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1. SANDEEL FISHERIES COMPENSATION 

1.1. EXECUTIVE SUMMARY 

1. Poor fisheries management can have important negative effects on fish stocks that many 

fish-eating seabirds depend upon. There are numerous examples of the benefits of 

improvements to fisheries management to the demography of breeding seabirds. 

2. In the North Sea the sandeel (Ammodytes spp.) is a very important forage fish and a key 

species for the whole ecosystem. Current fisheries management of the sandeel stocks in the 

North Sea has depleted these stocks below the level necessary for healthy fish-eating 

seabird populations. 

3. This report demonstrates that fisheries can deplete fish stocks and that this depletion has 

negative effects on seabird demography. Further, it shows that improvements to fisheries 

management can increase stocks and improve the demography of seabirds that depend upon 

those stocks.  

4. A review of published material has provided multiple examples of the application of Marine 

Protected Areas (MPAs) or No-Take Zones (NTZ’s) that have increased fish stocks and 

seabird populations have benefited from these increases.  

5. Based on the information in this review, further analyses of the potential effects of improved 

fisheries management of sandeel stocks in the North Sea Sandeel Area 4 (SA4) as a suitable 

compensation measure for predicted impacts from the Proposed Development was 

warranted. 

6. Sandeels in SA4 have been exploited as a commercial fishery for many decades. Predicted 

sandeel Total Stock Biomass (TSB) in SA4 declined through 1990’s and early 2000’s. A no 

take “box” was added to SA4 in 1999 as a tool to manage the sandeel stock for fisheries 

exploitation. The stock in SA4 showed signs of recovery from 2006 to 2018, but recent 

increases in fishing outside the box has resulted in poor sandeel stock recovery in recent 

years.  

7. Multiple studies have demonstrated the importance of sandeel stocks for breeding seabirds 

in the North Sea. Both productivity and adult survival have been shown to be negatively 

affected by low sandeel availability for the species being assessed here. There was also 

strong evidence that the foraging range for breeding seabirds is affected by prey availability, 

including sandeels in the North Sea. Seabirds in SA4 are likely to rely on sandeel abundance 

across a large part of the area, not only the area inside the box closed to fishing. 

8. Evidence of strong relationships between sandeel TSB in SA4 and population size, adult 

survival and productivity was shown in this study from seabird data collected by UKCEH on 

the Isle of May for kittiwake, guillemot and puffin. For razorbill strong relationships were 

shown for population size and adult survival, though not for productivity. This was thought to 

be due to the difficulties of studying this species, which nests, partly, in cracks in clif fs, under 

rocks, etc. making data gathering challenging. 

9. It was shown that there was a strong relationship between fishing effort and sandeel 

spawning stock biomass in SA4, suggesting that fishing effort negatively effects the sandeel 

stocks in SA4. In addition, previous modelling work has shown that removal or reduction in 

fishing pressure on sandeels in the North Sea would result in increases in sandeel 

populations. This is a pattern typically seen in other fisheries on other fish species around 

the world. 

10. There is evidence that the sandeel box only provides limited benefits to seabirds and that the 

appropriate spatial scale of management of the fishery to benefit seabirds is at the whole 

stock level (i.e., SA4). Therefore, the best available evidence shows that improvements to 

the management of the SA4 stock could be used as a compensation measure for predicted 

impacts from the proposed development.  
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11. The relationships between sandeel TSB and seabird demography from the Isle of May were 

used to predict the likely gains to seabirds from increasing the TSB in SA4. The additional 

number of birds per annum predicted from these relationships was compared with the 

predicted impacts on the relevant SPA populations from the proposed development alone. 

Five compensation scenarios were used to show the range of potentially realistic changes 

as a result of the proposed compensation measures. The scenario that produced the smallest 

benefit was the change in sandeel TSB from 300,000 to 400,000 tonnes. The largest 

predicted change to SPA population was from the change in sandeel TSB from 100,000 to 

200,000 tonnes. This was due to the shape of the relationships between species survival and 

productivity on the Isle of May and sandeel TSB in SA4. 

12. Across the range of likely changes in sandeel TSB in SA4, it was found that reducing or 

removing fishing pressure would have positive effects on adult survival and productivity. The 

positive effects of these predicted changes in demographic parameters were compared with 

the negative effects of the three predicted impact scenarios from the Proposed Development 

alone. Three different approaches to were made: 

• Predicted increase in number of adult birds in each SPA population and in the SPA network 

based on increased adult survival; 

• Predicted change in populations growth rate and size due to the effects of compensation 

and impacts combined using PVA; and 

• Predicted relationship between CRG and impact level compared with three impact 

prediction scenarios, using PVA. 

13. For all three approaches, for all species and all SPAs, it was clear that the predicted minimum 

benefit from reducing or removing fishing pressure in SA4 was sufficient to compensate for 

all predicted impact scenarios. 
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1.2. INTRODUCTION 

14. There are numerous examples from around the world of the negative effects of poor fisheries 

management on fish stocks. In many cases these fish stocks are important for the breeding 

success and/or survival of seabird populations that forage on these stocks. There have been 

numerous examples of the benefits of improved fisheries management on fish stocks and 

consequent benefits to seabird populations. 

15. In the North Sea a key species for the whole ecosystem is sandeels. This lipid rich fish occurs 

in suitable sandy habitat across the North Sea. Sandeels feed on plankton and are predated 

by seabirds, marine mammals and other fish. Their life cycle is well known, and populations 

tend to be driven by occasional especially good years. Sandeel populations can be limited 

by availability of plankton to feed on, but also by predation from a variety of species. 

16. There has been a commercial fishery for sandeels in the North Sea since the 1960s. At 

present the fishery in the North Sea is almost entirely from Danish fishing vessels, though 

there are some Norwegian vessels which fish in the Norwegian sector of the North Sea. 

Fishing mortality on sandeel populations in the North Sea has been high, with peaks of one 

million tonnes per annum being landed in the 1990s. The stocks are now under management, 

but this is based on a “surplus production” model, which aims to remove the maximum 

sustainable yield. This management approach maintains stocks well below the level needed 

for seabirds to maintain high breeding success. The stocks are recognised as seven discrete 

populations, with the population off the east coast of Scotland (Sandeel Area 4 – SA4) 

including a closed “box”. This box was introduced as a management measure in response to 

declining total stock biomass (TSB). While stocks have begun to recover from lows in the 

early 2000s, fishing activity has increased in recent years. The stock is still managed as a 

single entity, with no adjustment for the presence of the box. 

17. Many seabirds in the North Sea are known to be dependent on sandeels, particularly in the 

breeding season. Evidence from the east coast of Scotland and in Shetland has shown that 

breeding success of many species can be affected by low sandeel abundance. There is also 

evidence from kittiwakes that adult survival may be reduced if sandeel stocks are sufficiently 

depleted.  

18. This report demonstrates that fisheries can deplete fish stocks and that this can harm seabird 

populations. It will also be shown that improved management of fisheries can increase fish 

stocks and improve the health of breeding seabird populat ions dependent on those fish 

stocks. This report will show that current management of sandeel stocks in the North Sea, 

and in SA4 specifically, has reduced sandeel stocks and that this has had a negative effect 

on seabird populations. However, recovering sandeel stocks will be shown to have a positive 

effect on both adult survival and productivity of four key seabird species by comparing the 

TSB of sandeels in SA4 with demographic parameters from the long-term study on the Isle 

of May by the UK Centre for Ecology and Hydrology (UKCEH). This study will show that the 

current management of the SA4 fishery using the sandeel box is not at a large enough spatial 

scale to provide a sufficiently reliable stock for seabirds on the east coast of Scotland. 

Berwick |Bank Windfarm Limited (the Applicant) therefore proposes that further 

removal/reduction of fishing pressure on the sandeel population in SA4 is a suitable, and 

sufficient, compensation measure for the predicted impact from the Berwick Bank wind farm 

(hereafter the Proposed Development) on Special Protected Areas (SPAs) protecting: 

• Black-legged kittiwake (hereafter “kittiwake”) Rissa tridactyla; 

• Common guillemot (hereafter “guillemot”) Uria aalge; 

• Razorbill Alca torda; and 

• Atlantic puffin (hereafter “puffin”) Fratercula arctica. 

19. The report assesses the levels of uncertainty in the assessment, including the uncertainty in 

reaching robust conclusions from correlative data. This uncertainty affects the precaution 

taken in assessing the efficacy of the proposed compensation measures. Through the 

approach of ameliorating the effects of uncertainty by applying adequate precaution, the 

assessment will show that there is sufficient compensation available through the proposed 
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reduction or removal of fishing pressure on sandeels in SA4 to a high level of confidence in 

the conclusions reached. 

1.3. THE EFFECTIVENESS OF MARINE PROTECTED AREAS 

20. Compensation measures may be needed for SPA seabird populations due to predicted 

impacts from the Proposed Development. One of the potentially beneficial measures would 

be to improve the demographic parameters of seabird populations predicted to be impacted 

by the Proposed Development through the closure or management of fisheries of seabird 

prey species. As such, the influence of prey fish abundance on seabird demographics was 

reviewed. This review is summarised here, and the complete review is available in Annex A 

- Review of Marine Protected Areas. 

21. There are numerous reviews of the evidence that protected areas benefit the conservation 

of species, communities, and ecosystem services. In particular, fishery closures strongly 

promote the recovery of fish stock biomass following heavy exploitation (MacNeil et al. 2015, 

Cabral 2020). Fishery closures can take the form of technical measures (specified constraints 

on gear use within a fishery; McClanahan et al. 2014, Campbell et al. 2018), periodic or 

seasonal closures (Cohen and Alexander 2013), or rights-based controls on access into the 

fishery. Such constraints on fishing may be the most effective measures to achieve 

conservation objectives of marine protected areas (MPAs) (Campbell et al. 2018, Cabral et 

al. 2020, Vilas et al. 2020). 

22. From analysis of 87 MPAs worldwide, Edgar et al. (2014) defined five key factors that 

determine the effectiveness of an MPA; the extent to which fishing is limited, the level of 

enforcement of fisheries constraints, MPA age, MPA size, and presence of continuous habitat 

allowing spill over of fish or shellfish from the MPA into surrounding waters. Similarly, Zupan 

et al. (2018) found that the designation of MPAs alone may not result in the lessening of 

some human threats, which is highly dependent on management goals and the related 

specific regulations that are adopted.  

23. Baskett and Barnett (2015) concluded in relation to fishery no-take protected areas 

“Responses at each level depend on the tendency of fisheries to target larger body sizes and 

the tendency for greater reserve protection with less movement within and across 

populations. The primary population response to reserves is survival to greater ages and 

sizes plus increases in the population size for harvested species, with greater response to 

reserves that are large relative to species' movement rates. The primary community response 

to reserves is an increase in total biomass and diversity, with the potential for trophic 

cascades and altered spatial patterning of metacommunities. The primary evolutionary 

response to reserves is increased genetic diversity, with the theoretical potential for 

protection against fisheries-induced evolution and selection for reduced movement.” The 

potential for the combined outcome of these responses to buffer marine populations and 

communities against temporal environmental heterogeneity has preliminary theoretical and 

empirical support. However, while the benefits from many MPAs have been widely 

recognised, not all MPAs have successful outcomes. Giakoumi et al. (2018) reviewed 27 

detailed case studies from around the world and concluded that the most important factor 

determining the success or failure of a MPA was the level of stakeholder engagement. This 

conclusion was also reached in a comparison between two MPAs for coral reef fish in the 

Philippines, one successful and one unsuccessful, because constraints on fishing failed at 

one site due to a lack of community support (Russ and Alcala 1999). 

24. Many examples of the effects of fisheries on fish stocks and the effects of MPAs on those 

stocks were found (e.g. Fernandez-Chacon et al. 2020, Jaco and Steele 2019, Ballantyne 

2014). These are described in detail in Annex A - Review of Marine Protected Areas. 

25. One of the key benefits of MPAs is to create “spillover”. Many studies present evidence that 

spillover occurs from MPAs and so supports fisheries in the region (e.g. McClanahan and 

Mangi 2000, Gell and Roberts 2003, Abesamis and Russ 2005, Goni et al. 2008, Harmelin -

Vivien et al. 2008, Stobart et al. 2009, Goni et al. 2010, Vandeperre et al. 2011, Florin et al. 
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2013, Huserbråten et al. 2013, Kerwath et al. 2013, Rossiter and Levine 2014, Alos et al. 

2015, Di Lorenzo et al. 2016, Sackett et al. 2017, Kleiven et al. 2019, Kough et al. 2019, 

Marshall et al. 2019, Cabral et al. 2020, Di Lorenzo et al. 2020, Vilas et al. 2020, Sala-

Coromina et al. 2021Further studies are reviewed in Annex A - Review of Marine Protected 

Areas. 

26. While there is much empirical evidence of increases in sizes and numbers of animals within 

MPAs compared with control areas outside the MPA, another approach to assessing the 

benefits of MPAs is to use scenario modelling. Several examples of scenario modelling are 

described in Annex A - Review of Marine Protected Areas. 

27. The success of very many MPAs and No Take Zones (NTZs) around the world has led to a 

more strategic approach to marine conservation designations in some countries. Examples 

are provided in Annex A from the State of Victoria, Australia, (, the northern Channel Islands, 

California. and the Great Barrier Reef, Australia (Sobel and Dahlgren 2004). 

28. On the high seas, 286,200 km2 of the North-East Atlantic was designated as six MPAs in 

international waters under the Convention for the Protection of the Marine Environment of 

the North-East Atlantic (the OSPAR Convention) in 2010, which is considered to be the start 

of a process of developing an ecologically coherent and representative MPA network in that 

ocean (O’Leary et al. 2012). 

29. In England, in addition to existing and new SPAs and SACs, 91 Marine Conservation Zones 

(MCZs) have been designated between November 2013 and May 2019 as an ecologically 

coherent network in terms of representation of species and habitats. In Scotland, a 

combination of marine extensions to SPAs originally designated for breeding seabirds, 

designation of marine areas as SPAs for nonbreeding seabirds, designation of SACs for 

marine mammals, MPAs for marine mammals, fish and marine invertebrates, comprise 225 

sites providing protection over more than 37% of Scotland’s marine waters. Many of these 

sites have been designated within the last few years, so too recently for any assessment of 

changes that may follow as a consequence of management. Not all of these MPAs involve 

establishment of fisheries restrictions, depending on the objectives for individual sites. In 

addition to SPAs, SACs and MPAs, five other area-based measures include a temporary no-

take zone for sandeel fishing off east Scotland, which has remained in force without any 

suggestion that this will be revoked. 

CASE STUDIES OF NTZS THAT INFLUENCE SEABIRD DEMOGRAPHY 

30. The review found multiple case studies of MPA’s or NTZ’s that had an influence on seabird 

demography. These are detailed in Annex A. Very few MPAs/NTZs have been designated 

with the objective to enhance conservation of seabird populations (Ronconi et al. 2012, 

Hentati-Sundberg et al. 2020). However, that outcome could arise if MPA/NTZ designation 

resulted in a reduction of seabird bycatch in fisheries, or if the MPA/NTZ resulted in a bottom-

up increase in energy flow through the food web up to seabirds (i.e. increased the abundance 

or quality of their preferred foods; Hentati-Sundberg et al. 2020), or if MPA/NTZ designation 

improved the quality of breeding habitat for seabirds (for example by reducing human 

disturbance, removing threats from alien invasive mammal predators, or improving nest site 

quality). 

31. Several studies have focused on the potential of designating or managing marine protected 

areas for seabird conservation (Lascelles et al. 2012, Ronconi et al. 2012, Sherley et al. 

2017). Studwell et al. (2021) presented a habitat prioritization approach for identifying critical 

areas for wildlife conservation action, including seabirds. Silva et al. (2020) invest igated 

spatial overlap between a key forage fish species (sandeel) and humpback whale and great 

shearwater in the Gulf of Maine, USA. Both the cetacean and the seabird showed very strong 

and consistent match in spatial distribution with that of sandeel. They proposed managing 

protected areas for these top predators on the basis of the key role of sandeel habitat in 

determining predator distributions in that system. 
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32. In a review of the pressures and threats to global populations of penguins, Boersma et al. 

(2020) identified marine spatial planning as the highest ranked conservation need to 

conserve endangered penguin populations, for which they particularly emphasize the need 

for MPAs to manage fisheries to ensure that adequate prey resources for penguins rema in 

in areas critical to their breeding success (i.e. close to colonies) and survival (i.e. over larger 

spatial scales when penguins are dispersed from the colony sites).  

33. Requena et al. (2020) used tracking data from nine seabird species and one marine mammal 

to identify marine hotspots around Tristan da Cunha, South Atlantic Ocean. They concluded 

that tracking data provide reliable information that could be used to define MPAs for these 

top predator populations. Analyses of seabird tracking data in UK waters was considered to 

provide effective identification of seabird hotspots that could be designated as MPAs 

(Cleasby et al. 2020). Critchley et al. (2019) used seabird tracking data to test whether simple 

foraging radius models from colonies provide a cost-effective alternative to large-scale 

surveys or tracking studies. They showed that foraging radius distribution broadly matched 

foraging areas identified from tracking breeding adults from colonies or from aerial surveys..  

34. Perrow et al. (2015) also used a combination of tracking of breeding adults, a boat-based 

survey, and a foraging radius approach to define the at-sea MPA (in this case a SPA marine 

extension) for breeding little terns. Similarly, tracking data from marine mammals have been 

used to justify decisions on boundaries of MPAs, in some cases providing retrospective 

justification (e.g. Kirkman et al. 2016). Arias-Del-Razo et al. (2019) showed that MPAs with 

large populations of marine mammals still provided large gains in fish biomass (which 

increased with the age of the MPA), despite the presence of marine mammals that could be 

a major predator on those fish. However, Kelaher et al. (2015) concluded that reef fish 

increased less in MPAs with large seal populations than in MPAs without large numbers of 

seals and suggested that if the aim is to recover reef fish populations, designating MPA sites 

away from seal colonies may be preferable. An implication of this, of course, is that if the aim 

is to improve conditions for top predators, then marine habitat management that enhances 

populations of fish on which the predators can feed will be an effective conservation measure.  

35. Bertrand et al. (2012) showed that the foraging efficiency of breeding seabirds in Peru may 

be significantly affected by not only the global quantity, but also the temporal and spatial 

patterns of fishery removals of forage fish (in this case, anchoveta). They concluded that, 

together with an ecosystem-based definition of the fishery quota, an ecosystem approach to 

fisheries management should limit the risk of local depletion around breeding colonies using, 

for instance, adaptive marine protected areas around colonies of forage-fish dependent 

seabirds. 

36. Hentati-Sundberg et al. (2020) developed a bioenergetics model linking top predators (such 

as seabirds) breeding biology and foraging ecology with forage fish ecology and fisheries 

management. They applied their framework to the case study example of common guillemots 

and razorbills at a Baltic Sea colony where they depend on sprat and juvenile herring as key 

prey species. They showed that a fishery management target of ‘one -third-for-the-birds’ 

(Cury et al. 2011; see section 1.6 for further details on the “Cury threshold”) is sufficient to 

sustain successful breeding by the seabirds. However, the results also highlight the 

importance of maintaining sufficient prey densities in the vicinity of the colony, suggesting 

that fine-scale spatial fisheries management is necessary to maintain high seabird breeding 

success, and therefore indicating the value of a MPA that limits forage-fish fishery harvests 

in areas close to the seabird colony. 

37. The following example case studies are reviewed in detail in Annex A - Review of Marine 

Protected Areas: 

• British Indian Ocean Territory (BIOT) MPA; 

• South Georgia and South Sandwich Islands (SGSSI) MPA and seabirds; 

• Mediterranean MPAs and foraging Yelkouan shearwaters (Puffinus yelkouan); 

• The Namibian Islands’ Marine Protected Area, designated specifically for its seabirds; and 

• Habitat management plans to conserve African penguins in South Africa 
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DISCUSSION AND CONCLUSIONS  

38. This review found numerous examples that changes to fisheries management improved prey 

species populations resulting in positive demographic change for seabird population that 

foraged on those prey. This was across a wide variety of seabird taxa, fish taxa, fisheries 

type and locations around the world. These results suggest that changes to the fisheries of 

key prey fish populations has a good potential provide suitable compensation measures for 

impacts predicted to affect protected seabird populations. 

39. This review therefore establishes a good baseline to explore the potential benefits to sandeel 

stocks from changes to fisheries management in the North Sea and whether this could result 

in positive outcomes for seabirds, as carried out in the remainder of this report.  

1.4. SANDEELS IN THE NORTH SEA 

40. There are several species of sandeel, but the abundant species in UK waters is the lesser 

sandeel Ammodytes marinus. This is a lipid-rich short-lived shoaling fish, widely distributed 

in UK waters where suitable sandy seabed habitat occurs (Heessen et al. 2015). The biology 

of sandeel is well understood. It is a key component of North Sea marine ecosystems. It 

feeds on small planktonic animals and itself is eaten by seabirds, marine mammals, and 

many large predatory fish (ICES 2017, Wright et al. 2018, Furness & Tasker 2000, Dunn 

2021). Adult sandeels (mostly two years old or older) spawn in late winter, the eggs drift  with 

local currents, and the larvae that hatch then feed on small plankton, grow rapidly and store 

lipids. In July-August the larvae metamorphose into adult fish and bury themselves in sandy 

areas of seabed to overwinter, living off their stored lipid reserves. The timing of this varies 

considerably, presumably depending on food availability and therefore how quickly the larvae 

grow and how much lipid they are able to store. These juvenile sandeels tend to remain in 

the water column much longer than the older fish do, so that seabirds mostly switch to feeding 

on these juveniles later in the breeding season. They may continue to feed on juveniles post -

breeding, but there is less evidence on diet after the breeding season. Adult sandeels emerge 

to spawn in winter so may be available to seabirds then, but some diving species can dig 

sandeels out of the seabed so can potentially continue to feed on this food supply throughout 

the winter. In spring they start feeding on the seasonal zooplankton bloom, moving between 

their sandy sediment and the plankton layer near the sea surface where they feed. Once they 

have accumulated enough lipid, they bury themselves in the sand and live off their stored 

lipid; usually this is in June-July, before the young of the year have completed their 

development. In some years survival of sandeel larvae is low, and relatively few join the adult 

population. In some years high survival leads to high recruitment. The biomass of the sandeel 

stock therefore tends to be driven by occasional especially good years (ICES 2017). In 

sandeel stocks with low fishing mortality, there is evidence of density -dependence; years 

with high stock biomass tend to show low recruitment, whereas high recruitment is more 

likely when adult stock biomass is lower (ICES 2017, Lindegren 2018). That implies “bottom-

up” control, with sandeel abundance constrained by plankton production (which is in turn 

influenced by climate change) (Lindegren et al. 2018, Frederiksen et al. 2007). In 1950s-80s 

stocks of large predatory fish in the North Sea (cod, haddock, whiting) were depleted by high 

fishing effort. Those predatory fish fed heavily on sandeels and their depletion will have 

reduced natural mortality of sandeels (Sherman et al. 1981). There is evidence that sandeel 

abundance in the North Sea increased in the 1970s-80s, particularly after stocks of herring 

and mackerel had been reduced drastically by overfishing (Sherman et al. 1981). Herring 

and mackerel compete with sandeels for zooplankton food, but adult herring and mackerel 

also feed on sandeel larvae. That implies “top-down” control, with sandeel abundance 

constrained by impacts of predation (Frederiksen et al. 2007, Sherman et al. 1981). The 

evidence suggests that strength of “bottom-up” and “top-down” control of sandeel abundance 

may vary in different years and different regions, but each can be important (Frederiksen et 

al. 2007). 
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THE NORTH SEA SANDEEL FISHERY 

41. The North Sea sandeel fishery began in the 1960s, to provide raw material for production of 

fish meal and fish oils after the North Sea herring and mackerel stocks had been overfished 

and depleted, so could no longer provide that resource. The fishery is almost entirely fished 

by Danish boats, with a small catch taken by Norwegian boats. At its peak in the 1990s this 

largely unregulated fishery was removing a sandeel biomass of one million tonnes per year. 

In the early 2000s the stock biomass declined rapidly, and so did landings and profitability of 

the fishery (Engelhard et al. 2014, Lindegren et al. 2018, Hill et al. 2020). Stock biomass has 

remained low and not returned to the productive levels of the 1980s despite the fishery now 

being under quota regulations (ICES 2017, Lindegren et al. 2018). However, despite 

regulation, the imposed fishing mortality on sandeel stocks has often been high (ICES 2017). 

This is because management of the fishery is based on a “surplus production” model. That 

model aims to remove as many sandeels as possible, consistent with leaving enough adult 

fish to produce future recruitment (ICES 2017). The threshold quantity thought to be 

necessary to achieve future recruitment (known as B lim) is a spawning stock biomass that is 

far below the abundance needed to allow kittiwakes to achieve high breeding success (ICES 

2017, Dunn 2021, Cury et al. 2011, Hill et al. 2020). Current management of the sandeel 

stock permits a reduction of sandeel biomass well below levels needed by dependent 

seabirds, but not below the much lower threshold of Blim. However, because there is 

considerable uncertainty in the modelling of short-lived fish such as sandeel, in practice the 

stocks can even be reduced below Blim for some years. This problem was identified and 

highlighted in the ICES Benchmark Working Group on sandeels (ICES 2017) but the problem 

persists (Dunn 2021, ICES 2022).  

42. The North Sea sandeel is now managed as seven distinct stocks (ICES 2017; Figure 1.1). 

ICES sandeel area 1r (SA1r) is relevant to seabirds in the southern North Sea and much of 

the fishery is on that stock, especially around Dogger Bank. ICES SA7r is around Shetland. 

ICES SA4 is off east Scotland and north-east England and is the area of relevance to the 

Proposed Development.  

43. The stock in ICES SA1r was subject to high fishing mortality levels (F=0.8 to 1.2) during 

1999-2009 and declined considerably in abundance. In recent years the spawning stock 

biomass (SSB) in this area has been less than 10% of its highest historical level and slightly 

below the limiting spawning stock biomass at which ICES should recommend closure of the 

fishery (Blim of 110,000 tonnes SSB) because there is an increased risk of recruitment failure 

in this stock (ICES 2021).  The SSB was below Blim in 2019 and 2020 and only marginally 

above that limit in 2021. In 2021, ICES advised that the total allowable catch (TAC) should 

be less than 5,464 tonnes and the TAC agreed was 5,351 tonnes (ICES 2022). However, the 

catch taken was 16,944 tonnes (ICES 2022), nearly three times the size of the set TAC. A 

hindcast analysis of the ICES SA1r sandeel stock to assess the consequence of the high 

fishing mortality estimated that sandeel spawning stock biomass would have been about 

twice as large now as it is, if the fishery had maintained fishing mortality (F) at F=0.4 rather 

than at the levels of F=0.8 to 1.2 as seen during 1999-2009 (Lindegren et al. 2018). By 

implication it would have been even larger if there had been no fishing on sandeels.  

44. The Shetland stock was the first to collapse, in the late 1980s (Furness & Tasker 2000). At 

the time, the collapse was attributed as possibly due to climate change and changes in ocean 

currents bringing sandeel larvae to Shetland from Orkney, as it was thought that fishing 

pressures would not affect short-lived fish with recruitment driven by environmental factors. 

The fishery was abandoned due to low sandeel biomass and the stock is no longer monitored, 

but seabird breeding success has been very slow to recover at Shetland (JNCC 2021 and 

annual Shetland Bird Reports and Fair Isle Bird Observatory reports). It is possible that 

recovery of this stock has been inhibited by increased abundances of adult herring and adult 

mackerel in the northern North Sea and increases in stocks of large predatory fish, as well 

as by high natural mortality imposed on the depleted stock by marine mammals and seabirds 

(Saraux et al. 2020). Lack of any assessment of sandeel stock at Shetland (because it is no 

longer of commercial importance) makes further interpretation speculative.  
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Figure 1.1 Sandeel in the North Sea: Stock areas for the seven sandeel stocks. The border of the 
Norwegian Exclusive Economic Zone (EEZ) is also shown. The closed part of 
Sandeel Area 4 is shown with hatched markings. 

 

45. The stock in ICES SA4 declined between 1992 and 1999 when subject to high fishing 

mortality (Figure 1.2). An area off east Scotland was closed to sandeel fishing as a result of 

evidence from breeding failures of kittiwakes at colonies in the region (especially the Isle of 

May where this was studied in detail) indicating that the sandeel stock had been severely 

depleted. The closure was intended to protect the depleted sandeel stock to allow recovery, 

not specifically to protect kittiwakes and other seabirds. However, fishing was allowed within 

ICES SA4 outside the closed box, so that fishing mortality on the stock was not necessarily 

reduced by the box but was concentrated on an area of the same stock that was more distant 

from seabird colonies. The stock in ICES SA4 recovered from a very low level in 2000-05, 

with a progressive increase in abundance up to 2018 (Figure 1.3).  



 

 

Fisheries Compensatory Measures Evidence Report       10  

 

Figure 1.2 Abundance (TSB in tonnes) of sandeels in ICES SA4 (which includes the no-take zone 
off east Scotland that was established in 2000) in the period 1993 to 2001. Data 
from ICES 2022. 

 

Figure 1.3 Abundance (TSB in tonnes) of sandeels in ICES SA4 (which includes the no-take zone 
off east Scotland that was established in 2000) in the period 2007 to 2018. Data 
from ICES 2022. 

 

46. The sandeel box has somewhat limited fishing impact on the SA4 stock since 2000 and the 

TSB in SA4 has increased from a low of 33,000 tonnes in 2008 to 481,000 tonnes in 2020 

(ICES 2022). While it seems unlikely that TSB in SA4 would be allowed to drop as low as the 

levels in 2008, there is no mechanism in place to prevent the fishery from returning to TSB 

levels this low. Indeed, in 2021 the fishery extracted 51,882 tonnes of sandeels f rom the 

open part of SA4 from an estimated TSB of 288,685 tonnes in the whole of SA4 (including 

the closed box) before this catch was taken. Despite ICES setting a cap on fishing mortality 

for this stock for the 2021 season, fishing mortality increased to a level far above that cap 

and was therefore at a level considered by ICES to be unsustainable, even if fishing effort 

had been distributed across the whole of ICES SA4 (Figure 1.4). The red line in Figure 1.4 

shows Fcap, the limit on fishing mortality that, according to ICES, should not be exceeded 
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because the escapement strategy [by which sandeel stocks are managed] is not sustainable 

for short-lived species unless the strategy is combined with a ceiling (F cap) on fishing 

mortality. Fcap for ICES SA4 is set at 0.15. The cap on fishing mortality should be incorporated 

into stock management. However, this is impossible as the value of fishing mortality is 

computed from the stock assessment after the fishing has occurred. Thus, a cap on fishing 

mortality cannot be enforced under this management regime. Since a large part of ICES SA4 

is closed to sandeel fishing, the fact that fishing mortality greatly exceeded the cap set for 

the whole area, while limited to only the open part of the area, was recognised by ICES as 

unsatisfactory but was still not taken into account within the existing management and 

assessment process (ICES 2022). Following the high fishing mortality in 2021, sandeel TSB 

fell dramatically, and spawning stock biomass was assessed to be so low at the end of 2021 

that the TAC advised for 2022 was set at zero in January 2022 (ICES 2022).  

 

 

Figure 1.4 ICES estimates (ICES 2022 Table 9.5.10) of imposed fishing mortality (F1-2) on the ICES 
SA4 sandeel stock (including the part of the stock that is in the ‘closed’ box).  

