time at age 2, although individuals may also 
defer breeding until they are 3 or 4 years old (Aebischer 1986). National census data 
indicate that the trajectory of the UK population has changed since this estimate was 
published; from increasing to decreasing (JNCC 2014). Caution should be applied when 
using the reported age to model current population trends (Table 15). Adult breeding 
dispersal is thought to be low (Barlow et al 2013). Similarly, natal dispersal is also thought to 
be low, but may vary between colonies (Aebischer 1995). Information on the incidence of 
missed breeding is lacking. It may be appropriate to substitute this parameter with estimates 
from great cormorant (Table 14), although further matching of population trends is 
recommended. 
 
Population trend in UK 
The European shag is distributed throughout UK coastal waters. National census data 
indicate that the majority of colonies in the UK increased between 1969 and 1988, but 
numbers declined between the late 1980s and 2012 (JNCC 2014). The rate of decline varies 
within four discrete geographic areas; the first covering the West Coast of Scotland, the 
second covering the West Coast of England and Wales, the third covering the East Coast of 
Scotland and Orkney and the fourth covering Shetland (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Decreased levels of survival have been linked to toxic poisoning (Coulson et al 1968), as 
well as offshore winds and rainfall (Frederiksen et al 2008). 
 
Factors influencing productivity rates 
Initially, productivity rates depend on parental age and quality (Daunt et al 1999). However, 
after the first attempt there is no evidence that productivity depends on age, nest density, 
pair status, and site or mate fidelity (Potts et al 1980). Large-scale non-breeding events have 
been associated with poor feeding conditions (Aebischer & Wanless 1992). 
 
Knowledge gaps 
The age of recruitment was estimated during a period where the population trajectory 
differed from the present day. Information on the average incidence of missed breeding is 
also lacking. Estimation of these demographic parameters could potentially be achieved 
using the long-term monitoring data from the Isle of May. There is also a large quantity of 
mark-recapture data collected as part of the British and Irish ringing scheme that could 
provide estimates of regional survival. 
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5.7. Skuas 
 
5.7.1. Arctic skua (Stercorarius parasiticus) 
 
Table 16. Recommended estimates of demographic rates for Arctic skua. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Immature survival (0-4 years) 1 0.346   2 3 
Adult survival 2 0.910   4 3 
Regional-specific productivity  


  
North – Shetland 3-4 0.465 0.427  6 4 
South – Orkney 3-4 0.620 0.412  6 4 


National-average productivity 3 
 


 
  


 0.487 0.436  6 4 


Age of recruitment 5  
  


 4   3 2 
Incidence of missed breeding 6  


  
 0.030   4 4 
Breeding dispersal  


  
Natal -   - - 
Adult 2 Low   - - 
1O’Donald 1983; 2Phillips & Furness 1998; 3Mavor et al 2008; 4Cook & Robinson 2010; 5O'Donald & Davis 1975; 
6Catry et al 1998. 
 
Recommended demographic rates  
The UK estimates of survival for Arctic skua are limited to Shetland (Phillips & Furness 1998, 
see accompanying material for Arctic skua). The resighting rate in the study by Phillips and 
Furness (1998) was considered to be high, therefore the bias on true survival rate may be 
low (Table 16). In the UK, regional differences in population trends could be largely 
attributed to local differences in breeding success (Cook & Robinson 2010). Consequently, it 
may be sufficient to assume that the Shetland estimate is representative more broadly 
(Phillips & Furness 1998; Table 16). Immature survival rates have been estimated based on 
relatively old productivity, age of maturity and population size data (O’Donald 1983). It may 
be appropriate to substitute these estimates of survival with those identified for great skua 
(Table 17), although further matching of local population trends is recommended in order to 
assess suitability. 
 
Regional trends in productivity rates were identified in two discrete geographic areas (Cook 
& Robinson 2010; Appendix S3 for map). The productivity of Arctic skua is monitored 
annually at one SMP Key Site: Fair Isle, and long-term productivity estimates are given for 
six additional UK localities by Mavor et al (2008). The range of productivity values given in 
Table 16 were calculated using the regional groupings highlighted by Cook and Robinson 
(2010) to categorise the values specified by Mavor et al (2008). These estimates indicate 
large variability to occur within each region.  
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Published information on the age of recruitment for Arctic skua is relatively old (O'Donald & 
Davis 1975), and national census data indicate that the trajectory of the UK population has 
changed since this estimate was published; from increasing to decreasing (JNCC 2014). 
Therefore caution should be applied when using the reported age to model current 
population trends (Table 16). Published information on natal breeding dispersal is conflicting 
and therefore neither study is included in Table 16 (O'Donald & Davis 1975; Phillips & 
Furness 1998; see accompanying material for Arctic skua). Adult breeding dispersal has not 
been quantified, but high mate and site-fidelity indicates that it is low (Phillips & Furness 
1998). Local incidence of missed breeding is also low (Catry et al 1998).  
 
Population trend in UK 
The Arctic skua is a UK BAP species and a red-list Bird of Conservation Concern. The 
breeding range is restricted to north and west Scotland, and national census data indicate 
that numbers increased rapidly between 1969 and 1988, but declined between the late 
1980s and 2013, possibly more than any other seabird species in the UK (JNCC 2014). 
Regional differences in population trends were identified in three discrete geographic areas; 
Shetland, Orkney and North Scotland (Cook & Robinson 2010). 
 
Factors influencing survival rates  
Local survival rates are reported to be negatively influenced by decreased prey availability 
(Davis 2005).  
 
Factors influencing productivity rates 
Local productivity rates have been linked to predation from great skuas (Phillips et al 1998). 
They are also relatively low for first time breeders, stabilising from the second breeding 
attempt (Davis 1976).  
 
Knowledge gaps 
The age of recruitment was estimated during a period when the population trajectory differed 
from the present day. Re-estimation of this parameter could potentially be achieved using 
the long-term monitoring data from Shetland. Juvenile survival rates are also poorly resolved 
and rates of adult and natal breeding dispersal are largely unknown. To estimate these 
demographic parameters would require intensive monitoring and multi-colony studies. 
Assuming a low rate of natal dispersal, an alternative approach would be to solve for juvenile 
survival rates based on more recent demographic parameters and population trend data 
than considered by O’Donald (1983). 
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5.7.2. Great skua (Stercorarius skua) 
 
Table 17. Recommended estimates of demographic rates for the great skua. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Immature survival (0-5 years) 1 0.730   4 4 
Adult survival 1-2 0.882 0.038  6 4 
Colony-specific productivity  


  
Hermaness 3 0.800 0.060  6 4 
Fetlar 3 0.740 0.100  6 4 
Noss 3 0.500 0.060  6 4 
Mousa 3 0.670 0.100  6 4 
Fair Isle 3 0.650 0.090  6 4 
Foula 3 0.550 0.080  6 4 
North Hill, Papa Westray 3 0.640 0.080  6 4 
Stourdale, Hoy 3 0.330 0.110  4 4 
Handa 3 0.880 0.200  6 4 


National-average productivity 3   
  


 0.651 0.308  6 4 


Age of recruitment 4  
  


 7   2 3 
Incidence of missed breeding 5  


  
 0.089 0.040  6 4 
Breeding dispersal  


  
Natal 6 0.015   4 4 
Adult 4,7-8 Low   - - 
1Ratcliffe et al 2002; 2Votier et al 2004; 3Mavor et al 2008; 4Furness 1987; 5Catry et al 1998; 6Klomp & Furness 
1992a; 7Catry & Furness 1997; 8Catry et al 1998. 
 
Recommended demographic rates  
The UK estimates of survival for great skua are largely limited to Shetland. However, long 
term mark-recapture studies are also conducted on Handa and St Kilda. Recently published 
studies from Foula (Ratcliffe et al 2002) and Hermaness (Votier et al 2004) reported similar 
estimates of adult survival. Regional variation in the survival rates of great skuas has not 
been investigated; therefore the estimate given in Table 17 assumes that the Shetland 
estimates are representative more broadly. Juvenile and immature survival rates are poorly 
resolved because few recoveries or resightings are made for these age-classes. The rate 
provided in Table 17 reflects the total survival between fledging and recruitment (Ratcliffe et 
al 2002). 
 
Regional trends in productivity have been examined using a short-term time series (n=1 
year, Phillips et al 1997) and therefore would benefit from further analysis (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 17). The productivity 
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of great skua is monitored annually at one SMP Key Site: Fair Isle, and long-term 
productivity is given for eight additional UK localities by Mavor et al (2008). 
 
Published information on the modal age of recruitment for great skua is relatively old and 
refers to a time when the population was increasing at a faster rate compared to the current 
trends (Furness 1987; JNCC 2014). The estimate is also considerably older than the 
estimate for Arctic skua (Table 16). Further consideration is therefore required when 
parameterising this value in population models. Local incidence of missed breeding is low 
(Catry et al 1998). Breeding dispersal of adults is also very low and any movements within a 
colony are usually short (Furness et al 1987; Catry & Furness 1997; Catry et al 1998). Natal 
breeding dispersal is also reported to be low (Klomp & Furness 1992a).  
 
Population trend in UK 
The breeding range of the great skua is restricted to Scotland and concentrated in the 
Northern Isles. National census data indicate that numbers increased rapidly between 1969 
and 1988, this rate of increase then slowed between 1989 and 2002 (JNCC 2014). Regional 
differences in population trend were noted by Phillips et al (1997). 
 
Factors influencing survival rates 
The drivers of survival for great skua have not been identified. 
 
Factors influencing productivity rates 
Local productivity rates are reported to be negatively influenced by a decrease in prey 
biomass (Hamer et al 1991). The incidence of missed breeding is also higher in years with 
reduced food availability (Hamer et al 1991). There is no evidence that productivity depends 
on age (Furness 1984; Ratcliffe et al 1998).  
 
Knowledge gaps 
Information on juvenile and immature survival rates is lacking. Given the low rates of natal 
dispersal reported (Klomp & Furness 1992a), existing ring-recovery and sighting data should 
be sufficient to estimate these rates. An alternative approach would be to solve for juvenile 
survival rates based on other demographic parameters and population trend data collected 
from a regularly monitored site. Regional variation in survival and productivity rates could 
also be examined using long-term monitoring data. The age of recruitment would also 
benefit from re-evaluation using data from key monitoring sites. 
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5.8. Gulls 
 
5.8.1. Black-legged kittiwake (Rissa tridactyla) 
 
Table 18. Recommended estimates of demographic rates for the black-legged kittiwake. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    
Juvenile survival (0-1 year) 1 0.790   1 3 
Adult survival (>2 year) 2-4 0.854 0.051  6 5 
Experience-specific productivity    
1st attempt 5-7 0.898 0.206  6 4 
≥2nd attempt 5-7 1.379 0.185  6 4 
Regional-specific productivity     
Shetland  8-10 0.408 0.477  6 4 
East  8-9,11 0.819 0.332  6 4 
West  8-9 0.643 0.313  6 4 


National-average productivity  8,10-11   
  


 0.690 0.296  6 5 


Age of recruitment 7,12    
 4   6 4 
Incidence of missed breeding    


Increasing population 13 0.180 0.188  4 2 
Decreasing population 13 0.208 0.207  4 2 


Breeding dispersal    
Natal 12 0.890   3 3 
Adult      


Increasing population 13 0.012 0.018  6 2 
Decreasing population 13 0.062 0.045  6 2 


1Coulson & White 1959; 2Frederiksen et al 2004a; 3Oro & Furness 2002; 4Taylor et al 2010; 5Coulson & White 
1958; 6Porter 1990; 7Wooller & Coulson 1977; 8Mavor et al 2008; 9Frederiksen et al 2005; 10Shaw et al 2010; 
11Newell et al 2010; 12Porter & Coulson 1987; 13Danchin & Monnat 1992. 
 
Recommended demographic rates  
The UK estimates of survival for black-legged kittiwake are largely limited to Foula, the Isle 
of May and Skomer. There are also some older estimates of adult survival from North 
Shields, NE England (Coulson & Wooller 1976; Aebischer & Coulson 1990; Coulson & 
Strowger 1999). The most recent colony-specific estimates of survival are from Oro and 
Furness 2002 (Foula, Shetland), Frederiksen et al 2004a (Isle of May, SE Scotland) and 
Taylor et al 2010 (Skomer, Wales). Regional differences in population trends could be 
largely attributed to local differences in breeding success (Cook & Robinson 2010). 
Therefore, it may be sufficient to employ a national average for survival when parameterising 
population models. Juvenile and immature survival rates are poorly resolved because few 
recoveries or resightings are made for these age-classes. The estimate for juvenile survival 
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in Table 18 is taken from a short-term ring-recovery study from the 1950s (Coulson & White 
1959). National census data indicate that the trajectory of the UK population has changed 
since this study; from increasing to decreasing (JNCC 2014). Therefore caution should be 
applied when using this rate to model current population trends, and it may be more 
appropriate to use estimates based on other gull species (Tables 18-24). 
 
Regional trends in productivity rates were identified in three discrete geographic areas by 
Cook and Robinson (2010) (Appendix S4 for map), and six discrete geographic areas by 
Frederiksen et al (2005). The productivity of kittiwakes is monitored annually at all four SMP 
Key Sites: Isle of May, Canna, Fair Isle and Skomer, and long-term productivity estimates 
are given for 41 additional UK localities by Mavor et al (2008). The range of productivity 
values given in Table 18 were calculated using the regional groupings highlighted by Cook 
and Robinson (2010) to categorise the values specified by Mavor et al (2008). The published 
information on experience-specific productivity for kittiwake is relatively old (Table 18; 
Coulson & White 1958; Wooller & Coulson 1977; Porter 1990). These values should be used 
in population models to guide the proportional change that can be expected with age, as 
opposed to absolute values of productivity. 
 
Published information on the age of recruitment for black-legged kittiwake is relatively old 
(Wooller & Coulson 1977), and national census data indicate that the trajectory of the UK 
population has changed since this study; from increasing to decreasing (JNCC 2014). 
Therefore caution should be applied when using the reported age to model current 
population trends (Table 18). The majority of birds breed for the first time at age 4, although 
a small proportion will start earlier (from age 2), or later (up to age 7; Wooller & Coulson 
1977). The incidence of missed breeding in the black-legged kittiwakes has been quantified 
for two UK colonies; North Shields, NE England (Coulson & White 1956; Coulson & Nève de 
Mévergnies 1992) and Shetland (Richardson 1985). However, these studies include all non-
breeding birds observed in the colony, such as sub-adults, and therefore estimation of non-
breeding amongst established breeding pairs is likely to be overestimated. Danchin and 
Monnat (1992) demonstrate that the incidence of missed breeding in France may reflect the 
colony trajectory. The values reported in Table 18 are given for colonies with increasing and 
decreasing population trajectories (Danchin & Monnat 1992). Published estimates of 
breeding dispersal for adult black-legged kittiwakes in the UK are lacking, although it is 
expected to be low (Coulson & Strowger 1999; Coulson & Wooller 1976). For populations 
breeding in France adult dispersal is low, but may vary depending on the local population 
trajectory and extrinsic conditions (Danchin & Monnat 1992). In contrast, natal dispersal is 
thought to be high, more so in females (Porter & Coulson 1987; Coulson & Nève de 
Mévergnies 1992). Although this estimate comes from a relatively old study, high levels of 
natal dispersal will strongly influence the subsequent population trajectory. This process will 
require consideration when building population models for this species. Dispersal patterns 
are also examined by McCoy et al (2005) using population genetics.  
 
Population trend in UK 
In the UK, the largest black-legged kittiwake colonies are found along the North Sea coasts, 
around Orkney and Shetland, and off north-west Scotland. National census data indicate 
that UK colonies increased between 1969 and 1988, but have declined rapidly between the 
late 1980s and 2013 (JNCC 2014). The national trend was attributed in part to reduced 
productivity rates (Taylor et al 2010). Regional differences in population trends were 
identified in six discrete geographic areas; Orkney and Shetland, East Scotland and North 
East England, South East England, South West England, Wales and North East Ireland and 
West Scotland (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Local survival is reported to be positively influenced by prey availability, but negatively 
influenced by predation from great skuas (Oro & Furness 2002) and winter sea surface 
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temperatures (Frederiksen et al 2004a). Local survival was lower when the sand eel 
fisheries were active (Frederiksen et al 2004a), and was significantly influenced by nesting 
density (Coulson & Wooller 1976), nest position (Aebischer & Coulson 1990) and algal 
blooms (Coulson & Strowger 1999). Survival rates do not appear to differ between the sexes 
(Aebischer & Coulson 1990). For older birds, survival rates apparently decrease, but this 
could be an artefact of territory-loss, or in earlier studies, ring-loss causing heterogeneity in 
recapture rates (Aebischer & Coulson 1990; Frederiksen et al 2004b). 
 
Factors influencing productivity rates 
Local productivity rates are reported to be negatively influenced by a decrease in prey 
biomass (Hamer et al 1993; Harris & Wanless 1990; Lewis et al 2001; Oro & Furness 2002; 
Frederiksen et al 2005). Productivity may also decrease following an increase in fishing 
effort (Lewis et al 2001; Frederiksen et al 2004a), and increased winter sea surface 
temperatures (Frederiksen et al 2004a). Outside of the UK, studies have shown that local 
productivity can also be reduced by predation from species such as ravens Corvus corax 
(Danchin & Monnat 1992). There is no evidence that productivity depends on local 
population size (Frederiksen et al 2005). In North Shields, NE England, the productivity of 
first time breeders was relatively low, stabilising from the second (Wooller & Coulson 1977; 
Porter 1990) or third breeding attempt (Coulson & White 1958).  
 
Knowledge gaps 
The age of recruitment was estimated during a period when the population trajectory differed 
from the present day. Re-estimation could potentially be achieved using the long-term 
monitoring data from Foula, Isle of May or Skomer. Juvenile and immature survival rates are 
largely unknown. High levels of natal dispersal will make this parameter difficult to deduce 
without multi-colony studies, which would also permit the breeding dispersal of adults to be 
quantified.  
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5.8.2. Little gull (Larus minutus) 
 
Table 19. Recommended estimates of demographic rates for the little gull. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival 1 0.800   1 1 
Productivity     
 -   - - 


Age of recruitment 2    
 2-3   4 1 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Garthe & Hüppop 2004; 2Berg 1937, cited by Cramp & Simmons 1983. 
 
Recommended demographic rates  
In the absence of a focused UK program on little gulls, local survival and productivity rates 
are largely unknown. Published estimates of adult survival are based on similar species 
(Garthe & Hüppop 2004; Table 19), and published estimates for productivity are lacking 
completely. Population models should be constructed based on the demographic 
parameters reported for the other gull species. However, without detailed knowledge on the 
population trend of this species it will be difficult to assess the suitability of these estimates. 
 
Published information on the age of recruitment for the little gull is relatively old and not 
based on UK data (Berg 1937, cited by Cramp & Simmons 1983). It was not possible to 
verify the corresponding population trend for this estimate; however the age is similar to the 
other estimates reported for small gull species (Tables 19-21). Information on natal and adult 
dispersal and the incidence of missed breeding is lacking. It may be appropriate to use 
estimates of dispersal based on black-headed or common gull for population models (Tables 
20-21).  
 
Population trend in UK 
The little gull is a passage migrant occurring in the UK in both the autumn and the spring 
(Stone et al 1995). During this time they occur mainly offshore, only coming close to shore 
during strong gales (Wernham et al 2002). Therefore exact population trends are unknown. 
 
Factors influencing survival rates 
The drivers of survival for little gull have not been identified. 
 
Factors influencing productivity rates 
The drivers of productivity for little gull have not been identified. 
 
Knowledge gaps 
The demographic parameters of the little gull are largely unknown. Although a small number 
of birds have been ringed in the UK, more intensive efforts at the breeding grounds would be 
needed to resolve the local demography of this species.   
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5.8.3. Black-headed gull (Chroicocephalus ridibundus) 
 
Table 20. Recommended estimates of demographic rates for the black-headed gull. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    
Adult survival (>2 year) 1-2 0.825 0.028  6 2 
Age-specific productivity      
≤4 breeding attempts 3 0.683 0.105  6 1 
>4 breeding attempts 3 1.643 0.302  6 1 
Colony-specific productivity    
Eilean Inshaig 4 0.560 0.564  6 4 
Sgeir na Caillich 4 0.490 0.312  6 4 
Eilean Ruisg 4 1.010 0.503  6 4 
Airds Islet 4 0.820 0.791  6 4 
Eilean nan Gabhar 4 0.230 0.325  4 4 
Fetla 4 0.260 0.316  6 4 
Egilsay 4 0.230 0.294  6 4 
Shapinsay 4 0.500 0.380  4 4 
Coquet Island 4 1.230 0.379  6 4 
Havergate 4 0.250 0.014  4 4 
Blakeney Point 4 0.320 0.200  4 4 
Scolt Head 4 0.990 0.191  4 4 
Rye Harbour 4 0.840 0.589  6 4 
Langstone Harbour 4 0.650 0.416  6 4 
Hayling Oysterbeds 4 0.500 0.468  4 4 
Brownsea Island 4 0.510 0.268  6 4 
Rockcliffe Marsh 4 0.200 0.201  6 4 


National-average productivity  4    
  


 0.625 0.365  6 4 


Age of recruitment 3,5    
 2   6 1 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal -   - - 
Adult 6  0.167 


 


0.086  6 1 
1Majoor et al 2005; 2Péron et al 2010; 3Lebreton et al 1990; 4Mavor et al 2008; 5Prevot-Julliard et al 2001; 
6Grosbois & Tavecchia 2003. 
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Recommended demographic rates  
Although a large number of black-headed gulls have been ringed in the UK, ringing often 
takes place in the winter and away from breeding colonies. These birds may originate from 
several different breeding colonies, and therefore colony-specific estimates of survival rates 
are lacking. In France and the Netherlands local adult survival is thought to be relatively 
constant, although the two estimates differ (Majoor et al 2005; Péron et al 2010; see 
accompanying material for black-headed gull). In the absence of UK studies the estimate of 
adult survival given in Table 20 combined the studies from France and the Netherlands. The 
local population trends could not be identified, and consequently further consideration is 
recommended in order to assess the suitability of these estimates. Immature and juvenile 
survival is poorly resolved because few rings are recovered for this age-class (Robinson & 
Ratcliffe 2010). 
 
Regional consistency in productivity rates has not been investigated for the black-headed 
gull (e.g. Cook & Robinson 2010). Consequently, it may be more suitable to use colony-
specific rates of productivity to parameterise population models on this species. Long-term 
productivity is given for 17 UK localities by Mavor et al (2008) and there is a marked degree 
of variation in the reported rates (Table 20). Published information on experience-specific 
productivity is relatively old and not from the UK (Table 20; Lebreton et al 1990). 
Consequently, these values should be used in population models to guide the proportional 
change that can be expected with age, as opposed to absolute values of productivity. 
 
Published information on the age of recruitment for black-headed gull is relatively old and not 
based on UK data (Lebreton et al 1990). It was not possible to verify the corresponding 
population trend for this estimate, however the age is similar to other small gulls (Tables 19-
21). Information on the incidence of non-breeding is lacking, but it may be possible to 
substitute this parameter with values based on the black-legged kittiwake (Table 18). Adult 
breeding dispersal is thought to be high (Grosbois & Tavecchia 2003), and therefore natal 
dispersal is also likely to be high. 
 
Population trend in UK 
The majority of the UK black-headed gull population are resident throughout the year, and in 
winter the population are inflated by individuals from Northern and Eastern Europe 
(Wernham et al 2002). National census data indicate that the population was relatively stable 
between 1985 and 2002, increasing between 2000 and 2013 (JNCC 2014). Regional 
patterns of change emerged between the 1980s and early 2000s, possibly reflecting the 
redistribution of birds from coastal to inland colonies (Mitchell et al 2004). 
 
Factors influencing survival rates 
In France and the Netherlands adult survival rates show little year-to-year variation (Majoor 
et al 2005; Péron et al 2010).  
 
Factors influencing productivity rates 
Outside of the UK, local productivity rates increase with increased rainfall because this 
decreases brood predation (Thyen & Becker 2006). The nesting habitat can also be 
significantly influential (Patterson 1965). The productivity of birds in France was lower during 
the first three breeding attempts (Lebreton et al 1990).  
 
Knowledge gaps 
Information on juvenile survival rates, natal dispersal and the incidence of non-breeding is 
lacking. High levels of natal dispersal will make juvenile survival rates difficult to deduce 
without multi-colony studies.  
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5.8.4. Common (or mew) gull (Larus canus) 
 
Table 21. Recommended estimates of demographic rates for the common gull. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    
Juvenile survival (0-1 year) 1 0.410   2 1 
Immature survival (1-2 years) 1 0.710   2 1 
Adult survival (>3 year) 2 0.828 0.050  6 1 


Colony specific productivity     
Handa 3 1.060   4 4 
Fair Isle 4 0.486 0.349  6 5 
Mill Dam, Shapinsay 3 0.010   4 4 
Whaness 3 0.550 0.485  4 4 
Sandy Loch 3 0.950   4 4 
Nigg 3 0.850 0.474  6 4 
Bonar Bridge 3 0.590   4 4 
Blakeney Point 3 0.000 0.000  4 4 
Scolt Head 3 0.200 0.346  4 4 


National-average productivity 3-4     
  


 0.543 0.391  6 5 


Age of recruitment 1    
 3   4 1 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal      


Male 2 0.500   4 1 
Female 2 0.900   4 1 


Adult 2 <0.030   4 1 
1Rattiste & Lilleleht 1987; 2Rattiste 2004; 3Mavor et al 2008; 4Shaw et al 2010. 
 
Recommended demographic rates  
Although a large number of common gulls have been ringed in the UK, ringing often takes 
place in the winter and away from breeding colonies. These birds may originate from several 
different breeding colonies, and therefore colony-specific estimates of survival rates are 
lacking. Published estimates are largely based on mark-recapture studies from Estonia 
(Rattiste & Lilleleht 1987, 1995; Rattiste 2004). There is also a relatively old ring-recovery 
study from Denmark (Halling Sørensen 1977). This estimate is considerably lower than 
those estimated using mark-capture analysis and is therefore likely to be unreliable. 
Although the values of survival given in Table 21 reflect the most recent estimates, the 
estimate of juvenile survival is still relatively old (see accompanying material for common 
gull). The local population trends for these studies could not be identified, consequently 
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further consideration is recommended in order to assess the suitability of these estimates for 
modelling UK common gulls.   
 
Regional trends in productivity have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species. The productivity of the 
common gull is monitored annually at one SMP Key Sites: Fair Isle, and long-term 
productivity is given is given for 16 additional UK localities by Mavor et al (2008).  There is a 
marked degree of variation in the reported rates (Table 21).  
 
Published information on the age of recruitment for common gull is relatively old and not 
based on UK data (Rattiste & Lilleleht 1987). It was not possible to verify the corresponding 
population trend for this estimate, however the age is similar to other small gulls (Tables 19-
21). Information on the incidence of non-breeding is lacking but it may be possible to 
substitute this parameter with values based on the black-legged kittiwake (Table 18). 
Outside of the UK, adult breeding dispersal is thought to be low (Rattiste 2004), although 
pairs with less breeding experience are more likely to divorce and disperse after 1 year (c. 
17–21%), compared to birds with longer breeding experience (c. 8–12%).  Natal dispersal is 
high, more so for females (Rattiste 2004). The estimate of natal dispersal comes from a 
relatively old study, however high levels will strongly influence the subsequent population 
trajectory. This process requires consideration when building population models for this 
species. 
 
Population trend in UK 
In the UK, breeding populations of common gulls are concentrated in Scotland and Northern 
Ireland. They breed on coasts and inland sites, dispersing during the winter. Exact 
population trends are difficult to verify because different methods were used to conduct 
censuses. Numbers are thought to have increased between 1969 and 2002 (JNCC 2014). 
 
Factors influencing survival rates 
Survival of first time breeders is lower during cold winters compared to normal and warm 
winters (Rattiste & Lilleleht 1995). For older birds (>5 breeding years), survival of males 
appeared to be slightly higher than for females, but this could reflect lower site fidelity in 
females (Rattiste & Lilleleht 1995). 
 
Factors influencing productivity rates 
Rates of productivity increase with experience (Rattiste 2004), and local productivity rates 
decrease due to predation from aerial predators (Kilpi 1995).  
 
Knowledge gaps 
The survival rates of UK common gulls are poorly resolved, and information on the incidence 
of non-breeding is lacking. In the absence of a colony-specific ringing program in the UK it 
will be difficult to improve these estimates using local data. High levels of natal dispersal will 
make juvenile survival rates difficult to deduce without multi-colony studies.  
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5.8.5. Lesser black-backed gull (Larus fuscus) 
 
Table 22. Recommended estimates of demographic rates for the lesser-black backed gull. 


Demographic parameter Mean SDp SEe  Data quality Data 
representation 


Age-specific survival  
  


Juvenile survival (0-1 year) 1 0.820   2 2 
Adult survival (>2 year) 2-3 0.885 0.022  6 4 
Colony-specific productivity    
North Hill 4 0.800 0.566  4 3 
Isle of May 4 0.880 0.289  6 3 
Skomer 4 0.270 0.165  6 3 
Skokholm 4 0.170 0.066  6 3 
Bardsey 4 0.720 0.221  6 3 


National-average productivity 4     
 0.530 0.325  6 3 


Age of recruitment 1    
 5   4 2 
Incidence of missed breeding 5-6    
 0.337 0.065  4 2 
Breeding dispersal    
Natal 7 0.470   2 2 
Adult -   - - 
1Harris 1970; 2Wanless et al 1996; 3Taylor et al 2010; 4Mavor et al 2008; 5O’Connell et al 1997; 6Calladine & 
Harris 1997; 7Coulson 1991. 
 
Recommended demographic rates  
The UK estimates of survival for lesser black-backed gull are largely limited to the Isle of 
May and Skomer. Colony specific estimates of survival appear to differ (see accompanying 
material for lesser black-backed gull), however regional differences have not been reliably 
tested. Therefore the estimate of adult survival reported in Table 22 combined the most 
recent colony-specific studies (Wanless et al 1996; Taylor et al 2010). Further analysis of 
regional trends may support the use of colony specific survival rates when parameterising 
population models for this species. Juvenile and immature survival rates are more difficult to 
resolve due to lower recovery rates of these age classes. Furthermore, published estimates 
are relatively old and may not reflect current population trends. It may be more appropriate 
to use survival estimates based on herring gulls for this age class (Table 23). Further 
matching of local population trends is recommended in order to assess the suitability of 
these estimates. 
 
Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 22). The productivity 
of the lesser black-backed gull is monitored annually at one SMP Key Site: Skomer, and 
long-term productivity estimates are given for four additional UK localities by Mavor et al 
(2008). 
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Published information on the age of recruitment for lesser black-backed gull is relatively old 
(Harris 1970), and national census data indicate that the trajectory of the UK population has 
changed since this study; from increasing to decreasing (JNCC 2014). Therefore caution 
should be applied when using this age to model current population trends (Table 22). The 
majority of birds breed for the first time at age 5, although a small proportion also breed for 
the first time at age 3 and 4, and a few individuals may delay breeding until age 6 (Harris 
1970). Local incidence of missed breeding is relatively high (Calladine & Harris 1997; 
O’Connell et al 1997). Birds are thought to change breeding locations following failed 
breeding attempts (Perrins & Smith 2000) and disturbance (O’Connell 1995), indicating that 
adult breeding dispersal may be high (Ross-Smith et al 2014). Natal dispersal is also thought 
to be high (Coulson 1991).  
 
Population trend in UK 
The lesser black-backed gull breeds throughout the UK, and national census data indicate 
that numbers increased between the late 1960s and early 2000s, but declined during the last 
decade (JNCC 2014). This trend was attributed in part to a decline in fishery discards 
(Furness et al 1992), and may also reflect the redistribution of birds from coastal to inland 
colonies (Ross-Smith et al 2014).  
 
Factors influencing survival rates 
Survival rates do not appear to differ between the sexes (Wanless et al 1996), however 
Bradbury and Griffiths (1999) report a skewed sex-ratio at fledging that could result in more 
females recruiting to the breeding population. 
 
Factors influencing productivity rates  
Local productivity rates have been linked to nesting habitat (Calladine 1997; Kim & 
Monaghan 2005b), parental condition (Nager et al 2000) and fishery discards (Oro 1996).  
 
Knowledge gaps 
Information on juvenile survival rates is lacking. High levels of natal dispersal will make this 
parameter difficult to deduce without multi-colony studies. As with herring gull, a good 
number of rings are recovered for lesser black-backed gulls. Although this provides a means 
to estimate annual survival rates, this analysis has yet to be done. There are also a number 
of colour-marking studies which would provide regional estimates of survival, although these 
data would need to be collated first, as recommended by Ross-Smith et al (2014). The data 
representation scores on the incidence of missed breeding could also potentially be 
improved using these data. 
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5.8.6. Herring gull (Larus argentatus) 
 
Table 23. Recommended estimates of demographic rates for the herring gull. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival  
  


Juvenile survival (0-1 year) 1-2 0.798 0.092  6 3 
Adult survival (>2 year) 3-4 0.834 0.034  6 4 
Age-specific productivity  


  
Age 4 1 0.000   1 3 
Age 5 1 0.510   1 3 
Age 6 1 0.710   1 3 
>Age 6 1 0.990   1 3 


Colony-specific productivity  
 


  
Canna 5 0.740 0.640  6 3 
Noss 5 0.840 0.396  6 3 
Isle of May 5 0.980 0.330  6 3 
Skomer 5 0.770 0.298  6 3 
Skokholm 5 0.700 0.398  6 3 
Bardsey 5 1.220 0.316  6 3 
Ynysoedd Gwylan 5 1.150 0.185  6 3 
Walney Island 6 1.993   4 4 
Farne Islands 7 1.833   4 4 


National-average productivity 5-7   
  


 0.920 0.477  6 4 


Age of recruitment 8  
  


 5   4 3 
Incidence of missed breeding 9  


  
 0.350 0.028  4 3 
Dispersal  


  
Natal 1,10 0.629 0.156  5 3 
Adult - -  - - 
1Chabrzyk & Coulson 1976; 2Harris 1970; 3Wanless et al 1996; 4Taylor et al 2010; 5Mavor et al 2008; 6Kim & 
Monaghan 2005a; 7Swann 2010; 8Harris 1970; 9Calladine & Harris 1997; 10Coulson 1991. 
 
Recommended demographic rates  
The UK estimates of survival for herring gull are largely limited to the Isle of May and 
Skomer. Older estimates of adult survival include mark-recapture and ring-recovery studies 
from Lizard Point, Skokholm and Grassholm (Harris 1970; Chabrzyk & Coulson 1976; 
Coulson & Butterfield 1986). Regional differences in population trends could not be wholly 
attributed to local differences in breeding success (Cook & Robinson 2010). Regional 
variation in survival rates is indicated from the colony-specific estimates (see accompanying 
material for herring gull); however this difference has not been reliably tested. Therefore the 
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estimate of adult survival reported in Table 23 combined estimates from the most recent 
colony-specific studies (Wanless et al 1996; Taylor et al 2010). Further analysis of regional 
trends may support the use of colony specific survival rates when parameterising population 
models for this species. Estimates of juvenile and immature survival rates are based on 
relatively old studies (Table 23; see accompanying material for herring gull). It may be more 
appropriate to use values based on other large gull species to parameterise the survival 
rates of these age classes. 
 
Cook and Robinson (2010) could not identify consistent trends in the productivity of herring 
gulls within the SMP and OSPAR regions. Consequently, it may be more suitable to use 
colony-specific rates of productivity to parameterise population models on this species 
(Table 23). The productivity of the herring gull is monitored annually at two SMP Key Sites: 
Canna and Skomer, and long-term productivity estimates are given for five additional UK 
localities by Mavor et al (2008). 
 
Published information on the modal age of recruitment for the herring gull is available from 
two studies that were conducted 40 years apart (Harris 1970; Ross-Smith et al 2014). The 
rate of population decline continued during this time (JNCC 2014), and both studies reported 
a similar age of recruitment (see accompanying material for herring gull). The majority of 
birds are thought to breed for the first time at age 5, although a small proportion will breed at 
age 4, and a few individuals may delay until age 6 or 7 (Harris 1970; Ross-Smith et al 2014). 
Local incidence of missed breeding has been estimated using one year of data that is 
unlikely to be representative more broadly (Calladine & Harris 1997). Information on adult 
breeding dispersal is lacking, however short-term studies suggest high levels of natal 
dispersal that may differ between colonies (Chabrzyk & Coulson 1976; Duncan & Monaghan 
1977; Coulson 1991). Although this estimate comes from a relatively old study, high levels of 
natal dispersal will strongly influence the subsequent population trajectory. This process 
requires consideration when building population models for this species.  
 
Population trend in UK 
The herring gull is a UK BAP species and a red-list Bird of Conservation Concern. They are 
widely distributed around the coasts of the British Isles, and national census data indicate 
that the UK population continued to decline between 1969 and 2013 (JNCC 2014). During 
this period the proportion of individuals breeding in the urban environment increased 
dramatically (Raven & Coulson 1997). More recently, specific colonies have stabilised (e.g. 
Canna, Swann 2010), and regional patterns of change were identified in four discrete 
geographic areas; Northern Ireland and Western Scotland, Wales and Western England, 
Eastern England and Eastern Scotland and North Eastern England (Cook & Robinson 
2010). 
 
Factors influencing survival rates 
Survival rates do not appear to differ between the sexes (Wanless et al 1996). 
 
Factors influencing productivity rates  
Local productivity rates have been linked to nesting habitat and parent quality (Kim & 
Monaghan 2005a), and decrease at low and high nesting densities (Parsons 1976). 
Productivity increases with age, stabilising from age 6 onwards (Chabrzyk & Coulson 1976).  
 
Knowledge gaps 
Regional trends in survival rates could be investigated using the long-term mark-recapture 
studies from the Isle of May and Skomer. There are also a good amount of ring-recovery 
data (from birds ringed during the breeding season) that could be used to estimate national, 
or broad regional, survival rates. A small number of colour-marking studies are also available 
that could provide an alternative dataset for estimating annual survival rates. Information on 
adult breeding dispersal is lacking, and the incidence of missed breeding would also benefit 
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from being re-estimated. Estimation of the incidence of missed breeding could potentially be 
achieved using the long-term monitoring data from the Isle of May or Skomer. 
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5.8.7. Great black-backed gull (Larus marinus) 
 
Table 24. Recommended estimates of demographic rates for the great black-backed gull. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival  
  


Adult survival 1 0.930   2 1 
Colony-specific productivity  


  
Canna 2-3 0.808 0.622  6 5 
Noss 2 0.650 0.268  6 4 
North Hill 2 0.810 0.420  5 4 
Brownsea 2 0.440 0.502  5 4 
Skomer 2 1.290 0.190  6 4 
Skokholm 2 1.150 0.288  6 4 
Bardsey 2 1.840 0.840  6 4 
Ynysoedd Gwylan 2 1.520 0.265  6 4 
Rockcliffe Marsh 2 0.670 0.134  6 4 
Big Copeland Island 2 2.000 -  5 4 


National-average productivity 2-3   
  


 1.139 0.533  6 5 


Age of recruitment 4  
  


 5   4 2 
Incidence of missed breeding  


  
 -   - - 
Dispersal  


  
Natal -   - - 
Adult -   - - 
1Glutz von Blotzheim & Bauer 1982, cited by Garthe & Hüppop 2004; 2Mavor et al 2008; 3Swann 2010; 4Cramp 
1985.  


 
Recommended demographic rates  
In the absence of a focused UK ringing program on great black-backed gulls, local survival 
rates are largely unknown. Published estimates of adult survival include a relatively old study 
from Germany (Glutz von Blotzheim & Bauer 1982, cited in Garthe & Hüppop 2004; see 
accompanying material for great black-backed gull). Juvenile and immature survival rates 
are also unknown. Population models should be constructed based on the demographic 
estimates reported for the other large gull species. However, further matching of local 
population trends is recommended in order to assess the suitability of these estimates.  
 
Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 24). The productivity 
of great black-backed gulls is monitored annually at two SMP Key Sites: Canna and Skomer, 
and long-term productivity estimates are given for seven additional UK localities by Mavor et 
al (2008). 
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Published information on the age of recruitment for great black-backed gulls is relatively old 
and may not be based on UK data (Cramp 1985). The age of first breeding is thought to be 
between 4 and 5 years (Cramp 1985). National census data indicate that the rate of 
decrease for the UK population has changed since this estimate was published (JNCC 
2014). Therefore caution should be applied when using this age to model current population 
trends (Table 24). Information on natal and adult dispersal and the incidence of missed 
breeding is lacking and estimates based on herring gull (Table 23) could be used to 
represent these. Matching of local population trends is recommended to assess the 
suitability of these estimates.  
 
Population trend in UK 
Great black-backed gulls breed mainly in the Outer and Inner Hebrides and the Northern 
Isles of Scotland. National census data indicate that colonies were declining slowly between 
1960 and 2002, and more quickly between 2000 and 2013 (JNCC 2014). This earlier trend 
was partially attributed to a decline in fishery discards (Furness et al 1992).  
 
Factors influencing survival rates 
The drivers of survival for great black-backed gulls have not been identified. 
 
Factors influencing productivity rates 
Local productivity rates decrease due to predation from mink, albeit to a lesser extent than 
observed in the smaller gull species (Craik 2013). Outside of the UK, productivity rates have 
been linked to nesting density (Butler & Trivelpiece 1981; Ellis & Good 2006), laying dates 
(Regehr & Rodway 1999), nesting habitat (Ellis & Grid 2006) and contaminants (Helberg et 
al 2005).  
 
