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ExecutiveSummary

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 spapulations. 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-sixquestions were received from Marine Scotland, Defra and Natural Resources

Wales{ / h{Qa IyadsSNA (2 (KS&S ljdzSadAaz2ya | NB LINROJA
summarised here.

Current status of British grey seafslalichoerus grypys

Grey seapopulation trends are assessed from counts of pups born during the autumn breeding
season, when females congregate on land to give b@thtside of the breeding season animals
may redistribute themselves, thus, regional differences in population estsdo 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 eastegiadfd was carried out in 2018%he
results, together with a correction for less frequently monitored sites, produce an estimate of
67,850 (approximate 95%:®D,50075,100) pups born throughout the UK in 20T@ble S1)

The pup productiorestimates are converted to estimates of total population size (1+ aged
population at the start of the breeding season) using a mathematical mdtelpopulation
model provided an estimate df57,300individuals (approximate 95% £44,600169,400. The
UK currently holds approximately 35% of the world population and 82% of the European
population of grey seals.

TableSL. Grey seal pup production by country (based on 2019 pup production estimatesptahd
population estimates at the start of the 2020eeding seasorPup production ambers rounded to
nearest 50 pupsind total populatiorrounded to nearest 100

Location Pup production 2020 Population
in 2019 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 Efidiand.
combined 2019 pup production estimate in the Inner and Outer Hebrides aktk@mwas 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 sea{®hoca vituling

Harbour seals are counted while they are on land during thegust moult, giving a minimum
estimate of population sizé\ot all areas are counted every year, but the aim is to cover the UK
coast every 5 yearfiue to Covid restrictions through summer 2020, no lesgale surveys of



Scottish harbour seal populatis were undertaken. However, a complete survey of the East
Anglian coast from Donna Nook to Scroby Sands was completed in 2020 and three further
surveysof that areawere carried out in August 2021

The best estimate of the UK harbour seal population in 2020 is 43,750 (approximate 95%
Cl1:35,80058,300). This is derived by scaling the most recent composite count of 31,500, (based
on surveys between 2016 and 2021) by the estimated proportion hauleduring the surveys

(0.72 (95% CI: 0.52.88)). Overall, the UK population has increased since the late 2000s and is
close to the late 1990s level prior to the 20BBocine Distemper Viru®DV epizootic.

However, there are significant differences in {h@pulation 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 twoRDAjor
epizootics in 1988 and 200Bowever, tle 2019 count in the large Southeast Engl&adl
ManagementUnit (SMU) was approximately 25% lower than the mean of the previees

years. Counts for 2020 and 2021 confirm that the population has decliirexitotal count for

the sites between DormNook in Lincolnshire and Scroby Sands in Norfolk, has declined by
approximately 38% compared to the mean of the previous five years 2029 mean = 3080;
20142018 mean = 4296This decline is a clear cause for concern and emergency funding for
additional surveys has been provided by Defcqaroposed programme of research to
investigate the causes of this decline is being developed.

Populations along theast coast of Scotlanaind in the Northern Isles have generally declined
since the early 20003 he recorded declines have differed in intensity but in all areas the
current population size is at least 40% below the-pd®2 levelPopulations in North Coast &
Orkney SMU anih 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 increasiognts 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 s$teNlerthern Ireland,

the population appeardto have declined slowly after 2002 but Hasen apparently stable

since 2011.

Table2. UK harbour seal population estimates based on counts during the moult; rounded to the
nearest 100.

Location Most recent count Total Population estimates
(20162021) with 95% Cls
England 3,600 5,000 (95% CI 4,1@0700)
Wales <1C¢ <15
Scotland 26,800 37,200 (95% CI 30.44@9,600)
Northern Ireland 1,000 1,400 (95% CI 1,1400900)
Total UK 31,500 43,750 (95% CI 36,068,700)

Knowledge of UK harbour seal demographic parameters\(ital 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 appropriate conservation actioné. wide range of potential causes have been
discussed at previous SCOS meetiDggails of the current state of knowledge for each of the
potential drivers of decline were discussed and a summary is preseni@dlia 9.This

identifies three ultimate causes as likely drivers of the declines; prey quality and availability,

3



competition with other marine predators, and predation by killer whales and grey seals. Other
potential contributing factors include diseaaad 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 ahicro-plastics and Persistent Organic PollutafROPS)

Seal management

Conservation orders for harbour seals are currently in place for the Western Isles, Northern Isles
and down the ScottiskastCoast as far as the bordeBCOS discussed the requirement for
continuation of the Seal Conservation Area designations in&gwbdnd recommended that

orders for the Northern Isles and East Scotland SMUs should remain inkiacever the

continued increases in the Outer Hebrides harbour seal population means that the designation
could be removed. SCOS also provided advicgcmmtific 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 woulldadiow the

population to approach a defined targd®BR estimates for both harbour and grey seals for each
seal management unit in Scotland are presentkslthere were no changes to the harbour seal

or grey seal summer population estimates from Saadl the values are unchanged from last
8SIFNRa NBO2YYSYyRIlGAz2yao

The SCOS discussed the merits of altering the existing Seal Management Unit areas and
concluded that there was no scientific merit in coalescing uSi®0S recognised the difficulty of
managing geographically widespread threats suchyastch butconcluded that these issues
can best be addressed by combining the individual SMU populations where and when
appropriate.

SCOS also discussed the need tsigigate additionabites of Special Scientific IntereSES)s
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 @4 fotal estimate was
488 animals (95% A75-872).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 bycatétl rateorded
species IDs in theouthwestare of grey seals, as there are few harbour seals west of the Solent
area.Most bycaught animals are sma&iCOS recommeriddat effort should be directed towards
identifying the species and if possible, the sex and age strucnckgenetic information from

the bycaught seald his could be achieved by obtaining photographs of the animals and taking a
skin sample.

Estimded bycatch levels in the Western Channel and Celtic Sea exceed the PBR for the
combined grey seal populations of SW EnglaMdles,and IrelandDespite the bycatch, grey
seal populations in Wales and Ireland are probably stable, suggesting that bysaath
include animals that may have originated from the large, adjacent breeding populations in
western Scotland.



Interactions with Fisheries

SCOS discussed a range of topics related to seal interactions with fisheries, aquaanttuhe
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 struchrepdate

on interactions between seals and marine renewables is presented altihg 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 ofecliirenge on UK seal
populations and an updated review of likely impacts is presetagdther with areview of the
current and potential future threats to UK seal populatiofikis includes available information

on effects of macreand micraplastic polution, entanglement, pollutants including POPs,
plasticizers and pharmaceuticals, harmful algae, fisheries interactions, disturbance, infectious
diseasesand predation risk.

There was considerable discussion on the likely effects of disturb&@®@$ecognise 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 levéln extensse review of the available information on
disturbance of seals is presented.



Contents

Executive Summary

Background

Questions

1.

10.

11.

12.

13.

14.

15.

16.

17.

Seal Populations

Current status of British grey seals

Current status of Britishdrbour seals
Regional harbour seal declinescotland
Regional harbour seal declindsngland
Population structure and demographics

Grey seals

Harbourseals
SAC populations

Harbour seals

Grey seals
Effects of reduced survey frequency for grey seals
Pup production to total population multipliers
Emerging survey technologies
Drivers of harbour sealeclines
Comparison between English and Scottish harbour seal declines
Genetic differences between stable and declining harbour seal populations
Criteria for changing SAC conservation objectives
OSPAR M3 & Miadicators
IAMMWG seal management area proposal
Identifying additional sites for SSSI designation

Current guidance on additional SSSI designation

Need for and alternatives to additional SSSI designation

14
14
14
26
37
38
39
39
44
46
46
47
51
52
53
56
60
62
63
64
69
72
77

78



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

As®ssing site vulnerability 79

Criteria for establishing Seal Conservation Areas 80
Timeframe for reviewing designation of protected haulout sites 81
Updated PBRs for Scottish Seal Management Units 84
Bycatch of seals in UK fisies 88
Nortlethal seal deterrence in fisheries 92
Levels of depredation by seals in UK fisheries 93
Potential ecosystem effects of increasing seal populations 94
Predicting seal interactions with aquaculture industry 98

Non-lethal options to address seal interactions with fisheries and aquaculture 100

Effects of climate change on UK seals 100
Entrapment of seals in underwater structures 106
Knowledge gaps with respect to noise and collisionwisk tidal turbines 107

What is the current state of knowledge on grey seal interactions with tidal
energy devices? 112

At sea abundance and distribution data for use in licensing applications and
planning activities 114

Potentid for repeated disturbance to have individual and population impacts
on seals 115

Prioritisation of strandings cases for pasbrtem examination 123
Gaz2dziK NRGE OlFasSa Ay KIND2dzNJ aSIfa 125

Effects of entanglement, ingeeh of macroplastics, microplastics and chemical
pollution on UK seals 126

Information on current environmental threats to seals and assessment of their
relative levels of risk 132

Can seals contract COVID 19 and potential to awtldéfe reservoir 137



References 140

ANNEX | Terms of reference and SCOS membership 158
ANNEX Il Original questions to SCOS 159
ANNEX lll Briefing papers for SCOS 170
21/01 Grey seal pup production in Britain in 2019 171

21/02

21/03

21/04

21/05

21/06

21/07

21/08

Morris CD, Riddoch NG and Duck CD

Grey seal independent estimate scalar: converting counts to population 186
estimates
Russell DJF and Carter MID

Trends in seal abundance and grey seal pup production 196
Russell DJF, Duck CD,rioCD, Riddoch NG, and Thompson D

2018 Annual review of priors for grey seal population model 219
Russell DJF, Thompson D and Thomas L

Estimating the size of the UK grey seal population between 1984 and 20228
Thomas L

Recent changes in status of harbour seals in the Wash and North Norfolk
SAC and adjacent sites 239
Thompson D and Russell DJF

Report on2021 Seal Surveys in the Greater Thames Estuary 250
Cox T, Cucknell A, Harris S, McCormick H, Layne Mensah R and Debney A

Provisional Regional PBR values for Scottish seals in 2021 260
Thompson D, Morris CD and Duck, CD



Scientific Advice

Background

Under the Conservation of Seals Act 1970 gredMarine (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 fomtrithis advice so that it may discharge this statutory duty.
Terms of Reference for SCOS and its current membership are given in Annex |.

Formal advice is given annually based on the latest scientific information provided to SCOS by
the Sea Mammal Rese&rt/nit (SMRUSMRU 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
alsoprovides 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, ad 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 agghémd
the main report(Anrex IIl)

{ aw,| Qaernh f@ndirh 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 n&ssary.

General information on British seals

Two species of seal live and breed in UK waters: grey s$tallst{oerus grypysand harbour

(also callecascommon) sealsRhocavituling). Grey seals only occur in the North Atlantic,
Barents and Baltic Sedth their main concentrations on the east coast of Canada and United
States of America and in noriliest EuropeHarbour seals have a circumpolar distribution in
the Northern Hemisphere and are divided into five seciesThe population in European
waters represents one subspeci®@hpcavitulinavitulina). Other species that occasionally occur
in UK coastal waters, include ringed seBlsgghispidg, harp sealsRagophilugroenlandicd,
bearded sealsHrignathusarbatug, hooded sealgQystophoraristata) and walrus@dobenus
rosmaru3, all of which are Arctic species

Grey seals

Grey seals are the larger of the two resident UK seal spefiledt males can weigh over 36Q
while the females weigh around 15M0Kkg. Grey seals areriglived 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.



They are generalist feeders, foraging mainly on the seabed at depths of up to, Hdthough

they are capable of feeding at all the depths found across the UK continental&iefftake a

wide variety of prey including sandeels, gadoids (cod, whiting, haddock, ling), and flatfish
(plaice, sole, flounder, dabhmongst these, sandeels are tggily the predominant prey
speciesDiet 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 dagpnding on the prey species.

Grey seals forage in the open sea and return regularly to haul out on land where they rest,
moult and breedThey may range widely to forage and frequently travel overkiietween
haulout sites. Foraging trips can last amgre between 1 and 30 daySompared 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 ofndividual seals has shown that most foraging probably occurs within
100km 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 siteales\&hd 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 thdaltic 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 populatiens,

are clear indications of a slowing down in population growth in recent years.

PLILNBEAYFGSE @ ocz: 2F (KS 62NI RQE brat& éoloreS | £ &
in Scotland with the main concentrations in the Outer Hebrides and in OrKineye are large

and rapidly growing breeding colonies on the east coast of Scotland and England with fastes
growth in the central and southern North S&dere are also breeding colonies in Shetland, on

the north and northeast coasts of mainland Britaimd 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 cave$referred breeding locations allow females with young pups to move inland
away from bug beaches and storm surge3eals breeding on exposed, eliticked beaches and
in caves may have limited opportunity to avoid storm surges and may experience higher levels
of pup mortality as a resulBreeding colonies vary considerably in size; atstnallest only a
handful of pups are born, while at the biggest, over 5,000 pups are born anrfindte past,

grey seals have been highly sensitive to disturbance by humans, hence their preference for
remote breeding sites. However, at one UK mainlaalbny 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 cobeiesal
mainland colonies now receive tens dbusands 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 betwéermust 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 teDaicember.
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Female grey seals give birth to a single white coated pughathey suckle for 17 to 23 days.

t dzLJA Y2dz 0 GKSANI gKAGS ylrart O2Fd4G o6Fftaz OFffSR
remain on the breeding colony for up to two or three weeks before going toNating occurs

at the end of lactation and theadult 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 bofBrey seals have a polygynous breeding
system, vith dominant males monopolising access to females as they come into o€Bhreis.
degree of polygyny varies regionally and in relation to the breeding habies breeding on
dense, open colonies are more able to restrict access to a larger numbsmalds (especially
where they congregate around pools) than males breeding in sparse colonies or those with
restricted breeding space, such as in caves or oAbeldked beaches.

Harbour seals

Adult harbour seals typically weigh-800 kg. Males are slightly larger than females. Like grey
seals, harbour seals are letiged with individuals living up to 280 yearsThey normally feed

within 40-50 km around their haul out sites. They take aawriety 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 $ekdsp8r adult

seal per day depating 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, harbosgeals haul out on land regularly in a pattern that is often

related to the tidal cycle. Harbour seal pups are born having shed their whiténcotroand

can swim almost immediately.

Harbour seals are found around the coasts of the North Atlantic amthNPacific from the
subtropics to the Arctic. Five subspecies of harbour seal are recognized. The European
subspeciesPhoca vitulina vitulinaranges from northern France in the south, to Iceland in the
west, to Svalbard in the north and to the BalteaSn the eastThe 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 hgyistained rates of
increase in the Wadden Sea populatibtarbour 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 theajor estuaries of the Thames, The Wash, the Firths

of Forth and Tay, and the Moray Fircotland 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 Englandifly 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 didbhdemonstrate any immediate recovery from the 2002 epizootic and
continued to decline until 2008.he counts increased rapidly from 2006 to 2012 but appeared

to have remained relatively constant since until a decline began in 20t@ntrast, 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.

11



Major declines have now been documented in sevhaeabour seal populations around

Scotland, with declines since the late 1990s of 85% in Orkney, 47% in Shetland and 95% in the
Firth of TayHowever, the pattern of declines is not universéthe Moray Firth count apparently
declined by 50% before 200Bh@ 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 serieBhe West Scotland population is now the largest
population in the UK and in 2018 was approximately twice the size it was in th&98ids.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 1908tabour seals were heavily exploited mainly for pup
skins until the early 1970s in Shetland and The Waséy seal pups were taken in Orkney until
the early 1980s, partly for commercial exploitation and partly as a population control measure.
Large scaleulls of grey seals in the North Sea, Orkney and Hebrides were carried out in the
1960s and 1970s as population control measu@=y seal pup production monitoring started

in the late 1950s and early 1960s and numbers have increased consistenthyHsneazer, 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, bsitnidi 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, punctuatedwy tmajor 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 werg iev 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 &Act was superseded by the Marine (Scotland) Act 2840.

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 Zitservation areas
havebeen 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 liceroethe orginal 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 fisferS& 2 NJ TA a K F I NI Re&ent ldgidiati@dzt { dzNBS
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
licencesauthorising 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 At 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 protectionnpt@mn or

development of commercial fisheries or aquaculture activifidsese changes were enacted to
ensure compliance with the US Marine Mammal Protection Act Import Provision Rule.

Ly {O2GftFryR Al faz2 Aa y2¢ HIYNI2ZFFS YOS (G2 WK YRS
haulout sitesNERC (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 10f Wildlife and Natural Environment Act (Northern Ireland) 2011.

Both grey and harbour seals are listed in Annex Il of the EU Habitats Directive, requiring specific
areas to be designated for their protectiofio date, 16 Special Areas of ConservatiotCESA

have been designated specifically for seals. Seals are features of qualifying interest in seven
additional SAC3.he sixyearly SAC reporting cycle requires formal status assessments for these
sites.These were last completed in 2019.
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Questions

Seal Populations

MS Q1
1. What are the latest estimates of the number of seals in UK wafters 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;660,400). The estimate is based

on the most recent pup production estimates in 2019 for aerial surveyadbnies 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 seaon, when females congregate on land to give birtbutside of the breeding

season animals may rdistribute themselves, thus, regional differences in population
estimates do not necessarily reflect the abundance of animals in each region at other tirhes o
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 frequily monitored sites, produce an

estimate of 67,850 (approximate 95% 60,50075,100) 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 NdrtSea colonies were converted to estimates of total

L2 LJdzf F A2y aAT S omb 3SR LRLIMzA A2y I 2080F SNNBR
breeding season, using a mathematical model of British grey seal population dynarfifes.

population estimae 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 SBBS1/05, Russelkt al. (2019)

and Thomaset 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 Engldrel.
combined 2019 pup production estimat@ ithe 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 graauhts combined with estimates
from less frequently aerially surveyed colonies, indicated that approximately 67,850

(approximate 95% @&0,250685,400)grey seal pups were born in 2019 across all UK colonies,
including the Isle of Man.
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Major colonies in Sitland are now surveyed biennially (see S@BPS14/01)Aerial surveys to
estimate grey seal pup production were carried out in Scotlar&Di®, using a digital camera
system(SCOSBP 21/01)Counts then go into a model to estimate pup production on the
biennially monitored colonies around Scotlafilip production estimates for colonies on the

East coast of England were obtained from ground counts in.2019

Tablel. Grey seal pup production by country (based on 2019 pup production estimates), and total
population estimates at the start of the 2020 breeding seasdnmbers rounded to nearest 50

2020 Population
estimate***

pups.

Location Pup production
in 2019

England* 11,300
Wales 2,250*
Scotland 54,050*
Northern Ireland 250*
Total UK 67,850

*Includesedimated production for less frequently monitored colonies, see 8B(23/01 and 20/04 for
details. Populations associated with these estimates were based aadhmspecificratios of pups to
total populationfor the regularly monitored sitesvhile tre UKwide average ratio was used for the less

frequently monitored sites

** |sle 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 seas Confidence intervals are not provided as the national populations

KIS 0SSy RSNAGSR FTNRY NBIA2YI §
production in each countrEstimatesvererounded to nearest 100 seals

LI2 Lddzt F GA2y SadAyYl

Regional pup production estimat@s 2019 at biennially asurveyed and annually ground
counted coloniegrounded to nearest 50 pupsjere: 4,450(approximaté 95% C8,3005,600)
in the Inner Hebridesl6,100(95% C12,00020,300)in the Outer Hebride2,150(95% CI
16,40027,900)in Orkney and.8,000(95%CI113,30022,600)at the North Sea colonies
(including Isle of May, Fast Castle, Farne Islands, Donna Nook, Blakenen&oint a

Horsey/Winterton) (SCGBP 21/01).

An additional7,200 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 (SC&BP 20/04; 21/01).

Trends in pup production

There has ben a continual increase in the total UK pup production since regular surveys began
in the 1960s (Figure 1) (see SEBPS18/01 & Russedt al. (2019) for details)Ths increasdas
continued over the last survey interval, but the overall increase islsiiad% p.a. and imainly
limited to the North Sea colonies along the east coast of Scotland and Enghendombined

2019 pup production estimate in the Inner and Outer Hebrides and Orkney was 3.3% lower than
the 2016estimate (equivalent to a 1% p.a. decreasd)ereas the production for the North Sea
colonies increased by 23% over the same pefémfliivalant to a 7% p.a. increas€)able2).

1Approximate Cls based on the overall Cl of the total pup production estimated by the population dynamics model:

see SCOBP 18/03This 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 202 affected both the
efficiency of counting and the stage classification of pup images. hredl tegions where the
pup production is estimated entirely from aerial survey counts there was an apparent step
change coincident with this transitiofor logistical and technical reasons, it has not been
possible to directly crossalibrate the two méhods.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 compapopulation 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 (SMUSs) 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 SK the rest of this seiin the SMU names

will be used.

Russellet al. (SCOBP 2103) fitted a series of models to the pup production estimates for each
SMU.For Scottish SMUshere the pup productions were estimated from SMRU aerial surveys
(all except Shetland and Moray Firtthe modelfitted 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 pugountsthat resulted from thechange in aerial survey methotio maximise the

data available to fit this jump, all applicable SMUs were modelled within a single GAvNb&€r

of knotslimited to k=5), allowing a different temporal trend feach SMU but a single

adjustment for the change in survey metho@mnce 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 surveyegd SM
included arestimated 27 % jump (95%: @6.7¢ 37.5)in pup production associated with the
change from film to digital (delta AIC-80 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 Russeli al. (2019) and summarised in SCOS 202@. recent analysis

extends the fitted trends through the change in methodology in 2@llawing examination of
trends through the entire time series including the past decade.

Figure numbers here refer to figures in SEEPS21/03, where a full description of the model
selection process and the resulting trends can be folrgefly, pup poduction had levelled off

in West Scotlandearly to mid 1990s; Fig 2i c SCBB 2103) and Western Isles (mid 1990s;

Fig 3cSCOBP 2103) (Russebt al,, 2019), but the 2016 and 2019 estimates were higher than
the first two digital survegstimates (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 (Figg@O®BP 2103), 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 trahwas fitted for Shetland (Fig 5€9SBP 2103). 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 8B€OBP 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 (FigSBOBP 21/03 is continuingo increase rapidly (mean estimate
of ¢.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-4880s appearto be stable or
potentially declining. In contrast, the Fast Castle colony within the Beshil@ & 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 incregmityg
(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 thislésde part due to increases in
BlakeneyPoint 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 Wst Wales (AberystwythCaldey Island). Details of the available data, data
sources and derivations of pup production estimates are given in-8€Q8/04.

There are no or very few grey seals in south Wales (Caldey tsBnigtol 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 swesysonducted in

2001, 2002 and 2017. The latest pup production estimate for 2017 was\2d€.Wales wide
surveys were conducted in 1992, 1993, and 1994.

It is not possible to estimate trends in pup production on a SMU stadMales 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 varidltle.pup production
estimate for Skomer and the adjacent Marloes peninsutaeiased slightly from 408 in 2019 to
422 in 2020\WVilkie & 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 d@otal 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 Nodhesy 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, scalatsvieen indicator sites and irregularly
monitored colonies need to be updatedhis is particularly important when there are multiple
habitat types €.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 NortleSy&obinson

et al. (NRW unpublishedfound that a much lower proportion of pup production was at cryptic

sites than found previously (Stringetlial,, 2014).

17



North Sea

o
o
S |
Te]
—
w
o
g |
o
o
o |
o
Te]
T T T T T T |
1985 1995 2005 2015
Year
Outer Hebrides
— DQ
o
o
3 |
<
—
" |
o o
> O
o o
o
—
o
O—J
o
o T T T \ T T \
1985 1995 2005 2015
Year

Pups
3000

1000

Pups
25000

15000

5000

Inner Hebrides

1985

T T
1995 2005 2015

Year

Orkney

T T T
1985 1995 2005 2015

Year

Figurel. 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 (SCB® 18/01 and Table 2 below), frob984-2016 (circles) for
colonies in Orkney and the Inner and Outer Hebrides, and for 298 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 ingites the change to a new digital camera system.
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Table2. Grey seal pup production estimates from 2019 aerial surveys for the regularly monitored
colonies in Orkney and the Inner and Outer Hebrides and Firffooth colonies and ground

counts for English North Sea colonies, combined with most recent data from less regularly
monitored colonies (see main text and SCB521/01 and 20/04or details). These estimates are
compared with similar production estimatesoin 2016

Pup Pup Average
Location productionin  productionin  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 colonie! 49,952 50,548 -0.4%
Other Scottish colonie$

- 0,

(incl. N & NE mainland & Shetland) 4112 4,193 0.6%
Total Scotland 54,064 54,741 -0.4%
Farne Islands 2,823 2,295 +7.1%
Donna NookBlakeney, Horsey 7,902 5,918 +10.1%
Annually monitored colonies in 10,725 8,213 +9.3%
eastern England
SW England-? 450 250
Small sites in E and NW Engladd 50 50
Total England 11,225 8,513 +9.7%
Wales!# 2,250 1,650
Northern Ireland? 250 150
Total UK 67,789 65,054 +1.4%
Isle of Man 69 84

! 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 2005 andapplied to other
colonies last monitored in 1996COSP 20/04)
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Figure2. Distribution andestimated pup productiorof the main grey seal breeding coloniexlid
blue ovals indicate groups of regularly monitored colonigthin each regiondashed 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 totgtey seapopulation arecurrently 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 aro8odtlandand eastern England.

Converting pup counts from aurveysi(e., biennially surveyed colonies) into a total population size
requires a number of steps as showmFigure 3.

Estimates
Pup stage duration,
length of stay,

Ground count data
Pup production.

various methods
all major colonies in Englan

. misclassification
Air survey data probability.
Age structured pup counts
4-6 surveydcolony/year

major colonies in Scotland

Pup Regional pup

production production estimates
model

Time series of Bayesian Prior distributions

; State Space :
estimates oftotal grey o pup & adult survival
. POfELEImar fecundity, sex ratio,
seal population, by dynamics mode carrying capacity

region

Independent population

estimates.
3 summer surveys scaled by
haulout probabilities

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-pop survival rates and sex ratio we
can convert pup production estimates into estimates of total population 3ike.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 stagpace population dynamics model to estimate these demographic
parameters and population size.

The tme 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 ovepéned of data collectionThus,
estimates of the demographic parameters were available from a simple population model fitted to
the entire pup production time serieSome combination of reductions in the reproductive rate or

the survival rates of pupgyveniles and adults (SC88s 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 siggace model of British grey seal population
dynamics was fitted téhe pup production datalnitially, 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 informatioruemtjfy the
relative contributions of these factors (SCBBs 06/07, 09/02)n 2010 and 2011 we incorporated
additional information in the form of an independent estimate of population sibés was based on
counts of the numbers of grey seals hauled 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 (SGBB 10/04 and 11/06Between 2007 and 2009, 26,699 grey seals
were couried during harbour seal moult surveys across the UK (excluding southwest UK). Using
telemetry data, it was estimated that 31% (9%846:15 - 50%) of the population was hauled out
during the survey window and thus available to count (Lonesgaal., 2A.1a;b). Assuming 4% of

the population were in southwest UK, this led to a UK independent population estimate in 2008 of
91,800 (959%€1:78,400- 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 surviddbwever, SCOS felt that the independent
estimate appeared low relative to the pup production and its inclusimoed 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 (SBP3$6/04) and 2017 (SCBS
21/02). A new analysis of haulout patterns including data from an additional 60 new deployments of
improvedGPS/GSM tags on grey seals is presented in-BE2I%02 and SCOBP 2103.

The revised analyses resulted in an estimate ofpftgoortion of the population hauled out during

the survey window of 25.15% (95% CI: 21283)7%) compared to 23.9% (9%%19.228.6%) used
previously As per the previous analyses there was no effect of region, length of individual (regarded
as a pray for age), sex or time of day on the conversion facsodlar.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 individbitiise, this would
increase the confidence interisaon 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; Retsak|R016; Table 2). The
total count and population estimate for 2017 w48,347 and 16@25, 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 detalil, follewing re
examination of the data being used and the differences made to the populattonates by
changing a number of them to less informative priors (SBP32/01 and SCEP 12/02)In 2014
SCOS decided to use the results from a model run using these revised prior8ESCO&®)and

the independent estimateof total population size from the summer surveygork on updating
these priors is continuing and an annual update is presented in-8€Q304.

In 2014, SCOS adopted a set of revised priors, including a different prior on adult sex ratio, to
generat the grey seal population estimatéSCOSBP 14/02)The model produced unreasonably
high adult survival values of more than 0.99, so it wasurewith a prior on survival constrained to
what was considered to be a more reasonable range of 0.8 to P@sterior mean adult survival

with this revised prior was 0.95 (SD 0.03)e upper bound of the adult survival prior was increased
slightly to 0.98 in line with revised survival estimates.

The model and fitting methodssed hereare the same as thosemployed in recent years and are
described in detail in Thomas al. (2019 and SCCEP 2105); the prior distributions on model
parameters are the same as those used for the last two years (seeBEBC2IR4 & 21/05for
details).The data are a timseries of regional pup production estimates for the regularly monitored
colonies in the Inner and Outer Hebrides, Orkrand theNorth Seafor the years 1982016, 2018
(North Sea region only) arth19, andhree independent estimates of total populaticize (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 reglmsame
model and prior distributions foramographic rates were used, including a prior on sex ratio and a
constraint on adult survival to the range 0-8®8.The revised prior on North Sea carrying capacity
of 20,000 was used as the population produced over 14,000 pups but continues to inapake
indicating that it was not close to carrying capad@grrying capacity is taken to mean the average
populationsize below which numbers tend to increamsd 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 monitoredionies at the start of the 2020 breeding season
was 140700(95% CI1129,300-153500). This estimate is produced by a model incorporating density
dependent pup survival, using the revised priors, and including the independent estimates for 2008,
2014 amd 2017 (details of this analysis and posterior estimates of the demographic parameters are
given in SCGBP 2105).

A comprehensive survey of data available from the less frequently monitored colonies was
presented in SCCEEBP 18/01 and revised estimatéor Southwest England, Wales, Northwest
England, and Northern Ireland are presented in SBP30/04 and presented in TableTbtal pup
production at these sites was estimated to be approximately 7,T6@.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 werergportionally similar to the population dynamics model confidence
intervals for the standard model ruithis produced a population estimate for these sites of 16,600
(approximate 95% €15,300 to 17,900)This will undoubtedly undeestimate the uncertanty in the
estimate,but it represents a relatively small proportion (12%) of the total.
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Combining the annually monitored sites with the estimate for the less regularly monitored sites
gives an estimated 2020 UK grey seal population of30&{approximae 95% CI146,000169,400).

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 alfisurvival rate from the model was very high and the maximum pup
survival rate was very lowhis suggests some other parameters, such as-ameual variation in
fecundity or senescence could be causing a mismatch between the estimates from the madel a

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 priaraddition,mark-recpaturebased estimates

of adult femalesurvival at Sable Island in Canada were higher than this upper bound (0.976, SE
0.001)denHeyer & Bowen, 2017Hence, the prior for adult female survival was increased to 0.98
F2NJfEFLAad FyR GKAAa &SFNR& Y2RSt Nizyao

Thomaset 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 rsiqdarly 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 runldeally, regiodevel estimates of pup production variance would be
produced as part of fitting the pup production model to the aerial pup count dettase

developments are ongoin@ne factor that will require consideration is how to incorporate
uncertainty in the ground counts ade at some North Sea colonidsset of four aerial surveys were
carried out for each of these grourmbunted North Sea colonie€ounts and comparison with the
2018 ground counts are ongoing and will be presented to SCOSA0&lised pup produdain

model is being developed with the aim ofestimating 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 surviviias the overall popuation should

closely track the pup production estimates when experiencing density dependent control, as well as
during exponential growthThis is borne out by the similarities in the fitted population model trends
(Fgure 1) and the pup production treds (SCOBP 2103). 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 kRndve

population dynamics model currently assumes that demographic rates are either fixed or respond to
density dependent factors related simply to population si2ewever, it is likely that demographic
parameters will be subject tenvironmental factorsFor example, female fecundity is likely to be
AYFEdSYOSR 68 SYSANRYYSyGht FIOG2NAR NB3IdAg F GAy3
before breedingA preliminary investigation was carried out of the relatioipshetween

fluctuations in pup production around the modelled trend and the NAO index from the previous

winter, and also lagged by a further year (S@P30/01)No association was found between NAO
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and variation in pup productiotdowever, NAO changesay not be a sensitive indicator of changes
in seal prey and hence seal fecundfyrther investigations of this and other potential indices of

environmental conditions should be pursued once revised estimates of pup production are available.

UK grey esal population in a world context

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

Table3. Relative sizes and status of grey seal populations using pup production as an index of
population size.

