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Executive Summary 

Under the Conservation of Seals Act 1970 and the Marine (Scotland) Act 2010, the Natural 
Environment Research Council (NERC) has a duty to provide scientific advice to government on 
matters related to the management of UK seal populations. NERC has appointed a Special 
Committee on Seals (SCOS) to formulate this advice. Questions on a wide range of management 
and conservation issues are received from the UK government and devolved administrations. In 
2021, thirty-six questions were received from Marine Scotland, Defra and Natural Resources 
Wales. {/h{Ωǎ ŀƴǎǿŜǊǎ ǘƻ ǘƘŜǎŜ ǉǳŜǎǘƛƻƴǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ ǘƘŜ Ƴŀƛƴ !ŘǾƛŎŜ ōŜƭƻǿ ŀƴŘ 
summarised here.  

Current status of British grey seals (Halichoerus grypus) 

Grey seal population trends are assessed from counts of pups born during the autumn breeding 
season, when females congregate on land to give birth. Outside of the breeding season animals 
may re-distribute themselves, thus, regional differences in population estimates do not 
necessarily reflect the abundance of animals in each region at other times of the year. 

The most recent synoptic census of the principal grey seal breeding sites in Orkney, the Inner 
and Outer Hebrides, the Firth of Forth and sites in eastern England was carried out in 2019. The 
results, together with a correction for less frequently monitored sites, produce an estimate of 
67,850 (approximate 95% CI: 60,500-75,100) pups born throughout the UK in 2019 (Table S1). 

The pup production estimates are converted to estimates of total population size (1+ aged 
population at the start of the breeding season) using a mathematical model. The population 
model provided an estimate of 157,300 individuals (approximate 95% CI 144,600-169,400). The 
UK currently holds approximately 35% of the world population and 82% of the European 
population of grey seals. 

Table S1. Grey seal pup production by country (based on 2019 pup production estimates), and total 
population estimates at the start of the 2020 breeding season. Pup production numbers rounded to 
nearest 50 pups and total population rounded to nearest 100. 

Location Pup production 
in 2019 

2020 Population 
estimate 

England     11,300     30,700 
Wales       2,250       5,200 
Scotland     54,050   120,800 
Northern Ireland          250           600 

Total UK     67,850   157,300 

The overall UK pup production increased by <1.5% p.a. between 2016 and 2019. Growth was 
mainly limited to the North Sea colonies along the east coast of Scotland and England. The 
combined 2019 pup production estimate in the Inner and Outer Hebrides and Orkney was 3.3% 
lower than the 2016 estimate, whereas the production for the North Sea colonies increased by 
23% over the same period.  

Current status of British harbour seals (Phoca vitulina) 

Harbour seals are counted while they are on land during their August moult, giving a minimum 
estimate of population size. Not all areas are counted every year, but the aim is to cover the UK 
coast every 5 years. Due to Covid restrictions through summer 2020, no large-scale surveys of 
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Scottish harbour seal populations were undertaken. However, a complete survey of the East 
Anglian coast from Donna Nook to Scroby Sands was completed in 2020 and three further 
surveys of that area were carried out in August 2021.  

The best estimate of the UK harbour seal population in 2020 is 43,750 (approximate 95% 
CI: 35,800-58,300). This is derived by scaling the most recent composite count of 31,500, (based 
on surveys between 2016 and 2021) by the estimated proportion hauled out during the surveys 
(0.72 (95% CI: 0.54-0.88)). Overall, the UK population has increased since the late 2000s and is 
close to the late 1990s level prior to the 2002 Phocine Distemper Virus (PDV) epizootic. 
However, there are significant differences in the population dynamics between regions.  

Until recently, harbour seal populations along the English East coast had generally increased 
year on year, with those increases punctuated by major declines associated with two major PDV 
epizootics in 1988 and 2002. However, the 2019 count in the large Southeast England Seal 
Management Unit (SMU) was approximately 25% lower than the mean of the previous five 
years. Counts for 2020 and 2021 confirm that the population has declined. The total count for 
the sites between Donna Nook in Lincolnshire and Scroby Sands in Norfolk, has declined by 
approximately 38% compared to the mean of the previous five years (2019ς2021 mean = 3080; 
2014-2018 mean = 4296). This decline is a clear cause for concern and emergency funding for 
additional surveys has been provided by Defra. A proposed programme of research to 
investigate the causes of this decline is being developed. 

Populations along the east coast of Scotland and in the Northern Isles have generally declined 
since the early 2000s. The recorded declines have differed in intensity but in all areas the 
current population size is at least 40% below the pre-2002 level. Populations in North Coast & 
Orkney SMU and in the Tay and Eden SAC are continuing to decline. Although continued 
declines are not evident in Shetland or the Moray Firth, there is no indication of recovery. 

Populations in western Scotland are either stable or increasing. Counts in the central and 
northern sections of the large West Scotland SMU and the Southwest Scotland SMU have been 
increasing since the 1990s and in all other areas they have remained stable. In Northern Ireland, 
the population appeared to have declined slowly after 2002 but has been apparently stable 
since 2011. 

Table S2. UK harbour seal population estimates based on counts during the moult; rounded to the 
nearest 100. 

Location Most recent count 

(2016-2021) 
         Total Population estimates  

with 95% CIs 

England          3,6001           5,000     (95% CI 4,100-6,700) 
Wales             <102               <15 

Scotland        26,8003          37,200     (95% CI 30.400-49,600) 
Northern Ireland          1,000            1,400     (95% CI 1,100-1,900) 

Total UK        31,500          43,750     (95% CI 36,000-58,700) 

Knowledge of UK harbour seal demographic parameters (i.e., vital rates) is limited and therefore 
inferences about the population dynamics rely largely on count data from the moulting surveys. 

Information on the causes of the declines in harbour seals in some Scottish SMUs is required for 
SCOS to advise on appropriate conservation actions. A wide range of potential causes have been 
discussed at previous SCOS meetings. Details of the current state of knowledge for each of the 
potential drivers of decline were discussed and a summary is presented in Table 9. This 
identifies three ultimate causes as likely drivers of the declines; prey quality and availability, 
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competition with other marine predators, and predation by killer whales and grey seals. Other 
potential contributing factors include disease and exposure to toxins from harmful algae.  
Importantly, several factors have been ruled out or are considered unlikely to be driving the 
declines, these include fisheries bycatch, deliberate killing, disturbance at haulout sites, 
entanglement, ingestion of micro-plastics and Persistent Organic Pollutants (POPs). 

Seal management 

Conservation orders for harbour seals are currently in place for the Western Isles, Northern Isles 
and down the Scottish East Coast as far as the border. SCOS discussed the requirement for 
continuation of the Seal Conservation Area designations in Scotland and recommended that 
orders for the Northern Isles and East Scotland SMUs should remain in place. However, the 
continued increases in the Outer Hebrides harbour seal population means that the designation 
could be removed. SCOS also provided advice on scientific criteria for designating and revoking 
Seal Conservation Area designations. 

The Potential Biological Removals (PBR) is a relatively simple metric developed to provide advice 
on the levels of removals from a marine mammal population that would still allow the 
population to approach a defined target. PBR estimates for both harbour and grey seals for each 
seal management unit in Scotland are presented. As there were no changes to the harbour seal 
or grey seal summer population estimates from Scotland the values are unchanged from last 
ȅŜŀǊΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΦ  

The SCOS discussed the merits of altering the existing Seal Management Unit areas and 
concluded that there was no scientific merit in coalescing units. SCOS recognised the difficulty of 
managing geographically widespread threats such as bycatch but concluded that these issues 
can best be addressed by combining the individual SMU populations where and when 
appropriate.  

SCOS also discussed the need to designate additional Sites of Special Scientific Interest (SSSIs) 
for seals and provided advice to Defra and Natural England on the most important seal sites in 
each SMU.  

Seal Bycatch 

The most recent estimated bycatch of seals in UK fisheries was in 2019. The total estimate was 
488 animals (95% CI: 375-872). This is almost exclusively in gill net fisheries and 81% of the 
bycatch occurs in the southwest, in ICES area VII.  

Statistical analyses have not found any strong seasonal signal to seal bycatch rate. All recorded 
species IDs in the southwest are of grey seals, as there are few harbour seals west of the Solent 
area. Most bycaught animals are small. SCOS recommend that effort should be directed towards 
identifying the species and if possible, the sex and age structure, and genetic information from 
the bycaught seals. This could be achieved by obtaining photographs of the animals and taking a 
skin sample.  

Estimated bycatch levels in the Western Channel and Celtic Sea exceed the PBR for the 
combined grey seal populations of SW England, Wales, and Ireland. Despite the bycatch, grey 
seal populations in Wales and Ireland are probably stable, suggesting that bycaught seals 
include animals that may have originated from the large, adjacent breeding populations in 
western Scotland.  
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Interactions with Fisheries 

SCOS discussed a range of topics related to seal interactions with fisheries, aquaculture, and the 
wider marine environment.  

Interactions with Marine Renewable Energy developments 

SCOS discussed the current state of knowledge on seal interactions with marine renewable 
energy devices, including recent issues of seal entrapment in underwater structures. An update 
on interactions between seals and marine renewables is presented along with a review of 
emerging technologies and methodologies that may be useful for investigating the behavioural 
and physiological consequences of interactions.  

Threats to UK seals  

SCOS discussed the available information on the likely impacts of climate change on UK seal 
populations and an updated review of likely impacts is presented together with a review of the 
current and potential future threats to UK seal populations. This includes available information 
on effects of macro- and micro-plastic pollution, entanglement, pollutants including POPs, 
plasticizers and pharmaceuticals, harmful algae, fisheries interactions, disturbance, infectious 
diseases, and predation risk. 

There was considerable discussion on the likely effects of disturbance. SCOS recognise the 
increasing public concern over disturbance, but conclude that, while disturbance can clearly 
affect individual animal welfare, there is no evidence that disturbance at haulout sites is 
currently a concern at the population level. An extensive review of the available information on 
disturbance of seals is presented. 

  



6 
 

Contents 
 

Executive Summary  2 

 
Background     9 

 
Questions    14 

 
1. Seal Populations 14 
 Current status of British grey seals  14 
 Current status of British harbour seals 26 
 
2. Regional harbour seal declines -Scotland  37 
 
3. Regional harbour seal declines -England  38 
 
4.  Population structure and demographics 39 
 Grey seals  39 
 Harbour seals 44 
 
5. SAC populations 46 
 Harbour seals 46 
 Grey seals 47 
  
6. Effects of reduced survey frequency for grey seals 51 
 
7. Pup production to total population multipliers 52 
 
8. Emerging survey technologies 53 
 
9. Drivers of harbour seal declines 56 
 
10. Comparison between English and Scottish harbour seal declines 60 
 
11. Genetic differences between stable and declining harbour seal populations 62 
 
12. Criteria for changing SAC conservation objectives 63 
 
13. OSPAR M3 & M5 indicators 64 
 
14. IAMMWG seal management area proposal 69 
 
15. Identifying additional sites for SSSI designation 72 
 
16. Current guidance on additional SSSI designation 77 
 
17. Need for and alternatives to additional SSSI designation 78 
 



7 
 

18. Assessing site vulnerability 79 
 
19. Criteria for establishing Seal Conservation Areas 80 
 
20. Timeframe for reviewing designation of protected haulout sites 81 
 
21. Updated PBRs for Scottish Seal Management Units 84 
 
22. Bycatch of seals in UK fisheries 88 
 
23. Non-lethal seal deterrence in fisheries 92 
 
24. Levels of depredation by seals in UK fisheries 93 
 
25. Potential ecosystem effects of increasing seal populations 94 
 
26. Predicting seal interactions with aquaculture industry 98 
 
27. Non-lethal options to address seal interactions with fisheries and aquaculture 100 
 
28. Effects of climate change on UK seals  100 
 
29. Entrapment of seals in underwater structures 106 
 
30. Knowledge gaps with respect to noise and collision risk with tidal turbines 107 
 
31. What is the current state of knowledge on grey seal interactions with tidal 
 energy devices? 112 
 
32. At sea abundance and distribution data for use in licensing applications and 
 planning activities 114 
 
33. Potential for repeated disturbance to have individual and population impacts 
 on seals 115 
 
34. Prioritisation of strandings cases for post-mortem examination             123 
 
35. άaƻǳǘƘ Ǌƻǘέ ŎŀǎŜǎ ƛƴ ƘŀǊōƻǳǊ ǎŜŀƭǎ 125 
 
36. Effects of entanglement, ingestion of macroplastics, microplastics and chemical  
 pollution on UK seals 126 
 
37. Information on current environmental threats to seals and assessment of their  
 relative levels of risk 132 
 
38. Can seals contract COVID 19 and potential to act as wildlife reservoir 137 
 
 
 
 
 



8 
 

References  140 
 

ANNEX l Terms of reference and SCOS membership  158 
 

ANNEX ll Original questions to SCOS  159 
 
ANNEX lll Briefing papers for SCOS 170 
 
21/01  Grey seal pup production in Britain in 2019 171 
  Morris CD, Riddoch NG and Duck CD 
 
21/02  Grey seal independent estimate scalar: converting counts to population  186 

estimates  
  Russell DJF and Carter MID 
 
21/03  Trends in seal abundance and grey seal pup production 196 
  Russell DJF, Duck CD, Morris CD, Riddoch NG, and Thompson D 
 
21/04  2018 Annual review of priors for grey seal population model 219 
  Russell DJF, Thompson D and Thomas L 
 
21/05  Estimating the size of the UK grey seal population between 1984 and 2019  228 
  Thomas L 
 
21/06   Recent changes in status of harbour seals in the Wash and North Norfolk 
   SAC and adjacent sites  239 
  Thompson D and Russell DJF 
 
21/07  Report on 2021 Seal Surveys in the Greater Thames Estuary 250 
  Cox T, Cucknell A, Harris S, McCormick H, Layne Mensah R and Debney A 
 
21/08  Provisional Regional PBR values for Scottish seals in 2021  260 
  Thompson D, Morris CD and Duck, CD 
 
 

 

 

  



9 
 

Scientific Advice 

Background 

Under the Conservation of Seals Act 1970 and the Marine (Scotland) Act 2010, the Natural 
Environment Research Council (NERC) has a duty to provide scientific advice to government on 
matters related to the management of seal populations. NERC has appointed a Special 
Committee on Seals (SCOS) to formulate this advice so that it may discharge this statutory duty. 
Terms of Reference for SCOS and its current membership are given in Annex I. 

Formal advice is given annually based on the latest scientific information provided to SCOS by 
the Sea Mammal Research Unit (SMRU). SMRU is an interdisciplinary research group at the 
University of St Andrews which receives National Capability funding from NERC to fulfil its 
statutory requirements and is a delivery partner of the National Oceanography Centre. SMRU 
also provides government with scientific reviews of licence applications to shoot seals; 
information and advice in response to parliamentary questions and correspondence; and 
responds on behalf of NERC to questions raised by government departments about the 
management of marine mammals in general. 

This report provides scientific advice on matters related to the management of seal populations 
for the year 2021. It begins with some general information on British seals, gives information on 
their current status, and addresses specific questions raised by Marine Scotland (MS) and the 
Department of the Environment, Food and Rural Affairs (Defra) and Natural Resources Wales 
(NRW).  

Briefing papers which provide additional scientific background for the advice are appended to 
the main report (Annex lll).  

{aw¦Ωǎ ƭƻƴƎ-term funding has recently seen a substantial reduction. This will have an impact on 
the frequency and types of advice that SMRU will be able to deliver and research activities are 
being reprioritised as necessary. 

General information on British seals 

Two species of seal live and breed in UK waters: grey seals (Halichoerus grypus) and harbour 
(also called as common) seals (Phoca vitulina). Grey seals only occur in the North Atlantic, 
Barents and Baltic Sea with their main concentrations on the east coast of Canada and United 
States of America and in north-west Europe. Harbour seals have a circumpolar distribution in 
the Northern Hemisphere and are divided into five sub-species. The population in European 
waters represents one subspecies (Phoca vitulina vitulina). Other species that occasionally occur 
in UK coastal waters, include ringed seals (Pusa hispida), harp seals (Pagophilus groenlandica), 
bearded seals (Erignathus barbatus), hooded seals (Cystophora cristata) and walrus (Odobenus 
rosmarus), all of which are Arctic species. 

Grey seals 

Grey seals are the larger of the two resident UK seal species. Adult males can weigh over 300 kg 
while the females weigh around 150-200 kg. Grey seals are long-lived animals. Males may live 
for over 20 years and begin to breed from about age 10. Females often live for over 30 years 
and begin to breed at about age 5. 
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They are generalist feeders, foraging mainly on the seabed at depths of up to 100 m, although 
they are capable of feeding at all the depths found across the UK continental shelf. They take a 
wide variety of prey including sandeels, gadoids (cod, whiting, haddock, ling), and flatfish 
(plaice, sole, flounder, dab). Amongst these, sandeels are typically the predominant prey 
species. Diet varies seasonally and from region to region. Food requirements depend on the size 
of the seal and fat content (oiliness) of the prey, but an average consumption estimate for an 
adult is 4 to 7 kg per seal per day depending on the prey species. 

Grey seals forage in the open sea and return regularly to haul out on land where they rest, 
moult and breed. They may range widely to forage and frequently travel over 100 km between 
haulout sites. Foraging trips can last anywhere between 1 and 30 days. Compared with other 
times of the year, grey seals in the UK spend longer hauled out during their annual moult 
(between December and April) and during their breeding season (between August and 
December). Tracking of individual seals has shown that most foraging probably occurs within 
100 km of a haulout site although they can feed up to several hundred kilometres offshore. 
Individual grey seals based at a specific haulout site often make repeated trips to the same 
region offshore but will occasionally move to a new haulout site and begin foraging in a new 
region. Movements of grey seals between haulout sites in the North Sea and haulout sites in the 
Outer Hebrides have been recorded as well as movements from sites in Wales and NW France, 
to the Inner Hebrides. 