Knowledge gaps 
Information on juvenile and immature survival rates, natal and adult dispersal, and the 
incidence of missed breeding are all lacking. There are some ring-recovery data for birds 
ringed during the breeding season (primarily as chicks) that have the potential to provide 
estimates of annual survival rates, but these data have not yet been analysed in this way. 
The ability to resolve juvenile survival from these estimates will depend on levels of natal 
dispersal. 
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5.9. Terns 
 
5.9.1. Sandwich tern (Sterna sandvicensis) 
 
Table 25. Recommended estimates of demographic rates for the Sandwich tern. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 0.358  0.219 4 4 
Immature survival (2-3-4 years)1 0.741  0.206 4 4 
Adult survival 1 0.898  0.029 4 4 
Age-specific productivity   


 
  


Age 3 years 2 *0.167   2 1 
Age 4 years 2 *0.235   2 1 
Age 5-11 years 2 *0.649   2 1 


Colony-specific productivity 


Sands of Forvie 3 0.560 0.440  6 3 
Coquet 3 0.600 0.240  6 3 
Scolt Head 3 0.690 0.400  6 3 
Blakeney 3 0.690 0.320  6 3 
Rye Harbour 3 0.570 0.620  6 3 
Langstone Harbour 3 0.470 0.330  6 3 
Brownsea 3 0.670 0.392  6 3 
Anglesey 3 0.870 0.271  6 3 
Hodbarrow 3 0.480 0.480  6 3 
Lough Swilly 3 1.030 0.313  6 3 
Mulroy Bay 3 0.920 0.397  6 3 
Lady’s Island Lake 3 0.800 0.265  6 3 


National-average productivity 3    
  


 0.702 0.372  6 3 


Age of recruitment 2  
  


 3   2 1 
Incidence of missed breeding  


  
 -   - - 
Breeding dispersal  


  
Natal -   - - 
Adult -   - - 
1Robinson 2010; 2Veen 1977; 3Mavor et al 2008. * Maximum values (see text). 
 
Recommended demographic rates  
The size of Sandwich tern colonies can fluctuate significantly between years as birds 
redistribute between adjacent colonies (Lloyd et al 2001). High adult dispersal complicates 
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the ability to reliably resolve population trends and survival rates without multi-colony 
studies. In the absence of a focused UK ringing program on Sandwich terns, colony-specific 
survival rates are not available. Published estimates are based on similar species (Garthe & 
Hüppop 2004), and two ring-recovery studies from the UK (Green et al 1990; Robinson 
2010) (see accompanying material for Sandwich tern).  National census data indicate that 
the trajectory of the UK population has changed since the Green et al (1990); from 
increasing to decreasing (JNCC 2014). Therefore the estimate for adult survival in Table 25 
is based on Robinson (2010). Regional variation in survival rates has not been investigated; 
however regional differences in population trends could not be wholly attributed to local 
differences in breeding success (Cook & Robinson 2010). At present there are not sufficient 
data to model colony-specific survival rates for Sandwich tern. It is important to consider 
these regional differences in population trend as caveats of any population models 
developed. 
 
Cook and Robinson (2010) could not identify consistent regional trends in the productivity of 
Sandwich terns within the SMP and OSPAR regions. Consequently, it may be more suitable 
to use colony-specific rates of productivity to parameterise population models on this 
species. Long-term productivity is given for 12 localities in the UK by Mavor et al (2008). 
Published information on experience-specific productivity for Sandwich tern is relatively old 
(Table 25; Veen 1977). These values should be used in population models to guide the 
proportional change that can be expected with age, as opposed to absolute values of 
productivity. These estimates are maximum values only because they do not account for 
multiple chicks being fledged per pair.  
 
Published information on the modal age that Sandwich terns breed for the first time is 
lacking. In the Netherlands, 3 year old but not 2 year old birds were reported in the breeding 
population (Veen 1977). This study is relatively old and it was not possible to verify the 
corresponding population trend, however the reported age is similar to other tern species 
(Tables 25-28). Although adult dispersal is known to be high (Lloyd et al 2001), rates have 
not been quantified. Information on the incidence of missed breeding and natal breeding 
dispersal are also currently lacking. It may be possible to substitute these parameters with 
values from the other tern species. Further matching of local population trends is 
recommended in order to assess the suitability of these estimates. 
 
Population trend in UK 
Sandwich tern colonies occur in a patchy distribution throughout the British coastline. 
National census data indicate that colonies increased between 1969 and 1988, decreased 
between the late 1980s and early 2000s and stabilised between 2000 and 2013 (JNCC 
2014). Regional patterns of change were identified in five discrete geographic areas; the 
East of Scotland, the East of England, the South East of England, Wales, South and South 
West of England and the North Irish Sea (Cook & Robinson 2010). 
 
Factors influencing survival rates 
The drivers of survival for Sandwich tern have not been identified. 
 
Factors influencing productivity rates 
In the Netherlands, local productivity rates decrease due to predation from gulls (Veen 
1977). Furthermore, mean clutch size and hatching success increase with age (Veen 1977).  
 
Knowledge gaps 
The survival rates of Sandwich terns are not reliably resolved, and information on natal and 
adult dispersal and the incidence of missing breeding is also lacking. In the absence of a 
focused UK ringing program it will be difficult to improve these estimates using local data. 
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5.9.2. Common tern (Sterna hirundo)  
 
Table 26. Recommended estimates of demographic rates for the common tern. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Immature survival (0-2 years) 1 0.441  0.004 4 1 
Immature survival (3-4 years) 2 0.850   4 1 
Adult survival (>6 year) 2-3 0.883 0.014  6 1 
Colony-specific productivity    


E an Ruisg, L Feochan 4 1.820 0.594  6 3 
Sgeir na Caillich, L Melfort 4 0.670 0.688  6 3 
G. Eileanan, Sd Mull 4 0.530 0.529  6 3 
Avoch Fish Farm 4 0.770 0.563  6 3 
St Fergus 4 0.150 0.173  6 3 
Forth 4 0.910 0.381  6 3 
Coquet 4 1.030 0.626  6 3 
Rye Meads 4 0.530 0.411  6 3 
Hoveton Great Broad 4 0.260 0.291  6 3 
Snettisham 4 0.280 0.374  6 3 
Holkham 4 0.400 0.503  6 3 
Blakeney 4 0.440 0.469  6 3 
Breydon Water 4 0.990 0.252  6 3 
Pitts Deep – Hurst 4 0.370 0.311  6 3 
Langstone Harbour 4 0.540 0.552  6 3 
Rye Harbour 4 1.050 0.716  6 3 
Brownsea Is. 4 0.590 0.289  6 3 
Lodmoor 4 1.460 0.509  6 3 
Shotton 4 1.300 0.495  6 3 
Cemlyn 4 0.590 0.720  6 3 
Seaforth 4 0.610 0.313  6 3 
Rockcliffe 4 0.110 0.180  6 3 
Belfast Lough 4 1.350 0.313  6 3 
Rockabill 4 1.590 0.465  6 3 


National-average productivity 4   
  


 0.764 0.470  6 3 


Age of recruitment 5-6    
 3-4   6 1 
Incidence of missed breeding 7    
 


Low   - - 
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Demographic parameter 


 
Mean 


 
SDp 


 
SEe 


 
Data 


quality 


 
Data 


representation 


Breeding dispersal    
Natal 3 0.070   2 1 
Adult 2-3 0.103 0.077  6 1 
1Braasch et al 2008; 2Breton et al 2014; 3Nisbet & Cam 2002; 4Mavor et al 2008; 5Nisbet 1978; 6Ludwigs & 
Becker 2002a; 7Dittmann et al 2002. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on common terns, local survival rates are 
largely unknown. There are relatively old published estimates from North America; including 
three mark–recapture studies based on constant recapture rates (Austin & Austin 1956; 
Nisbet 1978; DiCostanzo 1980). More recent studies from North America model survival 
rates using variable recapture rates (Nisbet & Cam 2002; Breton et al 2014). Regional 
variation in the survival rates of common terns has not been investigated. Therefore the 
estimate of adult survival in Table 26 combined estimates from the two most recent colony-
specific studies (see accompanying material for common tern). The local population trend 
could not be identified for these studies, therefore further matching of local population trends 
is recommended in order to assess their suitability for modelling the UK population. 
Estimates of juvenile survival are limited to relatively short-term studies (DiCostanzo 1980; 
Braasch et al 2008). The more recent of these was used to represent juvenile survival in 
Table 26.  
 
Regional trends in productivity have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 26). Long-term 
productivity is given for 24 localities in the UK by Mavor et al (2008). 
 
Published information on the age of recruitment is regionally specific. In Germany, common 
terns are thought to breed for the first time at age 3 (Ludwigs & Becker 2002a), and in North 
America the age of first breeding is thought to occur at age 4 (Nisbet 1978). Further 
matching of local population trends is recommended in order to assess the suitability of 
these estimates for modelling the UK population. The incidence of missed breeding is 
thought to be low (Dittmann et al 2002), although population rates have not been quantified. 
The dispersal of adult common terns is predominantly low, but may vary between colonies 
(González-Solís et al 1999; Nisbet & Cam 2002) and increase between colonies that are 
closely distributed (Breton et al 2014). Natal dispersal is also thought to be low (Nisbet & 
Cam 2002). The rates of dispersal listed in Table 26 reflect the number of studies that 
quantify this parameter. Dispersal is reported to be higher for adults compared to the natal 
age class, but this is unlikely to occur in reality. For the local difference between these age 
classes see Nisbet and Cam (2002). 
 
Population trend in UK 
Common terns breed throughout much of the British coastline and larger inland waterbodies. 
National census data indicate that colonies were relatively stable between 1969 and 2002, 
but declined between 2000 and 2013 (JNCC 2014). 
 
Factors influencing survival rates 
Outside of the UK, survival rates were relatively constant through time (Breton et al 2014), 
and do not appear to differ between the sexes (Braasch et al 2008; Breton et al 2014). 
Breton et al (2014) report that survival rates follow a quadratic relationship with age; 
increasing between fledging and recruitment, stabilising for a number of years, and then 
declining when individuals are >12 years old. There was no evidence that local survival from 
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fledging to first breeding depends on hatching order, hatching date, number of fledglings per 
brood or parental age (Nisbet 1996; Dittmann et al 2001). First year survival increased with 
fledging mass (Ludwigs & Becker 2002b). 
 
Factors influencing productivity rates  
Local productivity rates decrease due to predation (Nisbet & Welton 1984; Becker 1995; 
Mavor et al 2008) and increased nesting density (Becker 1995). Productivity also depends 
on parental age or quality (Bollinger 1994; Wendeln & Becker 1999; Nisbet et al 2002; 
Arnold et al 2006).  
 
Knowledge gaps 
Age-specific survival rates and natal breeding dispersal are largely unknown for the UK 
population. The incidence of missed breeding is also poorly resolved. In the absence of a 
focused UK ringing program on common terns it will be difficult to improve these estimates 
using local data. 
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5.9.3. Arctic tern (Sterna paradisaea) 
 
Table 27. Recommended estimates of demographic rates for the Arctic tern. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival (>2 year) 1-2 0.837 0.035  6 2 
Colony-specific productivity   


  
Ardullie 3 0.780 0.156  4 3 
Coquet 3 0.770 0.320  6 3 
Eigg 3 0.120 0.170  6 3 
Fair Isle 4 0.125 0.210  6 4 
Farne Islands 3 0.570 0.348  6 3 
Fetlar 3 0.130 0.194  6 3 
Foula 5 0.238 0.288  6 4 
Foulney 3 0.350 0.224  6 3 
Isle of May 3 0.310 0.277  6 3 
Kinloss 3 0.160 0.232  6 3 
Long Nanny 3 0.660 0.480  6 3 
Papa Westray 3 0.160 0.312  6 3 
Rockabill 3 0.870 0.379  6 3 
Sands of Forview 3 0.260 0.310  6 3 
Skerries 3 1.080 0.400  6 3 
St Fergus 3 0.090 0.108  6 3 
Tiree 3 0.030 0.073  6 3 


National-average productivity 3-5   
  


 0.380 0.325  6 4 


Age of recruitment 1,2  
  


 4   6 3 
Incidence of missed breeding  


  
 -   - - 
Breeding dispersal  


  
Natal 6 0.610   4 1 
Adult 6-7 0.089 0.115  6 1 
1Cullen 1957; 2Coulson & Horobin 1976; 3Mavor et al 2008; 4Shaw et al 2010; 5Furness 2007; 6Devlin et al 2008; 
7Møller et al 2006. 
 
Recommended demographic rates  
The UK estimates of adult survival for Arctic tern are largely limited to the Farne Islands 
(Cullen 1957; Coulson & Horobin 1976). More recent estimates of survival are from Canada 
(Devlin et al 2008). Regional differences in survival have not been investigated; however the 
rates of survival reported for the UK and Canada are relatively similar (see accompanying 
material for Arctic tern). The estimate given in Table 27 combined the UK estimates. 
National census data indicate that the trajectory of the UK population has changed since 
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these publications, from increasing to decreasing (Shaw et al 2010; JNCC 2014). Therefore 
caution should be applied when using these rates to model current population trends.  
 
Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 27). The productivity 
of Arctic tern is monitored annually at one SMP Key Site: Fair Isle, and long-term productivity 
is given for 15 additional UK localities by Mavor et al (2008). 
 
Information on the age of recruitment for Arctic tern is relatively old, and the national 
population trend is thought to have changed since it was published (Cullen 1957; Coulson & 
Horobin 1976). The majority of Arctic terns breed for the first time at age 4, although a small 
proportion breed for the first time at age 5, and a few individuals may also attempt breeding 
at 2 or 3 years old (Cullen 1957; Coulson & Horobin 1976). The reported modal age is older 
than for the other terns (Tables 25-28), and therefore some caution should be applied when 
using this estimate to model current population trends. Information on the incidence of 
missed breeding is limited, although it is thought to occur primarily in response to food 
shortage (Monaghan et al 1992). Outside of the UK, breeding dispersal of adult Arctic terns 
is low (Møller et al 2006; Devlin et al 2008), although it is higher between colonies that are 
closely distributed (Brindley et al 1999; Møller et al 2006; Devlin et al 2008). Adult and natal 
dispersal are also thought to reflect local conditions at a colony, e.g. low levels of food 
availability can increase dispersal (Møller et al 2006). Further matching of local population 
trends is recommended in order to assess the suitability of these estimates for modelling UK 
birds. In Denmark, natal dispersal is thought to be high (Møller et al 2006). This process will 
strongly influence the subsequent population trajectory, and therefore requires consideration 
when building population models for this species.  
 
Population trend in UK 
Breeding colonies of Arctic terns are concentrated in the Northern Isles. Exact population 
trends are difficult to verify because different methods were used to conduct censuses. 
Numbers are thought to have increased between 1969 and 1988, decreased between 1988 
and 2002, and stabilised between 2000 and 2013 (Shaw et al 2010; JNCC 2014). 
 
Factors influencing survival rates 
The drivers of survival for Arctic tern have not been identified. 
 
Factors influencing productivity rates  
Local productivity rates are reported to be positively influenced by increased prey 
abundance (Monaghan et al 1989; Suddaby & Ratcliffe 1997; Robinson et al 2001; Furness 
2007) and negatively influenced by predation (Nordström et al 2004; Mavor et al 2008). Nest 
location can also be significantly influential (Bunin & Boates 1994). Mean clutch size may 
increase in relation to age, although small sample sizes prevented this from being reliably 
quantified (Coulson & Horobin 1976). Monaghan et al (1989) demonstrated that the 
productivity of Arctic terns differed between colonies in relation to foraging conditions.  
 
Knowledge gaps  
Estimates of juvenile and immature survival are lacking. High levels of natal dispersal will 
make these parameters difficult to deduce without multi-colony studies. A population rate for 
the incidence of missed breeding has also not been quantified. More intensive efforts at the 
breeding ground would be needed to resolve this parameter. 
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5.9.4. Little tern (Sternula albifrons) 
 
Table 28. Recommended estimates of demographic rates for the little tern. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Adult survival 1 0.800   3 2 
Regional-specific productivity  


  
North 2-3 0.456 0.482  6 4 
South 2-3 0.464 0.506  6 4 


National-average productivity 2     
 0.518 0.518  6 4 


Age of recruitment 4  
  


 >2   2 2 
Incidence of missed breeding  


  
 -   - - 
Breeding dispersal  


  
Natal -   - - 
Adult -   - - 
1Grosskopf 1964, cited by Robinson & Ratcliffe 2010; 2Mavor et al 2008; 3Cook & Robinson 2010; 4Schönert 
1961, cited by Cramp 1985. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on little terns, local survival rates are largely 
unknown (see accompanying material for little tern). Outside of the UK, published estimates 
include a relatively old ring-recovery study (Grosskopf 1964, cited by Robinson & Ratcliffe 
2010). Regional differences in population trends could not be wholly attributed to local 
differences in breeding success (Cook & Robinson 2010). At present there are not sufficient 
data to model colony-specific survival rates, and therefore it will be important to consider 
regional differences in population trend as caveats of population models that are developed. 
 
Regional trends in productivity rates were identified by Cook and Robinson (2010) in two 
discrete geographic areas (see Appendix S5 for map). Long-term productivity is given for 21 
localities in the UK by Mavor et al (2008). The range of productivity values given in Table 28 
were calculated using the regional groupings highlighted by Cook and Robinson (2010) to 
categorise the values specified by Mavor et al (2008). These estimates indicate large 
variability to occur within each region. 
 
Published estimates for the age of recruitment of little tern is relatively old and not based on 
UK data. Little terns are thought to start breeding at a minimum of 2 years, usually older 
(Schönert 1961, cited by Cramp 1985). This minimum age is lower than the modal ages that 
were identified for the other tern species (Tables 25-28). It therefore may not be 
representative of the modal age for little tern. Information on natal and adult dispersal and 
the incidence of missed breeding is largely lacking. It may be possible to use estimates 
based on common tern or Arctic tern (Table 26; Table 27) to represent these demographic 
parameters. Matching of local population trends is recommended in order to assess the 
suitability of these estimates. 
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Population trend in UK 
Little tern colonies are scattered along much of the British coastline, but the main 
concentration is in the south and east of England. In the UK, abundance generally declined 
after the late 1980s but stabilised in the 1990s (Ratcliffe et al 2000). The decline was 
attributed to low rates of productivity (Ratcliffe et al 2000). The rate of decline varies 
regionally in four discrete geographic areas; East Scotland and North East England, East 
and South England, Wales and West England and West Scotland and East Ireland (Cook & 
Robinson 2010). 
 
Factors influencing survival rates 
The drivers of survival for little tern have not been identified. 
 
Factors influencing productivity rates  
Local productivity rates have been linked to human disturbance (Medeiros et al 2007; 
Perrow et al 2011) and nest location (Oro et al 2004).  
 
Knowledge gaps 
Rates of survival and the age of recruitment are poorly resolved. The incidence of missed 
breeding and rates of breeding dispersal are also largely unknown. In the absence of a 
focused UK ringing program on little tern it will be difficult to improve these estimates using 
local data. 
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5.10. Auks 
 
5.10.1. Common guillemot (Uria aalge) 
 
Table 29. Recommended estimates of demographic rates for common guillemot. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 
0.560  0.013 6 3 


Immature survival (1-2 year) 1 0.792  0.034 6 3 
Immature survival (2-3 year) 1 0.917  0.022 6 3 
Adult survival (>4th year) 2-4 


0.939 0.015  6 6 


Experience-specific productivity    


1st year 5 0.620   6 3 
>2nd year 5  0.686 0.068  6 3 


Regional-specific productivity      


North 6-8 0.629 0.174  6 5 
East 6-7,9 0.659 0.133  6 5 
West 4,6-7 0.823 0.056  6 5 


National average productivity 4,6,8-9     
 0.672 0.147  6 5 


Age of recruitment 10    
 6   6 4 


Incidence of missed breeding 11    
 0.079   6 3 


Dispersal    


Natal 1,12 0.580 0.212  6 3 
Adult 13 0.007   4 3 
1Harris et al 2007; 2Lahoz-Monfort et al 2011; 3Reynolds et al 2011; 4Meade et al 2013; 5Crespin et al 2006a; 
6Mavor et al 2008; 7Cook & Robinson 2010; 8Shaw et al 2010; 9Newell et al 2010; 10Halley & Harris 1993; 
11Harris & Wanless 1995; 12Harris et al 1996; 13Swann & Ramsay 1983. 


 
Recommended demographic rates  
The UK estimates of survival for common guillemot are largely limited to the Isle of May, 
Canna, Colonsay and Skomer. Regional differences in abundance trends were largely 
attributed to local differences in breeding success (Cook & Robinson 2010) and colonies 
with increasing and decreasing trends report adult survival rates to be similar (e.g. Isle of 
May – Reynolds et al 2011; Skomer - Meade et al 2013) (see accompanying material for 
common guillemot). Therefore, it may be sufficient to employ a national average for survival 
when parameterising population models of common guillemot. However, it should be noted 
that inter-colony comparisons of survival rates demonstrate some evidence of regional 
differences (Harris et al 2000b). A high correlation is thought to occur between breeding 
colonies that share wintering areas (Reynolds et al 2011). To apply colony-specific survival 
rates to population models, preference should be given to survival rates from colonies that 
overlap in winter distribution. The estimate of adult survival reported in Table 29 combined 
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estimates from the most recent colony-specific studies. Stronger metal rings were introduced 
in Britain and Ireland in 1983 to reduce ring-loss and wear to the inscription associated with 
standing on rocky cliff-ledges. Therefore, unless survival estimates have been corrected for 
ring loss, only more recent estimates can be reliably used. Immature guillemots tend to 
revisit their natal colony at least once before recruiting to a breeding population. Therefore 
estimates of immature survival rate derived from mark-recapture data should be reliable 
when accompanied by extensive recapture effort (e.g. Harris et al 2007). Other estimates of 
juvenile survival from the Isle of May (Crespin et al 2006a) and Canna (Reynolds et al 2011) 
are detailed in the accompanying material for common guillemot. 
 
Regional trends in productivity rates were identified in three discrete geographic areas (Cook 
& Robinson 2010; Appendix S6 for map). The productivity of common guillemot is monitored 
annually at three SMP Key Sites: Isle of May, Fair Isle and Skomer, and long-term 
productivity estimates are given for eight additional UK localities by Mavor et al (2008). The 
range of productivity values given in Table 29 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Mavor et al 
(2008), Shaw et al (2010), Newell et al (2010) and Meade et al (2013). The estimates of 
experience-specific productivity in Table 29 should be used to guide the proportional change 
that can be expected with age, as opposed to absolute values of productivity. 
 
Published information on the age of recruitment for common guillemot is relatively old, and 
differs regionally. On Skomer and the Isle of May the median age of first breeding appeared 
to be one or two years earlier than on Canna (Birkhead & Hudson 1977; Halley & Harris 
1993; Harris et al 1994a). This may reflect differences in methodology. Daily monitoring on 
the Isle of May minimises the bias caused by birds losing eggs soon after laying (Harris et al 
1994a). Therefore, the value in Table 29 is based on the Isle of May estimate only. The 
incidence of missed breeding in the common guillemot was explored extensively by Harris 
and Wanless (1995). The behaviour seemed to vary between individuals, with 6% of 
individuals accounting for 47% of non-breeding cases (n=146). The occurrence of adult 
dispersal is low (Swann & Ramsay 1983) but increases between closely distributed colonies 
(Southern et al 1965). Natal dispersal is considerably higher (Swann & Ramsay 1983; Harris 
et al 1996; Harris et al 2007). The rates of natal dispersal in Table 29 are from the multi-
colony study by Harris et al (1996). High levels of natal dispersal will strongly influence the 
subsequent population trajectory, and requires consideration when building population 
models for this species. 
 
Population trend in UK 
The common guillemot is the most abundant breeding seabird in the UK (Mitchell et al 
2004). Populations increased rapidly in all regions of the UK between 1969 and 1985. This 
rate of increase slowed between 1985 and 2002, and then slowed again between 2000 and 
2013 (JNCC 2014). In the early 1980s, regional differences emerged in two discrete 
geographic areas; the East Coast of the UK and the second on the West Coast of the UK 
(Cook & Robinson 2010; Heubeck & Mellor 2014). On Skomer Island numbers have 
increased at an almost constant rate of 5% per annum in the last 30 years (Meade et al 
2013). In contrast, colonies on the Isle of May, Fair Isle and Canna are presently in decline 
(Harris et al 1996; Newell et al 2010; Swann 2010).  
 
Factors influencing survival rates 
Local survival rates have been linked to oil pollution and also the marine environment; 
decreasing at high values of winter Northern Atlantic Oscillation (i.e. survival rates are lower 
following warmer sea temperatures and stronger winds, Votier et al 2005, 2008). On the Isle 
of May (SE Scotland) there is no evidence that survival depends on prey density or local 
population size (Harris et al 2007). For older birds, survival begins to decline at >19 years 
(Crespin et al 2006a).  
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Factors influencing productivity rates 
Local productivity rates are reported to be negatively influenced by decreased prey biomass 
(Rindorf et al 2000; Wanless et al 2005). Productivity also increases with greater synchrony 
of lay dates, although there was no evidence for an effect of the actual lay date (Birkhead 
1977a). Productivity of first time breeders was relatively low, stabilising from the fifth attempt 
and decreasing when birds breed for >13 years (Crespin et al 2006a).  
 
Knowledge gaps  
The demography of guillemots in the UK is relatively well resolved. 
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5.10.2. Razorbill (Alca torda) 
 
Table 30. Recommended estimates of demographic rates for the razorbill. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival  
  


Immature survival (0-2 years) 1 0.630 0.209  6 2 
Adult survival (≥3 year) 2-3 0.895 0.067  6 6 
Regional-specific productivity  


  
South 4-6 0.642 0.271  6 4 
Mid 4-5,7 0.643 0.057  6 5 
North 4-5,8 0.459 0.236  6 5 


National-average productivity 4,6-8 
  


  
 0.570 0.247  6 5 


Age of recruitment 9  
  


 5   3 3 
Incidence of missed breeding 10  


  
 0.030   4 3 
Dispersal  


  
Natal 9,11 0.088 0.116  5 3 
Adult 10-12 0.047 0.046  5 3 


1Lavers et al 2008; 2Taylor et al 2010; 3Lahoz-Monfort et al 2011; 4Mavor et al 2008; 5Cook & Robinson 2010; 
6Lloyd 1979; 7Newell et al 2010; 8Shaw et al 2010; 9Lloyd & Perrins 1977; 10Harris & Wanless 1989; 11Lavers et 
al 2007; 12Lloyd 1976. 
 
Recommended demographic rates  
The UK estimates of survival for razorbill are largely limited to the Isle of May and Skomer. 
There is also an older estimate based on shorter-term data from the Shiant Islands, NW 
Scotland (Chapdelaine 1997, see accompanying material for razorbill). Estimates of adult 
survival from outside of the UK appear to be higher (Sandvik et al 2005; Lavers et al 2008). 
Regional differences in population trends could be largely attributed to local differences in 
breeding success (Cook & Robinson 2010), therefore it may be sufficient to employ a 
national average for survival when parameterising population models of this species. 
Although the estimate given in Table 30 combined the most recent UK studies, information 
on juvenile and immature survival rates is limited to a relatively old ring-recovery study 
(Lloyd 1974). National census data indicate that the trajectory of the UK population has 
changed since this study; therefore the estimate of immature survival in Table 30 is taken 
from a more recent mark-recapture study from Canada (Lavers et al 2008). Although 
razorbills in Canada were following a similar population trend to the current UK population; 
the estimate of adult survival by Lavers et al (2008) is higher than the estimate reported for 
the UK by Lahoz-Monfort et al (2011) and Taylor et al (2010). Therefore caution should be 
applied when using these estimates to model the current UK population trend. 
 
Regional differences in productivity were identified by Cook and Robinson (2010) in three 
discrete geographic areas (Appendix S7 for map). The productivity of razorbill is monitored 
annually at three SMP Key Sites: Isle of May, Skomer and Fair Isle, and long-term 
productivity estimates are given for four additional UK localities by Mavor et al (2008). The 
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range of productivity values given in Table 30 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Lloyd (1979), 
Mavor et al (2008), Newell et al (2010) and Shaw et al (2010).  
 
Published information on the age of recruitment for the razorbill is relatively old and may vary 
regionally in relation to nest site availability (anecdotal evidence reviewed by Lloyd & Perrins 
1977). The reported age is similar to the other auk species (Tables 29-32), and consequently 
may be suitable for modelling current population trends. Local incidence of missed breeding 
is low (Harris & Wanless 1989), but the behaviour is more prevalent in certain individuals 
(Harris & Wanless 1989). Adult dispersal is also thought to be very low (Lloyd 1976; Harris & 
Wanless 1989; Lavers et al 2007). At a stable UK colony, natal dispersal was reported to be 
very low (Lloyd & Perrins 1977), but in Canada rates were higher (Lavers et al 2008). To 
represent the range of adult and natal dispersal, the value given in Table 30 combined 
estimates from the UK and Canada (see accompanying material for razorbill).  
 
Population trend in UK 
The UK population increased between 1969 and 2002 (JNCC 2014), however this trend 
varies regionally, for example particular colonies declined during the 1990s, before 
stabilising or increasing during the last decade (Shaw et al 2010; Swann 2010). On Canna 
this change in trajectory followed the successful eradication of rats (Swann 2010). Regional 
differences in abundance trends were identified in four discrete geographic areas; the East 
Coast of Scotland, the South Coast of Wales, the North Coast of Wales and the West Coast 
of Scotland (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Survival rates have been linked to the marine environment, and decrease at high values of 
winter Northern Atlantic Oscillation (i.e. survival rates are lower following warmer sea 
temperatures and stronger winds, Sandvik et al 2005). The survival rates of razorbills do not 
appear to differ between the sexes (Harris et al 2000a).  
 
Factors influencing productivity rates  
Local productivity rates decline in response to predation from gulls (Hudson 1982).  
 
Knowledge gaps 
Juvenile and immature survival rates are poorly resolved for UK populations. Assuming low 
levels of natal dispersal (Lloyd & Perrins 1977), it should be possible to estimate these rates 
using existing ring-recovery and sighting data. An alternative approach would be to solve for 
juvenile survival rates based on other demographic parameters and population trend data 
collected from a regularly monitored site (e.g. Skomer or Isle of May). 
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5.10.3. Black guillemot (Cepphus grylle)  
 
Table 31. Recommended estimates of demographic rates for black guillemot. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival    


Juvenile survival (0-1 year) 1 
0.731 0.239  6 2 


Adult survival 1 0.870 0.034  6 2 
Colony-specific productivity    
North Ronaldsay 2 1.420 0.316  6 4 
Auskerry 2 1.310 0.166  6 4 
Swona 2 1.500 0.201  6 4 
Old Lighthouse Island 2 1.080 0.280  6 4 
Mew Island 2 2.000   4 4 
Rockabill 2 1.260 0.226  6 4 


National-average productivity  2      
 1.298 0.315  6 4 


Age of recruitment 3    
 5   4 2 


Incidence of missed breeding    
 -   - - 
Dispersal    
Natal 4 0.657   2 2 
Adult 4 0.010   4 2 
1Frederiksen & Petersen 1999a; 2Mavor et al 2008; 3Frederiksen 1998; 4Frederiksen & Petersen 1999b. 
 
Recommended demographic rates  
Estimating the survival rates of black guillemots is complicated by nests occurring in hard to 
reach locations, such as small rocky islands, low-lying rocky coasts, and rock crevices. The 
UK estimates of survival are relatively old and based on short time series (1-2 years; Ewins 
1988, 1989). More recent estimates are from Iceland. The population trajectory of black 
guillemots in Iceland between 1977 and 1991 was similar to the present UK trend; stable 
(Frederiksen & Petersen 2000; JNCC 2014). There are not sufficient data to explore regional 
variation in age-specific survival rates, therefore population models based on these values 
will have to assume that the reported estimates from Iceland are representative more 
broadly (see accompanying material for black guillemot). In Iceland, the survival rate of black 
guillemot are best described in two age classes; juvenile and birds from age one onwards.  
 
Regional differences in productivity rates have not been investigated for this species (e.g. 
Cook & Robinson 2010). Consequently, it may be more suitable to use colony-specific rates 
of productivity to parameterise population models on this species (Table 31). Long-term 
productivity is given for six localities in the UK by Mavor et al (2008). 
 
Although published information on the age of recruitment for the black guillemot is not based 
on UK data (Frederiksen 1999), the corresponding population trend for this estimate was 
similar to the present UK trajectory. There is no information available on the incidence of 
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missed breeding. It may be appropriate to use estimates based on common guillemot or 
puffin (Table 29 and Table 32), however further matching of local population trends is 
recommended in order to assess suitability. Dispersal of breeding adults is low (Preston 
1968; Asbirk 1979; Frederiksen & Petersen 1999b) but natal dispersal is thought to be high 
(Frederiksen & Petersen 1999b, 2000). The dispersal rates in Table 31 are from the multi-
colony study by Frederiksen and Petersen (1999b). High levels of natal dispersal will 
strongly influence the subsequent population trajectory, and requires consideration when 
building population models for this species. 
 
Population trend in UK 
The black guillemot is largely restricted to the north and west coasts of Scotland and the 
coast of Ireland. Colonies in the UK increased slightly between 1982 and 2002, and are now 
considered to be relatively stable (JNCC 2014). However, there are regional differences in 
population trends (Mavor et al 2008; Shaw et al 2010). 
 
Factors influencing survival rates 
Local survival rates decrease following an increase in fishing effort (Frederiksen & Petersen 
1999a). 
 
Factors influencing productivity rates  
Local productivity rates have been linked to nest quality (Ewins 1989).  
 
Knowledge gaps 
The survival rates of the UK population are poorly resolved, and information on the incidence 
of missed breeding is lacking. Intensive efforts at the breeding grounds would be needed to 
estimate these parameters. 
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5.10.4. Atlantic puffin (Fratercula arctica) 
 
Table 32. Recommended estimates of demographic rates for Atlantic puffin. 


Demographic parameter Mean SDp SEe 
Data 


quality 
Data 


representation 


Age-specific survival  


Immature survival (0-3 years) 1 0.709  0.022 6 1 
Immature survival (3-4 years) 1 0.760  0.019 6 1 
Immature survival (4-5 years) 1 0.805  0.017 6 1 
Adult survival (>6 year) 2-4 0.906 0.083  6 5 
Colony-specific productivity  
Fair Isle 5 0.570 0.141  6 5 
Farne Islands 6 0.415 0.219  6 4 
Isle of May 7 0.642 0.135  6 5 
Skomer 6 0.870 0.028  6 4 
St Kilda 6 0.785 0.078  6 4 
National-average productivity  4-9      
 0.617 0.151  6 5 


Age of recruitment 8,10 
 


 5   6 3 
Incidence of missed breeding 8  
 0.078   4 3 
Dispersal  
Natal 10 0.230   4 2 
Adult 1,8,11 0.042 0.040  6 3 


1Breton et al 2006; 2Harris et al 2005; 3Lahoz-Monfort et al 2011; 4Taylor et al 2010; 5Shaw et al 2010; 6Mavor et 
al 2008; 7Newell et al 2010; 8Ashcroft 1979; 9Harris 1980; 10Harris 1983; 11Kress & Nettleship 1988. 
 
Recommended demographic rates  
The UK estimates of survival for Atlantic puffin are largely limited to the Isle of May, Fair Isle 
and Skomer.  A number of studies have examined these data over different time scales (see 
accompanying material for Atlantic puffin). Harris et al (2005) demonstrated that the survival 
rates of puffins were highly similar across different colonies. Therefore, if may be sufficient to 
employ a national average for survival when parameterising population models of Atlantic 
puffin. The estimate of adult survival in Table 32 combined the most recent colony-specific 
studies. Estimates of adult survival from outside of the UK also appear to be similar (Harris 
et al 2005; Breton et al 2006; see accompanying material for Atlantic puffin). The UK 
estimates of juvenile and immature survival rates are limited to relatively old mark-recapture 
studies based on return rates only (Harris 1983; Harris & Rothery 1985). National census 
data indicate that the trajectory of the UK population has changed since these studies. 
Furthermore, these estimates are based on data collected before the introduction of hard 
rings and therefore are likely to be biased by ring-loss. The values of immature survival 
given in Table 32 are from a recent mark-recapture study on Atlantic puffins from Canada 
(Breton et al 2006). It was not possible to verify the corresponding population trend for this 
estimate, and therefore caution should be applied when using these estimates to model 
current UK population trends. 
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Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 32). The productivity 
of Atlantic puffin is monitored annually at three SMP Key Sites: Isle of May, Skomer and Fair 
Isle, and long-term productivity estimates are given for two additional UK localities by Mavor 
et al (2008). 
 
Published information on the age of recruitment for Atlantic puffin is relatively old. The 
national population trend is thought to have changed since their publication (Ashcroft 1979; 
Harris 1984; JNCC 2014); however the reported age is similar to the estimates identified for 
the other species of auk considered (Tables 29-32). The majority of birds breed for the first 
time at age 4, but rates of productivity are usually lower than at age 5 (Ashcroft 1979; Harris 
1984). Adult breeding dispersal is thought to be low (Ashcroft 1979; Harris 1983; Kress & 
Nettleship 1988; Breton et al 2006) and natal dispersal is thought to be high (Harris 1983; 
Breton et al 2006). To represent the range of dispersal rates, the values given in Table 32 
are estimated from all of the listed studies (see accompanying material for Atlantic puffin). 
Published estimates of the incidence of missed breeding are based on short time series (3 
years; Ashcroft 1979) and are therefore unlikely to be representative more broadly.  
 
Population trend in UK 
The puffin is the second most abundant seabird breeding in the UK. Population trend 
information is based on long-term monitoring of burrow densities on St Kilda, the Shiant 
Islands, the Isle of May and the Shetlands. Numbers were stable between the early 1970s 
and late 1980s (Lloyd et al 2001), with the exception of the Isle of May where there was an 
annual increase of 22% between 1973 and 1981 that was partially attributed to immigration 
(Harris & Rothery 1985). Overall, the UK population is thought to have increased between 
1969 and 2002 (JNCC 2014). 
 
Factors influencing survival rates 
There is no evidence that local survival from fledging to first breeding is dependent on 
fledging mass or fledging date (Harris & Rothery 1985). Local survival rates of adults 
decrease at high population densities (Breton et al 2006), and due to predation by great 
black-backed gulls (Harris & Rothery 1985). Survival rates are also negatively influenced by 
a decrease in prey biomass and availability (Harris & Bailey 1992; Harris et al 2000a). The 
influence of sea surface temperatures and the Northern Atlantic Oscillation varied between 
colonies (Harris et al 2005), and survival rates do not appear to differ between the sexes 
(Harris et al 2000a). 
 
Factors influencing productivity rates  
Local productivity rates have been linked to parental age and disturbance from other 
burrowing animals (Ashcroft 1979), predation, nesting density (Harris 1980), prey abundance 
(Regehr & Rodway 1999) and levels of kleptoparasitism (Finney et al 2001). Outside of the 
UK, local productivity rates decline due to increased rainfall flooding burrows (Rodway et al 
1998).  
 
Knowledge gaps 
The incidence of missed breeding would also benefit from further analysis across a longer 
time series. High levels of natal dispersal will make estimates of juvenile and immature 
survival difficult to deduce without multi-colony studies. 
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6. Summary of demographic rates available 
 
Table 33. National estimates of each demographic parameter by species. 
 
Estimates are weighted means of the available demographic data, and focused to the UK where possible. Where sufficient data could not be 
gathered using UK examples studies from outside of the UK have been included.  Estimates are colour coded to reflect an overall score 
associated with the data quality and data representation as follows: Red=Low (poor [0-2] quality score and poor [0-2] or good [3-6] 
representation score); Orange=Intermediate (Intermediate [3-4] or good [5-6] quality score and poor [0-2] representation score; OR 
Intermediate [3-4] quality score and good [3-6] representation score); Green=High (good quality score 5-6 and good representation score 3-6). 
The itemisation of these scores is detailed on the second worksheet of the accompanying material for each species. Entries based on more 
than one study site are highlighted in bold, and estimates of total survival from fledging to recruitment are marked with *. If a species is thought 
to experience survival rates similar to an adult before age 5, the intermediate boxes are shaded grey.  