 

47. RSPB reviewed the latest evidence regarding impacts of sandeel fishing on seabirds in the 

North Sea (Dunn 2021) and stated, “we identify three serious flaws in the current 

management of the fishery: 

• The sandeel fishery is permitted to operate within the foraging range of red-listed species 

like kittiwake and puffin breeding at internationally important and legally protected seabird 

colonies on the UK coast.  

• The current approach to setting maximum annual catch levels aims to protect the sandeel 

stock itself, but not the wildlife that depends on it. Even fishing in accordance with the 

scientific advice can lead to depletion of sandeel stocks to levels likely have a negative 

impact on top predators like seabirds.  

• Scientific advice on catch levels within sandeel management areas takes no account of 

zones that are closed by law to sandeel fishing, thus fishing effort is concentrated into a 

smaller area, potentially leading to overfishing and localised depletion of sandeel.” 

48. In a recent prepublication study for Defra (unpublished), Natural England have shown that 

full closure of the North Sea sandeel fishery would increase sandeel biomass by 40%. This 

was predicted to result in a 42% increase in seabird populations in the North Sea, and a 20% 

increase in predatory fish that feed on sandeels. 
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DISCUSSION AND CONCLUSIONS 

49. There is strong evidence that the sandeel population in the North Sea, including in SA4, is 

negatively affected by high levels of fishing mortality. Hindcast modelling by ICES (Lindegren 

et al. 2018) showed that the sandeel population in SA1r would be larger if fishing mortality 

had been lower. The Ecopath with Ecosim model of the North Sea sandeel population 

(unpublished Natural England report to Defra) shows that the sandeel population would be 

40% larger if the fishery were closed. In SA4 the sandeel TSB declined prior to the 

introduction of the sandeel box. The introduction of the box showed that the stock in SA4 

would recover if the fishery were closed, but subsequent fishing management illustrates that 

the population remains low due to the current management approach and is even below the 

precautionary minimum TSB of 100,000 tonnes. 

1.5. SEABIRDS DEPENDENT ON SANDEELS 

50. Many of the seabird species that breed in the UK feed mainly on sandeels during the seabird 

breeding season (Furness & Tasker 2000). In the nonbreeding period (August-March), 

sandeels are mostly buried in the sand so are unavailable to surface-feeding seabirds (terns, 

skuas, gulls). While these species may continue to feed on juveniles post-breeding, there is 

less evidence on diet after the breeding season, as birds cannot be trapped or observed at 

the nest site. However, some seabirds can dive to the seabed throughout much of the North 

Sea and will dig sandeels out of the sand. That includes shags and guillemots. Those species 

have been found to have sandeels in their stomachs even in mid-winter (e.g. from autopsies 

of oiled seabirds). Seabirds that cannot access sandeels when they go deep tend to migrate 

away from the UK to overwinter where other foods are available, e.g. kittiwakes migrate to 

Canada, puffins to the mid-Atlantic, terns and skuas to West Africa. Some seabirds can 

switch from a diet of sandeels to a diet of sprats or juvenile herring, but sprats and juvenile 

herring tend to be distributed in different parts of the North Sea from sandeels (Heessen et 

al. 2015) and relatively few seabird species and colonies in the North Sea can manage well 

in the absence of abundant sandeels (Furness & Tasker 2000).  

51. There is strong evidence that kittiwake breeding success at North Sea colonies is greatly 

influenced by sandeel abundance within that part of the North Sea (Furness & Tasker 2000, 

Carroll et al. 2017, Cury et al. 2011, Frederiksen et al. 2004, Frederiksen et al. 2005, Furness 

2007, Olin et al. 2020, Saraux et al. 2020, Sydeman et al. 2017). Indeed, spatial synchrony 

in breeding success of kittiwakes at different colonies led to the realisation that there are 

several separate stocks of sandeels in different areas of the North Sea with different 

dynamics. There is also evidence that kittiwake adult survival is influenced by sandeel 

abundance; that has been shown at Shetland (Oro et al. 2002) and (for a different sandeel 

stock) at the Isle of May (Frederiksen et al. 2004). There is evidence indicating that breeding 

success of terns (especially Arctic terns), skuas, shags, fulmars and puffins is influenced by 

sandeel abundance (Furness & Tasker 2000, Cury et al. 2011, Furness 2007). In contrast, 

some seabirds can switch to other prey and their breeding success is not influenced by 

changes in sandeel abundance. That applies to gannet in particular. Some seabirds appear 

intermediate in response, with reduced breeding success when sandeel abundance is 

extremely low, but little effect on their breeding success where sandeel abundance declines 

slightly. Broadly, the relationship between breeding success and sandeel abundance tends 

to be non-linear (Figure 1.5), with a collapse in seabird breeding success once sandeel 

abundance falls to a low level, but there can be a wide range of sandeel abundances where 

the amount of food is more than enough to sustain high breeding success of dependent 

seabirds, and seabird breeding success can vary for many other reasons, making these 

relationships statistically noisy. But the evidence that many UK seabirds fare better when 

sandeel abundance is good is robust and extensive.  
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Figure 1.5 Breeding success of kittiwakes at Foula, Shetland, in relation to the Shetland sandeel 
(SA7) total stock biomass for the years 1976 to 2004. 

52. There is evidence that many seabird populations in the UK increased considerably in 

numbers during the 1970s-80s in response to increased abundance of sandeels in the North 

Sea (Mitchell et al. 2004). More recently, many populations of sandeel-dependent seabirds 

have declined as sandeel abundances have fallen in response to both bottom-up and top-

down influences and fishing pressures (JNCC 2021). 

53. Tracking studies show that breeding seabirds can travel large distances from their nest sites 

to search for food (Woodward et al. 2019). Foraging ranges differ among species according 

to their ecology. Breeding kittiwake maximum foraging range has been reported to be 770 

km (Woodward et al. 2019) although most forage within 100 km of their nest site and often 

much closer. Foraging ranges tend to increase when sandeel abundance is reduced and 

tend to be larger around larger colonies. 

SEABIRD FORAGING RANGE DURING THE BREEDING SEASON 

54. Seabird foraging during the breeding season, while they are central point foragers, is likely 

to be influenced by a number of factors. The seasonal and spatial availability of prey will 

depend on the behaviour and annual cycle of the prey, the effects of oceanographic 

conditions, and fisheries. Adult birds need to forage to maintain themselves through the 

breeding season, with the added need to provision chicks after they hatch. The balance of 

these needs will change through the breeding cycle as the need for chicks to be provis ioned 

and protected from predators or weather conditions changes. During incubation there is less 

need for return visits to the nest and so adult birds should be able to forage further from the 

nest. In addition, adult birds can feed on larger prey items than chicks can, so fewer, longer, 

foraging trips may be possible. During the chick phase the requirements for both prey size 

and frequency of foraging trips will change, with more frequent  trips for smaller prey when 

chicks are young, but potentially less frequent trips as chicks age, but when larger prey may 

be preferred. Additionally, the need to protect chicks from predators, and adverse weather 

conditions, will also vary as chicks age. Smaller chicks will require adults to spend more time 

at the nest site than when they have larger chicks, constraining foraging range during the 

early chick-rearing period. Furthermore, several studies have demonstrated that density -

dependent prey depletion occurs close to large seabird colonies within a breeding season 

(known as the ‘Ashmole’s halo’ effect; Weber et al. 2021) such that birds are likely to need 

to search for food further away from the colony late in the breeding season (i.e. when chicks 

are close to fledging).   
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55. A clear example of these effects on seabird foraging was shown by Jouventin et al. (1994) 

who satellite-tracked king penguins (Aptenodytes patagonicus) at different stages of 

breeding. Birds with large chicks had the longest foraging range. Birds with small chicks had 

the shortest foraging range. During incubation, foraging range was intermediate between the 

extremes found with small and large chicks. 

56. Bass Rock gannets travelled about 50% further from the colony during foraging trips in the 

incubation period than during chick-rearing, males a mean maximum of 293 km in incubation, 

205 km in chick-rearing; females a mean maximum of 308 km in incubation, 224 km in chick-

rearing, with these differences being statistically significant (Lane et al. 2020). 

57. Robertson et al. (2014) showed that kittiwakes breeding on Coquet Island in north-east 

England foraged much further from the colony during the incubation phase than during the 

chick rearing phase. Their results showed the mean of the maximum foraging range during 

the incubation phase could be more than 5 times the distance during chick-rearing (9.03 ± 

1.17 km during incubation, 50.95 ± 12.99 km during chick rearing). This reduction in foraging 

range during the early chick rearing phases was due to the requirement to feed chicks 

regularly and the shift from adults feeding themselves larger (1+ year group) sandeels during 

incubation to feeding chicks smaller (0 year group) sandeels. As the breeding season 

progresses, adult sandeels begin to move into deeper water (further from the colony) and 

settle into the substrate, while juvenile sandeels remain in the water column (Rindorf et al. 

2000). 

58. In another study on the same species, kittiwakes in a good year with high breeding success 

showed no difference in foraging range during chick-rearing and during incubation; both were 

short. However, in a poor year with low breeding success foraging ranges were longer but 

were very much longer during incubation and only slightly longer during chick -rearing 

(Osborne et al. 2020). The authors concluded that partners of incubating kittiwakes could 

make very long foraging trips during the incubation period if food was scarce, but that parents 

needed to return regularly to provision chicks so were less able to extend foraging range 

during chick-rearing even though food supply was poor. Food abundance may therefore 

influence the magnitude of differences in foraging range between incubation and chick -

rearing. 

59. Razorbills breeding on Skomer, South Wales, were shown to have different foraging ranges 

between incubation and chick rearing (Shoji et al. 2016). This study found that, incubating 

birds had longer foraging trip durations than chick rearing birds (23.7 ± 12.9 hours and 14.6 

± 13.4 hours respectively) and foraged further from the colony (34.3 ± 9.6 km and 25.49 ± 

7.3 km respectively). 

60. Cairns et al. (1987) reported that common guillemots in their study colony in Newfoundland 

had a foraging range during incubation (median 38 km) that was more than seven times 

greater than during chick-rearing (median 5 km).   

61. Oppel et al. (2018) reported shorter foraging ranges of guillemots and kittiwakes during chick 

rearing at the colony than during incubation. However, they reported little difference in 

foraging range of razorbill between breeding stages. Thaxter et al. (2010) noted that guillemot 

foraging range during the chick rearing phase at the colony was shorter than razorbill, which 

was likely due to the combination of higher wing loading in guillemot and their provisioning 

of single prey items to chicks. Razorbills forage further than guillemots but have a lower wing 

loading and capture multiple prey for chicks on each foraging trip. Thus guillemots, at this 

narrow part of their annual cycle, will most likely be foraging closer to the colony than other 

species. However, chick rearing phase of guillemots (and razorbills) annual cycle does not 

only occur on the breeding colony with fledging occurring relatively early in the breeding 

season while chicks are still flightless and nutritionally dependent on their male parent. These 

birds disperse away from the breeding colony very quickly to areas further offshore than 

those used for foraging during the phase of chicks being fed at the nest (Camphuysen 2002). 

This behaviour avoids predators, such as large gulls, that occur in greater densities closer to 

the coast, and allows adults to take chicks to where food is concentrated, but results in 

offshore waters being a critical part of the breeding season. Since male guillemots moult and 
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become flightless while feeding their dependent chicks at sea, their energetic needs will be 

relatively high during this part of their annual cycle and being flightless it is critically important 

that they are in a location with reliable and high food availability. As such, the presence of 

suitable prey availability in waters further offshore may be more important to the productivity 

and survival of guillemots and at present the likelihood of these waters being fished is higher, 

and the fishing mortality on sandeels in those areas is higher, due to the current fisheries 

management practice in SA4. 

62. Fayet et al. (2021) tracked puffins from four colonies in a single year with contrasting 

population demography. They found that puffins foraging from declining populations with low 

productivity in Norway foraged further from the breeding colony, during the early chick phase, 

than puffins breeding at stable colonies in Iceland and Wales. Harris et al. (2012) showed 

that chick rearing puffins undertook two types of foraging trips from the Isle of May. Shorter 

trips were made during the day to areas near the colony (9 – 17 km), while longer overnight 

trips were made to areas 38 – 66 km from the colony. 

63. Among other, related, seabird species similar patterns can be seen. L ittle auks (Alle alle) 

have been shown to undertake a dual foraging strategy, with shorter foraging trips for 

provisions chicks and longer foraging trips for adult self -maintenance (Wojczulanis-Jakubas 

et al. 2018). Brunnich’s guillemots (Uria lomvia) were shown to forage in deep, offshore, 

waters further from the colony during incubation, while foraging in shallower, inshore, waters 

closer to the colony during chick provisioning (Ito et al. 2010). 

DISCUSSION AND CONCLUSIONS 

64. The available evidence indicates that for seabirds, habitat management zones would be 

intended to enhance food supply, and the mobility of seabirds means that to be effective any 

such zones would need to be large. Outside the breeding season, seabirds tend either to 

migrate substantial distances to overwinter in areas with good food supplies and benign 

conditions, or in those species that do not migrate, the birds disperse from the breeding area.  

65. In the breeding season, seabirds become central-place foragers, commuting from their nest 

site to foraging habitat. While this constrains their spatial distribut ion, the maximum foraging 

ranges of many breeding seabirds are large. 

66. There is strong evidence that sandeel stocks are important for several species of seab irds 

foraging in the North Sea during the breeding season, including kittiwake and puffin. There 

is strong evidence that kittiwake breeding success and survival are influenced strongly by 

sandeel abundance. There is also good evidence that sandeel abundance has an influence 

on the breeding success of other seabirds. There is strong evidence that the foraging range 

of seabirds is strongly affected by the need to gather appropriate prey and that this varies 

during the breeding season. Most tracking studies used to inform the connectivity between 

foraging areas and breeding colonies has been based on the ear ly chick rearing phase of the 

season, and that this is likely to be at a time when the foraging range is most constrained. 

Thus, seabirds in SA4 are likely to rely on sandeel abundance across a large part of the area, 

not only the area inside the box closed to fishing. 

67. These conclusions suggest that evidence of the effects of sandeel abundance on the 

demography of SPA qualifying features predicted to be impacted by the Proposed 

Development should be analysed. The following section considers the evidence that 

increasing sandeel abundance results in increases in seabird demography and sandeel 

abundance can be increased by reducing or removing fishing pressure. 

1.6. SEABIRD COMPENSATION THROUGH CHANGES IN SANDEEL 
FISHERIES 

68. In order to determine whether changes to management of sandeel fisheries in the North Sea 

can be used as compensation for impacts from the Proposed Development on breeding 

seabird SPAs it is important to understand the evidence that sandeel abundance can 
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influence seabird populations, that reducing or removing fishing pressure will have an effect 

on the abundance of sandeels and the appropriate spatial scale for the compensation 

measures.  

EVIDENCE THAT HIGHER SANDEEL ABUNDANCE RESULTS IN HIGHER 
SEABIRD BREEDING SUCCESS, SURVIVAL RATE OR POPULATION SIZE 

69. There is a strong relationship between kittiwake breeding success and the abundance of 

sandeels in the area (Furness & Tasker 2000). This was first shown for Shetland (ICES 

SA7r), with similar results for common guillemot, fulmar, Arctic tern, shag, great skua and 

Arctic skua, but also applies for kittiwakes in ICES SA4 and ICES SA1r. The relationship is 

non-linear for all species except Arctic tern. Considering a range of seabirds and different 

prey fish (but including data from Shetland) models indicate a tendency for seabird breeding 

success to be reduced once forage fish abundance falls below one-third of the long-term 

maximum abundance of the prey stock. This has been proposed as the “Cury threshold” to 

maintain forage fish stocks above levels required by dependent predators. Some seabirds 

do not show such a relationship; those species are ones that can readily switch to alternative 

prey types (species such as gannets). For some species (although not kittiwake, guillemot, 

razorbill or puffin which are the subject of this analysis), data are too limited to be certain if 

there is a relationship. The closure of sandeel fishing within the box in SA4 provided 

experimental evidence for the mitigation of fishery impact by closing the fishery. There was 

an increase in kittiwake breeding success at colonies within the closed area compared to 

those outside (Daunt et al. 2008, Frederiksen & Wanless. 2006, Frederiksen et al. 2008). 

Data also indicate that Sandwich tern breeding success also benefitted from the closure. 

70. Demonstrating a relationship between sandeel total stock biomass and adult survival of 

seabirds is difficult, in part because few studies have long-term data on adult survival rates 

of seabirds, but also because survival is likely to be buffered compared to breeding success 

(long-lived birds protect their survival by abandoning breeding effort when times are bad). 

However, kittiwake adult survival at Shetland was strongly affected by sandeel stock biomass 

(Oro & Furness 2002). Survival of Arctic skuas at Shetland was increased by supplementary 

feeding, implying that low sandeel abundance was responsible for low survival in that species 

(Davis et al. 2005).  

71. For each of the focal species in this study the available evidence on changes in sandeel TSB 

in SA4 was compared with evidence of changes in the demography of the populations 

breeding on the Isle of May. Available seabird demographic evidence, adult return rate (as a 

proxy for survival) and productivity) was collated from publicly available data col lected by 

UKCEH and NatureScot.  

Kittiwake 

72. Studies at the Isle of May show a strong relationship between sandeel abundance in SA4 

and kittiwake return rates, which are a simple proxy for adult survival (Figure 1.6). Resighting 

rates of marked birds from the Isle of May studies are sufficiently high from year to year that 

the return rate will have a very high degree of correlation with apparent survival, and therefore 

provide a reasonable proxy for survival. In a recent study (Daunt et al. 2020) the return rate 

(or resighting probability) on the Isle of May was 92% for kittiwake, 99% for guillemot and 

97% for razorbill. Plotted residuals for each plot are shown in ANNEX B. 
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Figure 1.6 Annual return rates of adult kittiwakes at the Isle of May (UKCEH data from online 
annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2019 (ICES 2022). Data for 2020-2021 
are not yet published. 

 

73. There was also a clear relationship between the productivity of kittiwakes on the Isle of May 

and the sandeel stock in SA4 across the same time period (Figure 1.7). This relationship was 

less clear than that for survival. This was likely due to the greater influence of weather and 

predation events strongly affecting the survival of eggs or chick, compared with the effects 

of these factors on adult survival. Indeed, the data shown in Figure 1.7 has a single value 

removed, as predation on chicks on the Isle of May in 2010 reduced productivity to a very 

low level (0.29 fledglings per nest)1. 

 

1 https://www.ceh.ac.uk/isle-may-breeding-season-summaries  

https://www.ceh.ac.uk/isle-may-breeding-season-summaries
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Figure 1.7 Annual productivity rates of adult kittiwakes at the Isle of May (UKCEH data from 
online annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2019 (except 2010) (ICES 2022). Data 
for 2019-2021 are not yet published. 

 

74. Sandeel stock biomass in SA4 impacts on demographic parameters appear to have had an 

effect on the abundance of kittiwakes nesting on the Isle of May, as there is a significant 

positive correlation between breeding numbers and sandeel total stock biomass (Figure 1.8). 

It is likely that sandeel stock also had an influence on other demographic rates, particularly 

immature survival and age at first breeding. However, there were no data available to make 

those comparisons. 
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Figure 1.8 Population size (Apparently Occupied Nests – (AON)) of adult kittiwakes at the Isle of 
May (UKCEH data from online annual reports) in relation to ICES estimates of 
annual sandeel total stock biomass (tonnes) in SA4 between 2004 and 2021 (ICES 
2022). 

Guillemot 

75. Return rates of common guillemot also showed a relationship with sandeel abundance 

(Figure 1.9). It is important to note that, as with breeding success, these relationships are 

non-linear. There can be large differences in sandeel abundance between moderate and high 

abundance over which range adult survival remains high; survival falls much faster when 

sandeel abundance falls below a critical threshold level. This means that gains depend on 

the starting point on the graph. A 10% increase in sandeel abundance may greatly improve 

breeding success and survival of dependent seabirds if it occurs at low sandeel abundance 

but will have much less effect if it occurs at high sandeel abundance. Residuals for each plot 

are in ANNEX B. 
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Figure 1.9 Annual return rates of adult guillemots at the Isle of May (UKCEH data from online 
annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2019 (ICES 2022). Data for 2020-2021 
are not yet published. 

 

76. There was also a relationship between the productivity of guillemots on the Isle of May and 

the sandeel stock in SA4 across the same time period (Figure 1.10). This relationship was 

less clear than that for survival. This was likely due to the greater in fluence of weather and 

predation events strongly affecting the survival of eggs or chick, compared with the effects 

of these factors on adult survival. It may also be influenced by the fact that guillemot chicks 

fledge when only partly grown and continue their growth and development at sea; in this 

species productivity only measures success to shortly before chicks leave the nest sites. 
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Figure 1.10 Annual productivity rates of adult guillemots at the Isle of May (UKCEH data from 
online annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2019 (ICES 2022). Data for 2020-2021 
are not yet published. 

 

77. It appears that the effects of sandeel stock biomass in SA4 on demographic parameters also 

influence the abundance of guillemots nesting on the Isle of May (Figure 1.11). It is likely that 

sandeel stock also had an influence on other demographic rates, particularly immature 

survival and age at first breeding. However, there were no data available to make those 

comparisons. 
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Figure 1.11 Population size (individuals on land) of adult guillemots at the Isle of May (UKCEH 
data from online annual reports) in relation to ICES estimates of annual sandeel 
total stock biomass (tonnes) in SA4 between 2004 and 2021 (ICES 2022). 

Razorbill 

78. Return rates of razorbills also showed a relationship with sandeel abundance (Figure 1.12). 

It is important to note that, as with breeding success, these relationships are non-linear. 

There can be large differences in sandeel abundance between moderate and high 

abundance over which range adult survival remains high; survival falls much faster when 

sandeel abundance falls below a critical threshold level. This means that gains depend on 

the starting point on the graph. Residuals for each plot are in ANNEX B. 
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Figure 1.12 Annual return rates of adult razorbills at the Isle of May (UKCEH data from online 
annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2018 (ICES 2022). Data for 2019-2021 
are not yet published. 

 

79. Unlike the other species, there was not a relationship between the productivity of razorbills 

on the Isle of May and the sandeel stock in SA4 across the same time period (Figure 1.13). 

This was likely due to the greater influence of weather and predation events strongly affecting 

the survival of eggs or chick, compared with the effects of these factors on adult survival. It 

may also be influenced by the fact that razorbil l chicks fledge when only partly grown and 

continue their growth and development at sea; in this species productivity only measures 

success to shortly before chicks leave the nest sites. Razorbill nests are also difficult to 

monitor for breeding success as they tend to be hidden in cracks in the cliff or under boulders. 
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Figure 1.13 Annual productivity rates of adult razorbills at the Isle of May (UKCEH data from 
online annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2019 (ICES 2022). Data for 2020-2021 
are not yet published. 

 

80. There was also a linear relationship between population size of razorbills on the Isle of May 

and sandeel stock biomass (Figure 1.14). 
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Figure 1.14 Population size (individuals on land) of adult razorbills at the Isle of May (UKCEH 
data from online annual reports) in relation to ICES estimates of annual sandeel 
total stock biomass (tonnes) in SA4 between 2004 and 2021 (ICES 2022). 

Puffin 

81. Return rates of puffins also showed a relationship with sandeel abundance (Figure 1.15). It 

is important to note that, as with breeding success, these relationships are non-linear. There 

can be large differences in sandeel abundance between moderate and high abundance over 

which range adult survival remains high; survival falls much faster when sandeel abundance 

falls below a critical threshold level. This means that gains depend on the starting point on 

the graph. Residuals for each plot are in ANNEX B. 
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Figure 1.15 Annual return rates of adult puffins at the Isle of May (UKCEH data from online 
annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2018 (ICES 2022). Data for 2019-2021 
are not yet published. 

 

82. There was also a relationship between the productivity of puffins on the Isle of May and the 

sandeel stock in SA4 across the same time period (Figure 1.16). This relationship was slightly 

less clear than that for survival. This was likely due to the greater influence of weather and 

predation events strongly affecting the survival of eggs or chick, compared with the effects 

of these factors on adult survival. 
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Figure 1.16 Annual productivity rates of adult puffins at the Isle of May (UKCEH data from online 
annual reports) in relation to ICES estimates of annual sandeel total stock 
biomass (tonnes) in SA4 between 2004 and 2019 (ICES 2022). Data for 2020-2021 
are not yet published. 

83. Puffins nest in burrows, which makes large colonies, such as the Isle of May, challenging to 

count. The counts on the Isle of May only occur every five years. There were therefore too 

few data to describe a relationship between the numbers of breeding birds on the Isle of May 

and the sandeel stock biomass in SA4. 

EVIDENCE THAT REDUCING OR REMOVING FISHING PRESSURE RESULTS IN 
AN INCREASE IN SANDEEL ABUNDANCE 

84. While it has been shown that seabird demography is positively affected by sandeel 

abundance, it is also important to demonstrate that reducing or removing fishing pressure 

can result in a positive effect on sandeel abundance. 

85. Longer-term monitoring data show that with low fishing mortality in SA4 from 2005 to 2015, 

biomass of sandeels in SA4 increased from <100,000 tonnes around 2005 to >500,000 

tonnes in 2015, providing further empirical evidence for recovery when fishing pressure is 

greatly reduced.  

86. A comparison of spawning stock biomass (SSB) with fishing effort (total number of vessel 

days in a year) showed that higher fishing effort resulted in lower SSB in the following year 

(Figure 1.17). This comparison was made based on the change in SSB, as fishing effort is 

almost exclusively during the spring prior to the appearance of Group 0 fish in the stock. The 

fishery avoids catch of Group 0 fish, due to their lower lipid content, thus comparisons of 

fishing effort with SSB are more meaningful than comparisons with TSB. This comparison 

excluded the change in stocks following years with zero (or near zero) fishing effort. ICES 

defines SSB as 2+ group sandeels, which assumes that one year old sandeels are immature. 

While almost all 2+ sandeels spawn, some one-year-old sandeels also spawn but the 

proportion of spawning one year old sandeels varies between years. Thus, the ICES 

definition of SSB provides a more stable definition for making comparisons of the effects of 

fishing effort between years. 
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Figure 1.17 Change in SSB compared with fishing effort (vessel days) in SA4 for non-zero fishing 
effort years. 

87. Monitoring of sandeel abundance at Shetland ended shortly after the sandeel fishery 

terminated. However, seabird breeding success has only very recently shown much 

improvement, suggesting that any recovery of sandeel stock at Shetland was very slow, and 

incomplete. That would be consistent with the idea that recovery of a heavily depleted forage 

fish stock can be inhibited by high levels of natural predation imposed on the reduced 

biomass (the “predator pit hypothesis”; Saraux et al. 2020). Seabirds, marine mammals and 

large predatory fish remain numerous at Shetland. High levels of natural mortality seem a 

likely consequence of forage fish stock depletion when large numbers of predators remain in 

the system. The stock in SA4 has not shown a similar lack of recovery with TSB showing 

positive increases since the introduction of the box and reduction in fishing pressure (see 

Section 1.4) 

88. Studies of sandeels on numerous small sandbanks off southern Norway indicate a tendency 

for fishing of sandeels to cause depletion on the fished sandbanks, with recovery of sandeel 

abundance occurring after fishery closure (ICES 2017). However, full recovery may take 

some time, as depleted populations depend on high larval survival and settlement onto the 

sandbank. This could reasonably be expected to occur in a few years after the closure of 

fishing. However, to provide adequate compensation for the predicted impacts full recovery 

is not required. The evidence from Cury et al. (2011) is that stocks above one third of their 

historic maximum biomass is sufficient to provide forage fish for seabird populations. For the 

SA4 sandeel stock, this one third value is about 300,000 to 400,000 tonnes. Any recovery 

above this would result in smaller gains as the TSB level increases. 

89. When the box off east Scotland was closed to sandeel fishing, research was carried out to 

monitor the response of sandeels in that area immediately after the fishery closure. Closure 

of the fishery was followed by an immediate increase in sandeel stock biomass (Greenstreet 

et al. 2010) and over time altered the age structure of the sandeel population. When the stock 

was heavily fished, very few sandeels lived beyond two years old, resulting in high variability 

in abundance from year to year depending on the highly variable level of production of young 

fish. When the fishery was closed, sandeels tended to live longer, with large cohorts 

remaining in the stock for up to six years (Peter Wright, pers. Comm.). The longer life 
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expectancy of sandeels when not subject to fishing not only increases mean biomass of the 

stock, but also reduces variability in abundance driven by variable recruitment.  

90. No closures have been implemented in SA1r, but detailed retrospective modelling (Lindegren 

et al. 2018) provides strong evidence that a reduction, or closure, of sandeel fishing on that 

stock would result in a large increase in sandeel stock biomass. Lindegren et al. (2018) 

stated, “Our results show that fishing largely contributed to the abrupt stock decline during 

the late 1990s” and conclude that reducing F at that time would most likely have maintained 

the stock biomass above ecologically safe levels rather than causing serious decline. 

However, they caution that complete recovery from the current depleted state might be 

impossible because of impacts of climate change and impacts of increased populations of 

predatory fish, especially mackerel. 

91. In summary, several examples show that sandeel abundance can recover after the closure 

of sandeel fishing, although this may not occur immediately after closure, particularly in cases 

of extreme depletion, such as in SA7. A process of recovery after reduced fishing mor tality 

is also seen in many other depleted fish stocks around the world, so is typical of fish stocks 

and not just sandeels (Murawski 2010). It is also worth making the point that the sandeel 

fishery is mostly carried out during spring, relatively early in the seabird breeding season, 

and so removes fish that might otherwise be available to the seabirds that same breeding 

season. 

DISCUSSION AND CONCLUSIONS 

92. Strong evidence was found for correlations between sandeel TSB in SA4 and adult return 

rates (as a proxy for adult survival), productivity and population size for all species, except 

for razorbill. Razorbill showed strong correlations between adult return rate and population 

size, but not productivity. It was thought that the lack of a relationship between  sandeel TSB 

in SA4 and razorbill productivity was most likely due to the difficulty of studying the breeding 

success of this species, due to it’s preferred nesting locations in hard to observe locations, 

such as cracks in rocks, under boulders, etc.  

93. Strong evidence that the reduction or removal of fishing pressure in sandeel stocks in SA4 

was also shown. This study showed that there was a negative correlation between SSB and 

fishing effort (in the previous year), thus SSB would be higher if fishing effort  was reduced. 

Published evidence also showed that reductions in fishing pressure results in larger sandeel 

TSB. 

94. In conclusion, reduction or removal of fishing pressure in SA4 would highly likely result in 

increases in sandeel TSB. This increase in sandeel TSB would therefore highly likely result 

in greater adult survival and productivity of kittiwake, guillemot, razorbill and puffin which 

would in turn result in larger population sizes for these species.  

1.7. EVIDENCE THAT SA4 IS THE APPROPRIATE SPATIAL SCALE 
FOR ASSESSMENT 

95. The spatial scale of the response of seabirds to sandeels is key to both assessing the effects 

of reducing or removing fishing pressure on seabird demographics, but also in determining 

the appropriate spatial scale of fisheries management act ions. Searle et al. (in press) 

compared the breeding success and diet of kittiwakes, guillemots, razorbills and puffins from 

the Isle of May with a range of sandeel stock and fisheries data. For all four species breeding 

success increased when sandeels formed a higher proportion of the diet. Guillemot, puffin 

and kittiwake breeding success was higher in years with high sandeel availability . The paper 

demonstrated that current fisheries management, through the application of the closed area 

(i.e. the sandeel “box”), has been only partially successful in protecting the foraging 

resources of breeding seabirds in eastern Scotland and north-east England. The paper 

concluded, based on the results of the analyses undertaken, that limited evidence for 

ecological net gain from closure of the sandeel fishery in the box in SA4 was demonstrated. 
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While this is a reasonable inference to draw from the analyses undertaken, those analyses 

were mainly focused on the effects on diet and productivity and the effects of the application 

of the sandeel box as a fisheries management tool. The sandeel box appears to have had 

limited benefits to seabirds on the east coast of Scotland, most likely because it has not 

actually reduced the total harvest of sandeels from SA4, and because recovery of the sandeel 

stock after depletion in the 1990s took many years and has been further inhibited by high 

fishing effort in recent years in the open part of SA4. 