Region Pup Year Possible population
Production trend

UK 67,800 2019 Increasing

Ireland 2,100 2012 Increasing

Wadden Sea 1,750 202G Increasing

France 70 2019 increasing

Norway 700 2015 Possible decline

20°

Russia 800 1994 Unknown

Iceland 1,450 20172 Declining

Baltic 8,000 2019° Increasing

Europe excluding UK 14,870 unknown

Canada Scotian shelf & Gulf 92,300 2016 Increasing

of Maine

Canada Gulf St Lawrence 9,800 2016 Increasing

USA 6,500 2019 Increasing

WORLD TOTAL 191,270 Increasing

10 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 ®vittlife Service, Department of the Arts, Heritage

and the Gaeltacht, Dublin, IrelantiGalatius A., ,Brasseur S.,Carius F., Diederichs B., Je3 A., Kdrber P., Schop J., Siebert U.,

Teilmann J., Bie ThgstesenC.& Kloppe2®1) EGSeals greyseal surveys in the Wadden Sea and Helgoland in-2019
2020. Common Wadden Sea Secretariat, Wilhelmshaven, Gerfilsgen, K.T. and Bjgrge, A. 2017b. Status for kystsel.
Anbefaling av jaktkvoter for 2018 [Status for coastal seals. Recommendation ¥eshguotas for 2018]. Document to the
Norwegian Marine Mammal Scientific Advisory Board, October 2017.QIQES. 2021. Working Group on Marine

Mammal Ecology (WGMME). ICES Scientific Reports. 3:19. 155 pp. http://doi.org/10.17895/ices.pub.8141.

5Bdtic 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

6den Heyer, C.E., Bowen, W.D., DdleGosselin;A.,, 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 Mamm@tience, DOI: 10.1111/mms.1277@/oodet al. 2020 Journal of
Mammalogy, 101(1):121128, 2020D0OI:10.1093/jmammal/gyz188 Granquist, S.M. and Hauksson, E. 2019. Aerial census
of the Icelandic grey sedti@lichoerus grypyspopulation in 2017: Pup production, population estimate, trends and current
dGlLGdzad al NAyS IFyR CNBaKgl SN wSaSIFNDK LyadAaddziazyz 1+
https://www.hafogvatn.is/static/research/files/154901588%v201302pdf.

Table 3 shows theelative 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 populatidhe largest populations are monited by means
of pup production surveyandbecause of the uncertainty in overall population estimates
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some caseslotal population estimates are derived from population dynamics models fitted to time

series of pup productionis the two largest populations, i.e., Canada and the UK (Harenaill,

2017; Thomast al., 2011; 2019). However, although the models are similar, the published total

population estimates are derived differently: in the Canadian population, total ptipaleefers 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, ie.,$@ y 20 Ay Of dzZRS ly& 27F GKIFG &SI NI
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, onlyghe pu
production values are presented here.

Current status of British harbour seals

Due to Covid restrictions through summer 2020 no lasggale surveys of Scottish harbour seal
populations were undertaken. One survey of the Firth of Tay and Eden8asCcarried out in

August 2020In 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 approxinedt 8% higher than the 2019 counA series of

three surveys of the coast from Donna Nook to Scroby Sands (by SMRU) and a single survey of the
Greater Thames estuary (kihe Zoological Society of LondgZSL) were carried out in 2021 in
response b observed declines in 2019 and 2020.

The best estimate of the UK harbour seal population in 202@3,750 (approximate 95%
Cl1:35,80058,300). This is derived by scaling the most recent composite count of 31,500, (based on
surveys between 2016 an?l021) Table4) by the estimated proportion hauled out during the

surveys (0.72 (95% ClI: 0-8488)). Overall, the UK population has increased since the late 2000s
and is close to the late 1990s level pritw the 2002 PDV epizooti¢tdowever, there are significant
differences in the population dynamics between regionss reported in SCOS 2008 to 2020, there
have been general declines in counts of harbour seals in several regions around Scotlarttiebut
declines are not universal with some populations either stable or increasing.

Recent trendsij.e., those that incorporate the last 10 years show significant growth in both SMUs
on the east coast of England up to 20I8owever, the 2019 count in #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 hasdeclined.

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-BPSCOS
20/03. Given the length of the mainly rocggastline 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 yearsWhere there are indications of significant changes the survey effort has been increased
and sone regions, e.g., Orkney and the Moray Firth, have been surveyed more frequédly.

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 variancelnitial monitoring of the population ikast Anglia in the 1960s used these maximum
counts as minimum population estimatdn.order to maintain the consistency of the lotegm
monitoring of the UK harbour seal population, the same time constraints are applied throughout,
and surveys are tinteto provide counts during the moulost 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 Bhgfish 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 theare in the waterEfforts 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 weatharconversion factor of 0.72 (95% Cl: 6.54
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 (Lonetgn 2013)

The conversion factor used heigeclose to the middle of the range (6(68) of values estimated for
other populations in Europe and North Amerieaq;,Harvey & Goley, 2011; Huber, Jeffries, Brown,
DelLong & VanBlaricom, 2001; Ries, Hiby, & Reijnders, 1998; Simpkins, Withrow, C&4aouang,
2003).The conversion factor is based on a sample of only 22 seals from a single year that only
represents adult seal behaviolCOS recommend this conversion factor should bevestigated
when resources allow to examine sex and agiedihces as well as potential extension to surveys
outside the moult.

Table4. UK harbour seal population estimates based on counts during the moult; rounded to
the nearest 100.

Location Most recent count Total Population estimates
(20162021) with 95% Cls
England 3,600 5,000 (95% CI 4,1@0700)
Wales <1¢ <15
Scotland 26,800 37,200 (95% CI 30.44@9,600)
Northern Ireland 1,000 1,400 (95% CI 1,1400900)
Total UK 31,500 43,750 (95% Bb,800-58,300)

1 Acomplete survey of SEE_SMU completed in 2021
There are nsystematic surveys for harbour seals in Wales
3Compiled from most recent surveys (2€218.9), see Table 5 for dates and details

The most recent counts of harbour seals by region are given in Table 5 and Figures. Zhede6
are raw counts antherefore represent minimum estimates of the British harbour seal population.
Results of surveys conducted in 2019 were described in more detail inEBCZIB031t has not

been possible to conduct a synoptic survey of the entire UK coast in any an®wgéa 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 (202619) at all sites in Scotland and 2021 counts in Sosthea
England, approximately 30Q0harbour 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

2The diurnal timing restriction is occasionally relaxedsftas 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 ~B®0harbour sea for the British Isles.€.,the UK and Ireland).
Trends in individual SMUs are described in detail in SBFOEL03 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 limgeskason in June and July
(Thompsoret al, 2016). These flights confirmed that the peak number of pups ashore occurred
around the beginning of Julipue to a combination of aircraft availability and poor weather
conditions no breeding season surveysre/flown in the UK in 2019 and covid related travel and
working restrictions also prevented survey flying in 2020 and 2Z0Ré4refore, the most recent

survey was that carried out over two days"2Rine and 2 July 2018.

Table5. The most recent August counts of harbour seals atJoatisites in the British Isles by Seal
Management Unit compared with four previous periodbe grey values for SMUs-18 are rough
estimates. Details afources and dates of surveysed in each compiled regional total are given in
SCOS8P20/03.

Harbour seal counts

Seal Management Unit / 1996 2000 2007 2011 2016

Country 1997 2006 2009 2015 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 3,632
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 ¢ 3,222 2,964 3,952 4,740 3,494

10 South England d

11 Southwest England d

12 Wales d

13 Northwest England d

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

NORTHERN IRELAND total °© 1,176 1,101 948 1,012

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

REPUBLIC OF IRELAND tot: f 2,955 3,489 4,007

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

For data sources see SCBR20/@.

28



The 2018 count was 17% higher than the 206aidnt and similar to the average for the preceding 5
years.This continues the pattern of high inter annual variability (SBP39/04)These wide

fluctuations are not unusual in the lofigrm time series and despite the apparently wide inter
annualvariation, 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 asymptoteB8QQ/84).

The absence of pup survey data for the past three years in th&h\®a\ Norfolk SAC population is
unfortunate given the scale of the declines observed in the moult survey coipisp survey is

planned for 2022 together with three moult surveys.

The ratio of pups to the moult counts remained high in 2(L.81:1), close to the previous fivgear
average (0.45:1), and more than double the same ratio in 2001 (0.Thik)ratio can be seen as an
index of the productivity of the populatiotuntil recently, the index for the Wash was higher than

for the larger Wadden Sea populatioHowever, 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 (Galatiwe.,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 increAggopulationwide increase in the
fecundity index couldbe 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 productive.do not hae 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
changesAccurate estimates of pup production anfitbe 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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Seal Management Units:

1 SW Scotland 8 NE England 5

2 W Scotland 9 SE England

3 Western Isles 10 S England J

4 N Coast & Orkney 11 SW England

5 Shetland 12 Wales

6 Moray Firth 13 NW England 3
7 E Scotland 14 Northern Ireland ﬂf%?

Harbour seal
count by 10km?
1
10

50 o ~
100 St Kilda

250
500

7 1000

o

1500

0 100 km Contains GSHHS coastline data

Figure4. August distribution of harbour searound the British Isles by 10km squares based on the
most recent available hatdut count data collected up until 2012imited data available for SMUs -10
13; no data available for St Kilda.
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Table6. Estimates of harbour seal populations in the British Isles by Seal Managemeri dfinitates are based on the most recent August counts of harbour seals ajutaul
sites scaled by the proportion of thmpulation estimated to be hauled out during the survey window (0.72; 95% Clc0.88).The grey values given for SMUsIiDare
rough estimates. Details of sources and dates of surveys used in each compiled regional total are giveiB LTS

Harbour seal population

Seal Management Unit /

Country 20072009 20112015 20162021
1 Southwest Scotland 1281 95% C.l. (10481709) 1666 95% C.I. (13632222) 2373  95% C.I. (19423164)
2 West Scotland a 14758 95% C.l. (1207519677) 21088 95% C.I. (1725428118) 21666  95% C.I. (1772728888)
3 Western Isles 2505 95% C.I. (20503340) 3804 95% C.I. (31125072) 4905  95% C.I. (40136540)
4 (I\;?iztr]hegoast & 4137 95% C.I. (33855516) 2691 95% C.I. (22023588) 1951  95% C.I. (15962601)
5 Shetland 4220 95% C.l. (34535627) 4679 95% C.l. (38286238) 4416  95% C.l. (36135888)
6 Moray Firth 1077 95% C.l. (8811437) 1034 95% C.I. (8461379) 1495  95% C.I. (12231994)

7 East Scotland 393 95% C.I. (324524) 311 95% C.I. (254414) 476  95% C.l. (389635)
SCOTLAND total 28375 95% C.I. (2321537833) 35276 95% C.I. (2886247035) 37286  95% C.l. (3050649714)
8 Northeast England ° 80 95% C.I. (65107) 126 95% C.I. (103168) 109  95% C.I. (89146)

9 Southeast England ¢ 5488 95% C.I. (44907318) 6583 95% C.I. (53868777) 4852  95% C.l. (39706470)

10 South England d 20 95% C.l. (1727) 34 95% C.l. (2846) 55  95% C.I. (4574)

11 Southwest England ¢ 95% C.I. (90) 95% C.I. (90) 95% C.I. (90)

12 Wales d 6 95% C.l (59) 13  95% C.I. (1118) 13 95% C.l. (1118)

13 Northwest England ¢ 6 95% C.l (59) 6 95% C.I. (59) 6 95% C.I. (59)
ENGLAND & WALES total 5604 95% C.I. (45857472) 6765 95% C.I. (55359020) 5038  95% C.l. (41226718)
NORTHERN IRELAND total  © 1529 95% C.I. (12512038) 1316 95% C.I. (10771755) 1405  95% C.I. (11501874)
UK total 25566 95% C.I. (2905247344) 43358 95% C.l. (3547557811) 43730 95% C.l. (3577958307)
REPUBLIC OF IRELAND total f 4845 95% C.l. (39646461) 5565  95% C.l. (45537420)
BRITAIN & IRELAND total 48204 95% C.l. (39439%4272) 49295  95% C.l. (4033265727)
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Population trends

The overall UK harbour seal population has increased over the last débaglats increased from
25,600 (rounded to the nearest 100) in tA807-2009 period to 3B00during the 20162021

period.As no count was available in Northern Ireland in the 1990s, a UK wide comparison is not
possible, but the 201:2021 count of 31,500 harbour seals in Great Britain (i.e., UK minus Northern
Ireland)was similar to the 199687 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 appeasithbe stable or
increasingDetails of fitted trends by MU and for SACs are given below and inSEC@H3. To

allow a simple visual comparison the raw count data for each SMU are shown in Figure 5.
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Figure5. Comparison of August harbour seal counts in Scottish Seal Management Units (SMUs) from
1991 to 2019Because SMA totals represent counts of seals distributed over large areas, individual
data points may contain countsade in more than one yealnterpolated 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 Thempson
al. (2019) and the rsults presented here are from an extension of that analysis incorporating extra
data and with a change in model selection criteria from AlCc toAkli€ast three models were

fitted for each SMUa stable trend.e.,an interceptonly GeneralisedlinearModel (GLM)an

exponential year effect within a GLM, and a nonlinear smooth year effect within a Bétils of

the analysis and figures showing fitted trends for each SMU and SAC are presentedBPSCOS
21/03.

In the Northeast and Sdleast 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
SMUswere 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 mykar gaps in surveys that spanned 2002, and a sudden
change in trend around 2002 in East Scotland SBédause of the unknowrature of these
declines, additional models were also fitted for SMUsHthat 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 witB20or details of model fitting and model
selection see SCAP 21/03.

Western IslesA 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 andapproximately 40% higher than the average between 1993 &1d 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 20h&.revised trends analysis is the

basis for a suggested relaxation of the ISeanservation Area designated for the Western Isles SMU
(Answerto Q19below).

West ScotlandParts of the West Scotland SMU (North and part of Centre) were surveyed in 2017
and the remainder was surveyed in 20T8e harbour seal count for West Scotlardorth was

1,084, for West ScotlandCentre was 7,447 and for West Scotlajy@outh was 7,053, and the

overall total for the West Scotland SMU was 15,600 (Table

The 2015 West Scotland harbour seal count wats digher than the 2009 courithe 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 Scottal 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 coufie trajectories of counts within ndrt central
and south sukdivisions of this large region differ:

1 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.

1 Inthe central sulyegion (Loch Ewe to Ardnamurchan) (Figure 4) the selected niodiehtes
that counts have increased since the early 1990& average rate of increase has been
approximately4.0% p.a.

1 In the south sufregion (Ardnamurchan to Scarba) (Figure 4) there neadetectable 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 Scotlandhll of the Southwest Scotland SMU was surveyed in August 2@d&l of

1,700 harbour seals were counted compared with 1,200 in 2015 and 923 in 2009 (Tabis B)as
the highest count of harbour seals for the Southwest Scotland SMU, approximately three times
KAIKSNI GKIy {Tie$endapabsisaedexoatiniobs increase since 19%0e rate
of increase over the past five years was approximately 3.9% p.a.

North Coast and Orkne®rkney was surveyed twice during the last rotBubtland census perioth
2016, 1,240 harbour seals were countadd1,296in 2019 (Table 5)hese are the two lowest

counts to dateand represent ail85%reduction fromthe highest count in 1997 (8,522)he 2016

and 2019 counts were similar. Although this could indicate that the decline has slowed this cannot
be confirmed without additional countsrend analysis (Thompse al., 2019) indicates that counts
were stable until 2001then dropped by46%between 2001 and 200@&nd havedeclined
continuouslysince 2006The average rate of decrease over the pageéars 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 i2015.The 2019 count was close to the mean of the 2009 and 2013 counts
but was 47% lower than the 1997 count of ¢.6,000e selected model for counts for the whole of
Shetland incorporated a step change involving a drop of approximately 40% octetiveen 2001
and 2005Counts either side of the step change (198101 and 200€019) 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 entiredvy Firth SMU in 2019 was 102%is was
12% higher than the 2018 courithe majority of these harbour seals (60%) were observed between
Culbin and Findhorn, confirming the continued importance of these sites and the dramatic and
continuing redistribtion 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 20hé. selected model for this area
suggests that counts we decreasing between 1994 and 2000, the rate of decline slowed to around
2010 and the population may now be increasing slowly.

East Scotlandlhe harbour seal count for the Firth of Tay and Eden Estuary SAC in 2019 was 41,
equaltothe meanoftheprév2 dza p &SI NBQ O2dzyia FT2NJ GKA& {!/ d ¢
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 POAdditional groups were also present in the Firth of Forth, Montrose
Basin and at coastal sites in Aberdeenshireunts in the Firth of Forth have been sporadic but the
fitted trend suggests a decline from the late 1990s to 2016.

A more extensivelata set is available for the Firth of Tay and Eden EstuaryTBAGelected model
indicates that counts in the SAC remained stable between 1990 and 2002, at which time they
represented approximately 85% of the total SMU colimbm 2002 to 202€he counts in the SAC
declined rapidly and monotonicallgver the 18year 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 IrelandOnly three synoptic surveys of the entire harbour seal population in Northern
Irelandhave been carried out in 2002, 2011 and 204lthough data from a fourth survey in 2021

will be available for SCOS 20B®wever, a subset of the population from Qagford 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 averagie of 2.7% p.a. However, the 2018 survey
suggests that ther@adbeen no significant change sin2@11

SoutheasEngland A detailed description of recent survey results from 2020 and 2021 are given in
SCOSBP 2106. Briefly,the combinedccounts for the Southeast England SMU (Figure 6) in 2019
(3,081) was 27.6% lower than the 2012 to 2018 mean cdotditional surveys in 2020 and 2021
confirmed the decrease. The total count for the sites between Donna Nook and Scroby Sands has
declined ly approximately 38% compared to the mean of the previous five years 2022 mean

= 3080; 20142018 mean = 4296). The count for the Wash and North Norfolk SAC has decreased by
approximately 21% (20102021 mean = 28820142018 mean= 3658) over thamme time periods
while Donna Nook showed a 57% decrease and Scroby Sands showed a 73% decrease.
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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 202015 and has since declined
rapidly.
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Figure6. 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 thed®Bidence intervals

for the fitted curves). For further explanation see text and S®BS 21/062018 counts were similar
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The 2018 count was theecond highest ever recorded in the Wash and was consistent with the
pattern of relatively stable population after 2018owever, the fitted trend suggests that the
population may have been declining since 2015, but at present it is unclear whethegdheade
represents a continuing decline or a step change decrease between 2018 andr2fiOabsence

of any clear anthropogenic effects, this decline is dram&@axent counts from the rest of Southeast
England Seal Management Unit (SEE_SMU) b{&Z8BP 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 SEEMU, including the population in the Wash & N Norfolk SAC, this likely drop in
abundance i®f immediate and serious conceriihe SElSMU 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 (Thomptai., 2019; SCOBP 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, herekien 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 2019a total of 671 harbour seals were counted compared with an average of 742
for three surveys in 2028018, and an average of 474 for three surveys in Z11H.A GLM for the
series of counts from 2002 to 2019 demonstrated an increase at an averag®op. (bootstrap

95% Cl1 6-81.2) (Coet al, 2020).No survey was carried out in 2020, but a survey in 2021 showed
that the population has not grown over the pasb4/ears and may be starting to decline (S®PS
21/07).
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Table7. Size and status of European populationdafbour sealsData are counts of seals hauled out during
the moult.

Region Number of seals counted Years
when
latest data
were
obtained

Scotland 26,850 20162019

England 3,900 2019

Northern Ireland 1,000 2018

UK 31,750

Ireland 4,000 201718

France 1,150 2018

Wadden Se#&ermany 17,250 2021

Wadden Se®enmark 1,350 2021

Wadden SedlL 8,250 2021

DeltaNL 1,200 2017

Limfjorden 1,050 2019

Kattegat 9,900 2019

Skagerrak 7,300 2019

Baltic (Kalmarsund) 1,800 2019

BalticSouthwestern 1,100 2019

Norway 6,450 201218

Svalbard 1,900 2010

Iceland 9,450 2018

Europe excluding UK 68,150

Total 99900

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

2Includes an estimate of 55 seals for south England, Wales andwesttEngland 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., Aggaland Waring,G.T. (2010) Harbour seals in the North
Atlantic and the Baltic. NAMMCO Scientific publications Volume 8; Nilssen K, 201¢.&egland harbour seals. In: Agnalt A~ossum

P, Hauge M, Mangealensen A, Ottersen G, Rgttingen |,Sundetdt Sunnset BH. (eds). Havforskningsrapporten 2011. Fisken og havet,
2011(1).; Harkoénen,H. and Isakson,E. 2010. Status of the harbouPsee& (vitulingin the Baltic PropeNAMMCO Sci Pub 8:75.;

Olsen MT, Andersen SM, Teilmann J, Dietz RnBBMC, Linnet A&and Harkdnen T. 2010. Status of the harbour géhb¢a vitulingin

Southern Scandinavia. NAMMCO Sci Publ 847;7Galatius A., Brackmann J., Brasseur S., Diederichs B., Jel3 A., KIdpper S., Kérber P.,
Schop J., Siebert U., Teilmanhgstesen B. & Schmidt B. (2020) Trilateral surveys of Harbour Seals in the Wadden Sea and Helgoland in
2020. Common Wadden Sea Secretariat, Wilhelmshaven, Germany. ; Harkénen T, Galatius A, BtédggdEECOM Core indicator of
biodiversity Populatio growth rate, abundance and distribution of marine mammals, HELCOM 2013, www.helcom.fi;
www.fisheries.is/mairspecies/marinenammals/stockstatus/, www.nefsc.noaa.gov/publications/tm/tm213/pdfs/F2009HASE; pdf
www.hafog\atn.is/en/research/harbowseal/harboursealcensuswww.nammco.no/webcronize/images/Nammco/976.pdf,

Nilssen K and Bjgrge A 2017. Segrey and harbor seals. In: Bakketeig IE, Gjgseeter H, Hauge M, Sunnset BH and Toft K& (eds).
Havforskningsrapporte2014.CA 81 Sy 23 KI @SGZX wnmnéomod aSN] Stx. o [@RSNESY>/ = 2 OC
Harbour Seal Populatighilow Many Are There? PL@BIE 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 pg®02 epizootic population, it grew at a much lower rate than
the Wadlen 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
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average annual growth rate of 9.5% over ten years. Counts since 20&dtntliat the rapid growth
since the 2002 PDV epizootic has stopped (Galatiak, 2021). Although there was an influer&a
epizootic that killed at least 1600 seals in 2014, it now seems highly likely that cessation of the
previously rapid increase 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 popattions in a European context

The UK harbour seal population represents approximately 32% of the eastern Atlansipestibs of
harbour sea(Table J. 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,
althoughwith 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 § MS Q9
declines, including current and projected trends.

The most recentomposite count for Scotland, for surveys in 2016 to 2019, was 6% higher than for
the previous round of surveys (2032015) and 31% higher than the 20@D09 compaosite count.

Trends in each SMU around Scotland and on the east coast of England arenpedsa answer 1
above and in detail in SCEH 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 {2018) surveys was 6% higher
than for the previous round of surveys (202Q15) and 31% higher than the 262309 composite
counts, representing approximately 3% p.a. incre@dgure 5; Table 5) and is similar to counts in the
mid-1990s.

Trends by SMU are reported in SCBP03 in detail and briefly described in answer 1 above and

shown in Figure 5 for Scottish SMUs and Figure 6 for the Southeast EnglanBr&itiy) the

populations in the West Scotland and Southwest Scotland SMUs have increased continuously since
the 1990sThe Western Isles population declined in the late 1990s but has been increasing since
approximately 2005Shetland and the Moray Firth SMUs are aggntly stable after a large, rapid

decline in the early 2000s, but Moray Firth counts may now be incredsorth Coast and Orkney

SMU is still declining. In the East Scotland SMU the population in the Tay and Eden SAC has declined
rapidly since 2002ral the decline is apparently continuinigess 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 19961997the West Scotland SMU and Orkney & North Coast SMU each held 27% of the UK
population but now hold 50% and 4% respectivBlgcent surveys in the Northeast England SMU

and particularly in the large population in the Southeast England SMU have shownes sagitl

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 SMUEhese should be bad on available scientific knowledged.,

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 inSMUS2 Yy aA RSNBR aGKAIK NRaAl€¢ a | NBadz#gZ G 27F

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 andd&ien S
population was carried out during an aircraftpesitioning flight from Dundee to Kerkhe survey
produced a count of 39 harbour seal$is was similar to the mean of the three previous counts and
there is therefore no change to the East Scotl&MU 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 harboueal 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 infshers.
reported in previous SCOS reports since 2008, there have been genemd¢si@tlihe counts of
harbour seals in several regions around Scotland, but the declines are not universal with some
populations either stable or increasirigetails of trends are presented in SGBF520/03 and
Thompsoret al. 019).

3. Aretrends in common/harbour seal abundance considered to be declinin| Defra Q1b
in English waters and if so, what are the potential influencing factors and
where is further research needed?

Harbour seal populations in the Wash and adjacent sites hdeelined rapidly since 201&ounts

in the rest of the SEE_SMU are also showing signs of the start of a de€lrgedecline is

widespread throughout The Wash and adjacent sites and coincides with a similar change in grey
&SIt ydzyo SNAE sthauloitki® at Doh@aNodk.| NB S

Neither the mechanism of change (e.g., emigration, mortality, change in behaviour) nor the drivers
of change are knownGrey seal abundance and the simultaneous slow down and possible decline
suggest that the two populton 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% higheh#h@019 count but was still

21.5% lower than the 2012018 meanin 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 wots and confirms that there has been a decrease.

A detailed description of the surveys, the resulting count data, and trend analyses are presented in
SCOSBP 21/6 and briefly in answer 1 aboWde total count for the sites between Donna Nook and

Scroly Sands has declined by approximately 30% compared to the mean of the previous five years
(20192021 mean = 3045; 2012018 mean = 4296). The count for the Wash and North Norfolk SAC
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has decreased by approximately 23% (22821 mean = 28620152018mean= 3712) over the
same time periods while Donna Nook showed a 57% decrease and Scroby Sands showed a 73%
decreaseThe harbour seal decline is evident at all sites and appears to have affected-all sub
sections of the Wash & N Norfolk SAC.

Recentsurveys 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-BFCZ1%/).

Grey seal numbers have increased dramatically over the past 20 yearbellatge 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 de€ner the past five years
grey seals have been expanding their loai 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, changehaviour) nor the drivers

of change are knowrGrey seal abundance and the simultaneous slow down and possible decline
suggest that the two population trajectories may be couplésisigning cause to these changes will
require a multi strand researgtrogramme . Natural England and Defra have funded a preliminary
assessment of available information (Rusetll.2021) and a preliminary series of additional
surveys. On the basis of these preliminary actions SMRU have developed proposals for sjgtt a pr
and are seeking extra resources.

4. What is the latest information about the population structure, includin¢ Defra Q2
mortality, ageand 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 populatio] MS Q2
or subpopulations specific to localised/regional areas?

What is the latest understandingbout the population structure,
including survival, reproduction and age structure, of grey and harboy
seals in European and Scottish wat@rs

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 amebt 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 seafor information the 2020 answer to these questions is included

with minor additions.

Grey seals

There is evidence for regional differences in grey seal demographics (Setalt, 2019) but
detailed information on vital rates are lackinddew resources should be identified to address
guestions around fecundity and firsyear 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 spbpulations 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 aro@utland, and within

39



Scotland, there were significant differences between the Isle of May and North Rdhare is
therefore some indication of suistructure within the UK grey seal population, but it is not strong.

Age and sex structure

While thepopulation was growing at a constanmie(, exponential) rate, it was assumed that the

female population size was directly proportional to the pup product®nanges ithe rate of

increase irpup production imply changes in age structared/or changesn fecundity. In the

absence of a populatiowide sample or a robust means of identifying agpecific changes in

survival or fecundity, we are unable to accurately estimate the age structure of the female
population.An indirect estimate of the aggtructure, at least in terms of pups, immature and

mature females is generated by the fitted population estimation model (SC2E8B).As currently
structured the model fits single global estimates for fecundity, maximum pup surve/ah( 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 Bulkkt al,, (2021) suggested that changes in timiridpioths 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 temperatiiris. not clear if this represented permanent
changes in agdrsicture, temporary immigration/emigration of breeding females of different ages

or even interannual variation in fecundityor is it clear whether this was a purely local effect due to
movement or changes in recruitment patterns between Skomer Isladdize nearby colony on the
Welsh mainland. Boweet al.(2020) studied phenology over a-§6ar 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 gradu#@mographic changes and showed that females of all ages
responded to environmental forcinghey 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 idertifie adult females at two breeding colonies,
North Rona and the Isle of Magesults 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 fora range of demographic parameters (SEBPS20/02).

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, 1964BBAQH?2).
Capturemark-recapture (CMR) of adult females on breeding colonies (Setaait, 2019)has been
used to estimate female survival on North Rona and the Isle of May of 0.87 an(bC.@E8BP20/02

- Table 2)The population dynamics models fitted to the pup production time series, produced
estimates of adult female survival close to the uplsit of that range (SCGSP20/01).
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 hiyl@srmacKklollySeber model was
used to estimateage and sexspecific adult survival from a losigrm brand resighting programme
on Sable Island (den Heyer & Bowen, 20A¥Egrage adult female survival was estimated to be
0.976 (SE 0.001), averaged over all animals, but was higher for younger a@@gwith SE 0.001
for age classes-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 classesgtdifferences were small for ages 1

19. Females' annual survival rates were very high (>97%) until age 25, after which survival declines
by 8% between ages 289 and by another 9% for ages & aboveMales similarly maintained
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high survival rates ((8%6) 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 estiméin model density dependence acts through pup survival only, so
adult survival does not vary with time or between regiofise fitted posterior value for adult
survival was a constant rate of 0.96 (SE 0.01), which is consistentheiihdingsof Rosskt al.

(2021)

Fecundity For the purposes of the population estimation model, fecundity is taken to be the
proportion of breedingage 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 shibieituK (Hewer, 1964; Boyd,
1985) and Canada (Hammill & Gosselin, 1995) were sifi&3to 0.94 and 0.8® 1 respectively.
However, these are pregnancy rates and may overestimate natality i @u@r significant numbers

of abortions.

Natality rates estimated from direct observation of marked animals prodmwer estimates, which

may be due to abortions, but may also be due to unobserved pupping events (due to mark
misidentification, tag loss,rdoreeding elsewhere) and may therefore undestimate fecundity.

Such studies, from Sable Island estimate fecundity to be between 0.57 and 0.83(den Heyer & Bowen,
2017; Boweret al., 2006).UK estimates of fecundity rates adjusted for estimates ofhseoved

pupping events were highe®.790 (95% CI1 0.766812) and 0.816 (95% CI 0.7@841) for a

declining (North Rona) and increasing (Isle of May) population respectively (8ta2019).

In the current population estimation modalensity dependence acts through pup survival only, so
fecundity does not vary with time or between regiofi$e fitted posterior value for fecundity was
0.90 (SE 0.06) (SGBB 20/01).

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

1 Kauhaleet al.(2019) used samples from seals shot in Finland to demonstrate that pregnancy
rates show significant interannual variation (between c0.6 and c0.95) arslgriicantly
related to kerring Clupeaharengu$ and sprat $prattus sprattusquality (weight), which in turn
were influenced by sprat and co@fdus morhupabundance and zooplankton biomass. Their
results suggest strong coupling over three trophic levels in the Baltic andstubgt this is
likely to influence fecundity rates.

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

71 In a parallel study, Hansat al. (2019) showed high levels @ériation in individual postpartum
maternal body composition at two grey seal breeding colonies (North Rona and Isle of May)
with contrasting population dynamicélthough average composition was similar between the
colonies, it increased at the Isle iy where pup production increased and declined at North
Rona where pup production decreased.

1 Badgeret al.(2020) investigated the effects ofcreasing population density on the
reproductive performance of female grey sealgr a period when the popation was
apparently approaching its carrying capac@@punter to expectations, reproductive
performance(measured by reproductive frequency and likelihood of successfully weaning a
pup) increased with population size over a period when the populatias approaching
carrying capacity. However, individual heterogenaifgs high and the difference in
performance betweeriemalesidentified aseither robustor frail on the basis ofeproductive
histories,increased with population size.

All fourstudies suggest that fecundity or reproductive performance is influenced by prevailing
environmental conditionsThe consequences in terms of population level fecundity estimates are not
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clear, butSCO%commends continued investigations into the effecf environmental variation on
fecundity and the potential effects of such links on population projections for UK grey seal
populations.

First year survivalln 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 saivii 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 additionakreceuitment mortality is

pooled into the pup survival estate.

At present, density dependent effects in the UK grey seal population are thought to operate
primarily through changes in pup survivahe currently used densiyependent pup survival
population model therefore requires a prior distributionrfilhe maximum pup survivaie., pup
survival in the absence of any density dependent efféldt® model then produces a single global
posterior estimate of that parameter and regi@pecific estimates of the current pup survival under
the effects of dasity 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
SCOBP21/04(Table 2) Mean estimates of pup survival were between 031 76.

The fitted value for maximum unconstrained pup survival was 0.46 (SE 0.07) from the standard
model run on the 19842016 dataset and data from the North Sea population in 2018 (BPOS
20/01).Ths value increases slightly to 0.49 when the later pup production estimates were altered by
changing the probability of misclassification (S@P0/01)These values are substantially lower

than edimates in the literature (SCGEP21/04).

It is al® possible to derivesgionspecific pup survival estimates, given the density dependent response to
the regionspecific population sizesn the North Sea where density dependence is having little effect,
the current pup survival estimate is 0.43, clégsghe maximum, unconstrained rate estimated by

the model, but substantially lower than the published estimates (SCQEB#).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. Thoetaa., (2019) estimated that pup survival

for a population at carrying capacity will be around-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; Teoaha2019). 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 dependdimits (den Heyeet al, 2017; Smougét 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 carryioycapa
(Bowenet al.,2006 Pomeroyet al., 2010 and the reproductive success of individuals becomes

more variable (Badgest al., 2020).