Common name 


Survival 


Productivity 
Age of 
recruit-
ment 


Missed 
breeding 


Dispersal 


Juv. Imm. 
(1-2) 


Imm. 
(2-3) 


Imm. 
(3-4) 


Imm. 
(4-5) 


Imm. 
(5-8) Adult Natal Adult 


Greater scaup 0.400           0.810 0.570 2       
Common eider 0.200           0.886 0.379 3 0.200   0.012 
Goldeneye             0.770 0.365 3     0.564 
Long-tailed duck             0.730 1.900 2       
Common scoter 0.749           0.783 1.838 3     0.123 
Velvet scoter             0.773 0.350 2     0.688 
Red-throated diver 0.600 0.620         0.840 0.571 3     0.250 
Black-throated diver 0.400           0.817 0.425 5       
Great northern diver * * 0.770       0.870 0.543 6 0.307 0.069 0.090 
Manx shearwater             0.870 0.697 5 0.157 Low Low 
Northern fulmar *  *  *  *   * 0.26 0.936 0.419 9   0.915 Low 
Northern gannet 0.424 0.829 0.891 0.895     0.919 0.700 5     Low 
Great crested grebe             0.725 1.275 2       
Great cormorant 0.540           0.868 1.985 3   0.240 0.123 
European shag 0.513 0.737         0.858 1.303 2   0.049 0.010 
Arctic skua * * * 0.346     0.910 0.487 4 0.030   Low 
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Common name 


 
Survival 


 
Productivity 


 
Age of 
recruit-
ment 


 
Missed 


breeding 


 
Dispersal 


Juv. Imm. 
(1-2) 


Imm. 
(2-3) 


Imm. 
(3-4) 


Imm. 
(4-5) 


Imm. 
(5-8) Adult Natal Adult 


Great skua 0.730           0.882 0.651 7 0.089 0.015 Low 
Black-legged kittiwake 0.790           0.854 0.690 4 0.194 0.890 0.037 
Little gull             0.800   2-3       
Black-headed gull             0.825 0.625 2     0.167 
Common gull 0.410 0.710         0.828 0.543 3   0.700 <0.030 
Lesser black-backed gull 0.820           0.885 0.530 5 0.337 0.470   
Herring gull 0.798           0.834 0.920 5 0.350 0.629   
Great black-backed gull             0.930 1.139 5       
Sandwich tern 0.358 0.741 0.741 0.741     0.898 0.702 3       
Common tern * 0.441   0.850     0.883 0.764 3-4 Low 0.070 0.103 
Arctic tern             0.837 0.380 4   0.610 0.089 
Little tern             0.800 0.518 2       
Common guillemot 0.560 0.792 0.917       0.939 0.672 6 0.079 0.580 0.007 
Razorbill * 0.630         0.895 0.570 5 0.030 0.088 0.047 
Black guillemot 0.731           0.870 1.298 5   0.657 0.010 
Atlantic Puffin * * 0.709 0.760 0.805   0.906 0.617 5 0.078 0.230 0.042 
 
The majority of the seabird species received high and intermediate data scores for adult survival rates, with the exception of little gull and great 
black-backed gull. Excluding the common eider, the survival rates of the sea duck species were less well resolved, especially for the juvenile 
and immature age class. The juvenile and immature survival rates for great northern diver, northern fulmar, Arctic skua, common tern, razorbill 
and Atlantic puffin were only available as return rates between fledging and recruitment. Juvenile and immature survival rates were not 
available for goldeneye, long-tailed duck, velvet scoter, Manx shearwater, little gull, black-headed gull, great black-backed gull, Arctic tern and 
little tern. For a number of species regional differences in population trends could not be wholly attributed to local differences in productivity 
(Cook & Robinson 2010). In these cases it may be important to consider regional variation in recruitment or survival rates when parameterising 
population models. To investigate regional differences in survival rates would require long-term mark-recapture studies from several colonies 
(as recommended by Robinson & Baillie 2012); alternatively this could be explored by delineating non-breeding season populations (e.g. 
Furness 2015). 
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For all of the seabird species, with the exception of little gull, there was good information on 
productivity. In contrast, the productivity rates of the sea duck species were less well 
resolved. An estimate for the modal age of recruitment was available for all of the species 
considered, although the variability between individuals was less well resolved. The majority 
of these estimates received a high or intermediate data score, with the exception of long-
tailed duck, velvet scoter, Manx shearwater, great crested grebe, great skua, Sandwich tern 
and little tern. However, many of the reported estimates are from relatively old studies and in 
a number of cases national census data indicate that the trajectory of the UK population has 
changed since their publication. It will be important to consider any temporal or regional 
differences in population trend as caveats of population models that are developed using the 
reported values. For the majority of species there is considerably less information on the 
incidence of missed breeding and breeding dispersal. These variables are likely to vary 
markedly between colonies, depending on local population trend and resource availability. 
Elevated rates of natal dispersal were identified in northern fulmar, black-legged kittiwake, 
common gull, lesser black-backed gull, herring gull, arctic tern, common guillemot and black 
guillemot. This process is likely to influence the reliability of population models if it is not 
considered. 
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7. Review of density dependence in seabirds 
 
Demographic processes such as growth, survival, productivity and recruitment are density-
dependent if their rates change as a function of the density or number of individuals in a 
population. Density-dependent processes are said to be compensatory if they stabilise the 
population around the long-term average, i.e. they reduce the rate of population growth as 
numbers rise and increase the rate as numbers fall (Lack 1954). This negative feedback on 
population size is important to management because it operates to offset the losses of 
individuals from the population, for example, a lowered population density may cause a 
temporary increase in survival or productivity in the remaining individuals, supporting an 
increase in the population size back towards the long-term average. However, density-
dependent processes may also be depensatory, slowing the rate of population growth at 
lower population densities. This positive feedback on population size is especially important 
for depleted populations and endangered species, because it acts to accelerate further 
population decline and can delay recovery. The expression of these opposing processes in a 
population may also change in relation to population size, for example a population can be 
depensatory at low population levels and exactly compensating at higher population levels. 
This mechanism may result in an optimal population density, where survival and productivity 
rates decrease at high and low densities (Figure 1, Allee 1931, 1938), as documented in 
herring gull (Parsons 1976) and common tern (Becker & Finck 1986; Sudmann 1998). 
 
In terms of population modelling, these effects can be captured by making the demographic 
parameters functions of population density. Consequently, the resulting frameworks are 
nonlinear because populations can no longer grow exponentially. At the time of publication, 
the majority of population models used to assess the potential impacts of wind farms on 
seabirds did not consider density dependent mechanisms. Existing models have included a 
density-dependent adjustment on juvenile survival rates because this will also capture any 
associated changes in natal dispersal and recruitment (e.g. Freeman et al 2014). However, 
the contexts for including density-dependent mechanisms in population models are not well 
understood. This review consolidates the empirical evidence of compensatory and 
depensatory regulation in seabirds and sea ducks. The focus is primarily on the species 
considered in the individual species accounts listed in Section B, but also includes studies 
on similar species.  
 
7.1. Empirical evidence of density-dependence 
 
Depensation 
Depensation is typically exhibited in populations that have been significantly depleted in size. 
The underlying mechanism is related to benefits associated with conspecific presence such 
as: anti-predator vigilance or aggression; cooperative feeding or resource defence; social 
thermoregulation; collective improvement of the environment; increased availability of mates; 
nonspecific enhancement of reproduction; and reduction of inbreeding, genetic drift, or loss 
of integrity by hybridisation (Stephens et al 1999). The majority of empirical examples of 
depensation in seabirds relate to anti-predator vigilance (or colonial defence) increasing 
rates of productivity. We identified this relationship in 14 studies that considered eight 
different species of seabird and sea duck (Table 34; Table 35). However, there were also 
twelve studies that did not identify a relationship between productivity and colony size (Table 
34; Table 35). Therefore, the presence of depensation is likely to be context dependent, for 
example anti-predator vigilance will only be important if a population is influenced by 
predation (Ryder & Ryder 1981; Harris & Wanless 1988). For species and populations that 
are influenced by depensation, the influence of colonial defence is likely to select for higher 
levels of breeding synchrony in order to align colonial nest defence with specific points in the 
breeding season (e.g. Patterson 1965). Depensation is likely to follow a similar function 
shape to the Allee effect (Figure 1). 
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Figure 1. The Allee effect (replotted from Stephens et al 1999). A. At low densities, the benefits from 
the addition of each successive individual outweigh the costs, such that there is a net gain in 
individual fitness, and fitness is highest at intermediate numbers or densities. B. In this case, 
population growth rate may also be low at low levels of abundance, resulting in two equilibria, a lower 
unstable equilibrium (C) and an upper, stable equilibrium (U). 
 
Compensation 
Compensation is characterised by demographic changes that stabilise the population around 
the long-term average. We identified nine studies on five different species of seabirds and 
sea ducks that demonstrated a decrease in colony growth rates as a colony increases in 
size (Table 34; Table 35). For example, Porter and Coulson (1987) found the growth of a 
kittiwake colony to be limited by the number of attractive sites in the dense centre (also see 
Coulson 1983). Similarly, Chabrzyk and Coulson (1976) found that herring gulls have greater 
difficulty establishing a territory in a dense colony (also see Duncan 1978; Coulson et al 
1982; Raven & Coulson 1997). Coulson and Wooller (1976) attributed this relationship to 
reduced survival rates. A decrease in survival rates associated with an increase in colony 
size was identified in seven species of seabird and sea duck across eight studies (Table 34; 
Table 35). However, the influence of density-dependent regulation on survival rates can also 
be age-specific, such that juvenile birds are more impacted by limited resources than birds 
older than age one (Marvelde et al 2009). An alternative explanation is that chicks fledge 
from denser colonies at significantly lighter weights (Gaston et al 1983). Other studies 
indicate that density-independent factors may have a stronger impact on survival rates at 
higher colony densities (Frederiksen & Bregnballe 2000b; Barbraud & Weimerskirch 2003). 
Here, a saturation of high quality wintering habitat may force some birds to winter in less 
good habitat where they are more vulnerable to poor environmental conditions. A decrease 
in population growth rate as the number of individuals increased can also be attributed to 
reduced productivity rates. This relationship was identified in seven species of seabird and 
sea duck across eight studies (Table 34; Table 35). In eiders this relationship was attributed 
to increased transmission of disease (Pöysä & Pöysä 2002) and a decrease in clutch size 
(Coulson 1984, 1999). In the other identified studies, this relationship was attributed to 
elevated disturbance from non-breeding conspecifics and predation of eggs and chicks by 
neighbouring pairs. However, there are also twelve studies that did not identify a relationship 
between productivity and colony size (Table 34; Table 35). This result may reflect a colony 
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that is not limited by resources. Alternatively it may indicate that density-dependence 
operates through variation in recruitment or immigration. 
 


 
Figure 2. The compensatory (Beverton-Holt function) effect. A. At high population densities, 
increasing competition and depletion of resources will often result in decreased survival or productivity 
rates. B. Recruitment increases as the survival or productivity rates decrease resulting in a population 
in equilibrium (compensatory).  
 
Elevated mortality rates in the breeding population may not influence the total colony size 
because new recruits take over high quality nesting sites left vacant, and thus achieve 
productivity rates that are more similar to experienced birds (e.g. Coulson 1971). Here, any 
changes in survival are exactly offset by a change in recruitment or immigration (Fig. 2; 
Beverton-Holt function; Beverton & Holt 1957). This process can be identified by quantifying 
the age of recruitment, the proportion of non-breeding individuals in the population and the 
rates of immigration and emigration. An increase in the age of recruitment following a 
decrease in resource availability (such as nesting sites) was identified in nine species (Table 
34). Similarly, an increase in recruitment from the non-breeding pool of adults in response to 
an increase in resource availability was identified in five species (Table 34). Finally, an 
increase in emigration in response to a decrease in resource availability was identified in 
four species, and an increase in immigration in response to an increase in resource 
availability was identified in six species. There were also three studies that did not report a 
relationship between colony size and the proportion of adults in the non-breeding pool (Table 
34; Table 35). These studies considered colonies that were increasing at the time of 
publication. Consequently, the pool of non-breeding adults may have already been 
exhausted, and thus colony growth was predominantly driven by immigration. 
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7.2. Potential impacts from offshore wind farm developments 
 
Wind farm developments act in a density-independent manner, i.e. they may affect a 
proportion of the population regardless of its size. This section offers a brief evaluation of the 
potential density-dependent processes that a seabird colony may experience in response to 
offshore wind farm developments. 
  
Reduced survival 
In the short term, any elevated rates of mortality may not manifest in the size of the breeding 
population. This is because any relative increase in resource availability, such as high quality 
nesting sites (caused by death of one or both of the breeding pair occupying them) will be 
offset by an increase in productivity, a decrease in the age of recruitment, an increase in the 
recruitment of individuals from the non-breeding pool or an increase in immigration. 
However, once these mechanisms have become saturated (i.e. there are no more 
individuals in the non-breeding pool) a change in the population size is likely to result. In 
colonies that experience depensatory regulation, this has the potential to be highly 
destabilising.  
 
Reduced productivity 
Seabirds and sea ducks often increase their breeding dispersal in response to failed 
breeding (e.g. Boulinier et al 2008; Dow & Fredga 1983; Perrins & Smith 2000). If wind farm 
developments decrease rates of productivity (e.g. through displacement of foraging birds, 
Drewitt & Langston 2006), this may also drive changes in local emigration rates and lead to 
further reductions in the colony size as birds redistribute. The continued level of disturbance 
from the offshore development may also prevent colonies from being compensated by 
elevated levels of immigration or recruitment. This may be especially pertinent to colonies 
that are within designated Special Protection Areas, where there is a commitment to protect 
selected colonies. 
 
Conclusions and future directions 
This review of density-dependent regulation in seabirds and sea ducks identifies a large 
number of studies that report compensatory mechanisms to influence rates of productivity, 
survival, recruitment and dispersal. However, the review highlights that there is not a simple 
mechanism of density-dependence that can be applied uncritically in all situations. Rather 
the influence of density-dependence relates to a complex interaction between resource 
availability, colony size and other local factors, such as predation. The dynamics of a colony 
should be evaluated if density-dependence is to be realistically incorporated within 
population models that evaluate the impacts of wind farm developments. The identification of 
compensation was most prevalent in studies that examined rates of recruitment. This means 
that per capita growth rates will be higher at low colony densities, and in terms of population 
modelling, recovery will be quicker if compensatory processes are considered. Thus, in 
many cases adopting a density-independent modelling framework will overestimate potential 
impacts. However, in certain species and populations there was also clear evidence that 
depensatory mechanisms operate on rates of productivity. Here, density-independent 
models will underestimate potential impacts. Depensatory regulation of productivity rates 
was reported in almost twice the number of studies that reported compensatory regulation of 
this demographic parameter, albeit across a similar number of species (Table 35). The ability 
of compensatory density-dependent mechanisms to support population recovery may largely 
depend on the demographic rate impacted, and whether the severity of the impact changes 
over time (e.g. through habituation). Further modelling of compensatory and depensatory 
functions on different demographic rates is recommended in order to elucidate their 
influence on the resulting population size. 
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Table 34. Studies assessing the effect of population density or population size on seabird 
demography. 


Species 
Density-


dependent 
process 


Demographic 
process Effect Reference 


Great cormorant Compensation Age of 
recruitment 


Yes Frederiksen & 
Bregnballe 2000a 


European shag Compensation Age of 
recruitment 


Yes Swann & Ramsay 
1983b, cited Swann & 


Ramsay 1983a 


Black-headed gull Compensation Age of 
recruitment 


Yes Lebreton et al 1990 


Black-legged 
kittiwake 


Compensation Age of 
recruitment 


Yes Porter & Coulson 
1987 


Herring gull Compensation Age of 
recruitment 


Yes Duncan 1981; 
Chabrzyk & Coulson 
1976; Coulson et al 


1982 
Audouin’s gull Compensation Age of 


recruitment 
Yes Oro & Pradel 2000 


Common guillemot Compensation Age of 
recruitment 


Yes Swann & Ramsay 
1983a 


Razorbill Compensation Age of 
recruitment 


Yes NERC 1977, cited 
Swann & Ramsay 


1983a 
Atlantic puffin Compensation Age of 


recruitment 
Yes Harris 1983; Kress & 


Nettleship 1988 
Great cormorant Compensation Emigration Yes Frederiksen & 


Bregnballe 2000a 
Common guillemot Compensation Emigration Yes Crespin et al 2006b 
Northern gannet Compensation Emigration  and 


Immigration 
Yes Murray & Wanless 


1997; Moss et al 2002 


Great skua Compensation Emigration  and 
Immigration 


Yes Phillips et al 1999b; 
Meek et al 2011 


Great cormorant Compensation Immigration Yes Hénaux et al 2007 
European shag Compensation Immigration Yes Aebischer 1995 
Herring gull Compensation Immigration Yes Chabrzyk & Coulson 


1976; Duncan 1978; 
Coulson et al 1982 


Atlantic puffin Compensation Immigration Yes Harris 1983 
Common eider Compensation Incidence of 


missed breeding 
Yes Coulson 1984 
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Species 
Density-


dependent 
process 


Demographic 
process Effect Reference 


Common eider Compensation Incidence of 
missed breeding 


Yes Coulson 1984 


Goldeneye Compensation Incidence of 
missed breeding 


Yes Eriksson 1979 


Northern fulmar Compensation Incidence of 
missed breeding 


No Ollason & Dunnet 
1983 


Great skua Compensation Incidence of 
missed breeding 


Yes Hamer et al 1991 


Lesser black-backed 
gull 


Compensation Incidence of 
missed breeding 


No Calladine & Harris 
1997 


Herring gull Compensation Incidence of 
missed breeding 


No Calladine & Harris 
1997 


Arctic tern Compensation Incidence of 
missed breeding 


Yes Monaghan et al 1992 


Great northern diver Compensation Population 
growth 


Yes Grear et al 2009 


Velvet scoter Compensation Population 
growth 


Yes Hartman et al 2013 


Northern gannet Compensation Population 
growth 


Yes Lewis et al 2001 


Black legged 
kittiwake 


Compensation Population 
growth 


Yes Coulson 1983; Porter 
& Coulson 1987 


Herring gull Compensation Population 
growth 


Yes Chabrzyk & Coulson 
1976; Duncan 1978; 
Coulson et al 1982; 
Raven & Coulson 


1997 
Great northern diver Compensation Productivity Yes Evers 2004 
Common eider Compensation Productivity Yes Coulson 1984; 1999; 


Pöysä & Pöysä 2002 
Goldeneye Compensation Productivity  Andersson & Eriksson 


1982 
Northern fulmar Compensation Productivity No Falk & Møller 1997; 


Lewis et al 2009 
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Species 
Density-


dependent 
process 


Demographic 
process 


 
Effect 


 
Reference 


Southern fulmar Compensation Productivity No Jenouvrier et al 2005 
Northern gannet Compensation Productivity No Nelson 1966 
Northern gannet Compensation Productivity No Nelson 1966 
European shag Compensation Productivity No Potts et al 1980 
Arctic skua Compensation Productivity No Jones 2003 
Great skua Compensation Productivity No Hamer & Furness 


1991 
Great skua Compensation Productivity Yes Jones 2003 
Black-legged 
kittiwake 


Compensation Productivity No Coulson 1971 


Audouin's gull Compensation Productivity No Oro et al 1999 
California gull Compensation Productivity No Pugesek & Diem 1983 
Herring gull Compensation Productivity Yes Kilpi 1989 
Glaucous-winged gull Compensation Productivity Yes Hunt & Hunt 1976 
Great black-backed 
gull 


Compensation Productivity Yes Butler & Trivelpiece 
1981 


European shag Compensation Recruitment 
from non-
breeding 


population 


Yes Potts et al 1980 


Great skua Compensation Recruitment 
from non-
breeding 


population 


Yes Klomp & Furness 
1992b 


Black legged 
kittiwake 


Compensation Recruitment 
from non-
breeding 


population 


Yes Porter & Coulson 
1987 


Audouin's gulls Compensation Recruitment 
from non-
breeding 


population 


Yes Tavecchia et al 2007 


Common guillemot Compensation Recruitment 
from non-
breeding 


population 


Yes Votier et al 2008 


Common eider Compensation Survival Yes Milne 1974 
Blue petrel Compensation Survival Yes Barbraud & 


Weimerskirch 2003 
Great cormorant Compensation Survival Yes Frederiksen & 


Bregnballe 2000b 
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Species 
Density-


dependent 
process 


Demographic 
process Effect Reference 


Black-legged 
kittiwake 


Compensation Survival Yes Coulson & Wooller 
1976; Coulson 2001 


Mediterranean gull Compensation Survival Yes Marvelde et al 2009 
     
Common guillemot Compensation Survival Yes Crespin 2006b 
Atlantic puffin Compensation Survival Yes Harris & Wanless 


1991; Breton et al 
2006 


Atlantic puffin Compensation Survival Yes Harris & Wanless 
1991; Breton et al 


2006 
Arctic skua Depensation Productivity Yes Phillips et al 1998 
Black-legged 
kittiwake 


Depensation Productivity Yes Coulson & White 
1958; Porter 1990; 
Falk & Møller 1997; 


Frederiksen et al 
2004a 


Black-headed gulls Depensation Productivity Yes Patterson 1965 
Sandwich terns Depensation Productivity No Veen 1997 
Common terns Depensation Productivity Yes Becker 1995; 


Hernández-Matías et 
al 2003 


Common guillemot Depensation Productivity Yes Birkhead 1977 
Common guillemot Depensation Productivity No Harris & Wanless 


1988 
Atlantic puffin Depensation Productivity Yes Harris 1980 
Herring gull Depensation/ 


Compensation 
Productivity Yes Parsons 1976 


Common tern Depensation/ 
Compensation 


Productivity Yes Becker & Finck 1986; 
Sudmann 1998 
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Table 35. Studies assessing the effect of population density or population size on seabird demography. Numbers detail the number of studies identified. 


Demographic 
rate 


Density-
dependent 
mechanism 


Divers 
and 


grebe 
Sea 


ducks Procellariiformes Gannet Cormorants Skuas Large 
gulls 


Small 
gulls Terns Auks Total 


Population growth Compensation 1 1 
 


1 
  


4 2 
  


9 


 
Absent 


          
0 


Productivity Depensation 
     


1 1 6 4 2 14 


 
Compensation 1 3 


   
1 3 


   
8 


 
Absent 


  
3 1 1 2 1 2 1 1 12 


Survival Compensation 
 


1 1 
 


1 
  


2 
 


3 8 


 
Absent 


          
0 


Recruitment Compensation 
 


2 
  


2 1 4 2 1 4 16 


 
Absent 


  
1 


   
2 


   
3 


Dispersal Compensation 
   


2 3 2 3 
  


2 12 
  Absent                     0 
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Appendix 


 
S1. Colony membership of clusters based on analysis of northern gannet breeding success data, 
overlaid with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The West 
Coast cluster is broadly contiguous with the Celtic Sea OSPAR region, with the addition of Orkney, 
and the East Coast Cluster is broadly contiguous with the Greater North Sea OSPAR region. The 
West Coast cluster encompasses the North West England and Isle of Man, North West Scotland, 
Orkney, South West Scotland, Wales, South West Ireland and South East Ireland SMP regions, as 
well as regional seas 4, 5, 6 and part of 7. The East Coast Cluster encompasses the East England, 
North East England, South East Scotland, North East England and Shetland SMP regions as well as 
Regional Seas 1, 2 and part of 7.  
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S2. Colony membership of clusters based on analysis of European shag breeding success data, 
overlaid with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The East 
Coast of Scotland and Orkney and the Shetland clusters are within the Greater North Sea OSPAR 
Region and the West Coast of England and Wales cluster is within the Celtic Sea (Cook & Robinson 
2010). 
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S3. Colony membership of clusters based on analysis Arctic skua breeding success data, overlaid 
with existing Regional Seas monitoring regions (taken from Cook & Robinson 2010). The Shetland 
Cluster is within the Greater North Sea OSPAR region and Regional Seas 7. It is contiguous with the 
Shetland SMP region. The Orkney and North Scotland cluster is split between the Celtic Sea and 
Greater North Sea OSPAR regions and Regional Seas 6 and 7. It encompasses the North West 
Scotland and Orkney SMP regions. 
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S4. Colony membership of clusters based on analysis of black-legged kittiwake breeding success 
data, overlaid with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The 
Shetland population falls within regional sea 7 and the Shetland SMP region. The Eastern population 
encompasses regional seas 1, 2 and 3 and parts of regional seas 4 and 7 as well as the South East 
England, East England, North East England and North East Scotland SMP regions and parts of the 
North Scotland and South West England SMP Regions. The Western population encompasses 
regional seas 5 and 6 and parts of regional seas 4 and 7 as well as the Wales, South East Ireland, 
North West England, South West Scotland and North West Scotland SMP regions and parts of the 
South West England, North Scotland and Orkney SMP regions. 
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S5. Colony membership of clusters based on analysis of little tern breeding success data, overlaid 
with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The Southern 
population encompasses the South West England, South East England, East England and North East 
England SMP (SMP) regions and Regional Seas 2, 3 and 4, all of which are experiencing declines in 
breeding success. The Northern population encompasses the North Scotland, North East Scotland, 
North West England, South East Scotland, South West Scotland, Wales and South East Ireland SMP 
regions and Regional Seas 1, 5, and 6, in which breeding success remains relatively stable. 
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S6. Colony membership of clusters based on analysis common guillemot breeding success data, 
overlaid with existing Regional Seas monitoring regions (taken from Cook & Robinson 2010). The 
North of Scotland group encompasses regional seas 6 and 7 and part of regional sea 1 and the North 
Scotland, North West Scotland, Orkney and Shetland SMP regions. The East coast group 
encompasses regional sea 2 and part of regional sea 1 and the South East Scotland and North East 
England SMP regions. The South West group encompasses regional seas 3, 4 and 5 and the South 
West England and Wales SMP regions. 
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S7. Colony membership of clusters based on analysis razorbill breeding success data, overlaid with 
existing regional seas monitoring regions. The North Scotland, Orkney and Shetland cluster is split 
between the Greater North Sea and Celtic Sea OSPAR regions. The East Coast of Scotland cluster is 
within the Greater North Sea OSPAR region and the South Wales cluster is within the Celtic Sea 
OSPAR region. The North Scotland, Orkney and Shetland cluster is split between regional seas 1, 6 
and 7 and between the North West Scotland, North Scotland, North East Scotland, Orkney and 
Shetland SMP regions. The East Coast of Scotland cluster is within regional sea 1 and split between 
the South East Scotland and North East England SMP regions. The South Wales cluster is within 
regional sea 4 and the Wales SMP region. 
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1. Introduction 


 Purpose 


 Natural England (NE) and The Wildlife Trusts (TWT) have raised concerns regarding the Applicant’s 


confidence in their ability to bury offshore export cables to the target burial depths and (in the event 


an export cable is not buried) their wish to minimise cable protection in marine protected areas. In 


their examination submissions (e.g. REP3-076 and RR-047), both parties stated that, cable burial 


difficulties for other offshore wind farms within the Wash and North Norfolk Coast Special Area of 


Conservation (SAC) have increased their concerns regarding cabling within this area and that further 


information is required from the Applicant to evidence their position.  


 To provide additional confidence on cable burial, the Applicant has undertaken a Preliminary 


Trenching Assessment which draws on the Applicant’s detailed knowledge of the site conditions and 


target burial depths to assess the feasibility of cable burial within the marine protected areas along 


the Hornsea Three offshore cable corridor, utilising the tools referenced in the Volume 1, Chapter 3: 


Project Description of the Environmental Statement (APP-058).  Where applicable the Applicant has 


also drawn on lessons learnt from other projects installed in comparable ground conditions, and 


where site conditions may be seen as different. 


2. Project Information  


 Background 


 Hornsea Project Three Offshore Wind Farm (from hereon in referred to as ‘Hornsea Three’) is the 


third project to be developed in the former Hornsea Zone; it is located to the east of Hornsea Project 


One and Hornsea Project Two Offshore Wind Farms. The project has submitted a development 


consent application for offshore infrastructure (including 300 turbines) and onshore electrical cabling 


and associated infrastructure.  


The proposed offshore cable corridor for Hornsea Three is illustrated in Figure 2.1. The offshore 


cable corridor is approximately 156.5 km long and enters the array area at approximately Kilometre 


Point (KP) 151.200. The export cable route corridor than makes landfall just west of Weybourne on 


the North Norfolk coast.  The export cables will then make landfall by either horizontal directional 


drilling or open cut trench.  The export cable corridor has an average width of approximately 1500m.  
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Figure 2.1: Hornsea Three offshore cable corridor 
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3. Offshore Cable Corridor Description  


 For the purpose of this assessment the route has been divided into four zones corresponding to 


where it interacts with different marine protected areas.  Zones 1, 2, 3a and 3b (shown in Figure 3.1) 


are the areas in which the export cables pass through Marine Conservation Zones (MCZ) and/or 


Special Areas of Conservation (SACs) along the route. Zone 1 enters the Cromer Shoal Chalk Beds 


MCZ between Kilometre Point (KP) 0.43 – KP1.34 and Zone 2 enters The Wash and North Norfolk 


Coast SAC between KP1.34 – KP12.27. Zone 3 is split into two sections as it enters North Norfolk 


Sandbanks and Saturn Reef SAC at 3a between KP63.09 – KP87.75 and at 3b between KP95.56 


and 117.22. This preliminary trenching assessment applies to these specific zones where concern 


has been focused from NE in particular, the remainder of the offshore export cable route is not 


considered further in this report.
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Figure 3.1: Preliminary Trenching Assessment Zones 
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Figure 3.2: Proposed Hornsea Three offshore cable corridor and Dudgeon and Sheringham Shoal Export Cables 
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4. Ground Model 


 Summary of available data 


 Hornsea Three have identified a range of soil conditions from Chalk to Sand and Glacial Till within 


the four zones relevant to this assessment.  NE are concerned with the ability to adequately bury 


export cables within these ground conditions, particularly within marine protected areas such as the 


Wash and North Norfolk Coast SAC and North Norfolk Sandbanks and Saturn Reef SAC, and they 


wish to minimise the installation of cable protection in these marine protected areas where target 


burial depths may not be achieved.  To understand trenchability of these soil conditions a robust 


ground model has been developed for the site such that ground based risks associated with cable 


installation are understood. This model is based on both geophysical and geotechnical investigations 


in and around the project area, in addition to cross-referencing historic data sets such as British 


Geological Survey (BGS) maps. It is the Applicant’s view that this approach is also aligned with the 


recommendations made by NE (Natural England, 20181) where they advise: 


  “Every effort should be made to use (or gain where there is no concern) pre-application geotechnical 


information to inform a realistic assessment of the cable burial tools and options and their impacts 


as part of the consenting process…” 


 Ørsted have commissioned several geophysical and geotechnical site investigation campaigns. A 


summary of the information relevant to each of the MCZ and SAC zones is detailed below in Table 


4.1 along with Figure 4.1 and Figure 4.2. It should be noted that development of the ground model 


is an iterative process, with the current document providing a robust ground model based on the 


data currently available. This will be updated and refined as further geophysical and geotechnical 


data across the Hornsea Three offshore cable corridor become available prior to construction.  


Table 4.1: Summary of site investigation information for each zone. 


Zone ID Zone Description Start 


KP 


End 


KP 


Geotechnical Site 


Investigation 


Locations  


Geophysical Survey 


Reference 


1 Cromer Shoal Chalk Beds MCZ 0.43 1.34 BH2, BH4, BH6, 
CPT3, CPT4, CPT5, 
CPT6 


Fugro 2017: GP1b 
NS survey: MBES, 
SSS, MAG and SBP 


2 The Wash and North Norfolk 
Coast SAC 


1.34 12.27 CPT201, CPT202, 
CPT203, CPT204, 
VC201, VC202, 
VC203, VC204 


Bibby 2018/2019: 
GP1b reroute survey: 
MBES, SSS, MAG 
and SBP 


                                                      
 


1 Natural England (2018) Offshore wind cabling: ten years experience and recommendations. (REP1-208) 
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Zone ID Zone Description Start 


KP 


End 


KP 


Geotechnical Site 


Investigation 


Locations  


Geophysical Survey 


Reference 


3a North Norfolk Sandbanks and 
Saturn Reef SAC (South) 


63.09 87.75 CPT115, CPT116, 
CPT117, CPT119, 
CPT120, CPT121, 
CPT122, CPT214, 
CPT215, VC115, 
VC115a, VC116, 
VC117, VC119, 
VC120, VC121, 
VC122, VC214, 
VC215 


Bibby 2016: GP1b 
survey: MBES, SSS, 
MAG and SBP 


3b 
North Norfolk Sandbanks and 
Saturn Reef SAC (North) 


95.56 117.22 
CPT124, CPT216, 
VC124, VC126 


Bibby 2016: GP1b 
survey: MBES, SSS, 
MAG and SBP 


Bibby 2018/2019: 
GP1b reroute survey: 
MBES, SSS, MAG 
and SBP 
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Figure 4.1: Zone 1 and Zone 2 – Available data
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Figure 4.2: Zone 3a and 3b – Available data. 
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 As part of the investigations to date, the Applicant has ensured that industry best practice is applied 


in the acquisition of site data.  The following recommendations made by Det Norske Veritas (DNV) 


within RP-J301 (Subsea Power Cables in Shallow Water Renewable Energy Applications) have 


been adhered to in regard to specification of offshore surveys: 


• Geophysical investigations of the bathymetry of the seabed using multi-beam echo-sounder, of 


the sea floor texture using side scan sonar and of objects on the seabed using side scan sonar 


and magnetometer; 


• Geophysical investigation of the shallow geology using sub-bottom profiling; 


• Geotechnical investigations, e.g. CPT; and 


• Soil sampling, e.g. by vibrocoring or grab-sampling, with subsequent laboratory testing for 


ground truthing. 


 Ground conditions summary 


 Summary 


 Closer inshore within the Cromer Shoal Chalk Beds MCZ and The Wash and North Norfolk Coast 


SAC protected areas the geology comprises a thin to absent veneer of Holocene sand overlying stiff 


glacial tills of the Bolders Bank Formation with localised channels infilled with the Botney Cut 


Formation. The superficial soils overlie Chalk which occasionally outcrops at or near to the seabed. 


The Chalk in this area is categorised by Fugro in accordance with CIRIA (Construction Industry 


Research and Information Association) guidelines as Grade Dm or Dc, corresponding to a 


structureless coarse or fine grained material similar to an engineering soil rather than a competent 


rock.  


 Further offshore within the North Norfolk sandbanks and Saturn Reef SAC the shallow superficial 


geology is similar comprising a variable thickness of Holocene sand overlying the Bolders Bank and 


localised channels infilled with the Botney Cut Formation. The Chalk is present at depth in these 


areas; however not expected to be encounter during cable installation. The ground conditions are 


summarised in Table 4.2.  


 


Table 4.2: Geological Unit Description. 


Unit Description Distribution 


Holocene Variable lithology, primarily loose sand Thin to absent closer inshore within the 
Cromer Shoal Chalk Beds MCZ and 
The Wash and North Norfolk Coast 
SAC. Thicker further offshore within the 
North Norfolk sandbanks and the 
Saturn Reef SAC 
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Unit Description Distribution 


Botney Cut 
Formation 


A system of partially or completely infilled 
glacial valleys occurring mostly within the 
outcrop limits of the Bolders Bank 
Formation. Consists of sands, silts, and 
clays 


Consistently present in both SACs 


Bolders Bank 
Formation 


Glacial till, primarily stiff clay Consistently present in both SACs 


Chalk Group Chalk, with or without flint and discrete 
limestone, marl (calcareous mudstone), 
sponge, calcarenite, phosphatic, 
hardground and fossil-rich beds 


Outcrops at seabed or shallow depth 
closer inshore within the Cromer Shoal 
Chalk Beds MCZ and The Wash and 
North Norfolk Coast SAC. Present at 
depth further offshore. CIRIA grade Dc 
and Dm encountered.  


Edmond Ground Egmond Ground Formation comprises very 
fine- and medium-grained, sparsely shelly 
Hoxnian (Holsteinien) marine sands with 
thin bands of silt and clay. 


Occasionally seen as an underlying 
layer in the North Norfolk Sandbanks 
and Saturn Reef SAC (Zone 3a). 


 


 The ground conditions relevant to each section are discussed in the following sections. 


 Please note: Some of the data in the following sections is currently not available. This is due to the 


base layer of the unit not being visible in the geophysical data. This is usually a result of the upper 


layer reflecting all the energy from the shallow seismic (Sub Bottom Profiler) and therefore the 


reflection being too weak for the lower layers. Where data is missing from the profile, consideration 


has been given in the summary text as to most likely ground type based on the available geophysical 


evidence. As outlined in paragraph 4.3 above, this is an iterative process with the ground model 


being further developed and refined as more data become available.  


 Zone 1 and 2 


 Figure 4.3 to Figure 4.6 are cross-sectional representations within The Cromer Shoal Chalk Beds 


MCZ (Zone 1; KP0.43 - 1.34) and The Wash and North Norfolk Coast SAC (Zone 2; KP1.34 – 12.27). 


Summary descriptions for each section are written underneath the figures. 
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Figure 4.3: Ground Model; Cromer Shoal Chalk Beds MCZ KP0.43 – 1.34 and The Wash and North 
Norfolk Coast SAC KP1.34 – 3.0. 


 The Cromer Shoal Chalk Beds MCZ (Zone 1, Figure 4.3) is showing Bolders Bank with a layer of 


Holocene on top. There are small sandwaves seen in the Holocene layer. The route then enters The 


Wash and North Norfolk Coast SAC (Zone 2) where the underlying layer of Bolders Bank changes 


to Chalk from KP1.40.  


 


Figure 4.4: Ground Model; The Wash and North Norfolk Coast SAC KP3.0 – 6.0. 


 An underlying layer of Chalk is overlain by Bolders Bank. A top layer of Holocene is shown 


throughout with a layer of Botney Cut observed between the Holocene and Bolders Bank between 


KP3.1 – 4.1 and again between KP4.3 – 5.1 (Figure 4.4). 
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Figure 4.5: Ground Model; The Wash and North Norfolk Coast SAC KP6.0 – 9.0. 


 An underlying layer of Chalk is overlain by Bolders Bank. Areas of Botney Cut are overlaying the 


Bolders Bank between KP6.4 – 6.6, KP6.7 – 7.25 and KP7.95 – 8.2. A top layer Holocene is seen 


between KP6.8 – 7.2 (Figure 4.5). 


 


Figure 4.6: Ground Model; The Wash and North Norfolk Coast SAC KP 9.0 – 12.0. 


 An underlying layer of Chalk is overlain by Bolders Bank. Areas of Botney Cut are overlaying the 


Bolders Bank between KP9.2 – 10.1 and KP10.8 – 12.0. A top layer of Holocene is seen on most of 


this section with varying depths (Figure 4.6). 
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 Zone 3a 


 Figure 4.7 to Figure 4.14 are cross-sectional representations within the North Norfolk Sandbanks 


and Saturn Reef SAC (South) (Zone 3a; KP63.09– KP87.75). Summary descriptions for each section 


are written underneath the figures. 


 


Figure 4.7: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 63.0 – 66.0. 


 The top of layer in this section is Holocene and is seen to increase greatly in height towards the east 


and forming sandwaves on the upper section of the layer. There is an underlying layer of Bolders 


Bank underneath the Holocene (Figure 4.7). 


 


Figure 4.8: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 66.0 – 69.0. 
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 Most of this section is Botney Cut overlain by a thin layer of Holocene. To the west side of the section 


(up to KP66.8), Bolders Bank is the underlying layer with a decreasing layer of Holocene on top. The 


missing underlying layer is assumed to be Egmond Ground based on strong evidence from the 


geophysical data (Figure 4.8). 


 


Figure 4.9: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 69.0 – 72.0. 


 This section starts with Botney Cut overlain by a thin layer of Holocene. To the east side of the 


section Bolders Bank is underneath the Holocene with an increasing layer of Holocene on top. The 


missing underlying layer is assumed to be early Botney Cut based on strong evidence from the 


geophysical data (Figure 4.9). Earlier placed Botney Cut Units are stiffer and usually sand or re-


worked till. 


 


Figure 4.10: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 72.0 – 75.0. 







 
 Preliminary Trenching Assessment 
 February 2019 
 


 16  


 A depth top layer of Holocene is shown in Figure 4.10 above. As can be seen from the bathymetry, 


there is a major drop in water depth drop at KP74.2 with a very steep slope where the layer becomes 


a very thin veneer on the top of the underlying Bolders Bank layer (Figure 4.10). 


 


Figure 4.11: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 75.0 – 78.0. 


 The top layer for this section is a thin veneer of Holocene with intermittent peaks. Bolders Bank is 


underneath this Holocene layer changing to Botney Cut between KP76.4 – 77.5. The Botney Cut 


layer deepens greatly at KP77.6. The missing underlying layer is assumed to be Egmond Ground 


based on strong evidence from the geophysical data (Figure 4.11). 


 


Figure 4.12: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 78.0 – 81.0. 


 The majority of this section is Bolders Bank with a thin veneer of Holocene overlaying it (Figure 4.12). 
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Figure 4.13: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 81.0 – 84.0. 


 The majority of this section is Bolders Bank with a thin veneer of Holocene overlaying it. There are 


occasional intrusion channels of Botney Cut. The top layer of Holocene starts to increase in depth 


(forming sandwaves) towards to east of the section (Figure 4.13). 


 


Figure 4.14: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (South) KP 84.0 – 87.0. 


 The majority of this section is Bolders Bank with a thin veneer of Holocene overlaying it. There are 


occasional intrusion channels of Botney Cut (Figure 4.14). 


 Zone 3b 


 Figure 4.15 to Figure 4.22 are cross-sectional representations within the North Norfolk Sandbanks 


and Saturn Reef SAC (North) (Zone 3b; KP95.56– KP117.22). Summary descriptions for each 


section are written underneath the figures. 
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Figure 4.15: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP 95.0 – 98.0. 


 This section is Bolders Bank with a very thin veneer of Holocene overlaying it. There is an intrusion 


channel of Botney Cut between KP95.85 – 96.2 (Figure 4.15). 


 


Figure 4.16: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP 98.0 – 101.0. 


 This section is Bolders Bank with a thin veneer of Holocene overlaying it. There are two small 


intrusion channels of Botney Cut between KP98.75 – 98.8 (Figure 4.16). 







 
 Preliminary Trenching Assessment 
 February 2019 
 


 19  


 


Figure 4.17: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP 101.0 – 104.0. 


 This section is Bolders Bank with a thin veneer of Holocene overlaying it. There is an intrusion 


channel of Botney Cut between KP103.3 – 103.4 (Figure 4.17). 


 


Figure 4.18: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP 104.0 – 107.0. 


 The top layer in this section is Holocene which form sandwaves. There are two intrusion channels 


of Botney Cut. The missing underlying layer is assumed to be a depth layer of Botney Cut based on 


strong evidence from the geophysical data (Figure 4.18). 
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Figure 4.19: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP 107.0 – 110.0 


 The top layer in this section is a thin layer of Holocene. There is a deep intrusion channel of Botney 


Cut between KP107.1 – 107.35. The missing underlying layer is assumed to be a depth layer of 


Botney Cut based on strong evidence from the geophysical data (Figure 4.19). 


 


Figure 4.20: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP 110.0 – 113.0. 


 The top layer in this section is Holocene which forms large sandwaves. There appears to be a thick 


layer of Botney Cut between the top Holocene layer and the underlying layer of Bolders Bank (Figure 


4.20). 







 
 Preliminary Trenching Assessment 
 February 2019 
 


 21  


 


Figure 4.21: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP 113.0 – 116.0. 


 The top layer in this section is Holocene which starts off in the west as large sandwaves and 


decreases moving eastwards to a thin layer. Underneath the Holocene, the Botney Cut layer 


decreases in depth moving eastwards eventually disappearing at KP114.8. The underlying layer is 


Bolders Bank (Figure 4.21). 