96. It is also apparent from analysis of kittiwake tracking data during the chick phase of the 

breeding season by Cleasby et al. (2018), that kittiwake colonies adjacent to the sandeel box 

forage across a much wider area than the box (Figure 1.18). 
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Figure 1.18 Predicted foraging hotspots of kittiwakes from SPAs compared with the sandeel box and fishing effort in ICES squares 

(based on information from Cleasby et al. 2020). 
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97. To explore the responses of seabird demography to sandeel TSB in SA4, as the appropriate 

spatial scale for assessing the effects of sandeel abundance on seabird populations, data 

was sought from additional breeding colonies in SA4.  The sandeel box in SA4 was a 

response to declines in seabird productivity following higher fishing mortality of the SA4 stock 

in the 1990s. If the sandeel box was effective a different demographic response to sandeel 

TSB in SA4 would be predicted between those seabird colonies foraging in SA4, both inside 

and outside the sandeel box. Data to explore these differences were very limited. Sandeel 

TSB data were only publicly available at the SA4 spatial scale and the only seabird 

demographic data available in the SA4 area at sites other than the Isle of May was 

productivity data from the SMP database. Consequently, the difference between productivity 

of colonies with more than five years of data within a fifteen year period where seabirds were 

likely to forage either inside the sandeel box or outside the sandeel box were compared. 

98. The availability of productivity data for seabird colonies within SA4 was reviewed. Suitable 

data were those where a site had a reasonable time series within the period from 2004 to 

2021. It was only kittiwake where there were sufficient productivity data to provide a useful 

overview. These data were compiled across all sites within SA4 but separately for those 

colonies adjacent to the sandeel box and those outside the sandeel box. The total 

productivity was calculated by collating the field “Count” and “Fledged count” to provide the 

overall number of chicks per pair. For each species the SMP productivity plots used are 

summarised. 

99. Eight suitable productivity plots were found in the SMP database with suitable productivity 

data. Sample sizes varied from 10 to 18 years (Table 1.1). 

Table 1.1 Colonies with productivity plots in the SMP database with suitable data to compare 
with sandeel TSB between 2004 and 2021. 

Site Inside or outside sandeel box Years with data 

North Sutor of Cromarty Outside 2004 – 2021 

Troup & Lion’s Head RSPB Outside 2010 – 2019 

Buchan Ness to Collieston Inside 2004 – 2010, 2013, 2016, 2019 

Fowlsheugh Inside 2004 – 2019, 2021 

Isle of May Inside 2004 – 2015* 

Dunbar Coast Inside 2004, 2005, 2007, 2009 – 2020 

St Abb’s Head Inside 2004 – 2019, 2021 

Coquet Island Outside 2004 – 2019 

Farne Islands Outside 2004 – 2015 

Data from the Isle of May for productivity values only are available from 2015 to 2019 from UKCEH, but these do 

not provide the number of pairs that productivity was based on so could not be collated with other data. 

 

100. The relationship between the combined productivity data from the productivity plots shown 

in Table 1.1 for sites inside and outside the sandeel box but within SA4 and the sandeel TSB 

in SA4 is shown in Figure 1.19. 
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Figure 1.19 Relationship between kittiwake productivity of colonies on the east coast of SA4 
inside and outside the sandeel box. See text for explanation of the sites included. 

 

101. The presence of a very similar relationship for colonies within SA4 that border the sandeel 

box and those within SA4 that do not border the closed box strongly suggests that the 

relationships derived from the Isle of May between demographic parameters and sandeel 

TSB in SA4 are sound and do not need to be assessed at a smaller spatial sca le. It is 

important to note that productivity of kittiwakes (and other seabirds) will also be affected by 

other factors, particularly predation and weather. There is therefore some noise in the 

productivity data that is not controlled for in this analysis. 

102. Recent analyses by UKCEH have shown that the current management of the SA4 sandeel 

fishery through the use of the closed box has only been partially effective at maintaining the 

breeding success of seabirds that forage within the box (Searle et al. in press). This is in 

agreement with the analysis above, showing little difference in the change in productivity of 

kittiwakes to changes in sandeel TSB for colonies located adjacent to the box compared with 

outside the box.  

103. This is likely because the sandeel box has not reduced fishing effort on the sandeel 

population in SA4 but has displaced fishing to areas directly to the east of the box (Figure 

1.20). While this may not have affected sandeel stocks in the box itself, the analyses above 

shows that seabirds located adjacent to the box still have a strong relationship with the TSB 

of sandeel in the whole of SA4. 
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Figure 1.20 Sandeel fishing effort in the North Sea (from ICES 2022). 

 

104. It is apparent from the relatively crude metric of the mean of the maximum foraging range 

(Woodward et al. 2019) that it is likely that the species being assessed here do forage beyond 

the sandeel box, and the analyses by Cleasby et al. (2020) confirms from modelled tracking 

data that areas to the east of the box are also important to foraging seabirds. 

105. It is important to note that these foraging range metrics and analyses are based on only part 

of the breeding season (mostly the early chick phase). Evidence shows that foraging 

behaviour of seabird changes through the breeding season, with longer foraging trips 

occurring during both the incubation phase and later in the breeding season, both of which 

are not well captured by these foraging range metrics (see Section 1.5). In addition, theory 

suggests (Ashmole’s halo hypothesis) that as the season progresses prey stocks are 

depleted by foraging seabirds and so individuals have to forage further from the colony. Thus, 

when in the breeding season tracking data was collected will not necessarily be 

representative of foraging locations later in the season. This means it is more likely that areas 

beyond the sandeel box, and the sand banks therein, become less important to seabirds as 

the breeding season progresses. This effect has been demonstrated in several tropical 

seabirds, and in Brunnich’s guillemot Uria lomvia (Elliott et al. 2009) 

106. While individual sandeels are sedentary (Wright et al. 2019, Jensen et al. 2010), seabirds 

are highly mobile and able to forage overall large areas of sea. The relative spatial 

distribution of sandeel potential habitat confidence, SPAs with connectivity to the Proposed 

Development and the sandeel box are shown for each species in Figure 1.21 to Figure 1.24.  
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Figure 1.21 Relative spatial distributions of sandeel habitat, SPAs for kittiwake in proximity to the Proposed Development, mean max. foraging range 
(km) and the closed sandeel box.  
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Figure 1.22 Relative spatial distributions of sandeel habitat, SPAs for guillemot in proximity to the Proposed Development, mean max. foraging 
range (km) and the closed sandeel box.  
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Figure 1.23 Relative spatial distributions of sandeel habitat, SPAs for razorbill in proximity to the Proposed Development, mean max. foraging 
range (km) and the closed sandeel box.  
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Figure 1.24 Relative spatial distributions of sandeel habitat, SPAs for puffin in proximity to the Proposed Development, mean max. foraging range 
(km) and the closed sandeel box. 
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107. The sandeels in the habitat outside the closed box may be particularly important to seabirds 

in the period immediately post-breeding as they disperse from their breeding colonies. This 

may be a critical energetic bottleneck for some species, particularly auks where parental care 

continues following fledging, and this can overlap with the moult period. While auks may have 

reduced energetics costs to diving after moulting their flight feathers, they are also 

provisioning chicks while growing new feathers. Seabirds will also be trying to regain body 

mass lost through the breeding season and it is known that body mass at the end of the 

breeding season is an important factor in predicting over-winter survival rates. 

108. There is a high degree of inter annual variability in the location and level of recruitment into 

the sandeel population as demonstrated by the different location and intensity of sandeel 

fishing across SA4 and the wider North Sea. Given that it is difficult to predict  the location 

and quantity of sandeels that are available it is logical to manage fishing pressure across the 

whole of SA4 to provide the best opportunity for seabirds to respond to the natural variability 

in the stock levels. CEH has demonstrated that current sandeel box is not large enough to 

deliver the benefits that might be expected. 

109. Managing fishing pressure for the whole of SA4 will lead to a change in the age structure of 

the SA4 population with a greater number of sandeels reaching older age classes. This will 

lead to lower variability of recruitment each year which is likely to lead to higher levels of 

productivity via lower breeding abandonment in poor prey years. 

CLIMATE CHANGE IMPACTS ON SANDEELS IN THE NORTH SEA 

110. Climate change impacts on sandeels in the North Sea relate mainly to climate warming 

effects on their planktonic food and climate warming effects on sandeels themselves. Causes 

of ocean warming are now well understood, as are the general effects of ocean warming on 

ecosystems, plankton and marine fish, and the consequences of these effects for 

biodiversity, ecosystem stability, wildlife, and ecosystem services to humans (Laffoley and 

Baxter 2016). Warming ocean and sea temperatures have already caused significant 

poleward movements of the edges of zooplankton geographical range. Polewards shifts of 

large copepods that have a strategy of storing lipid for overwinter survival have been 

especially pronounced, to be replaced by smaller, faster growing copepods that do not store 

lipid because they are adapted to warmer climates (Edwards 2016). Since sandeels feed on 

large lipid-rich copepods (Arnott and Ruxton 2002, van Deurs et al. 2009, 2013, 2015, ICES 

2017) there is an ecological linkage that predicts an impact of climate warming on food 

availability to sandeels through bottom-up food web changes (Cheung and Pauly 2016). 

111. Climate warming may also shift the seasonal timing of processes in a way that could reduce 

the synchrony between predator and prey, and so reduce the efficiency of energy transfer up 

marine food chains (Edwards 2016). The spring bloom of phytoplankton in temperate/sub-

Arctic regions is controlled by light intensity and photoperiod, so has remained relatively 

stable in phenology over recent decades despite warming (Edwards 2016). However, some 

zooplankton and some fish larvae have moved significantly earlier in their seasonal cycles, 

which can reduce trophic transfer efficiency (Cheung and Pauly 2016, Edwards 2016).  

Research on relationships between climate, zooplankton and sandeels 

112. Arnott and Ruxton (2002) showed that warmer sea temperatures correlated with  poorer than 

average recruitment of sandeels in the southern North Sea. Arnott and Ruxton (2002) also 

found a positive association between sandeel recruitment and the abundance of Calanus 

finmarchicus copepod stages V and VI around the time of larval hatching and inferred that 

the availability of this prey species is important for survival of young sandeels. In the southern 

North Sea higher sandeel spawning stock biomass in SA1r was significantly associated with 

lower temperatures and with lower sandeel fishing mortality, the latter effect being 

statistically the stronger (Carroll et al. 2017). These effects of climate warming and fishing 

mortality driving sandeel stock biomass are not limited to the North Sea. The same effects 

have been identified for sandeel stocks elsewhere. For example, the biomass of sandeel 
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stocks off the south coast of Japan is affected by climate warming but especially by the level 

of fishing mortality (Funakoshi 1998). 

113. A study by Henriksen et al. (2021a) concluded that during the first year of life in the North 

Sea, sandeel size has a large influence on survival, indicating a positive relationship between 

growth rate and survival. There was little or no effect of sea temperature on that relationship. 

However, Henriksen et al. (2021a) found that during the second year of life, autumn seabed 

temperature was negatively correlated with sandeel abundance, suggesting higher mortality 

in warmer years. Whereas winter temperatures tend to be similar between the northern and 

southern parts of the North Sea, in summer and autumn the temperatures are considerably 

higher in the southern North Sea. Southern parts of the North Sea were the areas showing 

the strongest response of sandeels to temperature (Henriksen et al. 2021a), further 

supporting the suggestion of Arnott and Ruxton (2002) that southern populations of sandeels 

may be more at risk from climate warming. However, there is a contradiction between these 

two studies, in that Henriksen et al. (2021a) suggest that temperature effects are on 1 -year 

old sandeels but not on 0-group sandeels and are mediated by autumn temperatures, 

whereas Arnott and Ruxton (2002) reported effects on 0-group sandeels in relation to late-

winter and spring temperatures. 

114. Survival of larval sandeels in the North Sea is thought to be strongly influenced by abundance 

of the large copepod Calanus finmarchicus, raising the possibility that climate-generated 

shifts in the Calanus species composition and timing of the spring bloom of zooplankton 

abundance may lead to a mismatch between food availability and the early life history of 

sandeels (van Deurs et al. 2009). Models of foraging by sandeels predict that changing from 

a situation where large Calanus finmarchicus copepods dominate the zooplankton to a 

situation where only relatively small and less energy-rich copepods are available (the trend 

predicted as a result of climate warming) roughly halves the energy intake of sandeels even 

if prey biomass concentration remained constant, mainly because of visual constraint on 

foraging rate of sandeels but also due to handling time limitation and prey energy content 

(van Deurs et al. 2015). Climate warming effects on zooplankton community composition, 

which are occurring in the North Sea (Bedford et al. 2020), therefore have profound  

implications for sandeels. However, Olin et al. (2022) questioned whether sandeels are 

dependent on these large energy-rich copepods or whether they may be able to cope well 

on a prey field dominated by smaller copepods. That question is in direct contrad iction to the 

conclusion of van Deurs et al. (2009) that Calanus finmarchicus abundance explains around 

65% of the inter-annual variation in sandeel recruitment. It is also contrary to evidence from 

Arnott and Ruxton (2002) and from sandeel stomach content analysis (van Deurs et al. 2013). 

ICES (2017) also concluded that Calanus finmarchicus abundance strongly influenced 

growth and recruitment of sandeels in the SA1r region. 

115. Studying sandeels in the north-west North Sea from 2000 to 2018, MacDonald et al. (2019) 

found that low sandeel abundance correlated with low growth rate. Growth performance 

indices were correlated with zooplankton and phytoplankton biomass but were not influenced 

by variations in sea temperature. They concluded that sandeel abundance in  that region was 

affected by food availability but not by sea temperature.  

116. Studies of sandeel egg development at different temperatures showed important temperature 

effects on egg development rate but indicated that these effects are only minor contributo rs 

to the observed variations in hatch dates among years (Regnier et al. 2018). Sandeels remain 

buried in seabed sandy sediment from late summer through winter. In spring, they emerge 

to feed on zooplankton. The overwintering strategy of sandeels involves a trade-off between 

energy gain and survival probability (van Deurs et al. 2010). This strategy will be influenced 

by climate warming effects on phenology and zooplankton abundance and species 

composition. Since variation in copepod timing at a Scottish coastal monitoring site was 

mainly influenced by February temperature whereas sandeel phenology was more closely 

related to rate of seasonal temperature decline in autumn and winter (Regnier et al. 2019) 

there is some scope for effects of increasing sea temperatures to result in an increased risk 

of mismatch between sandeels and they prey (Regnier et al. 2017, 2019). However, 

modelling this relationship indicated that individual fitness “is only marginally reduced in 



 

 

Fisheries Compensatory Measures Evidence Report       41  

individuals that fail to optimize the foraging window in relation to the level of mortality and 

prey availability experienced during the zooplankton spring bloom” (van Deurs et al. 2010).  

117. Using commercial catch data (catch per unit effort) to describe sandeel emergence, 

Henriksen et al. (2021b) investigated the timing of sandeel emergence into the water column 

in spring in relation to sea temperature. Variation in emergence behaviour among years was 

correlated with variation in sea bottom temperature. Warmer years were characterised by 

earlier emergence by sandeels. However, although significant warming was evident in the 

North Sea over the last three decades, no net shift in the timing of emergence was detected 

over that 30-year period, suggesting that this effect of climate warming is rather small .   

118. The sandeel is an example of a capital breeder, as its gonad development depends entirely 

on stored energy reserves while the fish remains buried in sandy sediments of the  seabed. 

Laboratory studies of sandeels kept at different temperatures showed that loss of mass was 

greater in the higher temperature treatment, consistent with fish at higher temperature having 

higher metabolic costs (Wright et al. 2017). However, somatic energy loss did not differ 

between temperatures, the net change in mass being related to lower relative gonad size in 

the fish at higher temperature. The study concluded that warming sea temperatures will lead 

to a reduced reproductive investment by adult sandeels but will not impact their overwinter 

survival. 

119. In inner Danish waters the seabed can become oxygen deficient during warmer summer 

months (hypoxia). This hypoxia impacts on sandeels by making sediments unsuitable for 

sandeel survival (Behrens et al. 2009). All else being equal, increased sea temperature will 

tend to increase risk of hypoxia, so there is a risk of loss of suitable sandeel habitat as a 

result of increased hypoxia of sediments in the North Sea. However, very few areas of UK 

North Sea waters are likely to be at risk of sediment hypoxia (this is most likely where wa ter 

flow is low, and inputs of organic matter are high). The areas favoured by sandeels are areas 

of coarse sand rather than areas of mud and it is unlikely that hypoxia will affect such sandy 

sediments (where the sand grain size is maintained by moderate water flows with little input 

of fine sediment or organic matter).  

120. It is acknowledged that there are somewhat contradictory results in the published literature 

regarding sandeel relationships with zooplankton and with climate warming. However, the 

majority of the literature suggests a dependence of sandeel growth and survival on 

availability of large Calanus finmarchicus copepods, and some tendency for sandeel 

recruitment or survival to be reduced in warmer sea temperatures in the southern part of the 

North Sea, but apparently to be much less influenced by sea temperature in the northern 

North Sea. This raises specific questions about how the southern and northern parts of the 

North Sea differ and how that influences sandeel demography and abundance.  

Differences between southern and northern North Sea ecosystems 

121. Analysis of 60 years of continuous plankton recorder data shows that there is considerable 

spatial variation in the zooplankton prey field available to sandeels in different regions (Olin 

et al. 2022). The authors of this study caution against inferring ecological consequences 

based only on large-scale trends in key taxa or mean community traits. However, they found 

generally higher abundance of large Calanus copepods further north, but also found 

pronounced decline in the abundance of small copepods in the western North Sea over this 

survey period. 

122. Between 1901 and 2020, sea surface temperature increased more in the southern North Sea 

than in the northern North Sea (NOAA 2021). This is likely to relate to the inflow of Atlantic 

Ocean water into the northern North Sea (van der Molen and Pätsch 2022) buffering impacts 

of warming atmospheric conditions that have a stronger influence on the shallower water in 

the southern North Sea. The southern North Sea has warmed twice as fast as the average 

for the world’s oceans, consistent with the influence of continental warming and the relatively 
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shallow nature of the southern North Sea2. The cooling effect of Atlantic water flowing into 

the North Sea also results in the UK coastal waters being cooler in summer and autumn than 

the continental coastal waters, especially at the same latitude in the northern North Sea. The 

northern and southern North Sea also differ in summer stratification as a result of differences 

in water depth. In the northern North Sea, the water is seasonally stratified each year, 

whereas in the southern North Sea stratification only occurs in years with exceptional  

summer heat, a situation which is occurring more frequently with climate warming (Chen et 

al. 2022). Whereas most nutrient input into the northern North Sea comes from inflowing 

Atlantic water (van der Molen and Pätsch 2022), the southern North Sea is strongly 

influenced by nutrient inputs from major European rivers (Desmit et al. 2019). The nutrient 

input from rivers had been elevated for many decades by agricultural and industrial inputs 

(nutrient pollution) but these inputs have been reducing since the mid-1980s due to more 

effective regulation (Desmit et al. 2019). The de-eutrophication process in the southern North 

Sea correlates with a slight reduction in phytoplankton production (as indicated by chlorophyll 

measurements) since the late 1980s (Desmit et al. 2019). This could have bottom-up effects 

on zooplankton and therefore on sandeels in the southern North Sea but there has been no 

equivalent de-eutrophication in the northern North Sea because nutrient loads there have 

never been significantly influenced by river-borne pollution (van der Molen and Pätsch 2022).  

123. Between 1983 and 1996, sandeel recruitment (after correcting for effects of the biomass of 

each age class) was significantly higher in years with cooler winter and spring sea 

temperatures in the southwestern North Sea (Arnott and Ruxton 2002), the area labelled 

‘region 1’ by Arnott and Ruxton being approximately congruent with what is now defined as 

the SA1r sandeel stock distribution. Arnott and Ruxton (2002) concluded that climate 

warming may result in the northward shift of that southern limit of sandeel stock distribution 

in the North Sea because recruitment could become compromised by rising temperatures in 

the southern North Sea. However, in the northern North Sea (specifically an area they 

labelled ‘region 2’) they found very little evidence of any relationship between sandeel 

recruitment and sea temperature. In their region 2, there was a slight trend towards higher 

recruitment in cooler years, but almost all monthly correlations failed to reach statistical 

significance. Arnott and Ruxton (2002) suggest that in relation to sandeel recruitment 

“whereas temperature may be a more important proximate cause in region 1, more indirect 

routes may predominate in region 2”.  

124. Although abundance of large copepods declined in the southern and eastern North Sea, their 

abundance shows no significant long-term trend in waters off east Scotland (broadly 

corresponding to SA4) and in that region there is no significant correlation between sea 

temperature and abundance of large copepods (Bedford et al. 2020). If sandeel recruitment 

is affected by large copepod abundance, then this lack of any relationship with sea 

temperature off east Scotland may contribute to the general observation that sandeels in 

SA4 appear less sensitive to sea temperature change than in the southern North Sea. This 

lack of a sea temperature effect on Calanus finmarchicus in SA4 can be explained by the 

observation that interannual variability of Calanus finmarchicus abundance in the north-

western North Sea is mainly determined by the inflow of Calanus finmarchicus in North 

Atlantic water entering the northern North Sea (Gao et al. 2021). Calanus finmarchicus is 

considered not to be self-sustaining in the North Sea but is highly dependent on inflow from 

the Faroe-Shetland Channel bringing large quantities of Calanus finmarchicus into the North 

Sea (Gao et al. 2021). This further emphasises the independence of Calanus finmarchicus 

abundance in the northern North Sea from effects of increased warming of North Sea waters 

by climate change. 

125. While much emphasis has been put on the ‘bottom-up’ limitation of sandeel stock biomass 

through climate-mediated changes in zooplankton species composition and biomass, and 

the ‘top-down’ influence of sandeel fishery mortality, it should also be recognised that other 

‘top-down’ influences may be present (Frederiksen et al. 2007). These include impacts of 

natural mortality (especially predation by adult herring, mackerel, whiting and other predatory 

 

2 https://www.dw.com/en/north-sea-warming-twice-as-fast-as-worlds-oceans/a-40427339 
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fish). Frederiksen et al. (2007) indicated that top-down predation by predatory fish is likely to 

be more important in the northern North Sea than in the southern North Sea, such that the 

relative importance of bottom-up and top-down control on sandeels may differ between 

regions. This regional difference in the strength of natural mortality is also recognised, and 

incorporated into sandeel stock assessments, by ICES (2017).  

126. In the southern North Sea SA1r area, there is a correlation between the few years of 

exceptionally high recruitment of sandeels and an unusual pattern of net direction of wate r 

transport in the area (Henriksen et al. 2018). This pattern may be specific to this area but 

suggests that sandeel recruitment may be influenced by variation in hydrographic pattern. 

That water flow pattern may in turn be influenced by climate change. 

127. It is evident there are huge differences in the ecology of the southern and northern parts of 

the North Sea. These differences are driven in part by hydrographic influences, especially 

the important inflow of North Atlantic water into the northern North Sea and the flow of major 

European rivers into the southern North Sea, and in part by sea depth differences affecting 

stratification and the coupling between atmospheric warming and sea temperature change. 

This affects zooplankton community composition, seasonal change in sea temperature, and 

the rate of sea temperature increase caused by climate warming. Sandeel stocks in the 

southern and in the northern North Sea are therefore exposed to very different environmental 

pressures. Whereas southern North Sea sandeels appear subject to strong sea temperature 

effects and appear vulnerable to climate warming, the ecological patterns in the northern 

North Sea indicate that sandeels in the northern North Sea are probably more strongly 

influenced by variability in natural mortality pressures and are less vulnerable to climate 

warming effects because of the buffering influence of North Atlantic water inflow.  

128. Sandeels may not recover to levels seen in the 1990s, but reduction of fishing pressure is 

the most important single influence, and valuable to create resilience. 

129. Lindegren et al. (2017) modelled the sandeel stock dynamics in SA1r and concluded that 

although the main driver of stock biomass was fishing mortality, the abundance was also 

influenced by availability of preferred prey (Calanus finmarchicus and Temora longicornis) 

and by climate. Lindegren et al. concluded that the reduction of fishing mortality would lead 

to a large increase in sandeel stock biomass but that “a complete recovery of the stock to 

the highly productive levels of the early 1980s would only be possible through changes in the 

surrounding ecosystem, involving lower temperatures and improved feeding conditions”. The  

authors therefore stressed “the need for ecosystem-based management accounting for 

multiple internal and external factors occurring within the broader context of the ecosystem 

in which forage fish species, such as sandeel, play an important and integral part”.  

130. Ecopath/Ecosim modelling also indicated an influence of climate warming on the recovery of 

sandeel stocks if fishing mortality was reduced (Natural England unpublished report).   

However, this modelling indicated that despite climate change effects, reducing fishing 

mortality on sandeels would lead to a large increase in sandeel abundance, and therefore a 

large increase in seabird abundance. 

131. In SA4 the effects of climate warming will be less than in the southern part of the North Sea 

(Henriksen et al. 2021, NOAA 2021), but the principle that complete recovery is improbable 

because of climate-warming impacts is still likely to apply to some extent. We can conclude 

that sandeel stock biomass in ICES SA4 will probably not recover to the historical maximum 

levels present before sandeel fishing began in the region, but that reducing fishing p ressure 

on sandeels in SA4 will be the single most effective means of allowing sandeel stock biomass 

to increase from the present depleted levels to a higher abundance limited by the availability 

of zooplankton prey and temperature constraints as now influenced by climate warming. 

132. There is a consensus that warming of the southern North Sea makes that area less suitable 

for sandeels, both by reducing the abundance of their preferred prey and by increasing 

metabolic rates of fish at a time when they depend on stored lipid for survival. However, 

warming of the southern North Sea makes that environment suitable for other forage fish that 

prefer warmer waters and their associated plankton communities. Both anchovy (Engraulis 

encrasicolus) and pilchard (Sardina pilchardus) have increased in abundance in the North 
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Sea in recent decades (Petitgas et al. 2012, Raab 2013, Heessen et al. 2015). Those two 

species are the most important forage fish for seabirds in southern Europe (Gaspar et al. 

2022), which include seabird species that are abundant in the North Sea, so may play an 

increasing role as an alternative food for seabirds in the North Sea in future.  

133. it is important to emphasise the consistent conclusion reached by two entirely different 

modelling approaches; both Natural England’s Ecopath with Ecosim model and the 

Lindegren et al. (2017) stock assessment hindcast model which both predict that reducing 

fishing mortality on sandeels would lead to a large recovery in sandeel stock biomass from 

the present levels that are depleted by fishing. Reduced fishing pressure on sandeels can 

also be expected to make the population more resilient to impacts of climate warming 

(Cheung and Pauly 2016). In addition, warming temperatures may allow anchovy and 

pilchard to become increasingly abundant in the southern North Sea, providing an alternative 

forage fish food supply for seabirds. 

How much recovery of sandeel stock biomass is required? 

Depletion of stocks of cod, whiting and haddock during the 20th century, followed by severe 

depletion of herring and mackerel stocks since the 1960s, will all have influenced sandeel 

stock biomass, even before sandeel fisheries grew to a scale that was likely to reduce 

sandeel biomass from the late-1970s onwards. It is important to recognise that it is not 

necessary for sandeel stock biomass to recover back to the abundance that would have been 

present in the absence of imposed fishing mortality before climate warming had any effect in 

order to benefit dependent seabirds. The research presented by Cury et al. (2011) shows 

that seabird demographic responses to prey abundance are sigmoidal; prey abundance 

below a critical threshold leads to failure. When prey abundance is above the critical 

threshold the exact abundance becomes relatively unimportant. That threshold was 

consistent across 14 seabird species in seven distinct global ecosystems (which included 

sandeel stocks supporting terns, kittiwakes and auks) and approximated to one-third of the 

maximum prey biomass observed in long-term studies. Increasing prey abundance from 

slightly above the one-third threshold to the highest observed abundance has very little 

further gain to seabird demography. The key influence is to get prey biomass above the one-

third threshold and to maintain it above that threshold. There is no need to increase prey 

biomass to the historical maximum. Therefore, if climate warming reduces the environmental 

carrying capacity for sandeels, it would only represent a significant constraint if the impact of 

climate warming was to limit sandeel stock biomass below the ‘one-third for the birds’ 

threshold biomass identified by Cury et al. (2011). Available evidence based on predicted 

warming over the coming decades suggests that such a strong effect of climate warming on 

sandeel carrying capacity of the ecosystem is unlikely even in the southern North Sea where 

climate warming effects are greatest. 

DISCUSSION AND CONCLUSIONS 

134. The presence of published evidence that sandeel abundance strongly affected breeding 

success and abundance across a wide range of breeding seabird species in Shetland led to 

analyses to examine if similar relationships occurred for kittiwake, guillemot, razorbill and 

puffin foraging in SA4. 

135. Strong relationships were found between sandeel abundance and seabird abundance, 

productivity and return rate (a proxy for adult survival) for all the species assessed, with the 

exception of razorbill, where there was no relationship with productivity (likely due to the 

greater influence of weather and predation events negatively affecting the survival of eggs 

or chick, compared with the effects of these factors on adult survival).  

136. There was also strong evidence of recovery of sandeel stocks in the North Sea following 

closure of the fishery, which includes evidence from the sandeel box in SA4. In some case 

recovery may be slow. However, recovery to previous levels at, or close to ecological 

capacity is not needed to offset the potential impacts of the Proposed Development. Every 
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modelled recovery scenario, covering a wide range of possible levels of Sandeel TSB, 

demonstrates that any recovery in the sandeel TSB generates a large compensation surplus. 

137. Various elements combine to strongly suggest that the management of fisheries at the SA4 

scale is likely to be the most effect scale for compensation. It is apparent that the sandeel 

box will protect only some of the sandeel stocks used by breeding seabirds. Foraging range 

information, based on tracking data from a relatively limited period of the annual cycle, shows 

important areas of sandeel habitat outside the box. New analyses of kittiwake productivity 

from colonies likely to be foraging inside the box and outside the box, but still within SA4, 

showed no important difference in the relationship between productivity and TSB in SA4. 

Finally, the presence of strong relationships between each of adult population size, return 

rates and productivity and TSB in SA4 shows that the population is responding to changes 

at this spatial scale. It seems likely, therefore, that at least this scale is important to seabirds 

breeding on the east coast of Scotland. This may be because of the importance of areas 

beyond typical foraging range in poor sandeel years and in the periods of the annual cycle 

outside the breeding season. 

138. The current management of sandeel stocks in SA4 does not account for the presence of the 

box. So sandeel TAC is based on the TSB in all of SA4, not just the stock outside the box. 

Given the sedentary nature of individual sandeels, this suggests that impacts on sandeel 

stocks outside the box could be particularly severe. These areas may be important to 

seabirds during periods of the annual cycle not assessed through tracking during the early 

chick phase. 

139. Thus, management of sandeel fisheries to reduce or remove fishing pressure for the whole 

of SA4 is very likely the most effective measure to compensate for predicted impacts.  