Regional data on fecundity and survival rates would allow us to further examine the drivers of
population trendsSuch 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 geitisis associated with
different life stages, in terms of population dynami8€0S 2019 recommended that new resources
should be identified to investigate regional patterns and the effects of environmental covariates on
both firstyear survival and femdity in UK grey seal populations.
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Sex RatioThe sex ratio effectively scales up the female population estimate derived from the model
fit to the pup production trajectories, to the total population six#ith the inclusion of two

independent estimtes 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 informatiolhe reported values are produced by adel 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, Canadda he 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 setftbetSex ratio

estimate from the Canadian population is remarkably similadh&prior used in the 2016 model
runs.Rosset 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 Rosgpér4d).would

result in a sexatio 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 Sc@Waltbn & Stanley, 1997)

and within Scotland, there are significant differences between grey seals breeding on the Isle of May
and on North Rona (Alleat al,, 1995).There is therefore some indication of satsucture within the

UK grey seal populatiobyt it is not strong.

Recent genetic data from the Baltic grey seals (féie&., 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 subspeaé grey sealwith increasing encroachment of North
Sea seals on areas previously occupigdhe Baltic Sea subspecies.

The very rapid increases in pup production at colonies in the Southern North Sea in England, the
Netherlands and Germany all poirtt karge scale recruitment to those colonies from colonies in the
Northern North Sea (Brasseet al,, 2015).Similar immigration appears to be driving growth in
southern colonies on the west side of the Atlan@m the basis of mMDNA haplotype infornoat
Woodet 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 populatiomét different from the null hypothesis of
panmixia.

A study led by the Galwavayo Institute of Technology (GMIT) is currently investigating the genetic
structure of both grey and harbour seals occupying Irish-batikites and coastal/marine waters, to
determine their relationship to wider regional populations across Western Europe (Steieiredtz

in prep).New mitochondrial data from grey seals in Ireland, southwest England and the
German/Danish North Sea coasts were combined with previquailished data to generate a

dataset including more than 2,000 individua¥itochondrial and nuclear diversity were high in all
subregions. Genetic structuring results suggested that grey seals from the island of Ireland are part
of a single interbreeidig population.Southwest England was identified as a source of migrants to the
island of IrelandSouthern North Sea populations from continental Europe were identified either as
a source of migrants to the island of Ireland or as sharing a commanespapulation. 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. Twansition zones between these MUs are also proposed: (i)
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Northwest Scotland and (ii) the English Channel/ Dutch North/Asimilar 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 surveydnformation on vital rates would improve our ability to

provide advice on population status but estimates for UK harb@arals 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 ha@eased 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 formthree 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 pfquiyztion

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 structurest@af2019).

Survival and fecundity rates

Alongterm photo-ID study of havour seals at Loch Fleet, NE Scotland produced survival rate
estimates of 0.95 (95% CI 0:007) for adult females and 0.92 (0-836) for adult males (Cordes &
Thompson, 2014; Mackeyt al., 2008).

A study investigating first year survival in harbeaal 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 Hansoret al., 2013).Hardinget al.(2005) showed that over winter survival in harbour seal
young of the year was related to body mass and to water temperaRreiminary estimates of
survival of harbour seals in Orkney and Skye should be avditatd3€OS 2022 from the ongoing
harbour seal decline project under the Marine Scotland MMSS programme.

In Southeast England there is evidence for changing demographic parameters in harbour seals. The
apparent fecundity, i.e., the peak count of pups (asralex 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.rate has been approximately twice that of earlier
estimates and until recently was much higher than in the larger population in the Wadden Sea
(SCOSBR®/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 andueddichply to movement between
breeding and moulting populations in the two aredkis 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 havever 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 increasedompetition, it is likely that the growth rates of individuals would carry some
signal of those effectdesource limitations are likely to result in slower growth and later age at
sexual maturity.
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A comprehensive lengtht-age dataset for UK harbourale spanning 30 years, was investigated but
showed no evidence for major differences, or changes over time in asymptotic length or growth
parameters from fitted vorBertalanffy growth curves, across all regions (ktadil., 2019) However,
the power todetect small changes was limited by measurement uncertainty and differences in
spatial and temporal sampling effoAsymptotic lengths at maturity were slightly lower than
published lengths for harbour seal populations in Europe, the Arctic and Camigliéemales being

on average 140.5cm (95% ClI, 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 specsneith 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 (Hardiegal,, 2018). While seals in the Kattegat showed similar
asymptotic lengths am 1988, seals in the Skagerrak were significantly shokgrmptotic lengths

of both male and female harbour seals declined by 7 Tne. restricted growth may have been
related to relative foraging densities of seals, which were three times greataeiSkagerrak
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
sealsfrom around the UK and adjacent European sites (C#$eh, 2017) has recently been added
to (with funding from Scottish Natural Heritage) and combined with the population trend and
telemetry data to investigate souresink dynamics of harbour seal pdations.

DNA samples were collected from approximately 300 harbour seals at 18 sites throughout the UK

and the Wadden Sea (Olsenal,, 2017) and were genotyped at 12 miesatellite loci.Results

suggested three distinct groups, one in in gwuth equivalent to Southeast England SMU and the

2 RRSY {SIFX FTYR I y2NIKSNY OfdzAGSNI GKFG g1 a ¥FdzNI
G2 GKS 2Sad {020t yRxY {2dzikgSad {O2d4dflyR IyR 2853
equivalent toShetland, Orkney, Moray Firth and the East Scotland SMUs.

The UK harbour seal population can be divided into similar regionalisigions to those seen in

the genetics data on the basis of the observed population treftds.southern UK population

equivalent to the English east coast shows continual rapid increase punctuated by major declines
associated with PDV epizootics in 1988 and 28@pulations along the East coast of Scotland and in

the Northern Isles have generally declined while popalat in western Scotland are either stable or

increasing.

Nikolicet 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 grobysimitar
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 fallag the population bottleneck that occurred after pest
glacial recolonization of the area.

Carrollet al. (2020) used a combination of population trends, telemetry tracking data andidé
multi-generational population genetic data to investigate thenagics of the UK harbour seal
metapopulation.Their results indicate that the northern and southern groups previously identified
by Olseret al. (2017) represent two distinct metapopulatiorSarrollet al. (2020) also examined the
dynamics of the nottern metapopulation before and after the declines in the early 20008y
identified two putative source populations (Moray Firth North Coast and Orkney, and Northwest
Scotland) which provided recruits to three sink populations (East Coast, Shetlahbehdrn
Ireland).Their results indicated a recent metapopulatiaside disruption of migration coincident
with the start of the declines.
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Steinmetzet 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 struthey.identified
three genetically distinct Irish populations characterised by high genetedily, in Northwestern
and Northern Ireland (NWNI), Souttestern Ireland (SWI) and Eastern Ireland (EI). SWI and El
populations were genetically distinct from UK/Europgmpulations,but the NWNI population was
indistinguishable from the northern UK ta@opulation, withevidence ofignificant migration from
Northwest Scotland to NWNI.

5. What arethe latest SAC relevant count/pup production estimates for the | MS Q3
harbour and grey seal SACs, together with an assessment of trends with
the SAC relative to trends in the wider seal management unit/pup
production area?

The most recensurvey data and descriptions of trends in harbour seal counts for all SACs in
Scotland and England are presented in SEEPS2103. Grey seal pup production estimates and
descriptions of trends at all SACs in Scotland and eastern England are presente@8$BR2103.
The relevant count/pup production estimates for SA@gether with an assessment of potential
trends (increasing, stabld.¢., flat), decreasingand depleted (stable at a reduced level)) relative
to SMUwide trendsin Scotlandare shown inTable 8. SMUwide trends in harbour seal August
counts, and grey seal August counts and pup production have been estimated for Scotland (and
for eastern England; see Russetlal. (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 tosasses
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 estinratets up to 2017
(Thompsoret al., 2019) supplemented by more recent counts where available. The counts/pup
production estimates for the SACs are displayed in Russtedil. (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 Morrist al. (2021).

Harbour seals

Information on the available data, trend analyses andhparisons 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 202ar information the SAC relevant

sections of thateport were summarised in SCB8 20/05.

Dynamics of SAC populations of harbour seals vary (seeEBZ218303and Table 8elowand

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 areatfiable 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 199@scontrast, surrounding areas have seen a significant
increase in numérs.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 redddi®2019 count was
27% lower than the precedingygar averagePreliminary results from 2020 suggest that this was a
real decreaseSCOS have highlighted this population as a priority for additional research and
increased monitoring.

Grey seals

A small number of grey seal breeding sites aregieedas SACs angse pup production as a
condition indicator.Trends in pup production in those SACs were described by Retsze(R019)
and are briefly described here.

Treshnish Isles SAGner Hebrides) produced over a third of the pups born in the Inner Hebrides in
the late 1980sUntil the mid1990s, the trend in pup production within the Treshnish Isles SAC
mirrored the regional trend, after which pup production in the SAC showdiddtions of a gradual
decline. From 2010 to 2016, the SAC produced approximately 25% of pups born in the Inner
Hebrides.

Monach Isles SA@uter 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. (Cls: 6.3, 8.4) between-ttf#80s8dand mid
1990s before levelling off as the pup production approached an ptm

North Rona SAQOuter 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.ZQ205CIs: 4.2, 6.0), with

fewer than 400 pups born in 2016 Many o€thther historical colonies in the Outer Hebrides
underwent similar decreases in pup production (e.g., Causaitdlp.a. (Cls: 6.8, 9.3); Haskeir: 3.3%
p.a. (Cls: 2.4, 4.1)). More recently, Gasker also declimd ¢.a. (200@010; Cls: 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 SAOrkney) produced approximately 15% of the pups born in Orkney in

2016. Pup production within the Faray & HolmFafray SAC increased at a rate of 9.4% p.a. {1987

1995; Cls: 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 (Cls: 0.8, 3.2). Production in Orkney reached an asymptote of 18,000 to 19,000
pupsin ¢.2000 and has been stable ever since.

Isle of May SACEast 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 (Cls: 4.4, 5.5). However, rates of increase
at the three maircolonies vary. Production at the Isle of May increased exponentially at 9.9% p.a.

(Cls: 7.5, 12.3), since surveys began (1979), before reaching an asymptote of ¢.2,000 pups in the late
1990s.

Berwickshire and North Northumberland Coast S&ast Scotlan& 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 populationgwdifferent histories and different recent dynamics. The
Farne Islands have been an important breeding site sincé/ildle Ageswhile Fast Castle is a
recently established breeding site first colonised in the 19P0g. production at the Farne Island
increased from the beginning of the surveys in the 1950s until thel@ids, when production fell
rapidly likely due to a series of culls (Summers, 1978) between 1967 and@e&%ill pup

production between 1954.965: 7.5% p.a.; Cls: 6.5, 8.5). Prduurcincreased at a slower rate of
4.2% p.a. in recent years (2002014; 95% Cls: 3.2, 5.2).
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The Fast Castle colony has continued to increase at a rate of 16.9% p.a. (Cls: 15.2, 18.7).

Pembrokeshire Marine/ Sir Benfro Forol SARup production aBkomer, on the Marloes Peninsula

and at the monitored sites on Ramsey Island have all increased (seeBBQD®4 for details and

data sources). This increase persists despite significant bycatch that exceeds current PBR estimates
for the wider SW Britisksles population of grey seals (see answer 11 & 14 for detailed discussion).
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Table8. Latest harbour §.a) and grey 8.b.) seal data for Speci@dlreas of Conservation (SACs) in Scotland by Seal Management Unit (SMU). SMU numbers also
refer to the relevant Figre number in RusseBt al. (2021). The trends are potential for each S&(@ estimated for each SMU.

8.a.Harbour seal

SMU SAC Latest August count (year)| Potential SAC trends SMU trend
Ascrib, Isay and Dunvegan SAC 712 (2017) stable
2 |West Scotland Eileanan agus Sgeiran Lios mor SA 238 (2018) stable increasing
SouthEast Islay Skerries SAC 706 (2018) stable
3 |Western Isles Sound of Barra SAC 132 (2017) depleted/declining increasing
North Coast & OrkneySanday SAC 77 (2019) declining declining
Mousa SAC 7 (2019) declining
Shetland depleted
Yell Sound Coast SAC 209(2019) stable
6 |Moray Firth Dornoch Firth and Morrich More SA 62 (2019) declining stable/increasing
7 |East Scotland Firth of Tay and Eden Estuary SAG 37 (2020) declining limited data, likely declining
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8.b. Grey seal

August counts

Pup production (latest data 2019)

SMU SAC ' i
Latest count| Potential SAG SMU trend Lgtest Potential SAG SMU trend
(year) trends estimate trends
West Scotland [Treshnish Isles SAC 160 (2018) | Not examined| increasing 1131 stable stable
Monach Islands SAC 2701 (2017)|  stable 12511 _ stable stable
Western Isles stable fincreasing fincreasin
North Rona SAC 175 (2014) | Not examined 286 declining g
Orkney & North Faray and Holm of Faray SAC 228 (2019) | Not examined| . stable_/ 2186 stak_:)k_a/ stable
coast increasing declining
Isle of May SAC 40 (2016) | Not examined 1885 stable/
declining
East Scotland |East Scotland component of stable increasing
Berwickshire and North 71 (2018) | Not examined 4499 increasing

Northumberland Coast SAC*
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6. The frequency of grey seal surveys in some areas of Scotland are likely { MS Q4
reduced in future years. Can SCOS advise on what a reduction in survey
effort would mean in terms of the confidence of population estimates?

Reducing survey frequency will likely lead to an increase in the confidence intervals lurtlikely

to substantially change the mean estimatel.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 sizesiimportant, estimating trends and detecting
changes in those trends is arguably more importaRapid detection of changes in dynamics at
appropriate spatial scales is essential for effective management of anthropogenic effétis.

effect of reducingsurvey 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 maintailadg
understanding of current trendsind should where possibleinclude an appropriate power
analysis A revised analysis of the likely effects will be carried out as part of the planning and
decisionmaking process before any change in survey frequendyniglemented.

Thomas & Harwood (SCB8 05/3) investigated the effect of reducing the frequency of pup
production estimates by Ftting a suite of population dynamics model to a reduced data set
comprising pup production estimates from 1984, 1985 ahlidrnate years from 1987 to 2008he
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 waseduced to biennial surveyReducing 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 showety @limited impact of effectively halving the
data. This was a worstase scenario as the reduction in survey frequency only affects the later part
of the time seriesThe models are fitting to an unbroken time series from 1984 to 2010 and biennial
suveys since 2010 as well as to the future ddiae model now also fits to three independent
estimates of the grey seal population size, and this time series will be updated every fivelyrears.
effect of reducing survey frequency to biennial has app#ly been compensated for by the

inclusion of the independent estimates and by the extra data points since Z0&0approximate CV

of the 2010 estimate of the overall UK population, based on pup production to 2009 and including
one independent estimat was 0.12The approximate CV of the 2018 estimate, based on pup
production estimates up to 2016 (including three biennial surveys) and including two independent
estimates was 0.065his suggests that the effects of further reducing survey frequshould 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 detectinguebes in those trends is arguably more
important. Rapiddetection of changes in dynamiasappropriate spatial scales essential for

effective management of anthropogenic effedts such cases, comparisons are complicated by the
fact that differentpopulations are showing different dynamics ahe effect of reducing survey
frequency in a stable population will be less problematic than for a rapidly changing popukstipn.
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 abied or is expectedA revised analysis of the
likely effects will be carried out as part of the planning and decisiaking process before any
change in survey frequency is implement@herever possible such a reduction in survey frequency
should becompensated with increasaase of alternative information such as independent (i.e., not
derived from pup production time series) estimates of population aimk demographiparameters.

7. Could SCOS provide advice on the most appropriate multiplierse when | NRw Q3
estimating an allage population size from pup production in the
Southwestern British Isles (including Ireland) region.

The main source afincertainty in the Southwesternpopulation estimate is the absence of reliable
pup production data for a large proportion of the Welsh grey seal population. Any population
estimatesand resulting PBR valueterived 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. Severabnversion 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 futurePBR 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 (Cl 2.¢2.50). However, this includes additional uncertainty in the
recent pup production estimatesA more conservative scalar @08 (Cl 1.98 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 bregdimason, a scalar has been used to generate

total population and Mi, estimatesfrom estimated pup production in those SMUowever, there

are no time series of comprehensive/reliable pup production estimates for Wales or Southwest
England with whicha fit a population modeld predict population sizeAn 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 tirthbealn

addition, the rationale for combining the Irish population with the Welsh and Southwest English
populations is unclear; #se are unlikely to form either a closed or fully mixed population.

The most recent nationwide estimate for pppoduction 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 (SEP2004). 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 (BP2304). There does

not appear to be any information to support that assumptidhe most recent published estimate

for Ireland is 2100 pupsased on pup counts carried out between 2009 20d2.

SCOS are concerned that pup production estimates for sites that are currently thought to hold
approximately half of the total Welsh greseal 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 populdgion data from Ireland covering the period 202817, and for which summer haaut
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count data have also been gathered in 20 is ongoing and may help to inform this subject for
future SCOS deliberations.

In the absence of comprehensive summer hatilsurvey 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 (SB®31/05) for the rest of

the UK grey seagopulation.Pup production for the regularly monitored colonies was 60,700 in
2019.The model generated population associated with those colonies was 140,900 (95% CI1-130,600
151,600).This produces a scalar of 2.32 (Cl z,250).

However, this estimate includes a large uncertainty due to the step change in pup production
estimates associated with the change in methodology after 20bCGavoid that additional
uncertainty, using the ratio of pup production to total population esttenfrom 2010 would be a
safer,i.e.,more precautionary approacf.his would produce a pup production totéd population
scalar of 28(Cl 1.93; 2.24).

Notwithstanding the concerns over the uncertainty in pup production estimateseticalas could

be used for calculating PBR$1e same process can be used to estimate approximate scalars from
pup production to Ninequal to the lower 20 percentile of the distribution of the population
estimate.The scalar/multiplier for puproduction to Nwi» derived from thecurrent population
dynamics model is approximately 2.24sing the 2010 ratio would producesaalar of 2.00.

However, SCOS again stress that these numbers are speculative given the absence of a
comprehensive pup duction estimate for over 30 yeandsing the ratio betweenverallpup
productionand population size for the rest of the UK is also problematie.do not have an
estimate of the growth rate for the Welsh population and the growth rate stronglyénites that
ratio. As a result, SCOS again urge extreme caution when applying thage albpulation estimates
for seal management.

As there are no new comprehensive pup production data and ho comprehensive summer survey
data, SCOS recommend leaving th= 0.5.Although there is a perception that the Welsh

population may be increasing slowly, CCW previously recommended settingtth6.b 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 potentiakbjzeable 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 MS Q5
considered as an alternative to aerial surveys that could help meet Net
Zeroaspirations, or does the method currently used remain the most
appropriate vehicle?

New survey techniques are continually assessed for the potential to reduce the environmental

O2aita YR KSFIf{GK FyR al ¥Sie NIpddranme. BesgOA | 6§ SR G A (
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 aredmning more affordableand reliableand 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 limitghe 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

G2 &dzLJLJ SYSyid {aw! Qa NB3Idz | NI Yo ¢tindiaddaheglghy  yR O2f €
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 throughouthe season.

Efforts to reduce the carbon footprint of the existing surveys contindk@om 2021 all east coast
harbour seal surveys will be conducted using a single engine Cessna 172 ailerpfoved
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 techroqueasduct
accurate, safe, efficient, and cesffective 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 dppiies to assess wildlife

populations from space (McMahaet al. 2014, Bamforaet al,, 2020). However, satellitderived
methods have difficulty resolving smaller or camouflaged animals. The best available resolution of
30 cm per pixel makes itdsible to count individual seals on sand (Moxdewl., 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 calivitlimal 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 unknokigure7 shows the recent imagery
available on Google Earth for a popular grey seal-batikite at the mouth of the Ythan estuary,
north of Aberdeen. Although large numbers of grey seals are visibéd six images taken since

May 2016, only the image taken on"28une 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) sah 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 aer&gtsarva
routine basis (Dickeret 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 multirotors are limited to flightimes of <45 min, while fixeding 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 lirad-sight operation (up to a aximum 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 baccessible by boat or helicopter. Biennial grey seal pup production surveys
involve 45 repeated aerial surveys of around 70 colonies spread out over a large area across
Scotland and eastern England. The area requiring coverage has recently increaséd elxtght

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 UAbhtgology and within existing legislation in a eost
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 behaebaut
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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 amgach with drones as this would require transport

between areas by vehicle and boat or helicopter and would take many more days.
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regular monitoring and would be a highly effective means to replace ground counts at individual

colony level at specific locations. Drones also have poteasial technique for detailed investigation

of specific research questions with methods such as photogramnbeisged estimates of body

condition and size distribution, photo identification, evidence of entanglement etc.

In conclusion, whilst consumgradedrones offer significant potential for improving our ability to
monitor a number of features at individual colonies or hauts, there is not yet sufficient

operational ability to replace the current approach of using manned aircraft to achieve thet exten

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 Beddrport 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 envimmental impact and in the risk of methods implemented in the

current monitoring programme.

Par

Google Earth
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Google Earth,

Figure7. A grey seal haubut site at the mouth of the Ythan Estuary, north of Aberdeen, shown on the
six most recent satellite imageavailable on Google Earth. Large groups of seals are visible on all
images, but individual seals are only clearly identifiable on the image taken 6@ 2018.
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Harbour Seal Decline

9. Inthe 2020 advice, SCOS provided a view on the curpenéntial (major)
drivers of the harbour seal decline and their status. Can SCOS provide a
updated assessment on these in light of ongoing work.

MS Q1@

The causal mechanisms of the harbour seal decline have not been identified, but several factors
have beerrejectedas primary causes of the decline, although these may remain as potential
secondary cause§ able 9contains a list of potential factors inMved and the current assessment
of their importance (modified from SCOS 2020). A few critical factors still remain that require
further research, including reduction in prey availability, competition with grey seals for prey
resources, predation by greyesis and by killer whales, and exposure to toxins from harmful algal
blooms.

The Sea Mammal Research Unit has been funded by the Scottish Government to investigate the
causes of the declines. A summary of the progress and initial results of the prognaasme

presented in SCEBP 20/06. Previous and recent work conducted during Phase 1l of this project
(which was completed in early 2020) suggest that toxins from HABs may increase harbour seal
mortality, based on a bienergetic model estimating the rangé likely daily toxin doses ingested by
harbour seals (risk assessment model). A recent publication from Phase |l describes concentrations
of toxins from HABs in fish species sampled in Scotland, with the highest domoic acid (DA)
concentrations measured abg the east coast of Scotland and Orkney, and peaks of both DA and
Paralytic Shellfish Toxins consistent with phytoplankton bloom tin(sggsKershavet al, 2021)

Phase Il of the project aims to increase the number of prey samples during HAB events to update
the risk assessment approach and compare data on toxin concentrations during and outside HAB
events. Phase Il of the project also continues to focus omstienation of survival and fecundity

rates at sites of contrasting population trajectories with an extended dataset (2016 to 2022 with a
gap year for 2020 due to covi® pandemic). Two SUPER DTP funded projects started in 2019 and in
2020, which are addssing interspecies competition and the effect of grey seal predation on

regional declines, and killer whale predation on harbour seals.

For information,Table Scontains a list of potential drivers of decline (proximal and ultimate) and the
current assesment of their importance (modified from SCOS 2020). A confidence level (high,
medium, low) has been added to each of the potential drivers to reflect uncertainty regarding the
assessment of their importance in the observed declines based on the evideaitahée.

It is recognised that different factors may be implicated in the declines in different SMU populations

and that there is no guarantee that the listTiable9 is comprehensive. Unidentified factors may be
important in some SMUs.
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Table9. The current view of the potentigdroximate causefa) and ultimate causes (9b) the observed declines in harbour seals in some areas (Orkney, East Coast, MF),
with anindication oftheir likely importance adrivers and of the level of confidence in that assessment.

9.a.
Proximate Causes Importance Confidence Evidence Additional information
status level
1 Reduced adult Likely High No direct estimates of adult survival for declining UK harbour seal Preliminary adult survival
survival populations. In some regions, e.g., Orkney and the Firth of Tay and Ed estimates for study sites in
SAC, the decline is too rapid to be solely due to reduced recruitment s¢ ©rkney and Skye should be
adults must have been removed from the pdation. available for SCOS_2022
2 Reduced pup Possible High Hanson et al (2013pund no difference in survival between stable (Wesl
survival Scotland) and declining (Orkney) populatioHswever, reduced pup
survival/recruitment is thought to be a likely driver of seal populations
3 Reduced Possible High No timeseries of population scale pup production estimates for any Preliminary fecundity estimates
fecundity declining populations and therefore no evidence to identify changes in for study sites in Orkney and
fecundity.Preliminary results from ongoing study suggests that pregnar SKye should be available for
rates at a site in Orkney were lower than at Skyleray Firth or Pentland SCOS_2022
Firth sites but differences were nesignificang.
4| Increased juvenile,  Possible Medium | Carrollet al. (2020) suggest significant historical migration from the
dispersal MFNCOlocal population to Shetland and East Scotland SMUs. Study
concluded that migration from Orkney and Moray Firth has reduced sin
the onset of the decline.
Telemetry data showed significant moventef pups from Orkney to
adjacent SMUsbut no information on temporal trends in such
movements.
5/ Increased adult Possible Low Telemetry data have little power to detect emigration. Existing data do
emigration indicate large scale movemehetween SMU¢Sharplest al., 2012)
although temporary relocation between Orkney, Moray Firth and Shetle
SMUSs has been obsenved

3Marine Mammal Scientific Support to Scottish Government. HSD 2 Annual report Year 4. http://www -smduests.ac.uk/researcholicy/reportsto-scottishgovernment
4 MFNCO is Moray Firth and North Coast local seal population and encompasses both the MarapdritieNorth Coast and Orkne§MUs.
5 SMRU unpublished data
57



9.b.

Ultimate Causes Importance Confidence Evidence Additional information
status level
1 | Nutritional stress Possible Medium Recent analysis of body condition and nutritional health in live captured
animals shows no evidence of link to population treidsrshawet al,
in pres9. However, samples represent survivors and may be biased, so
power to detect starvation effects could be low.
la | Prey quality and Likely Medium Coincidence of declines in seabird productivity in N & E Scotland though
availability be due to prey abundance or availability.
1b | Competition with Likely Medium Competition for prey with the increasing grey seal population and/or othe Ongoing SMRU based PhD
marine predators marine predators cannot be ruled out. project on grey seal competition
2 | Predation Likely Medium Predation by grey sea{8rownlowet al., 2016)and killer whalegDeecke 2 ongoing PhD projects currentl
etal., 2011)reported at several location&stimates suggest that killer whal investigating predation by grey
predation rates may be high in Shetland. seals and killer whales.
Historical monitoring data insufficient to show causakli
3 | Toxins from Possible Medium No direct evidence of largecale mortality events from strandings in areas
harmful algae decline. Domoic acidaxitoxins and okadaic acid continue to be detected
harbour sealg¢Jenseret al., 2015)and their prey(Kershaw et al., 23.
Historical data are insufficient to show correlation with the observed
declines, but wide geographical scale and likely severity mean that HAB;
cannot be ruled out as a contributing factor
4 | Infectious disease Possible Low No directevidence of largescale disease events from strandings or live
and parasites capture data in areas of decline. Coincident onset of declines and the 20
PDV epizootic is unexplained but could indicate some chronic effect.
Other disease agente.Q.,Mouth rot outbre& in Eastern England) cannot
be ruled out as contributing factors. Higher mortality rates among rescue
juvenile harbour seals in recent years in the -SERJ.
5 | Climate change: Possible Medium Changes in prey distribution and/awailability or increases in harmful algal
indirect effects blooms or increased disease prevalence as a consequence of climate ch
are likely to impact harbour seal populations in future (covered in 1,3 & 4
above)
6 | Climate change: Unlikely High Obsenred changes in physical environment in UK waters do not exceed

direct effects

KIFNb2dzNJ &SI f aQ NoRvidehcd adiSajoCchantiedin A
Scotland coincident with the observed declines.
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microplastics

macro and microplastics is currently not a major issue for UK seals at the
population level and can be ruled out as a driver of the observed decline

Ultimate Causes Importance Confidence Evidence Additional information
status level

7 | Fisheries bycatch Unlikely High Data from bycatch observer programmes and absence of major gillnet
fisheries in regions of decline suggest that bycatch is unlikely to have be
significant factor in the declines.

8 | Persistent Organic Unlikely High Levels opersistent organic pollutants (PCBs, DDTs and=®PBide low in the

Pollutants areas of decline and highest in regions where populations have been
increasing since 20qMall & Thomas, 2007)

9 | Targeted killing Unlikely High No evidence of targetedilling at levels that could account for observed | Licensing under the Marine
declines. Prior to the Marine Act 2010 there was no requirement to repor (ScotlandAct 2010 ensures
shooting of seals in Scotlandlithough there are no comprehensive records Protection of declining
legal shooting of seals was not thought to be suffiti® account for the populations from directed takes.

. . As a result of legislative change
numb(_ers of seals lost durlng the early stages of the declines. in 2021, killing seals to protect
Shooting can be rul.ed out in some SI\/HJg.,.East Scotland, but cannot be | fcheries or aquaculture is no
ruled out as a possible contributory factor in other SMUs. longer allowed in the UK.

12 | Disturbance at No High Possible local rdistribution effects. Most sites are remote and rarely

haulout sites disturbed. Occasional and/or localised disturbance unlikely to have
significant population scale effects. Population trends at sites with high le
of tourism/military aircraft actrity and offshore renewable energy
developments show no signs of negative impacts at the population level.

10 | Loss of habitat No High Data from aerial surveys and telemetry studies show no evidence that
foraging, moulting or breeding sites have been lost.

13 | Entanglement in No High Entanglement in marine debris is not a major recorded cause of mortality

marine debris stranded harbar seals in Scotland:here were no known changes in fishin
practice likely to have increased entanglement coincident with declines.

14  Macroplastics and No High Data from stranded seals and faecal samples indicateitigastion of
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10. Can SCOS also advise whether the observed declines occurring in the s{ pms Q10b
east of England could assist with providing answers to the Scottish
position?

SCOS consider th#étere are some interesting parallelsetween the observed declines in

southeast England and some areas of Scotlabdt also significant differences between regions
that provide both opportunities and challengeS.he English population decline was noted at an
earlier stageandthe combination of annual time series of population estimates apdp counts

for the southeast England and adjacent Wadden Sea populations may provide additional insights
into the changes in trajectories.

In both cases, the magnitude of the declines sugtgethey cannot be fully explained by a decrease
in fecundity and/or juvenile survival alone, and that there must be a decline in adult numbers.
Some of the same potential drivers for the declines overlap between the two cases
investigation oftheseshould provide information that will be relevant to the question of harbour
seal declines throughout the UK and Europ#¢owever, there are differences between the SMUs in
Scotland and in thesoutheastof England regarding population trends, genetics, eapjaand
environment which might limit the ability to provide informative answers

There are some interesting parallels, but also significant differendess difficult to predict

whether investigations into the apparent decline in the southeast England Seal Management Unit
(SEESMU) will be able to inform the regional declines in Scotland. The decline in counts of harbour
seals in the South East EnglamdiSvianagement Unit (SEE_SMU) are as yet unexpleaMBRU are
currently developing proposals and research projects to investigate the declines and it is hoped that
insights derived from such studies will inform the harbour seal decline issue in sBuetish

harbour seal populations (Russetlal. 2021). In both cases, the magnitude of the declines suggests
they cannot be fully explained by a decrease in fecundity and/or juvenile survival alone, and that
there must be a decline in adult numlsemhere is some overlap the potential drivers for the
declinesin the two regionsinvestigation of diet, foraging behaviour, movements, interactions with
human activities and interactions with competing predators should provide information thabevill
relevant to the question of harbour seal declines throughout the UK and Euidge.the sudden

onset of the decrease in the SEE_SMU after a period of rapid growth may help identify potential
drivers and/or make it easier to exclude factors thatldooot have caused the decrease.

However, there are differences between the SMUs in Scotland and in the southeast of England
regarding population trends, genetics, ecology and environment which might either limit the ability
to provide informative answer®wards explaining the declines in Scotland or provide informative
comparisons that help identify or exclude potential drivers.

Genetically, harbour seals in the SEHU are significantly different from all other UK harbour seal
SMUs and are considered jpart of a different metapopulation together with continental Europe
harbour seals (including those in the Wadden S€a)rollet al, 2020) The harbour seals in the SEE
SMUhave historically undergone sustained increases in abundance, punctuated by sudden declines
during the Phocine Distemper Virus (PDV) outbreaks in 1988 and 2002. These sustained increases
contrast with the trends in the SMUs along the east coast of Scodaddhe Northern Isles, all of

which have recorded declines in harbour seal numbers differing in intensity since 2002 after
generally stable population trajectori€¢§hompson, Duck, Morris, & Russell, 20¥9¥rop in adult
numbers carbe caused by increased adult mortality and/or emigration. Emigration is not considered
as a major factor contributing to the decline in harbour seal numbers in SMUs in Sq&206S,

2020) but in the case of SEBEMU, emigration cannot be ruled out as the large size of the adjacent
harbour seal population in th&/adden Sea might not allow detection of such potential immigration.
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Potential causes of the apparent decline in the-S&EJ are unknown at this point but include

disease, biotoxin exposure and nutritional stréRsisselet al.2021) Disease outbreak and

nutritional stress have been ruled out as main factors driving the decliBeattish SMUs given that
there is no evidence of large scale mortality events from strandings data, live captures show no
evidence of disease in areas of decline, and recent analysis of body condition and nutritional health
in live captured animals show® evidence in areas of decline in Scotland ei(#allet al., 2019;
Kershawet al, in press)However, biotoxin exposure from Harmful Algae Blooms (HABs) remains as
a potential driver of the declines irMJs in Scotland too, and is currently being investigakagssell

et al.(2021)recommend biological sampling of harbour seal adults and juveniles from th8 8BE

to investigate healtlrelated drivers in the decline. This would include investigation of HAB toxin
concentrations in captured seals. Any results from such inagiigs might inform the Scottish

declines or more generally to get a better overall picture of the exposure of harbour seals to HABs in
the UK.