Globally there are three centres of grey seal abundance: one in eastern Canada and the north-
east USA, a second around the coast of the UK, especially in Scottish coastal waters, and a third, 
smaller group in the Baltic Sea. All populations are increasing, although numbers are still 
relatively low in the Baltic where the population was drastically reduced by human exploitation 
and reproductive failure, probably due to pollution. In the UK and Canadian populations, there 
are clear indications of a slowing down in population growth in recent years. 

!ǇǇǊƻȄƛƳŀǘŜƭȅ ос҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƎǊŜȅ ǎŜŀƭǎ ōǊŜŜŘ ƛƴ ǘƘŜ ¦Y ŀƴŘ ул҈ ƻŦ ǘƘŜǎŜ breed at colonies 
in Scotland with the main concentrations in the Outer Hebrides and in Orkney. There are large 
and rapidly growing breeding colonies on the east coast of Scotland and England with fastest 
growth in the central and southern North Sea. There are also breeding colonies in Shetland, on 
the north and northeast coasts of mainland Britain and smaller populations in Wales and 
southwest England. 

In the UK, grey seals typically breed on remote, uninhabited islands or coasts and in small 
numbers in caves. Preferred breeding locations allow females with young pups to move inland 
away from busy beaches and storm surges. Seals breeding on exposed, cliff-backed beaches and 
in caves may have limited opportunity to avoid storm surges and may experience higher levels 
of pup mortality as a result. Breeding colonies vary considerably in size; at the smallest only a 
handful of pups are born, while at the biggest, over 5,000 pups are born annually. In the past, 
grey seals have been highly sensitive to disturbance by humans, hence their preference for 
remote breeding sites. However, at one UK mainland colony at Donna Nook in Lincolnshire, 
seals became habituated to human disturbance in the 1990s and that tolerance of human 
activity has spread as the population has grown in the southern North Sea colonies. Several 
mainland colonies now receive tens of thousands of visitors each breeding season with no 
apparent impact on the number of breeding seals. 

UK grey seals breed in the autumn, but there is a clockwise cline in the mean birth date around 
the UK. The majority of pups in SW Britain are born between August and October; in north and 
west Scotland pupping occurs mainly between September and late November; and in eastern 
England pupping occurs mainly between early November to mid-December. 



11 
 

Female grey seals give birth to a single white coated pup, which they suckle for 17 to 23 days. 
tǳǇǎ Ƴƻǳƭǘ ǘƘŜƛǊ ǿƘƛǘŜ ƴŀǘŀƭ Ŏƻŀǘ όŀƭǎƻ ŎŀƭƭŜŘ άƭŀƴǳƎƻέύ ŀǊƻǳƴŘ ǘƘŜ ǘƛƳŜ ƻŦ ǿŜŀƴƛƴƎ ŀƴŘ ǘƘŜƴ 
remain on the breeding colony for up to two or three weeks before going to sea. Mating occurs 
at the end of lactation and then adult females depart to sea and provide no further parental 
care. In general, female grey seals return to the same colony to breed in successive years and 
often breed at the colony in which they were born. Grey seals have a polygynous breeding 
system, with dominant males monopolising access to females as they come into oestrus. The 
degree of polygyny varies regionally and in relation to the breeding habitat. Males breeding on 
dense, open colonies are more able to restrict access to a larger number of females (especially 
where they congregate around pools) than males breeding in sparse colonies or those with 
restricted breeding space, such as in caves or on cliff-backed beaches. 

Harbour seals  

Adult harbour seals typically weigh 80-100 kg. Males are slightly larger than females. Like grey 
seals, harbour seals are long-lived with individuals living up to 20-30 years. They normally feed 
within 40-50 km around their haul out sites. They take a wide variety of prey including sandeels, 
gadoids, herring and sprat, flatfish, octopus and squid. Diet varies seasonally and from region to 
region. Because of their smaller size, harbour seals eat less food than grey seals; 3-5 kg per adult 
seal per day depending on the prey species. 

Harbour seals come ashore in sheltered waters, often on sandbanks and in estuaries, but also in 
rocky areas. They give birth to their pups in June and July and moult in August. At these, as well 
as other times of the year, harbour seals haul out on land regularly in a pattern that is often 
related to the tidal cycle. Harbour seal pups are born having shed their white coat in utero and 
can swim almost immediately. 

Harbour seals are found around the coasts of the North Atlantic and North Pacific from the 
subtropics to the Arctic. Five subspecies of harbour seal are recognized. The European 
subspecies, Phoca vitulina vitulina, ranges from northern France in the south, to Iceland in the 
west, to Svalbard in the north and to the Baltic Sea in the east. The largest population of 
harbour seals in Europe is in the Wadden Sea. 

Approximately 32% of European harbour seals are found in the UK. The proportion has declined 
from approximately 40% in 2002 due to the more rapid recovery and higher sustained rates of 
increase in the Wadden Sea population. Harbour seals are widespread around the west coast of 
Scotland and throughout the Hebrides and Northern Isles. On the east coast, their distribution is 
more restricted with concentrations in the major estuaries of the Thames, The Wash, the Firths 
of Forth and Tay, and the Moray Firth. Scotland holds approximately 85% of the UK harbour seal 
population, with 12% in England and 3% in Northern Ireland. 

The population along the east coast of England (mainly in The Wash) was reduced by 52% 
following the 1988 phocine distemper virus (PDV) epizootic. A second epizootic in 2002 resulted 
in a decline of 22% in The Wash but had limited impact elsewhere in Britain. Counts in the Wash 
and eastern England did not demonstrate any immediate recovery from the 2002 epizootic and 
continued to decline until 2006. The counts increased rapidly from 2006 to 2012 but appeared 
to have remained relatively constant since until a decline began in 2019. In contrast, the 
adjacent European colonies in the Wadden Sea experienced continuous rapid growth after the 
epizootic, but again, the counts over the last 5 years suggest that the rate of increase has 
slowed dramatically. 
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Major declines have now been documented in several harbour seal populations around 
Scotland, with declines since the late 1990s of 85% in Orkney, 47% in Shetland and 95% in the 
Firth of Tay. However, the pattern of declines is not universal. The Moray Firth count apparently 
declined by 50% before 2005 and has fluctuated since, showing no significant trend since 2003. 
The Outer Hebrides apparently declined by 35% between 1996 and 2008 but has shown no 
significant trend over the entire time series. The West Scotland population is now the largest 
population in the UK and in 2018 was approximately twice the size it was in the mid-1990s. The 
recorded declines are not thought to have been linked to the 2002 PDV epizootic as there was 
very little recorded mortality of harbour seals in Scotland in 2002. 

Historical status 

We have little information on the historical status of seals in UK waters. Remains have been 
found in some of the earliest human settlements in Scotland and they were routinely harvested 
for meat, skins and oil until the early 1900s. Harbour seals were heavily exploited mainly for pup 
skins until the early 1970s in Shetland and The Wash. Grey seal pups were taken in Orkney until 
the early 1980s, partly for commercial exploitation and partly as a population control measure. 
Large scale culls of grey seals in the North Sea, Orkney and Hebrides were carried out in the 
1960s and 1970s as population control measures. Grey seal pup production monitoring started 
in the late 1950s and early 1960s and numbers have increased consistently since. However, in 
recent years, there has been a significant reduction in the rate of increase. 

Boat surveys of harbour seals in Scotland in the 1970s showed numbers to be considerably 
lower than in the aerial surveys, which started in the late 1980s, but it is not possible to 
distinguish the apparent change in numbers from the effects of more efficient counting 
methods. After harvesting ended in the early 1970s, regular surveys of English harbour seal 
populations indicated a gradual recovery, punctuated by two major reductions due to PDV 
epizootics in 1988 and 2002 respectively. 

Legislation protecting seals 

The Grey Seal (Protection) Act, 1914, provided the first legal protection for any mammal in the 
UK because of a perception that seal populations were very low and there was a need to protect 
them. In the UK seals are protected under the Conservation of Seals Act 1970 (England, and 
Wales), the Marine (Scotland) Act 2010 and The Wildlife (Northern Ireland) Order 1985.  

In Scotland, the Conservation of Seals Act was superseded by the Marine (Scotland) Act 2010. As 
a result, the conservation orders in Scotland have been superseded by the designation of seal 
conservation areas under the provisions of the Marine (Scotland) Act 2010. Conservation areas 
have been established for the Northern Isles, the Outer Hebrides and the East coast of Scotland. 
In general, seals in Scotland are afforded protection under Section 6 of the Act which prohibits 
the killing or taking of seals except under licence. In the original version of the Act, licences 
could be granted for ten specific reasons, including to conserve natural habitats, for scientific, 
research or educational purposes, to protect the health and welfare of farmed fish and to 
prevent serious damage to fisherƛŜǎ ƻǊ ŦƛǎƘ ŦŀǊƳǎΩ ŀǉǳŀŎǳƭǘǳǊŜ ŀŎǘƛǾƛǘƛŜǎΦ Recent legislative 
changes in Scotland, via the Animals and Wildlife (Penalties, Protections and Powers) (Scotland) 
Act 2020, have amended the Marine (Scotland) Act 2010 to remove the provision to grant 
licences authorising the killing or taking of seals to protect the health and welfare of farmed 
fish, and to prevent serious damage to fisheries or fish farms.  

Similar legislative changes in England and Wales, and Northern Ireland via Schedule 9 of the 
Fisheries Act 2020, amends the Conservation of Seals Act 1970 and the Wildlife (Northern 
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Ireland) Order 1985, prohibiting the intentional or reckless killing, injuring or taking of seals and 
removing the provision to grant licences for the purposes of protection, promotion or 
development of commercial fisheries or aquaculture activities. These changes were enacted to 
ensure compliance with the US Marine Mammal Protection Act Import Provision Rule.  

Lƴ {ŎƻǘƭŀƴŘ ƛǘ ŀƭǎƻ ƛǎ ƴƻǿ ŀƴ ƻŦŦŜƴŎŜ ǘƻ ΨƛƴǘŜƴǘƛƻƴŀƭƭȅ ƻǊ ǊŜŎƪƭŜǎǎƭȅ ƘŀǊŀǎǎΩ ǎŜŀƭǎ ŀǘ ŘŜǎƛƎƴŀǘŜŘ 
haulout sites. NERC (through SMRU) provides advice on all licence applications and haulout 
designations.  

In Northern Ireland It is an offence to intentionally, or recklessly disturb seals at any haulout site 
under Article 10 of Wildlife and Natural Environment Act (Northern Ireland) 2011. 

Both grey and harbour seals are listed in Annex II of the EU Habitats Directive, requiring specific 
areas to be designated for their protection. To date, 16 Special Areas of Conservation (SACs) 
have been designated specifically for seals. Seals are features of qualifying interest in seven 
additional SACs. The six-yearly SAC reporting cycle requires formal status assessments for these 
sites. These were last completed in 2019.  
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Questions 

Seal Populations 

1. What are the latest estimates of the number of seals in UK waters? 
MS Q1 

Defra Q1 
NRW Q1 

Current status of British grey seals 

The total UK grey seal population of at the start of the 2020 breeding season (before pups are 
born) is estimated at 157,300 (approximate 95% CI 144,600-169,400). The estimate is based 
on the most recent pup production estimates in 2019 for aerial surveyed colonies in Orkney, 
the Inner and Outer Hebrides and the Firth of Forth, and from ground surveyed colonies and 
the colonies on the east coast of England.  

Grey seal population trends are assessed from the counts of pups born during the autumn 
breeding season, when females congregate on land to give birth. Outside of the breeding 
season animals may re-distribute themselves, thus, regional differences in population 
estimates do not necessarily reflect the abundance of animals in each region at other times of 
the year. 

The most recent synoptic census of the principal grey seal breeding sites in Orkney, the Inner 
and Outer Hebrides, the Firth of Forth and sites in eastern England was carried out in 2019.  
The results, together with a correction for less frequently monitored sites, produce an 
estimate of 67,850 (approximate 95% CI 60,500-75,100) pups born throughout the UK (Tables 
1 & 2) in 2019. 

The regional pup production estimates for 1984 to 2019 for the Inner Hebrides, Outer 
Hebrides and Orkney and the North Sea colonies were converted to estimates of total 
ǇƻǇǳƭŀǘƛƻƴ ǎƛȊŜ όмҌ ŀƎŜŘ ǇƻǇǳƭŀǘƛƻƴΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨŀŘǳƭǘ ǇƻǇǳƭŀǘƛƻƴΩύ ŀǘ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ 2020 
breeding season, using a mathematical model of British grey seal population dynamics. The 
population estimate is then corrected to account for pup production at less frequently 
monitored colonies. The stages in the process, the fitting of the pup production model and the 
observed trends are described below and presented in SCOS BPs 21/05, Russell et al. (2019) 
and Thomas et al. (2019).  

The overall UK pup production increased by <1.5% p.a. between 2016 and 2019. Growth was 
mainly limited to the North Sea colonies along the east coast of Scotland and England. The 
combined 2019 pup production estimate in the Inner and Outer Hebrides and Orkney was 
3.3% lower than the 2016 estimate, whereas the production for the North Sea colonies 
increased by 23% over the same period. 

Pup Production 

The pup production estimates from 2019 aerial surveys ground counts combined with estimates 
from less frequently aerially surveyed colonies, indicated that approximately 67,850 
(approximate 95% CI 50,250-85,400) grey seal pups were born in 2019 across all UK colonies, 
including the Isle of Man.  
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Major colonies in Scotland are now surveyed biennially (see SCOS-BP 14/01). Aerial surveys to 
estimate grey seal pup production were carried out in Scotland in 2019, using a digital camera 
system (SCOS-BP 21/01). Counts then go into a model to estimate pup production on the 
biennially monitored colonies around Scotland. Pup- production estimates for colonies on the 
East coast of England were obtained from ground counts in 2019.  

Table 1. Grey seal pup production by country (based on 2019 pup production estimates), and total 
population estimates at the start of the 2020 breeding season. Numbers rounded to nearest 50 
pups. 

Location Pup production 
in 2019 

2020 Population 
estimate***  

England**     11,300*     30,700 
Wales       2,250*       5,200 
Scotland     54,050*   120,800 
Northern Ireland          250*           600 

Total UK     67,850   157,300 

*Includes estimated production for less frequently monitored colonies, see SCOS-BP 21/01 and 20/04 for 
details. Populations associated with these estimates were based on the region-specific ratios of pups to 
total population for the regularly monitored sites, while the UK-wide average ratio was used for the less 
frequently monitored sites. 

** Isle of Man count included with England 

** *  Populations derived from the 2019 pup production estimates and represents the total population alive 
on first day of 2020 breeding season. Confidence intervals are not provided as the national populations 
ƘŀǾŜ ōŜŜƴ ŘŜǊƛǾŜŘ ŦǊƻƳ ǊŜƎƛƻƴŀƭ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ǎŎŀƭŜŘ ōȅ ǇǊƻǇƻǊǘƛƻƴǎ ƻŦ ǘƘŀǘ ǊŜƎƛƻƴΩǎ ǇǳǇ 
production in each country. Estimates were rounded to nearest 100 seals.  

Regional pup production estimates in 2019 at biennially air surveyed and annually ground 
counted colonies (rounded to nearest 50 pups) were: 4,450 (approximate1 95% CI 3,300-5,600) 
in the Inner Hebrides, 16,100 (95% CI 12,000-20,300) in the Outer Hebrides, 22,150 (95% CI 
16,400-27,900) in Orkney and 18,000 (95% CI 13,300-22,600) at the North Sea colonies 
(including Isle of May, Fast Castle, Farne Islands, Donna Nook, Blakeney Point and 
Horsey/Winterton) (SCOS-BP 21/01).  

An additional 7,200 pups were estimated to have been born in Wales and at less frequently 
surveyed colonies in Southwest England, Northern Ireland, Shetland, and at scattered locations 
throughout Scotland (SCOS-BP 20/04; 21/01).   

Trends in pup production 

There has been a continual increase in the total UK pup production since regular surveys began 
in the 1960s (Figure 1) (see SCOS-BP 18/01 & Russell et al. (2019) for details). This increase has 
continued over the last survey interval, but the overall increase is small, <1.4% p.a. and is mainly 
limited to the North Sea colonies along the east coast of Scotland and England. The combined 
2019 pup production estimate in the Inner and Outer Hebrides and Orkney was 3.3% lower than 
the 2016 estimate (equivalent to a 1% p.a. decrease), whereas the production for the North Sea 
colonies increased by 23% over the same period (equivalent to a 7% p.a. increase) (Table 2). 

 
1 Approximate CIs based on the overall CI of the total pup production estimated by the population dynamics model: 
see SCOS-BP 18/03. This will likely overestimate the CI for individual regions 
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Interpretation of the trends in pup production are complicated by a transition to a digital 
camera system and reduced survey altitude between 2010 and 2012. This affected both the 
efficiency of counting and the stage classification of pup images. In all three regions where the 
pup production is estimated entirely from aerial survey counts there was an apparent step 
change coincident with this transition. For logistical and technical reasons, it has not been 
possible to directly cross-calibrate the two methods. However, as the new time series extends it 
becomes easier to estimate the magnitude and nature of these changes, and therefore to 
determine appropriate correction factors to be applied to obtain consistent time series.  

To make it easier to compare population estimates during the August surveys and the pup 
production data it is suggested that the previous naming convention for grey seal population 
model regions should be altered to match the Seal Management Units (SMUs) in which they are 
found: the Inner Hebrides is equivalent to West Scotland SMU, Outer Hebrides is equivalent to 
Western Isles SMU, Orkney is equivalent to the North Coast and Orkney SMU and Firth of Forth 
colonies are equivalent to Southeast Scotland SMU. For the rest of this section the SMU names 
will be used. 

Russell et al. (SCOS-BP 21/03) fitted a series of models to the pup production estimates for each 
SMU. For Scottish SMUs where the pup productions were estimated from SMRU aerial surveys 
(all except Shetland and Moray Firth), the model fitted a step increase in pup abundance 
between 2010 (the last film survey) and 2012 (the first digital survey) to account for any artificial 
increase in pup counts that resulted from the change in aerial survey method. To maximise the 
data available to fit this jump, all applicable SMUs were modelled within a single GAM (number 
of knots limited to k=5), allowing a different temporal trend for each SMU but a single 
adjustment for the change in survey methods. Once fitted, the single adjustment allows the 
trends in each SMU to be examined excluding this jump. 