1.8. LIKELY GAINS TO SEABIRDS FROM SANDEEL FISHERIES 
CHANGE 

140. The context-dependent effect of sandeel abundance on seabird demography, together with 

uncertainty about the time-course and extent of recovery of sandeel biomass, and uncertainty 

about gains in terms of seabird survival rates (which can often drive population trend more 

strongly than breeding success in long-lived birds such as seabirds) makes predicting the 

gains to be obtained from reducing or removing sandeel fishing pressure complex, and 

relatively uncertain at a quantitative level. The evidence for qualitative gain is strong.  

141. The presence of relationships between changes in sandeel abundance and seabird 

demographics would be predicted to result in changes to seabird populations sizes. Most 

seabirds have demographic processes characterised by relatively high annual adult survival 

and relatively low annual productivity. So positive effects of sandeel abundance on annual 

adult survival should result in stronger population size change than effects on annual 

productivity. In addition, direct benefits of sandeel abundance on adult survival has 

immediate positive effects on protected seabird populations, as it results in more adult birds 

in the population, than positive effects on productivity, as it takes several years for the fledged 

chicks that survive to adulthood to be available to recruit into the population. Both the number 

of additional birds per annum and the number of chicks that survive to adulthood can be 

estimated from a predicted change in adult survival or in productivity. These parameters can 

also be used in Leslie matrix population models to project the change in population size or 

growth rate.  

142. In SA7r there is no sandeel fishery. If that remains the situation, some further recovery of 

sandeel stock at Shetland may be anticipated over coming years. No options for 

compensation by restricting sandeel fishing are likely to be available in SA7r. 

143. In SA4, the sandeel stock was heavily fished in 1993 to 1999, and in 2003 (ICES 2022). Total 

stock biomass fell from peaks of 772,000 tonnes in 1995 and 780,000 tonnes in 1997 to 

33,000 tonnes in 2008 (ICES 2022). The sandeel box has somewhat limited fishing impact 

on this stock since 2000 and the stock biomass has increased from a low of 33,000 tonnes 

in 2008 to 480,000 tonnes in 2020 (ICES 2022). The Cury et al (2011) “one-third for the birds” 
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threshold for this stock is approximately 300,000 tonnes. The stock was below that threshold 

from 2002 to 2009 but has been slightly above the Cury et al. (2011) threshold since 2015 

and as a consequence good breeding success of kittiwakes would be expected now. 

Consistent with that, Isle of May kittiwake monitoring reported 1.07 chicks per pair in 2015, 

0.78 in 2016 and 0.94 in 2017. Breeding success of kittiwakes can be 1.3 to 1.4 chicks per 

pair in ideal conditions, so there is some scope for improvement even now. However, catches 

taken from SA4 have increased recently (Figure 1.25), and present management does not 

prevent stock depletion below the Cury et al. (2011) threshold from taking place if the fishing 

effort increases in future.  

 

 

Figure 1.25 Sandeel TSB compared with catches in SA4 over time (data from ICES 2022). 

 

144. For immature birds, there is no evidence as to the relationship between survival rate and 

sandeel stock biomass, but theory would suggest that effects would be greater for immature  

birds than for adults because they are less experienced and have higher mor tality. Improving 

food resources should therefore have even stronger effects on immature survival than seen 

for adult survival for those immature birds that are in the SA4 area. 

145. A series of plausible scenarios were created to describe the potential effects of sandeel 

fisheries compensation on adult survival rates for each species. However, a precautionary 

scenario was developed that assumed no influence on survival of immatures or on age of 

first breeding. 

146. With a Cury threshold of approximately 300,000 tonnes, five potential scenarios were 

considered that span the likely range of sandeel TSB from historic data (Figure 1.26). 

Increases in sandeel stock biomass from below 300,000 tonnes were considered useful as 

there have been TSB values of this scale during the population recovery and the non -linear 

relationships between TSB and species adult survival and productivity showed the largest 
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change in demographic values across these TSB values. Changes from 100,000 to 200,000 

tonnes and 200,000 tonnes to 300,000 tonnes were therefore estimated. Both the historic 

TSB values from the 1990’s and a few of the more recent TSB values since stocks began to 

recover have been between 300,000 tonnes and 800,000 tonnes. So, in addition, increases 

in stock biomass from 300,000 tonnes to 400,000, 600,000 and 800,000 tonnes provided 

information on plausible future sandeel stock biomass levels being maintained above the 

Cury threshold but below the historic maximum stock biomass. 

 

 

Figure 1.26 Sandeel TSB in SA4 compared with modelled scenarios. 

 

147. The Sandeel TSB for each individual North Sea stock is estimated using the best available 

stock assessment models and following ICES best practice. The assessment is carried out 

each year by an international team of fisheries experts, including experts from Marine 

Scotland and Cefas, and is published in detail in the Herring Assessment Working Group 

(HAWG) annual reports which are available online on at the ICES web page 3. The details of 

the assessment methods are also reviewed in ICES benchmark reports that update the 

assessment methodology every few years and these are also available online at the ICES 

web page. 

148. The stock assessment presents estimates of stock biomass on 1st January in each year. 

Biomass will increase as fish grow in spring and will increase as larvae recruit into the stock 

in summer. Biomass will decrease as a result of predation, which occurs throughout the year 

but especially in summer. The biomass available to seabirds during the breeding season of 

any year will be closely similar to the estimate of stock biomass on 1st January of that year. 

KITTIWAKE 

149. Adult kittiwake return rates correlated with sandeel stock biomass (Figure 1.6). This non-

linear relationship indicated that adult survival could increase rapidly when sandeel total 

 

3 https://www.ices.dk/community/groups/pages/hawg.aspx  
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stock biomass was increased from below 300,000 tonnes. Further increasing sandeel 

abundance would improve kittiwake survival much less when the stock biomass was above 

300,000 tonnes. 

150. From the equation in Figure 1.6 (y = 0.0909ln–x) - 0.2944), the predicted change in adult 

return rate was calculated for each scenario (Table 1.2). 

Table 1.2 Predicted change in adult return rate of kittiwakes on the Isle of May with potential 
changes in sandeel stock. 

Change in sandeel stock (thousand 

tonnes) 

Increase in adult survival 

100,000 - 200,000 0.0999 

200,000 - 300,000 0.0369 

300,000 - 400,000 0.0262 

300,000 - 600,000 0.0630 

300,000 - 800,000 0.0892 

 

151. From the difference in adult survival predicted due to sandeel stock biomass it is possible to 

predict the number of additional adult birds that could survive as a result. For each SPA in 

SA4 between the East Caithness Cliffs SPA in the north of SA4 and the Farne Islands SPA 

in the south of SA4 the additional adult birds predicted to survive per annum is shown in 

Table 1.3. 

Table 1.3 Additional adult kittiwakes predicted to survive per annum for SPAs in SA4. 

SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Forth Islands 9,034 902 333 236 569 805 

St Abbs Head to 

Fast Castle 
11,230 

1,121 414 294 708 1,001 

Fowlsheugh 26,542 2,651 978 694 1,672 2,366 

Farne Islands 8,804 879 324 230 555 785 

East Caithness 

Cliffs 
48,920 

4,885 1,803 1,279 3,082 4,362 

Troup, Pennan & 

Lion's Heads 
21,232 

2,120 783 555 1,338 1,893 

Buchan Ness to 

Collieston Coast 
22,518 

2,249 830 589 1,419 2,008 

 Total 14,808 5,465 3,878 9,343 13,220 
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152. Adult kittiwake productivity also correlated with sandeel stock biomass (Figure 1.7). This non-

linear relationship indicated that productivity could increase rapidly when sandeel total stock 

biomass was increased from below 300,000 tonnes. Further increasing sandeel abundance 

would improve kittiwake productivity less when the stock biomass was above 300,000 

tonnes. 

153. From the equation in Figure 1.7, the predicted change in productivity was calculated for each 

scenario (Table 1.4). 

Table 1.4 Predicted change in productivity of kittiwakes (chicks per pair) on the Isle of May with 
potential changes in sandeel stock. 

Change in sandeel stock  

(thousand tonnes) 

Increase in adult survival 

100,000 - 200,000 0.2208 

200,000 - 300,000 0.0815 

300,000 - 400,000 0.0578 

300,000 - 600,000 0.1393 

300,000 - 800,000 0.1971 

 

154. From the difference in productivity predicted due to sandeel stock biomass it is possible to 

predict the number of additional adult birds that could be produced as a result. For each SPA 

in SA4 between the East Caithness Cliffs SPA in the north of SA4 and the Farne Islands SPA 

in the south of SA4 the additional adult birds predicted to be produced per annum is shown 

in Table 1.5. This was calculated from the predicted increase in fledged birds per annum 

combined with the predicted survival rate from fledging to age at first breeding (calculated 

from the age specific survival rates to age at first breeding = 0.4938).  

Table 1.5 Additional adult kittiwakes predicted to be produced per annum for SPAs in SA4 as a 
consequence of improved breeding success. 

SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Forth Islands 9,034 985 364 258 621 879 

St Abbs Head to 

Fast Castle 

11,230 1,224 452 321 773 1,093 

Fowlsheugh 26,542 2,894 1,068 758 1,826 2,584 

Farne Islands 8,804 960 354 251 606 857 

East Caithness 

Cliffs 

48,920 5,334 1,969 1,397 3,365 4,762 
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SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Troup, Pennan & 

Lion's Heads 

21,232 2,315 854 606 1,461 2,067 

Buchan Ness to 

Collieston Coast 

22,518 2,455 906 643 1,549 2,192 

 TOTAL 16,168 5,967 4,234 10,201 14,434 

GUILLEMOT 

155. For guillemot, there was a similar relationship to that of kittiwake between adult return rate 

at the Isle of May and sandeel stock biomass. Adult guillemot return rates correlated with 

sandeel stock biomass that was best described by the function y = 0.0532ln(x) + 0.224 

(Figure 1.9). This non-linear relationship indicated that adult survival could increase rapidly 

when sandeel total stock biomass was increased from below 300,000 tonnes. Further 

increasing sandeel abundance would improve guillemot survival less when the stock biomass 

was above 300,000 tonnes. 

156. From the equation in Figure 1.9, the predicted change in adult survival was calculated for 

each scenario (Table 1.6). 

Table 1.6 Predicted change in adult return rate of guillemots on the Isle of May with potential 
changes in sandeel stock. 

Change in sandeel stock  

(thousand tonnes) 

Increase in adult survival 

100,000 - 200,000 0.0612 

200,000 - 300,000 0.0226 

300,000 - 400,000 0.0160 

300,000 - 600,000 0.0386 

300,000 - 800,000 0.0546 

 

157. From the difference in adult survival predicted due to sandeel stock biomass it is possible to 

predict the number of additional adult birds that could survive as a result. For each SPA in 

SA4 between the East Caithness Cliffs SPA in the north of SA4 and the Farne Islands SPA 

in the south of SA4 the additional adult guillemots predicted to survive per annum is shown 

in Table 1.7. 
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Table 1.7 Additional adult guillemots predicted to survive per annum for SPAs in SA4. 

SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Forth Islands 25,806 1,579 583 414 996 1,410 

St Abbs Head to 

Fast Castle 

45,827 2,804 1,035 734 1,769 2,504 

East Caithness 

Cliffs 

149,228 9,132 3,370 2,391 5,761 8,153 

Troup, Pennan & 

Lion's Heads 

23,801 1,456 538 381 919 1,300 

Buchan Ness to 

Collieston Coast 

29,352 1,796 663 470 1,133 1,604 

Fowlsheugh 114,748 7,022 2,592 1,839 4,430 6,269 

Farne Islands 64,042 3,919 1,446 1,026 2,473 3,499 

 TOTAL 27,708 10,226 7,256 17,482 24,738 

 

158. Adult guillemot productivity also correlated with sandeel stock biomass (Figure 1.10). This 

non-linear relationship indicated that productivity could increase rapidly when sandeel total 

stock biomass was increased from below 300,000 tonnes. Further increasing sandeel 

abundance would improve guillemot productivity much less when the stock biomass was 

above 300,000 tonnes. 

159. From the equation in Figure 1.10, the predicted change in adult guillemot productivity was 

calculated for each scenario (Table 1.8). 

 

Table 1.8 Predicted change in productivity of guillemots (chicks per pair) on the Isle of May with 
potential changes in sandeel total stock biomass. 

Change in sandeel stock  

(thousand tonnes) 

Increase in productivity 

100,000 - 200,000 0.0962 

200,000 - 300,000 0.0355 

300,000 - 400,000 0.0252 

300,000 - 600,000 0.0607 

300,000 - 800,000 0.0859 
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160. From the difference in productivity predicted due to sandeel stock biomass it is possible  to 

predict the number of additional adult guillemots that could be produced as a result. For each 

SPA in SA4 between the East Caithness Cliffs SPA in the north of SA4 and the Farne Islands 

SPA in the south of SA4 the predicted additional adult birds predicted to be produced per 

annum is shown in Table 1.9. This was calculated from the predicted increase in fledged 

birds per annum combined with the predicted guillemot survival rate from fledging to age at 

first breeding (0.4243). 

Table 1.9 Additional adult guillemots predicted to be produced per annum for SPAs in SA4. 

SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Forth Islands 25,806   1,054   389   276   665   941  

St Abbs Head to 

Fast Castle 

45,827   1,871   691   490   1,181   1,671  

East Caithness 

Cliffs 

148,805   6,076   2,243   1,591   3,834   5,425  

Troup, Pennan & 

Lion's Heads 

23,801   972   359   255   613   868  

Buchan Ness to 

Collieston Coast 

29,352   1,199   442   314   756   1,070  

Fowlsheugh 114,748   4,686   1,729   1,227   2,956   4,183  

Farne Islands 64,042   2,615   965   685   1,650   2,335  

 TOTAL  18,473   6,818   4,837   11,655   16,493  

 

RAZORBILL 

161. For razorbill, Furness et al. (2013) concluded that the closure of sandeel and sprat fisheries 

was likely to be effective but with insufficient evidence to have a high confidence in that 

assessment. 

162. For razorbill, there was also a relationship similar to that of kittiwake and guillemot between 

adult return rate at the Isle of May and sandeel stock biomass. Adult razorbill return rates 

correlated with sandeel stock biomass that was best described by the function y = 0.0438ln(x) 

+ 0.3372 (Figure 1.12). This non-linear relationship indicated that adult survival could 

increase rapidly when sandeel total stock biomass was increased from below 300,000 

tonnes. Further increasing sandeel abundance would improve razorbill survival much less 

when the stock biomass was above 300,000 tonnes. 

163. From the equation in Figure 1.12, the predicted change in adult razorbill survival was 

calculated for each scenario (Table 1.10). 
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Table 1.10 Predicted change in adult return rate of razorbills on the Isle of May with potential 
changes in sandeel total stock biomass. 

Change in sandeel stock  

(thousand tonnes) 

Increase in adult survival 

100,000 - 200,000 0.0477 

200,000 - 300,000 0.0176 

300,000 - 400,000 0.0125 

300,000 - 600,000 0.0301 

300,000 - 800,000 0.0426 

 

164. From the difference in adult survival predicted due to sandeel stock biomass it is possible to 

predict the number of additional adult razorbills that could survival as a result. For each SPA 

in SA4 between the East Caithness Cliffs SPA in the north of SA4 and the Farne Islands SPA 

in the south of SA4 the additional birds predicted to survive per annum is shown in Table 

1.11. 

Table 1.11 Additional adult razorbills predicted to survival per annum for SPAs in SA4. 

SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Forth Islands  5,545  264 98 69 167 236 

St Abbs Head to 

Fast Castle 

 2,931  140 52 37 88 125 

East Caithness 

Cliffs 

 30,042  1,432 529 375 904 1,279 

Troup, Pennan & 

Lion's Heads 

 4,518  215 80 56 136 192 

Fowlsheugh  13,296  634 234 166 400 566 

 TOTAL 2,686 991 703 1,695 2,398 

 

165. Unlike kittiwake and guillemot, adult razorbill productivity did not correlate with sandeel stock 

biomass (Figure 1.13). There was therefore no evidence to support the hypothesis that 

sandeel fisheries management would result in changes in razorbill productivity.  

PUFFIN 

166. For puffin, Furness et al. (2013) concluded that the closure of the sandeel and sprat fisheries 

was likely to be effective but with insufficient evidence to have a high confidence in that 

assessment, at the time of publication. 
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167. For puffin, there was a similar relationship to that of kittiwake, guillemot and razorbill between 

adult return rate at the Isle of May and sandeel stock biomass. Adult puffin return rates 

correlated with sandeel stock biomass that was best described by the function y = 0.0963ln–

x) - 0.3563 (Figure 1.15). This non-linear relationship indicated that adult survival could 

increase rapidly when sandeel total stock biomass was increased from below 300,000 

tonnes. Further increasing sandeel abundance would improve puffin survival much less when 

the stock biomass was above 300,000 tonnes. 

168. From the equation in Figure 1.15, the predicted change in adult puffin survival was calculated 

for each scenario (Table 1.12). 

Table 1.12 Predicted change in adult return rate of puffins on the Isle of May with potential 
changes in sandeel total stock biomass. 

Change in sandeel stock  

(thousand tonnes) 

Increase in adult survival 

100,000 - 200,000 0.1092 

200,000 - 300,000 0.0403 

300,000 - 400,000 0.0286 

300,000 - 600,000 0.0689 

300,000 - 800,000 0.0975 

 

169. From the difference in adult survival predicted due to sandeel stock biomass it is possible to 

predict the number of additional adult puffins that could survival as a result. For each SPA in 

SA4 between the East Caithness Cliffs SPA in the north of SA4 and the Farne Islands SPA 

in the south of SA4 the additional adult puffins predicted to survive per annum is shown in 

Table 1.13. 

Table 1.13 Additional adult puffins predicted to survive per annum for SPAs in SA4. 

SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Forth Islands 87,240 9,527 3,516 2,495 6,011 8,505 

East 

Caithness 

Cliffs 

426 47 17 12 29 42 

Coquet Island 50,058 5,466 2,017 1,431 3,449 4,880 

Farne Islands 87,504 9,556 3,527 2,502 6,029 8,531 

 TOTAL 24,595 9,077 6,441 15,518 21,958 

 

170. Adult puffin productivity also correlated with sandeel stock biomass (Figure 1.16). This non-

linear relationship indicated that productivity could increase rapidly when sandeel total stock 
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biomass was increased from below 300,000 tonnes. Further increasing sandeel abundance  

would improve puffin productivity much less when the stock biomass was above 300,000 

tonnes. 

171. From the equation in Figure 1.16, the predicted change in adult survival was calculated for 

each scenario (Table 1.14). 

Table 1.14 Predicted change in productivity of puffins (chicks per pair) on the Isle of May with 
potential changes in sandeel stock. 

Change in sandeel stock  

(thousand tonnes) 

Increase in productivity 

100,000 - 200,000 0.1239 

200,000 - 300,000 0.0457 

300,000 - 400,000 0.0325 

300,000 - 600,000 0.0782 

300,000 - 800,000 0.1106 

 

172. From the difference in productivity predicted due to sandeel stock biomass it is possible to 

predict the number of additional adult puffins that could be produced as a result. For each 

SPA in SA4 between the East Caithness Cliffs SPA in the north of SA4 and the Farne Islands 

SPA in the south of SA4 the additional adult puffins predicted to be produced per annum is 

shown in Table 1.15. This was calculated from the predicted increase in fledged birds per 

annum combined with the predicted puffin survival rate from fledging to age at first breeding 

(0.4342). 

Table 1.15 Additional adult puffins predicted to be produced per annum for SPAs in SA4. 

SPA Population size 

(individuals) 

Additional adults per annum 

100k – 

200k t 

200k – 

300k t 

300k – 

400k t 

300k – 

600k t 

300k – 

800k t 

Forth Islands 87,240   4,694   1,733   1,229   2,962   4,191  

East 

Caithness 

Cliffs 

426   23   8   6   14   47  

Coquet Island 50,058   2,694   994   705   1,699   5,538  

Farne Islands 87,504   4,709   1,738   1,233   2,971   9,681  

 TOTAL  12,119   4,473   3,174   7,646   19,458  

DISCUSSION AND CONCLUSIONS 

173. A scenario testing approach was used as future predictions of the absolute sandeel TSB in 

SA4 cannot be made with sufficient certainty. The tested scenarios were an effective 

approach to determining whether a likely worst-case benefit from reduction or removal of 
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fishing pressure in SA4 would result in sufficient change in seabird demography to 

compensate for the likely worst case impact prediction. Thus, the approach here was not to 

attempt to model a likely future sandeel TSB in SA4, and therefore likely future seabird 

population sizes, but to demonstrate that the minimum gain from compensation would 

sufficient. 

174. Likely gains to the SPA populations of kittiwake, guillemot, razorbill, and puffin varied across 

the five compensation scenarios. The scenario that produced the smallest benefit to SPA 

populations was consistently the change in sandeel TSB from 300,000 to 400,000 tonnes. 

The largest predicted change to SPA population was from the change in sandeel TSB from 

100,000 to 200,000 tonnes. This was due to the shape of the relationships between species 

survival and productivity on the Isle of May and sandeel TSB in SA4.  

175. The predicted additional seabirds from predicted changes in demography as a result of the 

worst case compensation scenario was shown to be more than sufficient to compensate for 

the worst case predicted impacts from the proposed development. 

1.9. ASSESSMENT OF POPULATION LEVEL EFFECTS ON SPA 
QUALIFYING FEATURES 

176. The assessment of population level effects on SPA qualifying features was completed using 

three approaches to provide different information on the predicted effects of compensation 

measures. 

• Additional adult survival and productivity - based on the predicted benefits to adult 

survival and productivity from reducing or removing fishing pressure in SA4 the change in 

adult population size, as a result of the combined negative effects from the predicted 

impacts and the predicted benefits from the compensation measures, was used to calculate 

the number of additional adult birds per annum for each SPA qualifying feature. The 

predicted additional number of birds surviving per annum was compared with the predicted 

impact to estimate the compensation ratio from the proposed compensation measure. 

• Comparison of PVA outputs from predicted impacts – PVA models were used to 

compare the effects of impacts from the Proposed Development alone and the effects of 

these impacts combined with the positive effects on population demography from the 

proposed compensation measures. The PVA output metrics used were the counterfactual 

of population size (CPS) and the counterfactual of population growth rate (CGR). 

• Comparison of PVA outputs from a range of impact levels – by varying the impacts on 

the modelled population it was possible to determine the highest impact level that did not 

result in a positive population outcome from the predicted benefits from the proposed 

compensation measure.  

SPAS & FEATURES 

177. For each SPA within SA4, the qualifying features were identified and the population size, 

population change and site condition monitoring (SCM) results of the features predicted to 

benefit from sandeel fisheries compensation measures were summarised. 

Forth Islands SPA 

178. The Forth Islands SPA is a group of islands in the Firth of Forth on the east coast of Scotland 

designated for its breeding seabird populations. The site qualified for its Annex I breeding 

populations of Arctic tern Sterna paradisaea, roseate tern Sterna dougallii, common tern 

Sterna hirundo and Sandwich tern Sterna sandvicensis. It further qualified for its breeding 

migratory populations of northern gannet Morus bassanus, lesser black-backed gull Larus 

fuscus and in excess of 20,000 individual seabirds, including razorbill Alca torda, common 

guillemot Uria aalge, black-legged kittiwake Rissa tridactyla, herring gull Larus argentatus, 

great cormorant Phalacrocorax carbo, European shag, and Atlantic puffin. 
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179. Four qualifying features in the SPA could be positively influenced by sandeel fisheries 

changes: kittiwake, guillemot, razorbill and puffin. Among these four features only kittiwake 

has declined since the site was designated (Table 1.16) and this is the only feature in 

unfavourable site condition. 

Table 1.16 Current population size, population change and site condition of key qualifying 
features of the Forth Islands SPA. 

Feature Pairs in 

citation 

Most recent 

published 

count 

Change since 

designation 

Percent 

change 

SCM  

Kittiwake 8,400  3,661 in 2018  -4,739  -56  UD  

Guillemot 16,000 25,956 in 2018 +9,956 +62 FM 

Razorbill 1,400 5,636 in 2018 +4,236 +303 FM 

Puffin 14,000 43,585 in 2018 +29,585 +211 FD 

Fowlsheugh SPA 

180. The Fowlsheugh SPA is a stretch of 30 – 60 m high sheer cliffs on the east coast of Scotland 

designated for its breeding seabird populations. The site qualified for its breeding migratory 

populations of more than 20,000 individual seabirds, including common guillemot, black-

legged kittiwake, razorbill, northern fulmar Fulmarus glacialis, and herring gull Larus 

argentatus. 

181. Three qualifying features in the SPA that could be positively influenced by sandeel fisheries 

changes: kittiwake, guillemot, and razorbill. Among these three features only kittiwake has 

declined since the site was designated (Table 1.17). All qualifying features are in favourable 

site condition according to NatureScot Sitelink V3, although the decline in kittiwake breeding 

numbers is large. 

Table 1.17 Current population size, population change and site condition of key qualifying 
features of the Fowlsheugh SPA. 

Feature Pairs in 

citation 

Most recent 

published 

count 

Change since 

designation 

Percent 

change 

SCM  

Kittiwake 36,650  9,444 in 2018  -27,206  -74  FM  

Guillemot 56,450 69,828 in 2018 +13,378 +24 FM 

Razorbill 5,800 14,063 in 2018 +8,263 +142 FM 

St Abb's Head to Fast Castle SPA 

182. The St Abb's Head to Fast Castle SPA is a stretch of cliffs on the east coast of Scotland 

designated for its breeding seabird populations. The site qualified for its breeding migratory 

populations of more than 20,000 individual seabirds, including common guillemot, black-

legged kittiwake, razorbill, herring gull and European shag. 

183. Three qualifying features in the SPA that require compensation due to predicted impacts 

from the Proposed Development could be positively influenced by sandeel fisheries changes: 

kittiwake, guillemot, and razorbill. Among these three features only kittiwake has declined 



 

 

Fisheries Compensatory Measures Evidence Report       58  

since the site was designated (Table 1.18) and this is the only feature in unfavourable site 

condition. 

Table 1.18 Current population size, population change and site condition of key qualifying 
features of the St Abb's Head to Fast Castle SPA. 

Feature Pairs in 

citation 

Most recent 

published 

count 

Change since 

designation 

Percent 

change 

SCM  

Kittiwake 21,170  5,000 in 2019  -16,170  -76  UD  

Guillemot 31,750 43,000 in 2018 +11,250 +35 FM 

Razorbill 2,180 2,761 in 2018 +581 +27 FM 

Buchan Ness to Collieston Coast SPA 

184. The Buchan Ness to Collieston Coast SPA is a stretch of cliffs on the east coast of Scotland 

designated for its breeding seabird populations. The site qualified for its breeding migratory 

populations of more than 20,000 individual seabirds, including common guillemot, black-

legged kittiwake, herring gull, European shag and northern fulmar. 

185. Two qualifying features in the SPA could be positively influenced by sandeel fisheries 

changes: kittiwake and guillemot. Between these two features only kittiwake has declined 

since the site was designated (Table 1.19) and this is the only feature in unfavourable site 

condition. 

Table 1.19 Current population size, population change and site condition of key qualifying 
features of the Buchan Ness to Collieston Coast SPA. 

Feature Pairs in 

citation 

Most recent 

published 

count 

Change since 

designation 

Percent 

change 

SCM  

Kittiwake 30,452  11,295 in 2019  -5,992  -20  UNc  

Guillemot 8,640 29,187 in 2019 +20,547 +238 FM 

Farne Islands SPA 

186. The Farne Islands SPA comprises a group of low-lying islands off the coast of 

Northumberland in north-east England. The site qualified for its Annex I breeding populations 

of Arctic tern, roseate tern, common tern and Sandwich tern. It further qualified for its 

breeding migratory population of common guillemot and further for holding in excess of 

20,000 individual seabirds, including black-legged kittiwake, great cormorant, European 

shag, and Atlantic puffin. 

187. Three qualifying features in the SPA that could be positively influenced by sandeel fisheries 

changes: kittiwake, guillemot and puffin. Among these features only kittiwake has clearly 

declined since the site was designated (Table 1.20). The change in guillemot abundance 

shown is likely within the error of the count, so the population has changed little since 

designation. 
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Table 1.20 Current population size, population change and site condition of key qualifying 
features of the Farne Islands SPA 

Feature Pairs in 

citation 

Most recent 

published 

count 

Change since 

designation 

Percent 

change 

SCM  

Kittiwake 8,241  4,402 in 2019  -3,839  -47  Unknown 

Guillemot 
65,751* 64,042* in 

2019 

-1,709 -3 Unknown 

Puffin 38,399 43,752 in 2019 +5,353 +14 FM 

* Individuals 

Troup, Pennan and Lion's Heads SPA 

188. The Troup, Pennan and Lion’s Heads SPA is a stretch of cliffs along the north coast of 

Aberdeenshire. The site qualified for its breeding migratory populations of kittiwake, guillemot 

and assemblage of breeding seabirds including razorbill, fulmar and herring gull.  

189. Three qualifying features that could be positively influenced by sandeel fisheries changes: 

kittiwake, guillemot and razorbill (Table 1.21). Both kittiwake and guillemot have declined at 

this site and are in Unfavourable condition. Despite a population increase in recent years, 

the condition of razorbill is still listed by NatureScot as Unfavourable Declining.  

Table 1.21 Current population size, population change and site condition of key qualifying 
features of the Troup, Pennan and Lion’s Heads SPA 

Feature Pairs in 

citation 

Most recent 

published 

count 

Change since 

designation 

Percent 

change 

SCM  

Kittiwake 31,600 10,616 in 2017  -20,984 -66 UNc 

Guillemot 44,600* 31,893* in 

2017 

- 12,707 -28.5 UD 

Razorbill 4,800* 6,054 in 2019 +1,254 +26 UD 

* Individuals 

East Caithness Cliffs SPA 

190. The East Caithness Cliffs SPA includes most of the sea cliffs from Wick or Helmsdale on the 

east coast of Caithness in north of the Scottish mainland. The site qualified  for its Annex I 

breeding population of peregrine, its breeding migratory populations of guillemot, razorb ill, 

kittiwake, herring gull and shag, and its breeding seabird assemblage of 300,000 individual 

seabirds including guillemot, razorbill, kittiwake, herring gull, great black-backed gull, fulmar, 

cormorant and shag (Table 1.22). The kittiwake population has declined, though it is listed 

as Favourable and in Maintained condition by NatureScot. Both guillemot and razorbill 

populations have increase substantially and both are in Favourable condition. 
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Table 1.22 Current population size, population change and site condition of key qualifying 
features of the East Caithness Cliffs SPA 

Feature Pairs in 

citation 

Most recent 

published 

count 

Change since 

designation 

Percent 

change 

SCM  

Kittiwake 32,500 24,440 in 2015  -8,060 -25 FM 

Guillemot 106.700* 199,966* in 

2015 

+93,266 +87 FM 

Razorbill 15,800* 40,177 in 2015 +24,377 +154 FM 

* Individuals 

Flamborough and Filey SPA 

191. The RIAA found that the in-combination impact on kittiwake and razorbills populations at the 

Flamborough and Filey Coast (FFC) SPA from the Proposed Development, and other 

reasonably foreseeable plans and projects, could be sufficient that it may not be possible for 

the competent authority to conclude that there was no adverse effect on site integ rity. The 

FFC SPA is not adjacent to SA4, where the proposed compensatory measures will be 

applied. It therefore not possible to apply the same evidence of changes in sandeel TSB and 

seabird demography to the FFC SPA, as the majority of individuals will be foraging within 

SA1r, not SA4. The results of the RIAA of impacts from the Proposed Development on the 

FFC SPA is, in part, due to the apportioning of impacts based on, among other parameters, 

the mean of the maximum foraging range of these species overlapping with the footprint of 

the Proposed Development. This apportioning uses foraging range information based on 

tracking of seabirds during the breeding season and applies this distance equally in all 

directions. 