The population trajectories and particularly the monitoring information from the SEE_SMU
populations are quite ifferent to those for Western Scotland and the Northern Islaghe

SSE_SMU the main harbour seal population has been surveyed annually since 1988 and there are
annual indices of pup production for that population since the 2002 PDV epidentitrecently the
SEE_SMU harbour seal population has shown continuous rapid growth as it recovered from the
effects of severe hunting pressure in the 1960s and early 1970s, and two PDV epizootics in 1988 and
2002.Since 2000 there has been a dramatépid increase in the grey seal population both in terms
of the pup production and the summer foraging population throughout the SEE ($8/8%6 p.a.
increase over the last two decades; Russedl., 2019)until 2019 when it too appears to have
levelledoff and possibly begun to decline (SCE¥521/03)The role of grey seals in the apparent
harbour seal declines warrants considerat{@®usselet al,, 2021) The high temporal resolution
population data available for this region may allow identification of relationships between harbour
seal population trends and changes in grey sealytation trajectories or changes in other natural

or anthropogenic factors.

Around Scotland, regular surveys began in the-t880s and are at much lower temporal
resolution.Harbour seal populations were relatively stable until several populategan to decline
around the turn of the century (SCB® 201903, Thompsoret al2019. The grey seal populations
around north and west Scotland had either already stabilised, by thel88@s as in the Inner and
Outer Hebrides, or around 2000 in Orknbgfore regular harbour seal monitoring surveys began
(SCO®BP 21/, Russell, Morris, Duck, Thompson, & Hiby, 2019; Thatals 2019). There are
therefore no systematic or reliableahbour seal population estimates available before the local grey
seal populations either reached or approached carrying capacity (BEQ%®). If grey seal
populations are a major driver of harbour seal dynamics it may be that density related everets
already in place before monitoring began in Scotlaiffte SEE_SMU time series of population data
may provide an opportunity to examine this possibility.

Differences in the timing and scale of natural and anthropogenic changes in the differamgegi
may help identify likely drivers or exclude unlikely factéi®. example, the dramatic increase in the
construction and operation of offshore wind farms in the SEE_SMU {BEQ¥03) predates the
onset of the decline, whereas large scale constorctf wind farms in Scottish waters peshtes

the onset of declines in harbour seal populations and there has been no offshore wind development
in the areas where the largest declines have occurivémhdfarm developments could have short
term impacts orseal distribution during pile driving activifRusselkt al,, 2016)and the presence of
structures could also impact harbour seals, althb these impacts are less clear and may be
complex. Assessing the potential impact of changes in the anthropogenic landscape on seal
populations in SEEMU should benefit the understanding of the potential drivers behind the
harbour seal decline.
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11. Can SCOS review, present and provide a view on the available evidence s 11
the differences in genetics between the declining and the stable/increasi
harbour seal populations.

Carrollet al. (2020) reported significant genetic differentiation beteen most harbour seal SMUs
and identified that stable/increasing regions (West Scotland and the Western Isles SMUs) were
part of a different metapopulation than declining regions (North Coast and Orkney together with
Moray Firth SMU). Carro#t al (2020)also detected a recent metapopulaticwvide disruption of
migration coincident with the start of the declines and concluded that the northern
metapopulation appears to be in decline.

There are no significant differences in heterozygosity levels and indieg coefficients between
contrasting populations in Orkney and Skye (Bhuta, 2021).

Ongoing work comparing harbour seal genomes globally may shed some further light on
differences between populations with contrasting trends.

Carrollet al. (2020) used aombination of population trends, telemetry tracking data andwille,
multi-generational population genetic data to investigate the dynamics of the UK harbour seal
metapopulations. The data comprised microsatellite genotypes from samples collected UK S
between 2003 and 2012, including samples from declining and stable/increasing SMUs, as well as a
number of samples from outside the UK and describedigenet al. (2017) Their results indicated

that the UK comprises two distinct metapopulations (northern and southern). The southern group
comprises the Southeast England SMU {SEB) and continental Europe, and the northern group
comprises all other SMUs (Northern Irelaanad Scottish SMUSs). These are in agreement with the

two main groups previously identified I@senet al.(2017) Thus, the harbour sealsfn the SEE

SMU are genetically distinct from those in the Scottish SMUs, regardless of their population trend.

Within the northern metapopulationCarrollet al. (2020)found significant genetic differentiation
between most of the harbour seal SMUs (although not as nasdbetween the two

metapopulations). However, not all SMUs were genetically distinct from each other and some could
be grouped into local populations, suggesting a total of five local populations: 1) Northern Ireland
(declining); 2) Northwest (West Scotthand the Western Isles SMUs, both stable); 3) MFNCO
(Moray Firth, where a continued decline is not evident but no signs of recovery 20@ levels,

and North Coast and Orkney SMU (declining)); 4) Shetland (continued decline not evident but no
signs @ recovery to pre2002 levels); and 5) East Scotland (declining)

Carrollet 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 and
North Coasteind Orkney, and Northwest Scotland) apparently supporting three likely sink
populations (East Coast, Shetland and Northern Ireland). They also detected a recent
metapopulationwide disruption of migration coincident with the start of the declines and caiexd
that the northern metapopulation appears to be in decay.

Nikolicet al. (2020)reported an analysis of the genetic structure of the Moray Firth harbour seal
population. Their analysis suggests that the Moray Firth cluster acts as a one geoeficwith

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 concluded that the Moray Firth
population has remained at broadly similavels following the population bottleneck that occurred
after postglacial recolonization of the area.
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More recently, samples collected from lieaptured harbour seals from Orkney (n = 15, declining

site) and Isle of Skye (n = 15, stable/increasing Bit8016 and 2017 were analysed as part of a
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coverage wholegenome sequencinfBhuta, 2021)The results showed that individuals from Orkney

and from Isle of Skye had similar heterozygosity levels and that inbreeding coefficients were

negative or low, with a significant differences between the two populations. This suggests
inbreeding is not the probable cause for decline in abundance in Orkney. The analysis also confirmed

the previous genetic population structure results that found the two regions weretgeily

distinct with a much larger suite (>100K) of genetic markers (single nucleotide polymorphisms). This

work is ongoing with some further +@nalysis planned.

Liu et al. (2022) compared harbour seal genomes from different weide locations. They slwed

that harbour seals evolved in the Northeast Pacific and the results have implications for harbour seal
subspecies delineation, but there are no direct management implications for UK harbour seals.

SealProtection, Managementand Conservation measures

12. Can SCOS advise at what point a decline in grey or common/harbour s
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Defra Qk

Theappropriate criteria for the magnitude of a decline that would trigger a change in conservation
objectives from maintain to restore depends on a variety of factpteerefore it is difficult to
RSGSNN¥AYS | WwW2yS aATS FAGA | DSACIChasi@efatois ( K
includethe regularity of monitoring, the amount of historical datahe variability in previous

surveys,and thetrendsin other parts of the population range.

An examination of the existing monitoring data for any particular sii@ combination with trends

at other sites within the region, will inform the selection of appropriate trigger

In the case of thesoutheastEngland harbour seal SAC, there has been an observed decline of 21%

points

between the two most recent counts andounts in the preceding fyear period (SCGBP 2106).
A decline of this magnitude and in light of large declines in other parts of their range, should

certainly trigger a change in conservation objectives from maintain to restore.

The overalbbjectivefor SACslesignatedor seals are tgrovide a coherent network of sites to
contribute tothe maintenance othe overallfavourable status of the populatiofowever, this
definition is notparticularlyhelpful inthe definition of trigger points for individual SA€Esr harbour

sealsSAC site selection has favoured sites that are important both as generadutasites and for
moulting and puppingThe largest breeding colonies, based on pup production, have belected

for grey sealsThisdifference in site selection rationale may require a slightly different approach to
defining any triggers for management measutéss likely that aletectabledecrease in abundance

either total abundance in the case of haur sealor pup production in the casef@rey seal sites

below some defined reference valughould trigger concernlhis involves the definition of two
elements: an appropriate reference value, and the magnitude of the redubgbtow that reference
value that would indicate a concerfihe duration over which a decline is observed will also have a

bearing.Theappropriatemagnitude ofdeclinefor atrigger depends on the variability the metric

of interest and the ability of anmonitoring programme to detect a change over and above levels of
background variabilityMore regularly monitored sites are likely édlow quickeridentification of

declines of smaller magnitudes than less frequently monitored sitessiderations retang to the
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selecton of areference valuéncludethe size at the time of designation as well as any historical
trends. For example, many sgaipulationsin the UK ar@ecovering from historical exploitation or
from disease outbreakst is also importahto consider the mobile nature of seals and the fact that
reductionsin one part of their range mdye as a result of distributional shifts and therefore any
concerns about local declines, and the need for management measures, must be considiged
of regional trends

Consideration should also be given to the degree to which the population within a given SAC is
genetically distinct, and the absolute size of this population relative to some assumed minimum
viable population.

Given these considerations, it is raitrrently possible to define specificigger points that should
applyappropriatelyacross all SAGsr both speciesAn examination ofhe existing monitoring data
for any particular sitein combination withtrendsat other sites within theregion will inform
decisions to triggefurther management actiongiowever, see the answer to Marine Scotlangl Q
belowfor discussion of geneririteriafor the designation of Seal Conservation ArgaScotland.

In the case of th&ash and North Norfolk coast SAC for which harbour seals are a primary
designated featurethere has been anbserved declin®f 21% between théwo most recent counts
and counts in the precedingyear period (SCOBP21/06). A declineof this magnitudeand in light
of large declinein other parts of their range, should certainly trigger a change in conservation
objectives from maintain to restore.

13. Can SCOS provide advice on current analytical methods being conduc
by SMRU to help inform Uked assessments for OSPAR M3 & M5 Defra Q3
indicators?

The UK is leading the assessment for the OSPAR3@al(Abundance and Distributiomnd M5

(Grey seal pp production) indicators for he OSPAR Quality Status Report 2023 (QSR2028)se

indicators, which were also considered in an interim assessmiettyps://oap.ospar.org/en/ospar-
assessments/intermediateassessmen017/), are assessed on two temporal scales: long term

(since 1992 or the first year of data thereafter) and shderm (six year rolling baseline; in this

case 2014019) at the scale ohdividual Assessment Units (AUBigure8). Assessments for

abundance and pup production are made againise following criteria: has there been a decline in

seal abundance/pup production of > 25% (lotgrm) or >6% (shorterm)? Charges in distribution

I NBE O2yAARSNBR 4 I GadNDSAtEryOS AyYyRAOG2NIT G(KS
assessed, against an assessment value.

The current assessments (for QSR2023) are led by JINCC, with the analysis being conducted by
SMRU andhe default approach was to follow the methods used in the interim assessment. For
the interim assessment, the methods were developed at an expert workshop (2015), with
contributors from most Contracting Parties (CPand ultimately agreed by OSPAR. Thethusls

are detailed inHanson and Hall (2015) and Russell, Hanson & Thomas (2016), and summarised in
the assessmentshftps://oap.ospar.org/en/ospar-assessments/intermediateassessmen017/).

For the current assessment, any noteworthy methodological deviations were made with the aim
of increasing robustness; these were proposed by SMRU and discussed with the OSPAR Marine
Mammal Expert Group (OMMEG). The methods used are largely sufficient to conduct the
assessments. However, there are some key caveats that should be considered particularly with a
view to increasing the robustness of future assessments.
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Brief Summary of methods

M3 Indicator; abundance
Abundance: Harbour seals

In the previous interim assessment, trends were fittecatsubset of thanoult countdata covering
the period 20092014, to provide a shottierm assessmentGeneralised additive€GAMS) or linear
models (GLMs) were fitted for the relevant assessment units (Adsthe QSR2023, the same
method was applied to the same AUSdure8). However, this time the whole timseries of counts
(up to and including 2021) was used, maximising power and robustness of theestmort
assessment. Minor changes to methods includedhfittmore than one model type (GLM and GAM)
within a single timeseries, allowing models to select step changes in abundance, and improved
calculation of confidence intervals.

Abundance: grey seals

Grey seal abundance is assessed on a single unitessentially the combined AUs indicated by

the colour shaded areas Figure8® C2 NJ G KS AYyUiSNAY FaasSaavySyd GKS
dynamics model used for the UK (Thoreaal.2019) was extended to cover other areas (Russell,
Hanson and Thomas 2016). Thisarporated a time series on pup production as well as an
independent estimate of population size in 2008 (independent from pup production derived
estimates). While such population modelling allowed a single assessment to be conducted on the
appropriate sale, it had some limitations. Briefly these are: (1) despite increasing grey seal
abundance in the UK and Wadden Sea (which account for the majority of Northeast Atlantic grey
seal metapopulation) the confidence intervals for the interim assessment waeyenide, making

robust assessment difficult, in part due to limited sample size for some areas; (2) Lack of knowledge
regarding the spatial consistency of the scalar representing the proportion of total population

hauled out and thus available to count ¢ded from UK telemetry data) required to convert

summer counts to the independent estimates; (3) Limited appropriateness of the population model
structure when applied beyond the UK (specifically with regard to dispersal), and (4) Reliance on the
robustness of a scalar to generate pup production estimates from peak pup counts (the only data
that are provided by some CPs), which is derived from counts and estimated pup production at
Scottish colonies (surveyed by SMRU). These limitations meant that exgehdituK pup

production model across the whole AU became untenable for the current assessment.

The current assessment considered a larger spatial extent, and since the interim assessment, a jump
in estimated pup production in Scotland associated withgtvgch from film (up to 2010) to digital

(from 2012) hadecomeevident. This presented an issue for consistency across the AU, and for
generating a scalar between peak count and pup production. Furthermore, only a subset of the CPs
provided August data #t could be used to generate a tinseries for the Independent Estimate of
population size. For the current assessment, trends in haul out counts were fitted at the scale of the
AUs shown ifrigure8. This was conducted within two GAd/isne for August counts (UK and

Ireland) and one for spring moult counts (France, Dutch Delta, and Wadden Sea). This allowed two
(one August and one moulty@dicted trend lines on which to base assessment against the defined
criteria.
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Figure8. OSPAR Assessment Units used for harbour seal abundance and distribution(M3), grey seal
distribution (M3) and grey seal pypoduction (M5). Grey seal abundan@é3) is assessed on a single spatial
unit scalecombining all the shaded areas shawn

Distribution: both species

Changes in distribution were considered as a surveillance indicator for bothtéreediateand

current assessmeri similar set of assessment values as used for seal abundance were suggested
for seal distribution, but as meaningful changes in sealidigion are currently difficult to detect

YR aasSaa FTNRY FodzyRIyOS adaNWSeéa (GKAA | aLSoi
A Y R A Q\thouiINtie same metrics (see below) were considered in botinteemediateand

current assessments, the spatial units considered were different; fointeemediateassessment
individual CPs decided the spatial scale at which distribution should be examined for each AU
whereas for the current assessment, changes in distribufioesence/absence) were assessed on a

15 km x 15 km grid (where possible). There are two metrics: (i) shift in distribution, representing the
change in which specific cells are occupied, and (ii) change in range, which represents the change in
the numberof occupied cells. These metrics were examined on both atknng basis with years

used being 1992 vs 2019 (leteym assessment) and 2014 vs 2019 (shertn assessment). Where

data were not available in the focal years, the closest possible years wedeinstead.
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A number of changes were made to the methods ofitliermediateassessment to improve the
robustness of the analysis. The key differences were as follows: (1) as far as possible, distribution
was considered on the same spatial scale withrid across AUs; in thetermediateassessment, the
size of spatial unitd.€.,the area to which counts were assigned) varied across AUSs, (2) the metrics
were only evaluated for years and areas for which there was consistent effort (in terms of cgverage
across two periods of interest (which restricted spatial and temporal extent for some AUS); in the
intermediateassessment the spatial extent was not always consistent between the two periods, (3)
Changes between single years were considered rather hleaneen periods to maximise the

temporal separation of period®(g.,short term assessment: year 1 vs year 6 compared to y&ar 1

vs year 46 as done in théntermediateassessment).

M5: Grey seal Pup production

In theintermediateassessment, trends were fitted to peak pup counts or pup production

(depending on what was provided by CPs), using either generalised additive or linear models. The

same method is used for the current assessment except that AUs surveyed by SMRU vekre fitte
GAGKAY | &aAy3fS Dl!a 6&aSLINIGS aYvY220K F2NJ S OK 1!
offered to account for the step change associated with the switch from film to digital surveys.

Considerations

Factors that must be considerddr both the intepretation of the current assessments and the
development of the methods for the next assessmeamé discussed below.

Baselines

The use of both lonterm and shoriterm assessments allow both logrm and rapid declines to
beidentified. Ideally the baseline year for the lotgrm assessment would represent the natural

level of abundance and distribution. However, in the basefigar (1992), seal populations were
NEO2BSNAY3I FTNRBY SELIX 2AGFGAZ2Y O0FYR G(GKdzA LRGSYyGAl ¢
Furthermore, a recent Phocine Distemper Virus (PDV) epidemic in 1988 means that some harbour
seal populations were supgssed €.9.,Southeast England, Wadden Sea). Finally, many monitoring
studies did not extend as far back as 1992 and thus there is considerable variation between AUs in
the periodthat the longterm assessment covers. The laiegm assessment for both the
intermediateand current assessmepbmpareghe latestpopulation estimatesvith the 1992
baselineestimate Sq the comparison for the current assessment is over a longer time period than
the comparison for the intermediate assessmehs. a consequengan assessmerof a25%change
equates to a slower rate ahangefor the current assessment compared to timermediate
assessmentA simple solution would be to compaseerageannual rates othange

Consistency of data

Different CPs have different protocols for data collection, and for some CPs there are multiple
programs and thus dateontributors. This makes combining data within and across aeegsfor

grey seal population assessment) difficult and limits the comparability of the results across AUs. For
example, harbour seal moult count data provided on AU scale varied betweeroravis, maximum
counts and mean of multiple counts conducted within a year. The inclusion of all raw counts is
preferred to appropriately represent the uncertainty around the estimated mean trend. Provision of
raw counts on an AU scale is hampered byrthigalignment between AUs and the scale on which

data are collected; some AUs comprise data from multiple countries and monitoring programs.
Furthermore, some CPs collect data more frequently for a subset of an AU which contains the
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majority of seals; therés no provision for such indicator counts to be submitted for the abundance
assessment.

Assessment Units

The scale of the Assessment Unit varies between species; there is a single unit for grey seal
abundance. However, for harbour seals (and gregl distribution and pup production) the AUs are
much finer, and the degree to which unit boundaries were driven by biological relevance versus data
availability varies spatially. The aim was to make these units as biolpgiesningfulas possible

(i.e., based on the boundaries between spbpulations or haulout groups), but the area that can be
covered within a single survey or year is much finer in many placesagmatic approach was

developed for grey seal abundance for this assessment; trends fiteed at a finer scale (AUs in
Figure8.), and these trends combined, within a model, at a larger scale. However, the validity of
such an approach is reliant on these smaller units representing relatively discrete groups of haulouts
with little inter-annual variation in the degree of net movement between them.

SCOS consider that further discussion is needed to assess the appropriateness of a single AU for grey
seals A single AU used without clear consideration of shreicture of the metapopulation and

systems for monitoring and assessment at scales capable of dealing with localised population change
should be reexamined A briefing paper addressing the effects of combining all AUs for

management of the grey seal tag@opulation will be presented to SCOS 2022.

Grey Seal abundance

Grey seal abundance was assessed using counts during the harbour seal moult surveys in August (UK
and Ireland) and during the grey seal moult in March/April (continental Eurdpe)maprity of the
Europeargrey seal population is in the UK where grey seal moult surveys are not routinely

conducted; such surveys during winter/spring would not be logistically or financially feasible.
Furthermore, the degree to which the clockwise clineaed in breeding applies to the moult is

not clearand there is no information on the proportion of seals hauled out at any time during the

moult. Thus, in order to generate a single assessment of grey seal trends in abundance, counts

during the August hdvour seal moult for all AUs would be required. Most countries conduct surveys

of harbour seals in August, and also count grey seals. CPs should be encouraged to (1) ensure all grey
seal sites are covered during the harbour seal moult surveys, and @)aad these counts on the

smaller AU scald-{gure8). As well as allowing a single trend to be estimated for all considered

OSPAR regions and removing inaccuracies associated with seasonal redistribution, this would also
ensure data for grey s abundance were incorporated for additional units in continental Europe

where no dedicated grey seal moult counts are conducted, but August harbour seal moult surveys

are €.g.,Kattegat and Limfjord).

Distribution

There are multiple considerations when examining changes in distribution including: (1) minimising
the impact of dayto-day variability in haulout locations, (2) variation in spatial survey effort

between years, (3) size of distributional units, (4) numiespatial units, and (5) density within

units. All of these also need to be considered when interpreting the metrics. For example, due to
variation in the spatial extent of AUs, a changel@d® in one AU may represent an absence at just
one haulout sitgwhich may be a site not frequently used), whereas the same result may represent
variation in > 10 haulout sites in another AU. Thus, any qualitative assessment should be based by
reviewing the metric value and the associated maps underlying the metrazsmbination. In future
assessments, a weighting of distribution by density would potentially result in a more robust
indicator than the current presence/absence approach. Furthermore, the size of the spatial units

68



used in reporting should be consisterdtiveen AUs. In particular, this analysis would be more
robust if data were provided on a standardised grid, including the spatial extent of surveys where
possible, such that survey effort could be appropriately accounted for. In the current assessment,
the extent to which all data could be used was limited by variation in the format and spatial
resolution of survey effort reported by CPs. Inconsistencies between counts and reported survey
coverage meant that some data could not be used, as it was not p@ssiget a robust indication

of presence/absence.

Indicator Areas

In some AUSs, the whole unit is routinely covered during each survey whereas in others (many UK
AUs) the complex coastline and the distribution of sites means a subset (often the mosty®)pul
gets surveyed more frequently. For AUs surveyed by SMRU in the UK, for which the time series
pertaining to the whole AU was restricted in temporal extent or number of data points, a time series
of a subset of the AU was generated. Trends were thésdfito this subset as an indicator of likely
trends in the whole AUGenerating these subset tirreeries was a complex process and thus only
possible because the raw data and expertise were availatieuse. Although SMRU also

developed AU subset timseries for France and the Dutch Delta, it was not possible for other areas
(due to lack of availability of the required fine scale data or the complexity of the data). For some
AUs, there were too few data points to conduct any analysas,(Norway). Irthe next assessment,
the data call should encourage submission of tisegies of subsets of AUs where appropriate.

14. Can SCOS review and comment on the biological management perspe
of seal management units proposed by the Int&gency MarineMammal | Defra Q4
Working Group (IAMMWG)?

Discussiongre ongoing within thelnter Agency Marine Mammal Working
Group(IAMMWG ) to define the structure of spatial reference areas withit
which management might be applied to UK harbour seals and grey sea
C2NJ KIFNb2dzNJ aStHfas ¢S adza3asSada GK
assessment units that are presently used by SCOS for noainig the UK
population.

There are broadscale challenges associated with the connectivity of gre
seal metapopulations around the UK coast when it comes to considerin
the species for management advice and decisions. To best account for
and still emable a reasonable level of appropriate management to be
advised upon, two units reflecting an east/west divide across the Celtic
and Great North Sea are proposed for grey seals. The units largely
represent a reference population and management of actiggiwithin
either unit may require reference to refined spatial scales using evidenc
2y 20t kNBIA2YylIf ReylYAOa 6 KSNEB

Thel4 current UK seal SMUs were defined initially for harbour seals on the bas@istfibution of
haulout sites and for pragmatic reasons including the ability to survey an SMU within one season.
For grey seals the same arguments apply, without inferring discrete populations. So, for pragmatic
reasons the structure was accepted for tiospecies.

The IAMMWGCdoes not propose to change the structure for harbour seals but pasposed
revision of those assessment unifer grey sealssplitting the UK population into two, an eastern
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UK unit (North Sea, and Northern Isles) and west (Hdbs, West Scotland, Irish Sea, Wales and
Southwest England).

SCOSonsider that there is no strong justification for theggroposedunits and are concerned that
this division impliesthat the grey seals on either side of the UK candmnsidered as distinct,
isolated populations.There is a clear danger that such a split would provide justification for
including the large, combined population for an area in assessment of or justification for activities
that may have only a local effécAlthough there is clear evidence of widengng movements by
some individual grey sealsnany grey seals remaiwithin single SMUhroughout the yeas, so

local concentrations persist and may not recover rapidly from local effects.

For any managemenissue or potential impactthe correct procedure would be to identify the
SMU populations involved/at risk and use the combined population estimates available for those
SMUs, weighted in an appropriate fashion.

The terminologyusedmay be a factor in this debatel he terms Seal Management Unit or Seal
Management Area may imply that those groupings should be managed on a stdode basis.

This was never the intentionThe false impression that these are explicit managementisiions

could easily be solved by renaming them as Seal Monitoring Units, with a clear understanding that
these practical monitoring units can and should be combined in appropriate ways in response to
the management question being addressed.

The UK Statairy Nature Conservation Bodies (SNCBs) require an understanding of the geographical
range of populations and subpopulations, in order to provide advice on the assessment of impacts
and management at the most appropriate spatial scale. As part of the e ét such requests,
Natural Resources Wales commissioned work on defining management units in Welsh waters (Evans,
2012) and the Scottish Government commissioned similar work by Sea Mammal Research Unit
(SMRU) for Scottish waters (Northridge, 2012 14 current SMUs in the UK were defined initially

for harbour seals on the basis of distribution of haulout sites and for pragmatic reasons including the
ability to survey an SMU within one season and the locations of jurisdictional boundaiag.e

seals the same arguments apply, without inferring discrete populat®®osfor pragmatic reasons

the structure was accepted for both specigéhese SMUs are used as a subset of the 21 SMUs used
for harbour seals in the OSPAR assessments of seajeraeat in the northeast Atlantic.

The IAMMWG have not proposed any alteration to the management structure for harbour seals.
However, for grey seals there is a perception that wide ranging movements of individual seals makes
the currentstructure unnecessarily fine structured.

For grey seals, ICES (2014) proposed two assessment units: (1) North Sea (Region 1) and (2) western
Britain, Ireland and western France (Regions IIl and part of IV). These were issued as ICES Advice to
OSPAR (ES 2014b) noting that grey seals range widely at sea such that these two units were not
independent, and that grey seals visit multiple distant hawi sites, although mature seals of both

sexes are usually faithful to particular breeding sites (ICE$).28dr the OSPAR intermediate
assessment of seal abundance and distribution in 2017, a single assessment unit for the entire
European area was used. This has been adopted for the UK and is the structure used in the
forthcoming OSPAR assessment (see antwBefra Q3) although subnits equivalent to those for
harbour seals are also recogniséthwever, it should be noted that these assessments are not
designed to be used for developing specific management actibissnot immediately apparent

what management function these assessment units address other than for general/comparative
assessment of population status on large geographical scales.
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The IAMMWG have proposed a revisiorttaf assessment unitfor grey sealdased on current
understandingpf the presence and structure of biological populations, with divisions proposed

based on ecological evidence and/or divisions used for the management of human acfiviges
proposed unitgherefore comprise partially artificial divisions of biologipapulations, splitting the

UK population into two, an eastern UK unit (North Sea, and Northern Isles) and west (Hebrides, West
Scotland, Irish Sea, Wales and Southwest Englahd)divisionwhich would apply to waters within

the UKEEZwould be ddineatedin the northby a line running north from Cape Wrath and the

south, bya line running across the English Channel to the east of Normandy. These units have been

6l aSR 2y L!aa2DQ4 dzyRSNRGFYRAY3 2F (KS LINBasSyos

divisions proposed based on ecological evidence and/or divisions us#tefmanagement of
human activities and therefore comprise partially artificial divisions of biological populations. Again,
it is not immediately apparent what management function these assessment units address.

SCOS consider that there is no clear jigsttfon on grounds of biological population structure for
splitting UK grey seal populations in any particular way. Where telemetry data are available, they
show substantial movement between adjacent and less frequent movement between distant SMUs.
The poportion of seals moving between neadjacent SMUs is small and the majority of tracked

seals remained within one SMU for the duration of the trackBQOS consider that there is a danger
that because local concentrations of seals will likely peraisl,that movement from distant SMUs

is limited, anthropogenic effects may have disproportionate impacts on the local populations.
Assessing such effects against pooled populations from much larger AUs is likely to underestimate
their impacts on local pagations.

However, if there is a pressing need to define two separate management units, then the proposed
division is justifiable on the basis that movements of seals between the west (West Scotland and
Western Isles SMUs) and the east (North Coast akdgyrSMU) are apparently less frequent than
movements between those SMUs and adjacent SMUs to their sblatlvever, there is likely to be
significant mixing and movement between west and east SMUs around northern Scétgd, in

the English Chann#iere is limited evidence of eastest movement in the limited telemetry data
available.

SCOS are, however, concerned that presenting such a structure gives the impression to interested
parties that the grey seals on either side of the UK can be dered as distinct, isolated
populations.There is a clear danger that such a split would provide justification for including the
large, combined population for an area in assessment of or justification for activities that may have a
significant local e#ct.

SCOS do not see any patrticular advantage in splitting the UK population in thRrasymably the

drive for such large management units is the need to manage issues/interactions such as the bycatch
of grey seals off Southwest Britain, where smatch between the scale of the bycatch and the
available information on seal population size suggests that immigration from distant SMUs must be
occurring(seeanswer t0Q22). In this and any other case where a wider management issue is

involved the correct procedure would be to identify the SMU populations involved/at risk and use

the combined population estimates available for those SMUs, weighted in an appropriate fashion.

The terminology here may be a factor in this debdtee terns Seal Management Unit or Seal
Management Area may imply that those groupings should be managed on aatarebasisThis
was never the intentionThe false impression that these are explicit management divisions could
easily be solved by renamitige current Seal Management Units as Seal Monitoring Units, with a
clear understanding that these practical monitoring units can and should be combined in
appropriate ways in response to the management question being addressed.
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15. Could SCOS please advisethe locations of the top two breeding sites an
top two haul out sites for both harbour seal and grey seal in each Seal | Defra Q5a
Management Unit? Could SCOS also comment on whether the top two §
have been consistent over the last 5 years, or whether theriigrannual
variability?

There is a lack of appropriate data to allow the identification of the top two breeding sites and
haul out sites for both species of seal in eaSMU.Whilst the available data will allow moult sites
to be identified for harbour seals, breedingjtes are mt comprehensivelymonitored with counts
only available fodimited areas.For grey seals, breeding sites are comprehensively monitored in
the main breeding sites in Scotland and on the east coast of Englantless so in the SW of
England and WalesThee are no dataon the moult distribution of grey seals.

l RRAGAZ2Y I f RAFTTAOAZ (A S arheNis$ doverdd by onitoihGrar@SiF A Yy A (A 2 y
size from small groups of haulout sisghrough to substantial sections of coast lines.

An approach similar to that used to designate seal haul outs in Scotland could be used to identify
the largest haulout groups in England where data exidbwever, the individual sites identified by
such a method do not generally match up to the scale of the current site designations for Sites of
Special Scientific Interest (SSSI) or SACs, which, in general, cover much larger areas.
Notwithstanding these caveats, a review of the main sites in each SMpresented below.

SCOS cannot answer this question in its current form for two reasons: lack of appropriate data and a
clear definition of what constitutes a sit€hese issues are described below, together with a brief
description of the current priected site designations that apply to breeding and haulout
site/groups/colonies for both species.

Insufficient data.
Harbour seals

The data available for harbour seals comprises time series of counts of seals hauled out during the
annual moultaround the UK coasAll of the coast is covered with the exception of SW England and
Wales where very small numbers of harbour seals are repofited.temporal resolution of these

data range from annual surveys of the South East England SMU (SEEBh8Mdyay Firth SMU
(MF_SMU), the Firth of Tay and Eden Estuary SAC, and the Tees estuary-yearfveycle for the
remaining SMUs around the coast of Scotlgdme additional surveys have been carried out where
local population changes requiredtention (details of survey programme and the counts are
presented annually to SCOS with the most recent data for South East England-BFSZ13@ and
SCOSP 21/07 and for the whole of the UK in S@PS20/03Notwithstanding issues with
definiton2 ¥ WaAGSQr (KSaS RIGlF ¢g2dd R Fft26 ARSYGATFAOI
sites as requested.