 


Figure 4.22: Ground Model; North Norfolk Sandbanks and Saturn Reef SAC (North) KP113.0 – 117.2. 


 This is a short section of Bolders Bank with a thin veneer of Holocene overlaying it (Figure 4.22). 
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 Preliminary trenching parameters  


 The shallow geology along the proposed offshore cable corridor is presented in Table 4.3. 


Preliminary geotechnical parameters relevant to trenching have been included based on the 


available geotechnical data. For jet trenching this includes Particle Size Distribution and Relative 


Density; and for cohesive soils and the chalk – undrained shear strength and for the latter the CIRIA 


grading are key.  
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Table 4.3: Shallow geological formations with preliminary geotechnical parameters for trenching. 


Epoch 
Geological 


Formation 
Description 


Particle size distribution 


Relative 


density, Dr (%) 


Undrained 


shear 


strength, su 


(kPa) 
Clay/silt, % 


Fine to medium 


grained sand, % 


Coarse sand 


and gravel, % 
d10, d50 and d90 


Holocene Bligh Bank Mainly fine to medium 
grained locally coarse 
silty slightly gravelly 
SAND 


< 5 60 to 80 < 5 to 20 


d10, 0.04 to 0.03 


d50, 0.12 to 0.25 


d90, 0.2 to 0.3 


20 to 80 NA 


Late 
Pleistocene  


Botney Cut  Fine sandy locally 
gravelly silt grading to 
soft to firm laminated 
clays  


< 5 to 25 50 to 80 < 10 


d10, 0.06 to 
0.025 


d50, 0.04 to 0.08 


d90, 0.06 to 0.6 


10 to 40 10 to 65 


Pleistocene Bolders 
Bank 


Stiff, locally firm to very 
stiff silty gravelly sandy 
clay 25 to 50 30 to 20 20 to 30 


d10, < 0.02 to 
0.006 


d50, 0.006 to 
0.25 


d90, 0.06 to 0.15 


NA 
100 to 150 


(loc, 50) 


Pleistocene 
Egmont 
Ground 


Dense to very dense silty 
muddy sand 


< 5 to 20 60 to 90 < 5 No data  80 to > 100 NA 


Pleistocene Swarte Bank Stiff to hard gravelly clay 20 to 50 20 to 30 10 to 15 No data NA 150 to 250 


Cretaceous Chalk Weathered structureless 
chalk, grade Dm or Dc 


NA NA NA NA NA 
100, locally up 
to 500 
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 All the geotechnical samples including the vibrocores penetrate the chalk with CPTs penetrating to 


almost 6m. This suggests that the chalk is relatively weak. Fugro has adopted the CIRIA method to 


assess the chalk which is categorised as Grade Dc or Dm. These grades apply to a structureless 


coarse sediment (Dc); or a structureless fine grained sediment (Dm). In both cases the chalk is 


expected to behave as an engineering soil rather than a rock.   


5. Tool Assessment 


 The export cables must be buried to protect them from natural (seabed mobility) and anthropogenic 


(shipping anchors) threats.   


 As per recommendations made by NE (Natural England, 20181) they advise: 


 “Where there is any doubt as to the feasibility of installation this should be clearly communicated, 


particularly where there is interaction with a Marine Protected Area.” 


 To conform with this recommendation, the Applicant has undertaken a Zone-specific trenching 


assessment (paragraph 5.21 et seq.) which, based on the tools available on the market (and in 


alignment for those installation methods listed in Table 3.32 of Volume 1, Chapter 3: Project 


Description of the Environmental Statement; APP-058), recommends which are considered to be 


feasible for the site conditions encountered at Hornsea Three. 


 Burial tool options 


 Figure 5.1 is an extract from DNV-RP-0360 which provides a basis to define which tools should be 


considered for installation in a range of soil conditions.  As discussed in Section 4, the Applicant 


expects to primarily encounter loose sands (Holocene and Botney Cut), stiff clays (Bolders Bank) 


and structureless chalk which is according to its classification will behave as a loose to medium 


dense granular soil.  On this basis the burial tool suitability curves suggest that for the site conditions, 


all three tools will be feasible if utilised in the correct soil conditions.  The results from a detailed tool 


assessment is detailed in paragraph 5.21 et seq. 


 


Figure 5.1: Indicative burial tool suitability in different ground conditions 


 The following paragraphs present an overview of the operating methodologies for each tool. 
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 Jet trenching 


 Jet trenchers fluidise the soils by pumping seawater at high pressure through a series of small 


diameter nozzles arranged on opposing jet legs which locate either side of the product. The legs are 


slowly lowered into the seabed until near vertical and the trencher (which is usually track based) 


moves forwards forming a trench. The product (cable in this case) lies on the seabed and falls into 


the trench as the trencher progresses. Backwash nozzles are often located at the base of the legs 


to mobilise sediment along the trench and prevent it from settling out of suspension before the 


product touches down.  


 Jet trenchers are best suited to fine to medium grained sands and soft clays, with the more powerful 


jet trenchers able to jet firm clays as well. They are not suited to very stiff clays or areas of coarse 


sand and gravel although it is possible to achieve some lowering in the latter case by carrying out 


multiple passes.  


 Jet trenchers are a very popular tool particularly for cables as most do not actually engage with the 


product meaning that the risk of damage to cables is low and they can carry out multiple passes. 


They are always used in a simultaneous or post lay and burial application. 


 Mechanical trenchers  


 Mechanical trenchers physically cut a trench usually with a series of conical picks mounted on either 


a wheel or as a chain on a mechanical digging boom. The typical process is for the trencher to 


engage with and raise the product (the cable in this case) whilst deploying the wheel or chain below 


and then progress forwards digging a trench.  


 Mechanical trenchers are best suited for hard ground conditions i.e. stiff clay. They do not perform 


well in granular soils as the silica causes high wear on the picks and the trench tends to collapse 


before the cable touches down, although there are trenchers on the market which include jetting 


systems and cable depressors which keep the trench open until the cable touches down.  


 Most if not all mechanical trenchers engage with the product so there is a greater risk of damage to 


the cable, and it is essential that cable slack is closely monitored during lay and trenching operations. 


Mechanical trenchers are not able to carry out more than one pass, and like a jet trencher they are 


typically used for post lay burial. 


 Cable Ploughs  


 Cable ploughs come in a variety of shapes and sizes and are designed specifically for different soil 


types and burial depths. All ploughs are towed from a vessel or barge which must be able to provide 


adequate tow force, or in the case of landfall approaches pulled in from a fixed anchor point.  


 Ploughs can be either non-displacement or displacement. The former trench and bury the cable in 


a single pass leaving less disturbance on the seabed and are used for simultaneous or post lay and 


burial. They are often fitted with additional features to improve performance in certain soils for 


example water jets for burying in sand. 


 Displacement ploughs are typically large heavy-duty ploughs used to pre-cut a trench – typically in 


hard ground conditions where the trench remains open. The product is then laid into the trench and 


a secondary backfill pass carried out to bury it.  
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 Ploughs cover a range of soil types and are well suited to long relatively straight routes. It is essential 


that the correct type of plough is selected for the prevailing soil and seabed conditions and the 


required burial depth.  


 Jet sleds  


 Jet sleds are a hybrid of a jet trencher and a cable plough. They are not usually self-propelling 


requiring to be towed or pulled but they often include a pumping system and jet legs.  


 Vertical injectors and Mass flow Excavator  


 These are typically specialised tools and they work on the same principal as jet trenchers with high 


pressure water jets fluidising the soils. As such they work best in granular soils and soft clays.  


 Vertical injectors can be mounted on sleds or tracks or suspended vertically over the side of a vessel. 


They are used mainly for very deep burial and are unlikely to be required for Hornsea Three. 


 Mass flow excavator or MFE is lowered towards the seabed from a vessel and jets the seabed soils 


creating a large open excavation. It is typically used to remove superficial cover similar to dredging 


to facilitate trenching operations.  


 Burial Tool Assessment  


 Given the concerns raised regarding trenching through the marine protected areas, a preliminary 


burial tool assessment has been carried out based on current knowledge of the site conditions in 


each Zone. The tool assessment will be refined as additional information is received and is intended 


at this stage to present a "first look” at the potential methods available.  


 The results are presented in Table 5.2 to Table 5.4. Note for reference, the BGS shorthand outlined 


in Table 5.1 has been used in the tables. 


Table 5.1: BGS Shorthand for geological units. 


BGS Shorthand Unit 


HOL Holocene 


BCT Botney Cut Formation 


BDK Bolders Bank Formation 


EG Egmond Ground 


Chalk Weathered structureless chalk, grade Dm or Dc 


 


 Presentation of results 


 This section describes the results from the tool assessment for sections of the offshore cable corridor 


which coincide with marine protected areas. In almost all cases there is likely to be at least two viable 


options for burying the cables, providing a degree of flexibility going forwards.   


 The following definitions have been applied to the assessment: 
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• Viable: Based on current understanding of the site conditions this would be the preferred 


installation tool to meet the required burial depths. 


• Alternative: Based on current understanding of the site conditions, whilst this would not be the 


preferred tool it would still have the ability to meet the target burial depth subject to further 


engineering and/or tool optimization e.g. additional buoyancy in soft soils.  Subject to this, the 


tool may be considered Viable at a later date. 


• Limited feasibility: Based on current understanding of the site conditions, this would have 


limited feasibility and areas which do not meet the target burial depth may be expected.  


 Cromer Shoal Chalk Beds MCZ (Zone 1) and The Wash and North Norfolk Coast SAC (Zone 


2) 


Table 5.2: Trenching feasibility assessment for Zone 1 and 2 


General Area 
Zone 1 and Zone 2; The Cromer Shoal Chalk Beds MCZ and The Wash and North 


Norfolk Coast SAC (KP0.0 to KP12.27) 


Section No. 1 2 3 4 5 6 7 


KP Range 
UK landfall 
to KP0.5 


KP0.5 to 
1.4 


KP1.4 to 
3.1 


KP3.1 to 
3.7 


KP3.7 to 
4.5 


KP4.5 to 
11 


KP11 to 
12.27 


Section length 
(m) 


500 900 1700 600 800 6500 1270 


Geology BDK  BDK Chalk 
BCT over 
BDK 


Chalk 
BDK loc. 
BCT 


HOL 


Burial Spec.  1 to 2m 1 to 2m 1 to 2m 1 to 2m 1 to 2m 1 to 2m 1 to 2m 


Trenching asset assessment  


Shallow water jet 
trencher 


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Viable 
Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Shallow water 
mechanical 
cutter 


Viable Viable Viable Alternative  Viable Viable Alternative 


Jet Trencher 
Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Viable 


Mechanical 
cutter 


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Viable Viable 
Limited 
feasibility  


Jet sled 
Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Limited 
feasibility  


Viable 


Hydro assisted 
cable plough  
(non-
displacement) 


Viable Viable Viable Viable Viable Viable Viable 
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General Area 
Zone 1 and Zone 2; The Cromer Shoal Chalk Beds MCZ and The Wash and North 


Norfolk Coast SAC (KP0.0 to KP12.27) 


Cable Plough  
(non-
displacement)  


Viable Viable Viable Viable Viable Viable Viable 


Displacement 
plough  
(pre-cut) 


Viable Viable Viable Alternative  Viable Viable Alternative 


* It is likely based on previous experience that the BCT can be jetted or mechanically cut 


 


 North Norfolk Sandbanks and Saturn Reef SAC (Zone 3a and Zone 3b). 


Table 5.3: Trenching feasibility assessment for Zone 3a 


General Area Zone 3a; North Norfolk Sandbanks and Saturn Reef (KP63.09 to KP87.75) 


Section No. 1 2 3 4 5 6 7 8 


KP Range 
KP63 to 
KP63.9 


KP63.9 to 
66.5 


KP66.5 
to 66.9 


KP66.9 to 
71.5 


KP71.5 to 
74.5 


KP74.5 
to 76.5 


KP76.5 to 
77.5 


KP77.5 to 
87.5 


Section length 
(m) 


900 2.600 400 4.600 3.000 2.000 1.000 10.000 


Geology BDK HOL BDK 
BCT 
loc.BDK 


HOL BDK BCT BDK 


Burial Spec.  1 to 2m 1 to 2m 1 to 2m 1 to 2m 1 to 2m 1 to 2m 1 to 2m 1 to 2m 


Trenching asset assessment  


Jet Trencher 
Limited 
feasibility 


Viable 
Limited 
feasibility 


Viable Viable 
Limited 
feasibility 


Viable 
Limited 
feasibility 


Mechanical 
cutter 


Viable Alternative Viable Alternative  Alternative Preferred Alternative  Viable 


Jet sled 
Limited 
feasibility 


Viable 
Limited 
feasibility 


Limited 
feasibility 


Viable 
Limited 
feasibility 


Limited 
feasibility 


Limited 
feasibility 


Hydro assisted 
cable plough  
(non-
displacement) 


Viable Viable Viable Viable Viable Viable Viable Viable 


Cable Plough  
(non-
displacement)  


Viable Viable Viable Viable Viable Viable Viable Viable 
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General Area Zone 3a; North Norfolk Sandbanks and Saturn Reef (KP63.09 to KP87.75) 


Displacement 
plough  
(pre-cut) 


Viable Alternative Viable Alternative  Alternative Viable Alternative  Viable 


* It is likely based on previous experience that the BCT can be jetted or mechanically cut 


Table 5.4: Trenching feasibility assessment for Zone 3b 


General Area Section 3b; North Norfolk Sandbanks (KP95.58 to KP117.22) 


Section No. 1 2 3 4 


KP Range KP95.58 to 110.5* 
KP110.5 to 
113.5 


KP113.5 to 114.5 
KP113.5 to 
117.25 


Section length (m) 14,92 3000 1000 3750 


Geology BDK HOL over BCT BCT BDK 


Burial Spec.  1 to 2m 1 to 2m 1 to 2m 1 to 2m 


Trenching asset assessment  


Jet Trencher Limited feasibility Viable Viable Limited feasibility 


Mechanical cutter Viable Alternative Alternative  Viable 


Jet sled Limited feasibility Viable Limited feasibility Limited feasibility 


Hydro assisted cable 
plough  
(non-displacement) 


Viable Viable Viable Viable 


Cable Plough  
(non-displacement)  


Viable Viable Viable Viable 


Displacement plough  
(pre-cut) 


Viable Alternative Alternative  Viable 


* It is likely based on previous experience that the BCT can be jetted or mechanically cut 


 


 It should be noted that the decision on burial tools will consider all technical, commercial and 


environmental constraints with the final methodology likely to favour a single or at most a dual 


approach suitable for burying the cable along the entire offshore cable corridor.   


 As more data is collected from the site and the understanding of the ground conditions improves, 


this tool assessment will be updated and a reassessment of the tool feasibility undertaken. 







 
 Preliminary Trenching Assessment 
 February 2019 
 


 30  


6. Lesson learnt from similar projects  


 The aim of this section is to identify key lessons learnt from industry experience in installing cable in 


similar ground conditions and also to identify potential risks to cable burial and provide 


recommendations as to how these will be managed up to and during cable installation. 


 General Lessons Learnt from adjacent sites 


 Ørsted have completed many successful cable installation projects and are confident in their ability 


to achieve the target burial depths for export cables and to minimise cable protection in marine 


protected areas. The Applicant also gains a lot of confidence from both Dudgeon and Sheringham 


Shoal both of which are projects adjacent to some extent to sections of the proposed Hornsea Three 


offshore cable corridor, where minimal to no cable protection was required following trenching. The 


Applicant understands that Sheringham has no cable protection at all and Dudgeon has a stretch of 


approximately 70m of rock bags from the HDD punch out point, but this was ultimately not driven by 


the trenching performance. These examples represent the most directly relevant case studies for 


the nearshore area of Hornsea Three and demonstrate that cable burial within this nearshore area 


is imminently achievable without the need for remedial cable protection.  


 Race Bank Lessons Learnt 


 This section outlines the main lessons learned on the Race Bank Offshore Wind Farm Project, which 


is further northwest of the proposed Hornsea Three offshore cable corridor. The Applicant has aimed 


to use this to help identify potential risks and provide recommendations as to how similar risks will 


be managed on Hornsea Three.  Along the Race Bank export cable route, the Deep Ocean T3200 


trencher was used which is a tracked mechanical trencher with simultaneous jetting functionality.  


The lessons learnt were as follows: 


 In areas where soft soils exist, the T3200 encountered traction issues resulting in areas where 


manoeuvrability was restricted.  In these areas a lightweight trencher was mobilised; however, the 


operation left areas of reduced cable burial and a requirement for remedial works.  It is recommended 


on Hornsea Three that areas where soft soils exist are characterised and bearing capacity analysis 


performed prior to mobilisation of installation tools to ensure the risk is managed. 


 There were observations of the T3200 depressor deflecting up locally which was an indication of 


larger item(s) that fell inside the trench or local collapsing of trench between cutter and jet 


legs/depressor.  The cause of this could have been one or a combination of sub-surface boulders, 


gravels or chalk debris.  It is important that the extent of these conditions at Hornsea Three is 


understood prior to trenching and high quality geotechnical and geophysical data acquisition is 


recommended. 


 Coarse material in gravelly areas can increase wear of the chain cutter on mechanical trencher as 


witnessed with the T3200.  To quantify the chain wear (and the requirement for chain replacement), 


where possible the coarse sediments should be mapped along the Hornsea Three cable route 


through soil sampling and / or geophysical survey data.  Similarly, to managing tool changeover 


operations, the cable lay operation should, where practical, account for areas where chain wear is 


expected to be high and chain replacement may be required. 
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 When switching between tools in areas of complex geology the operation needs to be carefully 


planned.  If this is not planned then excessive tension in the cable can reduce the ability for trenchers 


to pick up, engage and bury the cable.  If tool changes are planned, then a sufficient pick-up bight 


should be accounted for during cable lay. 


 The risks and lessons learnt from Race Bank will be considered in the context of Hornsea Three, 


discussed with relevant stakeholders (i.e. MMO and Statutory Nature Conservation Bodies; SNCBs) 


and set out within the Cable Specification and Installation Plan (see paragraph 7.2 below). 


 Rampion Lessons Learnt 


 This section outlines lessons learned that Ørsted has acquired from the Rampion Offshore Wind 


Farm Project export cable installation, which aims to help identify potential risks and provide 


recommendations as to how similar risks will be managed on Hornsea Three. 


 Rampion Offshore Wind Farm export cables were installed in 2017 and there are many lessons 


learnt from this project relevant for Hornsea Three. The ground conditions were the biggest challenge 


on this project. The offshore export cables along the 16km route were predominately installed in 


chalk.  


 Rampion also had to dredge a number of floatation pits using back-hoe excavators in the nearshore 


section. The lessons learnt from these pits are not discussed here as they are not relevant to 


Hornsea Three.  


 VBMS/Boskalis successfully installed the export cables to the required burial depths. The Sea 


Stallion plough was successful in achieving the ~1m burial requirement, except for two occasions 


where boulders were encountered along the route. However, the cables were still adequately 


protected to a depth of ~0.5m which was sufficient considering the strength of the seabed in those 


areas and no rock protection was required. 


 During the first replacement export cable (Cable 3) installation, there was a malfunction with the 


cable lay pull ahead winch and the cables had to be surface laid onto the seabed. A combination of 


the Canyon I-trencher and Canyon T1200 was subsequently used for burial of this cable. The 


combination of jetting (T1200) and cutting (I-trencher) meant that even with changing seabed 


conditions the cable could be buried by a one vessel solution. There were no problems with standing 


bights witnessed, as the I-trencher does not lift the cable too high and an overlap was included past 


the competent material, so the bight could be buried by jet trencher. 


 The second replacement export cable (Cable 4) was buried using a wheel-cutter by Assodivers. 


During the cutting there was an issue with trench walls collapsing prior to the cable being lowered. 


A jet trencher was subsequently successful used to lower the cable to the required depth within the 


trench. 
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 One of the major concerns on the Rampion export cable burial was the strength of the chalk in some 


of the nearshore sections. Nearby maintenance vessels were not able to use anchors in the area as 


they would not penetrate the seabed. The CPT values in the area fell mainly in the partially cemented 


and cemented chalk zones, ranging from Grades A1 to C5 from the CIRIA grading which is described 


as a structured chalk, a higher grade than expected to be encountered on Hornsea Three (see 


paragraph 4.5). However, the grade of the chalk did not prove to be an issue for the Sea Stallion 


plough to meet the target burial depths. The Applicant is therefore confident that lessons learnt from 


Rampion can be used to the benefit of Hornsea Three and provide further confidence in installation 


preparations, both by the Applicant and the contractor eventually employed for work. 


7. Next Steps 


 The second geotechnical campaign for Hornsea Three is currently envisaged (consent and CfD 


award notwithstanding) to take place in 2021/2022. The purpose of this site investigation campaign 


will be to investigate areas along the route where residual risk exists with respect to the trenching 


operations to ensure that they are appropriately managed prior to site operations.  During the scoping 


of the investigation particular focus will be given to The Cromer Shoal Chalk Beds MCZ, The Wash 


and North Norfolk Coast SAC and North Norfolk Sandbanks and Saturn Reef SAC to ensure that 


ground-based risks are characterised.  


 Compliance 


 One of the key messages that the Applicant has taken from submissions made into the examination 


to date, and the feedback on these, is the need to provide NE with as much clarity as possible as to 


how and when detailed information relating to the cable installation process (inclusive of any site 


preparation and/or protection works) will come forward and how the specific activities are controlled 


within the DCO. This is needed so that they can have greater confidence in the Applicant’s 


assumptions relating to site preparation, cable burial and deployment of cable protection measures. 


For Deadline 5, the Applicant has submitted an Outline CSIP (Appendix 3 to the Applicant’s response 


to Deadline 5) and at Deadline 4 amended the Deemed Marine Licence (REP4-004) to include the 


requirement for Sandwave Clearance and Cable Protection Plans to form part of the CSIP.  


 The Applicant acknowledges that it will be important, particularly within the areas where the cables 


intersect with marine protected areas, for there to be ongoing dialogue between the Project and the 


relevant SNCBs as the CSIP is developed.  It is proposed that an Ecological Clerk of Works (ECoW) 


will be responsible for ensuring this coordinated approach to the development of the plan. The ECoW 


will be to be the main point of contact for SNCBs throughout the pre-construction, construction and 


post-construction phases of the project. The ECoW will form an interface between the Hornsea Three 


engineering and consents teams, as well as briefing contractors to ensure compliance with the DCO 


and any further measures agreed through this plan.  
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8. Conclusions 


 Through acquisition of detailed geotechnical and geophysical data along the length of the Hornsea 


Three offshore cable corridor, a detailed ground model has been developed which highlights the 


primary ground conditions (and their engineering properties) that the cable will be installed within.  


This is expected to comprise a range of soil conditions from loose sands, stiff clay and weathered 


chalk.  Based on these conditions a preliminary tool assessment has been undertaken to assess the 


feasibility of achieving the target burial depth.  The analysis demonstrates that for each zone, a range 


of burial options are ‘Viable’ with ploughing and mechanical cutting the most suitable.  Furthermore, 


some trenching technologies have been identified as ‘Alternative’ which subject to further 


optimisation and/or engineering could also be utilised for the works.  An example of this could be 


addition of buoyancy of a tool to make it more suitable in softer soils such as the Botney Cut 


Formation. 


 The ground model has been developed and preliminary tool assessment undertaken based on the 


information available at the time of writing. The Applicant would note that this is an iterative process, 


with further development of these as more data are collected across the Hornsea Three offshore 


cable corridor.   


 It must be understood that whilst sections of the offshore cable corridor have been identified as 


‘Viable’ for cable installation, this does not mean that cable burial can be guaranteed and negate the 


requirement for remedial burial and/or cable protection.  External factors outside the Applicant’s 


control should be considered such as adverse weather conditions, unforeseen ground conditions 


and mechanical breakdown. 


 To support this assessment, a number of lessons have been learned from both Ørsted projects and 


other projects installed in similar ground conditions.  These past experiences will ensure that risk of 


remedial action is reduced through incorporating improved cable lay and trenching practices into the 


CSIP, with early engagement with and feedback from NE and JNCC prior to cable installation.   
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Review of Seabird Demographic Rates and Density Dependence 

 
 

Summary 
 
Constructing realistic population models is the first step towards reliably assessing how 
infrastructure developments, such as offshore wind farms, impact the population trends of 
different species. The construction of these models requires the individual demographic 
processes that influence the size of a population to be well understood. However, it is 
currently unclear how many UK seabird species have sufficient data to support the 
development of species-specific models. 
 
Density-dependent regulation of demographic rates has been documented in a number of 
different seabird species. However, the majority of the population models used to assess the 
potential impacts of wind farms do not consider it. Models that incorporate such effects are 
more complex, and there is also a lack of clear expectation as to what form such regulation 
might take. 
 
 We surveyed the published literature in order to collate available estimates of seabird and 
sea duck demographic rates. Where sufficient data could not be gathered using UK 
examples, data from colonies outside of the UK or proxy species are presented. We 
assessed each estimate’s quality and representativeness. Estimates are usually only 
available for a limited number of colonies, and there may be substantial inter-colony 
variation. Therefore we also indicate the extent to which estimates may be applied to 
different colonies. 
 
This report and the accompanying material details demographic information on the 32 
species of seabird and sea duck thought to be most vulnerable to off-shore renewable 
developments in the UK.  The species covered are (in taxonomic order): greater scaup 
(Aythya marila), common eider (Somateria mollissima), goldeneye (Bucephala clangula), 
long-tailed duck (Clangula hyemalis), common scoter (Melanitta nigra), velvet scoter 
(Melanitta fusca), red-throated diver (Gavia stellata), black-throated diver (Gavia arctica), 
great northern diver (Gavia immer), Manx shearwater (Puffinus puffinus), northern fulmar 
(Fulmarus glacialis), great cormorant (Phalacrocorax carbo), European shag (Phalacrocorax 
aristotelis), northern gannet (Morus bassanus), great crested grebe (Podiceps cristatus), 
Arctic skua (Stercorarius parasiticus), great skua (Stercorarius skua),  black-legged kittiwake 
(Rissa tridactyla), little gull (Larus minutus), black-headed gull (Chroicocephalus ridibundus), 
common gull (Larus canus), lesser black-backed gull (Larus fuscus), herring gull (Larus 
argentatus), great black-backed gull (Larus marinus), Sandwich tern (Sterna sandvicensis), 
common tern (Sterna hirundo), Arctic tern (Sterna paradisaea),  little tern (Sternula 
albifrons), common guillemot (Uria aalge), razorbill (Alca torda), black guillemot (Cepphus 
grylle), Atlantic puffin (Fratercula arctica). 
 
The drivers that cause year-to-year variation in survival and productivity rates and the 
direction of their influence are also presented. In the majority of species this demonstrates 
that information on a specific colony cannot necessarily be extrapolated to multiple colonies 
without applying some degree of qualitative interpretation.  
 
The majority of the seabird species considered received high and intermediate data quality 
and representation scores for adult survival rates. The exceptions were great black-backed 
gull and little gull. There was considerably less information available on juvenile and 
immature survival rates, and great northern diver, northern fulmar, Arctic skua, common tern, 
razorbill and Atlantic puffin were only available as return rates between fledging and 
recruitment. Juvenile and immature survival rates were not available for goldeneye, long-
tailed duck, velvet scoter, Manx shearwater, little gull, black-headed gull, great black-backed 
gull, Arctic tern and little tern. An estimate of productivity from a long-term monitoring study 
was identified for the majority of species, with the exception of little gull. However, in some 
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species this was only available for a limited number of species. The survival and productivity 
rates of sea ducks were largely lacking, with the exception of common eider. 
 
An estimate for age of recruitment was available for all of the seabird and sea duck species 
considered. There was considerably less information identified for the incidence of missed 
breeding and the rate of breeding dispersal (both of juveniles and adults). Elevated rates of 
natal dispersal were identified in northern fulmar, black-legged kittiwake, common gull, 
lesser black-backed gull, herring gull, arctic tern, common guillemot and black guillemot. 
However, these processes are likely to vary between colonies. Therefore the reported rates 
should not be used without applying some degree of qualitative interpretation. 
 
There was substantial evidence that populations of seabirds and sea ducks exhibit 
compensatory density-dependent regulation on survival, productivity, recruitment and 
dispersal processes. However, in specific species and populations there was also clear 
evidence that depensatory density-dependent regulation operates on the rate of productivity. 
Depensation was reported in almost two times the number of studies that reported 
compensation as a mechanism regulating productivity rates. This positive feedback 
mechanism on the population size has the potential to be highly destabilising.  
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Glossary 
 
Age-class – A group of individuals from the same species that are of similar age. Age-
specific demographic parameters are detailed within each species account and 
accompanying material where possible. The age classes considered in this report are as 
follows; juvenile (fledging year), immature (years between the fledging year and recruitment), 
adult (breeding age bird) and senior.  
 
Demographic parameter - A factor that determines the population size. The most important 
demographic parameters for seabirds and sea ducks are; survival, productivity, recruitment, 
dispersal and incidence of breeding. 
 
Density-dependence - The influence of population size or density on one or more 
demographic parameters. This report considers density-dependent regulation acting as 
either compensatory (a negative feedback with population size) or depensatory (a positive 
feedback with population size). 
 
Dispersal – Annual rate of permanent migration from the natal (hatching) or breeding 
population. 
 
Estimation method – The modelling structure used to estimate recapture rates. This can be 
constant (CR) or varying (VR) through time. In long-term studies, recovery or re-sighting 
rates may change (e.g. caused by changes in reporting, protection laws or re-sighting effort). 
The influence of this process on the estimation of survival will depend on whether the rates 
were modelled as constant over time or time-dependent. 
 
Family – A scientific taxonomy grouping level, indicating species that typically share similar 
demographic and ecological traits. The family is detailed for each species in the 
accompanying material to aid matching of demographic rates between similar species. 
 
Incidence of missed breeding – Annual rate of breeding age birds that do not attempt to 
breed. 
 
Key Site - The Seabird Monitoring Programme (SMP) has established a UK and Ireland-wide 
network of four 'Key Site' colonies; Skomer, Canna, Fair Isle and the Isle of May. 
 
Mark-recapture – A technique used to estimate survival rates by re-capturing or re-sighting 
the identification rings on live birds. 
 
Productivity - The annual population estimate of number of chicks fledged per pair. 
 
Recruitment – The mean age that an individual from a population finishes deferred 
reproduction and recruits into the breeding population. 
 
Ring-recovery – A technique used to estimate survival rates by recovering of identification 
ring from dead birds. 
 
Standard deviation of the demographic process – When a demographic parameter is 
estimated to vary through time either with or without a trend, an estimation of the range is 
given as the standard deviation of the process (SDp). For a single study this is the reported 
standard deviation, and for multiple studies this is the mean of the standard deviations or the 
standard deviation of the point estimates, whichever is larger. 
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Standard error of the confidence - When a demographic parameter is estimated to be 
constant through time, the confidence associated with this point estimate is given as the 
standard error of the estimate (SEe). 
 
Survival - The annual population estimate of number of individuals that survive from one 
breeding season to the next. 
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1. Introduction 
 
The interaction between seabirds and offshore renewable energy developments has 
received considerable attention in recent years. Negative consequences include birds 
colliding with turbines, being displaced from their feeding grounds and wind farms acting as 
barriers (e.g. Drewitt & Langston 2006; Everaert & Stienen 2007; Johnston et al 2014). In 
order to assess the potential impacts of proposed new developments, population models are 
used to predict how a population is likely to change following their construction. The type of 
population model employed has largely depended on the quantity and precision of the 
demographic data available, and it is currently unclear how many UK seabird and sea duck 
species have sufficient data to support the development of species specific models. 
 
In some cases, a stochastic Leslie matrix model (Caswell 2001) has been used to assess 
the potential impacts of offshore renewable developments on seabird and sea duck 
populations. However, for populations that have been intensively studied, more recent 
methods have also been used. A limited number of population studies have also included a 
compensatory density-dependent response (e.g. Freeman et al 2014). This negative 
feedback on population size operates to offset the losses of individuals from the population, 
for example, a lowered population density may cause a temporary increase in survival or 
productivity in the remaining individuals, supporting an increase in the population size back 
towards the long-term average. The use of density-independent population models has 
generally been considered to be a precautionary approach. However, among certain 
species, particularly gulls, the influence of density-dependent regulation on demographic 
rates can also appear as a positive feedback on population size, i.e. it acts as a depensatory 
mechanism. This mechanism can act to accelerate further population decline and has the 
potential to be highly destabilising.  
 
This report presents individual species accounts for a selection of British seabirds, sea 
ducks, divers and grebes. Each account gathers the most up to date published estimates on 
the following demographic parameters: age-specific survival, age-specific productivity, age 
of recruitment, incidence of missed breeding, and natal and adult breeding dispersal. 
Particular attention has been given to regional variation in demographic rates, indicating the 
extent to which estimates may be applied to other less-well studied colonies. Where 
possible, the intrinsic and extrinsic factors that influence demographic rates are also 
detailed. The reported rates should enable population models that assess the impacts of 
offshore wind farms to be developed as reliably and realistically as possible. Where sufficient 
data could not be gathered using UK examples, data from colonies outside of the UK have 
been presented, or a proxy species has been identified. The evidence for density-dependent 
regulation of seabird demographic rates is also reviewed using examples from the UK, as 
well as non-UK studies on similar species.  
 
2. Methodology 
 
The project steering group included representatives from the Statutory Nature Conservation 
Bodies and Marine Scotland Science. The species considered in this report were identified 
by the Project Steering Group as those most likely to be impacted by offshore renewable 
developments. An extensive review was conducted for each species of peer-reviewed, 
scientific literature using the ISI Web of Science database. Grey literature was also explored 
using the Google Scholar search engine. Each search was conducted using the species 
scientific name, common name and the demographic terms: survival, productivity OR 
breeding success, and recruitment. The search was focused on studies from the UK, but 
when UK information was lacking, the geographic scope was widened. The productivity of 
several species is monitored annually at four Seabird Monitoring Program (SMP) Key Sites: 
Canna, Isle of May, Fair Isle and Skomer. Annual reports for the SMP key sites were 
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obtained from http://jncc.defra.gov.uk/page-4467. For species where insufficient information 
was obtained through these channels, secondary literature sources were used: Cramp and 
Simmons (1977, 1983) Cramp (1985) and Baldassarre (2014). Where possible, all relevant 
articles were obtained in order to extract the relevant information from the text. To facilitate 
the comparison of demographic studies with different study periods the national population 
trajectory is detailed for each species. Trends were described based on national census data 
accessed from http://jncc.defra.gov.uk/page-3201 (JNCC 2014). 
 
2.1. Demographic rates for seabirds in the UK 

 
Survival rates are generally presented as annual estimates. When estimates for more than 
one colony were identified, the mean was estimated (weighted by the duration of each study) 
to represent survival across a broader geographic area. Age-specific survival rates are 
detailed where possible using the following age classes; juvenile (fledging year), immature 
(years between the fledging year and recruitment in to the breeding population), adult 
(breeding age bird) and senior. Where immature survival rates have been published as a 
single value between fledging and recruitment, these rates have not been converted into 
annual estimates. To construct age-specific models these rates will need to be split into 
annual rates that reflect the relevant age of recruitment. Caution should be applied when 
using these estimates to parameterise population models because survival rates of birds 
typically increase following the first year of life (Caughley 1977). A direct division of the 
immature survival rate into the recruitment time period is likely to be unrealistic. In the 
accompanying material, each survival estimate is presented with the methodology used for 
data collection. This is because the assumptions and biases associated with estimating 
survival rates from live recapture and dead recovery data differ (see Robinson & Ratcliffe 
2010 for review). The biggest difference being that estimates of survival from live recapture 
models will typically be confounded by permanent emigration (which is equivalent to death 
within the study, since the individual is no longer available for recapture). This means that 
survival estimates generated from these models will underestimate the ‘true’ survival rate by 
an amount proportional to the degree of dispersal. For breeding adults of some species (e.g. 
guillemot, puffin) sufficient effort to re-encounter individuals (e.g. Harris et al 2000a) will 
reduce this bias since there is a high degree of site fidelity once individuals recruit to the 
breeding population. For others species (e.g. Sandwich tern), a high degree of breeding 
dispersal is likely and this bias may be large (e.g. Ratcliffe et al 2008). Each survival 
estimate in the accompanying material is also presented with the methodology used for 
estimation. This is because the recovery or re-sighting rates in long-term studies can change 
with time (e.g. caused by changes in reporting, protection laws or re-sighting effort). The bias 
on the survival estimates will depend on whether the rates were modelled as constant or 
varying over time. Estimates modelled using variable recapture rates are likely to be more 
reliable. 
 
Productivity rates are expressed as the annual population estimate of number of chicks 
fledged per pair. Where rates of productivity were reported to increase with parental age or 
experience, annual estimates are also given for each age class separately. Regional trends 
in productivity rates were assessed using the analysis carried out by Cook and Robinson 
(2010). A regional mean and variance was estimated by using the grouping highlighted by 
Cook and Robinson (2010) to categorise the colony-specific rates detailed by Mavor et al 
(2008) and any more recent studies. For species where it was not possible to identify 
consistent regional trends, but reported large variation between colonies, colony-specific 
means were presented from Mavor et al (2008) and any more recent studies.  
 
The incidence of missed breeding is the proportion of breeding adults that may skip an 
individual breeding attempt, but continue to breed at the same colony in subsequent years. 
The rate of breeding dispersal represents the proportion of breeding age individuals that 

http://jncc.defra.gov.uk/page-4467�
http://jncc.defra.gov.uk/page-3201�
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migrate to breed at other colonies each year, and natal dispersal represents the proportion 
of individuals in a cohort that recruit into a breeding colony separate from their birth colony. 
These parameters are given as annual means to illustrate the potential biases associated 
with the specified estimates of survival and productivity. There is considerably less 
information available on both of these demographic processes, and they are likely to vary 
markedly between colonies depending on the local population trend and resource 
availability. To incorporate these mechanisms into population models would require some 
degree of qualitative interpretation. Unless specified, recruitment into the breeding 
population is given as the rounded modal (i.e. most common) value.  
 
All of the demographic parameters identified for each species of seabird and sea duck are 
detailed in the accompanying material. To assist the accessibility of this information the best 
available parameters for each species are presented in this report. When a process is 
estimated to vary temporally either with or without a trend, an estimation of the range is 
given as the standard deviation of the process (SDp). For a single study this is the reported 
standard deviation, and for multiple studies this is the mean of the standard deviations or the 
standard deviation of the point estimates, whichever is larger. The SDp of multiple studies 
will represent the average variability. When a process is estimated to be constant through 
time, the confidence associated with the point estimate is given as the standard error of the 
estimate (SEe). We suggest that, for population modelling purposes, values of ±2*SDp 
should approximately encompass much of the likely range of variation in each demographic 
parameter. 
 
Each demographic parameter is presented with a quality and representation score. To 
assess quality, the estimate is scored on the number of years considered by the study, the 
number of individuals included per year, and whether an estimation of the range or error is 
available with the point estimate. Representation is assessed at the national scale; the 
estimate is scored on whether the data is from the UK, includes recent data (<10 years old), 
and whether the trajectory of the study colony reflects the current UK population trend. For 
example, if a study is based on more than 5 years but the population trajectory changed 
during the study period or does not match the current UK trend, the estimate may receive a 
good data quality score but a poor representation score (conditional on the other criteria). 
Each criterion receives a 0 for “no”, 1 for “partially/unknown and therefore requiring further 
evaluation”, and 2 for “yes”; scoring quality and representation individually out of 6. The 
itemisation of the scores for each species is detailed on the second worksheet of the 
accompanying material. 
 
3. How to use this report 
 
When interpreting the individual species accounts, it is worth considering that long-term 
studies and those that include several locations are likely to give more reliable parameter 
values and be more representative of the inherent variability in these. Estimates based on 
more than one study are identified in bold in the summary table (Table 33). When selecting 
values to parameterise population models some qualitative interpretation of the local 
population trends should also be employed. For species where regionally specific values are 
recommended in the species account, preference should be given to rates from colonies that 
have the same population trajectory, as opposed to colonies that are closely distributed. 
 
The assessment of model validity is an essential part of model parameterisation. The model 
output should be heavily evaluated against the current population trend. If the model does 
not realistically recreate the local population trend alternative parameter values should be 
considered. Different modelling frameworks (e.g. stochastic) should also be explored if the 
quantity and precision of the demographic data available are sufficient.  
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4. Quality Assurance 
 
An extensive and consistent search of the relevant literature was undertaken by using 
standardised search terms that were applied to all species. The data in the accompanying 
material and the body of text presented in this report have been subjected to an internal 
review by a senior BTO scientist. An earlier version of the report was commented on by the 
project steering group and all comments were incorporated in the final version. Additional 
spot-checking between the accompanying material and the report was conducted by Sue 
O’Brien (JNCC). 
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5. Species-specific accounts of demographic rates in 
seabirds 

 
5.1 Sea ducks 
 
5.1.1. Greater scaup (Aythya marila) 
 
Table 1. Recommended estimates of demographic rates for the greater scaup. 

Demographic parameter Mean SDp SEe 
Data 
quality 

Data 
representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 0.400   3 1 
Adult survival 1 0.810  0.038 5 1 
Productivity 1    
 0.570  0.120 5 1 

Age of recruitment 2    
 2   4 2 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Flint et al 2006; 2Dementiev & Gladkov 1952, cited by Cramp & Simmons 1977. 
 
Recommended demographic rates  
Published estimates of survival are largely from breeding populations in North America and 
Iceland. These include a mark-recapture study (Flint et al 2006) and two other studies where 
the methods were not detailed (Boyd 1962; Austin et al 2000). Juvenile survival rates have 
not been empirically measured but have been estimated based on productivity and 
population size data (Flint et al 2006). At present there are not sufficient data to explore 
regional variation in survival rates, therefore population models will have to assume the 
reported estimates of survival to be representative more broadly. 
 