192. Tracking of kittiwakes from the FFC SPA indicates that birds are foraging entirely in SA1r 

(Wischnewski et al. 2017) and not in SA4, during the chick rearing phase of the breeding 

season at least. The apportioning would also suggest that only a relatively small proportion 

of the FFC SPA populations for both of these species would forage in SA4. Any direct benefit 

to the FFC SPA from changes in sandeel fisheries management in SA4 would therefore only 

directly benefit a relatively small proportion of the FFC SPA populations, but it would be 

expected that any birds from FFC SPA that did forage in SA4 would benefit from the proposed 

sandeel fisheries compensation measures. However, this proportion is difficult to estimate 

and would be a major source of uncertainty in any quantitative assessment of the impacts 

and benefits of the proposed sandeel fisheries compensation measures to that part of the 

FFC SPA populations. However, it is likely that the whole of the FFC SPA colony would 

benefit from two key consequences of the proposed sandeel fisheries compensation 

measures: 

• Increase in the number of recruits from colonies in SA4 available to immigration in to the 

FFC SPA; and 

• Spill over effects from the reduction in sandeel fishing mortality in to SA1r. 

193. The predicted increases in kittiwake and razorbill populations in SPAs where birds forage in 

SA4 would very likely result in large increases in populations size, as a resul t of increases in 

both adult survival and productivity for kittiwake and adult survival for razorbill. This would 

likely result in general population increases across all colonies that forage in SA4 (i.e. 

including colonies not in SPAs) resulting in a large number of recruits available for emigration 

into other colonies on the North Sea coast. Ringing information shows that kittiwake (Coulson 

& Coulson 2008) tends to recruit to colonies away from their natal colony. However, natal 

recruitment appears to be relatively high in razorbill (Lavers et al. 2007), in the western 
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Atlantic at least. Though these authors also stated that dispersal and recruitment into new 

colonies partly explained the population dynamics in these populations of razorbill.  

194. Spill over effects in sandeels are somewhat limited, as adult fish are highly sedentary. 

However, larval spill over is likely to occur from sandbanks in SA4, over distances of about 

100 – 150 km (Sørensen et al. 2009). The net water flow in the North Sea is southwards 

along the North Sea coast of Scotland and England, and so from SA4 to SA1r, which would 

tend to move some of any increased abundance of sandeel larvae in the southern part of 

SA4 into SA1r. This has the potential to increase sandeels in SA1r, where most of  the 

kittiwakes and razorbills from the FFC SPA forage. It is difficult to predict the level of increase 

in sandeels available to seabirds in SA1r as a result of spill over from SA4 as a result of 

changes to fisheries management. However, Sørensen et al (2009) modelled the closure of 

a single ICES rectangle on the Dogger Bank (ICES 37F2). They stated that this would result 

in, “the total southern North Sea [sandeel] yield increasing by 16% based on a crude 

assumption of effort response”. Thus, it is very likely that changes to the management of 

sandeel fisheries in SA4 would result in more substantial spill over effects in to SA4.  

195. Given the predicted impacts on the FFC SPA for both are extremely small from the Project 

alone, the proposed sandeel fisheries compensation measures are very likely to be sufficient 

to also provide adequate compensation to the FFC SPA. 

ADDITIONAL ADULT SURVIVAL AND PRODUCTIVITY 

196. The number of additional adult birds in each SPA population as a result of the increase in 

adult survival and productivity predicted to occur from the increase in sandeel TSB from 

300,000 tonnes to 400,000 tonnes was calculated. The gain from the increase in adult 

survival was calculated from the change in survival applied to each SPA population size. The 

gain from the increase in productivity was calculated by multiplying the change in productivity 

by the number of pairs of birds in each SPA and then adjusting the number of birds by the 

overall survival from fledging to age at first breeding. This provides an estimate of the 

additional birds available for recruitment into the population. Not all birds that fledge and 

survive to recruit will be added to either each SPA population or the SPA network. However, 

the proposed compensation measure is very likely to result in increased adult survival and 

productivity to all colonies that forage within SA4, thus the total number of birds available to 

recruit into the whole meta-population should increase. As a result, the predicted increase in 

population size due to productivity increases from the compensation measure is likely to be 

a reasonable estimate. 

197. These predicted increases were compared with the predicted impacts across the three 

impact scenarios. These are summarised in Table 1.23. 
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Table 1.23 Predicted increase in the number of adult birds surviving per annum as a result of the combined compensation measures minus the 
predicted impacts for each SPA qualifying feature impacts and in total. 

Species SPA Additional birds per annum  Impact scenario 

Survival 
increase 

Productivity 
Increase 

Total 
increase 

Developer 
approach 

Lower scoping 
opinion 

Higher scoping 
opinion 

Kittiwake Forth Islands 236 258 494 29 36 43 

St Abbs Head to Fast 

Castle 

285 321 606 87 109 130 

Fowlsheugh 694 758 1,452 253 313 371 

Farne Islands 230 251 482 23 29 35 

East Caithness Cliffs 1,279 1,397 2,676 9 31 41 

Troup, Pennan & Lion's 

Heads 

555 606 1,161 9 14 18 

Buchan Ness to Collieston 

Coast 

591 643 1,234 11 16 21 

TOTAL 3,871 4,234 8,105 421 548 661 

Guillemot Forth Islands 554 370 924 37 92 125 
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Species SPA Additional birds per annum  Impact scenario 

Survival 
increase 

Productivity 
Increase 

Total 
increase 

Developer 
approach 

Lower scoping 
opinion 

Higher scoping 
opinion 

St Abbs Head to Fast 

Castle 

984 657 1,641 107 311 578 

Troup, Pennan & Lion's 

Heads 

511 341 852 4 7 17 

Buchan Ness to Collieston 

Coast 

634 423 1,057 5 10 21 

Fowlsheugh 1,464 977 2,441 89 260 474 

Farne Islands 1,375 918 2,293 37 80 168 

TOTAL 5,522 3,685 9,207 279 759 1,384 

Razorbill Forth Islands 98 0 98 3.6 10.6 19.0 

St Abbs Head to Fast 

Castle 

49 0 49 2.6 8.3 14.4 

ECC 501 0 501 3.9 5.3 14.8 
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Species SPA Additional birds per annum  Impact scenario 

Survival 
increase 

Productivity 
Increase 

Total 
increase 

Developer 
approach 

Lower scoping 
opinion 

Higher scoping 
opinion 

Troup, Pennan & Lion's 

Heads 

76 0 76 0.8 1.5 3.2 

Fowlsheugh 222 0 222 4.3 12.7 23.0 

Farne Islands 7 0 7 0.1 0.2 0.5 

TOTAL 953 0 953 15 39 75 

Puffin Forth Islands 1,229 1,229 2,459 5 18 30 

Farne Islands 1,233 1,233 2,466 4 13 21 

TOTAL 3,721 2,462 6,183 29 84 153 
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198. Since the aim of the compensation measures is to ensure the coherence of the UK SPA 

network, the overall benefit of the compensation measure compared with the overall impact 

to the SPA network was used to estimate the compensation ratios for each species for each 

impact scenario (Table 1.24). This shows that the potential lowest increase due to 

compensation (based on the increase in sandeel TSB from 300,0000 to 400,0000 tonnes) 

would result in at least a 1:7 compensation ratio (for guillemot) and up to a 1:40 ratio for 

puffin, if the higher scoping opinion impact level was assumed. Ratio are even larger for the 

other impact scenarios. 

Table 1.24 Estimated compensation ratios for each SPA qualifying feature with potential to be 
impacted across all three impact scenarios 

Species Additional birds per 
annum 

Impact scenario 

Developer approach Lower scoping opinion Higher scoping opinion 

Kittiwake Survival increase 9 7 6 

Productivity Increase 10 8 6 

Total increase 19 15 12 

Guillemot Survival increase 20 7 4 

Productivity Increase 13 5 3 

Total increase 33 12 7 

Razorbill Survival increase 62 25 13 

Productivity Increase 0 0 0 

Total increase 62 25 13 

Puffin Survival increase 127 44 24 

Productivity Increase 84 29 16 

Total increase 212 73 40 
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USING PVA TO ASSESS COMPENSATION 

Scenario testing approach 

199. The assessment of additional adult survival and productivity provided good evidence that the 

increase in adult survival alone or the increase in adult productivity alone would be more than 

sufficient to compensate for the predicted impacts from the Proposed Development. 

However, it was considered important to show that the effects of the compensatory measure 

on demographic rates result in longer term increases in population size of each impacted 

SPA. The approach to assessing the effects of compensation measures was to use a 

scenario testing approach using PVA models. 

200. There is very strong empirical evidence to demonstrate that reducing or removing fishing 

pressure in SA4 would have a highly beneficial effect on the impacted seabirds. However , it 

is necessary to quantify this benefit to demonstrate that the benefits generated offset the 

potential impact on seabirds. In order to provide as much certainty as possible that reducing 

or removing fishing pressure in SA4 will be effective, a number of scenarios were developed 

based on plausible changes in the sandeel stock biomass. Consequently, scenarios were 

based on a range of plausible changes in sandeel stock biomass. The historic stock biomass 

of sandeels in SA4 was about 900,000 tones. Therefore, an estimated Cury et al. (2011) one-

third-for-the-birds threshold was approximately 300,000 tonnes. Five potential scenarios 

were considered useful in assessing the benefits of the proposed compensation measure on 

seabird SPA populations. Increases in sandeel stock biomass from below 300,000 tonnes 

were considered useful, with changes from 100,000 to 200,000 tonnes and 200,000 tonnes 

to 300,000 tonnes estimated (see Figure 1.26). In addition, increases in stock biomass from 

300,000 tonnes to 400,000, 600,000 and 800,000 tonnes provided information on plausible 

future sandeel stock biomass levels being maintained above the Cury threshold but below 

the historic maximum stock biomass. 

201. The PVAs were run using five scenarios for how the compensation could affect demographic 

rates (where evidence allowed). These scenarios allowed for positive changes to adult 

survival only, positive changes to productivity only, and positive changes to both adult 

survival and productivity simultaneously. The positive effects on these demographic 

parameters are not independent as both adult survival and productivity are predicted to be 

affected by sandeel stock biomass. As such the scenarios where only adult survival was 

increased, or only productivity was increased, were precautionary. However, the scenarios 

where both survival and productivity were increased were likely to be the most realistic. The 

effects of change in sandeel stock biomass were based on correlations between adult return 

rate (a proxy for survival) or productivity and the sandeel stock biomass estimated by ICES. 

The relationships used in the primary testing of compensation described here were based on 

publicly available data from the Isle of May (Table 1.25). These relationships were estimated 

from the data from 2004 to 2019, during which time the seabird populations were recovering 

from previously very low sandeel stock biomass levels in SA4. Note that there was no 

apparent relationship between sandeel stock biomass and productivity of razorbills, so this 

parameter was kept static in all scenarios. 

Table 1.25 Summary of the correlations between demographic parameters and sandeel stock 
biomass in SA4 from 2004 – 2019, with some exceptions (see text). Data from the 
Isle of May studies by UKCEH. 

Species Demographic parameter Relationship R² 

Kittiwake Return rate y = 0.0909ln(x) - 0.2944 0.7948 

Guillemot Return rate y = 0.0557ln(x) + 0.2079 0.5437 

Razorbill Return rate y = 0.0434ln(x) + 0.3533 0.215 
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Species Demographic parameter Relationship R² 

Puffin Return rate y = 0.0994ln(x) - 0.3693 0.5162 

Kittiwake Productivity y = 0.201ln(x) - 1.6965 0.2822 

Guillemot Productivity y = 0.0876ln(x) - 0.3922 0.2256 

Razorbill Productivity None n/a 

Puffin Productivity y = 0.1128ln(x) - 0.6822 0.4246 

 

202. Precaution was incorporated into the scenario testing approach through the lack of change 

to immature survival and age at first breeding. Both of these demographic elements would 

be expected to benefit from sandeel fisheries compensation measures. However, there was 

no empirical information to parameterise the increase in immature survival or the decrease 

in age at first breeding. In addition, the colonies of seabirds within SPAs do not occur as 

discrete populations but are part of a larger meta-population. The predicted changes to adult 

survival and productivity should be expected to positively affect all seabird colonies where 

birds forage within SA4, including those colonies not designated as SPAs. This overall 

change in population size across SPA and non-SPA colonies would likely increase population 

stability and resilience to future pressures. 

Baseline 

203. The PVA assessments of the effects of reducing or removing fishing pressure from SA4 were 

based on the values used in the PVA for the RIAA, with the exception of the survival and/or 

productivity values obtained from the relationships between adult return rate (as a proxy for 

survival, referred to as survival hereafter) and productivity. The baseline against which 

impacts, and compensation for those impacts, was compared, was dependent on the change 

in survival and/or productivity from the relationships summarised in Table 1.25. The baseline 

survival and productivity values were calculated from the relationship between sandeel stock 

biomass and productivity for the TSB values of 100,000, 200,000 and 300,000 tonnes. These 

values were used for each scenario as appropriate. The starting population sizes for each 

SPA qualifying feature, and the year of the count, are shown in Table 1.26.. All PVA input 

demographic values are provided in Table 1.27. 

Table 1.26 Initial population size and year of count from each SPA colony assessed. 

Species SPA Initial population size 

(breeding individuals) 

Year of 

counts 

Kittiwake 

Forth Islands 9,034 2021 

St Abbs Head to Fast Castle 10,904 2020 

Fowlsheugh 26,542 2018 

Farne Islands 8,804 2019 

East Caithness Cliffs 48,920 2015 

Troup, Pennan & Lion's Heads 21,232 2017 



 

 

Fisheries Compensatory Measures Evidence Report       68  

Species SPA Initial population size 

(breeding individuals) 

Year of 

counts 

Buchan Ness to Collieston Coast 22,590 2019 

Guillemot 

Forth Islands 34,580 2021 

St Abbs Head to Fast Castle 61,408 2018 

Troup, Pennan & Lion's Heads 31,893 2017 

Buchan Ness to Collieston Coast 39,553 2019 

Fowlsheugh 91,358 2018 

Farne Islands 85,816 2019 

Razorbill 

Forth Islands 7,878 2021 

St Abbs Head to Fast Castle 3,928 2018 

East Caithness Cliffs 40,117 2015 

Troup, Pennan & Lion's Heads 6,054 2017 

Fowlsheugh 17,817 2018 

Farne Islands 572 2019 

Puffin 

Forth Islands 87,240 2021 

Farne Islands 87,504 2019 
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Table 1.27 Demographic values used in PVA assessments of the efficacy of proposed compensation measures. 
S
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Impacts on adult survival 

204. For each SPA qualifying feature tested, as the level of impact required to result in a 

counterfactual of population growth rate value less than one (i.e. the population growth rate 

would be less than the baseline). This change in sandeel stock biomass was found to result in 

the smallest predicted change in demographic rates of the scenarios tested above, so was the 

most precautionary estimate to use. Based on the most recently available estimate of population 

size the impact on adult survival was calculated for a series of three impact levels up to the level 

where the CGR value was less than one. These are summarised in Table 1.28. For each SPA 

qualifying feature, the overall change in adult survival and productivity predicted to occur due to 

both the negative effects of the predicted impacts from the Proposed Development offshore wind 

farm and the positive effects predicted from changes in sandeel biomass from 300,000 to 

400,000 tonnes in SA4 were calculated Table 1.28. 

Table 1.28 Summary of the predicted mortality of adult birds from SPAs and the calculated effect 
on adult survival 

Species SPA Impact scenario Predicted mortality Impact on adult survival 

Kittiwake Forth Islands Developer 

approach 

28.8 0.003191 

Lower scoping 

opinion 

36.2 0.004008 

Higher scoping 

opinion 

43.3 0.004796 

Fowlsheugh Developer 

approach 

86.8 0.003270 

Lower scoping 

opinion 

109.1 0.004109 

Higher scoping 

opinion 

130.4 0.004915 

St Abb's Head to 

Fast Castle 

Developer 

approach 

253.2 0.023221 

Lower scoping 

opinion 

312.6 0.028671 

Higher scoping 

opinion 

371.3 0.034055 

Farne Islands Developer 

approach 

23.2 0.002633 
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Species SPA Impact scenario Predicted mortality Impact on adult survival 

Lower scoping 

opinion 

29.3 0.003331 

Higher scoping 

opinion 

35.2 0.003998 

Buchan Ness to 

Collieston Coast 

Developer 

approach 

11.1 0.00049 

Lower scoping 

opinion 

16.5 0.000729 

Higher scoping 

opinion 

21.0 0.00093 

Troup, Pennan & 

Lion’s Heads 

Developer 

approach 

8.7 0.000408 

Lower scoping 

opinion 

14.1 0.000663 

Higher scoping 

opinion 

18.4 0.000867 

East Caithness 

cliffs 

Developer 

approach 

9.4 0.000192 

Lower scoping 

opinion 

30.7 0.000628 

Higher scoping 

opinion 

41.1 0.00084 

Guillemot Forth Islands Developer 

approach 

37.4 0.001082 

Lower scoping 

opinion 

91.6 0.002648 

Higher scoping 

opinion 

125.0 0.003615 
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Species SPA Impact scenario Predicted mortality Impact on adult survival 

Fowlsheugh Developer 

approach 

89.2 260.2 

Lower scoping 

opinion 

89.2 260.2 

Higher scoping 

opinion 

89.2 260.2 

St Abb's Head to 

Fast Castle 

Developer 

approach 

107.1 0.001744 

Lower scoping 

opinion 

310.9 0.005064 

Higher scoping 

opinion 

578.2 0.009415 

Farne Islands Developer 

approach 

36.9 0.00043 

Lower scoping 

opinion 

79.8 0.00093 

Higher scoping 

opinion 

168.4 0.001962 

Buchan Ness to 

Collieston Coast 

Developer 

approach 

4.9 0.000125 

Lower scoping 

opinion 

9.6 0.000242 

Higher scoping 

opinion 

21.4 0.000541 

Troup, Pennan 

and Lion’s Heads 

Developer 

approach 

3.9 0.000121 

Lower scoping 

opinion 

7.0 0.000221 
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Species SPA Impact scenario Predicted mortality Impact on adult survival 

Higher scoping 

opinion 

16.7 0.000522 

Razorbill Forth Islands Developer 

approach 

3.6 0.000452 

Lower scoping 

opinion 

10.6 0.001348 

Higher scoping 

opinion 

19.0 0.002409 

St Abb's Head to 

Fast Castle 

Developer 

approach 

2.6 0.000667 

Lower scoping 

opinion 

8.3 0.00211 

Higher scoping 

opinion 

14.4 0.003671 

Fowlsheugh Developer 

approach 

4.3 0.000244 

Lower scoping 

opinion 

12.7 0.000715 

Higher scoping 

opinion 

23.0 0.001288 

Troup, Pennan 

and Lion’s Heads 

Developer 

approach 

0.8 0.000124 

Lower scoping 

opinion 

1.5 0.000241 

Higher scoping 

opinion 

3.2 0.000536 

Farne Islands Developer 

approach 

0.1 0.00017 
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Species SPA Impact scenario Predicted mortality Impact on adult survival 

Lower scoping 

opinion 

0.2 0.000384 

Higher scoping 

opinion 

0.5 0.000804 

East Caithness 

cliffs 

Developer 

approach 

3.9 0.000098 

Lower scoping 

opinion 

5.3 0.000132 

Higher scoping 

opinion 

14.8 0.000368 

Puffin Forth Islands Developer 

approach 

5.1 0.000059 

Lower scoping 

opinion 

18.2 0.000209 

Higher scoping 

opinion 

29.8 0.000342 

Farne Islands Developer 

approach 

3.6 0.000041 

Lower scoping 

opinion 

12.9 0.000148 

Higher scoping 

opinion 

21.4 0.000245 

 

PVA PROJECTIONS 

205. The results are presented below for projected CGR and CPS values based on the assumption 

that impacts begin in 2027 and end in 2077 (i.e. 50 years). A longer population model projection 

was used for the compensation measures assessment than for the RIAA as compensation 

measures should be provided in the long term. Seabirds are particularly long-lived birds, so 

longer population projections were used to assess the long-term effects of the measure. The 

impacts were assumed to continue for the entire duration of the run, so that the results were 

both precautionary and in relation to the predicted impact levels. In reality, impacts would cease 

after the decommissioning of the wind turbines. The absolute population size increases from the 

PVA’s described here are all likely to be unrealistic, as they are assumed to be density 
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independent and closed populations (i.e. no immigration or emigration). However, PVA model 

results are best interpreted as relative differences rather than as absolute predictions of a likely 

future condition. In particular, the difference in population growth rates is likely to be the most 

informative.  

Comparison of PVA outputs from predicted impacts 

206. For each of the SPAs predicted to be impacted by more than a trivial amount, PVAs were run for 

the scenarios described above.
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Kittiwake 

207. The median counterfactual metrics (CGR and CPS) for the impact scenarios were all below one for all three impact scenarios (Table 1.29). All the 

confidence interval metrics were also below one. The CGR and CPS median values were greater than one for all compensation scenarios wh ere predicted 

compensation effects from a change in sandeel TSB from 300,000 tonnes to 400,000 tonnes were combined with predicted impacts. This is strongly 

indicative that the proposed compensatory measures will overcome the predicted impacts for kittiwakes at all SPAs assessed. In all cases the combination 

of the most precautionary (i.e. largest) impact and the most precautionary estimates of compensation (i.e. smallest increase in stock biomass) generated 

overall increases in population growth and population size. 

Table 1.29 PVA metrics (CGR & CPS) from kittiwake model projections of impacts from the Proposed Development alone and impacts from the Proposed 
Development  alone minus the beneficial effects of proposed compensation metrics (based on a change in sandeel TSB from 300,000 tonnes 
to 400,000 tonnes). Shaded cells are larger than one. 

SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Forth Islands 
Developer 
approach 

Impact only 0.9961 0.9949 0.9973 0.8194 0.7699 0.8738 

Impact - survival & productivity compensation 1.1244 1.1120 1.1359 395.7112 223.5562 663.5465 

Lower scoping 
opinion 

Impact only 0.9951 0.9938 0.9963 0.7782 0.7240 0.8293 

Impact - survival & productivity compensation 1.1232 1.1109 1.1346 376.4392 212.2031 626.9793 

Higher scoping 
opinion 

Impact only 0.9942 0.9928 0.9954 0.7419 0.6918 0.7947 

Impact - survival & productivity compensation 1.1222 1.1099 1.1337 358.2215 205.1626 603.5972 

Fowlsheugh 
Developer 
approach 

Impact only 0.9960 0.9952 0.9968 0.8153 0.7801 0.8475 

Impact - survival & productivity compensation 1.1244 1.1126 1.1367 394.7377 229.6259 689.6102 

Lower scoping 
opinion 

Impact only 0.9950 0.9942 0.9957 0.7727 0.7427 0.8027 

Impact - survival & productivity compensation 1.1233 1.1116 1.1356 375.7424 218.7054 654.4154 

Impact only 0.9940 0.9932 0.9947 0.7356 0.7049 0.7644 
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SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Higher scoping 
opinion 

Impact - survival & productivity compensation 1.1222 1.1104 1.1344 357.0735 207.5617 619.2679 

St Abb's Head to 
Fast Castle Developer 

approach 

Impact only 0.9717 0.9701 0.9730 0.2311 0.2122 0.2496 

Impact - survival & productivity compensation 1.0971 1.0857 1.1088 112.2228 66.4272 193.7947 

Lower scoping 
opinion 

Impact only 0.9650 0.9632 0.9666 0.1628 0.1473 0.1769 

Impact - survival & productivity compensation 1.0896 1.0784 1.1012 79.5331 46.9756 137.2838 

Higher scoping 
opinion 

Impact only 0.9585 0.9565 0.9600 0.1151 0.1040 0.1250 

Impact - survival & productivity compensation 1.0822 1.0712 1.0938 56.1593 33.2596 96.9105 

Buchan Ness to 
Collieston Coast Developer 

approach 

Impact only 0.9994 0.9987 1.0002 0.9707 0.9325 1.0133 

Impact - survival & productivity compensation 1.1286 1.1157 1.1404 476.8309 264.8747 815.6156 

Lower scoping 
opinion 

Impact only 0.9991 0.9984 0.9998 0.9559 0.9168 0.9934 

Impact - survival & productivity compensation 1.1283 1.1154 1.1401 471.4683 260.7190 807.0863 

Higher scoping 
opinion 

Impact only 0.9989 0.9982 0.9997 0.9445 0.9091 0.9869 

Impact - survival & productivity compensation 1.1280 1.1151 1.1398 464.0275 257.0478 794.1200 

Farne Islands 
Developer 
approach 

Impact only 0.9968 0.9955 0.9981 0.8479 0.7912 0.9147 

Impact - survival & productivity compensation 1.1257 1.1127 1.1373 420.3595 230.9998 713.7674 

Lower scoping 
opinion 

Impact only 0.9959 0.9947 0.9972 0.8133 0.7591 0.8695 

Impact - survival & productivity compensation 1.1248 1.1119 1.1362 403.0108 222.5574 675.8310 

Impact only 0.9951 0.9939 0.9964 0.7789 0.7266 0.8344 
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SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Higher scoping 
opinion 

Impact - survival & productivity compensation 1.1240 1.1109 1.1354 387.0918 214.0527 650.1121 

Troup, Pennan and 
Lion's Heads Developer 

approach 

Impact only 0.9995 0.9987 1.0003 0.9755 0.9333 1.0176 

Impact - survival & productivity compensation 1.1280 1.1156 1.1404 466.9737 262.7269 812.7440 

Lower scoping 
opinion 

Impact only 0.9992 0.9985 1.0000 0.9603 0.9224 1.0047 

Impact - survival & productivity compensation 1.1277 1.1153 1.1401 459.5461 261.4719 797.6259 

Higher scoping 
opinion 

Impact only 0.9989 0.9982 0.9997 0.9479 0.9096 0.9897 

Impact - survival & productivity compensation 1.1274 1.1150 1.1398 453.3679 256.1696 792.7793 

East Caithness 
Cliffs Developer 

approach 

Impact only 0.9998 0.9993 1.0003 0.9885 0.9613 1.0183 

Impact - survival & productivity compensation 1.1285 1.1168 1.1409 476.4063 278.8624 828.1427 

Lower scoping 
opinion 

Impact only 0.9992 0.9987 0.9997 0.9614 0.9344 0.9900 

Impact - survival & productivity compensation 1.1279 1.1161 1.1403 463.0684 270.3724 806.9327 

Higher scoping 
opinion 

Impact only 0.9990 0.9985 0.9995 0.9488 0.9216 0.9768 

Impact - survival & productivity compensation 1.1276 1.1159 1.1400 459.3820 269.0784 794.4413 

Guillemot 

208. The median CGR and CPS metrics for the impact scenarios were all below one for all three impact scenarios (Table 1.30). Some of the upper confidence 

intervals for the CGR and CPS values were greater than one for some impact scenarios at some SPAs. The CGR and CPS median values were greater 

than one for all compensation scenarios where predicted compensation effects from a change in sandee l TSB from 300,000 tonnes to 400,000 tonnes 

were combined with predicted impacts. This is strongly indicative that the proposed compensatory measures will overcome the predicted impacts for 

guillemots at all SPAs assessed. In all cases the combination of the most precautionary (i.e. largest) impact and the most precautionary estimates of 

compensation (i.e. smallest increase in stock biomass) generated overall increases in population growth and population size.  
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Table 1.30 PVA metrics (CGR & CPS) from guillemot model projections of impacts from the Proposed Development alone and impacts from the Proposed 
Development alone minus the beneficial effects of proposed compensation metrics (based on a change in sandeel TSB from 300,000 tonnes 
to 400,000 tonnes). Shaded cells are larger than one 

SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Forth Islands 
Developer 
approach 

Impact only 0.9987 0.9981 0.9993 0.9378 0.9078 0.9661 

Impact - survival & productivity compensation 1.0154 1.0135 1.0174 2.1730 1.9807 2.4106 

Lower scoping 
opinion 

Impact only 0.9969 0.9963 0.9975 0.8544 0.8270 0.8805 

Impact - survival & productivity compensation 1.0141 1.0124 1.0159 2.0395 1.8733 2.2377 

Higher scoping 
opinion 

Impact only 0.9958 0.9952 0.9964 0.8069 0.7788 0.8308 

Impact - survival & productivity compensation 1.0133 1.0117 1.0150 1.9623 1.8095 2.1397 

Fowlsheugh 
Developer 
approach 

Impact only 0.9989 0.9985 0.9992 0.9437 0.9265 0.9627 

Impact - survival & productivity compensation 1.0155 1.0136 1.0177 2.1894 1.9932 2.4438 

Lower scoping 
opinion 

Impact only 0.9967 0.9963 0.9970 0.8445 0.8259 0.8591 

Impact - survival & productivity compensation 1.0140 1.0123 1.0160 2.0295 1.8687 2.2468 

Higher scoping 
opinion 

Impact only 0.9940 0.9934 0.9943 0.7343 0.7141 0.7490 

Impact - survival & productivity compensation 1.0121 1.0106 1.0137 1.8415 1.7124 2.0099 

St Abb's Head to 
Fast Castle Developer 

approach 

Impact only 0.9980 0.9975 0.9984 0.9016 0.8805 0.9211 

Impact - survival & productivity compensation 1.0148 1.0131 1.0170 2.1205 1.9324 2.3578 

Lower scoping 
opinion 

Impact only 0.9941 0.9935 0.9945 0.7406 0.7159 0.7552 

Impact - survival & productivity compensation 1.0121 1.0107 1.0138 1.8501 1.7245 2.0125 
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SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Higher scoping 
opinion 

Impact only 0.9891 0.9883 0.9895 0.5702 0.5470 0.5851 

Impact - survival & productivity compensation 1.0084 1.0075 1.0096 1.5343 1.4617 1.6270 

Buchan Ness to 
Collieston Coast Developer 

approach 

Impact only 0.9998 0.9994 1.0004 0.9918 0.9681 1.0197 

Impact - survival & productivity compensation 1.0162 1.0142 1.0184 2.2723 2.0515 2.5329 

Lower scoping 
opinion 

Impact only 0.9997 0.9992 1.0003 0.9861 0.9614 1.0135 

Impact - survival & productivity compensation 1.0161 1.0141 1.0183 2.2609 2.0372 2.5258 

Higher scoping 
opinion 

Impact only 0.9994 0.9988 0.9998 0.9678 0.9435 0.9933 

Impact - survival & productivity compensation 1.0159 1.0139 1.0180 2.2374 2.0182 2.4912 

Farne Islands 
Developer 
approach 

Impact only 0.9995 0.9991 0.9999 0.9753 0.9554 0.9929 

Impact - survival & productivity compensation 1.0160 1.0140 1.0181 2.2443 2.0263 2.4847 

Lower scoping 
opinion 

Impact only 0.9989 0.9986 0.9992 0.9466 0.9283 0.9630 

Impact - survival & productivity compensation 1.0156 1.0136 1.0176 2.1991 1.9910 2.4357 

Higher scoping 
opinion 

Impact only 0.9977 0.9973 0.9980 0.8902 0.8708 0.9070 

Impact - survival & productivity compensation 1.0148 1.0128 1.0166 2.1099 1.9177 2.3161 

Troup, Pennan and 
Lion's Heads Developer 

approach 

Impact only 0.9998 0.9993 1.0004 0.9927 0.9604 1.0212 

Impact - survival & productivity compensation 1.0162 1.0141 1.0184 2.2720 2.0502 2.5334 

Lower scoping 
opinion 

Impact only 0.9997 0.9991 1.0004 0.9868 0.9549 1.0180 

Impact - survival & productivity compensation 1.0161 1.0141 1.0182 2.2590 2.0416 2.5267 
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SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Higher scoping 
opinion 

Impact only 0.9994 0.9988 1.0000 0.9696 0.9392 0.9996 

Impact - survival & productivity compensation 1.0159 1.0138 1.0180 2.2315 2.0212 2.4884 

Razorbill 

209. The median CGR and CPS metrics for the impact scenarios were all below one for all three impact scenarios (Table 1.31). Some of the upper confidence 

intervals for the CGR and CPS values were greater than one for some impact scenarios at some SPAs. The CGR and CPS median values were greater 

than one for all compensation scenarios where predicted compensation effects from a change in sandeel TSB from 300,000 tonnes to 400,000 tonnes 

were combined with predicted impacts. This is strongly indicative that the proposed compensatory measures will overcome the predicted impacts for 

razorbills at all SPAs assessed. In all cases the combination of the most precautionary (i.e. largest) impact and the most precautionary estimates of 

compensation (i.e. smallest increase in stock biomass) generated overall increases in population growth and population size.  