The final model estimating trends in grey seal pup production for aerially surveyed SMUs 
included an estimated 27 % jump (95% CI: 16.7 ς 37.5) in pup production associated with the 
change from film to digital (delta AIC of -30 compared to a model without the jump). 

A detailed description of the trends in pup production up to 2010, at regional and colony levels 
was presented in Russell et al. (2019) and summarised in SCOS 2020. The recent analysis 
extends the fitted trends through the change in methodology in 2012, allowing examination of 
trends through the entire time series including the past decade.  

Figure numbers here refer to figures in SCOS-BP 21/03, where a full description of the model 
selection process and the resulting trends can be found. Briefly, pup production had levelled off 

in West Scotland (early to mid̟ 1990s; Fig 2i c SCOS-BP 21/03) and Western Isles (mid 1990s; 

Fig 3c SCOS-BP 21/03) (Russell et al., 2019), but the 2016 and 2019 estimates were higher than 
the first two digital survey estimates (2012 and 2014).  For the Western Isles this resulted in a 
slight recent increase in the mean predicted trend. This apparent increase is reflected in the 
Monach Islands SAC which accounts for >75% of the SMU pup production. In contrast, pup 
production in North Rona is continuing to decline. 

In the North Coast & Orkney SMU (Fig 4c SCOS-BP 21/03), pup production has remained stable 
since around 2000. The Faray & Holm of Faray SAC estimates indicate that the colony may be in 
decline. A declining trend was fitted for Shetland (Fig 5c SCOS-BP 21/03). However, the time-
series comprised a subset of colonies and was based on peak counts (which are sensitive to 
effort, i.e., number and timing of counts) and thus there are doubts as to how robustly these 
trends represent Shetland as a whole.  
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The Moray Firth SMU (Fig 6c SCOS-BP 21/03) estimates show pup production is increasing 
though it should be noted that there is a limited temporal extent to the data and pup 
production within this SMU is difficult to accurately estimate.  

The East Scotland SMU (Fig 7c SCOS-BP 21/03) is continuing to increase rapidly (mean estimate 
of c. 28% between 2014 and 2019), but the two SACs that represent the vast majority of 
production in the SMU show differing patterns in abundance. The Isle of May SAC, which 
essentially held all of the SMUs pup production until the mid-1990s appears to be stable or 
potentially declining. In contrast, the Fast Castle colony within the Berwickshire & North 
Northumberland Coast SAC is showing rapidly increasing pup production. 

Pup production in Northeast England, which is entirely encompassed by the Farne Islands 
component of the Berwickshire & North Northumberland Coast SAC, is also increasing rapidly 
(mean estimated increase of 53% between 2014 and 2019).  

Pup production within the Southeast England SMU is continuing to increase exponentially 
(mean estimate c. 75% between 2014 and 2019,) but this is in large part due to increases in 
Blakeney Point and Horsey. The increase at Donna Nook (Humber Estuary SAC) which, up until c. 
2000 accounted for the SMUs entire pup production, is now slowing.  

Monitoring of grey seals in Wales is split into two areas: North Wales (Dee Estuary- 
Aberystwyth) and West Wales (Aberystwyth - Caldey Island). Details of the available data, data 
sources and derivations of pup production estimates are given in SCOS-BP 20/04. 

There are no or very few grey seals in south Wales (Caldey Island ς Bristol Channel). Intensive 
monitoring of pup production is primarily focussed at three sites: Bardsey Island, parts of 
Ramsey Island, and Skomer Marine Conservation Area. Other areas have been monitored more 
sporadically, and within a season, less intensively. North Wales wide surveys were conducted in 
2001, 2002 and 2017. The latest pup production estimate for 2017 was 216. West Wales wide 
surveys were conducted in 1992, 1993, and 1994.  

It is not possible to estimate trends in pup production on a SMU scale in Wales. Pup production 
at Ramsey Island indictor sites has been variable but shown little trend. There is an upward 
trend in pup production at Skomer MCZ, though the trend is variable. The pup production 
estimate for Skomer and the adjacent Marloes peninsula increased slightly from 408 in 2019 to 

422 in 2020 (Wilkie & Zbijewska, 2020). 

Scalars between pup production in West Wales and indicator sites (in mainland north 
Pembrokeshire sites, Ramsey Island, and Skomer MCZ), in 1993 and 1994, were used to 
generate a total pup production estimate for West Wales. It should be noted, this was 
generated using the most recent available estimates for indicator sites, rather than predictions 
from fitted trends at these sites. Combined with the most recent estimate of North Wales, and 
rounding up to the nearest 50, this results in a pup production estimate of c. 2,250. Almost half 
of the SMU estimate of pup production is from sites not surveyed since the early 1990s.  

To produce a robust estimate of pup production, scalars between indicator sites and irregularly 
monitored colonies need to be updated. This is particularly important when there are multiple 
habitat types (e.g. caves, open beaches) in an area. Cryptic sites (such as caves, small coves) can 
often support much smaller colonies and thus their trends, especially in the longer term, may 
differ from more open sites that are also easier to monitor. Indeed, for North Wales, Robinson 
et al. (NRW unpublished) found that a much lower proportion of pup production was at cryptic 
sites than found previously (Stringell et al., 2014). 



18 
 

 

Figure 1. Posterior mean estimates of pup production (solid lines) and 95% Confidence Intervals 
(dashed lines) from the model of grey seal population dynamics, fit to pup production estimates 
for regularly monitored colonies (SCOS-BP 18/01 and Table 2 below), from 1984-2016 (circles) for 
colonies in Orkney and the Inner and Outer Hebrides, and for 1984-2018 for the colonies in the 
North Sea, and two independent total population estimates from 2008 and 2014 (see text for 
details). The vertical blue line at 2012 indicates the change to a new digital camera system. 
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Table 2. Grey seal pup production estimates from 2019 aerial surveys for the regularly monitored 
colonies in Orkney and the Inner and Outer Hebrides and Firth of Forth colonies and ground 
counts for English North Sea colonies, combined with most recent data from less regularly 
monitored colonies (see main text and SCOS-BP 21/01 and 20/04 for details). These estimates are 
compared with similar production estimates from 2016. 

 Location 
Pup 

production in 
Pup 

production in 
Average   

annual change 

  2019 2016 2016 to 2019 

Inner Hebrides 4,455  4,541   - 0.6% 

Outer Hebrides 16,083  15,732   + 0.7% 

Orkney 22,153  23,849   - 2.4% 

Firth of Forth 7,261  6,426   + 4.2% 

Regularly monitored Scottish colonies 49,952   50,548   - 0.4% 

Other Scottish colonies  1 

(incl. N & NE mainland & Shetland)  
4,112  4,193   - 0.6% 

Total Scotland 54,064   54,741   - 0.4% 

Farne Islands 2,823  2,295   + 7.1% 

Donna Nook, Blakeney, Horsey 7,902  5,918   +10.1% 

Annually monitored colonies in 
eastern England 

10,725   8,213   + 9.3% 

SW England  1,2 450   250     

Small sites in E and NW England 1,3 50   50     

Total England 11,225   8,513   + 9.7% 

Wales 1,4 2,250   1,650     

Northern Ireland  1 250   150     

Total UK 67,789   65,054   + 1.4% 

Isle of Man 69   84     

 
1  Includes estimated production for colonies that are rarely monitored from different years 
2  Includes estimates for Scilly Isles, Lundy, various sites in Devon & Cornwall 
3  Includes Coquet Island, Ravenscar, Scroby Sands, South Walney 
4  Multiplier derived from indicator colonies surveyed in 2004 and 2005 and applied to other 

colonies last monitored in 1994 (SCOS-BP 20/04) 
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Figure 2. Distribution and estimated pup production of the main grey seal breeding colonies. Solid 
blue ovals indicate groups of regularly monitored colonies within each region, dashed ovals show 
sites in the north that are routinely monitored by aerial survey and those in the south that are 
routinely monitored by ground counts.  
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Population size 

The raw data for estimating the total grey seal population are currently the region specific (Inner 
Hebrides, Outer Hebrides, Orkney and North Sea) pup production estimates derived from aerial 
surveys and ground counts at all major colonies around Scotland and eastern England.  

Converting pup counts from air surveys (i.e., biennially surveyed colonies) into a total population size 

requires a number of steps as shown in Figure 3. 

 

 

Figure 3. Schematic diagram of steps involved in estimating total grey seal population size 
from pup counts. 
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Using appropriate estimates of fecundity rates, both pup and non-pup survival rates and sex ratio we 
can convert pup production estimates into estimates of total population size. The estimate of the 
total population alive at the start of the breeding season depends critically on the estimates of these 
rates. We use a Bayesian state-space population dynamics model to estimate these demographic 
parameters and population size. 

The time series of pup production estimates from the regularly monitored colonies indicate that 
from at least 1984 until the late 1990s all the regional populations grew exponentially, implying that 
the demographic parameters were, on average, constant over the period of data collection. Thus, 
estimates of the demographic parameters were available from a simple population model fitted to 
the entire pup production time series. Some combination of reductions in the reproductive rate or 
the survival rates of pups, juveniles and adults (SCOS-BPs 09/02, 10/02 and 11/02) has resulted in 
reduced population growth rates in the Northern and Western Isles.  

To estimate the population size, a Bayesian state-space model of British grey seal population 
dynamics was fitted to the pup production data. Initially, alternative models with density 
dependence acting through either fecundity or pup survival were tested, but results indicated that 
the time series of pup production estimates did not contain sufficient information to quantify the 
relative contributions of these factors (SCOS-BPs 06/07, 09/02). In 2010 and 2011 we incorporated 
additional information in the form of an independent estimate of population size. This was based on 
counts of the numbers of grey seals hauled out during the summer and information on their haulout 
behaviour, which provides an estimate of the proportion of the population available to be counted 
during the aerial surveys (SCOS-BP 10/04 and 11/06). Between 2007 and 2009, 26,699 grey seals 
were counted during harbour seal moult surveys across the UK (excluding southwest UK). Using 
telemetry data, it was estimated that 31% (95% CIs: 15 - 50%) of the population was hauled out 
during the survey window and thus available to count (Lonergan et al., 2011a; b). Assuming 4% of 
the population were in southwest UK, this led to a UK independent population estimate in 2008 of 
91,800 (95% CI: 78,400 - 109,900).  

Inclusion of the first independent estimate in 2008 allowed us to reject the models that assumed 
density dependent effects operated through fecundity and all estimates were therefore based on a 
model incorporating density dependent pup survival. However, SCOS felt that the independent 
estimate appeared low relative to the pup production and its inclusion forced the model to select 
extremely low values of pup survival, high values of adult female survival and a heavily skewed sex 
ratio, with few surviving male seals.  

Additional independent estimates were obtained in 2014 (SCOS-BP 16/04) and 2017 (SCOS-BP 
21/02). A new analysis of haulout patterns including data from an additional 60 new deployments of 
improved GPS/GSM tags on grey seals is presented in SCOS-BP 21/02 and SCOS-BP 21/03.  

The revised analyses resulted in an estimate of the proportion of the population hauled out during 
the survey window of 25.15% (95% CI: 21.45-29.07%) compared to 23.9% (95% CI: 19.2-28.6%) used 
previously. As per the previous analyses there was no effect of region, length of individual (regarded 
as a proxy for age), sex or time of day on the conversion factor/ scalar. However, observed count 
variability appears higher than suggested by the estimated variance of haulout probabilities. This 
may indicate a lack of independence in the haulout patterns between individuals. If true, this would 
increase the confidence intervals on the scalar.  

The updated scalar resulted in slightly reduced mean population estimates for 2008 (96,028 
compared to 101,196) and 2014 (138,437 compared to 145,889; Russell et al., 2016; Table 2). The 
total count and population estimate for 2017 was 40,347 and 160,425, respectively, representing a 
16% increase compared to 2014.  
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In 2012, SCOS discussed the priors on the model input parameters in some detail, following re-
examination of the data being used and the differences made to the population estimates by 
changing a number of them to less informative priors (SCOS-BP 12/01 and SCOS-BP 12/02). In 2014 
SCOS decided to use the results from a model run using these revised priors (SCOS-BP 12/02), and 
the independent estimates of total population size from the summer surveys. Work on updating 
these priors is continuing and an annual update is presented in SCOS-BP 21/04.  

In 2014, SCOS adopted a set of revised priors, including a different prior on adult sex ratio, to 
generate the grey seal population estimates (SCOS-BP 14/02). The model produced unreasonably 
high adult survival values of more than 0.99, so it was re-run with a prior on survival constrained to 
what was considered to be a more reasonable range of 0.8 to 0.97. Posterior mean adult survival 
with this revised prior was 0.95 (SD 0.03). The upper bound of the adult survival prior was increased 
slightly to 0.98 in line with revised survival estimates.  

The model and fitting methods used here are the same as those employed in recent years and are 
described in detail in Thomas et al. (2019 and SCOS-BP 21/05); the prior distributions on model 
parameters are the same as those used for the last two years (see SCOS-BP 21/04 & 21/05 for 
details). The data are a time series of regional pup production estimates for the regularly monitored 
colonies in the Inner and Outer Hebrides, Orkney, and the North Sea, for the years 1984-2016, 2018 
(North Sea region only) and 2019, and three independent estimates of total population size (2008, 
2014 and 2017).  

The model allowed for density dependence in pup survival, using a flexible form for the density 
dependence function, and assumed no movement of recruiting females between regions. The same 
model and prior distributions for demographic rates were used, including a prior on sex ratio and a 
constraint on adult survival to the range 0.80-0.98. The revised prior on North Sea carrying capacity 
of 20,000 was used as the population produced over 14,000 pups but continues to increase rapidly, 
indicating that it was not close to carrying capacity. Carrying capacity is taken to mean the average 
population size below which numbers tend to increase and above which numbers tend to decrease 
due to resource limitations. 

Grey seal population estimate 

From the standard model run, the estimated adult class population size (here taken to mean the 
total 1+ age population) in the regularly monitored colonies at the start of the 2020 breeding season 
was 140,700 (95% CI: 129,300-153,500). This estimate is produced by a model incorporating density 
dependent pup survival, using the revised priors, and including the independent estimates for 2008, 
2014 and 2017 (details of this analysis and posterior estimates of the demographic parameters are 
given in SCOS-BP 21/05).  

A comprehensive survey of data available from the less frequently monitored colonies was 
presented in SCOS-BP 18/01 and revised estimates for Southwest England, Wales, Northwest 
England, and Northern Ireland are presented in SCOS-BP 20/04 and presented in Table 1. Total pup 
production at these sites was estimated to be approximately 7,150. The total population associated 
with these sites was then estimated using the average ratio of pup production to population size 
estimate for all annually monitored sites in 2019. Approximate confidence intervals were estimated 
by assuming that they were proportionally similar to the population dynamics model confidence 
intervals for the standard model run. This produced a population estimate for these sites of 16,600 
(approximate 95% CI: 15,300 to 17,900). This will undoubtedly under-estimate the uncertainty in the 
estimate, but it represents a relatively small proportion (12%) of the total. 

https://www.britannica.com/science/population-biology-and-anthropology


24 
 

Combining the annually monitored sites with the estimate for the less regularly monitored sites 
gives an estimated 2020 UK grey seal population of 157,300 (approximate 95% CI: 146,000-169,400).  

The fit of the model to the pup production estimates has been poor in some regions in recent years. 
Whilst the model accurately captures some aspects of the observed trends in pup production in 
some regions, the estimated adult survival rate from the model was very high and the maximum pup 
survival rate was very low. This suggests some other parameters, such as inter-annual variation in 
fecundity or senescence could be causing a mismatch between the estimates from the model and 
the pup production data.  

In 2018, the mode of the posterior distribution on adult survival from the population dynamics 
model was close to the upper bound 0.97 of the prior. In addition, mark-recpature-based estimates 
of adult female survival at Sable Island in Canada were higher than this upper bound (0.976, SE 
0.001) (den Heyer & Bowen, 2017). Hence, the prior for adult female survival was increased to 0.98 
ŦƻǊ ƭŀǎǘ ŀƴŘ ǘƘƛǎ ȅŜŀǊΩǎ ƳƻŘŜƭ ǊǳƴǎΦ  

Thomas et al. (2019) discussed how sensitive the estimate of total population size may be to the 
parameter priors, and concluded that fecundity and adult male:female ratio are two parameters that 
strongly affect total population size but for which the prior specification is particularly influential. 
Hence a renewed focus on priors for these parameters may be appropriate. 

In addition, the model assumes a fixed CV for the pup production estimates and obtains this value 
from an initial model run. Ideally, region-level estimates of pup production variance would be 
produced as part of fitting the pup production model to the aerial pup count data. These 
developments are ongoing. One factor that will require consideration is how to incorporate 
uncertainty in the ground counts made at some North Sea colonies. A set of four aerial surveys were 
carried out for each of these ground-counted North Sea colonies. Counts and comparison with the 
2018 ground counts are ongoing and will be presented to SCOS 2021. A revised pup production 
model is being developed with the aim of re-estimating pup production for the entire count data set. 

 

Population trends 

Model selection criteria suggest that density dependence is acting mainly on pup survival (see SCOS-
BP 09/02). Fitting to the three independent population estimates confirms that the density 
dependent pup survival model is a better fit than a model incorporating density dependent 
fecundity. A corollary of this density dependent pup survival is that the overall population should 
closely track the pup production estimates when experiencing density dependent control, as well as 
during exponential growth. This is borne out by the similarities in the fitted population model trends 
(Figure 1) and the pup production trends (SCOS-BP 21/03). The population trend in each region/SMU 
will therefore follow the trends in pup production estimates described in detail above and in SCOS=-
BP 21/03. 