Estimates of local productivity are also limited to a few non-UK studies (see accompanying 
material greater scaup). Further matching of local population trends is recommended in 
order to assess the suitability of these estimates for modelling UK birds. At present there are 
not sufficient data to explore regional variation in productivity rates, and population models 
will have to assume the reported estimates to be representative more broadly. 
 
Published information on the age of recruitment for greater scaup is relatively old and not 
based on UK data. Furthermore, the reported estimates differ; recruitment occurs at age 1 
(Delacour 1959) or 2 years (Dementiev & Gladkov 1952, cited by Cramp & Simmons 1977). 
It was not possible to verify the corresponding population trend for these estimates. The 
older age is presented in Table 1 because it matches the estimates reported for other sea 
ducks (Tables 1-6). Information on natal and adult dispersal and the incidence of missed 
breeding is lacking. As a proxy for the incidence of missed breeding it may be appropriate to 
use estimates based on common eider (Table 2), however further matching of local 
population trends is recommended in order to assess the suitability of these estimates. 
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There is large disparity between the rates of breeding dispersal identified for the sea ducks 
(Tables 1-6). The application of these rates across multiple different species is not 
recommended. 
 
Population trend in UK 
The greater scaup is a UK BAP species and a red-list Bird of Conservation Concern. In the 
UK they breed in low numbers, but the winter population is supplemented from Iceland, 
Fennoscandia and Russia (Wernham et al 2002). Winter densities are highest in Northern 
Ireland and Scotland (Kirby et al 1993). Numbers in the UK decreased between the late 
1980s and early 2010s (Austin et al 2014). 
 
Factors influencing survival rates 
Populations of greater scaup in Canada are declining and the possible drivers of local 
survival are reviewed by Austin et al (2000).  
 
Factors influencing productivity rates 
Populations of scaup in Canada are declining and the possible drivers of local productivity 
are reviewed by Austin et al (2000) and Baldassarre (2014).  
 
Knowledge gaps 
The demographic parameters of greater scaup are poorly resolved for the UK and 
information on the incidence of missed breeding and rates of dispersal are lacking. In the 
absence of a focused ringing or monitoring program in the UK it will be difficult to improve 
these estimates based on local data. 
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5.1.2. Common eider (Somateria mollissima) 
 
Table 2. Recommended estimates of demographic rates for the eider. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 0.200   2 2 
Adult survival (>2 year) 2-3 0.886 0.009  6 4 
Productivity 4-6  

  
 0.379 0.470  5 1 

Age of recruitment  1,7  
  

 3   3 1 
Incidence of missed breeding 2  

  
 0.200 0.141  4 2 
Breeding dispersal  

  
Natal -   - - 
Adult 3 0.012   4 3 
1Sperduto et al 2003; 2Coulson 1984; 3Hario et al 2009; 4Sweenen 1991; 5Hario & Rintala 2006; 6Lehikoinen et al 
2006; 7Christensen 1999. 
 
Recommended demographic rates 
The published estimates of survival for UK common eiders are relatively old (Coulson 1984). 
There are a number of more recent studies on populations outside of the UK (see 
accompanying material for common eider), however the local population trends for these 
studies could not be identified, and further evaluation is needed to assess their suitability for 
modelling UK eiders. The estimate given for Finland (Hario et al 2009) was similar to the UK 
estimate, and therefore these studies were combined to give the estimate of adult survival in 
Table 2. At present there are not sufficient data to explore regional variation in survival rates, 
therefore population models will have to assume the reported estimates to be representative 
more broadly. Sperduto et al (2003) estimated juvenile survival by combining data on similar 
species. There is some disparity between the estimate of adult survival given by Sperduto et 
al (2003) and the estimate in Table 2. Therefore caution should be applied when using their 
estimate of juvenile survival to model UK common eider.  
 
Estimates of productivity are also limited to a few non-UK studies that indicate productivity 
can vary substantially between breeding sites (see accompanying material for common 
eider). Further matching of local population trends is recommended in order to assess the 
suitability of these estimates for modelling UK birds. 
 
Eiders are thought to start breeding between the age of 2 and 4 years (Christensen 1999; 
Sperduto et al 2003). It was not possible to verify the corresponding population trend for 
these estimates; however the mean age is similar to the other estimates reported for sea 
ducks (Tables 1-6). Outside of the UK, females are thought to remain site faithful once they 
have recruited (Hario et al 2009). Information on natal dispersal is lacking. The incidence of 
intermittent breeding among eiders was found to increase in relation to population size 
(Coulson 1984).  
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Population trend in UK 
The density of eiders breeding in the UK is greatest along coastal Scotland and Northern 
Ireland. During the winter, densities are supplemented by birds of continental origin (Baillie & 
Milne 1989), and concentrations are highest in south-east Scotland (especially the Firths of 
Tay and Forth), Cumbria and eastern UK, with smaller numbers also occurring in sheltered 
locations in western Scotland. Breeding and non-breeding numbers increased markedly 
during the last century (Kirby et al 1993), but more recently, numbers have declined (Austin 
et al 2014). 
 
Factors influencing survival rates  
Outside of the UK, adult survival does not show spatial or temporal variation (Alaska, Wilson 
et al 2007). However, large scale mortality events have been linked to the over exploitation 
of food resources (Camphuysen et al 2002), as well as epidemic disease (i.e. avian cholera) 
(Tjørnløv et al 2013). 
 
Factors influencing productivity rates 
Productivity increases with age (Baillie & Milne 1982). Local productivity rates have also 
been linked to winter climate (Lehikoinen et al 2006), parent quality, nest location (Bolduc et 
al 2005) and salinity (DeVink et al 2005). Productivity rates are also reported to decrease as 
local population densities increase (Hario & Rintala 2006), and levels of nest predation by 
gulls increases (Mendenhall & Milne 1985; Mawhinney et al 1999; Donehower & Bird 2008). 
Clutch size has also been negatively linked to population size (Coulson 1999).  
 
Knowledge gaps  
Information on breeding dispersal and incidence of missed breeding is lacking. To improve 
the data quality scores on the age of recruitment and the incidence of missed breeding 
would require intensive monitoring. 
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5.1.3. Goldeneye (Bucephala clangula) 
 
Table 3. Recommended estimates of demographic rates for the goldeneye. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival 1 0.770   3 1 
Productivity 2    
 0.365   2 1 

Age of recruitment 1-2    
 3   5 1 
Incidence of missed breeding 1-3    
 Some   - - 
Breeding dispersal    
Natal  -   - - 
Adult 3-5 0.564 0.125  5 1 
1Dow & Fredga 1984; 2Eadie et al 1995; 3Milonoff et al 2002; 4Dow & Fredga 1983; 5Johnson 1967. 
 
Recommended demographic rates  
There are no published estimates of survival for goldeneye in the UK. The estimates of 
survival published by Dow and Fredga (1984) are based on Swedish breeding populations, 
and the local population trend could not be identified. Therefore further matching of local 
population trends is recommended in order to assess the suitability of these estimates for 
modelling UK goldeneye. At present there are not sufficient data to explore regional variation 
in survival rates, therefore population models will have to assume the estimate of adult 
survival from Sweden to be representative more broadly. 
 
Estimates of productivity are lacking because it is difficult to follow chicks after the brood has 
left the nest site. Chick mortality is highest in the first week following hatching (Paasivaara & 
Pöysä 2007) and two non-UK studies estimate productivity to 15 days (Milonoff & Paananen 
1993; Eadie et al 1995). Nest success rates are also reviewed in Baldassarre (2014). Brood 
survival is low, but it is thought to vary with geographic location and year (Baldassarre 2014). 
Therefore, colony-specific rates may be more suitable than a national average when 
parameterising population models for this species. Further matching of local population 
trends is recommended in order to assess the suitability of the non-UK estimates for 
modelling UK goldeneye. The values in Table 3 are presented for consideration as national 
values when parameterising population models for this species. 
 
Published information on the age of recruitment for goldeneye is relatively old and not based 
on UK data (Dow & Fredga 1984). It was not possible to verify the corresponding population 
trend for this estimate; however the age is similar to the other estimates reported for sea 
ducks (Tables 1-6). Some incidence of missed breeding is reported by Dow and Fredga 
(1984), Eadie et al (1995) and Milonoff et al (2002), however the rate has not been  
quantified at the population-level. Breeding dispersal for females is relatively high (Johnson 
1967; Dow & Fredga 1983; Eadie et al 1995). Furthermore, females that did not breed 
successfully were more likely to change nesting sites, although distances moved were 
typically less than 1km (Dow & Fredga 1983). Information on natal dispersal is lacking but 
thought to be lower for females than males (Dow & Fredga 1983). For the incidence of 
missed breeding it may be appropriate to use estimates based on eider. Further matching of 
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local population trends is recommended in order to assess the suitability of these estimates. 
There is large disparity between the rates of breeding dispersal identified for the sea ducks 
(Tables 1-6). Therefore the application of these rates across multiple different species is not 
recommended. 
 
Population trend in UK 
A small population of goldeneye breed in Scotland (Musgrove et al 2013). Birds winter in 
both freshwater and coastal habitats, and coastal, winter densities are highest in Scotland 
(Campbell et al 1986). Numbers in the UK declined between 1986 and 2012 (Austin et al 
2014). 
 
Factors influencing survival rates  
The drivers of survival for goldeneye have not been identified. 
 
Factors influencing productivity rates 
Outside of the UK, first time breeders have smaller clutches (Dow & Fredga 1984; Milonoff et 
al 2002). Local productivity has been linked to lay date (Dow & Fredga 1984) and availability 
of nest sites (Pöysä & Pöysä 2002). Productivity rates are reported to be negatively 
influenced by predation (Andersson & Eriksson 1982; Dow & Fredga 1984), and clutch size 
(Eriksson 1979), but increase with chick body mass (Paasivaara & Pöysä 2007). There was 
no evidence for an effect of temperature and rainfall (Paasivaara & Pöysä 2007).  
 
Knowledge gaps 
The demographic rates for the UK population of goldeneye are largely unknown. Outside of 
the UK, productivity and survival rates are also poorly resolved and estimates of breeding 
dispersal and the incidence of missed breeding are lacking. In the absence of a focused 
ringing or monitoring program in the UK it will be difficult to improve these estimates based 
on local data. 
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5.1.4. Long-tailed duck (Clangula hyemalis) 
 
Table 4. Recommended estimates of demographic rates for the long-tailed duck. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival 1-2 0.730 0.014  5 1 
Productivity 3    
 1.900 0.660  5 1 

Age of recruitment 4    
 2   2 1 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Boyd 1962; 2Schamber et al 2009; 3Bengtson 1972; 4Cramp & Simmons 1977. 
 
Recommended demographic rates  
In the absence of a focused UK program on long-tailed duck, local survival and productivity 
rates are largely unknown. Published estimates are from breeding populations in Iceland 
(survival - Boyd 1962; productivity - Bengtson 1972; see accompanying material for long-
tailed duck). The local population trend could not be identified for these studies, and there is 
no evidence to suggest that the UK population and the Icelandic population overlap on 
wintering grounds (Wernham et al 2002). Estimates based on the other sea duck species 
may therefore be more appropriate for parameterising population models on this species 
(Tables 1-6). Further matching of local population trends is recommended in order to assess 
the suitability of these estimates. 
 
Published information on the age of recruitment for long-tailed duck is relatively old and not 
based on UK data (Cramp & Simmons 1977). It was not possible to verify the corresponding 
population trend for this estimate; however the age is similar to the other estimates reported 
for sea ducks (Tables 1-6). Information on breeding dispersal and the incidence of missed 
breeding is lacking. The paucity of ring-recoveries and lack of reliable offshore counts means 
that little is known about site fidelity in this species between winters. As a proxy for the 
incidence of missed breeding it may be appropriate to use estimates based on eider, 
however further matching of local population trends is recommended in order to assess the 
suitability of these estimates. There is large disparity between the rates of breeding dispersal 
reported for the other sea ducks. Therefore the application of these rates across multiple 
different species is not recommended. 
 
Population trend in UK 
The long-tailed duck is a winter visitor to the UK, breeding in northern Eurasia and North 
America. Winter densities are highest in the east coast firths of Scotland, but birds also 
overwinter on Shetland, Orkney and the Outer Hebrides (Campbell et al 1986). In the 
absence of targeted monitoring, exact population trends are unknown (Austin et al 2014). 
Numbers were thought to be relatively stable in the 1980s (Kirby et al 1993) but have shown 
signs of decline in recent decades (Austin et al 2014). 
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Factors influencing survival rates  
Mortality in fixed fishing nets can be substantial (Bengtson 1972).  
 
Factors influencing productivity rates 
Local productivity rates have been linked to predation (Alison 1975).  
 
Knowledge gaps 
Information on age of recruitment, incidence of missed breeding and rates of dispersal are 
lacking. In the absence of a focused ringing or monitoring program in the UK it will be difficult 
to improve these estimates based on local data. 
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5.1.5. Common scoter (Melanitta nigra) 
 
Table 5. Recommended estimates of demographic rates for the common scoter. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 0.749  0.056 3 1 
Adult survival 1 0.783  0.032 3 1 
Productivity 2    
 1.838 1.184  5 1 

Age of recruitment 3    
 3   3 2 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  0.123  0.040 4 1 
1Fox et al 2003; 2Gardarsson and Einarsson 2004; 3Bengtson 1972; 4Cramp and Simmons 1977. 
 
Recommended demographic rates  
In the absence of a focused UK program on common scoter, local survival and productivity 
rates are largely unknown. Published estimates are from breeding populations in Iceland 
(survival - Fox et al 2003; productivity - Bengtson 1972; Gardarsson & Einarsson 2004; see 
accompanying material for common scoter), where a male-biased sex ratio was noted 
(Bengtson 1972). The local population trend could not be identified for these studies, and 
consequently the estimates given in Table 5 received low data quality and representation 
scores. The Icelandic population considered by Bengtson (1972) are likely to overlap with 
the UK breeding population on wintering grounds (Wernham et al 2002), and therefore both 
populations may experience the same drivers influencing their survival rates. The estimate of 
juvenile survival appeared very high compared to the rates identified for the other sea duck 
species (Tables 1-6). Therefore when parameterising population models for common scoter 
it may be more appropriate to use estimates of juvenile survival from similar species, such 
as common eider (Table 2).  
 
Published information on the age of recruitment for common scoter is relatively old and not 
based on UK data (Cramp & Simmons 1977). It was not possible to verify the corresponding 
population trend for this estimate; however the age is similar to the other estimates reported 
for sea ducks (Tables 1-6). Female breeding dispersal is thought to be relatively low (Fox et 
al 2003), but information on natal dispersal and the incidence of missed breeding is lacking. 
As a proxy for the incidence of missed breeding it may be possible to use estimates based 
on common eider (Table 2), however further matching of local population trends is 
recommended in order to assess the suitability of these estimates. There is large disparity 
between the rates of breeding dispersal reported for the other sea ducks (Tables 1-6). 
Therefore the application of these rates across multiple different species is not 
recommended. 
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Population trend in UK 
The common scoter is a UK BAP species and a red-list Bird of Conservation Concern. They 
breed in low numbers in western and northern Scotland (Gibbons et al 1993), but the 
wintering population is inflated with birds that breed in western Siberia and western and 
northern Europe. Winter densities are highest in coastal areas; the Carmarthen Bay, 
Liverpool Bay, the Moray and Dornoch Firths and the Firth of Forth (Kirby et al 1993). During 
the 1980s numbers were thought to be relatively stable, although declines were noted in the 
Moray Firth (Kirby et al 1993). More recent trends were not identified. 
 
Factors influencing survival rates  
The drivers of survival for common scoter have not been identified. 
 
Factors influencing productivity rates  
Outside of the UK, local productivity rates are negatively influenced by decreased food 
availability, severe weather and avian predation (Cramp & Simmons 1977; Gardarsson & 
Einarsson 2004).  
 
Knowledge gaps 
Information on age of recruitment, incidence of missed breeding and rates of dispersal are 
lacking for this species. In the absence of a focused ringing or monitoring program in the UK 
it will be difficult to improve these estimates based on local data. 
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5.1.6. Velvet scoter (Melanitta fusca) 
 
Table 6. Recommended estimates of demographic rates for the velvet scoter. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival 1 0.773  0.018 4 1 
Productivity 2    
 0.350 0.058  3 1 

Age of recruitment 3    
 2   2 2 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult 4 0.688   2 1 
1Krementz et al 1997; 2Traylor et al 2004; 3Hartman et al 2013 4Brown & Brown 1981. 
 
Recommended demographic rates  
In the absence of a focused UK program on velvet scoter, local survival and productivity 
rates are largely unknown. Published estimates of adult survival are based on similar 
species (Garthe & Hüppop 2004), or were not published with the methodology used for 
estimation (Krementz et al 1997). Similarly, the majority of published estimates for 
productivity are relatively old and not based on UK data (Hildén 1964; Waaramaki 1968, 
cited by Cramp & Simmons 1977; see accompanying material for velvet scoter). The value 
of productivity given in Table 6 reflects estimates from Canada. Further matching of local 
population trends is recommended in order to assess the suitability of these estimates for 
modelling the UK population. The estimates of survival and productivity identified for the 
other sea duck species should also be considered when parameterising population models 
for this species (Tables 1-6).  
 
The published estimates for the age of recruitment differ; birds recruit to the breeding 
population at age 2 (Hartman et al 2013) or 3 years (Cramp & Simmons 1977). Both of these 
values were identified as the modal age for the other sea duck species (Tables 1-6). It was 
not possible to verify the corresponding population trend for these estimates and therefore 
the more recent estimate is reported in Table 6. There is some relatively old information on 
the dispersal of breeding adults from outside of the UK (Brown & Brown 1981). However, 
information on natal dispersal and the incidence of missed breeding are lacking. As a proxy 
for the incidence of missed breeding it may be appropriate to use estimates based on 
common eider (Table 2), however further matching of local population trends is 
recommended in order to assess suitability.  
 
Population trend in UK 
The velvet scoter is a winter visitor to the UK, breeding in Scandinavia and Siberia. Winter 
densities are highest in the Moray Firth and St Andrews Bay (Kirby et al 1993). However, in 
the absence of targeted monitoring, exact population trends are unknown (Austin et al 2014). 
Regional differences in population change emerged in the 1980s (Kirby et al 1993), and 
signs of decline have been noted in recent decades (Austin et al 2014).  
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Factors influencing survival rates  
Survival rates were not related to concentrations of heavy metals (Wayland et al 2008), but 
mortality in fixed fishing nets can be locally substantial (Stempniewicz 1994). 
 
Factors influencing productivity rates 
Local productivity rates have been linked to lay dates and brood size (Traylor & Alisauskas 
2006). Productivity rates increase during years with favourable weather conditions (Hildén 
1964; Traylor & Alisauskas 2006), but decrease in response to predation from mink 
(Nordström et al 2002) and gulls (Finland, Mikola et al 1994). Local productivity may also 
decline at high population densities (Hartman et al 2013).  
 
Knowledge gaps 
Information on juvenile and immature survival, age of recruitment, incidence of missed 
breeding and rates of dispersal are lacking. In the absence of a focused ringing or 
monitoring program in the UK it will be difficult to improve these estimates based on local 
data. 
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5.2 Divers 
 
5.2.1. Red-throated diver (Gavia stellata) 
 
Table 7. Recommended estimates of demographic rates for the red-throated diver. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 
0.600   2 1 

Immature survival (1-2 year) 1 0.620   2 1 
Adult survival (>3 year) 1-2 

0.840  0.074 4 2 
National-average productivity 3-4  

  
 0.571 0.222  6 3 

Age of recruitment 5  
  

 3   4 3 
Incidence of missed breeding  

  
 -   - - 

Breeding dispersal  
  

Natal -   - - 
Adult 6 0.250   2 3 
1Hemmingsson & Eriksson 2002; 2Schmutz 2014; 3Gomersall 1986; 4Booth 1999; 5Okill 1994; 6Okill 1992. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on red-throated diver, there are no 
published estimates of local survival rate. Outside of the UK, published estimates include a 
ring-recovery study from Sweden (Hemmingsson & Eriksson 2002) and a mark–recapture 
study from Alaska (Schmutz 2014). Both of these studies are based on stable populations. 
The Swedish population considered by Hemmingsson and Eriksson (2002) is likely to 
overlap with the UK breeding population on wintering grounds (Wernham et al 2002). 
Therefore both populations may experience the same drivers influencing their survival rates. 
The estimate of adult survival given in Table 7 combined both of these studies and is 
recommended for modelling stable populations of red-throated diver, such as Shetland and 
the Hebrides (Dillon et al 2009). When constructing population models for populations that 
are increasing (i.e. Scottish Mainland and the Orkneys) these survival estimates may not be 
suitable. Regional differences in population trend should be considered when interpreting 
the outputs of any models parameterised with these values. Juvenile and immature survival 
rates are poorly resolved due to small sample sizes. Hemmingsson and Eriksson (2002) did 
not exclude birds ringed as non-fledged chicks, which may cause values to be slightly 
underestimated. However, the quoted rates appear to be higher than those identified for the 
black-throated and great northern diver (Table 8; Table 9). These rates should be used with 
caution in population models, and it may be more suitable to use values estimated for great 
northern diver (Table 9). 
 
The rate of productivity given in Table 7 is calculated from all the UK estimates listed in the 
accompanying material for red-throated diver. Although this estimate is derived from 
relatively old studies where the underlying population trajectory could not be verified, the 
value is similar to the estimate reported for the stable population breeding in Alaska (Rizzolo 
et al 2014). In the UK, regional differences in population trends have been reported (Dillon et 
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al 2009), but regional trends in productivity have not been investigated (e.g. Cook & 
Robinson 2010). Colony-specific rates may be more suitable than a national average when 
constructing population models. These should be selected based on the local population 
trajectory. For example, the estimates given by Booth (1999) may be more suitable for 
modelling populations with increasing trends than those given by Gomersall (1986) (see 
accompanying material for red-throated diver).  
 
Based on a small sample size, birds first breed at age 3 although some may also attempt to 
breed at age 2 (Okill 1994). This age of recruitment is lower than the estimates identified for 
black-throated and great northern diver (Table 8; Table 9). Some qualitative interpretation of 
the local population trends should be employed when parameterising this value in population 
models, and the age of recruitment reported for black-throated or great northern divers may 
be more suitable (Table 8; Table 9). In the UK, dispersal of breeding adults is high (Okill 
1992), but information on natal dispersal is generally lacking. Hemmingsson and Eriksson 
(2002) report some fidelity to the natal colony, however small sample sizes prevented 
reliable estimation of emigration rates. 
 
Population trend in UK 
The number of breeding pairs in Orkney and north and west Scotland increased between 
1994 and 2006. During the same time period, populations in Shetland and the Hebrides 
numbers remained relatively stable (Dillon et al 2009). Birds overwinter in coastal and near 
offshore waters around the UK and the population are inflated by individuals from 
Scandinavia and Greenland (Wernham et al 2002). The number of red-throated divers 
wintering in the UK was relatively stable between the mid-1990s and 2005, but increased 
between 2005 and 2012 (Austin et al 2014). 
 
Factors influencing survival rates 
Outside of the UK, local survival rates have been linked to the marine environment, and 
decrease at high values of the Pacific Decadal Oscillation (i.e. survival rates are lower 
following warmer sea temperatures and stronger winds, Schmutz 2014).  
 
Factors influencing productivity rates 
Outside of the UK, local productivity rates have been linked to flooding risk (Eberl & Picman 
1993; Douglas & Reimchen 1988), human disturbance (Rizzolo et al 2014) and predation by 
foxes (Douglas & Reimchen 1988; Rizzolo et al 2014). 
 
Knowledge gaps 
Adult survival rates for the UK population of red-throated diver are currently unknown, and 
are poorly resolved for populations outside the UK. Juvenile and immature survival rates are 
also poorly resolved. There is little information on the incidence of missed breeding and natal 
dispersal. The estimate for age of recruitment is also based on a small sample size. Further 
analysis of colour-marking data from Shetland and Orkney may help improve these 
estimates. 
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5.2.2. Black-throated diver (Gavia arctica) 
 
Table 8. Recommended estimates of demographic rates for the black throated-diver. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1  0.400   2 1 
Adult survival (>2 year) 1-2 0.817 0.064  4 1 
National-average productivity 3-8  

  
 0.425 0.292  6 4 

Age of recruitment 9    
 5   3 1 

Incidence of missed breeding  
- - 

 -   - - 
Breeding dispersal  

  
Natal -   - - 
Adult -   - - 
1Hemmingsson & Eriksson 2002; 2Nilsson 1977; 3Mudge & Talbot 1993; 4Hancock 2000; 5Sharrock 1976; 
6Jackson 2003; 7Bundy 1979; 8Thom 1986; 9Lehtonen 1970. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on black-throated diver, there are no 
published estimates of local survival rate. The estimates of survival published by 
Hemmingsson and Eriksson (2002) and Nilsson (1977) are based on Swedish breeding 
populations. Although the local population trend could not be identified for either of these 
studies, the wider European and UK breeding populations were both increasing during the 
1990s (Hemmingsson & Eriksson 2002; Austin et al 2014). The rates of survival estimated 
by Hemmingsson and Eriksson (2002) are constrained by very small sample sizes; 
therefore, despite the study being considerably older, the estimate reported by Nilsson 
(1977) was also included when calculating the estimate of adult survival given in Table 8. 
Regional variation in the survival rates of black-throated diver has not been investigated. At 
present there are not sufficient data to model colony-specific survival rates, therefore 
population models will have to assume that the estimate of adult survival from Sweden is 
representative more broadly. Juvenile survival rates are poorly resolved due to small sample 
sizes. Therefore it may be more appropriate to use survival estimates based on the other 
diver species to build population models for black-throated diver. 
 
Regional trends in population size and productivity rates have not been investigated (e.g. 
Cook & Robinson 2010). The average rate of productivity given in Table 8 is calculated from 
all of the UK estimates listed in the accompanying material for black-throated diver. Although 
these studies are relatively old, the UK population trend is not thought to have changed 
since the mid-1990s (Austin et al 2014). Furthermore, these studies considered large 
geographic areas and therefore should be representative more broadly.  
 
Published information on the age of recruitment for black-throated diver is also relatively old 
and not based on UK data (Lehtonen 1970, cited by Nilsson 1977). It was not possible to 
verify the corresponding population trend for this estimate; however the age is similar to the 
estimate reported for the great northern diver (Table 9). Hemmingsson and Eriksson (2002) 
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report some natal and adult site-fidelity, however very small sample sizes (n=3 birds tagged 
as adults; n=2 birds tagged as chicks) prevented reliable estimation of dispersal rates. The 
rates of dispersal given for red-throated or great northern diver should be considered when 
parameterising population models for black-throated diver (Table 7; Table 9). Further 
matching of local population trends is recommended in order to assess the suitability of 
these estimates for modelling UK birds. 
 
Population trend in UK 
The black-throated diver is a UK BAP species. The European population of black-throated 
divers increased during the 1990s (Hemmingsson & Eriksson 2002), and this trend has 
continued in the UK over the last decade (Austin et al 2014). More recent trends for outside 
of the UK could not be identified for this publication. 
 
Factors influencing survival rates 
The drivers of survival for black-throated diver have not been identified. 
 
Factors influencing productivity rates 
In the UK, local productivity rates have been linked to prey diversity (Jackson 2003, 2005) 
and floating artificial nesting rafts (Hancock 2000) 
 
Knowledge gaps 
The survival rates of black-throated diver in the UK are currently unknown, and are poorly 
resolved outside of the UK. Information on the incidence of missed breeding and dispersal is 
lacking, and the age of recruitment is based on relatively old data. In the absence of a 
focused UK ringing program on black-throated diver it will be difficult to improve these 
estimates using local data.  
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5.2.3. Great northern diver (Gavia immer) 
 
Table 9. Recommended estimates of demographic rates for the great northern diver. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Immature survival (0-3 year) 1 0.770  0.020 6 2 
Adult survival (>4 year) 1-2 0.870  0.078 6 2 
Productivity 3-6  

  
 0.543 0.170  6 1 

Age of recruitment 7  
  

 6   3 1 
Incidence of missed breeding 7  

  
 0.307   3 1 
Breeding dispersal  

  
Natal 1 

0.069   2 2 
Adult 2 

0.090 0.166  6 1 
1Piper et al 2012; 2Mitro et al 2008; 3Belant & Anderson 1991; 4Croskery 1991; 5Timmermans et al 2005; 6Grear 
et al 2009; 7Evers 2004.  
 
Recommended demographic rates  
The great northern diver is a winter visitor to the UK that breeds in Iceland. In the absence of 
a focused ringing program in Iceland, the local survival rates are largely unknown. Published 
estimates are limited to breeding populations in New England and Wisconsin; including a 
ring-recovery (Mitro et al 2008) and two mark–recapture studies (Mitro et al 2008; Piper et al 
2012). These studies identified drivers of survival that were similar to those identified to 
influence the productivity of black-throated diver in the UK; e.g. fluctuating water levels (UK – 
Hancock 2000; US – Piper et al 2002) and water chemistry (UK – Jackson 2005; US – Piper 
et al 2012). The estimates of survival in Table 9 appear to be higher than those identified for 
the other two species of diver. However, the higher data quality score attained by these 
studies indicates that they are likely to be more robust. The rates for juvenile and immature 
survival given by Piper et al (2012) are adjusted for natal dispersal and therefore the bias on 
true survival rate may be low. In America, adult survival rates are similar across different 
regions (Mitro et al 2008). Therefore, these rates may be suitable for modelling the 
population of great northern divers that winter in the UK.  
 
There is little published information on the productivity of great northern divers breeding in 
Iceland. Therefore the rate of productivity given in Table 9 reflects estimates from America 
and Canada (see accompanying material for great northern diver). One of the identified 
drivers of productivity in America and Canada is similar to that identified to influence black-
throated diver breeding in the UK; water chemistry (UK – Jackson 2005; US – Piper et al 
2012). Therefore this value may be suitable for modelling the productivity of UK birds.  
 
The mean age of first breeding is higher than identified for the other two species of diver 
considered (range 4-11 years; Evers et al 2000, cited by Evers 2004).  In America, adult and 
natal breeding dispersal is thought to be low (Mitro et al 2008; Piper et al 2012), and the 
incidence of missed breeding is thought to be high (Yonge 1981, cited by Evers 2004; Taylor 
& Vogel 2003, cited by Evers 2004).  
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Population trend in UK 
The wintering population increased during the late 1990s, but stabilised between 2000 and 
2012 (Austin et al 2014).  
 
Factors influencing survival rates 
Outside of the UK, local survival rates have been linked to water chemistry and lake size 
(Piper et al 2012), nest location and mercury levels (Mitro et al 2008). In America, survival 
rates do not appear to differ between the sexes (Mitro et al 2008). 
 
Factors influencing productivity rates 
Outside of the UK, local productivity rates have been linked to water chemistry, lake-size 
(Piper et al 2012) and population size (Evers 2004). 
 
Knowledge gaps 
The demography of great northern divers wintering in the UK is poorly resolved. In the 
absence of a focused ringing or monitoring program in Iceland it will be difficult to improve 
these estimates based on local data.  
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5.3 Procellariiformes 
 
5.3.1. Manx shearwater (Puffinus puffinus)  
 
Table 10. Recommended estimates of demographic rates for the Manx shearwater. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival 1 0.870 0.080  6 4 
Experience-specific productivity    
1st attempt 2 0.630 0.141  2 3 
>1 attempt 2 0.781 0.118  2 3 

Colony-specific productivity 
  

 
  

Rum 3 0.680 1.442  6 4 
Sanda 3 0.890 0.134  6 4 
Skomer 1 0.598 0.098  6 4 
Bardsey 3 0.810 0.032  6 4 

National-average productivity 1,3   
  

 0.697 0.426  6 4 

Age of recruitment 4    
 5   2 3 
Incidence of missed breeding 5    
 0.157   2 3 
Breeding dispersal    
Natal 6-7 Low   - - 
Adult 4 Low   - - 
1Büche et al 2013; 2Brooke 1978a; 3Mavor et al 2008; 4Harris 1966; 5Perrins et al 1973; 6Harris 1972; 7Brooke 
1978b. 
 
Recommended demographic rates  
The UK estimates of survival for Manx shearwater are largely limited to Wales (see 
accompanying material for Manx shearwater). They include a relatively old ring-recovery and 
mark-recapture study from Skokholm that adjusted the estimates of survival for the 
occurrence of skipped breeding (Perrins et al 1973). Therefore the bias on true survival rate 
may be low. More recent estimates include a mark-recapture analysis from Skomer (Büche 
et al 2013; Table 10). Regional variation in survival rates has not been investigated; 
therefore population models will have to assume the estimates of adult survival from Wales 
to be representative more broadly. Juvenile and immature survival rates are more difficult to 
resolve due to lower recovery rates. In Perrins et al (1973), the sample of years and 
individuals was too small for reliable conclusions to be drawn. More recent attempts to 
estimate survival during this life stage have not been made. 
 
Regional trends in productivity have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
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productivity to parameterise population models on this species (Table 10). The productivity 
of Manx shearwater is monitored annually at one SMP Key Site: Skomer, and long-term 
productivity estimates are given for three additional UK localities by Mavor et al (2008). 
 
The age of first breeding has been explored by aging Manx shearwaters ringed as young 
and later found with an egg (Harris 1966). The modal age was 5 years, however a large 
proportion were also 6 or 7 years old at first breeding.  Because some of the older birds in 
this study might have bred one or more seasons before being discovered, these results 
cannot be taken as definite ages of first breeding. Harris (1966) also reports that the modal 
age of first return following deferred reproduction occurs at 4 years old. Given that seabirds 
often prospect breeding sites during the year of first return, a modal age of first breeding at 5 
years appears to be sensible. Local incidence of missed breeding has been estimated on 
Skokholm (Perrins et al 1973), but this study is based on one year and is therefore unlikely 
to be representative more widely. Breeding dispersal of adult Manx shearwaters is low and 
any movements within a colony are usually short (Harris 1966; Perrins et al 1973). Natal 
dispersal also appears to be low (Skokholm, Harris 1972), especially for males (Skokholm, 
Brooke 1978b).  
 
Population trend in UK 
Manx shearwaters breed exclusively on islands, and of the UK population, 40% breed on 
Rum, and 50% in Pembrokeshire on the adjacent islands of Skomer, Skokholm and 
Middleholm. Exact population trends are difficult to verify because of the nocturnal and 
subterranean habit of this species (JNCC 2014). 
 
Factors influencing survival rates 
The drivers of survival for Manx shearwater have not been identified. 
 
Factors influencing productivity rates 
There is no evidence that local productivity rates are influenced by rainfall flooding burrows 
(Thompson & Furness 1991). On Skokholm, productivity of first time breeders was relatively 
low, stabilising from the second attempt (Brooke 1978a).  
 
Knowledge gaps 
Existing ring-recovery and sighting data should be sufficient to estimate adult survival rates 
away from Wales and investigate regional trends. Other active mark-recapture studies are 
on Rum and Copeland. There is little information on juvenile and immature survival rates, 
and breeding dispersal rates have not been quantified. Assuming low levels of natal 
dispersal, one approach would be to solve for juvenile survival based on other demographic 
parameters and population trend data from a regularly monitored site (e.g. Skomer). To 
improve the data quality scores on the incidence of missed breeding and the age of 
recruitment would require intensive monitoring. 
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5.3.2. Northern fulmar (Fulmarus glacialis) 
 
Table 11. Recommended estimates of demographic rates for the northern fulmar. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Immature survival (0-8 
years)1 0.260 0.150  6 1 
Adult survival 2 0.936 0.055  6 3 
Colony specific productivity    
Ailsa Craig 3 0.740 0.112  6 3 
Handa 3 0.460 0.124  6 3 
St. Kilda 3 0.280 0.072  6 3 
Canna 3 0.400 0.089  6 3 
Hermaness 3 0.410 0.124  6 3 
Burravoe 3 0.320 0.017  4 3 
Eshaness 3 0.420 0.089  6 3 
Noss 3 0.400 0.108  6 3 
Foula 3 0.390 0.000  4 3 
Troswick Ness 3 0.390 0.089  6 3 
Sumburgh Head 3 0.450 0.089  6 3 
Fair Isle 4 0.426 0.087  6 4 
North Ronaldsay 3 0.230 0.170  6 3 
Papa Westray 3 0.480 0.190  6 3 
Rousay 3 0.520 0.150  6 3 
Eynhallow 5 0.414 0.138  6 3 
Costa Head 3 0.470 0.124  6 3 
Mull Head 3 0.400 0.124  6 3 
Gultak 3 0.400 0.124  6 3 
Old Man, Hoy 3 0.450 0.133  6 3 
Wilkhaven 3 0.220 0.210  6 3 
Easter Ross 3 0.160 0.139  6 3 
Isle of May 6 0.346 0.101  6 4 
Tantallon 3 0.310 0.218  6 3 
Farne Islands 3 0.540 0.089  6 3 
Coquet Island 3 0.460 0.150  6 3 
Marsden Cliffs 3 0.230 -  4 3 
Peel Headlands 3 0.340 0.246  6 3 
Glen Maye 3 0.350 0.174  6 3 
Bardsey 3 0.740 0.112  6 3 
Skomer 7 0.327 0.131  6 4 

National-average productivity 3-7 
 

 
  

 0.419 0.127  6 4 
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Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age of recruitment 8    
 9   4 3 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal 9 0.915 0.035  5 3 
Adult 10-11 Low   - - 
1Jenouvrier et al 2003; 2Grosbois & Thompson 2005; 3Mavor et al 2008; 4Shaw et al 2010; 5Lewis et al 2009; 
6Newell et al 2010; 7Büche et al 2013; 8Ollason & Dunnet 1978b; 9Dunnet et al 1979; 10Macdonald 1977; 11Hatch 
1987. 
 
Recommended demographic rates  
The UK estimates of survival for northern fulmar are largely limited to Eynhallow, Orkney 
(see accompanying material for northern fulmar). They include two mark-recapture studies, 
conducted almost 30-years apart, that report similar estimates of adult survival (Dunnet & 
Ollason 1978a; Grosbois & Thompson 2005). The estimate of adult survival given in Table 
11 reflects the more recent study that utilises a longer time series (Grosbois & Thompson 
2005). Juvenile and immature survival rates are more difficult to resolve because few rings 
are recovered for these age-classes. As a proxy for survival between fledging and first return 
to the colony, it may be appropriate to use estimates based on southern fulmars (Jenouvrier 
et al 2003). Converted into an annual rate of survival (using the age of recruitment for 
southern petrel, 11±4 years, Jenouvrier et al 2003), the quoted rates for immature survival 
appear to be higher than the rates identified for the other species of seabird considered in 
this report (0.884). Therefore it may be more suitable to use juvenile survival estimates from 
other Procellariiform species. Regional variation in survival rates has not been investigated; 
however regional differences in population trends could not be wholly attributed to local 
differences in breeding success (Cook & Robinson 2010). At present there are not sufficient 
data to model colony-specific survival rates for northern fulmar, therefore population models 
will have to assume the estimates from Orkney are representative more broadly. It will be 
important to consider the regional differences in population trend as caveats of population 
models that are developed for colonies away from Orkney.  
 
Cook and Robinson (2010) could not identify consistent trends in the productivity of northern 
fulmar within the SMP and OSPAR regions. Consequently, it may be more suitable to use 
colony-specific rates of productivity to parameterise population models on this species 
(Table 11). The productivity of northern fulmars is monitored annually at all four SMP Key 
Sites: Isle of May, Canna, Fair Isle and Skomer, and long-term productivity estimates are 
given for 27 additional UK localities by Mavor et al (2008). 
 
Published information on the age of recruitment for northern fulmar is relatively old (Ollason 
& Dunnet 1978), and national census data indicate that the trajectory of the UK population 
has changed since this study; from increasing to decreasing (Austin et al 2014). Therefore 
caution should be applied when using the reported age to model current population trends 
(Table 11). The reported age is considerably higher than reported for other UK seabirds, but 
is similar to the closely related southern fulmar (11±4 years, Jenouvrier et al 2003). 
Consequently, the difference to the other seabirds may reflect life history strategy, as 
opposed to population trajectory. Some missed breeding is reported by Carrick (1954) and 
Ollason and Dunnet (1983), however small sample sizes prevented population rates being 
reliably quantified. Some tendency for individuals to skip breeding in response to 
environmental factors is reported for southern (Jenouvrier et al 2003) and northern fulmars 
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(Thompson & Ollason 2001). In the UK, the proposed mechanism is lower recruitment of 
sand eels during the previous winter (Thompson & Ollason 2001). Adult dispersal has not 
been quantified, but very high mate and site-fidelity indicates that this parameter is likely to 
be low (MacDonald 1977; Hatch 1987). In contrast, natal breeding dispersal is thought to be 
extremely high (Dunnet et al 1979). Although this estimate comes from a relatively old study, 
high levels of natal dispersal will strongly influence the subsequent population trajectory. 
This process requires consideration when building population models for this species. 
 
Population trend in UK 
The northern fulmar breeds throughout the British coastline, and national census data 
indicate that UK colonies rapidly increased between 1969 and 1998, stabilised between the 
late 1980s and early 2000s, and declined between 2000 and 2013 (JNCC 2014). The recent 
decline was attributed in part to a decline in discards from trawler fisheries. Regional 
differences in the rate of decline were identified in three discrete geographic areas; one 
surrounding the Irish Sea, one on the West coast of Scotland and one covering Orkney, 
Shetland and the East Coast of Scotland and Northern England (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Local survival has been linked to the marine environment, and decrease at high values of 
the winter Northern Atlantic Oscillation (i.e. survival rates are lower following warmer sea 
temperatures and stronger winds, Grosbois & Thompson 2005). Survival does not appear to 
differ between the sexes (Dunnet & Ollason 1978a).  
 