Table 1.31 PVA metrics (CGR & CPS) from razorbill model projections of impacts from the Proposed Development alone and impacts from the Proposed 
Development alone minus the beneficial effects of proposed compensation metrics (based on a change in sandeel TSB from 300,000 tonnes 
to 400,000 tonnes). Shaded cells are larger than one 

SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Forth Islands 
Developer 
approach 

Impact only 0.9995 0.9986 1.0005 0.9744 0.9283 1.0289 

Impact - survival compensation 1.0136 1.0127 1.0146 1.9894 1.8960 2.0936 

Lower scoping 
opinion 

Impact only 0.9985 0.9975 0.9994 0.9266 0.8784 0.9735 

Impact - survival compensation 1.0126 1.0117 1.0135 1.8926 1.8028 1.9857 

Higher scoping 
opinion 

Impact only 0.9973 0.9963 0.9983 0.8697 0.8256 0.9196 

Impact - survival compensation 1.0114 1.0105 1.0123 1.7821 1.7071 1.8711 

Fowlsheugh 
Developer 
approach 

Impact only 0.9997 0.9991 1.0003 0.9863 0.9542 1.0193 

Impact - survival compensation 1.0138 1.0133 1.0144 2.0111 1.9465 2.0813 
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SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Lower scoping 
opinion 

Impact only 0.9992 0.9986 0.9998 0.9592 0.9279 0.9934 

Impact - survival compensation 1.0133 1.0127 1.0139 1.9589 1.8969 2.0243 

Higher scoping 
opinion 

Impact only 0.9985 0.9980 0.9991 0.9273 0.8967 0.9599 

Impact - survival compensation 1.0126 1.0121 1.0132 1.8961 1.8355 1.9623 

St Abb's Head to 
Fast Castle Developer 

approach 

Impact only 0.9992 0.9979 1.0005 0.9617 0.9001 1.0295 

Impact - survival compensation 1.0133 1.0122 1.0146 1.9643 1.8331 2.1041 

Lower scoping 
opinion 

Impact only 0.9976 0.9962 0.9990 0.8862 0.8198 0.9542 

Impact - survival compensation 1.0117 1.0104 1.0131 1.8107 1.6892 1.9526 

Higher scoping 
opinion 

Impact only 0.9958 0.9946 0.9971 0.8073 0.7507 0.8667 

Impact - survival compensation 1.0099 1.0087 1.0112 1.6575 1.5486 1.7743 

Farne Islands 
Developer 
approach 

Impact only 0.9998 0.9962 1.0033 0.9894 0.8006 1.1861 

Impact - survival compensation 1.0140 1.0106 1.0174 2.0292 1.6866 2.4331 

Lower scoping 
opinion 

Impact only 0.9996 0.9960 1.0030 0.9832 0.7954 1.1880 

Impact - survival compensation 1.0136 1.0104 1.0172 2.0030 1.6729 2.4254 

Higher scoping 
opinion 

Impact only 0.9991 0.9954 1.0025 0.9571 0.7767 1.1638 

Impact - survival compensation 1.0132 1.0101 1.0167 1.9468 1.6258 2.3726 

Troup, Pennan and 
Lion's Heads Developer 

approach 

Impact only 0.9998 0.9989 1.0009 0.9937 0.9355 1.0541 

Impact - survival compensation 1.0139 1.0130 1.0150 2.0265 1.9144 2.1568 
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SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Lower scoping 
opinion 

Impact only 0.9997 0.9987 1.0008 0.9871 0.9276 1.0426 

Impact - survival compensation 1.0138 1.0128 1.0149 2.0156 1.9081 2.1335 

Higher scoping 
opinion 

Impact only 0.9994 0.9984 1.0005 0.9701 0.9097 1.0281 

Impact - survival compensation 1.0135 1.0125 1.0145 1.9804 1.8781 2.0934 

East Caithness Cliffs 
Developer 
approach 

Impact only 0.9999 0.9995 1.0003 0.9942 0.9730 1.0167 

Impact - survival compensation 1.0140 1.0135 1.0144 2.0273 1.9819 2.0825 

Lower scoping 
opinion 

Impact only 0.9999 0.9994 1.0002 0.9918 0.9687 1.0158 

Impact - survival compensation 1.0139 1.0135 1.0143 2.0244 1.9785 2.0748 

Higher scoping 
opinion 

Impact only 0.9996 0.9992 0.9999 0.9792 0.9566 0.9991 

Impact - survival compensation 1.0137 1.0133 1.0141 1.9980 1.9523 2.0478 

Puffin 

210. The median CGR and CPS metrics for the impact scenarios were all below one for all three impact scenarios (Table 1.32). Most of the upper confidence 

intervals for the CGR and CPS values were greater than one for all but the largest impact scenario at both SPAs. The CGR and CPS median values were 

greater than one for all compensation scenarios where predicted compensation effects from a change in sandeel TSB from 300,000 tonnes to 400 ,000 

tonnes were combined with predicted impacts. This is strongly indicative that the proposed compensatory measures will overcome the predicted impacts 

for puffins at both SPAs assessed. In both cases the combination of the most precautionary (i.e. largest) impact and the most precautionary estimates of 

compensation (i.e. smallest increase in stock biomass) generated overall increases in population growth and population size.  
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Table 1.32 PVA metrics (CGR & CPS) from puffin model projections of impacts from the Proposed Development alone and impacts from the Proposed 
Development alone minus the beneficial effects of proposed compensation metrics (based on a change in sandeel TSB from 300,000 tonnes 
to 400,000 tonnes). Shaded cells are larger than one 

SPA Impact Scenario Population effect scenarios Median CGR CGR LCI CGR UCI Median CPS CPS LCI CPS UCI 

Forth Islands 
Developer 
approach 

Impact only 0.9999 0.9997 1.0002 0.9969 0.9830 1.0116 

Impact - survival & productivity compensation 1.0357 1.0341 1.0371 5.9864 5.5421 6.4140 

Lower scoping 
opinion 

Impact only 0.9998 0.9995 1.0000 0.9876 0.9731 1.0024 

Impact - survival & productivity compensation 1.0355 1.0340 1.0370 5.9381 5.5075 6.3607 

Higher scoping 
opinion 

Impact only 0.9996 0.9993 0.9998 0.9799 0.9658 0.9941 

Impact - survival & productivity compensation 1.0354 1.0339 1.0368 5.8957 5.4616 6.3081 

Farne Islands 
Developer 
approach 

Impact only 1.0000 0.9996 1.0002 0.9974 0.9819 1.0120 

Impact - survival & productivity compensation 1.0358 1.0341 1.0372 5.9972 5.5391 6.4251 

Lower scoping 
opinion 

Impact only 0.9998 0.9996 1.0001 0.9909 0.9765 1.0069 

Impact - survival & productivity compensation 1.0356 1.0340 1.0370 5.9631 5.5009 6.3760 

Higher scoping 
opinion 

Impact only 0.9997 0.9995 1.0000 0.9854 0.9708 1.0011 

Impact - survival & productivity compensation 1.0355 1.0339 1.0369 5.9333 5.4868 6.3278 
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CONCLUSIONS FOR ALL POTENTIALLY IMPACTED SPAS 

211. The ability of the proposed compensatory measure, reducing or removing fishing pressure in 

SA4, was tested using relationships between sandeel TSB in SA4 and adult re turn rate (as a 

proxy for adult survival) or productivity. Across the range of likely changes in sandeel TSB in 

SA4 as a result of reducing or removing fishing pressure, positive effects on adult survival and 

productivity were shown. The assessment here was based on the smallest demographic changes 

predicted, which corresponded to the change in sandeel TSB from 300,000 to 400,000 tonnes. 

The positive effects of these predicted changes in demographic parameters were compared with 

the negative effects of three predicted impact scenarios from the Proposed Development alone. 

Three different approaches to this assessment were made: 

• Predicted increase in number of adult birds in each SPA population and in the SPA network 

based on increased adult survival; 

• Predicted change in populations growth rate and size due to the effects of compensation and 

impacts combined using PVA; and 

• Predicted relationship between CRG and impact level compared with three impact prediction 

scenarios, using PVA. 

212. For all three approaches, for all species and all SPAs, it was clear that the predicted minimum 

benefit from reducing or removing fishing pressure in SA4 was sufficient to compensate for all 

predicted impact scenarios. 

213. For the FFC SPA, the predicted impacts were very small from the Project alone. A qualitative 

assessment concluded that the combination of spill-over effects of sandeel larval drift from SA4 

to SA1r and the increased population size of kittiwake and razorbill colonies in SA4, resulting in 

increased emigration from those colonies to FFC SPA, would very likely more than compensate 

for the small predicted impacts.  
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1.10. DEALING WITH UNCERTAINTY, PRECAUTION AND 
CONFIDENCE 

214. Key to reaching robust conclusions on the potential value of reduction or removal of fishing 

pressure on sandeels as a compensation measure is understanding the uncertainties in the 

assessment. This section addresses the uncertainties around both the predicted impacts and 

predicted benefits of the proposed sandeel management measures. In reaching conclusions with 

uncertain information, it is important to apply suitable levels of realistic precaution to the 

assessment as this helps to deliver confidence in the conclusions reached on the efficacy of the 

proposed compensation measures. 

UNCERTAINTY 

215. Two key sources of uncertainty were identified in assessment of the effects of the proposed 

sandeel fisheries compensatory measures and their ability to address the predicted impacts: the 

uncertainty around the seabird data and uncertainty around the sandeel data.  

216. In addition, the application of correlations between these data sources presents its own 

uncertainties. The effectiveness in reaching conclusions based on correlative data is therefore 

addressed separately. 

Seabird data 

217. Among the key seabird data used in assessing the proposed sandeel compensation measures, 

the three key seabird parameters where the uncertainty needed to be assessed were:  

• Adult survival data; 

• Productivity data; and  

• Population size data. 

Adult survival 

218. In the relationships between sandeel TSB and seabird demographic parameters, adult survival 

has been based on the return rate of adult birds to the Isle of May breeding colonies in each 

year. This proxy will underestimate the apparent adult survival of birds as it does not take into 

account the resighting probability. From year to year there will be birds present in the colony that 

were present but not resighted but are then seen on the colony in subsequent years. The return 

rate fails to account for these birds that were present but not seen in a particular breeding 

season. Modelling of adult survival does account for the resighting probability to provide a better 

estimate of the “apparent” survival. This would likely increase the estimated value of apparent 

adult survival compared to the return rate values used in the correlations between sandeel TSB 

and survival. However, it is likely that all of the values would have been increased only slightly, 

as the resighting rate on the Isle of May is very high because that colony is studied in great detail 

by expert ornithologists, not only intensively but also following very systematic protocols. Birds 

that were colour ringed at the Isle of May for survival study were selected to be in locations within 

the colony where resighting is relatively easy. It is also likely that any increase would be similar 

each year because the effort put in is consistent across years. Therefore, the relationships 

between sandeel TSB and return rate would likely be very similar to the relationship between 

sandeel TSB and apparent adult survival. The modelling of apparent adult survival was not 

possible for this report  

219. While the use of return rates as a proxy for adult survival did introduce some uncertainty in the 

assessment it was thought to be small, mainly due to the high resighting rate achieved by 

UKCEH researchers on the Isle of May. However, this uncertainty is accounted for by considering 

worst case scenarios rather than mean estimates of impact and gain (see below).  

220. Another element of uncertainty is the assumption that survival rates of seabirds at other colonies 

in the region are similar to those monitored at the Isle of May. There are no data on survival 

rates at other nearby colonies to compare with the Isle of May time series, but it is likely that 
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patterns correlate among colonies as colonies are exposed to the same major drivers of 

variation. Correlations in time series of breeding success across neighbouring colonies have 

been reported in several studies (e.g. Olin et al. 2020), and this is therefore likely also to apply 

to adult survival except where colony-specific impacts may alter that general pattern at specific 

individual colonies. Geographically widespread correlations between annual survival time series 

from different colonies have been reported for several seabird species, strengthening the case 

that such time series tend to respond strongly to wider ecosystem/environment drivers.  

Productivity 

221. There are two sources of productivity used in this report. Firstly, productivity was obtained from 

publicly available data provided by UKCEH from their long term study of seabirds on the Isle of 

May. Secondly, productivity from the JNCC SMP database was obtained for kittiwake colonies 

in SA4 both adjacent to and away from the sandeel box. 

222. The productivity data from UKCEH is of a very high standard using consistent methods and 

regular fieldwork throughout the breeding season. There will still be some uncertainty in the data, 

which will vary between years and species. Productivity of seabirds will be influenced by multiple 

factors, which will include food supply, weather and predation. The data used here did not 

account for the effects of weather or predation on productivity. These effects will add noise to 

the correlation between productivity and sandeel TSB. For some species the effects of predation 

or weather can cause productivity to be well below the average in specific years. Despite this 

noise in the data there was good evidence of a non-linear relationship between productivity on 

the Isle of May and sandeel TSB in SA4. 

223. The productivity data from the SMP database were collected from multiple colonies by a variety 

of people and organisations. There was variability in the number of years of data between 

colonies. As with the data from the Isle of May, weather and predation will add noise to these 

data. 

Population size 

224. Population size data were obtained from publicly available sources. This was a combination of 

data from UKCEH and from NatureScot. As with return rate and productivity data, the population 

size data were of a very high standard, collected by very experienced staff to standard methods 

each season. There will still be some uncertainty in these data, as for example counts of large 

colonies, or colonies that are difficult to view from vantage points will be more likely to  miss some 

nesting birds than smaller colonies. These issues are well known and have been reviewed many 

times (e.g., Mitchell et al. 2004). 

Sandeel data 

225. Among the sandeel data used in assessing the proposed sandeel compensatory measures, the 

key sandeel parameter where the uncertainty needed to be assessed was the estimate of TSB. 

226. Sandeel TSB data from SA4 were obtained from the most recent stock assessment report (ICES 

2022). This is a modelled output based on a variety of data, including the previous years’ catch 

and effort data. Modelled outputs will have different uncertainties than empirical data but are 

often preferred as either empirical data cannot be collected (the case with sandeel TSB) or 

cannot be sampled sufficiently to provide data the is robust enough for the intended purpose.  

227. The ICES approach is to use a Stochastic Multi-Species (SMS) assessment model. This is the 

best available assessment model and is considered to be a “state-of-the-art” model; it is regularly 

reviewed by ICES in Benchmark Working Groups and is improved when possible (ICES 2017). 

The model is run in single species mode using seasonal time-steps, necessary to distinguish the 

fishing season. The model integrates catch data, effort time series data, biological sampling from 

catches (e.g., age-class abundance, fish maturity, weight), survey data such as from modified 

dredge sampling within the sandeel box area, and estimates of natural mortality based on 

predatory fish diet sampling and estimates of predatory fish stock biomass.  ICES coordinate a 
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regular working group to peer review the multi-species assessment methods, which aims to 

enable research to improve the ecosystem approach to stock management. The Working Group 

on Multispecies Assessment Methods (WGSAM) continues to recommend the use of the SMS 

for stock size prediction. Details of the SMS methodology and uncertainties are provided in ICES 

2017 and 2021b.  

228. The sandeel TSB predictions from the SMS is clearly the best scientific knowledge in the field. 

While it does contain uncertainties that will affect the relationships between seabird 

demographics and sandeel TSB these are minimized through a rigorous and transparent peer 

review process undertaken by ICES. Two processes can particularly affect confidence in the 

assessment outputs. One is where a change is introduced to the assessment that alters all 

previous outputs in a systematic way. For example, revision of the diet composition data may 

alter estimated natural mortality, leading to an increase or decrease in TSB that is proportional 

for all years (or more disconcertingly creates a step change between two time periods). The 

other is the fact that all previous estimates alter when a new set of annual sampling is added to 

the model. This latter effect can especially alter the assessment model estimates for the most 

recent year or two but tends to have minimal influence on TSB estimates from earlier years. In 

practice, TSB estimates are revised every year when the stock assessment incorporates one 

further year’s new data, but the correlation between the TSB time series published in year x is 

very highly correlated with the TSB time series published in year x-1. Changes to the data each 

year can be disconcerting but are very small relative to the very large variability in TSB over 

decades. 

CORRELATIONS 

229. The key evidence used to demonstrate that sandeel fisheries management changes can be used 

to compensate for predicted impacts from the Proposed Development was correlative. It is 

hypothesized that these correlations are based on causative relationships. The nature of the 

relationship between seabird demography and the accessibility of prey is clear, seabirds need 

to feed in order to maintain themselves, female birds need to gain enough energy to produce an 

egg, and both the male and female birds need enough energy to be able to additionally forage 

to provide for chicks while they are nutritionally dependent. Where the prey availability is low this 

would be expected to have an effect on foraging birds, initially affecting productivity as birds 

would be expected forgo current productivity to maintain survival, but if forage conditions remain 

poor then adult survival can become affected as birds starve. 

230. Walton (2008) proposed seven types of critical questions that can help to strengthen the 

argument from correlation to causation: 

1. Is there a positive correlation between A and B? 

2. Are there a significant number of instances of the positive correlation between A and B? 

3. Is there good evidence that causal relationship goes from A to B, and not just from B to A? 

4. Can it be ruled out that correlation between A and B is accounted for by some third factor (a 

common cause) that causes both A and B? 

5. If there are intervening variables, then can it be shown that the causal relationship between A 

and B is indirect (mediated through other causes)? 

6. If the correlation fails to hold outside a certain range of causes, then can the limits of this range 

be clearly indicated? 

7. Can it be shown that the increase or change in B is not solely due to the way that B is defined, 

the way that entities are classified as belonging to a class of Bs, or changing standards, over 

time, of the way Bs are defined or classified? 

231. Walton (2008) points out that it can, “always (be) suggested that there might be some other 

factor at work that might throw doubt on the causal relationship between A and B. As each of 

the above seven critical questions is adequately answered …the causal claim is strengthened.” 

232. Each of these questions was therefore considered and responses provided to determine 

whether, by answering these questions, the correlations that underlie the evidence that reducing 

fishing mortality of sandeels in SA4 were sufficiently strong to be able to conclude that there will 
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be sufficient population change to compensate for the predicted impacts from the Proposed 

Development (section 1.9).  

Table 1.33 Responses to Walton’s (2008) critical questions. 

Critical question Response 

Is there a positive correlation between A and B? There were clear positive correlations between 

seabird return rate, productivity and population 

size on the Isle of May and sandeel TSB in SA4 

for all species, with the exception of razorbill 

productivity. Additionally, there was positive 

correlation between combined kittiwake 

productivity and sandeel TSB in SA4 for colonies 

both inside and outside the sandeel box. 

Are there a significant number of instances of the 

positive correlation between A and B? 

In addition to the correlations described above for 

question 1, the literature review (Section 19 and 

Annex A) identified significant correlations 

between the health of exploited fish populations 

and the health of seabird populations known to 

feed on those fish stocks. 

Is there good evidence that causal relationship 

goes from A to B, and not just from B to A? 

There was clear evidence of decline in seabird 

productivity and population size as a result of 

sandeel TSB decline in SA4 from previously 

published work (see Section 1.4. In addition, the 

relationships shown here indicate that an 

increase in sandeel TSB in SA4 results in an 

increase in seabird survival, productivity and 

population size. 

Can it be ruled out that correlation between A and 

B is accounted for by some third factor (a 

common cause) that causes both A and B? 

There is a clear and unambiguous causal 

relationship between fishing effort and sandeel 

TSB. However, there is no reasonable 

explanation for both fishing effort and seabird 

demography to be strongly affected by a third 

factor. While there are effects of bycatch on 

seabirds, this is not caused by the North Sea 

sandeel fishery. Weather may have an effect on 

seabird productivity but would not have a similar 

effect in both scale and direction on sandeel 

populations. Predators could negatively affect 

both seabird and sandeel demography, but they 

do not share a common predator. 

If there are intervening variables, then can it be 

shown that the causal relationship between A 

and B is indirect (mediated through other 

causes)? 

The relationship between sandeel TSB in SA4 

and seabird demography is direct. Seabirds have 

been shown to have dependencies on sandeels, 

even though they do forage on other species.  
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Critical question Response 

If the correlation fails to hold outside a certain 

range of causes, then can the limits of this range 

be clearly indicated? 

The correlation is non-linear and becomes less 

steep at higher levels of sandeel TSB. This is 

accounted for the scenario testing approach 

used. 

Can it be shown that the increase or change in B 

is not solely due to the way that B is defined, the 

way that entities are classified as belonging to a 

class of Bs, or changing standards, over time, of 

the way Bs are defined or classified? 

The definition and measurement of return rates 

and productivity has remained consistent over 

the term of the data used to identify the 

correlation. 

 

233. Walton (2008) points out that we may have a strong suspicion that there is a causal link between 

two correlated parameters, as is the case with the relationships between seabird demography 

and sandeel TSB. By adequately answering each of the seven critical questions in  Table 1.33, 

Walton (2008) suggests that suspicions of a causal link become “more and more highly 

strengthened as an argument”. While it is “not easy to establish conclusively that there is a 

causal link between two” variables, the aim of the monitoring and adaptive management (as 

outlined in the Implementation and Monitoring Plan) will be to provide the demonstration of that 

causal link.  

234. In conclusion, while this report is based on correlations between variables, each of Walton’s 

(2008) critical questions can be answered robustly, and therefore there are strong grounds for 

concluding that these correlations are highly likely to be causative. 

PRECAUTION 

Precaution applied to the assessment of evidence 

235. As discussed above, the available information from UKCEH on seabird demography from the 

Isle of May includes the return rate of individually marked birds from one breeding season to the 

following season. This is used in this report as a proxy for apparent adult survival. The analysis 

of resighting information of marked birds to estimate survival accounts for birds that were not 

seen on one breeding season but were seen in a subsequent breeding season. Consequently, 

the return rate will be a smaller estimate of adult survival rather than the modelled apparent 

survival. This is therefore a precautionary estimate of adult survival. However, it is likely that the  

relationship with sandeel TSB in SA4 would have remained very similar had apparent adult 

survival been used, only with the adult survival data based on slightly larger values across the 

range of TSB values. In addition, the scenario testing approach examined the effect of change 

in adult survival between two sandeel TSB values. The change in adult survival would likely have 

been much the same between return rate data and apparent survival data, so the Population 

Viability Analysis (PVA) metrics used to assess the effectiveness of the scenarios would have 

likely been the same, or very similar. This is outlined in Section 1.8 below. 

236. In conclusion, any precaution in using return rate as a proxy for apparent survival would likely 

have made little or no difference in the assessment of the benefit of the proposed compensation 

measures. 

Impact scenarios 

237. The impact scenarios used in the assessment within this report were identical to those used in 

the Report to Inform the Appropriate Assessment (RIAA). This provided three impact scenarios 

based on advice from NatureScot, Marine Scotland Science and a developer preferred approach. 
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While all three impact levels were considered, conclusions on the efficacy of the proposed 

sandeel fisheries compensatory measures were based on the most precautionary of these three 

scenarios. The assessment included the other impact scenarios to provide a suitable context for 

a range of plausible, but still precautionary, predictions of impacts on the qualifying  features of 

the SPAs under consideration. 

Compensation scenarios 

238. The approach used to assess the level of benefit predicted to occur from the proposed 

compensatory measures was based on a scenario testing approach. Scenarios were based on 

the potential changes in sandeel TSB in SA4 as a result of changes to fisheries management. 

Five scenarios were chosen that reflected both the range of historic sandeel TSB values in SA4 

and the non-linear relationship between sandeel TSB and either survival or productivi ty. 

239. Five scenarios were examined (see Section 1.8) that covered the distribution of historic sandeel 

TSB data, with conclusions based on the most precautionary scenario (this was the change in 

sandeel TSB from 300,000 tonnes to 400,000 tonnes). It is important to note that this was not a 

prediction of the expected change in sandeel TSB as a result of the compensatory measure, but 

only a realistic worst-case scenario to help aid decision making. Scenarios were based on 

changes in TSB of 100,000 tonnes, so that the five scenarios covered the bulk of the historic 

TSB data and reflected the levels of change seen in TSB across the available dataset.  

240. This most precautionary improvement in seabird demography was then compared with the three 

impact scenarios, which included the most precautionary impact scenario. Thus, the conclusions 

were based on the likelihood that a worst-case compensation benefit would be sufficient to 

overcome a worst case impact prediction. This is a highly precautionary approach, which was 

chosen to improve the confidence that could be placed in the results.  

CONFIDENCE 

Evidence from other sandeel stocks 

241. The confidence in the effect of changes in sandeel stocks in SA4 on seabird demographics was 

increased by the presence of evidence from other sandeel stocks in the North Sea. Evidence of 

the effects of declining sandeel stocks on kittiwake productivity and survival were shown in SA7 

(see Figure 1.5, and Oro and Furness 2002). The hindcast modelling by Lindegren et al. (2018) 

showed that sandeel stocks in SA1r would be larger with lower fishing mortality. The Ecopath 

with Ecosim modelling by Natural England (unpublished at the time of writing) also showed that 

reducing, or closing, the sandeel fishery in the North Sea would result in increases in sandeel 

stock biomass and increases in the populations of predatory fish, seabird and mammal species 

that feed on these stocks. 

242. These additional pieces of evidence lend weight to the evidence shown in this report and 

increases confidence that change in the management of the sandeel stock in SA4 would result 

in benefits to both the stock itself and a wide variety of species that forage on this stock. 

Evidence from other seabird/fisheries interactions 

243. The review of the effectiveness of Marine Protected Areas, and specifically the effects of 

changes to fish stock protection or exploitation (see Annex A) showed that there are many 

instances, from a wide variety of fish species, fisheries types and seabird species, from around 

the world of the benefits of fisheries management practices that take seabird foraging needs into 

account. Many of these were included in the analysis by Cury et al. (2011), which also included 

the North Sea sandeel stock. The presence of multiple examples of the positive effects of 

fisheries management changes to benefit seabirds increases the confidence that the proposed 

compensatory measures for the Proposed Development will also result in benefits to breeding 

seabird populations in SA4. 
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DISCUSSION AND CONCLUSIONS 

244. The uncertainties in the information used in this report to show the effectiveness of the proposed 

sandeel fisheries compensatory measures were identified. By identifying these uncertainties it 

was possible to determine the effect of these on the assessment of the effectiveness of the 

proposed measures. In several important cases, most notably the use of return rates as a proxy 

value for adult survival, the presence of uncertainties in the underlying data was unlikely to have 

had any important effect on assessment of compensation effectiveness. 

245. To manage the uncertainty in both the impact assessment and the assessment of the 

effectiveness of the proposed sandeel fisheries compensatory measures to overcome these a 

suitable precautionary approach was applied. This was mainly through the identification of 

reasonable worst-case impact and compensation scenarios. By comparing the worst case (i.e. 

highest) impact scenario against the worst case (i.e. lowest) benefit from compensation a highly 

precautionary approach was taken. By applying this precautionary approach confidence that the 

proposed compensatory measures will be sufficient is greatly increased. 

246. Confidence was also improved through the building of the evidence from other studies to support 

the concept of the sandeel fisheries stock management as a compensatory measure. Evidence 

was shown for the benefits from other fisheries and seabird populations around the world, and 

from other sandeel stocks in the North Sea.  

1.11. GENERAL CONCLUSIONS 

247. There is strong evidence globally that conservation management measures to reduce or 

eliminate fishing mortality on seabird prey fish stock has had important bene fits across a wide 

variety of fish species, fisheries and seabirds. This led to the conc lusion that similar measures 

on sandeel stocks in the North Sea could be used to positively affect seabird populations 

predicted to be impacted by the Proposed Development. 

248. It was therefore important to determine if the sandeel stock in the North Sea could  be managed 

to increase the stock of prey for seabirds. There was strong evidence that the sandeel population 

in the North Sea, including in SA4, was smaller than historic records show and that this was 

primarily due to high fishing mortality, both in the recent past and currently. There was also 

strong evidence that in SA4 specific management measures to increase the stock had only been 

partially effective. The sandeel box has displaced fisheries to the waters outside the box, while 

simultaneously basing the TAC on the total populations of sandeels in SA4 (including inside the 

box), resulting in much higher fishing mortality on the remaining sandeels outside the box  in 

SA4. 

249. There is strong evidence that sandeel stocks are important for seabirds foraging in the North 

Sea during the breeding season. There is strong evidence that kittiwake breeding success and 

survival are influenced strongly by sandeel abundance. There is also good evidence that sandeel 

abundance has an influence on the breeding success of other seabirds. There is strong evidence 

that the foraging range of seabirds varies during the breeding season and that seabirds in SA4 

are likely to rely on sandeel abundance across a large part of the area outside the sandeel box. 

250. The presence of strong published evidence that sandeel abundance strongly affected breeding 

success and abundance across a wide range of breeding seabird species led to analyses to 

examine if similar relationships occurred for kittiwake, guillemot, razorbill and puffin foraging in 

SA4. Strong relationships were found between sandeel abundance and seabird abundance, 

productivity and return rate (a proxy for adult survival) for all the species  assessed, except for 

razorbill, where there was no relationship with productivity. 

251. There was also strong evidence of recovery of sandeel stocks in the North Sea following closure 

of the fishery. This included evidence from the sandeel box in SA4. 

252. Various elements combined to strongly suggest that SA4 is likely to be the most effective scale 

for compensation. Foraging range information, based on tracking data from a relatively limited 

period of the annual cycle, showed that important areas of sandeel habita t occurred outside the 

box. New analyses of kittiwake productivity from colonies within SA4 that either adjacent to the 
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box or outside the box showed no important difference in the relationship between productivity 

and TSB in SA4. This finding adds to the evidence that seabird populations are responding to 

the sandeel population size across the whole of SA4, and that the sandeel box has been only 

partially successful at mitigating the impacts of the fishery on seabird populations. Finally, the 

presence of strong relationships between each of adult population size, return rates and 

productivity and TSB in SA4 showed that the population is responding to changes at this spatial 

scale. It seems likely, therefore, that this scale is important to seabirds breeding  on the Isle of 

May. This may be because of the importance of areas beyond typical foraging range in poor 

sandeel years and in the periods of the annual cycle outside the breeding season.  