The factors influencing the dynamics of the different populations are not well known. The 
population dynamics model currently assumes that demographic rates are either fixed or respond to 
density dependent factors related simply to population size. However, it is likely that demographic 
parameters will be subject to environmental factors. For example, female fecundity is likely to be 
ƛƴŦƭǳŜƴŎŜŘ ōȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ǊŜƎǳƭŀǘƛƴƎ ǇǊŜȅ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ǎŜŀƭǎΩ ŀōƛƭƛǘȅ ǘƻ Ǝŀƛƴ Ŧŀǘ ǊŜǎŜǊǾŜǎ 
before breeding. A preliminary investigation was carried out of the relationship between 
fluctuations in pup production around the modelled trend and the NAO index from the previous 
winter, and also lagged by a further year (SCOS-BP 20/01). No association was found between NAO 
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and variation in pup production. However, NAO changes may not be a sensitive indicator of changes 
in seal prey and hence seal fecundity. Further investigations of this and other potential indices of 
environmental conditions should be pursued once revised estimates of pup production are available.  

UK grey seal population in a world context 

The UK grey seal population represents approximately 34% of the world population on the basis of 
pup production estimates. The other major populations in the Baltic and the western Atlantic are 
also increasing (Table 3).  

Table 3. Relative sizes and status of grey seal populations using pup production as an index of 
population size.  

Region Pup 
Production 

Year Possible population 
trend 

UK 67,800 2019 Increasing 

Ireland 2,100 20121 Increasing 
Wadden Sea 1,750 20202 Increasing  
France 70 20194 increasing 
Norway 700 2015-

203 
Possible decline 

Russia  800 1994 Unknown 
Iceland 1,450 20178 Declining 
Baltic 8,000 20194,5 Increasing 

Europe excluding UK  14,870  unknown 

Canada - Scotian shelf & Gulf 
of Maine 

92,300 20166 Increasing 

Canada - Gulf St Lawrence 9,800 20166 Increasing 

USA 6,500 20197 Increasing 

WORLD TOTAL 191,270  Increasing 

    
1Ó Cadhla, O., Keena, T., Strong, D., Duck, C. and Hiby, L. 2013. Monitoring of the breeding population of grey seals in 
Ireland, 2009 - 2012. Irish Wildlife Manuals, No. 74. National Parks and Wildlife Service, Department of the Arts, Heritage 
and the Gaeltacht, Dublin, Ireland. 2 Galatius A., ,Brasseur S.,Carius F., Diederichs B., Jeß A., Körber P., Schop J., Siebert U., 
Teilmann J., Bie ThøstesenC.& Klöpper S. (2021,) EG-Seals - grey seal surveys in the Wadden Sea and Helgoland in 2019-
2020. Common Wadden Sea Secretariat, Wilhelmshaven, Germany. 3Nilssen, K.T. and Bjørge, A. 2017b. Status for kystsel. 
Anbefaling av jaktkvoter for 2018 [Status for coastal seals. Recommendation for harvest quotas for 2018]. Document to the 
Norwegian Marine Mammal Scientific Advisory Board, October 2017. 9 pp. 4 ICES. 2021. Working Group on Marine 
Mammal Ecology (WGMME). ICES Scientific Reports. 3:19. 155 pp. http://doi.org/10.17895/ices.pub.8141. 
5Baltic pup production estimate based on mark recapture estimate of total population size (38,000) and an assumed 
multiplier of 4.7 HELCOM fact sheets (www.HELCOM.fi) & http://www.rktl.fi/english/news/baltic_grey_seal.html 
6 den Heyer, C.E., Bowen, W.D., Dale, J., Gosselin, J-F., Hammill, M.O., Johnston, D.W., Lang, S.L., Murray, K.T., Stenson, 
G.B. & Wood, S.A. (2020) Contrasting trends in gray seal (Halichoerus grypus) pup production throughout the increasing 
northwest Atlantic metapopulation. Marine Mammal Science, DOI: 10.1111/mms.12773. 7 Wood et al. 2020 Journal of 
Mammalogy, 101(1):121ς128, 2020,DOI:10.1093/jmammal/gyz184. 8 Granquist, S.M. and Hauksson, E. 2019. Aerial census 
of the Icelandic grey seal (Halichoerus grypus) population in 2017: Pup production, population estimate, trends and current 
ǎǘŀǘǳǎΦ aŀǊƛƴŜ ŀƴŘ CǊŜǎƘǿŀǘŜǊ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘƛƻƴΣ I± нлмфπлнΦ wŜȅƪƧŀǾƝƪ нлмфΦ мф ǇǇΦ 
https://www.hafogvatn.is/static/research/files/1549015805-hv2019-02pdf.  

 

Table 3 shows the relative sizes and status of grey seal populations throughout their range. Pup 
production estimates are used as indices of population size because they represent a directly 
observable/countable section of the population, the largest populations are monitored by means 
of pup production surveys and because of the uncertainty in overall population estimates in 
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some cases. Total population estimates are derived from population dynamics models fitted to time 
series of pup productions in the two largest populations, i.e., Canada and the UK (Hammill et al., 
2017; Thomas et al., 2011; 2019). However, although the models are similar, the published total 
population estimates are derived differently: in the Canadian population, total population refers to 
the number of 1+ age class animals alive at the end of the breeding season plus the total pup 
production for that year; in the UK, the total population is given as the total number of seals alive at 
the start of the breeding season, i.e., doŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŀƴȅ ƻŦ ǘƘŀǘ ȅŜŀǊΩǎ ǇǳǇ ǇǊƻŘǳŎǘƛƻƴΦ ¢ƘŜ 
published estimates therefore differ by around 20 to 30% for the same pup production estimate. It is 
not clear how the total population is derived in several populations. To avoid confusion, only the pup 
production values are presented here.  

 

Current status of British harbour seals 

Due to Covid restrictions through summer 2020 no large-scale surveys of Scottish harbour seal 
populations were undertaken. One survey of the Firth of Tay and Eden SAC was carried out in 
August 2020. In England a survey of the East Anglian coast from Donna Nook to Scroby Sands was 
completed in 2020. In 2020, the Firth of Tay and Eden estuary count was the same as the 2019 
count and the East Anglian count was approximately 8% higher than the 2019 count. A series of 
three surveys of the coast from Donna Nook to Scroby Sands (by SMRU) and a single survey of the 
Greater Thames estuary (by the Zoological Society of London (ZSL)) were carried out in 2021 in 
response to observed declines in 2019 and 2020. 

The best estimate of the UK harbour seal population in 2020 is 43,750 (approximate 95% 
CI: 35,800-58,300). This is derived by scaling the most recent composite count of 31,500, (based on 
surveys between 2016 and 2021) (Table 4) by the estimated proportion hauled out during the 
surveys (0.72 (95% CI: 0.54-0.88)). Overall, the UK population has increased since the late 2000s 
and is close to the late 1990s level prior to the 2002 PDV epizootic. However, there are significant 
differences in the population dynamics between regions. As reported in SCOS 2008 to 2020, there 
have been general declines in counts of harbour seals in several regions around Scotland, but the 
declines are not universal with some populations either stable or increasing.  

Recent trends, i.e., those that incorporate the last 10 years show significant growth in both SMUs 
on the east coast of England up to 2018. However, the 2019 count in the large SE England SMU 
was approximately 25% lower than the mean of the previous 5 years. Counts for 2020 and 2021 
confirm that the population has declined.  

Populations in Orkney & North Coast SMU and in the Tay and Eden SAC are continuing to decline 
and in Shetland and the Moray Firth, the current population size is at least 40 % below the pre-
2002 level with no indication of recovery. Populations in western Scotland are either stable or 
increasing. In Northern Ireland counts have declined slowly.  

Until interrupted by the Covid pandemic, SMRU have carried out surveys of harbour seals during the 
moult in August each year. Recent survey counts and overall estimates were summarised in SCOS-BP 
20/03. Given the length of the mainly rocky coastline around north and west Scotland it is 
impractical to survey the whole coastline every year, but SMRU aims to survey the entire coast every 
five years. Where there are indications of significant changes the survey effort has been increased 
and some regions, e.g., Orkney and the Moray Firth, have been surveyed more frequently. The 
English population, and Scottish east coast populations in the Moray Firth, and the Tay and Eden 
estuaries are surveyed annually, except for 2020 in the Moray Firth.  
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Seals spend a higher proportion of their time on land during the moult than at other times, thus 
counts during the moult are thought to represent the highest proportion of the population with the 
lowest variance. Initial monitoring of the population in East Anglia in the 1960s used these maximum 
counts as minimum population estimates. In order to maintain the consistency of the long-term 
monitoring of the UK harbour seal population, the same time constraints are applied throughout, 
and surveys are timed to provide counts during the moult. Most regions are surveyed using 
combined thermographic, video and HR still aerial imagery to identify seals along the coastline. 
However, conventional photography is used to survey populations in the estuaries of the English and 
Scottish east coasts.  

The estimated number of seals in a population based on these methods contains considerable levels 
of uncertainty. A large contribution to uncertainty is the proportion of seals not counted during the 
survey because they are in the water. Efforts are made to reduce the effect of environmental factors 
by always conducting surveys within 2 hours of low tides that occur between 10:00 and 20:00 during 
the first three weeks of August and only in good weather2. A conversion factor of 0.72 (95% CI: 0.54-
0.88) to scale moult counts to total population was derived from haulout patterns of harbour seals 
fitted with flipper mounted ARGOS tags (n=22) in Scotland (Lonergan et al., 2013)  

The conversion factor used here is close to the middle of the range (0.6-0.8) of values estimated for 
other populations in Europe and North America (e.g., Harvey & Goley, 2011; Huber, Jeffries, Brown, 
DeLong & VanBlaricom, 2001; Ries, Hiby, & Reijnders, 1998; Simpkins, Withrow, Cesarone & Boveng, 
2003). The conversion factor is based on a sample of only 22 seals from a single year that only 
represents adult seal behaviour. SCOS recommend this conversion factor should be re-investigated 
when resources allow to examine sex and age differences as well as potential extension to surveys 
outside the moult.  

Table 4. UK harbour seal population estimates based on counts during the moult; rounded to 
the nearest 100. 

Location Most recent count 

(2016-2021) 
         Total Population estimates  

with 95% CIs 

England          3,6001           5,000     (95% CI 4,100-6,700) 
Wales             <102               <15 

Scotland        26,8003          37,200     (95% CI 30.400-49,600) 
Northern Ireland          1,000            1,400     (95% CI 1,100-1,900) 

Total UK        31,500          43,750     (95% CI 35,800-58,300) 
1 A complete survey of SEE_SMU completed in 2021 
2There are no systematic surveys for harbour seals in Wales 
3 Compiled from most recent surveys (2016-2019), see Table 5 for dates and details 

The most recent counts of harbour seals by region are given in Table 5 and Figures 4, 5 & 6. These 
are raw counts and therefore represent minimum estimates of the British harbour seal population.  
Results of surveys conducted in 2019 were described in more detail in SCOS-BP 20/03. It has not 
been possible to conduct a synoptic survey of the entire UK coast in any one year. Data from 
different years are grouped into recent, previous and earlier counts to illustrate, and allow 
comparison of, the general trends across regions. 

Combining the most recent counts (2016-2019) at all sites in Scotland and 2021 counts in Southeast 
England, approximately 31,500 harbour seals were counted in the UK: 85.4% in Scotland; 11.4% in 
England; 3.2% in Northern Ireland (Tables 4 & 5). Including the 4,000 seals counted in the Republic of 

 
2 The diurnal timing restriction is occasionally relaxed for sites in military live firing ranges where access is only at weekends 
or in the evening. 
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Ireland produces a total count of ~35,500 harbour seals for the British Isles (i.e., the UK and Ireland). 
Trends in individual SMUs are described in detail in SCOS-BP 21/03 and briefly in the following 
section. 

Breeding season aerial surveys of the harbour seal population along the east Anglian coast are 
attempted annually, in addition to the surveys flown during the moult in August. In 2015 and 2016 
the east Anglian coast was surveyed five times during the breeding season in June and July 
(Thompson et al., 2016). These flights confirmed that the peak number of pups ashore occurred 
around the beginning of July. Due to a combination of aircraft availability and poor weather 
conditions no breeding season surveys were flown in the UK in 2019 and covid related travel and 
working restrictions also prevented survey flying in 2020 and 2021. Therefore, the most recent 
survey was that carried out over two days, 29th June and 2nd July 2018.  

 

Table 5. The most recent August counts of harbour seals at haul-out sites in the British Isles by Seal 
Management Unit compared with four previous periods. The grey values for SMUs 10-13 are rough 
estimates. Details of sources and dates of surveys used in each compiled regional total are given in 
SCOS-BP 20/03. 

        Harbour seal counts 

Seal Management Unit / 
Country   

1996-
1997   

2000-
2006   

2007-
2009   

2011-
2015   

2016-
2021   

1 Southwest Scotland      929      623      923    1,200    1,709   

2 West Scotland a  8,811   11,666   10,626   15,184   15,600   

3 Western Isles    2,820    1,920    1,804    2,739    3,532   

4 North Coast & Orkney    8,787    4,388    2,979    1,938    1,405   

5 Shetland    5,994    3,038    3,039    3,369    3,180   

6 Moray Firth    1,409    1,028      776      745    1,077   

7 East Scotland      764      667      283      224      343   

SCOTLAND total  29,514  23,330  20,430  25,399  26,846   

8 Northeast England b     54       62       58       91       79   

9 Southeast England c  3,222    2,964    3,952    4,740    3,494   

10 South England d 10        15       15       25       40   

11 Southwest England d 0         0        0        0        0   

12 Wales d 2         5        5       10       10   

13 Northwest England d 2         5        5        5        5   

ENGLAND & WALES total   3,290     3,051    4,035    4,871    3,628   

NORTHERN IRELAND total e      1,176    1,101      948    1,012   

UK total         27,557   25,566   31,218   31,486   

REPUBLIC OF IRELAND total f      2,955        3,489    4,007   

BRITAIN & IRELAND total       30,512       34,707   35,493   

For data sources see SCOS-BP 20/03. 
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The 2018 count was 17% higher than the 2017 count and similar to the average for the preceding 5 
years. This continues the pattern of high inter annual variability (SCOS-BP 19/04). These wide 
fluctuations are not unusual in the long-term time series and despite the apparently wide inter-
annual variation, the pup production has increased at around 5.6% p.a. since surveys began in 2001 
although the rate of increase may have slowed and may be reaching an asymptote (SCOS-BP 19/04). 
The absence of pup survey data for the past three years in the Wash & N Norfolk SAC population is 
unfortunate given the scale of the declines observed in the moult survey counts. A pup survey is 
planned for 2022 together with three moult surveys.  

The ratio of pups to the moult counts remained high in 2018 (0.41:1), close to the previous five -year 
average (0.45:1), and more than double the same ratio in 2001 (0.17:1). This ratio can be seen as an 
index of the productivity of the population. Until recently, the index for the Wash was higher than 
for the larger Wadden Sea population. However, the ratio has increased rapidly in the Wadden Sea 
population since 2008 as moult counts stopped increasing while pup counts continue to grow and 
the ratio is now at a similar level to the Wash population (Galatius et al., 2021). Previous attempts to 
explain the apparently high fecundity/productivity in the Wash as being due to seasonal movements 
between these populations can no longer explain the increase. A population-wide increase in the 
fecundity index could be due to a real increase in fecundity in both the Wash and Wadden Sea 
populations, or to a change in the ratio between the moult counts and the total population, or in a 
change in the ratio of maximum pup count and the total pup production. We do not have any 
current or historical information to determine the extent to which these metrics may have changed. 
Reliable estimates of fecundity would provide the basis for identifying and quantifying future 
changes. Accurate estimates of pup production and of the proportion of animals hauled out during 
the moult surveys could provide fecundity estimates. SCOS recommends further investigation to 
identify the underlying changes.  
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Figure 4. August distribution of harbour seals around the British Isles by 10km squares based on the 
most recent available haul-out count data collected up until 2019. Limited data available for SMUs 10-
13; no data available for St Kilda. 
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Table 6. Estimates of harbour seal populations in the British Isles by Seal Management Unit. Estimates are based on the most recent August counts of harbour seals at haul-out 
sites scaled by the proportion of the population estimated to be hauled out during the survey window (0.72; 95% CI=0.54 ς 0.88). The grey values given for SMUs 10-13 are 
rough estimates. Details of sources and dates of surveys used in each compiled regional total are given in SCOS-BP 20/03. 

      Harbour seal population 

Seal Management Unit / 
Country 

    2007-2009   2011-2015   2016-2021 

1 Southwest Scotland     1281   95% C.I. (1048 - 1709)   1666   95% C.I. (1363 - 2222)   2373     95% C.I. (1942 - 3164) 

2 West Scotland a   14758   95% C.I. (12075 - 19677)   21088   95% C.I. (17254 - 28118)   21666     95% C.I. (17727 - 28888) 

3 Western Isles     2505   95% C.I. (2050 - 3340)   3804   95% C.I. (3112 - 5072)   4905     95% C.I. (4013 - 6540) 

4 
North Coast & 
Orkney 

    4137   95% C.I. (3385 - 5516)   2691   95% C.I. (2202 - 3588)   1951     95% C.I. (1596 - 2601) 

5 Shetland     4220   95% C.I. (3453 - 5627)   4679   95% C.I. (3828 - 6238)   4416     95% C.I. (3613 - 5888) 

6 Moray Firth     1077   95% C.I. (881 - 1437)   1034   95% C.I. (846 - 1379)   1495     95% C.I. (1223 - 1994) 

7 East Scotland     393   95% C.I. (321 - 524)   311   95% C.I. (254 - 414)   476     95% C.I. (389 - 635) 

SCOTLAND total     28375   95% C.I. (23215 - 37833)   35276   95% C.I. (28862 - 47035)   37286     95% C.I. (30506 - 49714) 

8 Northeast England b   80   95% C.I. (65 - 107)   126   95% C.I. (103 - 168)   109     95% C.I. (89 - 146) 

9 Southeast England c   5488   95% C.I. (4490 - 7318)   6583   95% C.I. (5386 - 8777)   4852     95% C.I. (3970 - 6470) 

10 South England d   20   95% C.I. (17 - 27)   34   95% C.I. (28 - 46)   55     95% C.I. (45 - 74) 

11 Southwest England d       95% C.I. (0 - 0)       95% C.I. (0 - 0)         95% C.I. (0 - 0) 

12 Wales d   6   95% C.I. (5 - 9)   13   95% C.I. (11 - 18)   13     95% C.I. (11 - 18) 

13 Northwest England d   6   95% C.I. (5 - 9)   6   95% C.I. (5 - 9)   6     95% C.I. (5 - 9) 

ENGLAND & WALES total     5604   95% C.I. (4585 - 7472)   6765   95% C.I. (5535 - 9020)   5038     95% C.I. (4122 - 6718) 

NORTHERN IRELAND total e   1529   95% C.I. (1251 - 2038)   1316   95% C.I. (1077 - 1755)   1405     95% C.I. (1150 - 1874) 

UK total       25566   95% C.I. (29052 - 47344)   43358   95% C.I. (35475 - 57811)   43730     95% C.I. (35779 - 58307) 

REPUBLIC OF IRELAND total f         4845   95% C.I. (3964 - 6461)   5565     95% C.I. (4553 - 7420) 

BRITAIN & IRELAND total           48204   95% C.I. (39439 - 64272)   49295     95% C.I. (40332 - 65727) 
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Population trends 

The overall UK harbour seal population has increased over the last decade. Counts increased from 
25,600 (rounded to the nearest 100) in the 2007-2009 period to 31,500 during the 2016-2021 
period. As no count was available in Northern Ireland in the 1990s, a UK wide comparison is not 
possible, but the 2016-2021 count of 31,500 harbour seals in Great Britain (i.e., UK minus Northern 
Ireland) was similar to the 1996-97 count of 32,800 (Table 5). However, as reported in SCOS 2008 to 
2019, patterns of changes in abundance have not been universal; although declines have been 
observed in several regions around Scotland some populations appear to be either stable or 
increasing. Details of fitted trends by MU and for SACs are given below and in SCOS-BP 21/03. To 
allow a simple visual comparison the raw count data for each SMU are shown in Figure 5.  