Factors influencing productivity rates 
Local productivity rates have been linked to parental age and quality (Dunnet & Ollason 
1978b; Ollason & Dunnet 1978; Lewis et al 2009), as well as lay dates (Hatch 1990). 
Productivity rates are also reported to be negatively influenced by a decrease in prey 
biomass (Grey et al 2003), and also decrease at high values of the winter Northern Atlantic 
Oscillation (i.e. productivity rates are lower following warmer sea temperatures and stronger 
winds, Thompson & Ollason 2001; Lewis et al 2009). There is no evidence that productivity 
depends on nesting density (Lewis et al 2009).  
 
Knowledge gaps 
Juvenile and immature survival rates are largely unknown, and high levels of natal dispersal 
will make this parameter difficult to deduce without multi-colony studies. However, this would 
also permit adult breeding dispersal to be quantified. The reported age of recruitment reflects 
a period when the population trajectory differed from the present day, and the incidence of 
missed breeding is not resolved. These parameters could potentially be examined using the 
long-term monitoring data from Orkney. 
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5.4  Gannet 
 
5.4.1. Northern gannet (Morus bassanus) 
 
Table 12. Recommended estimates of demographic rates for the northern gannet. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    
Juvenile survival (0-1 year) 1 0.424  0.007 6 3 
Immature survival (1-2 years) 1 0.829  0.004 6 3 
Immature survival (2-3 years) 1 0.891  0.003 6 3 
Immature survival (3-4 years) 1 0.895  0.003 6 3 
Adult survival (>5 year) 1 0.919 0.042  6 3 
Experience-specific productivity    
1st attempt 2 0.553  0.019 3 3 
2nd attempt 2 0.645   1 3 
3rd attempt 2 0.770   1 3 
>4th attempt 2 0.817   1 3 
Regional-specific productivity      
East 1-5 0.698 0.071  6 4 
West 3-4 0.710 0.105  6 4 

National-average productivity 1-3, 5 
 0.700 0.082  6 4 

Age of recruitment 1-2    
 5   5 3 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal -   - - 
Adult 6 Low   - - 
1Wanless et al 2006; 2Nelson 1966; 3Mavor et al 2008; 4Cook & Robinson 2010; 5Shaw 2010; 6Nelson 1965. 
 
Recommended demographic rates  
The survival rates of northern gannet in the UK are relatively well resolved and recent 
estimates include a ring-recovery analysis that considers regional differences in survival (see 
accompanying material for northern gannet). The identified differences were attributed to the 
relatively low number of individuals ringed as adults at colonies other than Bass Rock 
(Wanless et al 2006). Furthermore, regional differences in population trends were largely 
attributed to local differences in breeding success (Cook & Robinson 2010). Therefore, it 
may be sufficient to employ a national average for survival when parameterising population 
models for this species. The study by Wanless et al (2006) examined ten colonies in the UK 
and excluded ring-recoveries of birds found dead or recaptured alive at the colony. 
Therefore, the estimates of survival given in Table 12 are unlikely to be biased by natal or 
adult dispersal. 
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Regional trends in productivity rates were identified in two discrete geographic areas (Cook 
& Robinson 2010; Appendix S1 for map). The productivity of northern gannets is monitored 
annually at one SMP Key Site: Fair Isle, and long-term productivity is given for seven 
additional UK localities by Nelson (1966), Wanless et al (2006), Mavor et al (2008) and 
Shaw et al (2010) (see accompanying material for northern gannet). The range of 
productivity values given in Table 12 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Nelson 
(1966), Wanless et al (2006), Mavor et al (2008) and Shaw et al (2010). The published 
information on experience-specific productivity rates is relatively old (Table 12). These 
values should be used in population models to guide the proportional change that can be 
expected with age, as opposed to absolute values of productivity. 
 
Published information on the modal age of recruitment for northern gannet is available from 
two studies conducted 40 years apart (Nelson 1966; Wanless et al 2006). Although the rate 
of population growth has changed during this time (Wanless et al 2006; Murray et al 2006; 
JNCC 2014), the reported age of recruitment was similar in both studies (Table 12). Adult 
breeding dispersal is thought to be low (Nelson 1965) but has not been quantified at the 
population level. Information on natal breeding dispersal and the incidence of missed 
breeding is also lacking. It may be necessary to identify proxy species from outside of the 
UK to parameterise these processes in population models. 
 
Population trend in UK 
There are 21 gannet colonies around the British Isles, and the majority of these occur on 
remote offshore islands and stacks, with two on mainland cliffs. National census data 
indicate that the majority of colonies in the UK increased rapidly between 1969 and 2002 
(JNCC 2014). More recently, this rate of increase is thought to have slowed (Wanless et al 
2006; Murray et al 2006). The rate of increase varies consistently within two discrete 
geographic areas; the first covering Orkney, the West Coast of the United Kingdom and 
Ireland and the second covering Shetland and the East Coast of the United Kingdom (Cook 
& Robinson 2010). 
 
Factors influencing survival rates 
The drivers of survival for northern gannet have not been identified. 
 
Factors influencing productivity rates 
Local productivity rates have been linked to parental experience and increase sequentially 
between the first and the fourth breeding attempt (Nelson 1966). 
 
Knowledge gaps 
The juvenile and immature survival rates for northern gannets are poorly resolved, and 
breeding dispersal and the incidence of non-breeding are largely unknown. The incidence of 
missed breeding could potentially be explored using long-term monitoring data from Fair Isle, 
however the estimation of other demographic parameters would require intensive monitoring 
and multi-colony studies. Assuming that natal dispersal is low, an alternative approach would 
be to solve for juvenile survival rates based on other demographic parameters and 
population trend data collected from a regularly monitored site (e.g. Isle of May). 
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5.5 Grebe 
 
5.5.1. Great crested grebe (Podiceps cristatus) 
 
Table 13. Recommended estimates of demographic rates for the great crested grebe. 

Demographic parameter Mean   SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival (>4 years) 1-2 0.725  0.028 4 2 
Productivity 1,3    
 1.275 0.035  4 3 

Age of recruitment 1,4    
 2   2 3 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Abt & Konter 2009; 2Fuchs 1982; 3Prestt & Jefferies 1969; 4Cramp & Simmons 1977. 
 
Recommended demographic rates  
There are no published estimates of survival for the great crested grebe in the UK. Published 
estimates of adult survival include two ring-recovery studies that examine data collected 
across extensive areas (Germany, Fuchs 1982, cited by Garthe & Hüppop 2004; and 
Europe, Abt & Konter 2009). Further matching of local population trends is recommended in 
order to assess the suitability of these estimates for modelling the UK population. At present 
there are not sufficient data to model colony-specific survival rates, therefore population 
models will have to assume that these estimates are representative more broadly. The 
estimate of immature survival reported by Abt and Konter (2009) is not listed in Table 13 
because it extends past the age of recruitment (see accompanying material for great crested 
grebe). It may be necessary to identify proxy species to parameterise the survival rates of 
great crested grebe in population models. 
 
Estimates of productivity are also limited to a few studies (see accompanying material for 
great crested grebe). These include an old estimate for the UK (Prestt & Jefferies 1969) and 
a more recent estimate for Europe (Abt & Konter 2009). Further matching of local population 
trends is recommended in order to assess the suitability of these estimates for modelling UK 
birds. A limited proportion of great crested grebes can also successfully fledge two broods 
within one breeding season (4.3%, Harrison & Hollom 1932; 4.6%, Simmons 1974). This 
mechanism should be considered when constructing population models for this species. 
 
The age of first breeding is thought to occur at age 2 (Abt & Konter 2009; Cramp & Simmons 
1977), although birds may pair and hold territory from their first year (Cramp & Simmons 
1977). Information on natal and adult dispersal and the incidence of missed breeding is 
lacking. Consequently, it may be more appropriate to use estimates based on the diver 
species to parameterise these processes in population models. Further matching of local 
population trends and demographic processes is recommended in order to assess the 
suitability of other species for modelling great crested grebe. 
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Population trend in UK 
In the UK, the great crested grebe is widely, although thinly distributed. They breed on large, 
shallow inland waters, and some move to coastal waters during winter. The UK population 
declined between 2002 and 2012 (Austin et al 2014). 
 
Survival rates 
The drivers of survival for great crested grebe have not been identified. 
 
Productivity rates 
Outside of the UK, local productivity rates are reported to be positively influenced by 
increased prey availability (Ulenaers & Dhont 1994; Ulfvens 1988), but are negatively 
influenced by predation levels associated with human disturbance (Keller 1989). 
  
Knowledge gaps 
Juvenile and immature survival rates are poorly resolved. Information on natal and adult 
dispersal, as well as missed breeding is also lacking. In the absence of a focused ringing or 
monitoring program in the UK it will be difficult to improve these estimates based on local 
data. 
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5.6 Cormorants 
 
5.6.1 Great cormorant (Phalacrocorax carbo) 
 
Table 14. Recommended estimates of demographic rates for the great cormorant. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival  
  

Juvenile survival (0-1 year) 1-2 0.540  0.090 6 1 
Adult survival (>3 year) 1-2 0.868 0.055  6 1 
Experience-specific productivity  

  
1st attempt 3 1.445   4 1 
2nd attempt 3 1.758   4 1 
3rd attempt 3 2.076   4 1 
≥4th attempt 3 2.274   4 1 

Regional-specific productivity   
  

An Glas Eilean 4 1.730 1.010  6 4 
North Sutor 4 2.060 0.581  6 4 
Ballard Cliff 4 1.340 0.201  6 4 
Ynysoedd Gwylan 4 2.970 0.759  6 4 
Skomer 4 1.590 0.710  6 4 
South Solway "B" 4 1.090 0.980  4 4 
Will's Strand 4 2.480 0.106  6 4 
Caithness 4 2.652 0.752  4 4 

National-average productivity 4-5  
 

  
 1.985 0.666  6 4 

Age of recruitment 6-7    
 3   5 1 
Incidence of missed breeding  

  
 -   - - 
Breeding dispersal  

  
Natal 1-2 0.240 0.127  6 1 
Adult 2,7 0.123 0.042  6 1 
1Frederiksen & Bregnballe 2000a; 2Hénaux et al 2007; 3Bregnballe 2006; 4Mavor et al 2008; 5Budworth et al 
2000; 6Kortlandt 1942; 7Frederiksen & Bregnballe 2000b. 

 
Recommended demographic rates  
The UK estimates of adult survival for P. carbo are relatively old and based on ring-recovery 
studies from Caithness, NE Scotland (Wernham & Peach 1999; Budworth et al 2000). The 
reported values are considerably lower than those identified for the other seabird species, 
possibly due to hunting activities changing levels of survival and emigration (Wernham & 
Peach 1999; see accompanying material for great cormorant). The breeding biology of P. 
carbo and P. c. sinensis (the continental race) is highly similar; therefore demographic rates 
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may be interchangeable for these populations. The values of adult survival given in Table 14 
are estimated from mark-recapture studies on the continental race (Frederiksen & 
Bregnballe 2000a; Hénaux et al 2007). In the UK, regional differences in population trends 
could not be wholly attributed to local differences in breeding success (Cook & Robinson 
2010). However, at present there are not sufficient data to model colony-specific survival 
rates. It will be important to consider these regional differences in population trend as 
caveats of any population models developed. Furthermore, P. c. sinensis has increased 
rapidly in recent decades (Frederiksen & Bregnballe 2000a), and local population trajectories 
should be matched before extrapolating these rates across multiple colonies. 
 
Cook and Robinson (2010) could not identify regional trends in the productivity of 
cormorants within the SMP and OSPAR regions. Consequently, it may be more suitable to 
use colony-specific rates of productivity to parameterise population models on this species 
(Table 14). The productivity of great cormorant (P. carbo) is monitored annually at one SMP 
Key Site: Skomer, and long-term productivity is given for six additional UK localities by 
Mavor et al (2008). Published information on experience-dependent productivity for great 
cormorant is not from the UK (Table 14; Bregnballe 2006). These values should be used in 
population models to guide the proportional change that can be expected with age, as 
opposed to absolute values of productivity. 
 
The majority of birds breed for the first time at age 3 (range 2-5, P. c. sinensis - Kortlandt 
1942; Frederiksen & Bregnballe 2000b). Although Budworth et al (2000) provide some 
information on inter-colony movements of P. carbo in Scotland, information on natal and 
adult dispersal is largely lacking for the UK. The natal and adult dispersal rates detailed in 
Table 14 are for the continental race (Frederiksen & Bregnballe 2000a; Hénaux et al 2007). 
Information on the incidence of missed breeding is lacking. 
 
Population trend in UK 
National census data indicate that great cormorant populations increased slightly between 
the 1970s and 2000, but have declined between 2000 and 2013 (JNCC 2014). Regional 
differences in population trends were identified in seven discrete geographic areas; 
Shetland, Orkney and North Scotland, East Scotland, East England, South East England, 
South and West England and East Ireland and West Scotland. Colonies in Orkney, North 
Scotland, East Ireland and West Scotland were declining, whilst the others were increasing 
(Cook & Robinson 2010). Furthermore, there is an increasing number of the continental race 
P. c. sinensis now overwintering in the UK (Newson et al 2005). 
 
Factors influencing survival rates 
Local survival rates of P. c. sinensis decrease when winter sea temperatures increase and 
this effect is greater at high population densities (Frederiksen & Bregnballe 2000a). Survival 
rates do not appear to differ between the sexes (Frederiksen & Bregnballe 2000a). 
 
Factors influencing productivity rates 
Local productivity is higher at inland colonies compared to coastal colonies (Newson et al 
2005). Outside of the UK, local productivity rates of P. c. sinensis have been linked to 
concentrations of contaminants (Dirksen 1995), and in Denmark, productivity increases with 
parental experience up the fourth breeding attempt (Bregnballe 2006).  
 
Knowledge gaps 
There is a large quantity of data on colour-ringed cormorants that could be used to assess 
regional differences in survival. To resolve the incidence of missed breeding would require 
intensive monitoring of a marked population.  
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5.6.2 European shag (Phalacrocorax aristotelis)  
 
Table 15. Recommended estimates of demographic rates for the European shag. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 0.513 0.246  6 4 
Immature survival (1-2 year) 1 0.737 0.181  6 4 
Adult survival (>3 year) 1 0.858 0.194  6 4 
Age-specific productivity    
1st attempt 2 0.532 0.049  3 4 
≥2nd attempt 2 0.785 0.042  3 4 

Regional-specific productivity   
  

West 3-4  2.135 0.322  6 4 
North 3-4 1.277 0.456  6 4 
East 3-5 1.132 0.511  6 5 

National-average productivity 3,5   
  

 1.303 0.483  6 5 

Age of recruitment 6  
  

 2   4 2 
Incidence of missed breeding  

  
 -   - - 
Breeding dispersal  

  
Natal 7 0.049   2 2 
Adult 8 0.100   4 5 
1Frederiksen et al 2008; 2Daunt et al 1999; 3Mavor et al 2008; 4Cook & Robinson 2010; 5Newell et al 2010; 6Aebischer 1986; 
7Aebischer 1995; 8Barlow et al 2013. 
 
Recommended demographic rates  
The UK estimates of survival for European shag are largely limited to the Isle of May, SE 
Scotland (see accompanying material for European shag). There is also a relatively old ring-
recovery study from the Farne Islands, NE England (Coulson & White 1957). The rates 
reported from this older study were considerably lower than those reported from the Isle of 
May using mark-capture analysis. This is most likely due to the old-style rings becoming 
worn and illegible with time (Coulson & White 1957), and therefore these estimates are likely 
to be unreliable. The estimates of adult survival from the Isle of May were largely similar. 
The survival rates detailed in Table 15 are taken from Frederiksen et al (2008) because the 
time series considered spanned most of the other studies. Regional differences in population 
trends could be largely attributed to local differences in breeding success (Cook & Robinson 
2010). Therefore, it may be sufficient to assume that the Isle of May estimate of survival are 
representative more broadly.  
 
Regional trends in productivity rates were identified in three discrete geographic areas (Cook 
& Robinson 2010; Appendix S2 for map). The productivity of the European shag is 
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monitored annually at three SMP Key Sites: Isle of May, Canna and Skomer, and long-term 
productivity estimates are given for 18 additional UK localities by Mavor et al (2008). The 
range of productivity values given in Table 15 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Mavor et al 
(2008) and Newell et al (2010). These estimates indicate large variability to occur within 
each region. Published information on experience-dependent productivity for European shag 
is relatively old (Table 15; Daunt et al 1999). These values should be used in population 
models to guide the proportional change that can be expected with age, as opposed to 
absolute values of productivity. 
 
Published information on the age of recruitment for the European shag is relatively old. The 
European shag typically breeds for the first time at age 2, although individuals may also 
defer breeding until they are 3 or 4 years old (Aebischer 1986). National census data 
indicate that the trajectory of the UK population has changed since this estimate was 
published; from increasing to decreasing (JNCC 2014). Caution should be applied when 
using the reported age to model current population trends (Table 15). Adult breeding 
dispersal is thought to be low (Barlow et al 2013). Similarly, natal dispersal is also thought to 
be low, but may vary between colonies (Aebischer 1995). Information on the incidence of 
missed breeding is lacking. It may be appropriate to substitute this parameter with estimates 
from great cormorant (Table 14), although further matching of population trends is 
recommended. 
 
Population trend in UK 
The European shag is distributed throughout UK coastal waters. National census data 
indicate that the majority of colonies in the UK increased between 1969 and 1988, but 
numbers declined between the late 1980s and 2012 (JNCC 2014). The rate of decline varies 
within four discrete geographic areas; the first covering the West Coast of Scotland, the 
second covering the West Coast of England and Wales, the third covering the East Coast of 
Scotland and Orkney and the fourth covering Shetland (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Decreased levels of survival have been linked to toxic poisoning (Coulson et al 1968), as 
well as offshore winds and rainfall (Frederiksen et al 2008). 
 
Factors influencing productivity rates 
Initially, productivity rates depend on parental age and quality (Daunt et al 1999). However, 
after the first attempt there is no evidence that productivity depends on age, nest density, 
pair status, and site or mate fidelity (Potts et al 1980). Large-scale non-breeding events have 
been associated with poor feeding conditions (Aebischer & Wanless 1992). 
 
Knowledge gaps 
The age of recruitment was estimated during a period where the population trajectory 
differed from the present day. Information on the average incidence of missed breeding is 
also lacking. Estimation of these demographic parameters could potentially be achieved 
using the long-term monitoring data from the Isle of May. There is also a large quantity of 
mark-recapture data collected as part of the British and Irish ringing scheme that could 
provide estimates of regional survival. 
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5.7. Skuas 
 
5.7.1. Arctic skua (Stercorarius parasiticus) 
 
Table 16. Recommended estimates of demographic rates for Arctic skua. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Immature survival (0-4 years) 1 0.346   2 3 
Adult survival 2 0.910   4 3 
Regional-specific productivity  

  
North – Shetland 3-4 0.465 0.427  6 4 
South – Orkney 3-4 0.620 0.412  6 4 

National-average productivity 3 
 

 
  

 0.487 0.436  6 4 

Age of recruitment 5  
  

 4   3 2 
Incidence of missed breeding 6  

  
 0.030   4 4 
Breeding dispersal  

  
Natal -   - - 
Adult 2 Low   - - 
1O’Donald 1983; 2Phillips & Furness 1998; 3Mavor et al 2008; 4Cook & Robinson 2010; 5O'Donald & Davis 1975; 
6Catry et al 1998. 
 
Recommended demographic rates  
The UK estimates of survival for Arctic skua are limited to Shetland (Phillips & Furness 1998, 
see accompanying material for Arctic skua). The resighting rate in the study by Phillips and 
Furness (1998) was considered to be high, therefore the bias on true survival rate may be 
low (Table 16). In the UK, regional differences in population trends could be largely 
attributed to local differences in breeding success (Cook & Robinson 2010). Consequently, it 
may be sufficient to assume that the Shetland estimate is representative more broadly 
(Phillips & Furness 1998; Table 16). Immature survival rates have been estimated based on 
relatively old productivity, age of maturity and population size data (O’Donald 1983). It may 
be appropriate to substitute these estimates of survival with those identified for great skua 
(Table 17), although further matching of local population trends is recommended in order to 
assess suitability. 
 
Regional trends in productivity rates were identified in two discrete geographic areas (Cook 
& Robinson 2010; Appendix S3 for map). The productivity of Arctic skua is monitored 
annually at one SMP Key Site: Fair Isle, and long-term productivity estimates are given for 
six additional UK localities by Mavor et al (2008). The range of productivity values given in 
Table 16 were calculated using the regional groupings highlighted by Cook and Robinson 
(2010) to categorise the values specified by Mavor et al (2008). These estimates indicate 
large variability to occur within each region.  
 



Review of Seabird Demographic Rates and Density Dependence 

37 
 

Published information on the age of recruitment for Arctic skua is relatively old (O'Donald & 
Davis 1975), and national census data indicate that the trajectory of the UK population has 
changed since this estimate was published; from increasing to decreasing (JNCC 2014). 
Therefore caution should be applied when using the reported age to model current 
population trends (Table 16). Published information on natal breeding dispersal is conflicting 
and therefore neither study is included in Table 16 (O'Donald & Davis 1975; Phillips & 
Furness 1998; see accompanying material for Arctic skua). Adult breeding dispersal has not 
been quantified, but high mate and site-fidelity indicates that it is low (Phillips & Furness 
1998). Local incidence of missed breeding is also low (Catry et al 1998).  
 
Population trend in UK 
The Arctic skua is a UK BAP species and a red-list Bird of Conservation Concern. The 
breeding range is restricted to north and west Scotland, and national census data indicate 
that numbers increased rapidly between 1969 and 1988, but declined between the late 
1980s and 2013, possibly more than any other seabird species in the UK (JNCC 2014). 
Regional differences in population trends were identified in three discrete geographic areas; 
Shetland, Orkney and North Scotland (Cook & Robinson 2010). 
 
Factors influencing survival rates  
Local survival rates are reported to be negatively influenced by decreased prey availability 
(Davis 2005).  
 
Factors influencing productivity rates 
Local productivity rates have been linked to predation from great skuas (Phillips et al 1998). 
They are also relatively low for first time breeders, stabilising from the second breeding 
attempt (Davis 1976).  
 
Knowledge gaps 
The age of recruitment was estimated during a period when the population trajectory differed 
from the present day. Re-estimation of this parameter could potentially be achieved using 
the long-term monitoring data from Shetland. Juvenile survival rates are also poorly resolved 
and rates of adult and natal breeding dispersal are largely unknown. To estimate these 
demographic parameters would require intensive monitoring and multi-colony studies. 
Assuming a low rate of natal dispersal, an alternative approach would be to solve for juvenile 
survival rates based on more recent demographic parameters and population trend data 
than considered by O’Donald (1983). 
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5.7.2. Great skua (Stercorarius skua) 
 
Table 17. Recommended estimates of demographic rates for the great skua. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Immature survival (0-5 years) 1 0.730   4 4 
Adult survival 1-2 0.882 0.038  6 4 
Colony-specific productivity  

  
Hermaness 3 0.800 0.060  6 4 
Fetlar 3 0.740 0.100  6 4 
Noss 3 0.500 0.060  6 4 
Mousa 3 0.670 0.100  6 4 
Fair Isle 3 0.650 0.090  6 4 
Foula 3 0.550 0.080  6 4 
North Hill, Papa Westray 3 0.640 0.080  6 4 
Stourdale, Hoy 3 0.330 0.110  4 4 
Handa 3 0.880 0.200  6 4 

National-average productivity 3   
  

 0.651 0.308  6 4 

Age of recruitment 4  
  

 7   2 3 
Incidence of missed breeding 5  

  
 0.089 0.040  6 4 
Breeding dispersal  

  
Natal 6 0.015   4 4 
Adult 4,7-8 Low   - - 
1Ratcliffe et al 2002; 2Votier et al 2004; 3Mavor et al 2008; 4Furness 1987; 5Catry et al 1998; 6Klomp & Furness 
1992a; 7Catry & Furness 1997; 8Catry et al 1998. 
 
Recommended demographic rates  
The UK estimates of survival for great skua are largely limited to Shetland. However, long 
term mark-recapture studies are also conducted on Handa and St Kilda. Recently published 
studies from Foula (Ratcliffe et al 2002) and Hermaness (Votier et al 2004) reported similar 
estimates of adult survival. Regional variation in the survival rates of great skuas has not 
been investigated; therefore the estimate given in Table 17 assumes that the Shetland 
estimates are representative more broadly. Juvenile and immature survival rates are poorly 
resolved because few recoveries or resightings are made for these age-classes. The rate 
provided in Table 17 reflects the total survival between fledging and recruitment (Ratcliffe et 
al 2002). 
 
Regional trends in productivity have been examined using a short-term time series (n=1 
year, Phillips et al 1997) and therefore would benefit from further analysis (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 17). The productivity 
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of great skua is monitored annually at one SMP Key Site: Fair Isle, and long-term 
productivity is given for eight additional UK localities by Mavor et al (2008). 
 
Published information on the modal age of recruitment for great skua is relatively old and 
refers to a time when the population was increasing at a faster rate compared to the current 
trends (Furness 1987; JNCC 2014). The estimate is also considerably older than the 
estimate for Arctic skua (Table 16). Further consideration is therefore required when 
parameterising this value in population models. Local incidence of missed breeding is low 
(Catry et al 1998). Breeding dispersal of adults is also very low and any movements within a 
colony are usually short (Furness et al 1987; Catry & Furness 1997; Catry et al 1998). Natal 
breeding dispersal is also reported to be low (Klomp & Furness 1992a).  
 
Population trend in UK 
The breeding range of the great skua is restricted to Scotland and concentrated in the 
Northern Isles. National census data indicate that numbers increased rapidly between 1969 
and 1988, this rate of increase then slowed between 1989 and 2002 (JNCC 2014). Regional 
differences in population trend were noted by Phillips et al (1997). 
 
Factors influencing survival rates 
The drivers of survival for great skua have not been identified. 
 
Factors influencing productivity rates 
Local productivity rates are reported to be negatively influenced by a decrease in prey 
biomass (Hamer et al 1991). The incidence of missed breeding is also higher in years with 
reduced food availability (Hamer et al 1991). There is no evidence that productivity depends 
on age (Furness 1984; Ratcliffe et al 1998).  
 
Knowledge gaps 
Information on juvenile and immature survival rates is lacking. Given the low rates of natal 
dispersal reported (Klomp & Furness 1992a), existing ring-recovery and sighting data should 
be sufficient to estimate these rates. An alternative approach would be to solve for juvenile 
survival rates based on other demographic parameters and population trend data collected 
from a regularly monitored site. Regional variation in survival and productivity rates could 
also be examined using long-term monitoring data. The age of recruitment would also 
benefit from re-evaluation using data from key monitoring sites. 
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5.8. Gulls 
 
5.8.1. Black-legged kittiwake (Rissa tridactyla) 
 
Table 18. Recommended estimates of demographic rates for the black-legged kittiwake. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    
Juvenile survival (0-1 year) 1 0.790   1 3 
Adult survival (>2 year) 2-4 0.854 0.051  6 5 
Experience-specific productivity    
1st attempt 5-7 0.898 0.206  6 4 
≥2nd attempt 5-7 1.379 0.185  6 4 
Regional-specific productivity     
Shetland  8-10 0.408 0.477  6 4 
East  8-9,11 0.819 0.332  6 4 
West  8-9 0.643 0.313  6 4 

National-average productivity  8,10-11   
  

 0.690 0.296  6 5 

Age of recruitment 7,12    
 4   6 4 
Incidence of missed breeding    

Increasing population 13 0.180 0.188  4 2 
Decreasing population 13 0.208 0.207  4 2 

Breeding dispersal    
Natal 12 0.890   3 3 
Adult      

Increasing population 13 0.012 0.018  6 2 
Decreasing population 13 0.062 0.045  6 2 

1Coulson & White 1959; 2Frederiksen et al 2004a; 3Oro & Furness 2002; 4Taylor et al 2010; 5Coulson & White 
1958; 6Porter 1990; 7Wooller & Coulson 1977; 8Mavor et al 2008; 9Frederiksen et al 2005; 10Shaw et al 2010; 
11Newell et al 2010; 12Porter & Coulson 1987; 13Danchin & Monnat 1992. 
 
Recommended demographic rates  
The UK estimates of survival for black-legged kittiwake are largely limited to Foula, the Isle 
of May and Skomer. There are also some older estimates of adult survival from North 
Shields, NE England (Coulson & Wooller 1976; Aebischer & Coulson 1990; Coulson & 
Strowger 1999). The most recent colony-specific estimates of survival are from Oro and 
Furness 2002 (Foula, Shetland), Frederiksen et al 2004a (Isle of May, SE Scotland) and 
Taylor et al 2010 (Skomer, Wales). Regional differences in population trends could be 
largely attributed to local differences in breeding success (Cook & Robinson 2010). 
Therefore, it may be sufficient to employ a national average for survival when parameterising 
population models. Juvenile and immature survival rates are poorly resolved because few 
recoveries or resightings are made for these age-classes. The estimate for juvenile survival 



Review of Seabird Demographic Rates and Density Dependence 

41 
 

in Table 18 is taken from a short-term ring-recovery study from the 1950s (Coulson & White 
1959). National census data indicate that the trajectory of the UK population has changed 
since this study; from increasing to decreasing (JNCC 2014). Therefore caution should be 
applied when using this rate to model current population trends, and it may be more 
appropriate to use estimates based on other gull species (Tables 18-24). 
 
Regional trends in productivity rates were identified in three discrete geographic areas by 
Cook and Robinson (2010) (Appendix S4 for map), and six discrete geographic areas by 
Frederiksen et al (2005). The productivity of kittiwakes is monitored annually at all four SMP 
Key Sites: Isle of May, Canna, Fair Isle and Skomer, and long-term productivity estimates 
are given for 41 additional UK localities by Mavor et al (2008). The range of productivity 
values given in Table 18 were calculated using the regional groupings highlighted by Cook 
and Robinson (2010) to categorise the values specified by Mavor et al (2008). The published 
information on experience-specific productivity for kittiwake is relatively old (Table 18; 
Coulson & White 1958; Wooller & Coulson 1977; Porter 1990). These values should be used 
in population models to guide the proportional change that can be expected with age, as 
opposed to absolute values of productivity. 
 
Published information on the age of recruitment for black-legged kittiwake is relatively old 
(Wooller & Coulson 1977), and national census data indicate that the trajectory of the UK 
population has changed since this study; from increasing to decreasing (JNCC 2014). 
Therefore caution should be applied when using the reported age to model current 
population trends (Table 18). The majority of birds breed for the first time at age 4, although 
a small proportion will start earlier (from age 2), or later (up to age 7; Wooller & Coulson 
1977). The incidence of missed breeding in the black-legged kittiwakes has been quantified 
for two UK colonies; North Shields, NE England (Coulson & White 1956; Coulson & Nève de 
Mévergnies 1992) and Shetland (Richardson 1985). However, these studies include all non-
breeding birds observed in the colony, such as sub-adults, and therefore estimation of non-
breeding amongst established breeding pairs is likely to be overestimated. Danchin and 
Monnat (1992) demonstrate that the incidence of missed breeding in France may reflect the 
colony trajectory. The values reported in Table 18 are given for colonies with increasing and 
decreasing population trajectories (Danchin & Monnat 1992). Published estimates of 
breeding dispersal for adult black-legged kittiwakes in the UK are lacking, although it is 
expected to be low (Coulson & Strowger 1999; Coulson & Wooller 1976). For populations 
breeding in France adult dispersal is low, but may vary depending on the local population 
trajectory and extrinsic conditions (Danchin & Monnat 1992). In contrast, natal dispersal is 
thought to be high, more so in females (Porter & Coulson 1987; Coulson & Nève de 
Mévergnies 1992). Although this estimate comes from a relatively old study, high levels of 
natal dispersal will strongly influence the subsequent population trajectory. This process will 
require consideration when building population models for this species. Dispersal patterns 
are also examined by McCoy et al (2005) using population genetics.  
 
Population trend in UK 
In the UK, the largest black-legged kittiwake colonies are found along the North Sea coasts, 
around Orkney and Shetland, and off north-west Scotland. National census data indicate 
that UK colonies increased between 1969 and 1988, but have declined rapidly between the 
late 1980s and 2013 (JNCC 2014). The national trend was attributed in part to reduced 
productivity rates (Taylor et al 2010). Regional differences in population trends were 
identified in six discrete geographic areas; Orkney and Shetland, East Scotland and North 
East England, South East England, South West England, Wales and North East Ireland and 
West Scotland (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Local survival is reported to be positively influenced by prey availability, but negatively 
influenced by predation from great skuas (Oro & Furness 2002) and winter sea surface 
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temperatures (Frederiksen et al 2004a). Local survival was lower when the sand eel 
fisheries were active (Frederiksen et al 2004a), and was significantly influenced by nesting 
density (Coulson & Wooller 1976), nest position (Aebischer & Coulson 1990) and algal 
blooms (Coulson & Strowger 1999). Survival rates do not appear to differ between the sexes 
(Aebischer & Coulson 1990). For older birds, survival rates apparently decrease, but this 
could be an artefact of territory-loss, or in earlier studies, ring-loss causing heterogeneity in 
recapture rates (Aebischer & Coulson 1990; Frederiksen et al 2004b). 
 
Factors influencing productivity rates 
Local productivity rates are reported to be negatively influenced by a decrease in prey 
biomass (Hamer et al 1993; Harris & Wanless 1990; Lewis et al 2001; Oro & Furness 2002; 
Frederiksen et al 2005). Productivity may also decrease following an increase in fishing 
effort (Lewis et al 2001; Frederiksen et al 2004a), and increased winter sea surface 
temperatures (Frederiksen et al 2004a). Outside of the UK, studies have shown that local 
productivity can also be reduced by predation from species such as ravens Corvus corax 
(Danchin & Monnat 1992). There is no evidence that productivity depends on local 
population size (Frederiksen et al 2005). In North Shields, NE England, the productivity of 
first time breeders was relatively low, stabilising from the second (Wooller & Coulson 1977; 
Porter 1990) or third breeding attempt (Coulson & White 1958).  
 
Knowledge gaps 
The age of recruitment was estimated during a period when the population trajectory differed 
from the present day. Re-estimation could potentially be achieved using the long-term 
monitoring data from Foula, Isle of May or Skomer. Juvenile and immature survival rates are 
largely unknown. High levels of natal dispersal will make this parameter difficult to deduce 
without multi-colony studies, which would also permit the breeding dispersal of adults to be 
quantified.  
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5.8.2. Little gull (Larus minutus) 
 
Table 19. Recommended estimates of demographic rates for the little gull. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival 1 0.800   1 1 
Productivity     
 -   - - 

Age of recruitment 2    
 2-3   4 1 
Incidence of missed breeding     
 -   - - 
Breeding dispersal    
Natal  -   - - 
Adult  -   - - 
1Garthe & Hüppop 2004; 2Berg 1937, cited by Cramp & Simmons 1983. 
 
Recommended demographic rates  
In the absence of a focused UK program on little gulls, local survival and productivity rates 
are largely unknown. Published estimates of adult survival are based on similar species 
(Garthe & Hüppop 2004; Table 19), and published estimates for productivity are lacking 
completely. Population models should be constructed based on the demographic 
parameters reported for the other gull species. However, without detailed knowledge on the 
population trend of this species it will be difficult to assess the suitability of these estimates. 
 
Published information on the age of recruitment for the little gull is relatively old and not 
based on UK data (Berg 1937, cited by Cramp & Simmons 1983). It was not possible to 
verify the corresponding population trend for this estimate; however the age is similar to the 
other estimates reported for small gull species (Tables 19-21). Information on natal and adult 
dispersal and the incidence of missed breeding is lacking. It may be appropriate to use 
estimates of dispersal based on black-headed or common gull for population models (Tables 
20-21).  
 
Population trend in UK 
The little gull is a passage migrant occurring in the UK in both the autumn and the spring 
(Stone et al 1995). During this time they occur mainly offshore, only coming close to shore 
during strong gales (Wernham et al 2002). Therefore exact population trends are unknown. 
 
Factors influencing survival rates 
The drivers of survival for little gull have not been identified. 
 
Factors influencing productivity rates 
The drivers of productivity for little gull have not been identified. 
 
Knowledge gaps 
The demographic parameters of the little gull are largely unknown. Although a small number 
of birds have been ringed in the UK, more intensive efforts at the breeding grounds would be 
needed to resolve the local demography of this species.   
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5.8.3. Black-headed gull (Chroicocephalus ridibundus) 
 
Table 20. Recommended estimates of demographic rates for the black-headed gull. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    
Adult survival (>2 year) 1-2 0.825 0.028  6 2 
Age-specific productivity      
≤4 breeding attempts 3 0.683 0.105  6 1 
>4 breeding attempts 3 1.643 0.302  6 1 
Colony-specific productivity    
Eilean Inshaig 4 0.560 0.564  6 4 
Sgeir na Caillich 4 0.490 0.312  6 4 
Eilean Ruisg 4 1.010 0.503  6 4 
Airds Islet 4 0.820 0.791  6 4 
Eilean nan Gabhar 4 0.230 0.325  4 4 
Fetla 4 0.260 0.316  6 4 
Egilsay 4 0.230 0.294  6 4 
Shapinsay 4 0.500 0.380  4 4 
Coquet Island 4 1.230 0.379  6 4 
Havergate 4 0.250 0.014  4 4 
Blakeney Point 4 0.320 0.200  4 4 
Scolt Head 4 0.990 0.191  4 4 
Rye Harbour 4 0.840 0.589  6 4 
Langstone Harbour 4 0.650 0.416  6 4 
Hayling Oysterbeds 4 0.500 0.468  4 4 
Brownsea Island 4 0.510 0.268  6 4 
Rockcliffe Marsh 4 0.200 0.201  6 4 

National-average productivity  4    
  

 0.625 0.365  6 4 

Age of recruitment 3,5    
 2   6 1 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal -   - - 
Adult 6  0.167 

 

0.086  6 1 
1Majoor et al 2005; 2Péron et al 2010; 3Lebreton et al 1990; 4Mavor et al 2008; 5Prevot-Julliard et al 2001; 
6Grosbois & Tavecchia 2003. 
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Recommended demographic rates  
Although a large number of black-headed gulls have been ringed in the UK, ringing often 
takes place in the winter and away from breeding colonies. These birds may originate from 
several different breeding colonies, and therefore colony-specific estimates of survival rates 
are lacking. In France and the Netherlands local adult survival is thought to be relatively 
constant, although the two estimates differ (Majoor et al 2005; Péron et al 2010; see 
accompanying material for black-headed gull). In the absence of UK studies the estimate of 
adult survival given in Table 20 combined the studies from France and the Netherlands. The 
local population trends could not be identified, and consequently further consideration is 
recommended in order to assess the suitability of these estimates. Immature and juvenile 
survival is poorly resolved because few rings are recovered for this age-class (Robinson & 
Ratcliffe 2010). 
 
Regional consistency in productivity rates has not been investigated for the black-headed 
gull (e.g. Cook & Robinson 2010). Consequently, it may be more suitable to use colony-
specific rates of productivity to parameterise population models on this species. Long-term 
productivity is given for 17 UK localities by Mavor et al (2008) and there is a marked degree 
of variation in the reported rates (Table 20). Published information on experience-specific 
productivity is relatively old and not from the UK (Table 20; Lebreton et al 1990). 
Consequently, these values should be used in population models to guide the proportional 
change that can be expected with age, as opposed to absolute values of productivity. 
 
Published information on the age of recruitment for black-headed gull is relatively old and not 
based on UK data (Lebreton et al 1990). It was not possible to verify the corresponding 
population trend for this estimate, however the age is similar to other small gulls (Tables 19-
21). Information on the incidence of non-breeding is lacking, but it may be possible to 
substitute this parameter with values based on the black-legged kittiwake (Table 18). Adult 
breeding dispersal is thought to be high (Grosbois & Tavecchia 2003), and therefore natal 
dispersal is also likely to be high. 
 
Population trend in UK 
The majority of the UK black-headed gull population are resident throughout the year, and in 
winter the population are inflated by individuals from Northern and Eastern Europe 
(Wernham et al 2002). National census data indicate that the population was relatively stable 
between 1985 and 2002, increasing between 2000 and 2013 (JNCC 2014). Regional 
patterns of change emerged between the 1980s and early 2000s, possibly reflecting the 
redistribution of birds from coastal to inland colonies (Mitchell et al 2004). 
 
Factors influencing survival rates 
In France and the Netherlands adult survival rates show little year-to-year variation (Majoor 
et al 2005; Péron et al 2010).  
 
Factors influencing productivity rates 
Outside of the UK, local productivity rates increase with increased rainfall because this 
decreases brood predation (Thyen & Becker 2006). The nesting habitat can also be 
significantly influential (Patterson 1965). The productivity of birds in France was lower during 
the first three breeding attempts (Lebreton et al 1990).  
 
Knowledge gaps 
Information on juvenile survival rates, natal dispersal and the incidence of non-breeding is 
lacking. High levels of natal dispersal will make juvenile survival rates difficult to deduce 
without multi-colony studies.  
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5.8.4. Common (or mew) gull (Larus canus) 
 
Table 21. Recommended estimates of demographic rates for the common gull. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    
Juvenile survival (0-1 year) 1 0.410   2 1 
Immature survival (1-2 years) 1 0.710   2 1 
Adult survival (>3 year) 2 0.828 0.050  6 1 

Colony specific productivity     
Handa 3 1.060   4 4 
Fair Isle 4 0.486 0.349  6 5 
Mill Dam, Shapinsay 3 0.010   4 4 
Whaness 3 0.550 0.485  4 4 
Sandy Loch 3 0.950   4 4 
Nigg 3 0.850 0.474  6 4 
Bonar Bridge 3 0.590   4 4 
Blakeney Point 3 0.000 0.000  4 4 
Scolt Head 3 0.200 0.346  4 4 

National-average productivity 3-4     
  

 0.543 0.391  6 5 

Age of recruitment 1    
 3   4 1 
Incidence of missed breeding    
 -   - - 
Breeding dispersal    
Natal      

Male 2 0.500   4 1 
Female 2 0.900   4 1 

Adult 2 <0.030   4 1 
1Rattiste & Lilleleht 1987; 2Rattiste 2004; 3Mavor et al 2008; 4Shaw et al 2010. 
 