253. The current management of sandeel stocks in SA4 does not account for  the presence of the box. 

So sandeel TAC is based on the TSB in all of SA4, not just the stock outside the box. Given the 

sedentary nature of individual sandeels, this suggests that impacts on sandeel stocks outside 

the box could be particularly severe., These areas may be important to seabirds during periods 

of the annual cycle not assessed through tracking during the early chick phase. 

254. Thus, reducing or removing fishing pressure across the whole of SA4 is very likely the most 

effective measure to compensate for predicted impacts. The level of compensation that could 

potentially be achieved through reducing or removing fishing pressure was then explored. 

255. Likely gains to the SPA populations of kittiwake, guillemot, razorbill, and puffin predicted to be 

impacted by the proposed development varied across five compensation scenarios. The 

scenario that produced the smallest benefit to SPA populations was the change in sandeel TSB 

from 300,000 to 400,000 tonnes. This worst-case benefit to sandeels from reducing or removing 

fishing pressure was therefore compared with the predicted impacts, including the worst-case 

impact scenario. 

256. The ability of the proposed compensation measures, reducing or removing fishing pressure in 

SA4, was tested using relationships between sandeel TSB in SA4 and adult return rate (as a 

proxy for adult survival) or productivity. The positive effects of predicted changes in demographic 

parameters were compared with the negative effects of three predicted impact scenarios from 

the Proposed Development alone. 

257. For all species and all SPAs, it was clear that the predicted minimum benefit from reducing or 

removing fishing pressure in SA4 was sufficient to compensate for all predicted impact 

scenarios, including the worst-case scenario. 

258. These analyses have demonstrated that reducing or removing fishing pressure in the remaining 

area of SA4 outside the sandeel box would provide more than sufficient compensation for the 

predicted impacts from the Proposed Development. There was sufficient strength in the evidence 

used to support this assessment, combined with the comparison of a worst -case benefits with 

worst case predicted impacts, to be sufficiently certain that the proposed sandeel  fisheries 

compensatory measure will ensure the coherence of the UK SPA network. 
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 REVIEW OF MARINE PROTECTED AREAS 

The effectiveness of Marine Protected Areas 

1. Compensation measures may be needed for SPA seabird populations due to predicted 

impacts from the Proposed Development. One of the potentially beneficial measures would 

be to improve the demographic parameters of seabird populations predicted to be impacted 

by the Proposed Development through the closure or management of fisheries of seabird 

prey species. Additionally, the influence of prey fish abundance on seabird demographics 

was also reviewed.  

2. There are numerous reviews of the evidence that protected areas benefit conservation of 

species, communities and ecosystem services. In particular, fishery closures strongly 

promote the recovery of fish stock biomass following heavy exploitation (MacNeil et al. 2015, 

Cabral 2020). Fishery closures can take the form of technical measures (specified constraints 

on gear use within a fishery; McClanahan et al. 2014, Campbell et al. 2018), periodic or 

seasonal closures (Cohen and Alexander 2013), or rights-based controls on access into the 

fishery. Such constraints on fishing may be the most effective measures to achieve 

conservation objectives of marine protected areas (MPAs) (Campbell et al. 2018, Cabral et 

al. 2020, Vilas et al. 2020). 

3. From analysis of 87 MPAs worldwide, Edgar et al. (2014) defined five key factors that 

determine the effectiveness of an MPA; the extent to which fishing is limited, the level of 

enforcement of fisheries constraints, MPA age, MPA size, and presence of continuous habitat 

allowing spill over of fish or shellfish from the MPA into surrounding waters. Similarly, Zupan 

et al. (2018) found that the designation of MPAs alone may not result in the lessening of 

some human threats, which is highly dependent on management goals and the related 

specific regulations that are adopted. They showed that fully protected areas effectively 

eliminated extractive activities, whereas the intensity of artisanal and recreational fishing 

within partially protected areas they investigated, paradoxically, was higher than that found 

outside MPAs, questioning their ability to reach conservation targets. They concluded that 

understanding the intensity and occurrence of human threats operating at the local scale 

inside and around MPAs is important for assessing MPA effectiveness in achieving the goals 

they have been designed for, informing management strategies, and prioritizing specific 

actions. 

4. Baskett and Barnett (2015) concluded in relation to fishery no-take protected areas 

“Responses at each level depend on the tendency of fisheries to target larger body sizes and 

the tendency for greater reserve protection with less movement within and across 

populations. The primary population response to reserves is survival to greater ages and 

sizes plus increases in the population size for harvested species, with greater response  to 

reserves that are large relative to species' movement rates. The primary community response 

to reserves is an increase in total biomass and diversity, with the potential for trophic 

cascades and altered spatial patterning of metacommunities. The primary evolutionary 

response to reserves is increased genetic diversity, with the theoretical potential for 

protection against fisheries-induced evolution and selection for reduced movement.” The 

potential for the combined outcome of these responses to buffer marine populations and 

communities against temporal environmental heterogeneity has preliminary theoretical and 

empirical support. However, while the benefits from many MPAs have been widely 

recognised, not all MPAs have successful outcomes. Giakoumi et al. (2018) reviewed 27 

detailed case studies from around the world and concluded that the most important factor 

determining the success or failure of a MPA was the level of stakeholder engagement. This 

conclusion was also reached in a comparison between two MPAs for coral reef fish in the 

Philippines, one successful and one unsuccessful, because constraints on fishing failed at 

one site due to a lack of community support (Russ and Alcala 1999). 

5. As one recent example in the context of fishery impacts, Fernandez-Chacon et al. (2020) 

studied MPA effects on lobsters Homarus gammarus collected at three pairs of MPA and 

control areas in Norway and reported that “annual mean survival was higher inside MPAs 
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(0.592) vs. control areas (0.298), that significant negative relationships between survival and 

body size occurred at the control areas but not in the MPAs, where the effect of body size 

was predominantly positive. Additionally, we found that mean and maximum body size 

increased over time inside MPAs but not in control areas. Overall, our results suggest that 

MPAs can rebuild phenotypic complexity (i.e. size structure) and provide protection f rom 

harvest selection”. 

6. Jaco and Steele (2019) showed that MPA effects on fish size and survival were greater where 

prior fishing pressure had been higher, a conclusion also reached by Buxton et al. (2014). 

This does make the point that selecting areas for protection will have the greatest benefit 

where the impact of fishing mortality can be reduced most. 

7. Ballantyne (2014) reviewed the results from establishment of marine protected areas in New 

Zealand waters since the first was designated in 1977. He concluded, “When marine reserves 

were established, their ecology began to change, due to the cessation of fishing and other 

previous manipulations. These changes were complex, often large and continued to develop 

for decades. The study of these changes, and a continuing comparison to fished areas 

provided a great deal of new scientific data showing how fishing directly and indirectly a lters 

ecosystems. The scientific benefits of marine reserves proved so numerous that it became 

clear that marine reserves are as important to science - they are the controls for the 

uncontrolled experiment that is happening due to fishing and other human activities. The 

general benefits of marine reserves to society as a whole; directly to conservation, education, 

recreation and management, and indirectly to fisheries, tourism and coastal planning; are so 

important that a systematic approach to their creation is in the public interest”. 

8. Parsons et al. (2004) reported long-term effects of protection within the Leigh marine reserve, 

New Zealand, including a trophic cascade related to predator activity with recovery of kelp 

forest in waters <8 m deep, and increase in turfing algal habitat. Snappers Pagrus auratus 

have been actively fished for more than 100 years in New Zealand and studied by fisheries 

scientists for more than 50 years. However, when studied in the marine reserve at Leigh 

(where it had become sixteen times more abundant than in fished areas outside the reserve, 

suggesting a change in ranging behaviour in response to the lack of fishing) it was discovered 

that, within the reserve, most individuals had small home-ranges in which they stayed for 

months at a time (Parsons et al. 2003). 

9. The Tsitsikamma National Park Marine Protected Area (Tsitsikamma MPA), a 60 km stretch 

of exposed rocky southern coast of South Africa, was proclaimed in 1964, making it Africa’s 

oldest MPA. This site was established as a zone with fishing strictly limited by permit, to try 

to recover over-exploited stocks of reef fish, many of the species present being endemic to 

South Africa. Many of these fish species have maximum ages over 20 years and are highly 

resident, so appear suited to protected area conservation. Tsitsikamma MPA has been a 

focus of research testing the hypothesis that MPAs allow recovery of depleted stocks of reef 

fish and the maintenance of critical spawner biomass. Despite extensive illegal poaching of 

fish from within this MPA, and several changes over the decades in the severity of constraint 

on fishing (Lombard et al. 2020), Buxton and Smale (1989) showed that roman 

Chrysoblephus laticeps, dageraad Chrysoblephus cristiceps and red steenbras Petrus 

rupestris achieved greater abundance and sizes inside the MPA than outside. Cowley et al. 

(2002) recorded that blacktail Diplodus capensis, zebra D. hottentotus, bronze bream 

Pachymetopon grande and galjoen Dichistius capensis achieved abundances of 5 to 21 times 

more inside the MPA than outside, and that these fish were on average 40% larger in the 

MPA than outside. 

10. Malcolm et al. (2018) used stereo baited remote underwater videos eight, nine, thirteen and 

fourteen years after ‘no take’ marine protected areas were established at the Solitary Islands 

Marine Park, Australia. Four species targeted by fishers: snapper Chrysophrys auratus, grey 

morwong Nemadactylus douglasi, pearl perch Glaucosoma scapulare, and venus-tuskfish 

Choerodon venustus, were more abundant and larger in ‘no take’ zones and showed an 

increase through time in ‘no take’ relative to fished areas. In contrast, there was no dis tinct 

pattern of four bycatch species increasing in abundance in ‘no -take’ areas. 
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11. Boulcott et al. (2018) reported on the abundances of scallops in a small, protected area in 

Lamlash Bay, Arran. A no-take zone (NTZ) was established in 2008 in a small area (about 

2.7 km2) of Lamlash Bay, excluding scallop dredging and bottom-trawling from the area. Five 

years after the closure, there was neither a significant increase in adult scallop abundance 

within the NTZ nor evidence of the dispersal of adults into surrounding areas. That finding 

contradicts an earlier claim that this NTZ had resulted in higher recruitment of scallop larvae 

into the NTZ compared to densities found outside the NTZ (Howarth et al. 2011). Boulcott et 

al. (2018) concluded that the small size of the NTZ may have played a role in the lack of 

demonstrable scallop recovery, that the lack of an effect may also be due to relatively low 

fishing pressure before the no-take zone was established, and that possibly responses may 

take more than five years in species where high recruitment is infrequent, as is the case in 

scallops. However, by 2019 the density of king scallops in the NTZ had increased 

substantially, to more than 3.7 times the level in 2013, and to a significantly higher abundance 

than in areas outside the NTZ (Stewart et al. 2020). 

12. Abundances of the European lobster Homarus gammarus in Lamlash Bay NTZ (Howarth et 

al. 2016) and in a similar‐sized NTZ in Lundy, UK (Hoskin et al. 2011), were found to increase 

demonstrably within 2–3 years of the closure of fishing within the NTZ. However, Howarth et 

al. (2016) concluded that high fishing effort outside the reserve may have reduced lobster 

abundance towards the end of their study, further supporting the concern about the 

effectiveness of a NTZ that is small in relation to the dispersal movements of the animals. 

Lobster Catch Per Unit Effort (CPUE) declined with increasing distance from the NTZ 

boundaries up to 20 km away (Howarth et al. 2016). Tagging and recapturing of the lobsters 

indicated this was likely due to “spillover”, with individuals from within the NTZ moving outside 

(Howarth et al. 2016, Stewart et al. 2020). The body size of lobsters was also consistently 

greater within the NTZ across all years, and because egg production increases with body 

size, and mature lobsters were so much more abundant in the NTZ, this difference translated 

to over 5.7 times more eggs within the NTZ in 2018, than in an unprotected area of equal 

size (Stewart et al. 2020). Stewart et al. (2020) concluded that “Our results demonstrate that 

recovery of biological communities inside protected areas is not monotonic; instead, what we 

are seeing is complex, ecological processes unfolding in a dynamic environment. This should 

not be seen as problematic; the complexity should be embraced; it is a more accurate 

reflection of how ecosystems naturally function. This emerging understanding is crucial for 

both setting realistic management objectives for other MPAs in the region, and for managing 

the expectations of conservationists and managers in the future”. 

13. Kough et al. (2019) showed that Exuma Cays MPAs held higher densities of queen conch 

Lobatus gigas than found in fished areas and showed that there are positive associations 

between enforcement and conch size and age. They concluded that the MPA is currently 

sustaining the nearby populations exposed to fishing, as a result of spillover of larvae from 

the MPA. 

14. One of the key objectives of MPAs is to create “spillover” with fish or crustaceans that 

increase in density in the MPA dispersing into adjacent areas. Many studies present evidence 

that spillover occurs from MPAs and so supports fisheries in the region (e .g. McClanahan 

and Mangi 2000, Gell and Roberts 2003, Abesamis and Russ 2005, Goni et al. 2008, 

Harmelin-Vivien et al. 2008, Stobart et al. 2009, Goni et al. 2010, Vandeperre et al. 2011, 

Florin et al. 2013, Huserbråten et al. 2013, Kerwath et al. 2013, Rossiter and Levine 2014, 

Alos et al. 2015, Di Lorenzo et al. 2016, Sackett et al. 2017, Kleiven et al. 2019, Kough et al. 

2019, Marshall et al. 2019, Cabral et al. 2020, Di Lorenzo et al. 2020, Vilas et al. 2020, Sala-

Coromina et al. 2021). For example, Huserbråten et al. (2013) showed that European lobster 

Homarus gammarus survival and abundance and size increased in MPAs where fishing for 

lobsters was prohibited. They also showed that there was some spillover of adult lobsters, 

but that this was very limited due to high levels of residency of these animals. However, larval 

export from the MPAs was assessed as being very high, and therefore affecting large areas 

outside the small MPAs due to the pelagic larval stage. Spillover of larvae can be especially 

important from MPAs because the mean size of fish or crustacea tends to increase within 

MPAs, and larger animals produce disproportionally greater numbers of larvae (Marshall et 

al. 2019). 
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15. Kleiven et al. (2019) presented results from a fine-scale spatial gradient study conducted 

before and after the implementation of a five km2 lobster MPA in southern Norway. A 

significant nonlinear response in lobster abundance, estimated as CPUE from experimental 

fishing, was detected within two years of protection. After four years, CPUE values inside the 

MPA had increased by a magnitude of 2.6 compared to before-protection values. CPUE 

showed a significant nonlinear decline from the centre of the MPA, with a depression 

immediately outside the border and a plateau in fished areas. Overall fishing pressure almost 

doubled over the course of the study. The highest increase in fishing pressure (by a 

magnitude of 3) was recorded within one km of the MPA border, providing a plausible cause 

for the depression in CPUE. The authors conclude that, taken together, these results 

demonstrate the need to regulate fishing pressure in surrounding areas when MPAs are 

implemented as fishery management tools. 

16. Stobart et al. (2009) reported that at the Columbretes Islands Marine Reserve, Spain, relative 

to nearby fished areas the reserve fish community had higher abundance and biomass, and 

larger relative body size. They found clear evidence of spillover of fish from the reserve to 

the adjacent fishery as commercial fish yields at the reserve border increased continuously 

during the study period, despite being locally depleted due to fishing effort concentrat ion at 

the edge of the reserve (“fishing the line”). Harmelin-Vivien et al. (2008) assessed the 

presence of gradients of fish abundance and biomass across marine reserve boundaries in 

six Mediterranean MPAs. A reserve effect was detected, with higher values of fish species 

richness (x1.1), abundance (x1.3), and biomass (x4.7) recorded inside MPAs compared to 

adjacent fished areas. Linear correlations revealed significant negative gradients in mean 

fish biomass in all the reserves studied. They concluded that the existence of regular patterns 

of negative fish biomass gradients from within MPAs to fished areas was consistent with the 

hypothesis of adult fish biomass spillover processes from marine reserves, and that it could 

be considered as a general pattern in the Mediterranean region. Vandeperre et al. (2011) 

used 28 data sets from seven MPAs in southern Europe to show that CPUE of fisheries 

outside the MPAs increased as a result of spillover of fish from the MPA. Furthermore, the 

boost to the marketable catch from spillover increased by an average of 3% per year for at 

least 30 years after designation of the MPAs. 

17. Using a 15-year time series of nationwide, spatially referenced catch and effort data, Kerwath 

et al. (2013) found that the establishment of the Goukamma MPA benefited the adjacent 

fishery for roman Chrysoblephus laticeps, a South African endemic seabream. Roman-

directed CPUE in the vicinity of the new MPA immediately increased, contradicting trends 

across this species’ distribution. The increase continued after 5 years, the time lag expected 

for larval export, effectively doubling the pre-MPA CPUE after 10 years. Garcia-Rubies et al. 

(2013) point out that spillover may not occur in the initial stages of some MPAs, especially 

where fish are slow-growing and long-lived so may take many years to reach carrying 

capacity within the MPA, and significant spillover of adult or maturing fish is only likely after 

that has occurred. 

18. Di Lorenzo et al. (2020) developed a meta-analysis of a global database covering 23 MPAs 

where fishing is prohibited or strictly limited, in twelve different countries, to assess the 

capacity of MPAs to export fish biomass and to assess whether this response was mediated 

by particular MPA features (e.g. size, age) or fish species characteristics (e.g. mobility, 

economic value). Results, on average, showed that fish biomass and abundance were 

highest inside the MPA, but outside the MPAs were higher in locations close to MPA borders, 

were particularly higher close to the MPA for species with a high commercial value, and were 

higher in the presence of a partially protected area (PPA) surrounding the MPA. Spillover 

slightly increased as MPAs were larger and older and for species that were more mobile. The 

authors concluded that spillover is a regular feature of MPAs where fishing is prohibited or 

limited, and that this could enhance local fishery management. 

19. While there is much empirical evidence of increases in sizes and numbers of animals within 

MPAs compared with control areas outside the MPA, another approach to assessing the 

benefits of MPAs is to use scenario modelling. Dahood et al. (2020) used a dynamic food 

web model to evaluate a range of different scenarios for MPAs in the Southern Ocean. 

Halouani et al. (2020) used a modelling approach to assess the extent to which the ‘no-take 
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zone’ created by an offshore wind farm may benefit conservation of fish stocks. Vilas et al. 

(2020) used a comparative food-web modelling approach to demonstrate that fully protected 

MPAs perform better than partially protected MPAs and, even when small, can yield local 

positive impacts on the structure and functioning of marine ecosystems that contribute to 

support local fisheries. 

20. The success of very many MPAs and NTZs around the world has led to a more strategic 

approach to marine conservation designations in some countries. In 2002, after more than a 

decade of consultation, the State of Victoria, Australia, established 24 no-take areas 

(including 10 Marine National Parks) totalling 540 km2 and more than 5% of State waters 

(Sobel and Dahlgren 2004). This was the world’s first representative system of marine 

reserves. In 2003, the California Fish and Game Commission approved ten ‘no -take’ marine 

reserves in the northern Channel Islands, California. The initial zones covered state waters 

(out to three nautical miles), but later the federal authorities extended these to six nautical 

miles. The reserves comprised 25% of waters around the islands and formed the first 

replicated and representative marine reserve system. In 2004, the Great Barrier Reef Marine 

Park Authority’s new zoning plan was approved by the Australian Federal Government (Sobel 

and Dahlgren 2004). The plan required a minimum of 25% by area of all 73 bioregions in the 

Great Barrier Reef Marine Park to be completely ‘no-take’. 

21. On the high seas, 286,200 km2 of the North-East Atlantic was designated as six MPAs in 

international waters under the Convention for the Protection of the Marine Environment of 

the North-East Atlantic (the OSPAR Convention) in 2010, which is considered to be the start 

of a process of developing an ecologically coherent and representative MPA network in that 

ocean (O’Leary et al. 2012). 

22. In England, in addition to existing and new SPAs and SACs, 91 Marine Conservation Zones 

(MCZs) have been designated between November 2013 and May 2019 as an ecologically 

coherent network in terms of representation of species and habitats. In Scotland, a 

combination of marine extensions to Special Protection Areas (SPAs) originally designated 

for breeding seabirds, designation of marine areas as SPAs for nonbreeding seabirds, 

designation of SACs for marine mammals, MPAs for marine mammals, fish and marine 

invertebrates, comprise 225 sites providing protection over more than 37% of Scotland’s 

marine waters. Many of these sites have been designated within the last few years,  so too 

recently for any assessment of changes that may follow as a consequence of management. 

Not all of these MPAs involve establishment of fisheries restrictions, depending on the 

objectives for individual sites. In addition to SPAs, SACs and MPAs, five other area-based 

measures include a temporary no-take zone for sandeel fishing off east Scotland, which has 

remained in force without any suggestion that this will be revoked. 

23. The efficacy of MPAs might be compromised by climate change if climate change results in 

the poleward shift of species’ distributions so could move species out of MPAs. While 

modelling of species’ distributions suggests such poleward shifts will occur (Sadykova et al. 

2020, Clairbaux et al. 2021), the key feature of MPAs is the reduction in fishing pressure on 

stocks. There will be few cases where MPAs are situated at the equatorial edge of fish 

distributions, so climate change is unlikely to negate the benefits of MPAs except in a very 

few exceptional such cases (Clairbaux et al. 2021). 

Case studies of NTZs that influence seabird demography 

24. Very few MPAs/NTZs have been designated with the objective to enhance conservation of 

seabird populations (Ronconi et al. 2012, Hentati-Sundberg et al. 2020). However, that 

outcome could arise if MPA/NTZ designation resulted in a reduction of seabird bycatch in 

fisheries, or if the MPA/NTZ resulted in a bottom-up increase in energy flow through the food 

web up to seabirds (i.e. increased the abundance or quality of their preferred foods; Hentati -

Sundberg et al. 2020), or if MPA/NTZ designation improved the quality of breeding habitat 

for seabirds (for example by reducing human disturbance, removing threats from alien 

invasive mammal predators, or improving nest site quality). 
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25. Several studies have focused on the potential of designating or managing marine protected 

areas for seabird conservation (Lascelles et al. 2012, Ronconi et al. 2012, Sherley et al. 

2017). Studwell et al. (2021) presented a habitat prioritization approach for identifying critical 

areas for wildlife conservation action, including seabirds. They demonstrated the value of 

that approach by applying it to the wildlife in the offshore waters of Greater Farallones 

National Marine Sanctuary and Cordell Bank National Marine Sanctuary, California. They 

identified areas where seabirds would benefit from a combination of adding protections to 

some areas and enhancing management of the primary disturbance resulting from h igher 

risk activities, which in their case study included benthic fishing with mobile or fixed gear. 

Silva et al. (2020) investigated spatial overlap between a key forage fish species (sandeel) 

and two protected predators, humpback whale and great shearwater in the Gulf of Maine, 

USA. Both the cetacean and the seabird showed very strong and consistent match in spatial 

distribution with that of sandeel. They proposed managing protected areas for these top 

predators on the basis of the key role of sandeel habitat in determining predator distributions 

in that system. 

26. In a review of the pressures and threats to global populations of penguins, Boersma et al. 

(2020) identified marine spatial planning as the highest ranked conservation need to 

conserve endangered penguin populations, for which they particularly emphasize the need 

for MPAs to manage fisheries to ensure that adequate prey resources for penguins remain 

in areas critical to their breeding success (i.e. close to colonies) and survival (i.e. over larger 

spatial scales when penguins are dispersed from the colony sites).  

27. Requena et al. (2020) used tracking data from nine seabird species and one marine mammal 

to identify marine hotspots around Tristan da Cunha, South Atlantic Ocean. These included 

offshore sea mounts as well as areas in the vicinity of breeding sites on the islands and were 

consistent across years. They concluded that tracking data provide reliable information that 

could be used to define MPAs for these top predator populations, which include several 

endemic and globally threatened species. Analyses of seabird tracking data in UK waters 

was considered to provide effective identification of seabird hotspots that could be 

designated as MPAs (Cleasby et al. 2020). Using maximum curvature methods (as 

developed for seabird hotspot identification by O’Brien et al. 2012) allowed clear definition of 

seabird hotspots and this and other analytical methods consistently identified several high -

density areas that Kober et al. (2010) and Cleasby et al. (2020) considered should be 

prioritised for seabird conservation. Critchley et al. (2019) used seabird tracking data to test 

whether simple foraging radius models from colonies provide a cost -effective alternative to 

large-scale surveys or tracking studies. They showed that for a range of seabirds of differing 

ecology (razorbill, puffin, Manx shearwater and European storm-petrel) foraging radius 

distribution broadly matched foraging areas identified from tracking breeding adults from 

colonies or from aerial surveys. The foraging radius method fitted better to tracking data than 

to aerial survey data, which could indicate that nonbreeding birds that will be seen in aerial 

survey data but not in tracking data and which represent a significant component of the total 

population but may avoid areas with dense aggregations of more experienced breeding 

adults, may confuse efforts to identify key foraging areas used by breeding birds. Perrow et 

al. (2015) also used a combination of tracking of breeding adults, a boat -based survey, and 

a foraging radius approach to define the at-sea MPA (in this case a SPA marine extension) 

for breeding little terns. They also found that these different approaches defined areas that 

were broadly similar, giving confidence in the use of each and suggesting that an integrated 

approach would be most suitable. Similarly, tracking data from marine mammals have been 

used to justify decisions on boundaries of MPAs, in some cases providing retrospective 

justification (e.g. Kirkman et al. 2016). Arias-Del-Razo et al. (2019) showed that MPAs with 

large populations of marine mammals still provided large gains in fish biomass (which 

increased with the age of the MPA), despite the presence of marine mammals that could be 

a major predator on those fish. However, Kelaher et al. (2015) concluded that reef fish 

increased less in MPAs with large seal populations than in MPAs without large numbers of 

seals and suggested that if the aim is to recover reef fish populations, designating MPA sites 

away from seal colonies may be preferable. An implication of this, of course, is that if the aim 

is to improve conditions for top predators, then marine habitat management that enhances 

populations of fish on which the predators can feed will be an effective conservation measure. 
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28. Bertrand et al. (2012) showed that the foraging efficiency of breeding seabirds in Peru may 

be significantly affected by not only the global quantity, but also the temporal and spatial 

patterns of fishery removals of forage fish (in this case, anchoveta). They concluded that, 

together with an ecosystem-based definition of the fishery quota, an ecosystem approach to 

fisheries management should limit the risk of local depletion around breeding colonies using, 

for instance, adaptive marine protected areas around colonies of forage-fish dependent 

seabirds. 

29. Hentati-Sundberg et al. (2020) developed a bioenergetics model linking top predator (such 

as seabirds) breeding biology and foraging ecology with forage fish ecology and fisheries 

management. They applied their framework to the case study example of common guillemots 

and razorbills at a Baltic Sea colony where they depend on sprat and juvenile herring as key 

prey species. They showed that a fishery management target of ‘one -third-for-the-birds’ 

(Cury et al. 2011) is sufficient to sustain successful breeding by the seabirds. However, the 

results also highlight the importance of maintaining sufficient prey densities in the vicinity of 

the colony, suggesting that fine-scale spatial fisheries management is necessary to maintain 

high seabird breeding success, and therefore indicating the value of a MPA that limits forage-

fish fishery harvests in areas close to the seabird colony. 

BRITISH INDIAN OCEAN TERRITORY (BIOT) MPA 

30. The BIOT MPA holds about 281,000 breeding pairs of seabirds of 18 species (Hays et al. 

2020). Tracking studies show that the vast majority of these seabirds forage within the BIOT 

MPA while breeding, and Hays et al. (2020) suggest that the lack of commercial fishing within 

the MPA may help ensure high availability of forage fish and reduce threats from fisheries 

bycatch of seabirds. However, that inference is based mainly on expert judgement, as the 

available evidence on this is very limited in that particular case study (Hays et al. 2020). 

SOUTH GEORGIA AND SOUTH SANDWICH ISLANDS (SGSSI) MPA AND 
SEABIRDS 

31. South Georgia and South Sandwich Islands (SGSSI) MPA, an area of 1.07 million km2, was 

designated in 2012, as a multi-purpose MPA encompassing the entire EEZ. Impetus for the 

MPA came from the desire to conserve species and habitats under pressure from: climate 

variability and change; previously high levels of illegal, unregulated, and unreported fishing; 

and incidental mortality from fishery bycatch (Handley et al. 2020). Using extensive tracking 

data from 14 marine predator species within the MPA (over 1,400 tracks), Handley et al. 

(2020) evaluated the spatio-temporal overlap of these predators and the different 

management regimes of krill, demersal longline and pelagic trawl fisheries operating within 

the MPA. Their analyses show that current fishery management measures within the MPA 

contribute to protecting top predators, including a wide range of seabird species, and that 

resource harvesting within the MPA does not pose a major threat under current climate 

conditions. The authors concluded, however, that unregulated fisheries beyond the MPA 

pose a likely threat to some of these seabirds. A very similar conclusion was reached by 

Heerah et al. (2019) by analysing tracking data from four threatened seabird species 

breeding at Amsterdam Island, southern Indian Ocean, within Amsterdam Island Marine 

Protected Area. In both of these cases, conservation gains for seabirds were assessed in 

terms of likely reductions in fishery bycatch and likely benefits from anticipated higher mean 

biomasses of prey species. However, long-term data to test whether or not seabird numbers 

increased in response to MPA designation are not yet available for these sites.  

MEDITERRANEAN MPAS AND FORAGING YELKOUAN SHEARWATERS 

32. The Yelkouan shearwater Puffinus yelkouan is an endemic seabird in the Mediterranean Sea 

and is listed as Vulnerable. No MPAs have been designated specifically to protect foraging 

habitat of this species, but Peron et al. (2013) considered that coastal MPAs in the western 

Mediterranean, that had been established to protect coastal fish, may provide suitable 

foraging habitat and good densities of small pelagic fish required by this seabird. They 
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tracked adults from colonies, carried out ship-based and visual aerial surveys, and assessed 

the extent to which these birds foraged within the existing MPAs (which are areas of 152, 

1,413 and 4,019 km2). They found that 38% of Yelkouan shearwater diving locations during 

the breeding season were within the three French MPAs, and therefore that this seabird most 

likely benefits from the existing management of those MPAs. They did not report what 

percentage of diving locations were expected to fall within these MPAs if the birds had shown 

no preference but concluded that 38% was dramatically higher than would have been 

expected if the birds were not responding to these sites as preferred foraging areas. While 

the MPAs were not designed to benefit shearwaters, they were established with constra ints 

on fishing as part of their management, and the study of Peron et al. (2013) provides strong 

evidence that this policy has enhanced the foraging resource for shearwaters within the 

MPAs relative to unprotected (and heavily fished) waters outside the MPAs. 

THE NAMIBIAN ISLANDS’ MARINE PROTECTED AREA, DESIGNATED 
SPECIFICALLY FOR ITS SEABIRDS 

33. The northern Benguela Upwelling System supports an important seabird community, 

including several globally and locally endangered species. Threats to these species i nclude 

a shortage of food, interactions with fisheries, human disturbance, habitat destruction and 

severe weather events possibly exacerbated by climate change (Ludynia et al. 2012). 