Harbour seal breeding season data are limit€dunts are available for the SEE_SMU, a time series
of data exist for the coast between Donna Mand Scroby Sands for the period 2001 to 2018
(SCOSBP 1904) and there are two pup counts from 2011 and 2018 for the rest of the SEE_SMU.
Time series of counts are also available for the MF_SMU, and the Tees Estuary, which is the only
harbour seabreeding site in the NEE_SMU, for similar periods.
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Surveys to assess the breeding distribution of harbour seals have not been carried out around the
rocky shore coastlines of Scotland because of the cost and the practical difficulties of detecting and
identifying pups on such haulout substrat@$iere are therefore no pup production estimates or

pup counts for any other harbour seal SMU populatidhis not therefore possible to identify the

most important harbour seal breeding sites anywhere aégshe Moray Firth and the Wash.

Grey seals

There are detailed time series of pup production estimates for all the main breeding sites in the
Inner and Outer Hebrides, Orkney, the Firth of Forth colonies, the mainland colonies in North
Scotland and Bevickshire and colonies along the east coast of Englen8cotland, surveys were
carried out annually from 1987 to 2010 and biennially since 2Gblonies in England are surveyed
annually.Sporadic counts are available for Shetland coloresie sites in Wales are surveyed
annually, e.g., Skomer and the Marlowes MCZ, Bardsey Island, and parts of Ramsey Island, but the
rest of Wales and the soutivest England SMU are surveyed infrequently. Any identification of the
top sites for breeding wouldébrestricted to these regularly surveyed areas.

There are no data on distribution or abundance of grey seals during their annual moult, except for a
single survey of part of Orkney in 2014 and observation data from individual sites scattered around
the UK There are detailed data on the distribution and abundance of grey seals in all areas covered
during the harbour seal moult surveys in August (SBP30/03). A series of surveys in late
winter/early spring around the whole coast would be required toeatain the distribution of

moulting grey seals. It is therefore not possible to define the most important moulting sites for grey
seals.

Definition of a site
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definition; ad hoc sites for the purposes of survey reporting and a more rigorous site definition for
designating protected haulout sites in Scotland. In addition, SACs and SSSls have been designated in

all SMUs, but the sites covered rangesize from small groups of haulout site through to substantial

sections of coast lines.

SMRU survey sites

For the purposes of the summer surveys for harbour and grey seals a site is roughly defined as one
or more discrete haulout groups in a srmeéa.However, sites range from individual sandbanks or
skerries, to small archipelagos such asSioeitheastslay SAC, up to substantial sections of coastline
such as Donna Nook or the Berwick and North Northumberland Coast European Marine Site
(BNNC_A&C).In practice, how haulout groups are combined is to some extent arbitrary and often
based on tradition.

Helicopter and fixed wing surveys around Scotland and NE England have always assigned specific
geographical coordinates to all groups of sealsnted. However, for sites in the large tidal estuaries
where mapping is less precise this was not possible for fixed wing surveys until re€ently.

example, in the Wash site names and designations were based on historical surveys from the 1960s
I Y R whensseal hunting was targeted at named sit& have recently abandoned the allocation

of seals to these named sites, and instead identify the location of each group by recording
geographical cordinates.However, there are still arbitrary decis®on when to split groups that

are found on the same sand bank or along the same tidal creek and location accuracy depends on
the flight path.
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Designated sites in Scotland

For the purposes of designating haulout sites for protection from harassment tuhedvarine

(Scotland) Act 2010 (SCBB 12/07), sites in Scotland were identified and classified using a fine

scale distribution mapVirtual Observation Points (VOPs) were placed at 100m intervals along the

coast, and sighting histories of both spexcfor each individual VOP were calculated as the sum of all
sightings that lie within 300m radii around each VB®0m was chosen as an appropriate buffer

radius to ensure that all recorded seal sightings are contained within at least one buffemaréa a

account for some error in positioning of seals and sites in the GIS mapping pitceskmited
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Time Weighted Average (TWA) of each speciesach VOP was calculated.

Sites were then defined by drawing a polygon shape by eye around parts of the coast, small islands
and skerries that contained seal sightings. Again, this is a somewhat arbitrary process, and the
extent of individual sites wasfluenced by the local distributiork.g, in some casesections of

coast with scattered small groups were combined into one site.

That process could be used to identify the largest haulout groups in England where data exist.
However, thandividual sites identified by such a method do not generally match up to the scale of
the current site designations for SSSIs or SACs (European Marine Sites) where seals are qualifying
features.In general, such sites in the marine and coastal habitat®r much larger areas.

Existing protected sites

Many sites in the UK are already designated as European Marine SitesFRABEO] and/or as

SSSis for sealBhere are 9 SACs where harbour seals are a primary feature and seven where grey
seals are a primary featur@here are a further 26 where seals are a secontiEaiure/species of
interest. For information we include a description of the currently designated sites in each SMU.

Distribution of SAC with interest feature
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Figure9. Distribution of SACS/EMSs around the UK that have seals as qualifying or additional features of
interest. (JNC@021). Site classifications: Grade Butstanding examples of the feature in a European
context; Grade BExcellent examples of the featuregsificantly above the threshold for SSSI/ASSI
notification but of somewhat lower value than grade A sites; GradExamples of the feature which are of at
least national importance; Grade-These features are not the primary reason for SACs beingeélec

74



Thefollowing descriptions are based t¢ime most recentsurveys described in detail BCOS_BP
21/01 & 21/06.21/07,20/04 and 20/05

England
NortheastEngland SMU (NEE_SMU)

Grey seals there is only one large grey seal breeding population ilN\B&_SMU, at the Farne
IslandsThis lies within the BNNC SAC and is also itself designated as a National Nature
Reserve (NNR) and an S$Bére are no other significant grey seal breeding sites in the
NEE_SMU.

Outside the breeding season there amajor haulouts at the Farne Islands and in the
Lindisfarne NNR, both of which lie within the BNNC_S$A€only other large grey seal
haulout site in the NEE_SMU is on Coquet Isl&his is an RSPB managed bird reserve
with no public access and issignated as an SSSI, but seals are not listed as qualifying
features.

Harbour sealsapart from a small group at Lindisfarne, numbering less than 5 seals in recent surveys,
the only significant haulout group is at Seal Sands in the Tees edtlaabour seals are
a primary feature of the Teesmouth and Cleveland Coast SSSI.

SoutheasEngland SMU (SEE_SMU)

Grey seals there are large and rapidly increasing grey seal breeding populations at Donna Nook,
Lincolnshire, and Blakeney Point addrsey Sands in Norfolk.

1 Donna Nook is a NNR, and is part of the Humber Estuary SSSI and Humber Estuary
SAC.

1 Blakeney is a NNR, and within the Wash and North Norfolk Coast SAC, and the North
Norfolk Coast SSSI.

1 Horsey Sands is an SSSI, but seals dfeatire in the citation, probably because of
the recent very rapid growth of the colony.

Outside the breeding season (based on summer surveys) the two haulout sites that hold
the largest numbers of grey seals in the SEE_SMU are:

1 Donna Nook, currently thiargest grey seal haulout group in the NE Atlantic
population which held around 60% of the SEE_SMU 2020 summer haulout count for
grey seals.

1 Scroby Sands (SGB8B 21/06), which has grown rapidly over the past decade.

Scroby Sands is not designatedarsas we are award.he haulout groups are
adjacent to and have recently spread into Scroby Sands wind farm as extensive new
drying sandbanks have appeared within the farm

9 Other large haulout groups occur at Blakeney Point and on sand banks in the
northeastcorner of the Wash, close to Gibraltar Point NNRese sites are all within
the Wash and North Norfolk coast SAC.

1 There is a large grey seal haulout comprising several groups of grey seals on
Goodwin Sands, off the Kent coaBhe haulout sites are within the Goodwin Sands
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Marine Conservation Zone (MCZ), although seals are not a qualifying feature or
listed in the citation for the MCZ designation.

Harbour sealsif the Wash is taken as a single sités by far the largest haour seal breeding site.
If the Wash population is subdividgtlis likely that two of the subdivisions will be the
largest pupping sites in the SEE_SMU. Only small numbers of pups are counted at Donna
Nook, Blakeney or Scroby Sands. All haulout Bitdse Wash and at Blakeney are within
the Wash and North Norfolk Coast SAC

The most recent pup survey of the greater Thames estuary (ZSL 2019), which covers the
remainder of the SEE_SMU, produced a count of 128 pups in 2hé&8e were scattered
throughout the inshore banks and tidal creeR$e two largest groups were in Hamford
Water (27 pups) and on Buxey Sands (44 pups).

Hamford Water NNR is designated as an SAC and an SSSI although seals do not appear in
the citations as features or species afeirest. Buxey Sands is adjacent to Foulness SSSI
but does not appear to be designated.

South West England SMU (SWE_SMU).

Grey sealsthe two largest breeding sites in the SWE_SMU are the Isles of Scilly and Lundy Island. In
total the Cornish mainlandrpduces a greater number of pups than Lundy, so the
relative importance of Lundy and Cornish mainland sites will depend on the degree to
which sites are combine@rey seals are a designated feature of the Isles of Scilly SAC
and much of the archipelage within one of the 12 MCZs designated in and around the
Isles of ScillyGrey seals are a designated feature of the Lundy SAC and the island is
designated as a SSSI and is part of the Lundy GI€¥ seals are also listed in the
citations for Godrey to St Agnes and Boscastle to Widemouth SSSis.

Leeneyet al. (2012 published the results of a single boat survey of the Cornish coast and
Isles of ScillyApproximately 80% of the haulemlit seals were in the Isles of Scillje

largest groups on the mainland were recorded at Boscastle, Godrevy and Longships, but
only small numbers were recorded, less than 30 seals in each group.

Harbour sealswe are not aware of any significant harbour seal breeding or haulout sites in the
SWE_SMU.

North West England SMU (NWE_SMU).

Grey sealsThe only known grey seal breeding site is on the mainland in the South Walney in
Cumbria. Grey seals began pupping there in the-20iti0s and numbers are increasing.
The two largest, andffectively the only large haulout groups in the NWE_SMU are at
West Hoyle Bank (often referred to as Hilbre Island) in the Dee estuary, Cheshire, and at
South Walney in Cumbri&outh Walney is a local nature reserve and the breeding and
haulout sites g within the South Walney and Piel Channel Flats SSSI, but seals are not
mentioned in the citationThe Hilbre/West Hoyle site straddles the border between
England and Wales and lies within the Dee Estuary SAC, and is an SSSI designated for
grey sealsHarbour sealsve are not aware of any significant harbour seal breeding or
haulout sites in the NWE_SMU.
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Scotland

Grey seals In Scotland all significant breeding sites are protected from disturbance and classed as
designated haulout sites under tidarine Scotland Act 201t addition, some
breeding sites in each SMU are within SACs or are specifically designated as SSSils.

Outside the breeding season a large proportion of the grey seal population is protected
at haulout sites that lie within/BCs or SSSIs and/or are designated protected haulout
sites.These sites have not been monitored during the grey seal moult but were
designated on the basis of summer haulout distributions as described abbeearray

of protected sites has been est#iled using several more nuanced or more flexible
criteria than simply selecting the largest sitelawever, notwithstanding the

differences in criteria, the largest sites in each SMU are included in the listings for at
least one of the categories.

Harlour sealsSACs where harbour seals are either the primary reason for designation or are listed
as species of interest have been designhated throughout Scotland: three in West
Scotland_SMU, two in Shetland SMU; one each in the Western Isles SMU\WBmtith
Scotland_SMU, Orkney and North Coast SMU, Moray Firth SMU and East Scotland SMU.

All relatively large haulout sites are designated as protected haulouts under the Marine
(Scotland) Act 2010n addition, Seal Conservation Areas have been designated for
Shetland, Orkney and North Coast, Western Isles, Moray Firth, and East Scotland SMUs.

Wales

Grey seals:The largest grey seal breeding sites in Wales are on Ramsey Island, and on Skomer and
the adjacent Marloes Peninsula. Both sites are in the Pembhdaleelslarine SAC.
Ramsey Island is a NNR, and designated as a SSSI. Skomer and the Marloes form the
Skomer MCZ. The next largest site is on Bardsey Island, which is in the Lleyn Peninsula
and the Sarnau SAC, of which grey seals are listed as a qudétimge. The large grey
seal haulout site at Hilbre/West Hoyle straddles the border between England and
Wales, and lies within the Dee Estuary SAC, and is an SSSI designated for grey seals

Harbour sealswe are not aware of any significant harbour skeiaeding or haulout sites in Wales.

16. Could SCOS advise whether they consider the current guidance on Defra Q5b(i)
designating the top two sitegas SSSIgppropriate? Are there any SMUs
where this approach would not be appropriate? If this is the case, what
approach to protect seals through designated sites would SCOS
recommend for these SMUs?

As discussed above, th#ata are lacking to allow the designation of the top two breeding and
moulting sites for each specie®ossible solutions include assuming harbour seal breeding season
distribution is similar to the moultand for grey seals to assuethat moult distribution is similar to
distribution during August. This approach will be more robugprotected areas are large enough

to cover several haulout sitedn practice, the network of protected sites already appears to cover
the required locations.
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The current INCC Guidance document (JNCC, 2021) states that the top two breeding and moulting
sites can be designated to protect seals primarily from disturbaeig the breeding and moulting
seasonsHowever, that does not take account of the available dats extensive surveys required

to robustly assess the distribution of moulting grey seals and the breeding distribution of harbour
seals would requirsignificant additional resource and likely be prohibitively expensive.

In the absence of breeding data fimost harbour seal SM{) apossible compromise for harbour

seals would be to assume that the distribution during the breeding season is sintiteat turing

the moult. Observations in the Wash and Moray Firth suggest that pup numbers are lower on the
exposed outer banks, but at a reasonably large scale the distributions of breeding and moulting sites
are similar.

In the absence of moult disbution data for grey seals a possible compromise would be to assume
that the distribution during the moult is similar to the distribution during August, which represents
the main foraging season between moult and breediagurvey of grey seal distritbon during the
moult in Ireland indicated that seals were concentrated on sheltered sites some of which were not
used during the summeA single grey seal moult survey in Orkney showed substantial changes in
relative importance of sitesompared to the summer distributiotdowever, absence of moult data

for most SMUs makes this a moot point because the summer distribution is the only available
information on distribution of seals on haulout sites outside the breeding season.

These assuptions will be less likely to be violated if the protected areas are large enough to
incorporate several haulout sitek practice, the network of protected sites already appears to
cover the required areas/locations, but seals are not currently naaseprotected features of all of
these siteslf possible, dding seals to the designations of thesdstingsites would increase the
protection afforded to seals over tivemost populous areas.

17. Does SCOS believe that notifying further SSSis for peplilations at risk | Defra Q5bii)
will aid in their overall protection? Does SCOS have any recommendatio
of other approaches to improve overall protection for populations at risk?

SSSI designations may provide more easily targeted management of threats to sedfosa
specific hauloutsites.

All grey seal populations for whicthere arecomprehensive population monitoringlata are either
increasing orare athistorical maximumpopulation sizeslt is therefore not clear that any grey seal
populations in the UK would be considered at risk.

Most UK harbour seal populations of concern are already afforded protection at various levels.
e.g.,the majority of the SEE_SMU harbour seal population is already protected as a qualifying
feature of the Wash and North Norfolk Coast SAC and populations in the northern Isles and along
the east coast of Scotland are in designated Seal Conservation Amedénaportant haulout sites

in Scotland are protected from harassment

Consideration should be given to developing individual based protection, which would avoid some
of the problems with identifying appropriate site protection measures.

SCOS consideredat SSSI designations may provide more easily targeted management of threats to
seals on those specific haulout sitekwever,at least in ScotlandSSis are terrestrial site
designations and of limited value in addressing marine thréataddition,as they provide
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protection at fixedocationsany designated sites would have to be large enough to encompass
potential local redistribution of seals.

It is not clear that any grey seal populations in the UK would currently be considered At risk.
present, all grey seal populatiofs which there are comprehensive population monitoring data
are either increasing or the current estimates representiaie highs.

Harbour seal populations in the northern Isles and along the east coast of Sdodle@declined or

are continuing to declineSeal Conservation Areas covering all of these SMUs have been designated
and important haulout sites in Scotland are protected from harassnierst.not clear what

increased protection would be provided bgsignating additional SSSIs within the conservation

areas

The recent declines in the SEE_SMU population may indicate that this population is at risk, but there
is no clear indication of what is driving this declifAs.this population is already pestted as a

qualifying feature of the Wash and North Norfolk Coast &idthe majority of seals haulout within

the Wash SSSi,is not clear that notifying additional SSSIs would provide additional protection.

If additional protection was deemed necessargnsidering individual based protection would avoid
the problems associated with site protection such as relocation or ghamt variability in use of
haulout sitesIndividual based protection is already afforded to seals in Northern Ireland.
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designation.The current guidance does not define vulnerability it is an important fctor in the
justification for designation of SSSisneeds to bemore clearlydefined.

LGiQa RAFFAOdA G G2 RE & SwilvekalilBy ofsikedinithexantexyd 8981 0 &
designation. The concept of vulnerability is commonly used in species protectibdefining

conservation statubut less commoly reference tositedesgnation & + dzft Y SN 6t S¢ A& |
category in the IUCN Red list which means that the species is at a high risk of extaacti@ould

be interpretedasmearingthat additional sites should be designated for populations at risk of
extinctionor decline.

In the guidance for SSSI designation it states that sites should ideally contain viable populations of
the species they support but given the scale of seal populations relative to the scale of SSSI sites, this
is clearly not possible. In th@ge of large or mobile species it is therefore recommended that the

overall network of SSSIs should protect a viable population and in this context some sites may be
more vulnerable than others in relation to specific threats. For exanspl@e areas haveeen

identified where seals hauled out are particularly vulnerable to disturbance ¢ergain sites in
Cornwall).This could lead to rationale f@rotecting more sitesespecially if specific sites are

identified as being vulnerable to a particular threat and therefore in more nediegbrotection

offered by designatiorHowever this is little more than guesswork in the absence of any further
guidance.

Assessment ofulnerability will require information on likelihood and potential severity of hazards
as well as likelihood and time course of both response and recao&ssgssment of vulnerability
shouldalso ecognise geographical and si&pecific variation in theehree to which different sites
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may be affected by particuldhreats andprovide a mechanism to identify and protect additional
sites which have been characterised as vulnerable

19. In 2019, SCOS advised that scientifically informed criteria weguired to | MS Q6
establish whether seal conservation areas should be introduced or revok
Can SCOS advise on what such criteria should consist of? In the absenc
such criteria, but noting current population trends, can SCOS advise
whether the threat to se&populations still remains in current seal
conservation areas, particularly the Western Isles.

To dateSCA$ave beenintroducedfor three different scenarios response to a rapid decline with

a clear related anthropogenic threat (Moray Firth and seal shooting for fisheries management);
response to a rapid decline with unknown cause (Orkney and North Coast SMU, Shetland SMU and
East Scotland SMtJand a response ta protracted decline with unkown cause (The Western

Isles SMU).

It is clear thatcriteria shauld differ depending on the frequency of monitoring’roposedcriteria
for introducingand revokingSCA are presented below

The causes of declines in the Northern Isles and altmgeast coast of Scotland have not been
identified and there is therefore no evidence of threats having been removétile that
uncertainty remains and there is potential vulnerability to a future PDV outbrea®COS
recommends that existingConservatbn Area designationsemain in place in the Northern Isles,
Moray Firth and East Scotland SMUs

SCOS considers that the Conservation Area designation for the Western Isles SMU harbour seal
population could be removed.

Historical citeria for designating Seal Conservation Areas (SCA)

' YRSNJ GKS alNAyS o0{O02GfFyR0O ! OG0 wnmnx {O0200AaK a
where they consider it necessary to do so in order to ensure the proper conservation oflféeals.
primaryeffec2 ¥ 4 dzOK | RSaA3IylGAz2y Aa (GKFG a¢KS {02004 3
authorising the killing or taking of seals in a seal conservation area unless they are satisfied that the

killing or taking authorised by the licence will not be detrinadrib the maintenance of the

population of any species of seal at a favourable conservation status in their natural range (within

GKS YSFyAy3a 2F I NIAOES mMoSuv 2F (GKS 1 FoAlGlGa 5ANF

The definition of favourable conservation status is not particullaelypful in defining scientific

criteria for establishing or revoking Seal Conservation Area (SCA) &tatus.A & G RSTAYSRE g A
to species by Article 1 (i) of the Directive@sD2 Y A SN GA 2y &adGl Gdza 6Aff 06S
populationdynamics data on the species concerned indicate that it is maintaining itself on-a long

term basis as a viabmponent of its natural habitats, and the natural range of the species is

neither beingreduced nor is likely to be reduced for the foreab& future, and there is, and will

probably continue to be, a sufficiently large habitat to maintain its populations on a termg

0 I a kiathegefore left to the regulator to decide on the relevant criteria for determining

favourable conservation status.
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Clearly the designation of an SCA is a response to a perceived decline or threat of decline in a
population, that may bring it into tavourable conservation statu$o date these have been
designated for three different types of decline.

9 The Moray Firth order was a response to a rapid decrease in population estimates in a
situation where a clear anthropogenic threat was thoughb&odriving the decline, in that
case the threat was shooting as part of fisheries protection measures.

1 The Orkney and North Coast SMU, Shetland SMU and East Scotland SMU populations were
declining rapidly due to unknown causes.

1 The Western Isles SMU poptiten had shown a slow but protracted period of decline due to
unknown causes.

Each of these declines was accepted as an appropriate reason for designation and the SCAs have
continued in place to datddowever, the question remains of what levels of dezsi would be
needed to trigger action.

To a large extent the magnitude of decline required will or should depend on the monitoring
programme in each aredén some areas such as the Moray Firth, regular frequent (annual) surveys
allowed identification o rapid decline within the first few years of the problem developinghe

rest of Scotland, the survey frequency is much lower, with surveys approximately every five years.
SCOS recommends that different criteria should be flexibly applied to gagmddhat are subjected

to different monitoring programmes.

The following section describes suggested criteria for establishing and revoking SCA designations on
the basis of discussion at SCB8wever, SCOS believe that the choice of values usedttefix

criteria should be a matter for regulators and will depend on the level of risk that is deemed
acceptable, and on the ability of the monitoring programmes to detect changes in population
dynamics.

Criteria for considering designation of SEahservation Areas

SCOS recommends thataxmal decisionprocessshould be adoptedor designatimg or revdking Seal
Conservation Areasn the absence of any specific anthropogenic activity or natural factors that a
decline can be attributed t&SCQOS propose instigating conservation measures when observed
declines exceed threshold rates of decline. This approach takes into account the frequency of the
monitoring and the extent of the observed decline. Here SCOS outlines the proposed decision
process but refrains from advising on specific threshold rates of decline.

The decision to designate a Seal Conservation Area should be based on the following:

1. In any situation Wwere a identified anthropogenic activity onaturalfactor such as a
disease ewvet can be showro be causing or likely to causedecline in a population,
mitigation measures should be established as quickly as posSibth mitigation may
include designation oE5CA.

2. Where there is no a priori reason to suspegaticular anthropogenic or natural threat,
conservation measures should be considered when:

1 In populations with frequent/regular surveys, a decline® per annum maintained over
a threeyear period or a decline &f6 over a fivao-ten-year period has éen observed.
A Investigations to identify the cause of the decline should be instigated and SCA
designation should be considered.
1 In populations with a fivgear survey cycle, successive counts drogy
A Additional survey(s) should be carried outsa®n as practical to confirm the decline
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and SCA designation should be considered.
9 In populations with a fivgear survey cycle, counts drop W6 over Surveys
A SCA designation should be considered.

The values for rates of decline that woultiyger SCA designation will depend on the frequency and
guality of population monitorig (i.e. on the level of confidence in our abilitydetect declines)and

on the acceptable level of risk for seal population managenfamtther discussion between
scientists and regulators/managers will be required to determine appropriate values.

Criteria for revoking/removing Seal Conservation Areas

SCAgouldbe revoked or removed wheapopulationis considered to haveecoveredge.g.,
returned to atleast its predeclinelevel andwhere causes of the declinehavebeen identified as
anthropogenic effed, thosecause have been removed.

Reasons for existing Seal Conservation Areas

In 2004, in response to local declines in harbour seal numbers, thés8d@overnment introduced

a Seal Conservation Order (SCO) under the Conservation of Seals Act 1970, to cover harbour and
grey seals in the Moray Firth SMU in response to rapid decline thought likely to be the result of
shooting to control seal interactis with salmon fisheries. In 2007 additional SCOs were applied to
harbour seals in the Shetland, Orkney and North Coast and the East Scotlandr&#lager

covering the Scottish east coast between Stonehaven and Torness, including the Firtharaf Tay
Forth. These were in response to large scale apparently rapid declines in populations.

The Conservation of Seals Act was superseded by the Marine (Scotland) Act 2010, and existing seal
Conservation Orders were converted to Seal Conservation Area} (8@er the Marine (Scotland)
Act 2010.

In 2009 SCOS noted a laregm decline (35%) between 1996 and 2008 in the population of harbour
seals in the Western Isles SMU, equivalent to a 3% p.a. decline. In response, and after consultation
with stakeholdes, the Minister designated a Seal Conservation Area for harbour seals in the
Western Isles in 2011, with the intention that the order would remain in place until concerns about
this local population are resolved.

Assessment of the continuing requirememt éxisting Seal Conservation Areas

Declines in Orkney and North Coast SMU, and in the Tay and Eden SAC have continued with no sign
of recovery Counts in Shetland fell sharply in the early 2000s and have been relatively stable since,
but with no sign ofecovery to pre2000 levelsin the Moray Firth SMU, counts were decreasing at a
rate of 5.6% p.a. (95% Cls: 2.5, 8.5) between 1994 and 2000, followed by a drop of ¢.28% occurring
between 2000 and 2003 .here is no significant trend in counts from 2Q0 the most recent count

in 2019 indicating a stable but depleted population.

There is no clear evidence that the threats to those populations have been removed and SCOS
therefore recommends that existing conservation orders remain in place in the Northern Isles,
Moray Firth and East Scotland SMUs, at least until new count da&vaikable to reassess their
status.

A complete survey of the Western Isles SMU, carried out in 2017, produced a count of 3,533 which
was the highest recorded count for the Western IslHse counts decreased between 1996 and 2008
at approximately 3% p.a., but the 2011 count was similar 1896 count and the 2017 couwas
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29.0% higher than the previous 20at4d was 25% higher than the count in 198®&del selection
based on AICSCOS BP 21/08)ggested thathe surveydata are best described by@AM that
indicates a decline from the late 1990s uatilproximately2006 followed by a rapid increase until
2017 FigurelQ).

The SCA was designated in response to a gradual decline of 3% p.a. between1880sidnd
2008.Since reaching a minimum around 262@08 the survey counts have increased by
approximatdy 90%, equivalent to a 7% p.a. rate of increase between 2008 and Phis#apid
increase clearly indicates that the factors that caused the decline are no longer driving the
population down.

Bearing in mind that the main protection bestowed by tbenservation Area designation is an

effective ban on licenced removals, and that such removals for fisheries protection have now been
banned throughout the UK, SCOS considers that the Conservation Area designation for the Western
Isles SMU harbour seal pgigtion could be removed without serious risk to the harbour seal
population.

3. Western Isles, Scotland
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Figurel0. GAM fitted to harbour seal haulout counts between 1992 and 2017.

20. SCOS previously advised a five yearly review cyclelésignated seal
haulout sites. Does SCOS consider that this is the most appropriate time| MS Q17
frame for reviewing seal haul sites based on the survey data and rate of
change in the population?

Given the fiveyear cycle for whole of Scotland census it would not be possible to carry out a full
reassessment more frequently than every five yea@ounts are variable so there is a danger of
changing designations as a result of survey to surveyafaitity rather than true changes in
distribution. SCOS recommends a comprehensive reassessment every ten years, but with
flexibility to respond to major changes between survey cycles.
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The current monitoring programme aims to survey the entire Scolti@bour seal population every

five yearsSome sites have been surveyed more often; additional surveys have been carried out to
assess the rate of change in the rapidly declining Orkney and N Coast SMU, and the estuarine sites in
the Moray Firth SMU antthe Tay and Eden SAC in the East Scotland SMU are surveyed annually.
Given the Syear cycle for whole of Scotland census it would not be possible to revise the

designations, based on the overall population distribution, on anything less thanyefve

schedule.

However, the counts at haulout sites are inherently variable, so a comprehensagsessment
based on the original criteria, after each fiyear survey round means that there is a danger of
changing designations in response to thatiahility rather than to meaningful changes in
distribution. SCOS recommends a comprehensive reassessment every ten years, i.e., after two
survey rounds, but with inspection of the counts at designated sites after each is surVéysed.
would retain tte flexibility to respond to major localised changes in distribution in the shortest
feasible time while avoiding over interpretation of the variability in count d&tee criteria for

triggering such a change would need to be defined in advance.

SealLicensing and PBRs

21. Can SCOS provide updated Potential Biological Removals (PBRs) figuf
20217

MS Q2

Due to Covid related restrictions there are no additional surveys in 20B%e harbour seal PBR
estimates reported in SCOS 2020 d@herefore the most up to date estimatesThe revised analysis
of proportion of grey seals hauled out during the surveys has changed the scalar between counts
and Nmin for grey seals (SCB® 2102). This has reduced the PBR estimates by approximately

3.5%

PBR estimates for both harbour and grey seals for eSdhUin Scotland, together with a
description of the calculations and the rationale for selection of SMU specific Recovery Factdrs (F
are presented in SCGBP 2108.t . w @I f dzS& F2NJ G KS 3INBe

out in each of the seven SMUs in Scotland are presented h&ebles 18 11), based on
suggested values for the recovery factor and the latest confirmed counts in each management

area.

I YR KI Nb 2 d:

Information on the alternative PBR estimates posted for UK grey and harbour seals in the NOAA

data portal are provided below.
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Table 10 Potential Biological Removal (PBR) values for harbour seals in Scotland by SMU for 2021. The most
recentpopulation data, estimates ofiwh and the recommendeérvalues are shown.

20162019 selected
Seal Management Unit count Nmin FR PBR
1 Southwest Scotland 1709 1709 0.7 71
2 West Scotland 15600 15600 1.0 936
3 Western Isles 3532 3532 0.5 105
4 North Coast & Orkney 1405 1405 0.1 8
5 Shetland 3180 3180 0.1 19
6 Moray Firth 1077 1077 0.1 6
7 East Scotland 343 343 0.1 2
SCOTLAND TOTAL 26846 26846 1147

Tablell. Potential Biological Removal (PBR) values for grey se8satiand by SMU for 2021. The
most recent population data, estimates ofi\Nand the recommendedrwvalues are shown.

20162019 selected
Seal Management Unit count Nmin FR PBR
1 Southwest Scotland 517 1927 1.0 116
2 West Scotland 4174 15554 1.0 933
3 Western Isles 5773 215121 1.0 1291
4 North Coast & Orkney 8599 32043| 1.0 1923
5 Shetland 1009 3760 1.0 226
6 Moray Firth 1657 6175 1.0 370
7 East Scotland 3683 13724 1.0 823
SCOTLAND TOTAL 25412 94695 5682

Alternative PBR estimates

In addition to the PBR estimates for Scottish SMUs presented abov@\DE entered population

data anda set of UKvide PBR estimates into the NOAA bycatch portal to comply with requirements
under the USA Marine Mammal Protection Abhe values postetb NOAAdiffer from those

presented in tlis and previou$COS report§iven that there are now two different sets of PBR
calculations in the public domain it is important that the differences and the justifications for the
two sets areclearly understood.

The calculations for grey and harbour seals are described separately.
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GREY SEAL

There are significant differences between the method used to generate a grey seal PBR in the NOAA
portal and the method that is currently used torggate PBRs for Scottish Seal Management Units.

SCOS SMU specific PBRs

The PBRs in the SCOS reports are estimated for each individual Scottish SMU and are based on the
most recent summer counts of grey seals hauled out in each Shdueral SMUs hold sstantial
populations during the summer foraging season but do not have large grey seal breedingssites.
most interactions with human activities and management actions are likely to occur while seals are
dispersed outside the breeding season, thereiead to allocate management targets (in this case
PBR estimates) appropriately across all SMUs.best estimate of the number of seals in an SMU is
the number counted, corrected for the proportion that are not hauled out and are unavailable to be
courted. The grey seal counts from the August surveys are multiplied by a factor derived from
telemetry data which showed that arourth.13% (95% CI: 19-28.6%) were hauled out during the
survey windows (Russelt al.2016 SCGBP 16/03). These tiasuggest that the Nmin (the lower

20th percentile of the estimated population size) should B&3 count.

Ukwide PBR

The PBR estimates entered in the NOAA portal are calculated for a single UK wide grey seal
population.The population value used is the most recent estimate derived from a population
dynamics model fitted to the grey seal pup production data (Thoshas, 2019; SCOS BP

20/01). This number is augmented to account for pup production in a small numbeea$ ghat

are not included in the regular surveys. The mean estimate and the approximate standard errors
from the model are then used to derive amiNvalue.

The existing data in the NOAA portal for the UK wide PBR estimate are based on the overall UK
population estimate in the SCOS 2020 report:

Nbest= 149700 (Cis 1290@0174900)

SE = CI/1.96he Cls are not symmetrical, but here we have used the lower ClI

CV =0.072

Nmin =140776the lower 20" percentile of the mean estimatiinin = Noest ¢ 0.845 * SE

R=0.12

F==1.0 As the regional populations of grey seals are all either at historical highs or are growing, the
recommended kvalue grey seals in all SMUs is 1.0, so it seems sensible to use that value for the
combined UK population as well.