 

 

Figure 5. Comparison of August harbour seal counts in Scottish Seal Management Units (SMUs) from 
1991 to 2019. Because SMA totals represent counts of seals distributed over large areas, individual 
data points may contain counts made in more than one year. Interpolated values are used for years 
with incomplete coverage. 

Trends by Seal Management Unit (SMU). 

Details of regional and local trend analyses, and model selection for each were given in Thompson et 
al. (2019) and the results presented here are from an extension of that analysis incorporating extra 
data and with a change in model selection criteria from AICc to AIC. At least three models were 
fitted for each SMU: a stable trend i.e., an interceptπonly Generalised Linear Model (GLM), an 
exponential year effect within a GLM, and a nonlinear smooth year effect within a GAM. Details of 
the analysis and figures showing fitted trends for each SMU and SAC are presented in SCOS-BP 
21/03. 

In the Northeast and Southeast England SMUs Phocine Distemper Virus (PDV) caused sudden 
declines in 1988 and 2002. Additional models with a step change in abundance and/or trends 
associated with 2002 were fitted in these SMUs. Although the declines in north and east Scotland 
SMUs were not thought to be due to PDV, there were sudden drops or declines in Shetland and 
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North Coast & Orkney SMUs during multi-year gaps in surveys that spanned 2002, and a sudden 
change in trend around 2002 in East Scotland SMU. Because of the unknown nature of these 
declines, additional models were also fitted for SMUs 4 ς 9 that allowed any combination of 
stable/exponential trends prior to and following 2002 (including the same trend across the time-
series) and with/out a step change associated with 2002. For details of model fitting and model 
selection see SCOS-BP 21/03.  

Western Isles: A complete survey of the Western Isles SMU carried out in 2017 produced the highest 
recorded count for the Western Isles (3,533) which was 29.0% higher than the previous (2011) count 
of 2,739 and approximately 40% higher than the average between 1993 and 2011. Relaxing the 
model selection criteria resulted in the best model being a GAM that shows a decline from the 
mid-1990s to around 2005 followed by a steep increase to 2017. The revised trends analysis is the 
basis for a suggested relaxation of the Seal Conservation Area designated for the Western Isles SMU 
(Answer to Q19 below).  

West Scotland: Parts of the West Scotland SMU (North and part of Centre) were surveyed in 2017 
and the remainder was surveyed in 2018. The harbour seal count for West Scotland - North was 
1,084, for West Scotland - Centre was 7,447 and for West Scotland ς South was 7,053, and the 
overall total for the West Scotland SMU was 15,600 (Table 5).  

The 2015 West Scotland harbour seal count was 43% higher than the 2009 count. The best model, 
selected in the trend analysis shows a continuous increase from 1990 to 2017 at approximately 4.7% 
p.a. Over the last five years the rate of increase is estimated to be 3.9 % p.a.  

Although the West Scotland region is defined as a single management unit, it is very large 
geographically in terms of total coastline and contains a large proportion of the UK harbour seal 
population; 49% of the most recent UK total count. The trajectories of counts within north, central 
and south sub-divisions of this large region differ:  

¶ In the north of the region (Figure 4), the selected model for data up to 2017 indicates that counts 
have increased since the early 1990s, by approximately 4.9% p.a.  

¶ In the central sub-region (Loch Ewe to Ardnamurchan) (Figure 4) the selected model indicates 
that counts have increased since the early 1990s. The average rate of increase has been 
approximately 4.0% p.a.  

¶ In the south sub-region (Ardnamurchan to Scarba) (Figure 4) there was no detectable trend in the 
overall population since the early 1990s, with counts varying between approximately 5,000 and 
7,000 over the period 1990 to 2018.  
 

Southwest Scotland: All of the Southwest Scotland SMU was surveyed in August 2018. A total of 
1,700 harbour seals were counted compared with 1,200 in 2015 and 923 in 2009 (Table 5). This was 
the highest count of harbour seals for the Southwest Scotland SMU, approximately three times 
ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ мффлΩǎ ŎƻǳƴǘΦ The trend analysis selected a continuous increase since 1990. The rate 
of increase over the past five years was approximately 3.9% p.a.  

North Coast and Orkney: Orkney was surveyed twice during the last round-Scotland census period. In 
2016, 1,240 harbour seals were counted, and 1,296 in 2019 (Table 5). These are the two lowest 
counts to date and represent an 85% reduction from the highest count in 1997 (8,522). The 2016 
and 2019 counts were similar. Although this could indicate that the decline has slowed this cannot 
be confirmed without additional counts. Trend analysis (Thompson et al., 2019) indicates that counts 
were stable until 2001, then dropped by 46% between 2001 and 2006, and have declined 
continuously since 2006. The average rate of decrease over the past 5 years was approximately 8.5% 
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p.a. The North Coast section of the SMU was not surveyed in 2019 but few harbour seals are 
counted on the north coast section of the SMU.  

Shetland: A complete survey was carried out in 2019 when 3,180 harbour seals were counted 
compared with 3,369 in 2015. The 2019 count was close to the mean of the 2009 and 2013 counts 
but was 47% lower than the 1997 count of c.6,000. The selected model for counts for the whole of 
Shetland incorporated a step change involving a drop of approximately 40% occurring between 2001 
and 2005. Counts either side of the step change (1991-2001 and 2006-2019) do not show any 
obvious trend, though in both cases the sample size was limited (n=4 and 4, respectively). 

Moray Firth: The total harbour seal count for the entire Moray Firth SMU in 2019 was 1025. This was 
12% higher than the 2018 count. The majority of these harbour seals (60%) were observed between 
Culbin and Findhorn, confirming the continued importance of these sites and the dramatic and 
continuing redistribution within the inner Moray Firth.  

The majority of the counts in the Moray Firth are from haul outs between Loch Fleet and Findhorn, 
an area that held approximately 98% of the SMU total in 2016. The selected model for this area 
suggests that counts were decreasing between 1994 and 2000, the rate of decline slowed to around 
2010 and the population may now be increasing slowly.  

East Scotland: The harbour seal count for the Firth of Tay and Eden Estuary SAC in 2019 was 41, 
equal to the mean of the prevƛƻǳǎ р ȅŜŀǊǎΩ Ŏƻǳƴǘǎ ŦƻǊ ǘƘƛǎ {!/Φ ¢Ƙƛǎ ǊŜǇǊŜǎŜƴǘǎ ŀ фп҈ ŘŜŎǊŜŀǎŜ ŦǊƻƳ 
the mean counts recorded between 1990 and 2002 (641).  

In the East Scotland SMU (Figure 4) the population was mainly concentrated in the Firth of Tay and 
Eden Estuary SAC prior to 2000. Additional groups were also present in the Firth of Forth, Montrose 
Basin and at coastal sites in Aberdeenshire. Counts in the Firth of Forth have been sporadic but the 
fitted trend suggests a decline from the late 1990s to 2016.  

A more extensive data set is available for the Firth of Tay and Eden Estuary SAC. The selected model 
indicates that counts in the SAC remained stable between 1990 and 2002, at which time they 
represented approximately 85% of the total SMU count. From 2002 to 2020 the counts in the SAC 
declined rapidly and monotonically: over the 18-year period counts fell from approximately 680 to 
less than 40, representing a 95% decline. By 2016 the SAC counts represented only approximately 
15% of the SMU total. 

Northern Ireland: Only three synoptic surveys of the entire harbour seal population in Northern 
Ireland have been carried out in 2002, 2011 and 2018, although data from a fourth survey in 2021 
will be available for SCOS 2022. However, a subset of the population from Carlingford Lough to 
Copeland Islands has been monitored more frequently from 2002 to 2018. This area contained 80-
85% of the total in the two years with complete coverage. This subset of the population declined 
slowly over the period 2002 to 2011 at an average rate of 2.7% p.a. However, the 2018 survey 
suggests that there had been no significant change since 2011. 

Southeast England: A detailed description of recent survey results from 2020 and 2021 are given in 
SCOS-BP 21/06. Briefly, the combined counts for the Southeast England SMU (Figure 6) in 2019 
(3,081) was 27.6% lower than the 2012 to 2018 mean count. Additional surveys in 2020 and 2021 
confirmed the decrease. The total count for the sites between Donna Nook and Scroby Sands has 
declined by approximately 38% compared to the mean of the previous five years (2019ς2021 mean 
= 3080; 2014-2018 mean = 4296). The count for the Wash and North Norfolk SAC has decreased by 
approximately 21% (2019 ς 2021 mean = 2883: 2014-2018 mean= 3658) over the same time periods 
while Donna Nook showed a 57% decrease and Scroby Sands showed a 73% decrease. 



35 
 

The fitted trend for the Wash and North Norfolk SAC (figure 6) shows that the population recovered 
from the 2002 PDV epizootic, reached a maximum around 2014 to 2015 and has since declined 
rapidly.  

 

Figure 6. Trends in harbour seals counts in the Southeast England SMU (grey) and in The Wash and 
North Norfolk SAC (red), between 1988 and 2021 (shaded areas indicate the 95% confidence intervals 
for the fitted curves). For further explanation see text and SCOS-BPs 21/06. 2018 counts were similar 
ǘƻ ǘƘŜ ǇǊŜǾƛƻǳǎ р ȅŜŀǊΩǎ ŎƻǳƴǘǎΣ ōǳǘ ǘƘŜ нлмфΣ нлнлΣ ŀƴŘ нлнм Ŏƻǳƴǘǎ ǎƘƻǿ ŀ ŎƭŜŀǊ ŘŜŎƭƛƴŜΦ  

The 2018 count was the second highest ever recorded in the Wash and was consistent with the 
pattern of relatively stable population after 2010. However, the fitted trend suggests that the 
population may have been declining since 2015, but at present it is unclear whether the decrease 
represents a continuing decline or a step change decrease between 2018 and 2019. In the absence 
of any clear anthropogenic effects, this decline is dramatic. Recent counts from the rest of Southeast 
England Seal Management Unit (SEE_SMU) by ZSL (SCOS-BP 21/07) suggest that population may also 
be showing the start of a decline. Given that the survey area represents the majority of harbour 
seals in the SEE-SMU, including the population in the Wash & N Norfolk SAC, this likely drop in 
abundance is of immediate and serious concern. The SEE-SMU was the only one in the UK that was 
showing a sustained increase in abundance at a time when the majority of SMUs on the eastern and 
northern coasts had depleted or declining populations (Thompson et al., 2019; SCOS-BP 21/06). 
SCOS recommend that research is required to determine the time course and potential causes of 
this reduction and recommend that SMRU should seek funding to establish an appropriate 
programme of research.  

The Thames population, here taken to include all haulout sites between Hamford Water in Essex and 
Goodwin Sands off the Kent coast, have been surveyed sporadically since 2002 and annually since 
2008. In August 2019, a total of 671 harbour seals were counted compared with an average of 742 
for three surveys in 2016-2018, and an average of 474 for three surveys in 2013-2015. A GLM for the 
series of counts from 2002 to 2019 demonstrated an increase at an average of 9.0% p.a. (bootstrap 
95% CI 6.8-11.2) (Cox et al., 2020). No survey was carried out in 2020, but a survey in 2021 showed 
that the population has not grown over the past 4-5 years and may be starting to decline (SCOS-BP 
21/07). 
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Table 7. Size and status of European populations of harbour seals. Data are counts of seals hauled out during 
the moult. 

Region Number of seals counted1 Years 
when 
latest data 
were 
obtained 

Scotland 26,850    2016-2019 
England  3,900 20192 
Northern Ireland 1,000 2018 

UK 31,750  

Ireland   4,000 2017-18 

France 1,150 2018 

Wadden Sea-Germany 17,250 2021 

Wadden Sea-Denmark   1,350 2021 

Wadden Sea-NL   8,250  2021 
Delta-NL 1,200 2017 

Limfjorden   1,050 2019 

Kattegat   9,900 2019 

Skagerrak   7,300 2019 

Baltic (Kalmarsund) 
Baltic Southwestern 

  1,800 
  1,100 

2019 
2019 

Norway    6,450 2012-18 
Svalbard   1,900 2010 

Iceland   9,450 2018 

Europe excluding UK 68,150  

Total 99,900  

1 Counts rounded to the nearest 50. They are minimum estimates of population size as they do not account for proportion at sea and in 
many cases are amalgamations of several surveys.  

2 Includes an estimate of 55 seals for south England, Wales and north-west England compiled from sporadic reports  

Data sources 

ICES. 2021.  Report of the Working Group on Marine Mammal Ecology (WGMME) ,  ICES Scientific Reports. 3:19. 155 pp. 
http://doi.org/10.17895/ices.pub.8141 .  120  pp; Desportes,G., Bjorge,A., Aqqalu, R-A and Waring,G.T. (2010)  Harbour seals in the North 
Atlantic and the Baltic.  NAMMCO Scientific publications Volume 8; Nilssen K, 2011. Seals ς Grey and harbour seals. In:  Agnalt A-L, Fossum 
P, Hauge M, Mangor-Jensen A, Ottersen G, Røttingen I,Sundet JH, and Sunnset BH. (eds). Havforskningsrapporten 2011. Fisken og havet, 
2011(1).;  Härkönen,H. and Isakson,E. 2010. Status of the harbour seal (Phoca vitulina) in the Baltic Proper. NAMMCO Sci Pub 8:71-76.;    
Olsen MT, Andersen SM, Teilmann J, Dietz R, Edren SMC, Linnet A, and Härkönen T. 2010. Status of the harbour seal (Phoca vitulina) in 
Southern Scandinavia. NAMMCO Sci Publ 8: 77-94.; Galatius A., Brackmann J., Brasseur S., Diederichs B., Jeß A., Klöpper S., Körber P., 
Schop J., Siebert U., Teilmann J., Thøstesen B. & Schmidt B. (2020) Trilateral surveys of Harbour Seals in the Wadden Sea and Helgoland in 
2020. Common Wadden Sea Secretariat, Wilhelmshaven, Germany. ; Härkönen T, Galatius A, Bräeger S, et al.,HELCOM Core indicator of 
biodiversity Population growth rate, abundance and distribution of marine mammals, HELCOM 2013, www.helcom.fi; 
www.fisheries.is/main-species/marine-mammals/stock-status/; www.nefsc.noaa.gov/publications/tm/tm213/pdfs/F2009HASE.pdf;  
www.hafogvatn.is/en/research/harbour-seal/harbour-seal-census. www.nammco.no/webcronize/images/Nammco/976.pdf,   
Nilssen K and Bjørge A 2017. Seals ς grey and harbor seals. In: Bakketeig IE, Gjøsæter H, Hauge M, Sunnset BH and Toft KØ (eds). 
Havforskningsrapporten 2014.  CƛǎƪŜƴ ƻƎ ƘŀǾŜǘΣ нлмпόмύΦ aŜǊƪŜƭΣ.ΦΣ [ȅŘŜǊǎŜƴΣ/Σ ¸ƻŎŎƻȊΣbΦ ϧ YƻǾŀŎǎΣ YΦ όнлмоύ¢ƘŜ ²ƻǊƭŘΩǎ bƻǊǘƘŜǊƴƳƻǎǘ 
Harbour Seal PopulationςHow Many Are There? PLOS-ONE. https://doi.org/10.1371/journal.pone.0067576  
 

Although the Southeast England population increased after the 2002 PDV epizootic and apparently 
levelled off at a similar size to its pre-2002 epizootic population, it grew at a much lower rate than 
the Wadden Sea harbour seal population, the only other major population in the southern North 
Sea. Counts in the Wadden Sea increased from 10,800 in 2003 to 26,788 in 2013, equivalent to an 

file:///E:/www.nefsc.noaa.gov/publications/tm/tm213/pdfs/F2009HASE.pdf
file:///E:/www.hafogvatn.is/en/research/harbour-seal/harbour-seal-census
https://doi.org/10.1371/journal.pone.0067576
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average annual growth rate of 9.5% over ten years. Counts since 2014 indicate that the rapid growth 
since the 2002 PDV epizootic has stopped (Galatius et al., 2021). Although there was an influenza-A 
epizootic that killed at least 1600 seals in 2014, it now seems highly likely that cessation of the 
previously rapid increase in the Wadden Sea population indicates that it has reached its carrying 
capacity. The coincidence of the timing of the slowdown in the Wadden Sea and SE England is 
notable, but the Wadden Sea counts have not shown a decrease since 2018. 