Populations of African penguins Spheniscus demersus, Cape gannets Morus capensis and 

bank cormorants Phalacrocorax neglectus are in rapid decline, and consequently are listed 

as globally ‘‘Endangered’’ (African penguin and bank cormorant), or globally ‘‘Vulnerable’’/ 

‘‘Endangered’’ in Namibia (Cape gannet). These declines have been related to the absence 

of small pelagic fish (especially sardines Sardinops sagax and anchovies Engraulis 

encrasicolus) in the Benguela after many years of intense exploitation of resource by 

fisheries (Ludynia et al. 2012). Namibia designated its first MPA, the Namibian Islands’ 

Marine Protected Area (NIMPA) in 2009, stretching 400 km along the southern Namibian 

coast, covering almost 10,000 km2. One of the NIMPA’s three key objectives is to protect the 

breeding sites as well as main foraging areas of the three threatened seabirds breeding and 

feeding along Namibia’s coast. Using a zoned approach, with a large buffer zone connecting 

areas of higher protection status, the NIMPA places restrictions on human activities, 

including fishing, mining, guano harvesting and recreational activities in the area (Ludynia et 

al. 2012). Ludynia et al. (2012) used tracking data to confirm that the boundaries of the 

NIMPA were appropriate for the seabirds, but concluded that the almost complete absence 

small pelagic fish stocks in the northern Benguela now, will require additional measures to 

achieve tangible long-term restoration of the system and an improved conservation status 

for seabirds breeding in Namibia; the destruction of the pelagic fish stocks appears to have  

resulted in a change in ecosystem structure and function that might not be reversible, even 

if the MPA is protected from further fishing. As of 2020, there seems no reason to alter that 

pessimistic conclusion yet (Jean-Paul Roux, pers. comm.). 

HABITAT MANAGEMENT PLANS TO CONSERVE AFRICAN PENGUINS IN SOUTH 
AFRICA 

34. Through the early 20th Century, very large populations of seabirds bred along the South 

African and Namibian coasts, where they feed predominantly on sardine (pilchard) and 

anchovy within the Benguela ecosystem. One of the key seabird species in that region is the 

African penguin. Because they are flightless, African penguins are resident within the 

ecosystem and are highly dependent on sardine and anchovy to survive, as well as to breed 

successfully. Off South Africa, anchovy and sardine contributed 50–90% by mass of African 

penguin diet in six studies conducted between 1953 and 1992, and 83–85% by number of 

prey items eaten in two studies between 1977 and 1985 (Crawford et al. 2006). Although 

there were 1.5 million African penguins in this ecosystem early in the 20th Century, the 

population declined to fewer than 200,000 individuals by the latter part of the century and 

was then classified as “Vulnerable” (Crawford 1998). Trends in regional populations of 

African penguins are related to long-term changes in the abundance and distribution of 
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sardine and anchovy (Crawford 1998). Purse-seine fisheries developed rapidly off South 

Africa and Namibia after 1945. They reduced availability of food to penguins, especially off 

Namibia, following the collapse of the stock of sardine. Numbers of penguins breeding in 

southern Namibia dropped from 40,000 pairs in 1956 to 1,000 pairs in 2000 (Crawford et al. 

2006). From 1984 to 1989, during a period when sardine fishing was increasing off South 

Africa, the breeding success of African penguins in Saldanha Bay was significantly related 

to the contribution of sardine to the diet (Adams et al. 1992). From 1989 to 1995, breeding 

success at Robben Island was significantly related to the biomass of anchovy (Crawford et 

al. 1999). From 1989 to 2004, the breeding success of African penguins at Robben Island, 

South Africa was significantly related to estimates of the abundance of both their main prey 

species, anchovy and sardine, and to the combined biomass of these species. When the 

combined spawner biomass of fish prey was less than two million tonnes, pairs fledged an 

average of 0.46 chicks annually. When it was above two million tonnes, annual breeding 

success had a mean value of 0.73 chicks per pair (Crawford et al. 2006). Crawford et al. 

(2006) concluded that in order to conserve the penguin population, management of the 

purse-seine fishery should ensure adequate escapement of fish to maintain the combined 

biomass of anchovy and sardine above two million tonnes. This research showed clearly that 

African penguin breeding success and population trend are driven to a considerable extent 

by forage fish stock status, and that forage fish stock status was strongly influenced by fi shing 

pressures from the directed sardine and anchovy fisheries. Between 2004 and 2008, the 

African penguin population fell to just 26,000 pairs, the lowest value on record (Pichegru et 

al. 2010). Rather than constraining the economically important fisheries on sardine and 

anchovy stocks throughout their geographic distribution, an alternative that was tested was 

the establishment of MPAs for breeding African penguins by creating fishery no take zones 

(NTZs) close to islands supporting major colonies of these penguins. That was done as a 

scientific experiment using appropriate experimental and control areas with defined 

manipulations, with two objectives; firstly, to restore African penguin breeding success and 

numbers, and secondly, to test the efficacy of NTZs around penguin colonies as a tool to 

restore depleted populations. The study and associated research led to a large literature on 

African penguin demography in relation to MPAs, fisheries and forage-fish stocks (Pichegru 

et al. 2010, 2012, Sherley et al. 2013, 2015, 2017, 2018, 2020, Ludynia et al. 2014, Weller 

et al. 2014, Robinson et al. 2015, McInnes et al. 2017, 2019, Campbell et al. 2019, Crawford 

et al. 2019). 

35. Because penguins are flightless, they forage while breeding in waters close to their co lony, 

usually within 20 km of the nest site (Pichegru et al. 2010). In January 2009, a 20 km radius 

area was closed to purse-seine fishing around the world’s largest African penguin colony at 

St Croix Island, Algoa Bay (the ‘experimental treatment’). The waters around Bird Island, 

another penguin colony 50 km away within the same bay, remained open to fishing (the 

‘control area’). By studying the foraging behaviour of adult penguins raising chicks at both 

sites before and after the closure to fishing, Pichegru et al. (2010) tested whether a relatively 

small no-take zone could benefit breeding penguins relying on pelagic prey. The foraging 

behaviour of adult penguins raising chicks of one to three weeks old was studied at St Croix 

Island (the ‘treatment colony’) and at Bird Island (the ‘control colony’), in May–June 2008 

before, and in April–May 2009 after closure to fishing. The positions of purse-seine vessels 

were monitored via satellite telemetry, ensuring compliance within the experimental closure. 

African penguins share the care of their brood of one or two chicks between March and 

August, with typically one adult attending the nest when the partner is at sea. Birds were 

equipped with GPS-TD loggers which record latitude and longitude at 1 min intervals to an 

accuracy of less than 10 m, and depth at one second intervals to the nearest 0.1 m. In 2008, 

the average foraging path travelled for birds from the treatment island was 70 km (maximum 

150 km), at 18–45 km away from the colony for an average of 22 hours per trip. After the 

fishery closure in 2009, penguins reduced their effort by 25–30%, travelling 50 km (maximum 

80 km) to forage for on average 17 hours, within 5–30 km of the island. By contrast, from 

2008 to 2009, penguins from the control island increased their time spent foraging (from 15.6 

to 17.8 hours on average), potentially as a result of reduced marine productivity and/or 

increased fishing pressure around the island in 2009 (Pichegru et al. 2010).  



 

 

Fisheries Compensatory Measures Evidence Report  115 

36. Despite having data from just a single season before and a single season after f ishery 

closure, Pichegru et al. (2010) concluded that their study provided strong evidence that even 

the relatively small MPA designated around the penguin colony can benefit penguins. 

However, Pichegru et al. (2012) describe the foraging behaviour of adult penguins raising 

chicks at both sites in the second year of fishing exclusion around St. Croix Island (2010). In 

that second paper they compared the penguins’ at-sea behaviour in the year before closure 

and the two years after closure with the distribution and abundance of purse-seine fish 

catches. They also compared the penguins’ breeding success and chick growth at the two 

colonies in the first two breeding seasons after the local fishery closure. Birds from St. Croix 

Island (the ‘treatment colony’) spent more time feeding within the boundaries of the closure 

after the ban (75% and 55% of their dives within the closure in 2009 and 2010, respectively) 

than when fishing was allowed in that area, and significantly reduced foraging effort, whereas 

effort increased at the control colony, but there was no clear evidence that the NTZ resulted 

in higher breeding success or survival of penguins. Pichegru et al. (2012) found that the local 

fishing fleet increased fishing effort in the area immediately outside the closed area and 

concluded that in order to avoid such problems the closed area needed to be larger, or to 

have a buffer area around it with limited fishing. They concluded ‘The collapse of Africa’s 

only breeding penguin species adds urgency to the wider implementation of such measures, 

which are likely to also benefit the important biomass of endemic predators of the Benguela 

upwelling ecosystem’. 

37. Sherley et al. (2013) showed that breeding numbers, and the fledging period, of African 

penguins at Robben Island increased and decreased in relation to local abundance of 

sardines in that area prior to breeding. Breeding success and chick-fledging rates also 

increased with increasing biomass of forage fish (indexed through the industrial catch of 

anchovy within 56 km of the colony). They concluded that the local abundance of forage fish 

rather than the total abundance throughout the Benguela Upwelling Ecosystem, is the key 

driver of penguin breeding success at this colony. They concluded that management needs 

to ensure adequate biomass of forage fish close to the colony during the breeding season 

and also at a regional level in the nonbreeding period when birds are more dispersed than 

while breeding. Using a population modelling approach to assess trends in African penguin 

numbers at Robben Island, Weller et al. (2014) concluded ‘The modelled population was 

found to be strongly driven by food availability and to a lesser degree by oiling and marine 

predation, while climate events and terrestrial predation had low impacts. Food biomass 

levels (small pelagic fish) in the penguins’ foraging area around the island (used during 

nesting) and further afield (used during the rest of the year) had an equal influence in driving 

population development in the short and long term. The impact of short-term (three years) 

fishing restrictions currently being trialled around the island was found to be generally 

beneficial to the modelled population, but easily masked by food-driven variability in 

population growth’. Their results suggested that improving food availability and mitigating the 

impact of oiling would have the highest beneficial impact on this penguin population. 

Robinson et al. (2015) developed a population dynamics model for African penguin at 

Robben Island and concluded that the predator–prey interaction was best explained by a 

sardine–penguin mortality relationship with average penguin survival decreasing only when 

the local sardine biomass was less than approximately one-quarter of the maximum 

observed. From that, they inferred that declines in penguin numbers would be most likely 

when forage fish biomass was severely reduced but would be unlikely if forage fish biomass 

was maintained at moderate to high levels. From 2011 to 2013, a 20 km radius around 

Robben Island was closed to purse-seine fishing. Sherley et al. (2015) examined how African 

penguin chick survival responded to that experimental closure. Chick survival is heavily 

influenced by the rate and amount of food delivered to the nest, so should respond if closure 

increases prey availability above baseline levels. Sherley et al. (2015) examined whether 

penguin chick survival varied between years with (2011–2013) and without (2001–2010) 

fisheries closure and used a demographic model to examine the impact on population growth. 

Crucially, they used biomass estimates to account for variation in prey availability, penguin 

population estimates to control for density-dependent effects and catch data from outside the 

closure to control for changes in fishing activity over larger spatial scales. Although the 

closure was relatively small, and catches continued at its boundary, chick survival increased 
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by 18% after the closure was initiated compared with when fishing had occurred close to the 

island, which alone led to a predicted 27% higher population compared with a scenario with 

continued fishing. However, the modelled population continued to decline, probably because 

of high adult mortality linked to poor prey availability over larger spatial scales. Sherley et al. 

(2015) concluded that the results illustrate that small no-take zones can have bottom-up 

benefits for highly mobile marine predators, but are only one component of holistic, 

ecosystem-based management regimes. 

38. Campbell et al. (2019) provided a detailed study of African penguin foraging from Robben 

Island. They tracked 75 chick‐provisioning penguins with GPS–time–depth devices, 

measured body condition of 569 chicks, quantified the diet of 83 breeding penguins and 

conducted 12 forage fish hydro‐acoustic surveys within a 20 km radius of Robben Island over 

three years (2011–2013), during the MPA/NTZ period at that colony. Local forage fish 

abundance explained 60% of the variation in time spent diving. Penguin foraging effort (time 

spent diving, number of wiggles per trip, number of foraging dives and the maximum distance 

travelled) increased and offspring body condition decreased as forage fish abundance 

declined. In addition, quantile regression revealed that variation in foraging effort increased 

as prey abundance around the colony declined. Their results demonstrate that local for age 

fish abundance influences seabird foraging and offspring fitness. They also highlight the 

potential for offspring condition and the mean–variance relationship in foraging behaviour to 

act as leading indicators of poor prey abundance. Those metrics were suggested as possible 

ones to use to manage MPAs for these breeding seabirds. 

39. Ludynia et al. (2014) studied the population trend and demography of African penguins at 

Dyer Island, where there has been a very large decrease in breeding numbers. They 

concluded that numbers breeding on the island were negatively correlated with purse-seine 

fishery catches from within 20 nautical miles around the island,  but that once the colony had 

declined below 3,500 breeding pairs, the impact of fishing became less evident  and other 

factors took over. Those particularly included predation impacts from fur seals and kelp gulls, 

which appear to show an increase when penguin numbers were depleted. 

40. Sherley et al. (2018) used Bayesian inference to examine changes in chick survival, body 

condition and population growth rate of African penguins in response to eight years of 

alternating time-area closures around two pairs of colonies. Their results demonstrate that 

fishing closures improved chick survival and condition, after contro lling for changing prey 

availability. However, this effect was inconsistent across sites and years, highlighting the 

difficulty of assessing management interventions in marine ecosystems. Nevertheless, 

predicted increase in penguin population growth rate as a consequence of local fishery 

closure exceeded 1% at one colony. Fishing closures evidently can improve the population 

trend of a forage-fish dependent predator. Sherley et al. (2018) therefore recommended that 

they continue in South Africa and support their application elsewhere. However, they also 

noted that detecting demographic gains for mobile marine predators from small no -take 

zones requires experimental time frames and scales that will often exceed those desired by 

decision makers. 

41. Crawford et al. (2019) used Principal Component Analysis of seabird diets in the Benguela 

Upwelling Ecosystem to assess the effect of variation in forage fish abundance on these 

birds. They found that PC2 provided a Forage Availability Index that correlated with African  

penguin annual survival, emphasizing that while local MPA/NTZs may help to improve 

penguin breeding success, the abundance of forage fish in the wider ecosystem is important 

in influencing survival of penguins from year to year. 

42. This case study, based on a large amount of detailed research and experimental 

manipulation, provides strong evidence that a NTZ around African penguin colonies can 

reduce the foraging effort and increase breeding success of the birds, but also that this 

measure may not be enough on its own if the population decline is also caused by low forage 

fish abundance throughout the region that results in poor survival of birds when di spersed 

away from the breeding site. 
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The effectiveness of fisheries management changes to seabird populations 

43. The available evidence indicates that habitat management zones that are small can be 

effective for sedentary animals. But for seabirds, habitat management zones would be 

intended to enhance food supply, and the mobility of seabirds means that to be effec tive any 

such zones would need to be large. Outside the breeding season, seabirds tend either to 

migrate substantial distances to overwinter in areas with good food supplies and benign 

conditions, or in those species that do not migrate, the birds disperse from the breeding area. 

44. In the breeding season, seabirds become central-place foragers, commuting from their nest 

site to foraging habitat. While this constrains their spatial distribution, the maximum foraging 

ranges of many breeding seabirds are large. 

45. This review found numerous examples that changes to fisheries management (through MPAs 

with NTZs) improved prey species populations resulting in positive demographic change for 

seabird population that foraged on those prey. This was across a wide variety o f seabird 

taxa, fish taxa, fisheries type and locations around the world. These results suggest that 

changes to the fisheries of key prey fish populations could provide suitable compensation 

measures for impacts predicted to affect protected seabird populations. 

46. There is therefore good evidence in general that compensation measures that have positive 

effects on sandeel stocks in the North Sea are likely to positively benefit seabird populations 

that forage on those sandeel stocks. 
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 RESIDUAL PLOTS FOR EACH RELATIONHIP BETWEEN SPECIES DEMOGRAPHIC 
RATES AND SANDEEL TSB IN SA4 

 

 

Figure 1.27 Residual plot for kittiwake return rates 
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Figure 1.28 Residual plot for guillemot return rates 

 

Figure 1.29 Residual plot for razorbill return rates 
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Figure 1.30 Residual plot for puffin return rates 

 

Figure 1.31 Residual plot for kittiwake productivity 
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Figure 1.32 Residual plot for guillemot productivity 

 

Figure 1.33 Residual plot for puffin productivity 

  



 

 

Fisheries Compensatory Measures Evidence Report  122 

 CONSULTATION WITH STAKEHOLDERS 

47. Throughout the development of the sandeel fisheries compensation plan the Applicant has 

consulted with statutory and non-statutory stakeholders on the approaches used. These 

consultations have resulting in useful feedback and improvements to this report. These are 

summarised below. Additional information regarding consultation undertaken by the 

Applicant is presented in Appendix 1 of the Derogation Case. 

QUESTIONS ASKED OF CONSULTEES 

48. During the consultations with key stakeholders four important questions were asked: 

1. Are the sandeel stock biomass scenarios a suitable basis for assessing efficacy of 

compensation measures? 

2. Are CGR and growth rates the most appropriate basis for assessing efficacy of 

compensation measures from PVA results? 

3. Are there other SPAs that should be assessed? and 

4. How do we estimate the compensation ratios based on SPAs that benefit from the 

proposed measures but are not impacted? 

49. Consultee responses for each of these questions are summarised below, with responses 

provided. Note that for clarity “stock biomass” refers to “total stock biomass” and is referred 

to as “TSB” hereafter. It is the estimated biomass of sandeels of all age classes, as presented 

in annual stock assessments by ICES. For sandeel, spawning stock biomass is defined as 

the biomass of fish 2 years old and older as few 1 year old sandeels spawn. Because a high 

proportion of the stock of this short-lived fish comprises 1 year old fish, TSB is usually 

considerably larger than SSB but the ratio between these can be variable. 

Are the sandeel TSB scenarios a suitable basis for assessing efficacy of compensation 

measures? 

50. Marine Scotland stated that, “To confidently predict the effect of compensation measures 

would require data at a much finer scale than SA4. For a resident species like sandeel, 

showing limited movement and dispersal, data at the bank level are required. This would 

then need to be related to sandeel availability and accessibility to the breeding seabirds of 

interest (considering inter alia foraging ranges). Ideally time series of age structured data at 

the bank level would allow the estimation of mortality for each age class of sandeel and 

compensation measures should result in a decrease in mortality rate of the age classes 

impacted by the fishery and benefiting from the compensation measures. Crucially to 

understand how seabirds could benefit, sandeel abundance is not sufficient to estimate 

efficacy, the spatial aspects and temporal availability need to be considered.”  

51. These data are not likely to be suitable for these analyses for a variety of reasons: 

• these data are not available from ICES (these are commercially sensitive data); 

• these data will not be available across all of the relevant sand banks as a time series that 

can be linked to species’ demography on the Isle of May or at other SPA colonies; 

• the seabirds being assessed here have sufficiently long foraging ranges that they are able 

to visit multiple sandbanks, and there is likely to be variation in this within and between 

years; and 

• analysis (see 1.7) showed that there is no important difference in the response of kittiwake 

productivity between colonies likely foraging in the sandeel box and those foraging outside 

the sandeel box. 

52. ICES will hold the catch information on sandeels in SA4 at the bank scale across multiple 

years, However, since this is highly sensitive commercial data it is not publicly available. For 

the reasons listed below, it is also unlikely to provide a useful evidence base for assessing 

the effects on seabird demography. 

53. It is clear from the catch reporting from ICES (2022) that between 2006 and 2021 fishing 

effort on the east of Scotland has increased (Figure 1.34).  
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Figure 1.34 Sandeel fishing in ICES SA and Division 3.a. Catch by ICES rectangles from 2006–
2021. The area of the circles is proportional to catch by rectangle. From ICES 
2022. 

54. The breeding season foraging ranges of the species being assessed here are sufficiently 

long it is likely that they are foraging across multiple sandbanks within  any one year and it is 

likely that they forage across multiple sandbanks in both within and between years . The 

available data on sandeel stock sizes that combines spatially and temporally with seabird 

demographic parameters occurs most usefully at the SA4 level. At smaller spatial scales the 

catch or stock estimation data is not available at the temporal scales needed to understand 

the relationships between species demography and sandeel prey availability.  

55. Further analyses was undertaken on the relationship between sandeel TSB in SA4 and 

kittiwake productivity from colonies on the east coast from the Cromarty Firth to the Farne 
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Islands This showed that the relationship between sandeel TSB in SA4 and kittiwake 

productivity in SA4 occurred down the whole of the east coast  and did not appears to be 

substantially different for colonies inside and outside the sandeel box (see 1.7).  

56. NatureScot noted that the range of TSB scenarios tested was useful but noted that the 

historic maximum biomass (about 900,000 tonnes) “should be achievable again”. We agree 

that this may possibly occur with suitable fisheries management in place and sufficient time 

for stock recovery, but there is a possibility that the historic maximum can no longer be 

achieved as a result of impacts of climate change and ecosystem change, as suggested by 

Lindegren et al. (2018) in relation to SA1r, but the same argument applies to SA4. The 

maximum TSB used in the scenarios was 800,000 tonnes, which is similar to the historic 

maximum value. It is important to note that the stock is likely to fluctuate through natural 

processes, which is one reason why the scenario-based approach is likely to be useful when 

the range of responses are considered. So, while a maximum TSB may occur in the future 

due to changes in fisheries management, it is unlikely to occur in every year. The reported 

historic TSB from the 2022 ICES report (ICES 2022) occurred in 1997 at 779,492 tonnes.  

57. The scenario testing approach has been used for a variety of important reasons. The future 

TSB in SA4 is uncertain either under the current fisheries management or future changes to 

fisheries management. The baseline TSB used and the predicted increases in TSB as a 

result of compensation measures in each scenario covers a range of plausible changes. The 

aim of testing a wide range of scenarios is to present of potential outcomes from most 

precautionary to most optimistic based on the past information on sandeel TSB in SA4. The 

values used have been based on the historic TSB for SA4 (Figure 1.35). The scenarios 

include all of the distribution, except values below 100,000 tonnes TSB. It is important to 

note that the large changes in species demography occur at the lower end of the scale of 

sandeel TSB, and that the choice to limit the baseline scenarios to 300,000 tonnes was based 

on the approximate “one third for the birds” rules of thumb described by Cury et al. (2011).  

 

 

Figure 1.35 Frequency distribution of sandeel TSB in SA4 from 1993 to 2021 

 

58. NatureScot also noted that the there was a discrepancy between the “current” TSB and the 

statement that the TSB had not been above 500,000 tonnes since 2006. This is due to the 

availability of data on both the SA4 TSB and return rates and productivity of the relevant 

species in order to study relationships between these. There were no seabird demographic 

data available from the Isle of May in 2020 or 2021. During the period from 2004 to 2019 t he 

TSB did not exceed 500,000 tonnes. The ICES (2022) predictions of sandeel TSB in SA4 is 

provided below (Table 1.34) to provide a complete account of predictions at the stock level.  
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Table 1.34 Total Stock Biomass (TSB) in SA4 from 1993 to 2021 from ICES (2022). 

Year ICES (2022) SA4 predicted sandeel TSB (tonnes) 

1993 618,393  

1994 571,687  

1995 772,094  

1996 382,202  

1997 779,492  

1998 459,550  

1999 268,367  

2000 354,099  

2001 323,825  

2002 156,276  

2003 184,694  

2004 259,656  

2005 111,495  

2006 95,431  

2007 50,393  

2008 32,923  

2009 54,412  

2010 475,943  

2011 286,284  

2012 154,307  

2013 149,987  

2014 126,895  

2015 399,110  

2016 291,562  

2017 305,129  

2018 285,935  



 

 

Fisheries Compensatory Measures Evidence Report  126 

Year ICES (2022) SA4 predicted sandeel TSB (tonnes) 

2019 159,464  

2020 481,854  

2021 288,685  

 

Are CGR and growth rates the most appropriate basis for assessing efficacy of 

compensation measures from PVA results? 

59. While NatureScot stated that, “we agree that the ratio metrics are the most sensible approach 

to assessing predicted change with the different scenarios” the RSPB noted that, “Greater 

clarity is required as to why PVAs outputs only focus on projections of growth rate and the 

Counterfactual of Population Growth Rate, and do not include Counterfactuals of Populations 

Size, which is considered the metric easiest to interpret by non-specialists”.  

60. The population models run are density independent, as empirical information on density 

dependence in the populations being modelled are considered insufficient to inform a PVA 

assessment. There is therefore no mechanism within the model to prevent the population 

size from increasing without limits. Since the comparisons being made are between the two 

population scenarios (impacted but no compensation vs. impacted with compensation) it is 

likely that this will result in very large projected population sizes from the scenarios that 

include compensation measures, particularly when these are based on increases in both 

adult survival and productivity. Thus, the counterfactual of population size will be much higher 

as the models are density Independence. Since the models are being projected over 50 

years, this difference will be much larger than at shorter time scales. The counterfactual of 

growth rate is much less affected by the density independence assumptions in the model and 

are therefore more useful in comparing scenarios. 

• Are there other SPAs that should be assessed? 

61. It is clear that this question required further explanation. The question was whether there are 

any additional SPAs, that are either predicted to be impacted or not impacted, that should be 

included in the assessment of the compensation measures. The question of whether impacts 

are not adverse will be addressed in the Report to Inform the Appropriate Assessment. A 

complete list of the SPAs, and features, that will be assessed, is shown in Table 1.35.  

Table 1.35 SPAs and the relevant qualifying features including in the sandeel fisheries 
compensation measures assessment. 

SPA Qualifying feature 

Buchan Ness to Collieston Coast Kittiwake 

Guillemot 

Coquet Island Kittiwake 

Puffin 

East Caithness Cliffs Kittiwake 

Guillemot 

Razorbill 
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SPA Qualifying feature 

Puffin 

Farne Islands Kittiwake 

Razorbill 

Puffin 

Guillemot 

Forth Islands Kittiwake 

Guillemot 

Razorbill 

Puffin 

Fowlsheugh Kittiwake 

Guillemot 

Razorbill 

St Abb’s Head to Fast Castle Guillemot 

Razorbill 

Kittiwake 

Troup, Pennan & Lion's Head’s Kittiwake 

Guillemot 

Razorbill 

 

How do we estimate the compensation ratios based on SPAs that benefit from the proposed 

measures but are not impacted? 

62. It is typical for compensation measures to provide some level of surplus compensation to 

account for either uncertainty in the assessment or a gap in timing between impacts occurring 

on European site features and compensation measures occurring, or both. This surplus 

compensation is measured as a compensation ratio. This is the ratio of the predicted level of 

impact to the Natura network to the level of compensation secured. This ratio is commonly 

used for measures being applied to habitats in Special Areas of Conservation (SAC), where 

the ratio of habitat area lost due to a project compared to the area gained through 

compensation measures is a simple calculation. For the combination of impacts and 

compensation measures on populations of mobile species this approach is unlikely to be 

directly replicable.  

63. Since the sandeel fisheries compensation measures being proposed would be very likely to 

have positive effects on all of the SPAs that border ICES SA4 and will be much greater that 

is required to offset the impacts of the proposed Development  only, it is likely that there will 

be surplus compensation to the SPA network for the features predicted to be impacted by 
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the Proposed Development. However, the approach to assessing the combined effects of 

predicted impacts and sandeel compensation measures is to compare the predicted changes 

in population growth rate due to impacts only and the combined impacts and compensation 

measures. This is also based on a range of possible future changes in sandeel TSB in SA4, 

as it is uncertain what the possible future change in sandeel TSB in SA4 as result of 

compensation measures may be.  

64. The simplest solution is to compare the increase in estimated number of additional birds in 

each SPA with connectivity to SA4 that would occur as a result of the predicted changes in 

sandeel TSB. This is a simple calculation based on the change in adult survival, change in 

adult productivity, and both of these combined (where appropriate). This should give 

sufficient information to estimate an approximate predicted compensation ratio. 

65. We do not think that the predicted difference in end population size would be a meaningful 

approach to take, as the density independent assumptions made in the population models 

are known to be violated, so modelled population sizes are able to increase with no limitations 

which is clearly unrealistic. 

66. An effective approach would be to use the calculated number of additional adult birds per 

annum in the population and/or the additional number of adult birds per annum in the 

population as a result of the increase in productivity combined with the survival to age at first 

breeding. This approach has the advantage that the total number of  additional adult birds in 

the population in one year as a result of the compensation measures across the SPA network 

can be compared with the predicted annual losses of adult birds in the SPA network as a 

result of the Proposed Development. From these numbers an approximation of the 

compensation ratio can be calculated and therefore compared in a meaningful way between 

compensation scenarios. This information, combined with the CGR information across the 

scenario it will be possible to characterise the over-compensation even if the “compensation 

ratio” value is not identical to the typical approach used for habitats. 

Scallop fishing and sandeels 

67. Both NatureScot and RSPB requested further information on how this information may be 

taken forward as a compensation measure. At present we do not think that there is sufficient 

information to include this as a compensation measure. There is considerable uncertainty in 

the efficacy of restricting scallop dredging in order to benefit sandeels and it would not be 

possible to quantitatively predict the benefits of such a measure to the qualifying features of 

SPAs. However, this may be developed as part of the adaptive management, allowing 

gathering of the relevant information to predict the benefits to SPA seabirds shou ld the 

proposed measures not be sufficient, as outlined within the Implementation and Monitoring 

Plan. 

Climate change 

68. In relation to the effects of climate change on the proposed compensation measures 

NatureScot noted, “The proposed compensation measures should cover the full operational 

phase of the project. Within this time, we might expect to see potential changes to sandeel 

distribution associated with warmer/stormier seas. If sandeel biomass reduces over time, 

other fisheries measures might need to be considered to make up the short fall of available 

prey in the later years of operation”. 

69. It is important to note that climate change may cause changes to the baseline conditions as 

well as the compensation measures. The scenarios used for assessing compensation 

measures is based on a wide range of baseline conditions, from a TSB of 100,000 to 300,000 

tonnes. The available information on SA4 TSB shows only four years with the TSB below 

100,000 tonnes between 1991 and 2021. The available evidence therefore suggests that the 

future sandeel TSB in SA4 is unlikely to remain this low for long periods. At this sandeel TSB 

the change in demographic rates is relatively large across relatively small changes in TSB.  

As such, relatively small increases in TSB as a result of the proposed fisheries compensation 
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measures would have a more important difference in the demographic response compared 

to the baseline condition.  

70. The response of sandeel populations to the effects of climate change are hard to predict at 

the level of accuracy and precision required to enumerate the effect. Clearly if climate change 

were to cause a large scale reduction in sandeel abundance in the North Sea this could have 

an effect on kittiwake populations. However, kittiwakes do nest much further south in Europe 

than the North Sea and forage on other species of fish in other areas. While there may be 

predictions of the negative effects of climate change on sandeels, there is also a possibility 

of positive effects on more southerly prey species that move north with changing climate (e.g. 

sardines, anchovies). This is speculative and it is unknown what the potential affect this might 

have on kittiwake populations in the North Sea.  

71. The recent BTO report predicting the effect of climate change on seabirds concluded that 

there was a high risk of a decline by 2050 to kittiwake and puffin (a predicted decline in 

population size of 54% and 89% respectively) and a medium risk to guillemot and razorbill. 

It is important to note that as populations decline, so will their predicted impacts. This 

highlights the importance of climate change mitigation plans and the value of projects, 

including the Proposed Development, to this plan.  

72. Further information on climate change effects on the assessment of the baseline conditions 

and impact assessment for the Proposed Development are provided in Chapter 20 (Inter-

related Effects) of the EIA.  
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