PBR = 8447

As recovery factors are all set to 1.0 in both methods the result of pooling all of the individual SMU
PBRs should sum to teame as the single Uiide estimate Any discrepancy will be due to

variability in the predictions of the population dynamics model and the pup production estimates on
which they are based, and variability in the summer survey counts.
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HARBOUR SEAL

Again there are differences between the methods used to generate a singlgitlikharbour seal
PBR in the NOAA portal and the method that is currently used to generate PBRs for individual Seal
Management Units in Scotland.

MU specific PBRs

The PBRs in teCOS reports are estimated for each individual Scottish SMU and are based on the
most recent summer counts of harbour seals hauled out in each $When the PBR method was

first applied to harbour seals in Scotland SCOS were concerned that the condecsiorwas based

on only a small sample of adult seals in one particular year (Lonetgdn2013. Given the

declines in several harbour seal populations around Scotland, SCOS recommended taking a more
precautionary approach that involved using tim@ult count as a proxy for wrather than

estimating the lower 20 percentile of the population estimateThis means that the PBRs presented

in the SCOS report are approximately 28% lower than estimates based on the Idwer 20

percentile. Given the catinued declines in Orkney and North coast SMU and the Tay and Eden SAC
as well as the absence of any recovery in Shetland or the Moray Firth SMUs this policy has remained
in place.

Ukwide PBR

In the NOAA portal, the values entered are the populatiomeste, i.e, a composite of the most
recent counts from for all SMUs corrected for the estimated proportion of seals hauled out (0.72; Cis
0.540.88). The confidence intervals on the proportion are used to estimate the N

Based on theopulation estimags for harbour seals published in SCOS 2020, the values put into the
NOAA portal are:

Noest = 44100 (Cls 361@058800)
CV =0.129
Niin = 40632

X selecting an appropriate recovery factor for the overall population is not a simple matter.
value of 0.5 entered in the NOAA portal is derived from the sepatatal&es for each SMU, but it is
not clear how the UKvide recovery factor should be calculatdthe UKwide PBR estimate using F

of 0.5 would be 1,220The values used in individudMUs range from 0.1 for the SMUs in the
Northern Isles and along the east coast of Scotland, up to 1.0 for the West Scotland |8MWash
population has undergone a large drop since 2018 so it may be sensible to reduce the FR for that
SMU.Some fornof weighted average would seem to be most appropri@tepending on the
averaging method chosen the could be set between 0.34 and 0.3®eplacing the existing value of
0.5 with values of 0.39 or 0.34 would reduce the PBR estimate by 22% or §286tieely.

The use of the actual counts for harbour seals rather than the estimatg@dshNa more

precautionary approach. As a result, the PBRs presented in the SCOS report are approximately 28%
lower than estimates based on the lower 20th percentifs. a consequence, the Wiide PBR

estimate posted in the NOAA portal will be substantially larger than the sum of the individual SMU
PBR estimates.
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The PBR method was developed to manage anthropogenic impacts on discrete functional population
units. The ndividual SMU approach violates the assumption that the populations are

discrete/closed, particularly for grey sealis is taken into account when deciding on the

appropriate Rfor harbour seals and is simply avoided by setting the grey séallFn all SMUsAs

widely discussed in SCOS 2020 there can be difficulties in managingoaldessues using the

individual SMU approaclidowever, pooling groups of SMUs to addrepecific widescale issues

should address such problen@n the other hand, using a single-ditle PBR approach precludes

fine scale management of localised issues or at least requires that the national PBR be subdivided in
some appropriate way.

SealBycatch

22. What is the latest understanding on levels of seal bycatch across the UK| Defra Q8
Where is seal bycatch considered to predominantly occur by region and
gear type and is there any data to show any bias by seal species, sex or
specific age groups?

What are the latest bycatch estimates for grey seals in the UK, especially NRw Q2
Southwestern British Isles, including Ireland?

What are the latest estimates of seal (grey and harbours) bycatch across g Q16
fisheries in Scotland and the wider UK? Are thgrarticular seasonal and /
or geographical hot spots of high seal bycatch? Are there any areas whe
has not been possible to collect seal bycatch data?

The most recent estimated bycatch of seals in fileries was in 2019The total estimate was 488
animals (95% CI 375872).This estimate is based on bycatch in gill net/tangle net fisheries; rare
and sporadic captures in trawl fisheries are discussed beldWwe estimated bycatch was veglose
to the 2018 estimateBycatch estimates for ICES Divisions are presented in table 12.

Statistical analyses have not found any strong seasonal signal to seal bycatch rate.

There are no data to show any bias in species; all recorded species libs ISW are of grey seals,
as there are few harbour seals west of the Solent ar&#ost bycaught animals are smallSpecies
ID is uncertain for quite a few especially where they cannot be brought on de8€OS
recommend that effort should be directetbwards identifying the species and if possihléne sex
and age structureand genetic information fronthe bycaught sealsThis could be achieved by
obtaining photographs of the animaland taking a skin sample

Approximately 81% of the bycatch estiate occurs in the soutiwest, in ICES area VII, where the

UK gillnet/trammel net fishery is concentrated’he remainder occurs in area IV which covers the
North Sea and waters around Shetland and Orkney with less than 1% occurring in area VI around
the Hebrides and Northwest Scotland.

SCOS are not aware of any reasons why specific areas have not been sampled, all sampling is

simply constrained by resourceé& Marine Scotland funded study is currently underway examining
the distribution of bycatch monitoring effort
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Seal bycatch estimates

Seal bycatch estimates for the UK are made for both species of seal (grey and common/harbour)
combined (Kingstomt al., 2021) Most seals that have been examined were young grey seals which
can be hard to differentiate from harbour seafdl seals tken in gillnets were thought to be grey

seals and were taken in the southwest where harbour seals are rare. The numbers of harbour seals
recorded are too low to generate a useful bycatch estimate, so for expedience a single combined
seal bycatch total isatculated.Although it is reasonable to assume that the majority of these
bycaught animals are grey seals, for bycatch in the North Sea at least, some proportion will likely be
harbour sealsThere are no data to show any bias in species; all recadedies IDs in the SW are

of grey seals, as there are few harbour seals west of the SolentMosa bycaught animals are

small. Species ID is uncertain for quite a few especially where they cannot be brought on deck.

SCOS recommend that effort shddde directed towards identifying the species and if possthie
sex and age structure and population of origin of the bycaught s€his.could be achieved by
obtaining photographs and skin samples from the animals.

The total seal bycatchstimate for UK waters in 2019 is 488 animals (CV = 0.07; 95% confidence
limits 375872)which is very close to the previous year (4 Ebtimates of seal bycatch have
fluctuated year to year but are generally in the region of 600 seals per year, vhitno clear trend
(Table 12.

Statistical analyses have not found any strong seasonal signal to seal bycat®orgpecific hot
spots have been identified in UK fisheries.

Table12. Recent estimates of annual seal bycatch in UK gillnet fisheries with 95% confidence limits

Year Estimated number | 95% confidence interva
2013 469 2851369

2014 417 2551312

2015 580 4231297

2016 610 4491262

2017 572 4291077

2018 474 354911

2019 488 375872

Recent analysis of data from the Irish EEZ (Btiek, 2020) shows that bycatch rates are related to
proximity to areas of high seal density, around haulout sites and in inshore waters in parfitiaar.
analysisuggests that bycatch estimates can be significantly biased by the distribution of sampling
effort. Increased marine mammal bycatch monitoring on French, Irish and other EU registered
vessels fishing in this region would be helpfuK sampling has corad all vessel categories

(inshore and offshore) in this region, though sampling from Welsh ports and in the Bristol Channel
has been limited and could be increased. The potentially large takes in these fisheries mean that the
bycatch rates presented aboweay significantly undeestimate the scale of the problem.
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Distribution of bycatch

The published data are not presented at sufficiently high resolution to ascertain whether there are
any particular local hotspots of lgatch within particular ICES areésit we are not aware of any

such persistent hotspot§.able 13hows the estimates by ICES Division and general area.
Approximately 81% of the bycatch (394 seals) was estimated to have occurred in ICES area VI,
around the south and soutivest of the WK and IrelandThe majority of this occurred in the Western
Channel and Celtic Sea, (around 300 seals per year), largely due to the overlap of high levels of
fishing effort and relatively high seal densitiBycatch rates in the Eastern Channel asgneated at
around 88 seals per year.

Gear type

Most of the seal bycatch recorded in 2019 was in large mesh tangle nets and trammel nets, which
accounted for 91% of the estimated bycatétifort in these fisheries is highly focused in avidal e

& f (61% of UK tangle net efforpampling has been focused mainlyiidg. Other areas that are
under-sampled and where there is a large amount of effort, or a high density of seals, could benefit
from further observational datalhese would includ®/a(northern North Sea)Vc(southern North
Sea)Vlld(eastern Channel) andlIf (North Devon and Cornwall and South Wales).

No seal bycatch was reported from trawl fisheries in 20022018 six grey seals were reported
caught insandeel trawlsSeal bycatch records in trawl fisheries are clumped, often involving several
individuals in one location, but the overall recorded mean bycatch rate is very small and will have
extremely wide confidence intervals, so no estimate of trishlery bycatch is included in the

annual bycatch estimates.

Sampling is not strictly apportioned according to effort or to gear type, and it is possible that there
may be additional sources of bycatch mortality that remain unknd@ampling under therBtected
Species Bycatch Monitoring Programme is focused on static gear in those areas where effort is
generally highest, notable in the SW of Britdilo. formal assessment of potential biases in the
sampling programme has yet been made.

Potential consequences of bycatch

Although the total bycatch estimate of 488 is not large compared to the entire UK grey seal
population of over 150,000 animals, the local populations around the Celtic Sea, where most bycatch
is known to occur are much l@m. The current estimate for the combined pup production in SW
England, Wales and Ireland was approximately 4800 in,2fit%has a high level of uncertainty see

Q 5 aboveWith the same assumptions as used to derive a PBR for the Welsh grey seatipopul
(i.e.,that Nmin=2.2*pup production; FR = 0.5; r = 0.12 (NRW Q2, and SCOS 2016 answer to Q9)) this
pup production produces a PBR of 283 grey sd@éls.current estimated bycatch for UK registered
vessels in ICES aréds-c, ej, was 303 Table 13, approximately 7% greater than the conservative
PBR.

The bycatch totals in table 13 are the estimates for just the UK registered vessels. This is likely to
grossly underestimate #htotal bycatch in the SouthwedBycatches (of unknown extent) by Irish,
Frenchand Spanish vessels working the same areas will add to theltotzket al. (2020)

estimated total bycatches of between 202 and 349 seals per year between 2011 and 2016 by all
vessels within the Irish EBZnfortunately, these cannot be simply added to the UK vessel bycatches
as the Irish EEZ figures will include some of theddistered vessel bycatch. Although bycatch was
not broken down by country of registration, the fishing effort by French vessels (43%) was similar to
the combined effort by Irish (21%) and UK (23%) registered vessels in the Irighd&ttetion, some
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French and Irish vessels fish in UK waters and will also likely take seals as bycatch but are not
included in either the Kingston et al. (2021) or Luck et al. (2020) estimates.

Tablel3. Seal bycatch estimates by ICES Division 2019 (from Kingston 202,

Region ICES Division  Estimated Two-Sided Two-Sided Onesided
total bycatch 95% LCL  95% UCL  90% UCL
IVa 29 24 35 33
North Sea Vb 3 2 3 3
Ve 47 39 68 63
West Scotland Vib 10 9 12 12
offshore
Irish Sea Vi 3 2 7 5
Vic 4 3 5 5
Eastern Channe Vid 91 66 178 148
Vie 151 123 207 191
Western VI 125 104 154 145
gz;"t‘ir(‘:”g'egnd Vig 10 8 18 15
Vih 7 6 10 9
VIij 3 2 3 3
Biscay Vlillabcd 6 5 9 8

Despite the fact thathe recorded bycatch levels are high relative to local population estimates, the
grey seal pup production in the region is thought to be increasingexample, regularly monitored
colonies in Pembrokeshire are increasing by around 6% p.aetBjl2017 ab, Loclket al,, 2017,
Morganet al,, 2018).A large proportion of the bycaught seals were assessed to bedirsecond

year animals anfirst-year mortality is thought to be high in grey seals (SB®20/02). If the

bycatch mortality predates this enhanced pup mortality it may have a relatively small effect on the
dynamics of the population®otwithstanding such effects, the bycatsbems unlikely to be
sustainable by local populations aloriéhat they continue to increase suggests that the removals
may include or are being compensated for by immigrafnte most likely source of immigrants

would be the large breeding coloniestire Hebrides where the population has been relatively
stable and where post weaning juvenile survival rates are estimated to be low-Z21P5). As

the bycatch is almost exclusively young grey seals a sample of 50 weaned grey seal pups on the
Monachlsles were tagged with satellite transmitters in November 2021 to investigate early dispersal
and estimate migration rates to treouthwestregion.

In addition to these movement studies, SCOS would recommend additional efforts to recover
samples from byazght animals to allow the analysis of genetic material to indicate the origin of
these animals.

At present there are no indications that the declines in harbour seals in some seal management
regions in Scotland and in southeast England are related to &lycBhglish harbour seal populations
have, until recently, been increasing and there do not appear to be conservation concerns
associated with the observed bycatch rates of grey seals, ablgatever, given the scale of static
net fisheries in the southest, the amount of depredation that is being recorded during bycatch
monitoring, the estimate of UK vessel bycatch and the existence of an unknown, but likely large
foreign vessel, bycatch in the region, the western channel and Celtic Sea would seeanto be
appropriate area for additional work.
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SCOS are not aware of any reasons why specific areas have not been sampled, all sampling is simply
constrained by resourcegbserver effort is concentrated in SW and there may be requirements for
increased and wider effortvork to assess #serequirementsis ongoing.

Seals and Fisheries and Aquaculture

23. Nonlethal seal mitigation measures in commercial fisheries: Defra Q7

Can SCOS provide recommendations on what the latest-tathal
mitigation devices, gear modifications @hmeasures are to minimise seal
depredation in commercial fisheries?

There has been limited progress ithe development or demonstration of any measures to
mitigate seal depredation in commercial fisheries since SCOS 2020.

There have been some additional trials of tAeargeted Acoustic Startle TechnologyAST device
in handline mackerefisheriesin the northeast of $otland with evidence of strong deterrent
effects. More work is necessary to determine effects on catch weight.

There have been no reported developments in gear modifications or other measures.

There have been very few additional studies on potential mitigation methodsifimizing seal
depredation in commercial fisheries since SCOS 2020.

A pilot study was carried out in 2020 to assess the effectiveness of a GenusWave Targeted Acoustic

Startle Technology (TAST) deviG®H{z & Janik 2015, 201i6) deterring seals from depredation of

mackerel from handlines off northeast Scotland (Whatel., 2020b).The study revealed a strong

deterrence effect of TAST on seal activity directly around fishing vessels, in which seal detections on

0KS ©SaaStaQ FAAK FAYRSNI 0az2yl N RSONBIiZSR o0& T
the length of an idividual fishing bout from stopping at a site to moving on to the next site, and
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duration was almost twice as long when TAST was uUsetishermen usually terinate a fishing

bout when the mackerel shoal below them disperses, the authors suggest that this increased

duration may be the result of a reduction in shoal dispersal caused by seals. There were insufficient

data to assess whether TAST had a signifietiatt on catch weight. Additional trials in net and line

fisheries in England are expected to start in January 2022.

SCOS is not aware of any further progress in relation to gear modificatiariser approacheso
reduce depredatiorsincethose repoted in SCOS 202@racticalmeasures applied to date include
reduced net soak timandavoiding areas where previobégh rates of depredation have been
encountered The effectiveness of gear modificatiamd other approachewill vary with fishery and
target species. &\highlighted by Croniet al. (2014) for Irish waters, detailed review of seal control
measures used internationally along with case studies to test their effectivéméss fisheries is
required.
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24. Seal Depredation ikommercial fisheries: Defra (®

Can SCOS advise on the latest information available to provide evidence
seal depredation in the UK?

Can SCOS advise on new research that could be undertaken to best to
collect robust data on this important issue of concewithin UK commercial
fisheries?

SCOS is not aware of any new published guantitative information on the extent, frequency,
intensity, or geographical pattern of interactions between seals and fishing operations and no
guantitative information on rates of removals or frequency of seal damage to fish in gear.

SCOS recommends that a UK wide workshop involving fisheries managers, local and national
fisheries organisations and marine mammal scientists be convened to design a stutty thrd aim
of defining the specific issues and identifying locations and timings of interactions that warrant
further investigation. This would allowdata requirementsto be assessed, and appropriate
structured monitoring programmesgo be developed.

Examination of existing data from the UK Protected Species Bycatch Monitoring Scheme should be
prioritised.

In 2018, 2019 and 2020 Defra/MMO reported that there are increasing numbers of anecdotal
accounts of seals causing considerable damage to fisththet been caught in nets and on lines at
various locations on the English codsts clearly felt strongly by the fishing industry thatpacts of
seals on fishing operations has increased in recent yearshameéffective solutions areecessary.

A similar question was answered in the SCOS (2020) Advice and SCOS advised that an MMO
sponsored workshop had discussed local seal fishery interactions, but had not resulted in the
development of a formal programme of research or monitoring (MMO, 2020&®DS was not

aware of any structured programme to log and assess the validity of these reports, to quantify the
scale of removals or estimate the economic cost or to identify trends in these metrics. This remains
the case in 2021.

As advised in SCOS (RPBCOS recommends that a workshop involving fisheries managers
scientists local and national fisheries organisations from the whole UKbatiimarine mammal
and fisheriescientists would be a useful first step in defining the specific issuesidonsand
timings of interactionsand identifyingresearch opportunities angotential solutions that warrant
further investigationlt is likely thata structuredmonitoring programmeusing & integrated
approach involvinghe industry isrequiredto progresshe collection and collation abbust
guantitative information on the scale and extent@dmage to catch and fishing gear

The UK Protected Species Bycatch Monitoring Scheme has collected data for 20 years on the bycatch
of marine mammad through orboard observations, some of which is associated with depredation.

It has also collected information on setdmaged fish recovered from neSCOS recommend that
additional resourceshould be allocatetb conduct a quantitative assessmenftthese data

Standardiseghostmortem examinations of stranded seasd recovery of bycaught seals for
examinationmay also providsome evidence for the extent of this issue.
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25. Are there any parts of the wider ecosystem that are likely to experience
significant impacts as a result of an increasing Scottish seal population? | MS Q7
What are thesempacts,and would they be positive or negative?

SCOS noted that greseal population increases over the past decade have been confined to the
Central and Southern North Sea. S0 most of Scotland, other than the North Sea coast, grey seal
populations are thought to be currently stable.

Harbour seal numbers have declingd some regions of Scotland, such as the Northern Isles and
along the East coast, but have increased in others, such as the West of Scotland, the Western Isles
and SW Scotland.

Overall, there has been no general increase in seal numbers in Scottish watkheugh trends for
both species vary regionally.

It is likely therefore that there will be regional differences in the level of interactions between
seals and the wider ecosysterithe effects of increasing seal populations on fish prey populations
were considered in detail in SCOS 2019, therefore this answer focuses more on other impacts
rather than repeat that answer.

It is important to note that seal predation can have significant impacts on particular fish stocks,
but this can vary considerably betven stocks. In some areas/ecosystems seal predation has been
identified as having a significant impact on recovery of specific fish stocks, whereas in others,
increasing seal populations appear to have had minimal impaéts.highlighted in SCOS 2019,
predicting ecosystem effects of changes in predator population size is complex and difficult and
requires a multispecies ecosystem modelling approachis requires information on fish

abundance and distribution, spatial and temporal patterns of seal preidat, spatial and temporal
distribution of fishing effort and an understanding of multispecies functional responses. Work is
underway to fill several of the data gaps highlighted in SCOS 2019.

Seals of both species are known to interact with aquaculture depments to prey on farmed

salmonids and both species are also known to prey on wild salmonids in rivers. It has been
SAaUAYIIGSR GKFG Xwm: 2F GKS 3ISYSNIt &Skt LJ2Ldz | (A2
while a small but unknown proportiorof seals depredate salmonids at fish farms.

Even where interactions are known to occur there is limited information on current or historical
predation rates at either aquaculture installations or in rivers. This limits our ability to predict the
effects d increasing seal populations in areas where they overlap. Previous analyses have not
been able to demonstrate a clear link between seal abundance close to rivers and levels of
predation in rivers.

Other potentially significant effects of populatiomcreasein either or both seal species include:
increased competitive interactions between the two seal species, increased predation of grey seals
on both harbour seals and harbour porpoises, and increased availability of seals as prey for killer
whales.

A number of data gaps are identifiedvhich if were filled, wouldmprove the ability to answer this
guestion in future.

Some of the issues raised in this question were addressed in SCOS 2019, in relation to effects on wild
fish populations (including salmonids in rivers) and fish stocks. As a result, this answer does not
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repeat the information provided previously, but fo@sson the potential impacts of increasing seal
populations on other aspects of the marine environment including effects on other mammal
populations and aquaculture.

Although there has been continued increase in the overall UK grey seal population irofdrath

pup production (SCOBP 21/01) and total population (SGBB 21/03), the majority of the increase

in pup production over the past 20 years has been at colonies in the North Sea and in the past 10
years that has been concentrated at colonies ingbathern North SeaBased on the distribution of
hauled out seals during the summer, the numbers of grey seals foraging around Scotland have
remained relatively stable, while in the central and southern North Sea the numbers of grey seals
foraging in smmer have increased at sites along the east coast of England and particularly in the
southern North SeaHarbour seal populations around the north and east of Scotland have
undergone dramatic declines, whilst those on the west coast have increased. Othenalhas been

no general increase in the population of seals foraging around Scotland in the past decade, although
predation levels have likely increased in the areas where harbour seals are increasing on the west
coast of Scotland and declined in Origrvehere harbour seal populations have declined

dramatically.

Understanding seal diet is key to being able to predict ecosystem effects of increasing populations
and as detailed in SCOS (2019), the results of previous major studies of seal diet intee UK a
described in detail in a series of recent reports to Scottish Government (Hammond & Wilson, 2016;
Wilsonet al., 2A.6; Wilson & Hammond, 2018 b). The results of the most recent study (2010/11)

are summarised in Wilson and Hammond (2019), incthretext of regional variation in trends in
population size of both species of se@kerall, sandeels and large gadids were the two main prey
types, but results showed considerable seasonal and regional varia®{liyS note that these data

are now mae than 10 years old and may not provide an accurate description of seal diets in areas
where fish stocks and seal populations have changed.

In terms of diet composition, in the southern North Sea, sandeel dominates grey seal diet, whereas
flatfish, gadidsand sandy benthic species are more important for harbour seals. In the Moray Firth,
the diet of both species is dominated by sandeel. In the Northern Isles, sandeel and gadids are
important in both specie@liets, with pelagic prey also important for har seals. Gadids are the

main prey of both species in the Inner Hebrides. In the Outer Hebrides, sandeel and gadids are the
main prey of grey seals and pelagic species and gadid featuring in harbour seal diet (Wilson and
Hammond, 2019).

UK seal popul&n trends should be seen against a background of majortermy changes in the
productivity of key ecosystem components of the North Sea, Celtic Sea and adjacent waters. The
ecological changes resulting from predator population increases are likelyhighly complex and
difficult to predict. Clearly predation by seals is large enough to be a potential factor in the dynamics
of some fish populationse(g.,grey seal predation has been shown to be an important factor in the
failure of cod stock recoveiyn the Scotian She{Neuenhoffet al,, 2019, although in other cases,
seals have minimal impaa.g.,harp seal consumptioof cod off Newfoundland wa®und not to

be an important driver of the northern cod stock (Buren et 2014) andin the Gulf of St Lawrence
although harp seal consumptiahd &fect cod dynamice was not as importana driveras fishingor
water temperature(Bousquetet al.,, 2014) However, uncertainties in several factors, e.g., fine scale
variation in seal diet composition, the spatial and temporal overlap between seals and fisheries at
sea and overlap between the size distribution of prey eaten by seals and selectivity of @refish

all combine to mean that confidence in predictions of effect levels will be low. Determining the
ecosysterdevel impacts of an increasing seal population will require an integrated ecosystem
modelling approach with inputs on the drivers of distrilmumtifor key components of the ecosystem.

95



A number of data gaps were identified in SQ0$9,and work is underway on a number of projects
to address thesee(g.,the ECOSTAR project under the INSITE Il programme is developing
multispecies functional rggnse models for seals and porpoises and integrating outputs within a
North Sea ecosystem model which will allow future scenarios of change to be modelled.

The impact of increasing seal populations on the level of interactions with aquaculture is also
difficult to predict, although it is well known that both harbour and grey seals depredate on salmon
at fish farms, there is very little robust quantitative evidence of the nature and scale of such
depredation and therefore a limited ability to understand htvis will scale with any increases in
population size. Northridget al.(2013) found that the proximity to the nearest harbour seal

haulout site made no difference to the amount of depredation occurring on fish farms, though all
sites in their study wergithin 10 km of a harbour seal haul out. The number of harbour seals
counted within 3, 5, 10 or 20 km of a fish farm site also made no difference to the amount of
depredation. Northridgeet al. (2013) also reported an unexpected positive relationship leetwthe
amount and frequency of depredation and the distance to the closest grey seal haul out. They also
found that farms with grey seal hauls outs closest recorded less damage than those for which grey
seal haul out sites were further away (up to 11 kitjere was also less frequent damage at farm
sites where there were larger numbers of grey seals counted at haul outs within a 20 km radius
during August surveys than farms with fewer grey seals. Given these findings, how depredation at
fish farms might sale with changes in local seal abundance and distribution is hard to predict. To
predict how depredation may increase in future with further increases in seal population, a detailed
study of the spatial and temporal nature of current levels of seal depi®adlés required. This would
ideally include an updated analysis of the relationship between levels of depredation and local seal
abundance. If effective physical protection can be achieved at fish farms, then an increasing seal
population will have a linked effect on aquaculture.

Increases in wild salmon predation by growing seal populations has been blamed by fisheries
managers for declines in salmon stockgy(,as detailed in Butleet al., 2008 in the Moray Firth) and
recovering pinniped populations have been identified as a factor affecting the recovery of
endangered salmon stocks in the US Pacific Northwest (see Gitaalc®?017). Howevedirect

evidence linking seal predation with declines in salmon stocks a8dand other parts of the

world is lacking. SCOS 2019 concluded that there was unlikely to be a direct link between seal
population size and the observed decline in rod and line caught salmon. Salmon are consumed by
several predators including other ffisbirds, seals and cetaceans and predation is one of 12

identified threats to Scottish wild salmon populations (Scottish Wild Salmon Strategy).202h

salmon numbers in decline, and over half of assessed rivers being in poor conservatiof) atgtus

threat is likely considered important.g.,Photo identification and telemetry studies have indicated
GKIFIGdG AYRAQGARdAzrt aSkfta NBLNBaSyGdaAy3a | avylrff LINELE
(Grahanet al., 2011). How these individudkiarn and develop these predation strategies is

uncertain and therefore how this proportion may scale with increasing local population size is also
uncertain. Grahanet al. (2011) concluded that the proximity to breeding and moulting sites for each
species of seal may influence the observed patterns of seals in rivers. Following this logic, local
increases in seal population may result in increases in the numbers of seals using rivers, although no
monitoring has been in place across relevant timescaletermine this. Bioenergetic modelling by
Butler et al., (2006) predicted that seal removals would result in increased catches of salmon in
rivers but did not predict the result of seal increases on salmon numbers in rivers. Such modelling

6 https://www.gov.scot/publications/scottishild-salmonstrategy/documents/
7 https://www.gov.scot/publications/salmdéishing-proposedriver-gradingsfor-2022 season/

96


https://www.gov.scot/publications/scottish-wild-salmon-strategy/documents/
https://www.gov.scot/publications/salmon-fishing-proposed-river-gradings-for-2022-season/

could be carrieabut, but it would require assumptions to be made about how river predation would
scale with population size.

Understanding the relationship between seal population size and the numbers of seals involved in
depredation of salmonids at fish farms or inetig is severely limited by a lack of quantitative
historical information on levels of depredation or levels of seal presence or activity in either
situation.

If fish farms or salmon rivers are, as often assumed, highly attractive foraging locatioos ted/
seals involved are specialists that represent a small proportion of the population, it is unlikely that
there will be a simple relationship between population size and predation I€SBIRU (198
compared time series of salmon smolt survivairestes for the river North Esk and grey seal
population trendsDespite the fact that the data covered a period of rapid seal population growth
there was no detectable reduction in smolt survival rafBsey also analysed the time series of daily
reports from fixed net salmon fishing stations and found no relationships between grey seal
population sizes and seal sightings rates nor reported levels of seal daAitmrigh these
represented different situations, the results indicate that even withailetl records the

relationships between overall seal population sizes and predation activity levels are unlikely to be
easily identified.

Increases in seal populations of one species may also have impacts on the dynamics of the other
species. Increasingeay seal populations have been hypothesised as being at least partly responsible
for declines in harbour seal populations in some regions (Wilson and Hammond, 2019). This could be
mediated through competition for prey, given regional similarities in prejguences of the two

species (Wilson and Hammond, 2019). Impacts could also occur as a result of direct predation by
grey seals on harbour seals (Brownletal., 2016, van Neer et al., 201%).PhD project at SMRU is
investigating these interactions between grey seals and harbour seals.

Grey seals are also known to predate harbour porpoises (Leepald 2015), so increasing grey
seal populations could have implications for harbour porppisgulations. However, the extent of
this behaviour and the potential for it to lead to a significant impact on harbour porpoise
populations is unknown.

Killer whales are known to prey on both seal species in Scottish waters with reports of predation
from the Northern and Western IsleSuch predation has been suggested as a driver of harbour seal
population declines, but conversely, increased seal populations may increase the prey resource and
potentially increase the reliance of killer whales omlsdnterestingly, such an increase could lead

to different predation mortality rates for the two seal species depending on their regional

population dynamics.

Data gaps

Data required to develop an understanding of the implications of increasingspalations on fish

prey populations and fisheries were outlined in SCOS (2019). Here we outline the work required to
develop our understanding of how seal population increases might impact on other aspects of the
marine environment, including aquacultuaad salmon predation. This would require further
investigation of:

1 Grey seal/harbour seal interactions including competition and predation (PhD project at
SMRU underway)

1 Extent of grey seal predation on harbour porpoises

1 Develop quantitative predictive nuels of factors influencing seal depredation at fish farms,
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including the effect of local and regional seal abundance and distribution on levels of

depredation

91 Develop a better understanding of the relationships between levels of seal predation on wild
sdmon in rivers, and local or regional seal abundance and distribution.
1 Develop models of killer whale predation on harbour seals (work underway on ECoOPREDs

project at SMRU and associated PhD project).

26. Based on distribution andlemographics of seal populations, can SCC
advise whether it would be possible predict times and locations wher
there may be a greater chance of interactions with the aquaculture
industry? Please can SCOS advise what work would be required to
achieve this

MS Q8

There are a number of analyses that could inform the potential for interactions between seals and
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and fish farm locations, and a detailed examinati of existing telemetry data to look for evidence

of specific interactions at fish farm locations.

However, suchspatial overlap analysewill only provide a crude estimate of the potential for

future interactionsbecause spatial overlap does not necessarily imply direct interactions.
Research into the spatial and temporal patterns of the occurrence and magnitude of seal
depredation, and therelationships with environmental covariatesarm activities and cage

characteristicds required to fully understand and to develop an ability to predict the potential for

future interactions.

SCOS recognise that there are two potential direct impactseal activity around aguaculture

sites predation and stress effects on fisiMore information is required onboth to allow

assessment and predict the effects of seals on aquaculture.

There is considerable overlap between seal distribution andsaoéaquaculture production around
{O020fyRQa gSaid 021 aid eta/(R013) BuiditkaStiNdfroximinftdStiied b 2 NI K N
nearest harbour seal haulout site made no difference to the amount of depredation occurring on
fish farms, though all sitein their study were within 10 km of a harbour seal haul out. The number

of harbour seals counted with 3, 5, 10 or 20 km of a fish farm site made no difference to the amount
of depredation. Northridget al. (2013) also reported an unexpected positiveat&Enship between

the amount and frequency of depredation and the distance to the closest grey seal haul out. There
was an unexpected positive relationship between the amount and frequency of depredation and the
distance to the closest grey seal haul oite sThey found that farms with grey seal hauls outs closest
recorded less damage than those where grey seals haul out sites were further away (up to 11 km).
There was also less frequent damage at farm sites where there were larger numbers of grey seals
counted at haul outs within a 20 km radius during August surveys than farms with fewer seals.

The absence of a close link between proximity of haulout sites and predation levels may indicate
that only a small proportion of the local population is involveditacking cages, or that seals

specialising in depredation at farms are not necessarily hauling out locally.

These analyses could be repeated with contemporary data from farm sites and the levels of

depredation experienced, and up to date seal survey data.
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It may be that atsea density is a better predictor of interactions and an analysis of depredation in
relation to predicted seal asea density could be carried out using the predicted seal density maps
provided in Carteet al. (2020). Such analyses would require data on depredation events, which are
often collected by fish farms but are not routinely made italgle or are not collected at a sufficient
temporal resolution to enable analyses.
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identification of the areas of highest overlap between seal distribusiod aquaculture activity. This

would involve the predicted seal density maps being overlain with a map of all operating fish farms.