UK harbour seal populations in a European context 

The UK harbour seal population represents approximately 32% of the eastern Atlantic sub-species of 
harbour seal (Table 7). Since 2000, the declines in Scotland and coincident dramatic increases in the 
Wadden Sea mean that the relative importance of the UK harbour seal population has declined, 
although with the reduction in growth rates in the Wadden Sea this pattern may have stabilised. 

 

2. Please could SCOS provide an update on the Scottish regional harbour seal 
declines, including current and projected trends. 

MS Q9 

The most recent composite count for Scotland, for surveys in 2016 to 2019, was 6% higher than for 
the previous round of surveys (2011-2015) and 31% higher than the 2007-2009 composite count.  

Trends in each SMU around Scotland and on the east coast of England are presented in answer 1 
above and in detail in SCOS-BP 21/03.  

The current UK harbour seal population is at a similar size to the estimates from the late 1990s, 
but there have been significant population declines in some regions and similar increases in 
others.  

The composite count for all of Scotland, 26850 based on recent (2016-2019) surveys was 6% higher 
than for the previous round of surveys (2011-2015) and 31% higher than the 2007-2009 composite 
counts, representing approximately 3% p.a. increase (Figure 5; Table 5) and is similar to counts in the 
mid-1990s.  

Trends by SMU are reported in SCOS-BP/03 in detail and briefly described in answer 1 above and 
shown in Figure 5 for Scottish SMUs and Figure 6 for the Southeast England SMU. Briefly, the 
populations in the West Scotland and Southwest Scotland SMUs have increased continuously since 
the 1990s. The Western Isles population declined in the late 1990s but has been increasing since 
approximately 2005. Shetland and the Moray Firth SMUs are apparently stable after a large, rapid 
decline in the early 2000s, but Moray Firth counts may now be increasing. North Coast and Orkney 
SMU is still declining. In the East Scotland SMU the population in the Tay and Eden SAC has declined 
rapidly since 2002 and the decline is apparently continuing. Less frequent counts in the Firth of Forth 
indicate that the whole SES_SMU may also be declining.  

Large changes in relative density have resulted from differences in regional population trends. E.g., 
in 1996-1997 the West Scotland SMU and Orkney & North Coast SMU each held 27% of the UK 
population but now hold 50% and 4% respectively. Recent surveys in the Northeast England SMU 
and particularly in the large population in the Southeast England SMU have shown a sudden rapid 
decline since 2018, in what was, until recently, a rapidly increasing population. The Southeast 
England SMU population was approximately half that of the Wadden Sea in 1980 but by 2019 the 
Wadden Sea count was approximately eight times larger.  
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Given the variable patterns in harbour seal trends and very significant declines in some management 
units SCOS consider it prudent and timely to undertake risk assessments regarding the viability of 
local populations in relevant SMUs. These should be based on available scientific knowledge (e.g., 
breeding data, movements, immigration, emigration) and knowledge of pressures and threats. A 
further consideration would be to review resourcing, to ensure that adequate monitoring resources 
are deployed in SMUs ŎƻƴǎƛŘŜǊŜŘ άƘƛƎƘ Ǌƛǎƪέ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǎǳŎƘ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ŜȄŜǊŎƛǎŜΦ 

Due to Covid restrictions, no Scotland based surveys were carried out in 2020, so there are no 
updates on the trend information in any Scottish SMUs. One survey flight of the Tay and Eden SAC 
population was carried out during an aircraft re-positioning flight from Dundee to Kent. The survey 
produced a count of 39 harbour seals. This was similar to the mean of the three previous counts and 
there is therefore no change to the East Scotland SMU estimate.  

At present there is no predictive model capable of projecting trends for any Scottish SMU 
population. In the absence of revised counts and a predictive model, SCOS defers the answer to the 
next SCOS meeting.  

The current UK harbour seal population is at a similar size to the estimates from the late 1990s, but 
there have been significant population declines in some regions and similar increases in others. As 
reported in previous SCOS reports since 2008, there have been general declines in the counts of 
harbour seals in several regions around Scotland, but the declines are not universal with some 
populations either stable or increasing. Details of trends are presented in SCOS-BP 20/03 and 
Thompson et al. (2019).  

3. Are trends in common/harbour seal abundance considered to be declining 
in English waters and if so, what are the potential influencing factors and 
where is further research needed? 

Defra Q1b 

Harbour seal populations in the Wash and adjacent sites have declined rapidly since 2018. Counts 
in the rest of the SEE_SMU are also showing signs of the start of a decline. The decline is 
widespread throughout The Wash and adjacent sites and coincides with a similar change in grey 
ǎŜŀƭ ƴǳƳōŜǊǎ ŀǘ ǘƘŜ ¦YΩǎ ƭŀǊƎŜst haulout site at Donna Nook.  

Neither the mechanism of change (e.g., emigration, mortality, change in behaviour) nor the drivers 
of change are known. Grey seal abundance and the simultaneous slow down and possible decline 
suggest that the two population trajectories may be coupled.  

Assigning cause to these changes will require a multi strand research programme. 

The counts of harbour seals at sites in SSE_SMU from Donna Nook to Scroby Sands during the 
August survey in 2019 were approximately 30% lower than the five year mean for 2014 to 2018.  

The same sites were surveyed in 2020. That count was 8% higher than the 2019 count but was still 
21.5% lower than the 2014-2018 mean. In response to this decrease Defra funded additional surveys 
in August 2021. Three surveys were carried out in 2021 and the mean harbour seal count was close 
to the mean of 2019 and 2020 counts and confirms that there has been a decrease.  

A detailed description of the surveys, the resulting count data, and trend analyses are presented in 
SCOS-BP 21/6 and briefly in answer 1 above. The total count for the sites between Donna Nook and 
Scroby Sands has declined by approximately 30% compared to the mean of the previous five years 
(2019ς2021 mean = 3045; 2014-2018 mean = 4296). The count for the Wash and North Norfolk SAC 
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has decreased by approximately 23% (2019 ς 2021 mean = 2862: 2015-2018 mean= 3712) over the 
same time periods while Donna Nook showed a 57% decrease and Scroby Sands showed a 73% 
decrease. The harbour seal decline is evident at all sites and appears to have affected all sub-
sections of the Wash & N Norfolk SAC. 

Recent surveys of the Greater Thames estuary by ZSL have also detected the first indications of a 
possible decline in the remainder of the Southeast England SMU population (SCOS-BP 21/7). 

Grey seal numbers have increased dramatically over the past 20 years, but the large grey seal 
haulout group at Donna Nook, accounting for around 65% of the SEE_SMU total shows a similar 
levelling off and possible decline, coincident with the harbour seal decline. Over the past five years 
grey seals have been expanding their haulout range within the Wash and small groups are now 
appearing in the sheltered tidal creeks at the southern edge of the estuary, which are important 
pupping sites for harbour seals.  

Neither the mechanism of change (e.g., emigration, mortality, change in behaviour) nor the drivers 
of change are known. Grey seal abundance and the simultaneous slow down and possible decline 
suggest that the two population trajectories may be coupled. Assigning cause to these changes will 
require a multi strand research programme. Natural England and Defra have funded a preliminary 
assessment of available information (Russell et al. 2021) and a preliminary series of additional 
surveys. On the basis of these preliminary actions SMRU have developed proposals for such a project 
and are seeking extra resources.  

 
4. What is the latest information about the population structure, including 

mortality, age and sex structure, and carrying capacity of grey and 
common/harbour seals in English waters?  
Is there any new evidence of grey or common/harbour seal populations 
or sub-populations specific to localised/regional areas? 
What is the latest understanding about the population structure, 
including survival, reproduction and age structure, of grey and harbour 
seals in European and Scottish waters? 
 

 
Defra Q2 
 
 
MS Q2 
 

SCOS are not aware of any new information on population structure, mortality, age or sex structure, 
or carrying capacity for harbour seals in European populations of harbour seals since the 2020 SCOS 
report. Other than a modelling study of survival and two published studies of breeding phenology 
there do not appear to be any new studies of population structure, mortality, age or sex structure, 
or carrying capacity for grey seals. For information the 2020 answer to these questions is included 
with minor additions.  
 

Grey seals 

There is evidence for regional differences in grey seal demographics (Smout et al., 2019) but 
detailed information on vital rates are lacking. New resources should be identified to address 
questions around fecundity and first-year survival as they are likely drivers of UK grey seal 
population dynamics.  

There is no new genetic information with which to assess the substructure of the breeding grey 
seal populations and therefore no new evidence of sub-populations specific to local areas.  

Earlier studies indicated a degree of reproductive isolation between grey seals that breed in the 
south-west (Devon, Cornwall and Wales) and those breeding around Scotland, and within 
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Scotland, there were significant differences between the Isle of May and North Rona. There is 
therefore some indication of sub-structure within the UK grey seal population, but it is not strong. 

Age and sex structure 

While the population was growing at a constant (i.e., exponential) rate, it was assumed that the 
female population size was directly proportional to the pup production. Changes in the rate of 
increase in pup production imply changes in age structure and/or changes in fecundity. In the 
absence of a population-wide sample or a robust means of identifying age-specific changes in 
survival or fecundity, we are unable to accurately estimate the age structure of the female 
population. An indirect estimate of the age structure, at least in terms of pups, immature and 
mature females is generated by the fitted population estimation model (SCOSBP 20/01). As currently 
structured the model fits single global estimates for fecundity, maximum pup survival (i.e., at low 
population size), and adult female survival, and fits individual carrying capacity estimates separately 
for each region to account for differing dynamics through density dependent pup survival.  

Recently Bull et al., (2021) suggested that changes in timing of births at the small grey seal colony on 
Skomer Island were being driven by changes in population age structure that was itself responding 
to changes in an index of sea surface temperature. It is not clear if this represented permanent 
changes in age structure, temporary immigration/emigration of breeding females of different ages 
or even interannual variation in fecundity. Nor is it clear whether this was a purely local effect due to 
movement or changes in recruitment patterns between Skomer Island and the nearby colony on the 
Welsh mainland. Bowen et al. (2020) studied phenology over a 30-year period at the much larger 
grey seal colony on Sable Island and showed much smaller magnitude changes.  They ascribed the 
changes in timing of births to gradual demographic changes and showed that females of all ages 
responded to environmental forcing. They also concluded from their sample of 2768 pups that birth 
date had no impact on pup weaning mass. As weaning mass is related to pup survival, there is 
therefore unlikely to be a detectable link between birth date and pup survival. 

Survival and fecundity rates 

The only contemporary data that we have on fecundity and adult survival in UK grey seals has been 
estimated from long term studies of marked or identifiable adult females at two breeding colonies, 
North Rona and the Isle of May. Results of these studies together with branding studies in Canadian 
grey seal populations and historical shot samples from the UK and Baltic have been used to define 
priors for a range of demographic parameters (SCOS-BP 20/02).  

 

Adult female survival: Estimates of annual adult survival in the UK, obtained by aging teeth from 
shot animals were between 0.93 and 0.96 (Harwood & Prime, 1978; Hewer, 1964; SCOS-BP 12/02). 
Capture-mark-recapture (CMR) of adult females on breeding colonies (Smout et al., 2019) has been 
used to estimate female survival on North Rona and the Isle of May of 0.87 and 0.95 (SCOS-BP20/02 
- Table 2). The population dynamics models fitted to the pup production time series, produced 
estimates of adult female survival close to the upper limit of that range (SCOS-BP 20/01). 
Interestingly, recent estimates from Sable Island suggest that adult female survival during the main 
reproductive age classes (4 to 24 years old) may be even higher. A Cormack-Jolly-Seber model was 
used to estimate age- and sex-specific adult survival from a long-term brand re-sighting programme 
on Sable Island (den Heyer & Bowen, 2017). Average adult female survival was estimated to be 
0.976 (SE 0.001), averaged over all animals, but was higher for younger adults (0.989 with SE 0.001 
for age classes 4-24) than older adults (0.904 SE 0.004 for age 25+).  

Rossi et al, (2021) used the branded animal data set for Sable Island to show that survival rates were 
higher for females compared to males for all age classes, though differences were small for ages 1ς
19. Females' annual survival rates were very high (>97%) until age 25, after which survival declines 
by 8% between ages 25ς29 and by another 9% for ages 30 and above. Males similarly maintained 
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high survival rates (>95%) until age 25, though declines in male survival rates in older age classes 
were much steeper than in female rates. The estimated survival rates imply maximum ages of about 
35 years for males and 45 years for females.  

In the current population estimation model density dependence acts through pup survival only, so 
adult survival does not vary with time or between regions. The fitted posterior value for adult 
survival was a constant rate of 0.96 (SE 0.01), which is consistent with the findings of Rossi et al. 
(2021).  

Fecundity: For the purposes of the population estimation model, fecundity is taken to be the 
proportion of breeding-age females (aged 6 and over) that give birth to a pup in a year (natality or 
birth rate). Pregnancy rates estimated from samples of seals shot in the UK (Hewer, 1964; Boyd, 
1985) and Canada (Hammill & Gosselin, 1995) were similar, 0.83 to 0.94 and 0.88 to 1 respectively. 
However, these are pregnancy rates and may overestimate natality if there are significant numbers 
of abortions.  

Natality rates estimated from direct observation of marked animals produce lower estimates, which 
may be due to abortions, but may also be due to unobserved pupping events (due to mark 
misidentification, tag loss, or breeding elsewhere) and may therefore under-estimate fecundity. 
Such studies, from Sable Island estimate fecundity to be between 0.57 and 0.83(den Heyer & Bowen, 
2017; Bowen et al., 2006). UK estimates of fecundity rates adjusted for estimates of unobserved 
pupping events were higher; 0.790 (95% CI 0.766-0.812) and 0.816 (95% CI 0.787-0.841) for a 
declining (North Rona) and increasing (Isle of May) population respectively (Smout et al., 2019).  

In the current population estimation model, density dependence acts through pup survival only, so 
fecundity does not vary with time or between regions. The fitted posterior value for fecundity was 
0.90 (SE 0.06) (SCOS-BP 20/01).  

Four separate, recent studies have investigated the potential effects of environental conditions on 
fecundity of grey seals: 

¶ Kauhala et al. (2019) used samples from seals shot in Finland to demonstrate that pregnancy 
rates show significant interannual variation (between c0.6 and c0.95) and are significantly 
related to herring (Clupea harengus) and sprat (Sprattus sprattus) quality (weight), which in turn 
were influenced by sprat and cod (Gadus morhua) abundance and zooplankton biomass. Their 
results suggest strong coupling over three trophic levels in the Baltic and suggest that this is 
likely to influence fecundity rates.  

¶ Smout et al. (2019) reported a similar link between likelihood of breeding and environmental 
conditions during the preceding year.  

¶ In a parallel study, Hanson et al. (2019) showed high levels of variation in individual postpartum 
maternal body composition at two grey seal breeding colonies (North Rona and Isle of May) 
with contrasting population dynamics. Although average composition was similar between the 
colonies, it increased at the Isle of May where pup production increased and declined at North 
Rona where pup production decreased.  

¶ Badger et al. (2020) investigated the effects of increasing population density on the 
reproductive performance of female grey seals over a period when the population was 
apparently approaching its carrying capacity. Counter to expectations, reproductive 
performance (measured by reproductive frequency and likelihood of successfully weaning a 
pup) increased with population size over a period when the population was approaching 
carrying capacity. However, individual heterogeneity was high and the difference in 
performance between females identified as either robust or frail on the basis of reproductive 
histories, increased with population size.  

All four studies suggest that fecundity or reproductive performance is influenced by prevailing 
environmental conditions. The consequences in terms of population level fecundity estimates are not 
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clear, but SCOS recommends continued investigations into the effects of environmental variation on 
fecundity and the potential effects of such links on population projections for UK grey seal 
populations. 

First year survival: In the context of the population estimation model, first year survival is defined as 
the probability that a female pup, will be alive at the start of the following breeding season. 
However, the model makes the simplifying assumption that annual survival from age 1 to age of 
recruitment into the breeding population is the same as adult survival. In practice the time series of 
pup production data contains no information on the pattern of mortality between birth and 
recruitment. This simplifying assumption means that all additional, pre-recruitment mortality is 
pooled into the pup survival estimate.  

At present, density dependent effects in the UK grey seal population are thought to operate 
primarily through changes in pup survival. The currently used density-dependent pup survival 
population model therefore requires a prior distribution for the maximum pup survival, i.e., pup 
survival in the absence of any density dependent effects. The model then produces a single global 
posterior estimate of that parameter and region-specific estimates of the current pup survival under 
the effects of density dependence.  

Estimates of maximum pup survival, from populations experiencing exponential growth and 
therefore presumed not to be subject to strong density dependent effects are given in 
SCOS-BP 21/04 (Table 2). Mean estimates of pup survival were between 0.54 ς 0.76.  

The fitted value for maximum unconstrained pup survival was 0.46 (SE 0.07) from the standard 
model run on the 1984-2016 dataset and data from the North Sea population in 2018 (SCOS-BP 
20/01). This value increases slightly to 0.49 when the later pup production estimates were altered by 
changing the probability of misclassification (SCOS-BP 20/01). These values are substantially lower 
than estimates in the literature (SCOS-BP 21/04).  

It is also possible to derive region-specific pup survival estimates, given the density dependent response to 

the region-specific population sizes. In the North Sea where density dependence is having little effect, 
the current pup survival estimate is 0.43, close to the maximum, unconstrained rate estimated by 
the model, but substantially lower than the published estimates (SCOSBP 21/04). In the other three 
regions where population growth has slowed or stopped the current estimate is much lower, being 
0.11 in the Inner and Outer Hebrides and Orkney. Thomas et al., (2019) estimated that pup survival 
for a population at carrying capacity will be around 0.1-0.14.  

Investigations using the grey seal population dynamics model suggested that changes in first year 
survival rather than changes in fecundity are the main mechanisms through which density 
dependence acts on UK grey seal populations (Thomas, 2010; Thomas et al., 2019).  Fecundity at an 
increasing population at the Isle of May was only marginally higher than in a declining population at 
North Rona colony in Scotland, and fecundity has not changed as the Sable Island grey seal 
population reaches density dependent limits (den Heyer et al., 2017; Smout et al., 2019). Variation in 
fecundity may become increasingly important in areas where populations have reached carrying 
capacity, e.g., age of first recruitment appears to increase as populations reach carrying capacity 
(Bowen et al., 2006; Pomeroy et al., 2010) and the reproductive success of individuals becomes 
more variable (Badger et al., 2020).  