Recommended demographic rates  
Although a large number of common gulls have been ringed in the UK, ringing often takes 
place in the winter and away from breeding colonies. These birds may originate from several 
different breeding colonies, and therefore colony-specific estimates of survival rates are 
lacking. Published estimates are largely based on mark-recapture studies from Estonia 
(Rattiste & Lilleleht 1987, 1995; Rattiste 2004). There is also a relatively old ring-recovery 
study from Denmark (Halling Sørensen 1977). This estimate is considerably lower than 
those estimated using mark-capture analysis and is therefore likely to be unreliable. 
Although the values of survival given in Table 21 reflect the most recent estimates, the 
estimate of juvenile survival is still relatively old (see accompanying material for common 
gull). The local population trends for these studies could not be identified, consequently 
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further consideration is recommended in order to assess the suitability of these estimates for 
modelling UK common gulls.   
 
Regional trends in productivity have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species. The productivity of the 
common gull is monitored annually at one SMP Key Sites: Fair Isle, and long-term 
productivity is given is given for 16 additional UK localities by Mavor et al (2008).  There is a 
marked degree of variation in the reported rates (Table 21).  
 
Published information on the age of recruitment for common gull is relatively old and not 
based on UK data (Rattiste & Lilleleht 1987). It was not possible to verify the corresponding 
population trend for this estimate, however the age is similar to other small gulls (Tables 19-
21). Information on the incidence of non-breeding is lacking but it may be possible to 
substitute this parameter with values based on the black-legged kittiwake (Table 18). 
Outside of the UK, adult breeding dispersal is thought to be low (Rattiste 2004), although 
pairs with less breeding experience are more likely to divorce and disperse after 1 year (c. 
17–21%), compared to birds with longer breeding experience (c. 8–12%).  Natal dispersal is 
high, more so for females (Rattiste 2004). The estimate of natal dispersal comes from a 
relatively old study, however high levels will strongly influence the subsequent population 
trajectory. This process requires consideration when building population models for this 
species. 
 
Population trend in UK 
In the UK, breeding populations of common gulls are concentrated in Scotland and Northern 
Ireland. They breed on coasts and inland sites, dispersing during the winter. Exact 
population trends are difficult to verify because different methods were used to conduct 
censuses. Numbers are thought to have increased between 1969 and 2002 (JNCC 2014). 
 
Factors influencing survival rates 
Survival of first time breeders is lower during cold winters compared to normal and warm 
winters (Rattiste & Lilleleht 1995). For older birds (>5 breeding years), survival of males 
appeared to be slightly higher than for females, but this could reflect lower site fidelity in 
females (Rattiste & Lilleleht 1995). 
 
Factors influencing productivity rates 
Rates of productivity increase with experience (Rattiste 2004), and local productivity rates 
decrease due to predation from aerial predators (Kilpi 1995).  
 
Knowledge gaps 
The survival rates of UK common gulls are poorly resolved, and information on the incidence 
of non-breeding is lacking. In the absence of a colony-specific ringing program in the UK it 
will be difficult to improve these estimates using local data. High levels of natal dispersal will 
make juvenile survival rates difficult to deduce without multi-colony studies.  
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5.8.5. Lesser black-backed gull (Larus fuscus) 
 
Table 22. Recommended estimates of demographic rates for the lesser-black backed gull. 

Demographic parameter Mean SDp SEe  Data quality Data 
representation 

Age-specific survival  
  

Juvenile survival (0-1 year) 1 0.820   2 2 
Adult survival (>2 year) 2-3 0.885 0.022  6 4 
Colony-specific productivity    
North Hill 4 0.800 0.566  4 3 
Isle of May 4 0.880 0.289  6 3 
Skomer 4 0.270 0.165  6 3 
Skokholm 4 0.170 0.066  6 3 
Bardsey 4 0.720 0.221  6 3 

National-average productivity 4     
 0.530 0.325  6 3 

Age of recruitment 1    
 5   4 2 
Incidence of missed breeding 5-6    
 0.337 0.065  4 2 
Breeding dispersal    
Natal 7 0.470   2 2 
Adult -   - - 
1Harris 1970; 2Wanless et al 1996; 3Taylor et al 2010; 4Mavor et al 2008; 5O’Connell et al 1997; 6Calladine & 
Harris 1997; 7Coulson 1991. 
 
Recommended demographic rates  
The UK estimates of survival for lesser black-backed gull are largely limited to the Isle of 
May and Skomer. Colony specific estimates of survival appear to differ (see accompanying 
material for lesser black-backed gull), however regional differences have not been reliably 
tested. Therefore the estimate of adult survival reported in Table 22 combined the most 
recent colony-specific studies (Wanless et al 1996; Taylor et al 2010). Further analysis of 
regional trends may support the use of colony specific survival rates when parameterising 
population models for this species. Juvenile and immature survival rates are more difficult to 
resolve due to lower recovery rates of these age classes. Furthermore, published estimates 
are relatively old and may not reflect current population trends. It may be more appropriate 
to use survival estimates based on herring gulls for this age class (Table 23). Further 
matching of local population trends is recommended in order to assess the suitability of 
these estimates. 
 
Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 22). The productivity 
of the lesser black-backed gull is monitored annually at one SMP Key Site: Skomer, and 
long-term productivity estimates are given for four additional UK localities by Mavor et al 
(2008). 
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Published information on the age of recruitment for lesser black-backed gull is relatively old 
(Harris 1970), and national census data indicate that the trajectory of the UK population has 
changed since this study; from increasing to decreasing (JNCC 2014). Therefore caution 
should be applied when using this age to model current population trends (Table 22). The 
majority of birds breed for the first time at age 5, although a small proportion also breed for 
the first time at age 3 and 4, and a few individuals may delay breeding until age 6 (Harris 
1970). Local incidence of missed breeding is relatively high (Calladine & Harris 1997; 
O’Connell et al 1997). Birds are thought to change breeding locations following failed 
breeding attempts (Perrins & Smith 2000) and disturbance (O’Connell 1995), indicating that 
adult breeding dispersal may be high (Ross-Smith et al 2014). Natal dispersal is also thought 
to be high (Coulson 1991).  
 
Population trend in UK 
The lesser black-backed gull breeds throughout the UK, and national census data indicate 
that numbers increased between the late 1960s and early 2000s, but declined during the last 
decade (JNCC 2014). This trend was attributed in part to a decline in fishery discards 
(Furness et al 1992), and may also reflect the redistribution of birds from coastal to inland 
colonies (Ross-Smith et al 2014).  
 
Factors influencing survival rates 
Survival rates do not appear to differ between the sexes (Wanless et al 1996), however 
Bradbury and Griffiths (1999) report a skewed sex-ratio at fledging that could result in more 
females recruiting to the breeding population. 
 
Factors influencing productivity rates  
Local productivity rates have been linked to nesting habitat (Calladine 1997; Kim & 
Monaghan 2005b), parental condition (Nager et al 2000) and fishery discards (Oro 1996).  
 
Knowledge gaps 
Information on juvenile survival rates is lacking. High levels of natal dispersal will make this 
parameter difficult to deduce without multi-colony studies. As with herring gull, a good 
number of rings are recovered for lesser black-backed gulls. Although this provides a means 
to estimate annual survival rates, this analysis has yet to be done. There are also a number 
of colour-marking studies which would provide regional estimates of survival, although these 
data would need to be collated first, as recommended by Ross-Smith et al (2014). The data 
representation scores on the incidence of missed breeding could also potentially be 
improved using these data. 
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5.8.6. Herring gull (Larus argentatus) 
 
Table 23. Recommended estimates of demographic rates for the herring gull. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival  
  

Juvenile survival (0-1 year) 1-2 0.798 0.092  6 3 
Adult survival (>2 year) 3-4 0.834 0.034  6 4 
Age-specific productivity  

  
Age 4 1 0.000   1 3 
Age 5 1 0.510   1 3 
Age 6 1 0.710   1 3 
>Age 6 1 0.990   1 3 

Colony-specific productivity  
 

  
Canna 5 0.740 0.640  6 3 
Noss 5 0.840 0.396  6 3 
Isle of May 5 0.980 0.330  6 3 
Skomer 5 0.770 0.298  6 3 
Skokholm 5 0.700 0.398  6 3 
Bardsey 5 1.220 0.316  6 3 
Ynysoedd Gwylan 5 1.150 0.185  6 3 
Walney Island 6 1.993   4 4 
Farne Islands 7 1.833   4 4 

National-average productivity 5-7   
  

 0.920 0.477  6 4 

Age of recruitment 8  
  

 5   4 3 
Incidence of missed breeding 9  

  
 0.350 0.028  4 3 
Dispersal  

  
Natal 1,10 0.629 0.156  5 3 
Adult - -  - - 
1Chabrzyk & Coulson 1976; 2Harris 1970; 3Wanless et al 1996; 4Taylor et al 2010; 5Mavor et al 2008; 6Kim & 
Monaghan 2005a; 7Swann 2010; 8Harris 1970; 9Calladine & Harris 1997; 10Coulson 1991. 
 
Recommended demographic rates  
The UK estimates of survival for herring gull are largely limited to the Isle of May and 
Skomer. Older estimates of adult survival include mark-recapture and ring-recovery studies 
from Lizard Point, Skokholm and Grassholm (Harris 1970; Chabrzyk & Coulson 1976; 
Coulson & Butterfield 1986). Regional differences in population trends could not be wholly 
attributed to local differences in breeding success (Cook & Robinson 2010). Regional 
variation in survival rates is indicated from the colony-specific estimates (see accompanying 
material for herring gull); however this difference has not been reliably tested. Therefore the 
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estimate of adult survival reported in Table 23 combined estimates from the most recent 
colony-specific studies (Wanless et al 1996; Taylor et al 2010). Further analysis of regional 
trends may support the use of colony specific survival rates when parameterising population 
models for this species. Estimates of juvenile and immature survival rates are based on 
relatively old studies (Table 23; see accompanying material for herring gull). It may be more 
appropriate to use values based on other large gull species to parameterise the survival 
rates of these age classes. 
 
Cook and Robinson (2010) could not identify consistent trends in the productivity of herring 
gulls within the SMP and OSPAR regions. Consequently, it may be more suitable to use 
colony-specific rates of productivity to parameterise population models on this species 
(Table 23). The productivity of the herring gull is monitored annually at two SMP Key Sites: 
Canna and Skomer, and long-term productivity estimates are given for five additional UK 
localities by Mavor et al (2008). 
 
Published information on the modal age of recruitment for the herring gull is available from 
two studies that were conducted 40 years apart (Harris 1970; Ross-Smith et al 2014). The 
rate of population decline continued during this time (JNCC 2014), and both studies reported 
a similar age of recruitment (see accompanying material for herring gull). The majority of 
birds are thought to breed for the first time at age 5, although a small proportion will breed at 
age 4, and a few individuals may delay until age 6 or 7 (Harris 1970; Ross-Smith et al 2014). 
Local incidence of missed breeding has been estimated using one year of data that is 
unlikely to be representative more broadly (Calladine & Harris 1997). Information on adult 
breeding dispersal is lacking, however short-term studies suggest high levels of natal 
dispersal that may differ between colonies (Chabrzyk & Coulson 1976; Duncan & Monaghan 
1977; Coulson 1991). Although this estimate comes from a relatively old study, high levels of 
natal dispersal will strongly influence the subsequent population trajectory. This process 
requires consideration when building population models for this species.  
 
Population trend in UK 
The herring gull is a UK BAP species and a red-list Bird of Conservation Concern. They are 
widely distributed around the coasts of the British Isles, and national census data indicate 
that the UK population continued to decline between 1969 and 2013 (JNCC 2014). During 
this period the proportion of individuals breeding in the urban environment increased 
dramatically (Raven & Coulson 1997). More recently, specific colonies have stabilised (e.g. 
Canna, Swann 2010), and regional patterns of change were identified in four discrete 
geographic areas; Northern Ireland and Western Scotland, Wales and Western England, 
Eastern England and Eastern Scotland and North Eastern England (Cook & Robinson 
2010). 
 
Factors influencing survival rates 
Survival rates do not appear to differ between the sexes (Wanless et al 1996). 
 
Factors influencing productivity rates  
Local productivity rates have been linked to nesting habitat and parent quality (Kim & 
Monaghan 2005a), and decrease at low and high nesting densities (Parsons 1976). 
Productivity increases with age, stabilising from age 6 onwards (Chabrzyk & Coulson 1976).  
 
Knowledge gaps 
Regional trends in survival rates could be investigated using the long-term mark-recapture 
studies from the Isle of May and Skomer. There are also a good amount of ring-recovery 
data (from birds ringed during the breeding season) that could be used to estimate national, 
or broad regional, survival rates. A small number of colour-marking studies are also available 
that could provide an alternative dataset for estimating annual survival rates. Information on 
adult breeding dispersal is lacking, and the incidence of missed breeding would also benefit 
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from being re-estimated. Estimation of the incidence of missed breeding could potentially be 
achieved using the long-term monitoring data from the Isle of May or Skomer. 
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5.8.7. Great black-backed gull (Larus marinus) 
 
Table 24. Recommended estimates of demographic rates for the great black-backed gull. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival  
  

Adult survival 1 0.930   2 1 
Colony-specific productivity  

  
Canna 2-3 0.808 0.622  6 5 
Noss 2 0.650 0.268  6 4 
North Hill 2 0.810 0.420  5 4 
Brownsea 2 0.440 0.502  5 4 
Skomer 2 1.290 0.190  6 4 
Skokholm 2 1.150 0.288  6 4 
Bardsey 2 1.840 0.840  6 4 
Ynysoedd Gwylan 2 1.520 0.265  6 4 
Rockcliffe Marsh 2 0.670 0.134  6 4 
Big Copeland Island 2 2.000 -  5 4 

National-average productivity 2-3   
  

 1.139 0.533  6 5 

Age of recruitment 4  
  

 5   4 2 
Incidence of missed breeding  

  
 -   - - 
Dispersal  

  
Natal -   - - 
Adult -   - - 
1Glutz von Blotzheim & Bauer 1982, cited by Garthe & Hüppop 2004; 2Mavor et al 2008; 3Swann 2010; 4Cramp 
1985.  

 
Recommended demographic rates  
In the absence of a focused UK ringing program on great black-backed gulls, local survival 
rates are largely unknown. Published estimates of adult survival include a relatively old study 
from Germany (Glutz von Blotzheim & Bauer 1982, cited in Garthe & Hüppop 2004; see 
accompanying material for great black-backed gull). Juvenile and immature survival rates 
are also unknown. Population models should be constructed based on the demographic 
estimates reported for the other large gull species. However, further matching of local 
population trends is recommended in order to assess the suitability of these estimates.  
 
Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 24). The productivity 
of great black-backed gulls is monitored annually at two SMP Key Sites: Canna and Skomer, 
and long-term productivity estimates are given for seven additional UK localities by Mavor et 
al (2008). 
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Published information on the age of recruitment for great black-backed gulls is relatively old 
and may not be based on UK data (Cramp 1985). The age of first breeding is thought to be 
between 4 and 5 years (Cramp 1985). National census data indicate that the rate of 
decrease for the UK population has changed since this estimate was published (JNCC 
2014). Therefore caution should be applied when using this age to model current population 
trends (Table 24). Information on natal and adult dispersal and the incidence of missed 
breeding is lacking and estimates based on herring gull (Table 23) could be used to 
represent these. Matching of local population trends is recommended to assess the 
suitability of these estimates.  
 
Population trend in UK 
Great black-backed gulls breed mainly in the Outer and Inner Hebrides and the Northern 
Isles of Scotland. National census data indicate that colonies were declining slowly between 
1960 and 2002, and more quickly between 2000 and 2013 (JNCC 2014). This earlier trend 
was partially attributed to a decline in fishery discards (Furness et al 1992).  
 
Factors influencing survival rates 
The drivers of survival for great black-backed gulls have not been identified. 
 
Factors influencing productivity rates 
Local productivity rates decrease due to predation from mink, albeit to a lesser extent than 
observed in the smaller gull species (Craik 2013). Outside of the UK, productivity rates have 
been linked to nesting density (Butler & Trivelpiece 1981; Ellis & Good 2006), laying dates 
(Regehr & Rodway 1999), nesting habitat (Ellis & Grid 2006) and contaminants (Helberg et 
al 2005).  
 
Knowledge gaps 
Information on juvenile and immature survival rates, natal and adult dispersal, and the 
incidence of missed breeding are all lacking. There are some ring-recovery data for birds 
ringed during the breeding season (primarily as chicks) that have the potential to provide 
estimates of annual survival rates, but these data have not yet been analysed in this way. 
The ability to resolve juvenile survival from these estimates will depend on levels of natal 
dispersal. 
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5.9. Terns 
 
5.9.1. Sandwich tern (Sterna sandvicensis) 
 
Table 25. Recommended estimates of demographic rates for the Sandwich tern. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 0.358  0.219 4 4 
Immature survival (2-3-4 years)1 0.741  0.206 4 4 
Adult survival 1 0.898  0.029 4 4 
Age-specific productivity   

 
  

Age 3 years 2 *0.167   2 1 
Age 4 years 2 *0.235   2 1 
Age 5-11 years 2 *0.649   2 1 

Colony-specific productivity 

Sands of Forvie 3 0.560 0.440  6 3 
Coquet 3 0.600 0.240  6 3 
Scolt Head 3 0.690 0.400  6 3 
Blakeney 3 0.690 0.320  6 3 
Rye Harbour 3 0.570 0.620  6 3 
Langstone Harbour 3 0.470 0.330  6 3 
Brownsea 3 0.670 0.392  6 3 
Anglesey 3 0.870 0.271  6 3 
Hodbarrow 3 0.480 0.480  6 3 
Lough Swilly 3 1.030 0.313  6 3 
Mulroy Bay 3 0.920 0.397  6 3 
Lady’s Island Lake 3 0.800 0.265  6 3 

National-average productivity 3    
  

 0.702 0.372  6 3 

Age of recruitment 2  
  

 3   2 1 
Incidence of missed breeding  

  
 -   - - 
Breeding dispersal  

  
Natal -   - - 
Adult -   - - 
1Robinson 2010; 2Veen 1977; 3Mavor et al 2008. * Maximum values (see text). 
 
Recommended demographic rates  
The size of Sandwich tern colonies can fluctuate significantly between years as birds 
redistribute between adjacent colonies (Lloyd et al 2001). High adult dispersal complicates 
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the ability to reliably resolve population trends and survival rates without multi-colony 
studies. In the absence of a focused UK ringing program on Sandwich terns, colony-specific 
survival rates are not available. Published estimates are based on similar species (Garthe & 
Hüppop 2004), and two ring-recovery studies from the UK (Green et al 1990; Robinson 
2010) (see accompanying material for Sandwich tern).  National census data indicate that 
the trajectory of the UK population has changed since the Green et al (1990); from 
increasing to decreasing (JNCC 2014). Therefore the estimate for adult survival in Table 25 
is based on Robinson (2010). Regional variation in survival rates has not been investigated; 
however regional differences in population trends could not be wholly attributed to local 
differences in breeding success (Cook & Robinson 2010). At present there are not sufficient 
data to model colony-specific survival rates for Sandwich tern. It is important to consider 
these regional differences in population trend as caveats of any population models 
developed. 
 
Cook and Robinson (2010) could not identify consistent regional trends in the productivity of 
Sandwich terns within the SMP and OSPAR regions. Consequently, it may be more suitable 
to use colony-specific rates of productivity to parameterise population models on this 
species. Long-term productivity is given for 12 localities in the UK by Mavor et al (2008). 
Published information on experience-specific productivity for Sandwich tern is relatively old 
(Table 25; Veen 1977). These values should be used in population models to guide the 
proportional change that can be expected with age, as opposed to absolute values of 
productivity. These estimates are maximum values only because they do not account for 
multiple chicks being fledged per pair.  
 
Published information on the modal age that Sandwich terns breed for the first time is 
lacking. In the Netherlands, 3 year old but not 2 year old birds were reported in the breeding 
population (Veen 1977). This study is relatively old and it was not possible to verify the 
corresponding population trend, however the reported age is similar to other tern species 
(Tables 25-28). Although adult dispersal is known to be high (Lloyd et al 2001), rates have 
not been quantified. Information on the incidence of missed breeding and natal breeding 
dispersal are also currently lacking. It may be possible to substitute these parameters with 
values from the other tern species. Further matching of local population trends is 
recommended in order to assess the suitability of these estimates. 
 
Population trend in UK 
Sandwich tern colonies occur in a patchy distribution throughout the British coastline. 
National census data indicate that colonies increased between 1969 and 1988, decreased 
between the late 1980s and early 2000s and stabilised between 2000 and 2013 (JNCC 
2014). Regional patterns of change were identified in five discrete geographic areas; the 
East of Scotland, the East of England, the South East of England, Wales, South and South 
West of England and the North Irish Sea (Cook & Robinson 2010). 
 
Factors influencing survival rates 
The drivers of survival for Sandwich tern have not been identified. 
 
Factors influencing productivity rates 
In the Netherlands, local productivity rates decrease due to predation from gulls (Veen 
1977). Furthermore, mean clutch size and hatching success increase with age (Veen 1977).  
 
Knowledge gaps 
The survival rates of Sandwich terns are not reliably resolved, and information on natal and 
adult dispersal and the incidence of missing breeding is also lacking. In the absence of a 
focused UK ringing program it will be difficult to improve these estimates using local data. 
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5.9.2. Common tern (Sterna hirundo)  
 
Table 26. Recommended estimates of demographic rates for the common tern. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Immature survival (0-2 years) 1 0.441  0.004 4 1 
Immature survival (3-4 years) 2 0.850   4 1 
Adult survival (>6 year) 2-3 0.883 0.014  6 1 
Colony-specific productivity    

E an Ruisg, L Feochan 4 1.820 0.594  6 3 
Sgeir na Caillich, L Melfort 4 0.670 0.688  6 3 
G. Eileanan, Sd Mull 4 0.530 0.529  6 3 
Avoch Fish Farm 4 0.770 0.563  6 3 
St Fergus 4 0.150 0.173  6 3 
Forth 4 0.910 0.381  6 3 
Coquet 4 1.030 0.626  6 3 
Rye Meads 4 0.530 0.411  6 3 
Hoveton Great Broad 4 0.260 0.291  6 3 
Snettisham 4 0.280 0.374  6 3 
Holkham 4 0.400 0.503  6 3 
Blakeney 4 0.440 0.469  6 3 
Breydon Water 4 0.990 0.252  6 3 
Pitts Deep – Hurst 4 0.370 0.311  6 3 
Langstone Harbour 4 0.540 0.552  6 3 
Rye Harbour 4 1.050 0.716  6 3 
Brownsea Is. 4 0.590 0.289  6 3 
Lodmoor 4 1.460 0.509  6 3 
Shotton 4 1.300 0.495  6 3 
Cemlyn 4 0.590 0.720  6 3 
Seaforth 4 0.610 0.313  6 3 
Rockcliffe 4 0.110 0.180  6 3 
Belfast Lough 4 1.350 0.313  6 3 
Rockabill 4 1.590 0.465  6 3 

National-average productivity 4   
  

 0.764 0.470  6 3 

Age of recruitment 5-6    
 3-4   6 1 
Incidence of missed breeding 7    
 

Low   - - 
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Demographic parameter 

 
Mean 

 
SDp 

 
SEe 

 
Data 

quality 

 
Data 

representation 

Breeding dispersal    
Natal 3 0.070   2 1 
Adult 2-3 0.103 0.077  6 1 
1Braasch et al 2008; 2Breton et al 2014; 3Nisbet & Cam 2002; 4Mavor et al 2008; 5Nisbet 1978; 6Ludwigs & 
Becker 2002a; 7Dittmann et al 2002. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on common terns, local survival rates are 
largely unknown. There are relatively old published estimates from North America; including 
three mark–recapture studies based on constant recapture rates (Austin & Austin 1956; 
Nisbet 1978; DiCostanzo 1980). More recent studies from North America model survival 
rates using variable recapture rates (Nisbet & Cam 2002; Breton et al 2014). Regional 
variation in the survival rates of common terns has not been investigated. Therefore the 
estimate of adult survival in Table 26 combined estimates from the two most recent colony-
specific studies (see accompanying material for common tern). The local population trend 
could not be identified for these studies, therefore further matching of local population trends 
is recommended in order to assess their suitability for modelling the UK population. 
Estimates of juvenile survival are limited to relatively short-term studies (DiCostanzo 1980; 
Braasch et al 2008). The more recent of these was used to represent juvenile survival in 
Table 26.  
 
Regional trends in productivity have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 26). Long-term 
productivity is given for 24 localities in the UK by Mavor et al (2008). 
 
Published information on the age of recruitment is regionally specific. In Germany, common 
terns are thought to breed for the first time at age 3 (Ludwigs & Becker 2002a), and in North 
America the age of first breeding is thought to occur at age 4 (Nisbet 1978). Further 
matching of local population trends is recommended in order to assess the suitability of 
these estimates for modelling the UK population. The incidence of missed breeding is 
thought to be low (Dittmann et al 2002), although population rates have not been quantified. 
The dispersal of adult common terns is predominantly low, but may vary between colonies 
(González-Solís et al 1999; Nisbet & Cam 2002) and increase between colonies that are 
closely distributed (Breton et al 2014). Natal dispersal is also thought to be low (Nisbet & 
Cam 2002). The rates of dispersal listed in Table 26 reflect the number of studies that 
quantify this parameter. Dispersal is reported to be higher for adults compared to the natal 
age class, but this is unlikely to occur in reality. For the local difference between these age 
classes see Nisbet and Cam (2002). 
 
Population trend in UK 
Common terns breed throughout much of the British coastline and larger inland waterbodies. 
National census data indicate that colonies were relatively stable between 1969 and 2002, 
but declined between 2000 and 2013 (JNCC 2014). 
 
Factors influencing survival rates 
Outside of the UK, survival rates were relatively constant through time (Breton et al 2014), 
and do not appear to differ between the sexes (Braasch et al 2008; Breton et al 2014). 
Breton et al (2014) report that survival rates follow a quadratic relationship with age; 
increasing between fledging and recruitment, stabilising for a number of years, and then 
declining when individuals are >12 years old. There was no evidence that local survival from 



Review of Seabird Demographic Rates and Density Dependence 

59 
 

fledging to first breeding depends on hatching order, hatching date, number of fledglings per 
brood or parental age (Nisbet 1996; Dittmann et al 2001). First year survival increased with 
fledging mass (Ludwigs & Becker 2002b). 
 
Factors influencing productivity rates  
Local productivity rates decrease due to predation (Nisbet & Welton 1984; Becker 1995; 
Mavor et al 2008) and increased nesting density (Becker 1995). Productivity also depends 
on parental age or quality (Bollinger 1994; Wendeln & Becker 1999; Nisbet et al 2002; 
Arnold et al 2006).  
 
Knowledge gaps 
Age-specific survival rates and natal breeding dispersal are largely unknown for the UK 
population. The incidence of missed breeding is also poorly resolved. In the absence of a 
focused UK ringing program on common terns it will be difficult to improve these estimates 
using local data. 
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5.9.3. Arctic tern (Sterna paradisaea) 
 
Table 27. Recommended estimates of demographic rates for the Arctic tern. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival (>2 year) 1-2 0.837 0.035  6 2 
Colony-specific productivity   

  
Ardullie 3 0.780 0.156  4 3 
Coquet 3 0.770 0.320  6 3 
Eigg 3 0.120 0.170  6 3 
Fair Isle 4 0.125 0.210  6 4 
Farne Islands 3 0.570 0.348  6 3 
Fetlar 3 0.130 0.194  6 3 
Foula 5 0.238 0.288  6 4 
Foulney 3 0.350 0.224  6 3 
Isle of May 3 0.310 0.277  6 3 
Kinloss 3 0.160 0.232  6 3 
Long Nanny 3 0.660 0.480  6 3 
Papa Westray 3 0.160 0.312  6 3 
Rockabill 3 0.870 0.379  6 3 
Sands of Forview 3 0.260 0.310  6 3 
Skerries 3 1.080 0.400  6 3 
St Fergus 3 0.090 0.108  6 3 
Tiree 3 0.030 0.073  6 3 

National-average productivity 3-5   
  

 0.380 0.325  6 4 

Age of recruitment 1,2  
  

 4   6 3 
Incidence of missed breeding  

  
 -   - - 
Breeding dispersal  

  
Natal 6 0.610   4 1 
Adult 6-7 0.089 0.115  6 1 
1Cullen 1957; 2Coulson & Horobin 1976; 3Mavor et al 2008; 4Shaw et al 2010; 5Furness 2007; 6Devlin et al 2008; 
7Møller et al 2006. 
 
Recommended demographic rates  
The UK estimates of adult survival for Arctic tern are largely limited to the Farne Islands 
(Cullen 1957; Coulson & Horobin 1976). More recent estimates of survival are from Canada 
(Devlin et al 2008). Regional differences in survival have not been investigated; however the 
rates of survival reported for the UK and Canada are relatively similar (see accompanying 
material for Arctic tern). The estimate given in Table 27 combined the UK estimates. 
National census data indicate that the trajectory of the UK population has changed since 
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these publications, from increasing to decreasing (Shaw et al 2010; JNCC 2014). Therefore 
caution should be applied when using these rates to model current population trends.  
 
Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 27). The productivity 
of Arctic tern is monitored annually at one SMP Key Site: Fair Isle, and long-term productivity 
is given for 15 additional UK localities by Mavor et al (2008). 
 
Information on the age of recruitment for Arctic tern is relatively old, and the national 
population trend is thought to have changed since it was published (Cullen 1957; Coulson & 
Horobin 1976). The majority of Arctic terns breed for the first time at age 4, although a small 
proportion breed for the first time at age 5, and a few individuals may also attempt breeding 
at 2 or 3 years old (Cullen 1957; Coulson & Horobin 1976). The reported modal age is older 
than for the other terns (Tables 25-28), and therefore some caution should be applied when 
using this estimate to model current population trends. Information on the incidence of 
missed breeding is limited, although it is thought to occur primarily in response to food 
shortage (Monaghan et al 1992). Outside of the UK, breeding dispersal of adult Arctic terns 
is low (Møller et al 2006; Devlin et al 2008), although it is higher between colonies that are 
closely distributed (Brindley et al 1999; Møller et al 2006; Devlin et al 2008). Adult and natal 
dispersal are also thought to reflect local conditions at a colony, e.g. low levels of food 
availability can increase dispersal (Møller et al 2006). Further matching of local population 
trends is recommended in order to assess the suitability of these estimates for modelling UK 
birds. In Denmark, natal dispersal is thought to be high (Møller et al 2006). This process will 
strongly influence the subsequent population trajectory, and therefore requires consideration 
when building population models for this species.  
 
Population trend in UK 
Breeding colonies of Arctic terns are concentrated in the Northern Isles. Exact population 
trends are difficult to verify because different methods were used to conduct censuses. 
Numbers are thought to have increased between 1969 and 1988, decreased between 1988 
and 2002, and stabilised between 2000 and 2013 (Shaw et al 2010; JNCC 2014). 
 
Factors influencing survival rates 
The drivers of survival for Arctic tern have not been identified. 
 
Factors influencing productivity rates  
Local productivity rates are reported to be positively influenced by increased prey 
abundance (Monaghan et al 1989; Suddaby & Ratcliffe 1997; Robinson et al 2001; Furness 
2007) and negatively influenced by predation (Nordström et al 2004; Mavor et al 2008). Nest 
location can also be significantly influential (Bunin & Boates 1994). Mean clutch size may 
increase in relation to age, although small sample sizes prevented this from being reliably 
quantified (Coulson & Horobin 1976). Monaghan et al (1989) demonstrated that the 
productivity of Arctic terns differed between colonies in relation to foraging conditions.  
 
Knowledge gaps  
Estimates of juvenile and immature survival are lacking. High levels of natal dispersal will 
make these parameters difficult to deduce without multi-colony studies. A population rate for 
the incidence of missed breeding has also not been quantified. More intensive efforts at the 
breeding ground would be needed to resolve this parameter. 
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5.9.4. Little tern (Sternula albifrons) 
 
Table 28. Recommended estimates of demographic rates for the little tern. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Adult survival 1 0.800   3 2 
Regional-specific productivity  

  
North 2-3 0.456 0.482  6 4 
South 2-3 0.464 0.506  6 4 

National-average productivity 2     
 0.518 0.518  6 4 

Age of recruitment 4  
  

 >2   2 2 
Incidence of missed breeding  

  
 -   - - 
Breeding dispersal  

  
Natal -   - - 
Adult -   - - 
1Grosskopf 1964, cited by Robinson & Ratcliffe 2010; 2Mavor et al 2008; 3Cook & Robinson 2010; 4Schönert 
1961, cited by Cramp 1985. 
 
Recommended demographic rates  
In the absence of a focused UK ringing program on little terns, local survival rates are largely 
unknown (see accompanying material for little tern). Outside of the UK, published estimates 
include a relatively old ring-recovery study (Grosskopf 1964, cited by Robinson & Ratcliffe 
2010). Regional differences in population trends could not be wholly attributed to local 
differences in breeding success (Cook & Robinson 2010). At present there are not sufficient 
data to model colony-specific survival rates, and therefore it will be important to consider 
regional differences in population trend as caveats of population models that are developed. 
 
Regional trends in productivity rates were identified by Cook and Robinson (2010) in two 
discrete geographic areas (see Appendix S5 for map). Long-term productivity is given for 21 
localities in the UK by Mavor et al (2008). The range of productivity values given in Table 28 
were calculated using the regional groupings highlighted by Cook and Robinson (2010) to 
categorise the values specified by Mavor et al (2008). These estimates indicate large 
variability to occur within each region. 
 
Published estimates for the age of recruitment of little tern is relatively old and not based on 
UK data. Little terns are thought to start breeding at a minimum of 2 years, usually older 
(Schönert 1961, cited by Cramp 1985). This minimum age is lower than the modal ages that 
were identified for the other tern species (Tables 25-28). It therefore may not be 
representative of the modal age for little tern. Information on natal and adult dispersal and 
the incidence of missed breeding is largely lacking. It may be possible to use estimates 
based on common tern or Arctic tern (Table 26; Table 27) to represent these demographic 
parameters. Matching of local population trends is recommended in order to assess the 
suitability of these estimates. 
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Population trend in UK 
Little tern colonies are scattered along much of the British coastline, but the main 
concentration is in the south and east of England. In the UK, abundance generally declined 
after the late 1980s but stabilised in the 1990s (Ratcliffe et al 2000). The decline was 
attributed to low rates of productivity (Ratcliffe et al 2000). The rate of decline varies 
regionally in four discrete geographic areas; East Scotland and North East England, East 
and South England, Wales and West England and West Scotland and East Ireland (Cook & 
Robinson 2010). 
 
Factors influencing survival rates 
The drivers of survival for little tern have not been identified. 
 
Factors influencing productivity rates  
Local productivity rates have been linked to human disturbance (Medeiros et al 2007; 
Perrow et al 2011) and nest location (Oro et al 2004).  
 
Knowledge gaps 
Rates of survival and the age of recruitment are poorly resolved. The incidence of missed 
breeding and rates of breeding dispersal are also largely unknown. In the absence of a 
focused UK ringing program on little tern it will be difficult to improve these estimates using 
local data. 
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5.10. Auks 
 
5.10.1. Common guillemot (Uria aalge) 
 
Table 29. Recommended estimates of demographic rates for common guillemot. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 
0.560  0.013 6 3 

Immature survival (1-2 year) 1 0.792  0.034 6 3 
Immature survival (2-3 year) 1 0.917  0.022 6 3 
Adult survival (>4th year) 2-4 

0.939 0.015  6 6 

Experience-specific productivity    

1st year 5 0.620   6 3 
>2nd year 5  0.686 0.068  6 3 

Regional-specific productivity      

North 6-8 0.629 0.174  6 5 
East 6-7,9 0.659 0.133  6 5 
West 4,6-7 0.823 0.056  6 5 

National average productivity 4,6,8-9     
 0.672 0.147  6 5 

Age of recruitment 10    
 6   6 4 

Incidence of missed breeding 11    
 0.079   6 3 

Dispersal    

Natal 1,12 0.580 0.212  6 3 
Adult 13 0.007   4 3 
1Harris et al 2007; 2Lahoz-Monfort et al 2011; 3Reynolds et al 2011; 4Meade et al 2013; 5Crespin et al 2006a; 
6Mavor et al 2008; 7Cook & Robinson 2010; 8Shaw et al 2010; 9Newell et al 2010; 10Halley & Harris 1993; 
11Harris & Wanless 1995; 12Harris et al 1996; 13Swann & Ramsay 1983. 

 
Recommended demographic rates  
The UK estimates of survival for common guillemot are largely limited to the Isle of May, 
Canna, Colonsay and Skomer. Regional differences in abundance trends were largely 
attributed to local differences in breeding success (Cook & Robinson 2010) and colonies 
with increasing and decreasing trends report adult survival rates to be similar (e.g. Isle of 
May – Reynolds et al 2011; Skomer - Meade et al 2013) (see accompanying material for 
common guillemot). Therefore, it may be sufficient to employ a national average for survival 
when parameterising population models of common guillemot. However, it should be noted 
that inter-colony comparisons of survival rates demonstrate some evidence of regional 
differences (Harris et al 2000b). A high correlation is thought to occur between breeding 
colonies that share wintering areas (Reynolds et al 2011). To apply colony-specific survival 
rates to population models, preference should be given to survival rates from colonies that 
overlap in winter distribution. The estimate of adult survival reported in Table 29 combined 
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estimates from the most recent colony-specific studies. Stronger metal rings were introduced 
in Britain and Ireland in 1983 to reduce ring-loss and wear to the inscription associated with 
standing on rocky cliff-ledges. Therefore, unless survival estimates have been corrected for 
ring loss, only more recent estimates can be reliably used. Immature guillemots tend to 
revisit their natal colony at least once before recruiting to a breeding population. Therefore 
estimates of immature survival rate derived from mark-recapture data should be reliable 
when accompanied by extensive recapture effort (e.g. Harris et al 2007). Other estimates of 
juvenile survival from the Isle of May (Crespin et al 2006a) and Canna (Reynolds et al 2011) 
are detailed in the accompanying material for common guillemot. 
 
Regional trends in productivity rates were identified in three discrete geographic areas (Cook 
& Robinson 2010; Appendix S6 for map). The productivity of common guillemot is monitored 
annually at three SMP Key Sites: Isle of May, Fair Isle and Skomer, and long-term 
productivity estimates are given for eight additional UK localities by Mavor et al (2008). The 
range of productivity values given in Table 29 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Mavor et al 
(2008), Shaw et al (2010), Newell et al (2010) and Meade et al (2013). The estimates of 
experience-specific productivity in Table 29 should be used to guide the proportional change 
that can be expected with age, as opposed to absolute values of productivity. 
 
Published information on the age of recruitment for common guillemot is relatively old, and 
differs regionally. On Skomer and the Isle of May the median age of first breeding appeared 
to be one or two years earlier than on Canna (Birkhead & Hudson 1977; Halley & Harris 
1993; Harris et al 1994a). This may reflect differences in methodology. Daily monitoring on 
the Isle of May minimises the bias caused by birds losing eggs soon after laying (Harris et al 
1994a). Therefore, the value in Table 29 is based on the Isle of May estimate only. The 
incidence of missed breeding in the common guillemot was explored extensively by Harris 
and Wanless (1995). The behaviour seemed to vary between individuals, with 6% of 
individuals accounting for 47% of non-breeding cases (n=146). The occurrence of adult 
dispersal is low (Swann & Ramsay 1983) but increases between closely distributed colonies 
(Southern et al 1965). Natal dispersal is considerably higher (Swann & Ramsay 1983; Harris 
et al 1996; Harris et al 2007). The rates of natal dispersal in Table 29 are from the multi-
colony study by Harris et al (1996). High levels of natal dispersal will strongly influence the 
subsequent population trajectory, and requires consideration when building population 
models for this species. 
 
Population trend in UK 
The common guillemot is the most abundant breeding seabird in the UK (Mitchell et al 
2004). Populations increased rapidly in all regions of the UK between 1969 and 1985. This 
rate of increase slowed between 1985 and 2002, and then slowed again between 2000 and 
2013 (JNCC 2014). In the early 1980s, regional differences emerged in two discrete 
geographic areas; the East Coast of the UK and the second on the West Coast of the UK 
(Cook & Robinson 2010; Heubeck & Mellor 2014). On Skomer Island numbers have 
increased at an almost constant rate of 5% per annum in the last 30 years (Meade et al 
2013). In contrast, colonies on the Isle of May, Fair Isle and Canna are presently in decline 
(Harris et al 1996; Newell et al 2010; Swann 2010).  
 
Factors influencing survival rates 
Local survival rates have been linked to oil pollution and also the marine environment; 
decreasing at high values of winter Northern Atlantic Oscillation (i.e. survival rates are lower 
following warmer sea temperatures and stronger winds, Votier et al 2005, 2008). On the Isle 
of May (SE Scotland) there is no evidence that survival depends on prey density or local 
population size (Harris et al 2007). For older birds, survival begins to decline at >19 years 
(Crespin et al 2006a).  
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Factors influencing productivity rates 
Local productivity rates are reported to be negatively influenced by decreased prey biomass 
(Rindorf et al 2000; Wanless et al 2005). Productivity also increases with greater synchrony 
of lay dates, although there was no evidence for an effect of the actual lay date (Birkhead 
1977a). Productivity of first time breeders was relatively low, stabilising from the fifth attempt 
and decreasing when birds breed for >13 years (Crespin et al 2006a).  
 