Each 5 x 5 km grid square could be applied a risk score which is derived from a combination of the
predicted seal density ahthe number of fish farm operations within it. Although this may indicate a

crude potential for the locations where interactions may occur, this may not be a reliable indication

of the actual level of interactions and will not allow any prediction.

Other possibilities include an examination of existing seal telemetry data for direct overlap of seal
activity with fish farm locations. There are datasets from a large number of deployments on both
species of seals using GPS GSM telemetry devices in aread &watland where there are active

fish farms.The tracks from these deployments could be examined in detail for evidence of
interactions with fish farmsA recent PhD project used telemetry data from harbour seals tagged in
Skye to estimate acoustixposure of seals from ADDs at fish farms (Finellayf., in review). This

study combined tracking data with maps of predicted ADD noispigmtify sound exposure and
estimate the potential for auditory impairment. A similar approach could be taken wahgar

sample of tracking data across a wider geographical area and could incorporate the investigation of
behavioural metrics that would indicate association with fish farms.

However, these approaches may only provide crude estimates of the potentiatéoactions and

will allow a limited predictive ability as the factors that drive levels of seal depredation at fish farms
are still poorly understood. Research into the spatial and temporal patterns of the occurrence and
magnitude of seal depredatioand ther relationships with environmental covariates is required to
fully understand and to develop an ability to predict the potential for future interactions.

An understanding of how factors such as cage/net design and operational pracfioesce

depredation is also crucial. Better information on the residence times of seals around farm sites, the
species and age classes involved, the degree to which individuals associate with specific farms, and
the numbers of individuals that associatéh specific farms may help to understand the

motivations and behaviour of seals that habitually target farm sites and improve our predictive
ability, as well as allowing the tailoring of preventative measures. These research recommendations
have been mae in a number of previously published reviews and should be a prierdy;, (

Northridgeet al., 2013 Coramet al, 2014 2016 2017. Attempts to make use of the data available
from the industry has revealed that the data on depredation isaften recorded at sufficient

temporal resolution to allow analysis to inform this question (eCgpramet al., in press).

One pressing issue identified by SCOS is the need for information on the indirect effects of seal
presence in the vicinity of caggsarticularly on stress in farmed fishhis is important and will to a

large extent determine the types of protection or seal deterrence requilieskal presence causes
unacceptable stress to fish it will be necessary to exclude seals from the sitiff seal presence

does not induce high levels of stress, it will only be necessary to prevent seals gaining direct access
to the fish.The former will require wide area deterrence, which may have important negative
impacts on nontarget wildlifeihereas the latter will only require defence of the cages themselves.
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27. SCOS provided advice in 2020 on Hethal options to address sed] MS @5
fisheries / fish farm interactions. Since the 2020 advice (and in light @
ongoing efforts globally taaddress such interactions), are SCOS awat
of any further developments in other countries or emerging
technologies that could be consider/applied to Scotland.

The only additional work that SCOS is aware of in this area are additional studiesth&tMAST
system includingrials on fishing vessels and on fish ladders in the USA, including trials at Ballard
Locks whereTAST use resulted in a significant increase in fish passes relative to control periods.

SCOS are not aware of any further develepis or emerging technologies that could be considered
or applied to Scotland that were ndiscussedn earlier advice. More studies have been carged

in the past yeausing theTASTIn relation to fisheriesind these have been described in the answer
to Defra Q7 abovdn addition to these TAST systems were carried out near fish ladders that
suffered from seal predation in the USAfive-weekdeployment of a TAST system outside the
entrance to the Ballartlocks fish ladder in Seattle in 2020 resulted in an increase in fish passes by
4419 animals, an increase of 46% over control periods. Similar results were found in three other
locations in Washington State and Alaska in 2020 and @02fublished data)

Climate change

28. Can SCOS review latest scientific information available on current Defra Q12
environmental impacts seals face due to climate change, such as
acidification, sea level changes and coastal collapses and changing prey
distributions.

The effects of climate change were reviewed in SCOS 282DS are not aware of any significant
recent developmentsThe answer from SCOS 2020 is repeated below with modification where
new published information is available.

Climate change is alreadyaving a range of effects in UK waters, including changes to water
temperature and salinity and is likely to change timing and intensity of stratification and locations
and timings of fronts.Such changes will influence patterns pfoductivity and fish distributions

and will affect prey availability to sealsThese changes could have either positive or negative
effects on seals in the UKChanges in air temperature may have impacts on seal behaviour and
reproductive performanceduring time on land.

Predicting the population consequences of climate change for seatificult. There is little
information on the relationships between environmental drivers and seal population dynamlts
is thereforeunlikely that cause anaffect will be reliably assigned to specific aspects of climate
changewith respect tochanges in seal population dynamicg®bserved trends in UK seal
populations show growth mainly in southern parts of their range despite indications that
distributions of currently preferred prey are shifting northwards.
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There is uncertainty in the predicted effects of climate change on frequency and intensity of
Harmful Algal Blooms (HABS) or on the effects of HABs on selaigever, the potential severity of
HAB efects highlights the need for further research into HAB effects on seals.

Changes in sea level and resulting increased wave action on breeding beaches may reduce
breeding and haulout site availability in some aredsacreased storminess in terms ofiaximum

and average wind speeds and frequency of storm systems may lead to increased wave action on
breeding sites which can increase pup mortality. Seals may be able to accommodate by moving
breeding sites if alternative sites are available.

The seasround the British Isles, have warmed faster than the global average over the past 50 years.
Sea surface temperatures (SST) in the Neght Atlantic and North Sea have risen by between 0.1

and 0.5°C per decade over the past century, and the rate afwgrhas been particularly rapid

since the 1980s (Dyat al.,2013).There are a wide range of interacting factors driving population
change so it is extremely difficult to disentangle their effects and identify specific c#alseayet

al., (2020)carried out an assessment of the vulnerability of all marine mammal species to global
warming.They produced a ranked list sfpecies by vulnerability to climate change effects. Grey

seals (16) and harbour seals (20) appeared on a list of the top twiepdy vulnerable species of

marine mammals to climate change extinction ridewever, the model was driven by an index of
temperature sensitivity, but the fact that none of the Atlantic ice associated seals or Antarctic seal
species are listed suggest that this approach may have limited value for predicting climate effects for
temperate water seals like grey and harbour seals.

Most of the research on the impact of climate change on marine mammals has focused on the

Arctic, where dramatic changes in ice volume and extent are already having profound effects on
habitat availability Changes in ice availability, and timing of freeze up and ice break up are already
having direct impacts on ice breeding seals., In the Gulf of St Lawrence in eastern Canada grey seals
are increasingly breeding on land and the distribution of breeding $itshifting northwards. In the

Baltic, changes in timing of freeze up and ice break up are changing the breeding habitat availability
and forcing seals to breed on land, causing either direct mortality or reducing lactation efficiency

and pup growth rate potentially as a result of water balance issues (&fsgi,2008; Hammilet al,,
2013).Shuertet al. (2020) showed that high temperature and lack of access to water can reduce pup
weaning mass and increase likelihood of pup abandonment in gréy Iseseding at temperate sites

such as the Isle of MaBullet al.(2021) associated lagged SST indices with changes in pupping dates
of grey seals on Skomer MCZ. A temperature increas&oivas associated with an advance in

pupping date of approximaty seven days. They concluded that the temperature index was related
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to give birth earlier in the season).

Changes in cold temperate waters, such asdbas around the UK, may also be profound and will
likely impact on continental shelf marine predators such as seals. However, in UK waters, the
projected changes in the physical environment, such as air and water temperatures, water depth
and salinity, a& not predicted to exceed the homeostatic ranges for sdalg.harbour seals occur

in temperate coastal waters as far south as San Diego, California, and Brittany and the Wadden Sea
in Europe where summer water and air temperature exceed those cuyremperienced by seals in
southern Englandexisting conditions at the southern limit of existing ranges are generally higher
than projected temperatures in the UK over the next century even under high warming scenario
predictions, but although harboweals in other parts of their range experience higher summer
temperatures, it is unclear what effects increased summer temperatures may have on terrestrial
breeding behaviour and breeding success of harbour seals in the southern UK.

Prediction fromstatus quo
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Species distributions are not usually determined by physical capabilities alone. The distributions of
both prey and competing predator species will influence the distribution of predators such as seals.
So, the consequences of changes in thggital environment will be difficult to predidf.we could
assume that competitors, prepnd other factors would maintain their current relation to variables
such as water temperature and depth, we could use the current distribution patterns to predic
future distributions under different climate change scenarios.

Boehmeet al.(2012) and Zicost al. (SCOSP 17/07) used location fixes and water temperature

records from the extensive telemetry datasets for UK harbour seals, and grey seals ihéobli t

and Canada to derive predicted distributions based entirely on water depth and sea surface

temperature in the North AtlantiZicoset al.then explored potential habitat shifts across the entire

Atlantic ranges of both species under two scenaabslimate change, the lowest and highest
A0SYIFNAR2a 2F gl NX¥YAy3a a RSGSNN¥YAYSR F2NJ GKS Lt/ /¢

The low warming scenario predicted an overall compression of core habitat, with slight loss of
habitat in the northern and extensive habitat loss e tsouthern edges of distribution in the North
Atlantic. In the high warming scenario, there was a general northward shift in predicted core habitat
for both species. In geographical terms the predicted northern expansion of habitat would exceed
the southean contraction so that both species would be predicted to have larger foraging habitat
extents in the future.

Changing prey distributions

The effects of climate change on prey distributions and changing patterns of fishing activity will both
likely impat the distribution and population dynamics of sed®rth Sea stocks of cod, plaice and
haddock have shown northward shifts (Engelhadal., 2011 & 2014; Skinner 200®ecently,
Baudronet al. (2020) published an analysis of scientific survey data that provides an overview of
changes in distribution for 19 northeast Atlantic fish species encompassing 73 commercial stocks
over 30 years. All species experienced changes in distribdtiea thids of the shifts in centre of
gravity (CoG) displayed by northern species were northwBadidronet al. (2020) concluded that

the overall northward direction of the changes in distribution together with observed range
contraction for northern speciesnd expansion of southern species ranges into UK waters, e.qg.
solenette Buglossidium luteupwere consistent with the poleward distribution shifts expected
from warming sea temperatures.

Atlantic populations of grey and harbour seals however hetdfollowed this general northward

trend. For grey seals on both sides of the Atlantic the numbers of seals in the southern parts of the
range are increasing rapidly while populations in the central and northern parts of the range have
stabilised leadig to a southward trend in CoGimilarly, for harbour seals in Europe, a southward
shift in the CoG of the population has been recorded over the past 30 years despite the
disproportionate effects of PDV epizootics in the southern North Sea.

The driverf this redistribution are not known, but the changes in seal distribution do not simply
map directly to changes in distribution of their existing prey speties.do they conform to the
broad scale northward movement of increased air and water tempgeahssociated with climate
change.

Boveng et al (2020) recently reported preliminary results of a study of Arctic seals that included
harbour seals on the Aleutian Islands, in environmental conditions similar to northern Scotland.
Though harbour sealada were limited to three sampling events during 292816, they observed a
striking decline in bodgondition: an estimated annual decrease of about 45g of body mass per
centimetreof length.Harbour seal populations have undergone a loegn decline irnthe Aleutian
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Islands. The population dropped precipitously between 1980 and 1999. The decline was most
dramatic in the western Aleutians, where counts dropped by 86 percent, to about 5,500 individuals.
The population has not recovered since, and the casismknown. The estimates of recent declines
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would have serious consequences for individual and population fitness if not followed by recovery of
body massThe researchers consider that the recent declines in body condition are likely an acute
response to the recent very strong North Pacific marine heat wave, presumably mediated through
reduced prey availability, rather than a continued chronic responsettatever has caused the long
term decline in numbers.

Harmful Algal Blooms (HABS)

There is some debate about the likely future patterns of HABs in UK waters (Be¢sala2020).
Increased water temperature will have different effectsdifferent species, but experimental
studies of growth and survival rates of a range of species have suggested that HABs are likely to
increase rather than decrease in the North Sea (Peperzak, 20@j¢ctions of sea surface
temperature also suggest théhe habitat of most species will shift north and may lead to more
frequent harmful blooms in the central and northern North Sea (Towehdl..2018)and increased
temperature may increase toxin productioa.§.,Aquina-Cruzet al., 2018) Gobleret al. (2017)
investigated potential changes on a larger scale and came to similar conclusion, that increasing
ocean temperatures have already facilitated the intensification of certain HABs.

However, Edwardst al.(2006) used long term data from the northeast Atlantic and North Sea
(1960s to early 2000s) to investigate spatial variability in the frequency of HABs. Significant increases
were restricted to the waters off Norway and there was a general decrease thlergastern coast

of the United Kingdom. The most prominent feature in the interannual bloom frequencies over the
preceding four decades was anomalously high values in the late 1980s in the northern and central
North Sea areas. Deesal.(2017)examinedong term data sets from thBlortheastAtlantic and

North Sea for one toxic algal gennophysisand found that over the modelled period (1982

2015) and the whole Continuous Plankton Recorder time series 2038), there was no

statistically significat positive relationship between abundance and se@face temperatureThey

also showedhat periods of largédinophysiblooms in the 1970s and 1980s, were followed by a
period of briefer bloom events lasting until 2014. Degésl. concluded that theravas no increasing
trend in number or annual duration of blooms.

Given this lack of consensus on the likely patterns of HABs and the uncertainty in the rates of
consumption and likely levels of toxicity in seal diets, it is not possible to reliably ptteelict
potential effects of climate related HAB changes on UK seal populatiomgever, the potential for
such events to cause large scale mortality events means that further investigation is warranted.

Local oceanographic changes

Earlier stratification bwarmer water and changes in the timing of plankton blooms and secondary
production blooms will likely have effects throughout the food chaig.(Wiltshire and Manly,

2004). Such changes have already been detected in the North Sea at $exasadf the food chain.
This may have knock on effects on the timing of prey availability that may impact on seal condition.
Changes in flow patterns and locations of frontal systems may also impact seal foraging habitat
quality. None of these posisle effects have been studied in terms of their potential impacts on seals
in UK waters.

Large scale oceanographic changes
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Future predictions of marine climates around the UK will be heavily influenced by what happens to
the Atlantic Meridional Overturnig Circulation (AMOCYhe AMOC significantly warms the

northeast Atlantic and drives the general climate of northwest Europe partly through its influence on
the track of the jet streamBoth direct observations (20Q2017) and sea surface temperature
reconstructions, show that the AMOC has weakened since 1900 (IPCC, 2019). The data timeseries
are too short to confirm that the weakening is due to anthropogenic forcing, but CMIP5 model
simulations show similar weakening of AMOC as a result of anthropoé®cing.

The AMOC is projected to weaken in the 21st century, although a collapse is very unlikely
Weakening of the AMOC is projected to cause a decrease in marine productivity in the North
Atlantic and an increase in storms in Northern Europe (IRCI®).Both reducedproductivity and
increased storminesould have potential population scale effects on UK seal populations.

Competition with fisheries

The climate driven changes will not only affect natural predafbihe patterns ofisheries

exploitation will also be affectedCurrent quota allocation structures will need to adapt to changes.
How these changes are implemented is likely to have major implications in terms of prey availability
for seals and othepredators, and changes or-thstribution of fishing practices may affect issues

such as bycatch.

Ocean Acidification and Low Oxygen

Increased atmospheric G@3 absorbed by sea water which causes a reduction in pH and may have
already lowered globalaean pH by 0.1 pH units since the industrial revolution (Orr et at, 2005).
North Sea pH has decreased at a rate of around 0.0035 pH units per year (WilletraspR017).

Ocean acidification may have direct and indirect impacts for the recruitmemiytgrand survival of
exploited speciesEffects are likely to be more important for shellfish (Pinnegaal.,2017) but

changes to larval fish behaviour and reduced survival and recruitment have been reported (Munday
et al, 2010); for example, projeatieocean acidification levels (from IPCC RCP 8.5) have been shown
to double daily mortality rates of cod larvae (Stiashyl., 2016).The potential impacts of ocean
acidification are an active field of research and the effects on future prey avajldbiliseals are, as

yet, unknown.

Reduced oxygen concentrations in marine waters have been cited as a major causeéncon
globally (Diaz & Rosenburg, 2008), and there is evidence (Qeteste2012) that areas of low

oxygen saturation have startdd proliferate in the North Sea. However, the European Environment
Agency (2019) suggested that hypoxic or reduced oxygen levels were mainly restricted to
Scandinavian fjord waters with some reduced oxygen levels recorded on the North Sea near the
Oyster gounds.To what extent these are the result of lotgym climate change remains unclear

and it is also unknown whether such changes will impact upon fish populations (Pimtedar

2017).

Breeding habitat changes

Predicted increases in séavel are small compared to the changes that grey and harbour seal
populations have experienced due to sea level rise angtestic rebound of the coastline since the

last ice ageHowever, there is no reason to suspect that the availability of offstste@ds, skerries,

rocky shore or intertidal sand banks has decreased over that time or that availability will decrease, in
the medium to long term, under projected sea level changes.
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However, seal responses to previous sea level rises were not inflddrydeuman activity patterns.

In the face of future sea level rise it is likely that coastal defences will be maintained along large
sections of coastline and particularly in estuariessuch cases, because the upper tidal limit is fixed
by sea defeges, any increase in mean sea level is likely to reduce the amount of suitable intertidal
habitat available to seals as haulout sit€his would affect both species, but the effects on harbour
seals would be more pronounced because a substantial pragrodf the UK harbour seal

population pup on intertidal banks in estuaries.

TheUK State of the Climate Rep@@19 (Kendoret al,, 2019) states that therera no compelling

trends in storminess when considering maximum gust speeds over the last four decades. As there
are no detectable trends there have been no studies that have so far shown a link between changes
in UK storminess and climate change (Kenetoal., 2019).However, in the short term, rising sea

levels mean that storm surges and storm waves will increase the frequency and severity of wave
action on breeding beacheshis will likely lead to increased mortality as observed in Welsh grey

seal upping colonies in 2017 (Buche & Stubbings, 20079. Such mortality events will likely

increase in frequency and severdy sea levels rise.

Coastal erosion leading to mortality due to landslides are rare events, we have been unlabktdo

any published account3hey are also unlikely to be greatly increased by projected climate change
scenariosThe majority of coastal erosion concerns are along the south and east coasts of England.
We are not aware of any sites where sealslbat beneath rapidly eroding cliffs in that regidn.

other areas there may be particular concerns about cliff beaches, but we are not aware of any
information on changes in the rates/frequencies of land slips associated with seal haulout areas.

Novd diseases

An additional concern is the spread of infection into regions where organisms may not have
previously been exposed or where their capacity to survive may previously have been compromised
due to unfavourable environmental conditions. With climahange, marine pathogens that were
previously restricted to warmer, more southerly waters might be able to become established in UK
waters (BakeAustinet al,, 2017).It should be noted that mass mortality events are not all related

to novel infectiows disease.
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MME) events in marine mammals between 1955 and 20b&y conclude that extrinsic factors

significantly influenced ID MMEs, with seasonalitigdd to their frequency and severity of these

events. Importantly, they showed that global yearly SST anomalies were positively correlated with
occurrence of ID MMEs. With climate change forecasted to increase SSTs and the frequency of

extreme seasonal wather events Sanderson & Alexander concluded that epizootics causing MMEs

are likely to intensify with significant consequences for marine mammal survival.
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Renewable energy

29. Scottish Government are aware of (recent) incidents involving seals | MS Q13
becoming trapped and drowning in structures associated with fixed
offshore wind developments. Are SCOS aware of such events, and if
what structures were the cause, and can SCOS provide any informatiq
on the prevalence of these events?

Furthermore, based on what we know from these events, what other
marine structures could pose a similar risk to seals? Can any lessons
learned from other offshore industries or othetegions outside of the UK
with respect to mitigating and monitoring sth events?

SCOS are aware of recent reports in which at least three seals have become trapped and drowned
in subsea cable conduits associated with offshore wind turbines. As far as SCOS is aware there
have been very few similar incidents at any other developmentghaligh there is a single report

of a seal accessing the central space inside a monopile structure via a subsea cable hole in the wall
of the turbine.

Given the paucity of events and knowledge surrounding their occurrence, it is difficult for SCOS to
recommend specific mitigation measures. It may be prudent to consider capping subsea openings
that would allow seals to enter or minimising the time they are exposed.

SCOS are aware of an incident in which 3 dead seals were found inside subsearwtits (J
tubes) during the subsea preparation prior to inter array cableipuib substructures. Following the
event, the Marine Scotland Licensing Operations Team wrote to offshore renewable energy
developers with a series of questions to determinieether there have been any other similar
incidents at other development©f the responses received (15), none had recorded similar
incidents at their developments.

Other reports of seals becoming trapped within offshore wind development structures are sparse. In
2016, a grey seal was observed inside one of the monopiles during grouting procedures after pile
driving had taken placéGardline 2016)After investigations, #vas concluded that the most likely
entrance into the monopile was a subsea cable hole through the wall of the pile; this was 340mm in
diameter and was located 3.8m from the sea floor after the pile had been driven in. The seal was
observed within the pil®ver a period of approximately 2 hours. After this, no further sightings were
made and it was assumed that the seal had either managed to exit back through the cable hole or
had died(Gardling 2016)

Seals are curious and are likely to investigate any nowattstres in their environment. There are
frequent reports of pinnipeds entering dam races, fish ladders and power plant cooling water system
(CWS) intake pipes in North Amer{®&MFS 2008)For example, between 1989 and 2006, a total of

69 California sea lions and five harbour seals were entrained by thimgaehter system at the
Scattergood Generating Station, Los Angeles, US; between 1978 and 2006, a total of 11 California
sea lions and five harbour seals were entrained by the cooling water system at the El Segundo
Generating Station, Los Angeles,(N$IFS 2008 However, it is important to highlight th&@WS

pipes are generally relatively large diameter (~700mm) and exert significant negative pressure due
to the pump system, which will increase the likelihood of animals being drawn into the duct.
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Table14: Summary of the measured axial girths (cm) of seals captured as part of research by SMRU between
1988 and 2019. It is important to highlight that the estimates of diameter presented here are approximations
based on the axial girth measurements and an assalispherical cross section.

Species Age class Number of seals Median axial girth +95% Estimated diameter

Cls (cm) (cm)
Harbour seal Pup 90 67 (50¢ 89) 21 (1628)
Juvenile 60 80 (71¢ 93) 26 (2330)
Adult 807 106 (92¢ 120) 34 (2938)
Grey seal Pup 122 93 (82¢ 101) 30 (2632)
Juvenile 202 90 (76- 118) 29 (2438)
Adult 615 133 (104 153) 42 (3349)

Given the relative paucity of reports of similar incidents across the renewables industry, it is difficult
to recommend specifimitigation measures. However, it may be prudent to consider, where
appropriate, capping subsea openings which have dimensions that would allow seals to enter, or
minimising the time when these are exposed. For reference, a summary of the measured tgal gir
of captured harbour and grey seals from the SMRU capture database is provitiulénl4 It

should be noted that seals are capable of forcing their heads through smaller holes as evidenced by
cases of seals with frisbees and packing bands caught around their necks.

30. There are known knowledge gaps associated with seals with MSQ14
respect to potential impacts in relation to underwater noise and
collision risk with tidal turbines, for example. With these and othé
knowledge gaps in mind, can SCOS provide an update on emer
technologies they are aware of that could be used for quantifying
seal behaviour and/or physiologye(g.,developments in animal
borne sensors such as fNIRS).

There are a number of emerging technologies that may be useful for measuring the behaviour and
physiology of seals. These include novel seal tag developments currently being developed to track
the physiology and energetics of seals; these are likely tareortant tools for measuring
physiological and energetic consequences of interactions with anthropogenic activities, an
important knowledge gap in being able to predict population consequences. Other developing
technologies include remote and/or autonomaimaging monitoring techniques. A summary of
thesetechnologies their applications and their current stage of development is provided.

In response to this question, we haagssumedhat the knowledge gaps relate primarily to
behavioural and physiological responses by seals to offshore renewable energy developments and
their associated activities.

There are a number of emerging technologies that may be useful for measuring theitwahand
physiology okeals andjuantifying how these may be affected by interactions with offshore
renewable energy activities. Broadly, these can be divided into technologies that are deployed on
the seals (tags) and those that are remote or autonomothe seal tag technology has been further
divided into those that require retrieval to access data (archival) and those that transmit data via a
communications system such as the GSM or satellite network (telemetry). It is important to consider
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some broa benefits and constraints associated with each of these. In particular, the use of
telemetry systems mean that data can generally be retrieved safely throughout the tag deployment.
However, data resolution may be limited by effective bandwidths of thenteltry systems, often
resulting in relatively lowesolution data, which may make them unsuitable for investigating some
renewables research questions. In contrast, data collected by archival tags is generally high
resolution but the need to retrieve thegs to access the data means that they may not be a
practical solution for some species and applications. A-leighl summanpf emerging technologies

that we are aware of is provided frable 15%it may be useful to a carry out a more detailed
assessment of potential effectiveness of specific technologies to address sppaiieties.
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Table15. Summary of emerging animdélorne technologies for measuring behaviour and physiology of seals in relation to anthropogenic activities and
estimated Technology Readiness Levels (TRLS).

Technology Type Description Potential applications TRL| Development stage details

Sound and Archival tag | High resolution sound and body movement | Proven tool for measuring acoustic| 9 Proven with a range of fremnging

movement tags archival tag for measuring received sound | exposure, high resolution changes pinniped species including grey and

(e.g., DTAG) levels and behaviour. 3D movements and dive behaviour harbour sealgMikkelsenet al.2019;

and foraging attempts in relation to Gouletet al.2020; Vancet al.2021)
anthropogenic activities.

Sonar tags Archival tag | A miniature sonar and movement archival tg Potentially valuable for measuring | 9 Proven with a range of fremnging
to study the biotic environment and predator behavioural responses and change pinniped speciegGouletet al.2019)
prey interadions in aquatic animals. in foraging behaviour in relation to

anthropogeniaisturbance
NIRS phone tag| Telemetry GPS Phone telemetry tag with integrated Potentially valuable tool for 6 Existing phone tag technology is
tag nearinfrared spectroscopy (NIRS: ron assessing the sheterm behavioural proven with a range of freeanging
invasive biomedical imaging technique) responses and energetic costs (e.g pinniped speciesand NIRS sensor
sensors that measurgaovements and dive | dive-by-dive) of anthropgenic technology has been proven in free
behaviour, together with tissuspecific blood | disturbance. swimming seals in captivity
oxygen saturation, heart rate, and cerebral (McKnightet al.2019) Integration of
metabolic rate. the two systems is currently
underway atSMRUand is expected
to be complete by 2024.

Body density Telemetry GPS Phone telemetry tag with integrated Potentially valuable tool for 6 Existing phone tag technology is

phone tag tag accelerometers taneasure changes inaea | estimating the mediumlong term proven with a range of freeanging

body lipid stores (through changes in their
buoyancy

(daysweeks) behaviour, foraging
success, and changes in body
condition as a result of
anthropogenic disturbance.

pinniped species. Use of
accelerometer data torack body
density has been validated in
elephant seal¢Aokiet al.2011)
Investigation of its effectiveness for
shallow divers (e.g., harbour and
grey seals) is currently underway.
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Radar Telemetry Radar transponder detected using XBAND | Potentially valuable loveost tool for Radar transponder tags used in
transponder tag| tag radar to track seal surface locations and ID | measuring localised seal interactior military applicationgPan &
GAUGKAY | f20FfA&aSR [ with anthropogenic Narayanan 20113nd successfully
structures/activities (e.g., radar used to track terrestrial species
mounted on tidal or wind turbines) (Doreet al.2020) Currently early
concept only for seals.
ABR tag Archival tag | Archival DTAG with an electroencephalogral Potentially valuable tool for ABRdave been measured
(EEG) data stream to measure Auditory measuring detection of from a stationary harbour porpoise
Brainstem Responses (ABRS) anthropogenic sounds in using the prototype tagSmithet al.
combination with high resolution 2021)
movements and dive behaviour.
Asset recovery | NA Device that allows users to locate and releay Useful tool for the retrieval of Technology proven in the lab and
device archival tags from seals. Emerging systems| archival tag technologies described used successfully in a small numbe
utilise a haneheld radio transceiver to trigger above. of pinniped studies (pers comm,
the recovery device. Wildlife Computers).
Acoustic Telemetry GPS Phone telemetry tag with integrated Potentially valuable tool for Existing phone tag technology is
dosimeter tag acoustic processing capabilitissmeasure estimating the mediuriong term proven with a range of freeanging
phone tag long term acoustic exposure and behaviour | (daysweeks) behaviour and pinniped species. Integration of
summary acoustic exposure from acoustc processing capabilities is a
anthropogenic activities. an early design stage.
Electrical NA Norrinvasive medical imaging tool which usq Potentially valuable tool for Has been used extensively in
Impedance surface electrodes to measure electrical measuring the cardioespiratory humans and terrestrial anima(s.g.,
Tomography conductivity, permittivity, and impedance, ar regulation of seals over days and Crivellariet al.2021) There has beel
(EIT) createtomographic images of a localised of | assess the physiological responseg one validation study in diving
region the body. Provides measures of lung| anthropogenic disttbance. humans (Magnaret al.2018), but
and cardiac function. no application yet in marine
mammals. Needs development to
integrate with tags to work on free
living animals
SubTHz Raar | Remote Radar system to provide automated detectiq Potentially valuable loveost tool for Radar system well proven
system classification, and highesolution tracking of | measuring localised seal interactior| technology. Application to detecting

seals at the water surface up to ranges of

~200m.

with anthropogenic

small marine mammals is currently
underway through a collaboration
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structures/activities (e.g., tidal or between University of St Andrews
wind turbines). School of Physics and Astronomy
and the University of Birmingham
Microwave Integrated Systems
Laboratory.
Remote camera| Remote New generation of remotely accessible, Potentially valuable tool for Technology well proven with a rang
systems autonomous HD video/infraed to provide measurirg the abundance of seals ¢ of species. Recent increases in vidy
images of seals at remote locations. key locations (e.g., designated hau and infrared image resolution, and
outs), and movements and life advances in automated image
history of individuals (Photo ID). processing make this a potentially
attractive monitoring tool. An
increasing number of seal
applications.
High frequeicy | Remote New generation of high frequency sonars to| Useful tool for measuring the Technology well proven with a rang
imaging sonar provide automated detection, classification, | occurrence and behaviour of seals of speciegHastieet al.2019a;
and highresolution tracking of seals closevicinity to infrastructure (e.g., Hastieet al.2019b) Recent
underwater up to ranges of ~50m tidal turbines or aquaculture advances in automated image
facilities) processing make this a useful
monitoring tool.
TRL Description
1 Basic principles observed
2 Technology concept formulated
3 Experimental proof of concept
4 Technology validated in lab
5 Technology validated in relevant environment (industrially relevant environment in the case of key enabling technologies)
6 Technology demonstrated in relevant environméimdustrially relevant environment in the case of key enabling technologies)
7 System prototype demonstration in operational environment
8 System complete and qualified
9 Actual system proven in operational environment (competitive manufacturing icdlse of key enabling technologies; or in space)
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31. What is the current state of knowledge on grey seal interactions with tidf NRW Q48 Q5
energy device®

Can SCOS recommend what the most appropriate avoidance rates sho
be in collision risknodels or encounter rate models for grey seals and tic
turbines?

There is currently no information available on grey seal interactions with tidal energy devices. All of
the research to date has been on harbour seals. Evidence from these harbour seal studies indicate
some avoidance of operational tidal turbines at scales100s to 1000s of metres. Information on fine
scale behaviour and the ability to evade collisions is still lacking.

There is little information on grey seal behaviour in tidally energetic waters, and SCOS recommend
caution is extrapolating from harbouseal studies to grey seals.

There is currently no information available on grey seal interactions with tidal energy devices. This is a
key data gap for assessing the impacts of tidal turbines on grey seals. However, as reported previously
to SCOS, there@now a number of studies that report changes in harbour seals distributions in
response to operational tidal turbines, including to the Strangford Lough tu(Bmest al.2018) to

playbacks of tidal turbine soundslastieet al. 2017. Robertsoret al.2018) and to the MeyGen turbine
array(Onoufriouet al.2021) Care should be taken when extrapolating from harbour seal observations
as interspecific difference in foraging patterns dachging ranges mean that potential barrier effects

are likely to have less impact on grey s@alblished data on grey seal diving in tidally energetic
environments is limited to a small sample of pupa planned turbine array site in the PentlandtRir
(Everset al.,2017).

Joyet al. (2018)analysed GPS/GSM location data from tagged harbour d&tate4 vitulinaand used a
Brownian Bridge movement model to develop fine scale probability dessifaces for seal density in

the 3x3 kmi region centred at the SeaGen tidal turbine before deployment and after installation of the
turbine. Results suggested a mean spatial avoidance of 68% (95% C.I., 37%, 83%) by seals within 200
meters of the turbinej.e., seals were 68% less likely to occupy the area within 200m of the turbine.