Regional data on fecundity and survival rates would allow us to further examine the drivers of 
population trends. Such data would feed into the population dynamics model, improving confidence 
in model predictions and enhancing our ability to provide advice on population status. Furthermore, 
such data could inform effective management by identifying the relative sensitivities associated with 
different life stages, in terms of population dynamics. SCOS 2019 recommended that new resources 
should be identified to investigate regional patterns and the effects of environmental covariates on 
both first-year survival and fecundity in UK grey seal populations.  
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Sex Ratio: The sex ratio effectively scales up the female population estimate derived from the model 
fit to the pup production trajectories, to the total population size. With the inclusion of two 
independent estimates of total grey seal population size, the fitted values of the demographic 
parameters and the overall population size estimates are sensitive to the population sex ratio for 
which we do not have good information. The reported values are produced by a model run with a 
prior on the sex ratio multiplier of 1.7 (SE 0.02), i.e., a female to male sex ratio of 1:0.7 or ten 
females to every seven males. 

den Heyer and Bowen (2017) estimated survival rates of male and female branded seals at Sable 
Island, Canada. The differential survival of males and females would produce an effective sex ratio of 
1:0.7 if maximum age is set to 40, reducing to 1:0.69 if maximum age is set to 45. The sex ratio 
estimate from the Canadian population is remarkably similar to the prior used in the 2016 model 
runs. Rossi et al. (2021) produced similar sex specific survival rates from the Sable Island brand re-
sightings data, but an age structure derived from the survival estimates in Rossi et al. (2021) would 
result in a sex ratio of approximately 1:0.8 assuming equal first year survival for male and female 
pups. 

Regional differences in grey seal demographics and genetics 

The difference in population trends between regions for UK grey seals suggests underlying regional 
differences in the current values of demographic parameters. On the basis of genetic differences 
there appears to be a degree of reproductive isolation between grey seals that breed in the south-
west (Devon, Cornwall and Wales) and those breeding around Scotland (Walton & Stanley, 1997) 
and within Scotland, there are significant differences between grey seals breeding on the Isle of May 
and on North Rona (Allen et al., 1995). There is therefore some indication of sub-structure within the 
UK grey seal population, but it is not strong.  

Recent genetic data from the Baltic grey seals (Fietz et al., 2016) suggest that a combination of 
previous management practices and local climate change effects may be moving the boundaries 
between the North Sea and Baltic subspecies of grey seal, with increasing encroachment of North 
Sea seals on areas previously occupied by the Baltic Sea subspecies.  

The very rapid increases in pup production at colonies in the Southern North Sea in England, the 
Netherlands and Germany all point to large scale recruitment to those colonies from colonies in the 
Northern North Sea (Brasseur et al., 2015). Similar immigration appears to be driving growth in 
southern colonies on the west side of the Atlantic. On the basis of mDNA haplotype information 
Wood et al. (2011) could not differentiate between US and Canadian grey seal populations and 
concluded although grey seals are regarded as philopatric, their results indicate that the genetic 
structure of the northwest Atlantic grey seal population is not different from the null hypothesis of 
panmixia. 

A study led by the Galway-Mayo Institute of Technology (GMIT) is currently investigating the genetic 
structure of both grey and harbour seals occupying Irish haul-out sites and coastal/marine waters, to 
determine their relationship to wider regional populations across Western Europe (Steinmetz et al., 
in prep). New mitochondrial data from grey seals in Ireland, southwest England and the 
German/Danish North Sea coasts were combined with previously published data to generate a 
dataset including more than 2,000 individuals. Mitochondrial and nuclear diversity were high in all 
sub-regions. Genetic structuring results suggested that grey seals from the island of Ireland are part 
of a single interbreeding population. Southwest England was identified as a source of migrants to the 
island of Ireland. Southern North Sea populations from continental Europe were identified either as 
a source of migrants to the island of Ireland or as sharing a common source population. Considering 
these genetic findings, the authors suggest two distinct MUs are proposed for the Northeast 
Atlantic, comprising: (i) the Faroe Islands, Scotland and the North Sea; and (ii) the island of Ireland, 
southwestern UK and France. Two transition zones between these MUs are also proposed: (i) 
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Northwest Scotland and (ii) the English Channel/ Dutch North Sea. A similar analysis of genetic 
structure in grey and harbour seals in Norway is underway but at an early stage.  

Harbour seals  

Knowledge of UK harbour seal vital rates is limited and inferences about population dynamics rely 
on count data from moulting surveys. Information on vital rates would improve our ability to 
provide advice on population status but estimates for UK harbour seals are only available from 
one long term study at Loch Fleet in northeast Scotland. Additional studies are underway to obtain 
similar data from new sites in Orkney and western Scotland.  
 
Indices of fecundity in both the Wash and Wadden Sea have increased suggesting that either 
demographic rates, or our indices of those rates, are changing and require further investigation.  
Recent genetic studies show that harbour seals in southeast England, north and east Scotland, and 
northwest Scotland form three distinct genetic clusters and population trend analyses suggest that 
these three groups show different population trends.  
 

Age and sex structure 

The absence of any extensive historical cull data or a detailed time series of pup production 
estimates means that there are no reliable data on age structure of the UK harbour seal populations. 
Although seals found dead during the PDV epizootics in 1988 and 2002 were aged, these were 
clearly biased samples that cannot be used to generate population age structures (Hall et al., 2019). 

Survival and fecundity rates 

A long-term photo-ID study of harbour seals at Loch Fleet, NE Scotland produced survival rate 
estimates of 0.95 (95% CI 0.91-0.97) for adult females and 0.92 (0.83-0.96) for adult males (Cordes & 
Thompson, 2014; Mackey et al., 2008).  

A study investigating first year survival in harbour seal pups, using telemetry tags was carried out in 
Orkney and on Lismore in 2007. Battery life of the transmitters limited the study duration, but 
survival was not significantly different between the two regions and expected survival to 200 days 
was 0.3 (Hanson et al., 2013). Harding et al. (2005) showed that over winter survival in harbour seal 
young of the year was related to body mass and to water temperature. Preliminary estimates of 
survival of harbour seals in Orkney and Skye should be available for SCOS 2022 from the ongoing 
harbour seal decline project under the Marine Scotland MMSS programme.  

In South-east England there is evidence for changing demographic parameters in harbour seals. The 
apparent fecundity, i.e., the peak count of pups (as an index of pup production) divided by the moult 
survey count (as an index of total population size) of the large harbour seal population in The Wash 
has shown large changes since the early 2000s. The rate has been approximately twice that of earlier 
estimates and until recently was much higher than in the larger population in the Wadden Sea 
(SCOSBP 20/03). The fact that apparent fecundity of the much larger population in the Wadden Sea 
has now also increased, suggests that this is a real effect and not due simply to movement between 
breeding and moulting populations in the two areas. This is a crude metric for the productivity of a 
population of seals and may be influenced by changes in the timing or the pattern of haulout during 
the moult. It does however indicate that demographic rates, or our indices of those rates, are 
changing and require further investigation. 

Growth 

If harbour seal dynamics are the consequence of resource limits, e.g., because of reduced prey 
density or increased competition, it is likely that the growth rates of individuals would carry some 
signal of those effects. Resource limitations are likely to result in slower growth and later age at 
sexual maturity.  
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A comprehensive length-at-age dataset for UK harbour seals spanning 30 years, was investigated but 
showed no evidence for major differences, or changes over time in asymptotic length or growth 
parameters from fitted von-Bertalanffy growth curves, across all regions (Hall et al., 2019). However, 
the power to detect small changes was limited by measurement uncertainty and differences in 
spatial and temporal sampling effort. Asymptotic lengths at maturity were slightly lower than 
published lengths for harbour seal populations in Europe, the Arctic and Canada, with females being 
on average 140.5cm (95% CI, 139.4, 141.6) and males 149.4cm (147.8, 151.1) at adulthood. 

This lack of signal is in contrast to data from Danish and Swedish harbour seal populations. 
Comparison of somatic growth curves of 2,041 specimens with known age, length and population 
size at birth showed that while all populations were similar in 1988, by 2002 there were clear 
differences between populations (Harding et al., 2018). While seals in the Kattegat showed similar 
asymptotic lengths as in 1988, seals in the Skagerrak were significantly shorter. Asymptotic lengths 
of both male and female harbour seals declined by 7 cm. The restricted growth may have been 
related to relative foraging densities of seals, which were three times greater in the Skagerrak 
compared to the Kattegat. The authors suggest that reduced growth in the Skagerrak may be an 
early signal of density dependence. 

Genetics 

Genetic data from a study directed toward resolving patterns of population structure of harbour 
seals from around the UK and adjacent European sites (Olsen et al., 2017) has recently been added 
to (with funding from Scottish Natural Heritage) and combined with the population trend and 
telemetry data to investigate source-sink dynamics of harbour seal populations.  

DNA samples were collected from approximately 300 harbour seals at 18 sites throughout the UK 
and the Wadden Sea (Olsen et al., 2017) and were genotyped at 12 micro-satellite loci. Results 
suggested three distinct groups, one in in the south equivalent to Southeast England SMU and the 
²ŀŘŘŜƴ {ŜŀΣ ŀƴŘ ŀ ƴƻǊǘƘŜǊƴ ŎƭǳǎǘŜǊ ǘƘŀǘ ǿŀǎ ŦǳǊǘƘŜǊ ŘƛǾƛŘŜŘ ƛƴǘƻ ŀ ƴƻǊǘƘπǿŜǎǘŜǊƴ ŎƭǳǎǘŜǊ ŜǉǳƛǾŀƭŜƴǘ 
ǘƻ ǘƘŜ ²Ŝǎǘ {ŎƻǘƭŀƴŘΣ {ƻǳǘƘǿŜǎǘ {ŎƻǘƭŀƴŘ ŀƴŘ ²ŜǎǘŜǊƴ LǎƭŜǎ {a¦ǎΣ ŀƴŘ ŀ ƴƻǊǘƘπŜŀǎǘŜǊƴ ŎƭǳǎǘŜǊ 
equivalent to Shetland, Orkney, Moray Firth and the East Scotland SMUs.  

The UK harbour seal population can be divided into similar regional sub-divisions to those seen in 
the genetics data on the basis of the observed population trends. The southern UK population 
equivalent to the English east coast shows continual rapid increase punctuated by major declines 
associated with PDV epizootics in 1988 and 2002. Populations along the East coast of Scotland and in 
the Northern Isles have generally declined while populations in western Scotland are either stable or 
increasing.  

Nikolic et al. (2020) reported an analysis of the genetic structure of the Moray Firth harbour seal 
population. Their analysis revealed that the Moray Firth cluster is a single genetic group, with similar 
levels of genetic diversity across each of the localities sampled. Their estimates of current genetic 
diversity and effective population size were low, but they conclude that the Moray Firth population 
has remained at broadly similar levels following the population bottleneck that occurred after post-
glacial recolonization of the area. 

Carroll et al. (2020) used a combination of population trends, telemetry tracking data and UK-wide, 
multi-generational population genetic data to investigate the dynamics of the UK harbour seal 
metapopulation. Their results indicate that the northern and southern groups previously identified 
by Olsen et al. (2017) represent two distinct metapopulations. Carroll et al. (2020) also examined the 
dynamics of the northern metapopulation before and after the declines in the early 2000s. They 
identified two putative source populations (Moray Firth North Coast and Orkney, and Northwest 
Scotland) which provided recruits to three sink populations (East Coast, Shetland and Northern 
Ireland). Their results indicated a recent metapopulation-wide disruption of migration coincident 
with the start of the declines.  
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Steinmetz et al., (2021) used mitochondrial DNA from 123 harbour seals in Ireland and Northern 
Ireland and 289 seals from the UK and Europe to investigate population structure. They identified 
three genetically distinct Irish populations characterised by high genetic diversity, in North-western 
and Northern Ireland (NWNI), South-western Ireland (SWI) and Eastern Ireland (EI). SWI and EI 
populations were genetically distinct from UK/European populations, but the NWNI population was 
indistinguishable from the northern UK metapopulation, with evidence of significant migration from 
Northwest Scotland to NWNI.  

 
 

5. What are the latest SAC relevant count/pup production estimates for the 
harbour and grey seal SACs, together with an assessment of trends within 
the SAC relative to trends in the wider seal management unit/pup 
production area?  

MS Q3  

The most recent survey data and descriptions of trends in harbour seal counts for all SACs in 
Scotland and England are presented in SCOS-BP 21/03. Grey seal pup production estimates and 
descriptions of trends at all SACs in Scotland and eastern England are presented in SCOS-BP 21/03. 
The relevant count/pup production estimates for SACs together with an assessment of potential 
trends (increasing, stable (i.e., flat), decreasing, and depleted (stable at a reduced level)) relative 
to SMU-wide trends in Scotland are shown in Table 8. SMU-wide trends in harbour seal August 
counts, and grey seal August counts and pup production have been estimated for Scotland (and 
for eastern England; see Russell et al. (2021)).  

For grey seal SACs, the August and pup production trends were based on examination of the 
August aerial survey counts and pup production estimates, respectively.  

Because the August counts of grey seals are inherently variable, it was not possible to assess 
potential trends for SACs with relatively small counts. Many grey seal SACs were designated on 
the basis of their breeding colonies, and do not host large haulout numbers.  

For harbour seal SACs, potential trends were assessed on the basis of estimated trends up to 2017 
(Thompson et al., 2019) supplemented by more recent counts where available.  The counts/pup 
production estimates for the SACs are displayed in Russell et al. (2021; Figure numbers as per the 
relevant SMU). A more detailed examination of harbour seal counts within both Scottish SACs and 
SMUs is given in Morris et al. (2021).  

Harbour seals  

Information on the available data, trend analyses and comparisons with survey data for adjacent 
areas up to 50km from the SAC together with similar data and analyses for all SMUs in Scotland form 
part of a report to NatureScot that will be published in 2021. For information the SAC relevant 
sections of that report were summarised in SCOS-BP 20/05.  

Dynamics of SAC populations of harbour seals vary (see SCOS-BP 21/03, and Table 8 below and 
answer 1 above). Comparisons of the time series of harbour seals counted within SACs compared 
with numbers found within a 50km range show that SACs are not reliable indicators of trends in the 
wider population. This is especially evident for the Sound of Barra SAC, where harbour seal numbers 
have declined dramatically since the 1990s. In contrast, surrounding areas have seen a significant 
increase in numbers. To varying degrees, all SACs now represent a smaller proportion of the wider 
population than in the past.  
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Recent counts in the Wash and North Norfolk SAC show a dramatic reduction. The 2019 count was 
27% lower than the preceding 5-year average. Preliminary results from 2020 suggest that this was a 
real decrease. SCOS have highlighted this population as a priority for additional research and 
increased monitoring. 

Grey seals 

A small number of grey seal breeding sites are designated as SACs and use pup production as a 
condition indicator. Trends in pup production in those SACs were described by Russell et al. (2019) 
and are briefly described here.  

Treshnish Isles SAC (Inner Hebrides) produced over a third of the pups born in the Inner Hebrides in 
the late 1980s. Until the mid-1990s, the trend in pup production within the Treshnish Isles SAC 
mirrored the regional trend, after which pup production in the SAC showed indications of a gradual 
decline. From 2010 to 2016, the SAC produced approximately 25% of pups born in the Inner 
Hebrides. 

Monach Isles SAC (Outer Hebrides) produced 79% of the pups born in the Outer Hebrides in 2016. 
As a consequence, the Outer Hebrides pup production trend closely mirrors the trend seen at 
Monach Isles which showed an increase of 7.4% p.a. (CIs: 6.3, 8.4) between the mid-1980s and mid-
1990s before levelling off as the pup production approached an asymptote.  

North Rona SAC (Outer Hebrides) used to be the biggest colony in the Western Isles (c. 2,000 pups in 
1960s and 1970s), but has declined since 1995 at a rate of 5.1% p.a. (1995- 2010: CIs: 4.2, 6.0), with 
fewer than 400 pups born in 2016 Many of the other historical colonies in the Outer Hebrides 
underwent similar decreases in pup production (e.g., Causamul: -8% p.a. (CIs: 6.8, 9.3); Haskeir: 3.3% 
p.a. (CIs: 2.4, 4.1)). More recently, Gasker also declined ( -4% p.a. (2000-2010; CIs: 387 2.7, 5.3)). 
Conversely, newly established colonies (e.g., Berneray, Mingulay and Pabbay) in the south of the 
region increased. 

Faray & Holm of Faray SAC (Orkney) produced approximately 15% of the pups born in Orkney in 
2016. Pup production within the Faray & Holm of Faray SAC increased at a rate of 9.4% p.a. (1987-
1995; CIs: 7.5, 1.4) reaching a maximum of 3,840 pups in the late 1990s before decreasing at a rate 
of 2% p.a. since 2000 (CIs: 0.8, 3.2). Production in Orkney reached an asymptote of 18,000 to 19,000 
pups in c.2000 and has been stable ever since. 

Isle of May SAC (East Scotland) The pup production in the central North Sea has increased since 
1987 at an average rate of 5% p.a. between 1987 and 2010 (CIs: 4.4, 5.5). However, rates of increase 
at the three main colonies vary. Production at the Isle of May increased exponentially at 9.9% p.a. 
(CIs: 7.5, 12.3), since surveys began (1979), before reaching an asymptote of c.2,000 pups in the late 
1990s.  