Knowledge gaps  
The demography of guillemots in the UK is relatively well resolved. 
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5.10.2. Razorbill (Alca torda) 
 
Table 30. Recommended estimates of demographic rates for the razorbill. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival  
  

Immature survival (0-2 years) 1 0.630 0.209  6 2 
Adult survival (≥3 year) 2-3 0.895 0.067  6 6 
Regional-specific productivity  

  
South 4-6 0.642 0.271  6 4 
Mid 4-5,7 0.643 0.057  6 5 
North 4-5,8 0.459 0.236  6 5 

National-average productivity 4,6-8 
  

  
 0.570 0.247  6 5 

Age of recruitment 9  
  

 5   3 3 
Incidence of missed breeding 10  

  
 0.030   4 3 
Dispersal  

  
Natal 9,11 0.088 0.116  5 3 
Adult 10-12 0.047 0.046  5 3 

1Lavers et al 2008; 2Taylor et al 2010; 3Lahoz-Monfort et al 2011; 4Mavor et al 2008; 5Cook & Robinson 2010; 
6Lloyd 1979; 7Newell et al 2010; 8Shaw et al 2010; 9Lloyd & Perrins 1977; 10Harris & Wanless 1989; 11Lavers et 
al 2007; 12Lloyd 1976. 
 
Recommended demographic rates  
The UK estimates of survival for razorbill are largely limited to the Isle of May and Skomer. 
There is also an older estimate based on shorter-term data from the Shiant Islands, NW 
Scotland (Chapdelaine 1997, see accompanying material for razorbill). Estimates of adult 
survival from outside of the UK appear to be higher (Sandvik et al 2005; Lavers et al 2008). 
Regional differences in population trends could be largely attributed to local differences in 
breeding success (Cook & Robinson 2010), therefore it may be sufficient to employ a 
national average for survival when parameterising population models of this species. 
Although the estimate given in Table 30 combined the most recent UK studies, information 
on juvenile and immature survival rates is limited to a relatively old ring-recovery study 
(Lloyd 1974). National census data indicate that the trajectory of the UK population has 
changed since this study; therefore the estimate of immature survival in Table 30 is taken 
from a more recent mark-recapture study from Canada (Lavers et al 2008). Although 
razorbills in Canada were following a similar population trend to the current UK population; 
the estimate of adult survival by Lavers et al (2008) is higher than the estimate reported for 
the UK by Lahoz-Monfort et al (2011) and Taylor et al (2010). Therefore caution should be 
applied when using these estimates to model the current UK population trend. 
 
Regional differences in productivity were identified by Cook and Robinson (2010) in three 
discrete geographic areas (Appendix S7 for map). The productivity of razorbill is monitored 
annually at three SMP Key Sites: Isle of May, Skomer and Fair Isle, and long-term 
productivity estimates are given for four additional UK localities by Mavor et al (2008). The 



Review of Seabird Demographic Rates and Density Dependence 

68 
 

range of productivity values given in Table 30 were calculated using the regional groupings 
highlighted by Cook and Robinson (2010) to categorise the values specified by Lloyd (1979), 
Mavor et al (2008), Newell et al (2010) and Shaw et al (2010).  
 
Published information on the age of recruitment for the razorbill is relatively old and may vary 
regionally in relation to nest site availability (anecdotal evidence reviewed by Lloyd & Perrins 
1977). The reported age is similar to the other auk species (Tables 29-32), and consequently 
may be suitable for modelling current population trends. Local incidence of missed breeding 
is low (Harris & Wanless 1989), but the behaviour is more prevalent in certain individuals 
(Harris & Wanless 1989). Adult dispersal is also thought to be very low (Lloyd 1976; Harris & 
Wanless 1989; Lavers et al 2007). At a stable UK colony, natal dispersal was reported to be 
very low (Lloyd & Perrins 1977), but in Canada rates were higher (Lavers et al 2008). To 
represent the range of adult and natal dispersal, the value given in Table 30 combined 
estimates from the UK and Canada (see accompanying material for razorbill).  
 
Population trend in UK 
The UK population increased between 1969 and 2002 (JNCC 2014), however this trend 
varies regionally, for example particular colonies declined during the 1990s, before 
stabilising or increasing during the last decade (Shaw et al 2010; Swann 2010). On Canna 
this change in trajectory followed the successful eradication of rats (Swann 2010). Regional 
differences in abundance trends were identified in four discrete geographic areas; the East 
Coast of Scotland, the South Coast of Wales, the North Coast of Wales and the West Coast 
of Scotland (Cook & Robinson 2010). 
 
Factors influencing survival rates 
Survival rates have been linked to the marine environment, and decrease at high values of 
winter Northern Atlantic Oscillation (i.e. survival rates are lower following warmer sea 
temperatures and stronger winds, Sandvik et al 2005). The survival rates of razorbills do not 
appear to differ between the sexes (Harris et al 2000a).  
 
Factors influencing productivity rates  
Local productivity rates decline in response to predation from gulls (Hudson 1982).  
 
Knowledge gaps 
Juvenile and immature survival rates are poorly resolved for UK populations. Assuming low 
levels of natal dispersal (Lloyd & Perrins 1977), it should be possible to estimate these rates 
using existing ring-recovery and sighting data. An alternative approach would be to solve for 
juvenile survival rates based on other demographic parameters and population trend data 
collected from a regularly monitored site (e.g. Skomer or Isle of May). 
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5.10.3. Black guillemot (Cepphus grylle)  
 
Table 31. Recommended estimates of demographic rates for black guillemot. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival    

Juvenile survival (0-1 year) 1 
0.731 0.239  6 2 

Adult survival 1 0.870 0.034  6 2 
Colony-specific productivity    
North Ronaldsay 2 1.420 0.316  6 4 
Auskerry 2 1.310 0.166  6 4 
Swona 2 1.500 0.201  6 4 
Old Lighthouse Island 2 1.080 0.280  6 4 
Mew Island 2 2.000   4 4 
Rockabill 2 1.260 0.226  6 4 

National-average productivity  2      
 1.298 0.315  6 4 

Age of recruitment 3    
 5   4 2 

Incidence of missed breeding    
 -   - - 
Dispersal    
Natal 4 0.657   2 2 
Adult 4 0.010   4 2 
1Frederiksen & Petersen 1999a; 2Mavor et al 2008; 3Frederiksen 1998; 4Frederiksen & Petersen 1999b. 
 
Recommended demographic rates  
Estimating the survival rates of black guillemots is complicated by nests occurring in hard to 
reach locations, such as small rocky islands, low-lying rocky coasts, and rock crevices. The 
UK estimates of survival are relatively old and based on short time series (1-2 years; Ewins 
1988, 1989). More recent estimates are from Iceland. The population trajectory of black 
guillemots in Iceland between 1977 and 1991 was similar to the present UK trend; stable 
(Frederiksen & Petersen 2000; JNCC 2014). There are not sufficient data to explore regional 
variation in age-specific survival rates, therefore population models based on these values 
will have to assume that the reported estimates from Iceland are representative more 
broadly (see accompanying material for black guillemot). In Iceland, the survival rate of black 
guillemot are best described in two age classes; juvenile and birds from age one onwards.  
 
Regional differences in productivity rates have not been investigated for this species (e.g. 
Cook & Robinson 2010). Consequently, it may be more suitable to use colony-specific rates 
of productivity to parameterise population models on this species (Table 31). Long-term 
productivity is given for six localities in the UK by Mavor et al (2008). 
 
Although published information on the age of recruitment for the black guillemot is not based 
on UK data (Frederiksen 1999), the corresponding population trend for this estimate was 
similar to the present UK trajectory. There is no information available on the incidence of 
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missed breeding. It may be appropriate to use estimates based on common guillemot or 
puffin (Table 29 and Table 32), however further matching of local population trends is 
recommended in order to assess suitability. Dispersal of breeding adults is low (Preston 
1968; Asbirk 1979; Frederiksen & Petersen 1999b) but natal dispersal is thought to be high 
(Frederiksen & Petersen 1999b, 2000). The dispersal rates in Table 31 are from the multi-
colony study by Frederiksen and Petersen (1999b). High levels of natal dispersal will 
strongly influence the subsequent population trajectory, and requires consideration when 
building population models for this species. 
 
Population trend in UK 
The black guillemot is largely restricted to the north and west coasts of Scotland and the 
coast of Ireland. Colonies in the UK increased slightly between 1982 and 2002, and are now 
considered to be relatively stable (JNCC 2014). However, there are regional differences in 
population trends (Mavor et al 2008; Shaw et al 2010). 
 
Factors influencing survival rates 
Local survival rates decrease following an increase in fishing effort (Frederiksen & Petersen 
1999a). 
 
Factors influencing productivity rates  
Local productivity rates have been linked to nest quality (Ewins 1989).  
 
Knowledge gaps 
The survival rates of the UK population are poorly resolved, and information on the incidence 
of missed breeding is lacking. Intensive efforts at the breeding grounds would be needed to 
estimate these parameters. 
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5.10.4. Atlantic puffin (Fratercula arctica) 
 
Table 32. Recommended estimates of demographic rates for Atlantic puffin. 

Demographic parameter Mean SDp SEe 
Data 

quality 
Data 

representation 

Age-specific survival  

Immature survival (0-3 years) 1 0.709  0.022 6 1 
Immature survival (3-4 years) 1 0.760  0.019 6 1 
Immature survival (4-5 years) 1 0.805  0.017 6 1 
Adult survival (>6 year) 2-4 0.906 0.083  6 5 
Colony-specific productivity  
Fair Isle 5 0.570 0.141  6 5 
Farne Islands 6 0.415 0.219  6 4 
Isle of May 7 0.642 0.135  6 5 
Skomer 6 0.870 0.028  6 4 
St Kilda 6 0.785 0.078  6 4 
National-average productivity  4-9      
 0.617 0.151  6 5 

Age of recruitment 8,10 
 

 5   6 3 
Incidence of missed breeding 8  
 0.078   4 3 
Dispersal  
Natal 10 0.230   4 2 
Adult 1,8,11 0.042 0.040  6 3 

1Breton et al 2006; 2Harris et al 2005; 3Lahoz-Monfort et al 2011; 4Taylor et al 2010; 5Shaw et al 2010; 6Mavor et 
al 2008; 7Newell et al 2010; 8Ashcroft 1979; 9Harris 1980; 10Harris 1983; 11Kress & Nettleship 1988. 
 
Recommended demographic rates  
The UK estimates of survival for Atlantic puffin are largely limited to the Isle of May, Fair Isle 
and Skomer.  A number of studies have examined these data over different time scales (see 
accompanying material for Atlantic puffin). Harris et al (2005) demonstrated that the survival 
rates of puffins were highly similar across different colonies. Therefore, if may be sufficient to 
employ a national average for survival when parameterising population models of Atlantic 
puffin. The estimate of adult survival in Table 32 combined the most recent colony-specific 
studies. Estimates of adult survival from outside of the UK also appear to be similar (Harris 
et al 2005; Breton et al 2006; see accompanying material for Atlantic puffin). The UK 
estimates of juvenile and immature survival rates are limited to relatively old mark-recapture 
studies based on return rates only (Harris 1983; Harris & Rothery 1985). National census 
data indicate that the trajectory of the UK population has changed since these studies. 
Furthermore, these estimates are based on data collected before the introduction of hard 
rings and therefore are likely to be biased by ring-loss. The values of immature survival 
given in Table 32 are from a recent mark-recapture study on Atlantic puffins from Canada 
(Breton et al 2006). It was not possible to verify the corresponding population trend for this 
estimate, and therefore caution should be applied when using these estimates to model 
current UK population trends. 
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Regional trends in productivity rates have not been investigated for this species (e.g. Cook & 
Robinson 2010). Consequently, it may be more suitable to use colony-specific rates of 
productivity to parameterise population models on this species (Table 32). The productivity 
of Atlantic puffin is monitored annually at three SMP Key Sites: Isle of May, Skomer and Fair 
Isle, and long-term productivity estimates are given for two additional UK localities by Mavor 
et al (2008). 
 
Published information on the age of recruitment for Atlantic puffin is relatively old. The 
national population trend is thought to have changed since their publication (Ashcroft 1979; 
Harris 1984; JNCC 2014); however the reported age is similar to the estimates identified for 
the other species of auk considered (Tables 29-32). The majority of birds breed for the first 
time at age 4, but rates of productivity are usually lower than at age 5 (Ashcroft 1979; Harris 
1984). Adult breeding dispersal is thought to be low (Ashcroft 1979; Harris 1983; Kress & 
Nettleship 1988; Breton et al 2006) and natal dispersal is thought to be high (Harris 1983; 
Breton et al 2006). To represent the range of dispersal rates, the values given in Table 32 
are estimated from all of the listed studies (see accompanying material for Atlantic puffin). 
Published estimates of the incidence of missed breeding are based on short time series (3 
years; Ashcroft 1979) and are therefore unlikely to be representative more broadly.  
 
Population trend in UK 
The puffin is the second most abundant seabird breeding in the UK. Population trend 
information is based on long-term monitoring of burrow densities on St Kilda, the Shiant 
Islands, the Isle of May and the Shetlands. Numbers were stable between the early 1970s 
and late 1980s (Lloyd et al 2001), with the exception of the Isle of May where there was an 
annual increase of 22% between 1973 and 1981 that was partially attributed to immigration 
(Harris & Rothery 1985). Overall, the UK population is thought to have increased between 
1969 and 2002 (JNCC 2014). 
 
Factors influencing survival rates 
There is no evidence that local survival from fledging to first breeding is dependent on 
fledging mass or fledging date (Harris & Rothery 1985). Local survival rates of adults 
decrease at high population densities (Breton et al 2006), and due to predation by great 
black-backed gulls (Harris & Rothery 1985). Survival rates are also negatively influenced by 
a decrease in prey biomass and availability (Harris & Bailey 1992; Harris et al 2000a). The 
influence of sea surface temperatures and the Northern Atlantic Oscillation varied between 
colonies (Harris et al 2005), and survival rates do not appear to differ between the sexes 
(Harris et al 2000a). 
 
Factors influencing productivity rates  
Local productivity rates have been linked to parental age and disturbance from other 
burrowing animals (Ashcroft 1979), predation, nesting density (Harris 1980), prey abundance 
(Regehr & Rodway 1999) and levels of kleptoparasitism (Finney et al 2001). Outside of the 
UK, local productivity rates decline due to increased rainfall flooding burrows (Rodway et al 
1998).  
 
Knowledge gaps 
The incidence of missed breeding would also benefit from further analysis across a longer 
time series. High levels of natal dispersal will make estimates of juvenile and immature 
survival difficult to deduce without multi-colony studies. 
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6. Summary of demographic rates available 
 
Table 33. National estimates of each demographic parameter by species. 
 
Estimates are weighted means of the available demographic data, and focused to the UK where possible. Where sufficient data could not be 
gathered using UK examples studies from outside of the UK have been included.  Estimates are colour coded to reflect an overall score 
associated with the data quality and data representation as follows: Red=Low (poor [0-2] quality score and poor [0-2] or good [3-6] 
representation score); Orange=Intermediate (Intermediate [3-4] or good [5-6] quality score and poor [0-2] representation score; OR 
Intermediate [3-4] quality score and good [3-6] representation score); Green=High (good quality score 5-6 and good representation score 3-6). 
The itemisation of these scores is detailed on the second worksheet of the accompanying material for each species. Entries based on more 
than one study site are highlighted in bold, and estimates of total survival from fledging to recruitment are marked with *. If a species is thought 
to experience survival rates similar to an adult before age 5, the intermediate boxes are shaded grey.  

Common name 

Survival 

Productivity 
Age of 
recruit-
ment 

Missed 
breeding 

Dispersal 

Juv. Imm. 
(1-2) 

Imm. 
(2-3) 

Imm. 
(3-4) 

Imm. 
(4-5) 

Imm. 
(5-8) Adult Natal Adult 

Greater scaup 0.400           0.810 0.570 2       
Common eider 0.200           0.886 0.379 3 0.200   0.012 
Goldeneye             0.770 0.365 3     0.564 
Long-tailed duck             0.730 1.900 2       
Common scoter 0.749           0.783 1.838 3     0.123 
Velvet scoter             0.773 0.350 2     0.688 
Red-throated diver 0.600 0.620         0.840 0.571 3     0.250 
Black-throated diver 0.400           0.817 0.425 5       
Great northern diver * * 0.770       0.870 0.543 6 0.307 0.069 0.090 
Manx shearwater             0.870 0.697 5 0.157 Low Low 
Northern fulmar *  *  *  *   * 0.26 0.936 0.419 9   0.915 Low 
Northern gannet 0.424 0.829 0.891 0.895     0.919 0.700 5     Low 
Great crested grebe             0.725 1.275 2       
Great cormorant 0.540           0.868 1.985 3   0.240 0.123 
European shag 0.513 0.737         0.858 1.303 2   0.049 0.010 
Arctic skua * * * 0.346     0.910 0.487 4 0.030   Low 
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Common name 

 
Survival 

 
Productivity 

 
Age of 
recruit-
ment 

 
Missed 

breeding 

 
Dispersal 

Juv. Imm. 
(1-2) 

Imm. 
(2-3) 

Imm. 
(3-4) 

Imm. 
(4-5) 

Imm. 
(5-8) Adult Natal Adult 

Great skua 0.730           0.882 0.651 7 0.089 0.015 Low 
Black-legged kittiwake 0.790           0.854 0.690 4 0.194 0.890 0.037 
Little gull             0.800   2-3       
Black-headed gull             0.825 0.625 2     0.167 
Common gull 0.410 0.710         0.828 0.543 3   0.700 <0.030 
Lesser black-backed gull 0.820           0.885 0.530 5 0.337 0.470   
Herring gull 0.798           0.834 0.920 5 0.350 0.629   
Great black-backed gull             0.930 1.139 5       
Sandwich tern 0.358 0.741 0.741 0.741     0.898 0.702 3       
Common tern * 0.441   0.850     0.883 0.764 3-4 Low 0.070 0.103 
Arctic tern             0.837 0.380 4   0.610 0.089 
Little tern             0.800 0.518 2       
Common guillemot 0.560 0.792 0.917       0.939 0.672 6 0.079 0.580 0.007 
Razorbill * 0.630         0.895 0.570 5 0.030 0.088 0.047 
Black guillemot 0.731           0.870 1.298 5   0.657 0.010 
Atlantic Puffin * * 0.709 0.760 0.805   0.906 0.617 5 0.078 0.230 0.042 
 
The majority of the seabird species received high and intermediate data scores for adult survival rates, with the exception of little gull and great 
black-backed gull. Excluding the common eider, the survival rates of the sea duck species were less well resolved, especially for the juvenile 
and immature age class. The juvenile and immature survival rates for great northern diver, northern fulmar, Arctic skua, common tern, razorbill 
and Atlantic puffin were only available as return rates between fledging and recruitment. Juvenile and immature survival rates were not 
available for goldeneye, long-tailed duck, velvet scoter, Manx shearwater, little gull, black-headed gull, great black-backed gull, Arctic tern and 
little tern. For a number of species regional differences in population trends could not be wholly attributed to local differences in productivity 
(Cook & Robinson 2010). In these cases it may be important to consider regional variation in recruitment or survival rates when parameterising 
population models. To investigate regional differences in survival rates would require long-term mark-recapture studies from several colonies 
(as recommended by Robinson & Baillie 2012); alternatively this could be explored by delineating non-breeding season populations (e.g. 
Furness 2015). 
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For all of the seabird species, with the exception of little gull, there was good information on 
productivity. In contrast, the productivity rates of the sea duck species were less well 
resolved. An estimate for the modal age of recruitment was available for all of the species 
considered, although the variability between individuals was less well resolved. The majority 
of these estimates received a high or intermediate data score, with the exception of long-
tailed duck, velvet scoter, Manx shearwater, great crested grebe, great skua, Sandwich tern 
and little tern. However, many of the reported estimates are from relatively old studies and in 
a number of cases national census data indicate that the trajectory of the UK population has 
changed since their publication. It will be important to consider any temporal or regional 
differences in population trend as caveats of population models that are developed using the 
reported values. For the majority of species there is considerably less information on the 
incidence of missed breeding and breeding dispersal. These variables are likely to vary 
markedly between colonies, depending on local population trend and resource availability. 
Elevated rates of natal dispersal were identified in northern fulmar, black-legged kittiwake, 
common gull, lesser black-backed gull, herring gull, arctic tern, common guillemot and black 
guillemot. This process is likely to influence the reliability of population models if it is not 
considered. 
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7. Review of density dependence in seabirds 
 
Demographic processes such as growth, survival, productivity and recruitment are density-
dependent if their rates change as a function of the density or number of individuals in a 
population. Density-dependent processes are said to be compensatory if they stabilise the 
population around the long-term average, i.e. they reduce the rate of population growth as 
numbers rise and increase the rate as numbers fall (Lack 1954). This negative feedback on 
population size is important to management because it operates to offset the losses of 
individuals from the population, for example, a lowered population density may cause a 
temporary increase in survival or productivity in the remaining individuals, supporting an 
increase in the population size back towards the long-term average. However, density-
dependent processes may also be depensatory, slowing the rate of population growth at 
lower population densities. This positive feedback on population size is especially important 
for depleted populations and endangered species, because it acts to accelerate further 
population decline and can delay recovery. The expression of these opposing processes in a 
population may also change in relation to population size, for example a population can be 
depensatory at low population levels and exactly compensating at higher population levels. 
This mechanism may result in an optimal population density, where survival and productivity 
rates decrease at high and low densities (Figure 1, Allee 1931, 1938), as documented in 
herring gull (Parsons 1976) and common tern (Becker & Finck 1986; Sudmann 1998). 
 
In terms of population modelling, these effects can be captured by making the demographic 
parameters functions of population density. Consequently, the resulting frameworks are 
nonlinear because populations can no longer grow exponentially. At the time of publication, 
the majority of population models used to assess the potential impacts of wind farms on 
seabirds did not consider density dependent mechanisms. Existing models have included a 
density-dependent adjustment on juvenile survival rates because this will also capture any 
associated changes in natal dispersal and recruitment (e.g. Freeman et al 2014). However, 
the contexts for including density-dependent mechanisms in population models are not well 
understood. This review consolidates the empirical evidence of compensatory and 
depensatory regulation in seabirds and sea ducks. The focus is primarily on the species 
considered in the individual species accounts listed in Section B, but also includes studies 
on similar species.  
 
7.1. Empirical evidence of density-dependence 
 
Depensation 
Depensation is typically exhibited in populations that have been significantly depleted in size. 
The underlying mechanism is related to benefits associated with conspecific presence such 
as: anti-predator vigilance or aggression; cooperative feeding or resource defence; social 
thermoregulation; collective improvement of the environment; increased availability of mates; 
nonspecific enhancement of reproduction; and reduction of inbreeding, genetic drift, or loss 
of integrity by hybridisation (Stephens et al 1999). The majority of empirical examples of 
depensation in seabirds relate to anti-predator vigilance (or colonial defence) increasing 
rates of productivity. We identified this relationship in 14 studies that considered eight 
different species of seabird and sea duck (Table 34; Table 35). However, there were also 
twelve studies that did not identify a relationship between productivity and colony size (Table 
34; Table 35). Therefore, the presence of depensation is likely to be context dependent, for 
example anti-predator vigilance will only be important if a population is influenced by 
predation (Ryder & Ryder 1981; Harris & Wanless 1988). For species and populations that 
are influenced by depensation, the influence of colonial defence is likely to select for higher 
levels of breeding synchrony in order to align colonial nest defence with specific points in the 
breeding season (e.g. Patterson 1965). Depensation is likely to follow a similar function 
shape to the Allee effect (Figure 1). 
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Figure 1. The Allee effect (replotted from Stephens et al 1999). A. At low densities, the benefits from 
the addition of each successive individual outweigh the costs, such that there is a net gain in 
individual fitness, and fitness is highest at intermediate numbers or densities. B. In this case, 
population growth rate may also be low at low levels of abundance, resulting in two equilibria, a lower 
unstable equilibrium (C) and an upper, stable equilibrium (U). 
 
Compensation 
Compensation is characterised by demographic changes that stabilise the population around 
the long-term average. We identified nine studies on five different species of seabirds and 
sea ducks that demonstrated a decrease in colony growth rates as a colony increases in 
size (Table 34; Table 35). For example, Porter and Coulson (1987) found the growth of a 
kittiwake colony to be limited by the number of attractive sites in the dense centre (also see 
Coulson 1983). Similarly, Chabrzyk and Coulson (1976) found that herring gulls have greater 
difficulty establishing a territory in a dense colony (also see Duncan 1978; Coulson et al 
1982; Raven & Coulson 1997). Coulson and Wooller (1976) attributed this relationship to 
reduced survival rates. A decrease in survival rates associated with an increase in colony 
size was identified in seven species of seabird and sea duck across eight studies (Table 34; 
Table 35). However, the influence of density-dependent regulation on survival rates can also 
be age-specific, such that juvenile birds are more impacted by limited resources than birds 
older than age one (Marvelde et al 2009). An alternative explanation is that chicks fledge 
from denser colonies at significantly lighter weights (Gaston et al 1983). Other studies 
indicate that density-independent factors may have a stronger impact on survival rates at 
higher colony densities (Frederiksen & Bregnballe 2000b; Barbraud & Weimerskirch 2003). 
Here, a saturation of high quality wintering habitat may force some birds to winter in less 
good habitat where they are more vulnerable to poor environmental conditions. A decrease 
in population growth rate as the number of individuals increased can also be attributed to 
reduced productivity rates. This relationship was identified in seven species of seabird and 
sea duck across eight studies (Table 34; Table 35). In eiders this relationship was attributed 
to increased transmission of disease (Pöysä & Pöysä 2002) and a decrease in clutch size 
(Coulson 1984, 1999). In the other identified studies, this relationship was attributed to 
elevated disturbance from non-breeding conspecifics and predation of eggs and chicks by 
neighbouring pairs. However, there are also twelve studies that did not identify a relationship 
between productivity and colony size (Table 34; Table 35). This result may reflect a colony 
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that is not limited by resources. Alternatively it may indicate that density-dependence 
operates through variation in recruitment or immigration. 
 

 
Figure 2. The compensatory (Beverton-Holt function) effect. A. At high population densities, 
increasing competition and depletion of resources will often result in decreased survival or productivity 
rates. B. Recruitment increases as the survival or productivity rates decrease resulting in a population 
in equilibrium (compensatory).  
 
Elevated mortality rates in the breeding population may not influence the total colony size 
because new recruits take over high quality nesting sites left vacant, and thus achieve 
productivity rates that are more similar to experienced birds (e.g. Coulson 1971). Here, any 
changes in survival are exactly offset by a change in recruitment or immigration (Fig. 2; 
Beverton-Holt function; Beverton & Holt 1957). This process can be identified by quantifying 
the age of recruitment, the proportion of non-breeding individuals in the population and the 
rates of immigration and emigration. An increase in the age of recruitment following a 
decrease in resource availability (such as nesting sites) was identified in nine species (Table 
34). Similarly, an increase in recruitment from the non-breeding pool of adults in response to 
an increase in resource availability was identified in five species (Table 34). Finally, an 
increase in emigration in response to a decrease in resource availability was identified in 
four species, and an increase in immigration in response to an increase in resource 
availability was identified in six species. There were also three studies that did not report a 
relationship between colony size and the proportion of adults in the non-breeding pool (Table 
34; Table 35). These studies considered colonies that were increasing at the time of 
publication. Consequently, the pool of non-breeding adults may have already been 
exhausted, and thus colony growth was predominantly driven by immigration. 
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7.2. Potential impacts from offshore wind farm developments 
 
Wind farm developments act in a density-independent manner, i.e. they may affect a 
proportion of the population regardless of its size. This section offers a brief evaluation of the 
potential density-dependent processes that a seabird colony may experience in response to 
offshore wind farm developments. 
  
Reduced survival 
In the short term, any elevated rates of mortality may not manifest in the size of the breeding 
population. This is because any relative increase in resource availability, such as high quality 
nesting sites (caused by death of one or both of the breeding pair occupying them) will be 
offset by an increase in productivity, a decrease in the age of recruitment, an increase in the 
recruitment of individuals from the non-breeding pool or an increase in immigration. 
However, once these mechanisms have become saturated (i.e. there are no more 
individuals in the non-breeding pool) a change in the population size is likely to result. In 
colonies that experience depensatory regulation, this has the potential to be highly 
destabilising.  
 
Reduced productivity 
Seabirds and sea ducks often increase their breeding dispersal in response to failed 
breeding (e.g. Boulinier et al 2008; Dow & Fredga 1983; Perrins & Smith 2000). If wind farm 
developments decrease rates of productivity (e.g. through displacement of foraging birds, 
Drewitt & Langston 2006), this may also drive changes in local emigration rates and lead to 
further reductions in the colony size as birds redistribute. The continued level of disturbance 
from the offshore development may also prevent colonies from being compensated by 
elevated levels of immigration or recruitment. This may be especially pertinent to colonies 
that are within designated Special Protection Areas, where there is a commitment to protect 
selected colonies. 
 
Conclusions and future directions 
This review of density-dependent regulation in seabirds and sea ducks identifies a large 
number of studies that report compensatory mechanisms to influence rates of productivity, 
survival, recruitment and dispersal. However, the review highlights that there is not a simple 
mechanism of density-dependence that can be applied uncritically in all situations. Rather 
the influence of density-dependence relates to a complex interaction between resource 
availability, colony size and other local factors, such as predation. The dynamics of a colony 
should be evaluated if density-dependence is to be realistically incorporated within 
population models that evaluate the impacts of wind farm developments. The identification of 
compensation was most prevalent in studies that examined rates of recruitment. This means 
that per capita growth rates will be higher at low colony densities, and in terms of population 
modelling, recovery will be quicker if compensatory processes are considered. Thus, in 
many cases adopting a density-independent modelling framework will overestimate potential 
impacts. However, in certain species and populations there was also clear evidence that 
depensatory mechanisms operate on rates of productivity. Here, density-independent 
models will underestimate potential impacts. Depensatory regulation of productivity rates 
was reported in almost twice the number of studies that reported compensatory regulation of 
this demographic parameter, albeit across a similar number of species (Table 35). The ability 
of compensatory density-dependent mechanisms to support population recovery may largely 
depend on the demographic rate impacted, and whether the severity of the impact changes 
over time (e.g. through habituation). Further modelling of compensatory and depensatory 
functions on different demographic rates is recommended in order to elucidate their 
influence on the resulting population size. 
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Table 34. Studies assessing the effect of population density or population size on seabird 
demography. 

Species 
Density-

dependent 
process 

Demographic 
process Effect Reference 

Great cormorant Compensation Age of 
recruitment 

Yes Frederiksen & 
Bregnballe 2000a 

European shag Compensation Age of 
recruitment 

Yes Swann & Ramsay 
1983b, cited Swann & 

Ramsay 1983a 

Black-headed gull Compensation Age of 
recruitment 

Yes Lebreton et al 1990 

Black-legged 
kittiwake 

Compensation Age of 
recruitment 

Yes Porter & Coulson 
1987 

Herring gull Compensation Age of 
recruitment 

Yes Duncan 1981; 
Chabrzyk & Coulson 
1976; Coulson et al 

1982 
Audouin’s gull Compensation Age of 

recruitment 
Yes Oro & Pradel 2000 

Common guillemot Compensation Age of 
recruitment 

Yes Swann & Ramsay 
1983a 

Razorbill Compensation Age of 
recruitment 

Yes NERC 1977, cited 
Swann & Ramsay 

1983a 
Atlantic puffin Compensation Age of 

recruitment 
Yes Harris 1983; Kress & 

Nettleship 1988 
Great cormorant Compensation Emigration Yes Frederiksen & 

Bregnballe 2000a 
Common guillemot Compensation Emigration Yes Crespin et al 2006b 
Northern gannet Compensation Emigration  and 

Immigration 
Yes Murray & Wanless 

1997; Moss et al 2002 

Great skua Compensation Emigration  and 
Immigration 

Yes Phillips et al 1999b; 
Meek et al 2011 

Great cormorant Compensation Immigration Yes Hénaux et al 2007 
European shag Compensation Immigration Yes Aebischer 1995 
Herring gull Compensation Immigration Yes Chabrzyk & Coulson 

1976; Duncan 1978; 
Coulson et al 1982 

Atlantic puffin Compensation Immigration Yes Harris 1983 
Common eider Compensation Incidence of 

missed breeding 
Yes Coulson 1984 
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Species 
Density-

dependent 
process 

Demographic 
process Effect Reference 

Common eider Compensation Incidence of 
missed breeding 

Yes Coulson 1984 

Goldeneye Compensation Incidence of 
missed breeding 

Yes Eriksson 1979 

Northern fulmar Compensation Incidence of 
missed breeding 

No Ollason & Dunnet 
1983 

Great skua Compensation Incidence of 
missed breeding 

Yes Hamer et al 1991 

Lesser black-backed 
gull 

Compensation Incidence of 
missed breeding 

No Calladine & Harris 
1997 

Herring gull Compensation Incidence of 
missed breeding 

No Calladine & Harris 
1997 

Arctic tern Compensation Incidence of 
missed breeding 

Yes Monaghan et al 1992 

Great northern diver Compensation Population 
growth 

Yes Grear et al 2009 

Velvet scoter Compensation Population 
growth 

Yes Hartman et al 2013 

Northern gannet Compensation Population 
growth 

Yes Lewis et al 2001 

Black legged 
kittiwake 

Compensation Population 
growth 

Yes Coulson 1983; Porter 
& Coulson 1987 

Herring gull Compensation Population 
growth 

Yes Chabrzyk & Coulson 
1976; Duncan 1978; 
Coulson et al 1982; 
Raven & Coulson 

1997 
Great northern diver Compensation Productivity Yes Evers 2004 
Common eider Compensation Productivity Yes Coulson 1984; 1999; 

Pöysä & Pöysä 2002 
Goldeneye Compensation Productivity  Andersson & Eriksson 

1982 
Northern fulmar Compensation Productivity No Falk & Møller 1997; 

Lewis et al 2009 
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Species 
Density-

dependent 
process 

Demographic 
process 

 
Effect 

 
Reference 

Southern fulmar Compensation Productivity No Jenouvrier et al 2005 
Northern gannet Compensation Productivity No Nelson 1966 
Northern gannet Compensation Productivity No Nelson 1966 
European shag Compensation Productivity No Potts et al 1980 
Arctic skua Compensation Productivity No Jones 2003 
Great skua Compensation Productivity No Hamer & Furness 

1991 
Great skua Compensation Productivity Yes Jones 2003 
Black-legged 
kittiwake 

Compensation Productivity No Coulson 1971 

Audouin's gull Compensation Productivity No Oro et al 1999 
California gull Compensation Productivity No Pugesek & Diem 1983 
Herring gull Compensation Productivity Yes Kilpi 1989 
Glaucous-winged gull Compensation Productivity Yes Hunt & Hunt 1976 
Great black-backed 
gull 

Compensation Productivity Yes Butler & Trivelpiece 
1981 

European shag Compensation Recruitment 
from non-
breeding 

population 

Yes Potts et al 1980 

Great skua Compensation Recruitment 
from non-
breeding 

population 

Yes Klomp & Furness 
1992b 

Black legged 
kittiwake 

Compensation Recruitment 
from non-
breeding 

population 

Yes Porter & Coulson 
1987 

Audouin's gulls Compensation Recruitment 
from non-
breeding 

population 

Yes Tavecchia et al 2007 

Common guillemot Compensation Recruitment 
from non-
breeding 

population 

Yes Votier et al 2008 

Common eider Compensation Survival Yes Milne 1974 
Blue petrel Compensation Survival Yes Barbraud & 

Weimerskirch 2003 
Great cormorant Compensation Survival Yes Frederiksen & 

Bregnballe 2000b 
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Species 
Density-

dependent 
process 

Demographic 
process Effect Reference 

Black-legged 
kittiwake 

Compensation Survival Yes Coulson & Wooller 
1976; Coulson 2001 

Mediterranean gull Compensation Survival Yes Marvelde et al 2009 
     
Common guillemot Compensation Survival Yes Crespin 2006b 
Atlantic puffin Compensation Survival Yes Harris & Wanless 

1991; Breton et al 
2006 

Atlantic puffin Compensation Survival Yes Harris & Wanless 
1991; Breton et al 

2006 
Arctic skua Depensation Productivity Yes Phillips et al 1998 
Black-legged 
kittiwake 

Depensation Productivity Yes Coulson & White 
1958; Porter 1990; 
Falk & Møller 1997; 

Frederiksen et al 
2004a 

Black-headed gulls Depensation Productivity Yes Patterson 1965 
Sandwich terns Depensation Productivity No Veen 1997 
Common terns Depensation Productivity Yes Becker 1995; 

Hernández-Matías et 
al 2003 

Common guillemot Depensation Productivity Yes Birkhead 1977 
Common guillemot Depensation Productivity No Harris & Wanless 

1988 
Atlantic puffin Depensation Productivity Yes Harris 1980 
Herring gull Depensation/ 

Compensation 
Productivity Yes Parsons 1976 

Common tern Depensation/ 
Compensation 

Productivity Yes Becker & Finck 1986; 
Sudmann 1998 
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Table 35. Studies assessing the effect of population density or population size on seabird demography. Numbers detail the number of studies identified. 

Demographic 
rate 

Density-
dependent 
mechanism 

Divers 
and 

grebe 
Sea 

ducks Procellariiformes Gannet Cormorants Skuas Large 
gulls 

Small 
gulls Terns Auks Total 

Population growth Compensation 1 1 
 

1 
  

4 2 
  

9 

 
Absent 

          
0 

Productivity Depensation 
     

1 1 6 4 2 14 

 
Compensation 1 3 

   
1 3 

   
8 

 
Absent 

  
3 1 1 2 1 2 1 1 12 

Survival Compensation 
 

1 1 
 

1 
  

2 
 

3 8 

 
Absent 

          
0 

Recruitment Compensation 
 

2 
  

2 1 4 2 1 4 16 

 
Absent 

  
1 

   
2 

   
3 

Dispersal Compensation 
   

2 3 2 3 
  

2 12 
  Absent                     0 
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Appendix 

 
S1. Colony membership of clusters based on analysis of northern gannet breeding success data, 
overlaid with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The West 
Coast cluster is broadly contiguous with the Celtic Sea OSPAR region, with the addition of Orkney, 
and the East Coast Cluster is broadly contiguous with the Greater North Sea OSPAR region. The 
West Coast cluster encompasses the North West England and Isle of Man, North West Scotland, 
Orkney, South West Scotland, Wales, South West Ireland and South East Ireland SMP regions, as 
well as regional seas 4, 5, 6 and part of 7. The East Coast Cluster encompasses the East England, 
North East England, South East Scotland, North East England and Shetland SMP regions as well as 
Regional Seas 1, 2 and part of 7.  
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S2. Colony membership of clusters based on analysis of European shag breeding success data, 
overlaid with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The East 
Coast of Scotland and Orkney and the Shetland clusters are within the Greater North Sea OSPAR 
Region and the West Coast of England and Wales cluster is within the Celtic Sea (Cook & Robinson 
2010). 
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S3. Colony membership of clusters based on analysis Arctic skua breeding success data, overlaid 
with existing Regional Seas monitoring regions (taken from Cook & Robinson 2010). The Shetland 
Cluster is within the Greater North Sea OSPAR region and Regional Seas 7. It is contiguous with the 
Shetland SMP region. The Orkney and North Scotland cluster is split between the Celtic Sea and 
Greater North Sea OSPAR regions and Regional Seas 6 and 7. It encompasses the North West 
Scotland and Orkney SMP regions. 
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S4. Colony membership of clusters based on analysis of black-legged kittiwake breeding success 
data, overlaid with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The 
Shetland population falls within regional sea 7 and the Shetland SMP region. The Eastern population 
encompasses regional seas 1, 2 and 3 and parts of regional seas 4 and 7 as well as the South East 
England, East England, North East England and North East Scotland SMP regions and parts of the 
North Scotland and South West England SMP Regions. The Western population encompasses 
regional seas 5 and 6 and parts of regional seas 4 and 7 as well as the Wales, South East Ireland, 
North West England, South West Scotland and North West Scotland SMP regions and parts of the 
South West England, North Scotland and Orkney SMP regions. 
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S5. Colony membership of clusters based on analysis of little tern breeding success data, overlaid 
with existing OSPAR monitoring regions (taken from Cook & Robinson 2010). The Southern 
population encompasses the South West England, South East England, East England and North East 
England SMP (SMP) regions and Regional Seas 2, 3 and 4, all of which are experiencing declines in 
breeding success. The Northern population encompasses the North Scotland, North East Scotland, 
North West England, South East Scotland, South West Scotland, Wales and South East Ireland SMP 
regions and Regional Seas 1, 5, and 6, in which breeding success remains relatively stable. 
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S6. Colony membership of clusters based on analysis common guillemot breeding success data, 
overlaid with existing Regional Seas monitoring regions (taken from Cook & Robinson 2010). The 
North of Scotland group encompasses regional seas 6 and 7 and part of regional sea 1 and the North 
Scotland, North West Scotland, Orkney and Shetland SMP regions. The East coast group 
encompasses regional sea 2 and part of regional sea 1 and the South East Scotland and North East 
England SMP regions. The South West group encompasses regional seas 3, 4 and 5 and the South 
West England and Wales SMP regions. 
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S7. Colony membership of clusters based on analysis razorbill breeding success data, overlaid with 
existing regional seas monitoring regions. The North Scotland, Orkney and Shetland cluster is split 
between the Greater North Sea and Celtic Sea OSPAR regions. The East Coast of Scotland cluster is 
within the Greater North Sea OSPAR region and the South Wales cluster is within the Celtic Sea 
OSPAR region. The North Scotland, Orkney and Shetland cluster is split between regional seas 1, 6 
and 7 and between the North West Scotland, North Scotland, North East Scotland, Orkney and 
Shetland SMP regions. The East Coast of Scotland cluster is within regional sea 1 and split between 
the South East Scotland and North East England SMP regions. The South Wales cluster is within 
regional sea 4 and the Wales SMP region. 
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