Berwickshire and North Northumberland Coast SAC (East Scotland & Northeast England). Pup 
production in the Berwickshire & North Northumberland Coast SAC is continuing to increase and 
does not show any indication of reaching an asymptote. However, this SAC contains two large, 
discrete grey seal breeding populations with different histories and different recent dynamics. The 
Farne Islands have been an important breeding site since the Middle Ages, while Fast Castle is a 
recently established breeding site first colonised in the 1990s. Pup production at the Farne Islands 
increased from the beginning of the surveys in the 1950s until the mid-1970s, when production fell 
rapidly likely due to a series of culls (Summers, 1978) between 1967 and 1985 (pre-cull pup 
production between 1956-1965: 7.5% p.a.; CIs: 6.5, 8.5). Production increased at a slower rate of 
4.2% p.a. in recent years (2005 ς 2014; 95% CIs: 3.2, 5.2). 
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The Fast Castle colony has continued to increase at a rate of 16.9% p.a. (CIs: 15.2, 18.7). 

Pembrokeshire Marine/ Sir Benfro Forol SAC. Pup production at Skomer, on the Marloes Peninsula 
and at the monitored sites on Ramsey Island have all increased (see SCOS-BP 20/04 for details and 
data sources). This increase persists despite significant bycatch that exceeds current PBR estimates 
for the wider SW British Isles population of grey seals (see answer 11 & 14 for detailed discussion). 
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Table 8. Latest harbour (8.a.) and grey (8.b.) seal data for Special Areas of Conservation (SACs) in Scotland by Seal Management Unit (SMU). SMU numbers also 
refer to the relevant Figure number in Russell et al. (2021). The trends are potential for each SAC and estimated for each SMU.   

8.a. Harbour seal 

SMU  SAC  Latest August count (year)  Potential SAC trends  SMU trend  

2  West Scotland  

Ascrib, Isay and Dunvegan SAC  712 (2017)  stable  

increasing  Eileanan agus Sgeiran Lios mor SAC  238 (2018)  stable  

South-East Islay Skerries SAC  706 (2018)  stable  

3  Western Isles  Sound of Barra SAC  132 (2017)  depleted/declining  increasing  

4  North Coast & Orkney  Sanday SAC  77 (2019)  declining  declining  

5  
  

Shetland  
Mousa SAC  7 (2019)  declining  

depleted  
Yell Sound Coast SAC  209 (2019)  stable  

6  Moray Firth  Dornoch Firth and Morrich More SAC  62 (2019)  declining  stable/increasing  

7  East Scotland  Firth of Tay and Eden Estuary SAC  37 (2020)  declining  limited data, likely declining  
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8.b. Grey seal 

SMU SAC 
August counts    Pup production (latest data 2019)  

Latest count 
(year)  

Potential SAC 
trends  

SMU trend    
Latest 

estimate  
Potential SAC 

trends  
SMU trend  

2  West Scotland  Treshnish Isles SAC  160 (2018)  Not examined  increasing    1131  stable  stable  

3  Western Isles  
Monach Islands SAC  2701 (2017)  stable  

stable  
  12511  

stable 
/increasing  stable 

/increasing  
North Rona SAC  175 (2014)  Not examined    286  declining  

4  
Orkney & North 
coast  

Faray and Holm of Faray SAC  228 (2019)  Not examined  
stable/  

increasing  
  2186  

stable/  
declining  

stable  

7  East Scotland  

Isle of May SAC  40 (2016)  Not examined  

stable  

  1885  
stable/  

declining  
increasing  East Scotland component of  

Berwickshire and North 
Northumberland Coast SAC*  

71 (2018)  Not examined    4499  increasing  

* The boundary of this SAC transects the Fast Castle colony. Here we have included all pup production within the total for the SAC.  
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6. The frequency of grey seal surveys in some areas of Scotland are likely to be 
reduced in future years. Can SCOS advise on what a reduction in survey 
effort would mean in terms of the confidence of population estimates? 

MS Q4 

Reducing survey frequency will likely lead to an increase in the confidence intervals but is unlikely 
to substantially change the mean estimates. It is considered that the effects of further reducing 
survey frequency should be compensated to some extent by inclusion of additional independent 
estimates. Although estimating the population size is important, estimating trends and detecting 
changes in those trends is arguably more important. Rapid detection of changes in dynamics at 
appropriate spatial scales is essential for effective management of anthropogenic effects. The 
effect of reducing survey frequency in a stable population will be less than for a rapidly changing 
population. Reduced survey frequency may increase the time taken to detect changes. 

Any decision to reduce survey frequency will take into account the need to maintain a good 
understanding of current trends and should, where possible, include an appropriate power 
analysis. A revised analysis of the likely effects will be carried out as part of the planning and 
decision-making process before any change in survey frequency is implemented. 

Thomas & Harwood (SCOS-BP 05/3) investigated the effect of reducing the frequency of pup 
production estimates by re-fitting a suite of population dynamics model to a reduced data set 
comprising pup production estimates from 1984, 1985 and alternate years from 1987 to 2003. The 
predicted total population sizes for 2004 were similar to the estimates obtained using the entire 
dataset. However, the posterior credibility intervals were noticeably wider. In 2010 the monitoring 
programme was reduced to biennial surveys. Reducing the frequency further will likely lead to a 
further increase in the confidence intervals, but is, again, unlikely to substantially change the mean 
estimates.  

It should be noted that the previous analysis showed only a limited impact of effectively halving the 
data. This was a worst-case scenario as the reduction in survey frequency only affects the later part 
of the time series. The models are fitting to an unbroken time series from 1984 to 2010 and biennial 
surveys since 2010 as well as to the future data. The model now also fits to three independent 
estimates of the grey seal population size, and this time series will be updated every five years. The 
effect of reducing survey frequency to biennial has apparently been compensated for by the 
inclusion of the independent estimates and by the extra data points since 2010. The approximate CV 
of the 2010 estimate of the overall UK population, based on pup production to 2009 and including 
one independent estimate was 0.12. The approximate CV of the 2018 estimate, based on pup 
production estimates up to 2016 (including three biennial surveys) and including two independent 
estimates was 0.065. This suggests that the effects of further reducing survey frequency should be 
compensated to some extent by inclusion of more independent estimates in future.  

Although estimating the population size is important, e.g., for quantifying interactions with fisheries 
or industrial activities, estimating trends and detecting changes in those trends is arguably more 
important. Rapid detection of changes in dynamics at appropriate spatial scales is essential for 
effective management of anthropogenic effects. In such cases, comparisons are complicated by the 
fact that different populations are showing different dynamics and the effect of reducing survey 
frequency in a stable population will be less problematic than for a rapidly changing population. Any 
decision to reduce survey frequency will be an attempt to target the available survey resources more 
effectively, e.g., by reducing frequency of surveys in regions that are showing little change and 
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concentrating effort where rapid change has been observed or is expected. A revised analysis of the 
likely effects will be carried out as part of the planning and decision-making process before any 
change in survey frequency is implemented. Wherever possible such a reduction in survey frequency 
should be compensated with increased use of alternative information such as independent (i.e., not 
derived from pup production time series) estimates of population size and demographic parameters.  

7. Could SCOS provide advice on the most appropriate multiplier to use when 
estimating an all age population size from pup production in the 
Southwestern British Isles (including Ireland) region. 

 
NRW Q3  

The main source of uncertainty in the Southwestern population estimate is the absence of reliable 
pup production data for a large proportion of the Welsh grey seal population. Any population 
estimates and resulting PBR values derived from the existing pup production estimates should be 
treated with caution.   

In the absence of either an independent estimate of total population size, or a time series of pup 
production estimates for Welsh grey seals, a method is required to convert single pup production 
estimates to total population size. Several conversion factors could be used, but SCOS identified 
the ratio of pup production at regularly monitored colonies in Scotland and eastern England to a 
population estimate derived from a population dynamics model as the most appropriate method. 
For future PBR estimates, SCOS recommend a count of seals in August, to align with the rest of the 
UK would be the best option, if possible. 

The scalar for estimating 1+ age population from pup production based on the population 
dynamics model was 2.32 (CI 2.15 ς 2.50). However, this includes additional uncertainty in the 
recent pup production estimates. A more conservative scalar of 2.08 (CI 1.93 ς 2.24), based on the 
2010 ratio between pup production and population estimates, avoids this additional uncertainty. 

In the absence of data on the distribution and abundance of seals in Wales and Southwest England 
Seal Management Units (SMUs) outside the breeding season, a scalar has been used to generate 
total population and Nmin estimates from estimated pup production in those SMUs. However, there 
are no time series of comprehensive/reliable pup production estimates for Wales or Southwest 
England with which to fit a population model to predict population size. An approximate population 
estimate has been proposed based on a multiplier, derived from the pup production and total 
population estimates from the regularly monitored populations in Scotland and the North Sea. In 
addition, the rationale for combining the Irish population with the Welsh and Southwest English 
populations is unclear; these are unlikely to form either a closed or fully mixed population. 

The most recent nationwide estimate for pup production in Wales and SW England is 2,700 pups. 
derived from counts/estimates at indicator sites and a scaling factor (approximately 2) to convert 
the sum of these indices to total pup production (SCOS-BP 20/04). Thus, approximately half of this 
estimate is based on counts from the 1990s and an assumption that those sites have increased in 
line with the other half for which a time series of counts are available (SCOS-BP 20/04). There does 
not appear to be any information to support that assumption. The most recent published estimate 
for Ireland is 2100 pups based on pup counts carried out between 2009 and 2012.  

SCOS are concerned that pup production estimates for sites that are currently thought to hold 
approximately half of the total Welsh grey seal pup production are based on 30 year old counts and 
that pup production estimates for Ireland are based on 10 year old data. The estimated pup 
production should therefore be treated with extreme caution. An analysis of newer pup production 
and population data from Ireland covering the period 2013-2017, and for which summer haul-out 
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count data have also been gathered in 2017-18, is ongoing and may help to inform this subject for 
future SCOS deliberations.  

In the absence of comprehensive summer haulout survey data SCOS recommend a scaling factor for 
estimating total population size from pup production using the ratio of pup production to the 
population estimate derived from the population dynamics model (SCOS-BP 21/05) for the rest of 
the UK grey seal population. Pup production for the regularly monitored colonies was 60,700 in 
2019. The model generated population associated with those colonies was 140,900 (95% CI 130,600-
151,600). This produces a scalar of 2.32 (CI 2.15 ς 2.50).  

However, this estimate includes a large uncertainty due to the step change in pup production 
estimates associated with the change in methodology after 2010. To avoid that additional 
uncertainty, using the ratio of pup production to total population estimate from 2010 would be a 
safer, i.e., more precautionary approach. This would produce a pup production to total population 
scalar of 2.08 (CI 1.93 ς 2.24). 

Notwithstanding the concerns over the uncertainty in pup production estimates, these scalars could 
be used for calculating PBRs. The same process can be used to estimate approximate scalars from 
pup production to Nmin equal to the lower 20th percentile of the distribution of the population 
estimate. The scalar/multiplier for pup production to Nmin derived from the current population 
dynamics model is approximately 2.24. Using the 2010 ratio would produce a scalar of 2.00.  

However, SCOS again stress that these numbers are speculative given the absence of a 
comprehensive pup production estimate for over 30 years. Using the ratio between overall pup 
production and population size for the rest of the UK is also problematic. We do not have an 
estimate of the growth rate for the Welsh population and the growth rate strongly influences that 
ratio. As a result, SCOS again urge extreme caution when applying these all-age population estimates 
for seal management. 

As there are no new comprehensive pup production data and no comprehensive summer survey 
data, SCOS recommend leaving the FR = 0.5. Although there is a perception that the Welsh 
population may be increasing slowly, CCW previously recommended setting the FR to 0.5 based on 
uncertainty in population status and the use of parameter estimates from other populations (SCOS 
2016 Q9). There are detailed time series for some of the larger sites, but there is still a great degree 
of uncertainty because a potentially sizeable proportion of the population is effectively uncounted, 
so the uncertainty has not decreased.  

8. Are there any technologies (existing or new/emerging) that could be 
considered as an alternative to aerial surveys that could help meet Net 
Zero aspirations, or does the method currently used remain the most 
appropriate vehicle? 

 
MS Q5 

New survey techniques are continually assessed for the potential to reduce the environmental 
Ŏƻǎǘǎ ŀƴŘ ƘŜŀƭǘƘ ŀƴŘ ǎŀŦŜǘȅ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ {aw¦Ωǎ ŀŜǊƛŀƭ ǎǳǊǾŜȅ programme. Despite 
improvements in resolution, satellite imagery does not have the required resolution for species 
differentiation and for differentiation of different classes of seal pups.  

Unmanned Aerial Vehicles or drones are becoming more affordable and reliable and offer the 
potential to carry out surveys in poorer weather conditions at lower level than fixed wing aircraft 
or helicopters. However current limitations of battery life, payload weight and legislation limiting 
use to line of sight limits the extent to which drone technology could replace the current aerial 
survey approach. The very large extent of individual colonies, often several kilometres, the 
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number of colonies that require synoptic surveys and the large distances between them render 
current drone technology unsuitable. SMRU will continue to monitor the capabilities and 
legislation surrounding drone use. Despite this, drones have significant potential to provide data 
ǘƻ ǎǳǇǇƭŜƳŜƴǘ {aw¦Ωǎ ǊŜƎǳƭŀǊ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŎƻƭƭŜŎǘ ǎǇŜŎƛŦƛŎ ƛƴŦƻǊƳŀǘion at individual colony 
level.  

Other options to reduce the environmental impact of the aerial survey programme would be to 
reduce the frequency of surveys and/or to have the plane used for grey seal breeding survey 
stationed at Dundee airport throughout the season. 

Efforts to reduce the carbon footprint of the existing surveys continue. From 2021 all east coast 
harbour seal surveys will be conducted using a single engine Cessna 172 aircraft. Improved 
manoeuvrability at slower speeds and ability to use local grass landing strips has improved survey 
efficiency and reduced fuel consumption by approximately 70%.  

The Sea Mammal Research Unit continually review the capabilities of new techniques to conduct 
accurate, safe, efficient, and cost-effective population surveys. The need to reduce the 
environmental effect of research is also a driver for the investigation of new techniques.  

The increasing resolution of satellite imagery has provided opportunities to assess wildlife 
populations from space (McMahon et al.,2014, Bamford et al., 2020). However, satellite-derived 
methods have difficulty resolving smaller or camouflaged animals. The best available resolution of 
30 cm per pixel makes it feasible to count individual seals on sand (Moxley et al., 2017), but does not 
allow the differentiation of seal species or different classes of grey seal pups on sand or even the 
detection of seals on rocky shorelines. Even though it is possible to count individual seals on some 
satellite images, the frequency at which usable imagery (highest resolution image of a specific 
location during low tide) would become available is unknown. Figure 7 shows the recent imagery 
available on Google Earth for a popular grey seal haul-out site at the mouth of the Ythan estuary, 
north of Aberdeen. Although large numbers of grey seals are visible on all six images taken since 
May 2016, only the image taken on 28th June 2018 has a resolution that allows most individuals to 
be counted confidently. 

Another technique that is under continual review is the development of unmanned aerial vehicles 
(UAV) such as quadcopters and fixed wing aircraft, also known as drones. 

It has only been in the past few years that commercially available drones have become affordable 
and reliable for professional use, allowing researchers to conduct highly detailed aerial surveys on a 
routine basis (Dickens et al.,2021). However, these remain limited in terms of battery life, and 
associated flight time, and payload weight for camera equipment. Currently, consumer drones and 
most multi-rotors are limited to flight times of <45 min, while fixed-wing drones are limited to <2 h. 
For monitoring behaviours that may extend beyond battery capacity, drones require battery 
replacement that interrupt monitoring. 

Existing legislation requires line-of-sight operation (up to a maximum horizontal distance of 500 m) 
which means that the operator would have to launch/operate the drone from multiple locations to 
cover individual large grey seal breeding colonies that extend over several kilometres. Most of the 
colonies would only be accessible by boat or helicopter. Biennial grey seal pup production surveys 
involve 4-5 repeated aerial surveys of around 70 colonies spread out over a large area across 
Scotland and eastern England. The area requiring coverage has recently increased, both in extent 
and geographical spread, to incorporate the growing colonies on the east coast of England. The size 
of the colonies and the distances between areas covered within a single survey campaign are too 
large to be covered by currently available UAV technology and within existing legislation in a cost-
effective manner. 

During SMRU harbour seal moult surveys, a few hundred kilometres of coastline are surveyed during 
a single 4h low tide window on each day. This reduces the potential for movement between haul out 
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sites during surveys. These surveys are often in remote and hard to reach parts of Scotland, involving 
convoluted and complex rocky coastlines where seals are found using a thermal imaging camera. It is 
not currently possible to replicate this approach with drones as this would require transport 
between areas by vehicle and boat or helicopter and would take many more days. 

5ŜǎǇƛǘŜ ǘƘŜǎŜ ƭƛƳƛǘŀǘƛƻƴǎΣ ŘǊƻƴŜǎ ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘ ǇƻǘŜƴǘƛŀƭ ǘƻ ǇǊƻǾƛŘŜ Řŀǘŀ ǘƻ ǎǳǇǇƭŜƳŜƴǘ {aw¦Ωǎ 
regular monitoring and would be a highly effective means to replace ground counts at individual 
colony level at specific locations. Drones also have potential as a technique for detailed investigation 
of specific research questions with methods such as photogrammetry-based estimates of body 
condition and size distribution, photo identification, evidence of entanglement etc.  

In conclusion, whilst consumer-grade drones offer significant potential for improving our ability to 
monitor a number of features at individual colonies or haul-outs, there is not yet sufficient 
operational ability to replace the current approach of using manned aircraft to achieve the extent 
and scale of the current UK wide seal monitoring programme. In the foreseeable future, emissions of 
greenhouse gases could only be reduced by further reducing the frequency of surveys or by having 
the aircraft used for grey seal pup surveys based at Dundee Airport throughout the season. 
However, the capabilities of affordable UAVs are continually developing. Therefore, SMRU will 
continue to review the capabilities of UAVs and other emerging technologies to identify potential 
future reductions in the environmental impact and in the risk of methods implemented in the 
current monitoring programme.  

 

 
 
Figure 7. A grey seal haul-out site at the mouth of the Ythan Estuary, north of Aberdeen, shown on the 
six most recent satellite images available on Google Earth. Large groups of seals are visible on all 
images, but individual seals are only clearly identifiable on the image taken on 28th June 2018. 

 
  