Hastieet al. (2017)carried out a series of acoustic playbacks of tidal turbine sounds (S¢a®am) in

a narrow, tidally energetic channel on the west coast of ScotlRedults showed there was a localised
impact of the turbine signal; tagged harbour seals exhibited significant spatial avoidance of the sound
that resulted in a mean reduction the usage by seals of 27% (95% C.I., 11%, 41%) at the playback
location.

Robertsoret al. (2018)studied the surface behaviour of harbour seals (measured from abardd
observation station) in response to acoustic playbacks of a tidal i{iivGen turbine) in Admiralty

Inlet off the west coast of the US. The study reports that there were no significant differences in seal
abundance or proximity to the sound source in response to the playbacks. However, the authors
highlight that, due to mekedly lower acoustic source levels compared to those usddasyieet al.

(2018) seals in their study would need to have been within 10 m of the playback location to experience
similar received levels. Consequently, the authors suggest that thestwdies(Hastieet al. 2017
Robertsoret al. 2018)may actually be in agreement

More recently,Onoufriouet al.(2021)carried out a study of th behavioural responses by tagged

harbour seals to the presence and operation of the MeyGen array of four tidal turbines in the Pentland
Firth, ScotlandDistributions of seals were compared before and after installation of the array, and
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between periods Wen the turbines were operating or stationary. The results showed that the presence
of the turbine array did not significantly influencesga distribution but that the operational status of

the array did. Model predictions suggested that seal presenceedsed significantly up to 2 km from

the turbine array during operational periods; mean change in usage within 2 km of the turbine was
27.6% (mean 95% C181% and 49%).

In practice, these empirical changes in abundafitastieet al. 2018; Joet al. 2018; Onoufrioet
al.,2021)could be most appropriately used to scale the underlying density estimates in encounter or
collision risk models. It is also important to highlight that the observegaases were to a single point
source or small array and may not be appropriate for estimating the effects of large operational tidal
arrays.Further, recent evidence suggests that avoidance responses to tidal turbine noise are likely to be
highly contextdependent(Hastieet al.2021)

Although good progress has been made in understanding how harbour seals behave in response to
2LISNF GAYy3 GdzZNDAYS G ao0FfSa 2F mnnQa (2 wmInnnQa
movements (at a scale of metres) of individual seals around operating turbines remains the critical
research gap with respect to deriving avoidance/evasion rates and understanding the potential impacts
of tidal devices. However, a NERC and Scottish Goesrtrfiemded research project is due to deploy a
combined active sonar and passive acoustic tracking system alongside an operating tidal turbine in
2022. This aims to track individual seals at high resolution (metres) within 30 m of the turbine and
guantify movements around the turbine. The combination of this and the results of the previous studies
(Hastieet al. 2017 Joyet al.2018; Robertsomt al.2018)should provide information on behaviour of

seals at the range adpatial scales required to effectively derive empirical avoidance rates to operating
turbines.

In summarythere is a complete lack of information on close range evasion of turbine blades by any seal
species and a generalck of information orinteractions between grey seals and tidal turbines

Although data exist for harbour seatbgir responses appear variabl@gble 1§and there does not

appear to be a scientific basis on which to move away from the 'present a range of potential avoidance
rates' currently recommendefbr estimating collision riskScottish Natural Heritag€016)

Table16. Summary of the previous studies to measure the avoidance of operating turbines, or their
sounds, by harbour seals. The table shows the mean change in abundance (%), the tidal turbine and
location of the study, the scale that a response was measured at tla@ reference for the study.

Mean % change in Source Scale Reference
abundance
-68% 95% Cls:37%,-83%) SeaGen turbine (Strangfor Within 200m  Joyet al.(2018)
Lough)
-27% 95% Cls11%,-41%) Acoustic playback of Within 500m  Hastieet al. (2018)
turbine sounds (Kyle Rhea
Skye)
No significant change  Acoustic playback of Within 1000m Robertsoret al.
turbine sounds (Puget (2018)
Sound, U.S))

-28% (95% Clst1%,- 49%) MeyGen turbine array Within 2000m Onoufriouet al.(2021)
(Pentland Firth)
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32. Please could SCOS recommend the most appropriate at sea abundanc
and distribution data source for use in licensing applications and planniy MS Q18
activities (both renewables and major infrastructure). Where such data
sources provide relative density, could SCOS please advise on an
appropriate method to convert to absolute density.

The most appropriate asea abundance and distribution estimates for informing licencing and
planning decisions are those derived from habitat preference modelling (Caeteal.,2020). These are
more up to date, in terms of both telemetry and haulout count data, than previous maps (Russell
al.,2017) and do not rely on null usage (decaying use with distance from haul out sites) for areas
which lack sufficient telemetry d&. However, the limitations associated with the respective methods
(discussed in Russell and Carter 2020) should be considered during interpretation. Critically, for both
the usage maps (Russeit al.,2017) and the habitat preference maps (Carietral.,2020), the

confidence intervals are calculated on a cel-cell (5 x 5 km cellpasis and thus should not be

summed over multiple cells to generate lower or upper confidence intervals for a wider area,(@.g.
windfarm footprint).

The habitat preference maps present edea seal density values as relative abundance, (i.e
percentage of the assea population of the study area estimated to be in a cell at any one time),
rather than absolute abundancd.€., number of animals per cell). This ecause the conversion
process from relative to absolute abundance involves certain assumptions and caveats (discussed
below). Thus, relative density maps (rather than absolute) should be used whenever possible.
Nevertheless, absolute abundance estimateaequired for certain applicationsThe process for
estimatingabsolute densityis detailed below.The atsea abundance estimates used the most recent
available haulout count data up to 2018ut can be updated in the future with more uo-date

counts.

Currently, uncertainty around the size of the &ea population (at individual haulout sites or overall)
cannot be incorporated into the maps; the lower and upper confidence intervals for absolute density
maps only represent uncertainty in the habitat prefence relationships, and therefore relate to
uncertainty in the spatial distribution of a fixed number of seals emanating from each haulout area.

The predicted asea abundances are derived from combining the haulout counts which were used to
generate the relative densities, the estimated proportion of the population hauled out and thus
available to count during surveys, and the estimated proportion of the total population at sea during

the main foraging seasoin€., excluding breeding and mtiing). The latest asea maps of seal

distribution (Carteret al. 2020) provide a relative index of density (the percentage of the totakat
abundance, i.ethe mean maps will sum to 100% across all grid cells). Separate maps of 95% upper and
lower confidence intervals associated with these mean relative density values are also provided. These
confidence intervals encompass only the uncertainty in the habitat preference relationshipdhé.e.

latest haulout count was considered for each 5knbcell; no uncertainty in the relative weighting of
haulout counts was incorporated). The density estimates (percentage of tesalsapopulation)

presented in these maps were based on weighting the predicteskatdistribution emanating from

each 5 x &m haulout grid cell by its most recent August count. To convert these relative estimates to
absolute estimates, the first step is to convert the total from the abmentioned August haulout

counts (36,982 and 46,763 for harbour and grey seals, respggtinto a population estimate,

accounting for the seals that were at sea during the surveys. This was done using the mean estimated
proportion of the population hauled out during the survey window, and thus available to count, from
telemetry data: 0.72dr harbour seals (Lonergat al.2013) and 0.2515 for grey seaBJOSBP 21/03.
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The second step is to estimate the mean totabat abundance during the months over which the

maps represent (i.eexcluding breeding and moulting) using the poajion of the population

estimated to be at sea; estimated to be is 0.8236 for harbour seals (October to May; Ruak@015)

and 0.8616 for grey seals (May to August; Russall. 2015). This results in an estimatedsaa total of
42,303 harbour and 160,203 grey séalBhese values could be used to calculate mean predicted
absolute abundance over any number of grid cells by multiplying the percentage value in each cell of by
the estimated total atsea abundance for the species anarsning this value over all grid cells of

interest. Note that the proportion of the population estimated to be at sea is averaged across days and
years, and thus does not account for variation in the proportion of time speséatwith season and

state oftide. Moreover, lower and upper confidence limits for absolute density maps do not capture
uncertainty related to variation in the proportion of time spents#a throughout the year, thus relative
density maps should be used where possible.

Other Impactsand Bnerginglssues

33. a.Can SCOS review and analyse whether repeated disturbance to sej
(such as repeated flushing into the water) could lead to localised Defra Q6
behavioural or welfare implications up to a wider populaticievel
effect?

b. CanSCOS review current guidance for anthropogenic related seal
disturbance and determine whether different categorised thresholds fg
land (public at beach haul outs), sea (by boat and water sports) and ai
(use of aerial drones), could be usefully calculatedm NGO monitoring
data and implemented to help reduce disturbance.

c.Could SCOS please advise what data should be collected, at a
minimum, on disturbance events? This would help to inform a
standardised approach should a nationwide reporting atideshold
system for recording disturbance events be developed.

33a. The potential for individual and populatiofevel consequences of disturbance to seals on |

Disturbance to hauled out seals has the potential for a range of effdioten increased vigilance
through to flushingseals intothe water which maydisruptimportant rest, moult and breeding
activities. Repeated disturbances likely to exacerbate such effects amduld lead toabandonment of
pups, orpossibly todesertion of haulout sitesInterspecific differences in sensitivity to disturbance
could potentially exacerbate competition between grey and harbour sedlttle is known about the
potential for humaninduced disturbanceof seals on lando adverselyaffect their ability to reproduce
and survive and thereforeno information to allow estimdion of population consequences-owever,
while disturbancecan clearly affect individual animal welfare, there is no evidence that disturbance
at haulout sites is currently a concern at the population level.

Observed responses to disturbance arery site and context specific and the impact of responses are
likely to vary significantly depending othe speciestime of year and life history stage of the animals
involved. There are also well documented examples of both species habituating toudistnce from

8 Due to a review of the scalars associated with converting haulout counts iseaabundance
estimates, these totals are different to those peesed in Carteet al. (2020).
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land-based tourism, boats and lovflying aircraft. Lowerlevel stress responses may occur with no
visible behavioural response.

Although there are concernabout localisedeffects of repeated disturbancé specific areasand
legitimate welfare concerns where seals have been injured when flushing from haulout sites on rocky
shores,there are noknown examples where current levels of disturbance have tecpopulation level
consequencesit regional or natonal scales folJK seals.

A frequently expresseatoncern over the energetic effectsnseals of being flushed into the water is
unlikely to be important.Both grey and harbour seals are thermeeutral in the water temperatures
experienced in UKoastal watersandlittle energywill be expendedin running to the water

Disturbance during the moult and breeding seasons may have more important impacts, disrupting the
skin and hair renewal during the moult and potentially breaking materriminds and suckling

behaviour during the breeding season.

33b. Guidance for seal disturbance and thresholds

There is already sufficient information to show that disturbance threshold distances are location
specific.For example, seals at some sitalow very close approaches by pedestrians or boats without
showing overt signs of disturbance while at other sites seals respond to the presence of observers at
ranges of several hundred metre#.is also clear that types ofesselsor familiarity with specific

vessels can alter the reaction threshold distanceSnecdotalevidence suggests that time of year also
has alarge effect on the sensitivity to disturbance.

All existing guidance documents share a number of commonalities. Thegckihowledge that the
likelihood and level of response is very variable and context dependent and that at some times of
year seals are more sensitive than at others. They also all put a considerable emphasis on the use of
careful observation, and several pvide useful information on the signs to watch out for to indicate
seals are being disturbed. Clearly defined distance thresholds or buffers are rare.

Most published guidance relates to disturbance by labdsed activities, while a smaller number

address boat-baseddisturbances, particularly for recreational boating and wildlife tourisribrone

activity around haulout sites and resulting disturbance events are increasing but few specific guidance
notes address drone flyinglhere have been two publigid studies on the responses of seals to drone
overflights which could be used to develop guidance.

33c. Advice on data that should be collected disturbance events

To understand the potential for disturbance to significantly affect UK seal populations, at local,
regional and national levels, more informatiois required on the levels and severity afisturbance
eventsand the behavioural responsesf seals as well & nformation onthe potential effects of these
on individual health, energeticdbreeding success and survivéf particular importance are species
specificdisturbance effects/responses that have the potential to influenteth the frequency and
the consequences of interactions between seal speciéscused effort on documenting changes in
breeding success or the health/energetic status of disturbed seal$ balrequired to predict how
disturbance on land could translate to populatielevel effects.

To develop distance thresholds requires information on seal responses together with detailed
information on the type, intensity and proximity of the disturbingtimulus NGO monitoring data on

seal disturbance made available to SCOS did not include records of the distances of activities to which
recorded responses occurretherefore SCOS cannosethese datato derive such thresholds.
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Data collection requirements depend on the specific question being addressed. Monitoring the
presence and severity of response in relation to different activities and approach distances at a local
level could allow the development of specific localised dance for boat operators, tourists and
recreational users of the coast.

Detecting population level effects of disturbance using observations at haulout sites would be difficult
and would require monitoring effort to be focused on understanding the exteotwhich disturbance
could affect the survival and reproduction of individuals. This could involve monitoring of a range of
metrics related to human activity and numbers of seals hauled out, metrics related to breeding
suckling behaviour, weaning massyp counts, also individual measures of health and condition. It

will not be possible to estimate some of these metrics from simple observations, and a nationwide
study of such metrics would be extremely expensive. These could better be addressed through
targeted research.

However, ifco-ordinated and standardisedisualobservations aredone at a sufficiently large number
and representative rang®ef sites, and oveseveral yearst might enable a nationwide metaanalysis

of the potential nature andextent of human disturbance to seglopulations. Some of this

information may already be being routinely collected by locaid regional groupse.g.,NGO

monitoring of haulout numbers may allow an analysis of haulout patterns to investigate possible
large-scale effects of human disturbance by comparing haulout counts times when human activity is
higher, e.g.,at weekends, with period of generally lowedactivity.

33a. The potential for individual and populatiocfevel consequences of disturbance to seals on land

In order to have a populatictevel effect, a stressor must affect the ability of individuals to survive
and/or reproduce and enough individls must be thus impacted to alter the trajectory of the

population. Little is known about the potential for humamduced disturbance to seals on land to affect
vital rates and therefore lead to populatidavel consequencedt is possible that in some

circumstances, individual survival can be affected if disturbance results directly in injuries to individuals.
For example, a disturbance event leading to a seal falling from height onto rocks whilst trying to reach
the water resulting in severe injury amortality, or as in a recent welublicised case, severe injuries
caused by dogs attacking séalslthough these types of events are known to occur, and are a clear
animal welfare concern, it is unlikely that they are currently occurring to the extteipopulation vital
rates will beaffected,and disturbance is not at present included in the list of potential population
threats (see Answe36 below).

Assessing the sdlethal effects for individuals and the resulting populatierel consequences of any
stressor is a significant challenge because it requires detailed knowledge of the nature, extent and
magnitude of individual responses to the stressogilestion, as well as baseline knowledge of
behavioural patterns, life history and demography of the population(s) in question. One common
approach to the assessment of the population consequences is the Population Consequences of
Disturbance Framework (D) originally developed as a conceptual framework for acoustic
disturbance by US National Academies of Sciences National Resource Council in 2005 (National Research
Council (2005)) to evaluate how changes in behaviour caused by acoustic disturbancesultag
population effects by affecting the critical life functions of marine mammals. It was later generalised to
all types of disturbance and describes a process, progressing from changes in individual behaviour
and/or physiology, to changes in indival health, then vital rates, and finally to populati@vel
effects.Much effort has been focused over the past decade on parameterising parts of this framework
for a range of species and stressors (esge Pirottaet al. 2018).

9 https://www.bbc.co.uk/news/uénglandlondon56489147
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Disturbance thtoccurs at sea is often assumed to affect energy balance of individual marine mammals
through reduced foraging, for example as a result of displacement from foraging grounds, or as a result
of increased travel cost due to avoidance of areas of disturbandetherefore the potential energetic
conseqguences can be predicted on the basis of effects on energy balance and then on the basis of the
links between energy balance and survival and reproduciitiese individual based consequences can
then be scaledip to population effects based on an estimate of the numbers of individuals affected.

The consequences of disturbance to seals on land is harder to predict. This is partly because the drivers
for seals to haul out are variable and therefore the conseqaeraf disrupted haul out will be variable

and context specific. Seals are thought to haul out for a variety of reasons; for rest, to carry out
necessary physiological processeg(, e.g.moult, digestion), for predator avoidance and for breeding

and provisioning pups. Therefore, any disturbance disrupting these activities has the potential to have a
wide range of consequences which will be very context specific. There are a number of mechanisms by
which chronic disturbance could be hypothesised to affedtaviour, physiology and health in a

manner that could affect vital rates.

Behavioural responses of seals on land to human disturbance, such as increased alertness, movement
towards water and flushing into the water, have been documented in nstungies globallyd.g., e.g.,
Renouf& Lawson 1986, da SilkaTerhune 1988, SuryataHarvey 1999, Stron§ Morris 2010, Johnson

& AcevedeGutierrez 2007). Changes to haul out numbers in response to disturbance and time taken for
these numbers taecover to predisturbance metrics have also been documented in many studigs (
e.g.,Henry& Hammill 2001; Mathews,2016 Patersonret al.,2019). Documented responses are very
variable and depend on the type of disturbance (pedesisi dogs, kayak, powerboat, cruise ship, aerial
etc.), distance of approach and locatidtowever, there are also some clear UK examples where

obvious human presence, in some cases involving close approaches to seals, is not acting as a deterrent
to hading out €.g., e.g.Horsey) or breedinge(g., e.g.Blakeney and Donna Nook) by grey seals. It is

also apparent that hauled out seals of both species can habituate to the presence of, and tolerate close
approaches by tourist boats,g., e.g.tourist boats at Dunvegan, the Farne Islands and Blakeney Point
now regularly approach to within 2B0m of seals on haulout sites without causing apparent

disturbance response. The likelihood of behavioural responses and their potential to lead to individual
welfare, health and energetic consequences for individuals is clearly very location and context specific.
In some areas in the UK.¢., e.g.Cornwall, the Ythan Estuary) there are regular reports of repeated
disturbance of seal haulout sites and growing conamong NGO groups that such disturbance will
negatively impact individual seals and pose potential threats to the continued use of sites for hauling
out and/or breeding€.g., e.g.Cornwall Wildlife Trus2021).

However, the consequences of these responses for individualsot well understood. A small number

of seal telemetry studies have examined individual responses to disturbance in detail and these may be
informative about the potential for such conseques. Andersemt al.(2014) and Patersoet al.

(2019) indicate that harbour seals show strong site fidelity even when subject to repeated disturbance.
Tagged harbour seals in Islay, Scotland would either haul out again shortly after the disturbance or
would head off to sea on what appeared to be normal foraging trips. Similarly, Andetrs¢i§2014)

reported that tagged harbour seals at thal#olt seal reserve in Denmark would forage after being
disturbed instead of resuming hauling out, which perhapat#ed them to minimise the cost of

disturbance. Although pedestrian disturbances caused longer at sea trips than undisturbed trips, in
general the extent and areas usddring disturbedand undisturbed trips were comparablRatersoret

al. (2019) foundhere was no change in haul out use of harbour seals in terms of preferred sites,

despite the availability of alternative nearby haul out sites so disturbed seals did not incur additional
travel costs by moving to other sites, nor did abandonment of pretesites appear to be a risk under
conditions of repeated disturbance and flushing. Patersbal. (2019) also found that the number of
harbour seals on the haul out returned to 94% (95% €55 H™> 0 2 F LINBTRA A (G dzND | y OS
hr.
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Data from suchelemetry studies may provide suitable data on individual responses to disturbance
events over appropriate time scales to use in-biergetic simulatiorbased modelling approaches.
Results from these simulations could ineorporated withmodels to predit future population

trajectories and to determine whether populatidavel impacts are possible from observed and future
projections of the extent of disturbance. However, as noted above, such an approach requires a
detailed understanding of baseline allance and demographics at appropriate scales which is not
often available for many seal populations. There are no equivalent data on the individual responses of
grey seals to disturbance on land to currently enable this approach for grey seals.

The effecs of disturbance are also likely to vary significantly depending on the time of year or life
history stage of the animals involved. For exampiederseret al. (2012) observed that Anholt harbour
seals left haul out sites to enter the water during the areeding and posbreeding periods but were
reluctant to leave the haulout during the breeding period. In addition, return times depended on the
time of year with seals coming back during the hours of darkness during pre and post breeding periods
but cameback immediately after disturbance during the breeding period. This could indicate that the
probability of a behavioural response is negatively correlated to the potential consequences of
response. It is important to note therefore that a lack of respotses not equal a lack of impact and
conversely a response may not indicate an impact. This, of course, makes interpreting observed
responses (or lack of them) very difficult.

Repeated flushing into the water could have more significant consequencigdbe annual moult.

Both harbour and grey seals spend more time hauled out at this time to circulate blood to their skin,
allowing for efficient regrowth of hair avoiding excessive heat loss to water (Ling, 1970). Repeated
immersion during this period nyaslightly increase heat loss, but more importantly it may impede the
growth of new hair, extend the moutturation,and affect the longeterm energy balance of individual
seals. The magnitude of disturbance required to result in an effect on survival or breeding success as a
result of this pathway is unknown.

During breeding on land, disturbance has the potentiaffect survival and reproduction directly. Pups
forced into the water may suffer thermoregulatory impacts and smaller pups with less insulation are at
risk of hypothermia. Energy balance could be affected which might lead to lower weaning mass.
Similarly|if suckling is disrupted this could result in a reduction in the energy transfer from mothers to
pups during lactation also resulting in lower weaning mass. Pup weaning mass correlates with suckle
bout durations during early and nHdctation in elephanteals (Engelhardt al. 2002). Weaning mass

and condition correlates with posteaning survival in a number of seal species (e.g., McMahon
al.,2000; Halkt al. 2001; Hardinget al. 2005) so this provides a potential mechanindisturbance
induced impacts on the survival of pups.

It is unlikely that disturbance of individual suckling bouts or even repeated, short duration disruptions
would have a detectable effect on overall energy transfer, as short delays in sucklimgf argortant.

Indeed, Engelhardt al. (2002) found that in spite of the relationship between suckling and weaning

mass, there was no evidence that the presence of disturbance directly affected weaning mass in
southern elephant seals. Engelhatdal (2001) reported that although mothers and their pups were

smaller in an area of higher human activity, in proportion to their own size, females in areas of higher
disturbance produced weaners of similar mass. This pattern of smaller mothers being presen¢in mo
disturbed sites may have been as a result of site selection by larger, more experienced females selecting
less disturbed sites. Similarly, Wilkinson and Bester (1998) found that direct onshore human disturbance
(which was described as frequent and caesable) was not a factor in the decline of elephant seal
numbers on Marion Island. In addition, despite frequent visits by tour boats to grey seal breeding
beaches on Ramsey Island, Wales, and documented behavioural responses to the presence of human
activity, no reduction in reproductive rate was recorded (Strong & Mp2a4.0).
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Direct disturbance could result in mothpup separation leading to pup abandonment, however

complete pup separation as a result of flushing is unlikely unless it happens vigringhe lactation

period due to close coordination between mums and pups and the role that vocal behaviour plays in the
maintenance of the bond (McCulloch & Boness, 2000; Seual 2015). Male aggressive charges at
human intruders, or adult seale#ing from human disturbance has the potential to cause direct

mortality to pups.

The large numbers of harbour seal pups taken into rescue centres in the UK and the rest of Europe
include a proportion of preveaned pups, suggesting that harbour seal hestpup bonds are

susceptible to disturbance. There is little information on the levels of disturbance required to sever
these bondsDisturbance during catching and handling of harbour seal pups for studies of pup survival
and pre and postweaning foraging patterns suggest that single disturbance events, even those
involving protracted separation of the pair and extensive disturbance on the haulout site did not lead to
breakdown of the mother pup bond (Bekkby, Bjorge & Bryant 2000;BekkBjorge, 2003; Hansa@t
al.,2014).Repeated captures to track the mass changes of harbour seal pups during late lactation and
40 days after weaning (Muelbert & Bowen, 1993) did not cause any pup marki@yjous studies have
shown that harbour sals can be displaced frohaulout sites when exposure to anthropogenic activity

is continuedover several years (Becker, Press, & Allen, 2009; Becker, Prelfsn &2011).

There are also a number of other potential impacts as a result of disturbanadimglincreased

predation risk and stresfisturbance leading to flushing could result in increased risk of predation. This
is only likely in a limited number of areas in the UK, for example in Shetland, where seal predation by
killer whales is known toccur.Effects on physiological parameters as a result of stress is much harder

to determine, but it is possible that in some circumstances, high levels of chronic disturbance could lead
to levels of physiological stress that could affect health staftiadividuals.

Although there are no examples of human disturbance leading to population level effects in the UK,
there is evidence linking human disturbance to effects on vital rates and/or declines in other phocid
populations. Although not the only fear, human disturbance is one of the factors thought to be
responsible for the decline of both the Hawaiian and Mediterranean monk seals to critical levels. In
some cases, human disturbance led to Hawaiian monk seals abandoning core habitat and moving to
sub-optimal habitats where breeding success was lower (GerodetBImartin 1990)Liukkoneret al.
(2017)showed that perinatal mortality in Saimaa sealgé@ases significantly in areas in which the
nearest building is within 80@ of a birth lair.

In the UK, although observed disturbance is clearly an animal welfare concern, and measures to reduce
disturbance are a sensible approach, particularly as masa} keal populations are increasing in areas
where there is much human activity and interactions are likely to increase, there is currently no

evidence that disturbance is affecting the numbers of seals present in any areas in a local or regional
context a is affecting breeding success. Areas where the largest declines in UK harbour seal populations
have been observed are the arddely to be the least disturbed (e.g., Orkney and the North coast of
Scotland) and grey seal numbers continue to increas®ime of the most heavily populated areas of

coast.

To conclude, while there are a number of potential mechanisms for human disturbance to affect
individuals to the extent that their ability to breed successfully or survive might be reduced, to
understnd the potential for disturbance to significantly affect UK seal populations, at local, regional
and national levels, more information is required on the levels and severity of behavioural responses
and the potential effects of these on individual heakihergetics and breeding success and ultimately
survival. Focused effort on documenting changes in breeding success or the health/energetic status of
disturbed seals will be required to predict how disturbance on land could translate to populetieh
effects.
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33b. Guidance for seal disturbance and thresholds

Specific guidance on the offence of intentional or reckless harassment at designated senlttsitds

in Scotland has been publisiédThis guidance details that the sensitivity of seals at-bats can be

site specific and can highly variable. It also highligtas motherswith pups are more sensitive than

other seals and that pups on land can be separated from their mothers. Sensites are described as

breeding and moult seasons and greater caution is required during these times. Although careful to
highlight that it is up to the courts to decide what might constitute an offence, the document offers

JdzA Ry 0OS 2y WXKSY HISOY aWNB@IiSYaaQ yRQ KIFNIaavySyiaQ
GKS F2tt2¢gAy3 Aa adlridSRY aAl ¢2dzZ R Ay Ot dzZRS lye |
haulout site to leave that site either more than once or repeatedly othénworst cases, to abandon it
LISNXY I ySyitewmé | ydzYoSNI 2F SEI YL Sa | NB LINROARSR
AYyGSyaAaAz2zytrt 2NI NBO{fSadaa KIEINIaavySyildo ¢KSa®utiyOf dzF
from seaward (particuldy in a kayak, jet ski or speed boat) that causes a significant number of seals on
adesignated hat® dzii G2 adl YLISRS Ayid2 GKS 6FGSNWE 1fazy a
causes a significant number of seals on a designatedchaub stay LISRS A y (i 2Note#S &I G S NJ
these two cases the emphasis on the reactions of the seals rather than the actions themselves.

¢tKSNB INB Ffaz2 | ydzYoSNI 2F | OldAzya GKIFIG FNB yz2i
NBO]f Saaf & oaaddighated Bhéut By Eebeatad overflight in a fixed wing aircraft or

helicopter at low level (i.eless than 1,000 feet)ntentionally or recklessly approaching or sneaking up

on seals on designated haaolits from the landward side. Intentioriglor recklessly crowding or

SYOANDt Ay3a aSlrta 2y RSaAIylFIGSR KI dzf 2dzii avé { LISOA T
response of seals and it is emphasised that it is important to allow the animals to decide how close is
acceptable.

The same corarns of aerial disturbance will apply to dron&ecreational use of drones is expanding
rapidly and there are many press reports and social media examples of disturbance of seals at haulout
sites, often involving flushing of animals from haulout siféere is little guidance directly targeted at
drone flying over seal haulouts, but there is published information on the effects of drone flights on
hauled outgreyseals during the breeding and moulting seasons (Pometray, 2015;Aronaet

al.,2018))hat could be used to generate guidance

There has been no specific monitoring of the success of the designation of seal haul outs in reducing
deliberate harassment at haul outdowever, it is clear that the legal protection afforded by the seal
haulout designation provides a framework for activities causing disturbance at designated haul outs to
be reported and subsequently managed. The public awareness of this protection may be contributing
significantly to seal protection in some locations.

Althoudh such restrictions do not apply in the rest of the UK, guidance on general seal watching has
been published by the Marine Management Organisafiand information notes on the evidence

relating to the effects of wildlife watching and a range of differactivities in relation to disturbance on
seals at haulout sites in marine protected areas have been published by Natural Ehghandiance

notes to provide advice on best practice for wildlife watchers and wildlife tourism operators have been

10 htps://consult.gov.scot/marirenvironment/possibldesignatiorof-a-sealthauloutsite/user _uploads/quidance
ontheoffenceof-harassmenat-seathauloutsites.pdfl

1 https://marinedevelopments.blog.gov.uk/2016/08/11/ge@itectedillegal-touchfeed/
12 Natural England Evidence Information N®EIN0B-37
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publishedby both government and voluntary organisatioesy;, e.g.NatureScot, National Trust and
The Seal Allianég.

All of the available guidance documents share a number of commonalities. They all acknowledge that
the likelihood and level of responsevisry variable and context dependetaind that some times of year
are more sensitive than others. They also all put a considerable emphasis on the use of careful
observation and several provide useful information on the signs to watch out for to indsedés are

being disturbed. Clearly defined distance thresholds or buffers are rare.

NGO monitoring data on seal disturbance made available to SCOS did not include records of the
distances at which the reported responses occurred therefore SCOS asmmtbése data to derive

such thresholds. There exists a wide variety of published data on the distance at which seals respond to
various activities at a range of locations but as highlighted above, these are highly variable and context
specific and thereford is difficult to determine generalised thresholds or buffer zones.

33c. Advice on data that should be collected at disturbance events

It is generally accepted that minimising disturbance of wildlife is beneficial, and that disturbance should
be avoided wherever possibl@his is particularly true for some hamlit sites along rocky coasts with

high tidal range, where disturbance can directly lead to injukiEsvever, the majority of disturbance
events do not lead to injury, and as detaildsbae, there is little information available for seals to

assess the consequences of disturbance for individuals or populations.

Although the variation in responsiveness of seals to disturbance limits the usefulness of setting
generalised threshold distansemonitoring the presence and severity of response in relation to

different activities and approach distances at a local level could allow the development of specific
localised guidance for boat operators, tourists and recreational users of the coastvdiiid require

the adoption of standard definitions of response type and severity, or restricting the definition of a
response to a very specific outcome, such as animals leaving the haul out, as well as a reliable way of
estimating the distance of appreoh of each activity. Neresponses to the presence of activity are

equally as important to record as responses. Carrying out behavioural observations during non
RAAGdzZND SR LISNA2R& ¢g2dA R faz2 ftft2g Wy2NMEEQ | OlA
useful comparison with behaviour in the presence of human activity and develop an understanding of
the impact of the observed responses. Regular counts of haul outs in a region at an appropriate spatial
scale (to be able to detect movement between hautin response to disturbance) would also be
required to link disturbance to an effect on haul out use and local population size.

As discussed above, to address concerns about population level effects of disturbance, information
about the extent to whicldisturbance could affect the survival and reproduction of individuals is
required. This information is challenging to collect using observation alone and might be better tackled
with targeted research. However, if @rdinated and standardised visual olpgations are done at a
sufficiently large number of representative sites, and over a sufficient period of time, the resulting
information could enable a nationwide metmalysis of the potential nature and extent of disturbance.

It is likely that some ofhiis information (for example haul out counts, activity budgets and occurrence of
disturbance events) is already being collected by local groups and@ic@ated effort to standardise

and collate these datasets may be usefelg., e.9g.NGO monitoring bhaulout numbers may allow an
analysis of haulout patterns to investigate possible lasgale effects of human disturbance by

13 hitps://www.nature.scot/professioredivice/landandseamanagement/managirapastsandseas/scottish
marinewildlife -watchingcode

14 hitps://nt.global.ssl.fastly.net/godrevy/documents/fiowvatch sealsresponsiblywithoutdisturbingthempdf
15 hitps://www.gov.uk/government/news/publicgedto-give-sealsspace
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comparing haulout counts times when human activity is higbey,, e.g.at weekends, with period of
generally lower activity. Although this would not provide information on specific disturbance events it
may shed light on the scale of disturbance effects.

Two studies have examined the effects of controlled disturbance of harbour seals eouhaites on

their short and mediurierm behaviours (Anderseet al. 2014 Patersoret al.2019). In both cases
telemetry data showed that post disturbance movements and swimming behaviour were similar to
behaviour after normally terminated haolut periods.Asstated above, responses will likely be context
specific and different types or levels of disturbance may produce different respofsekste there

have been no specific studies of the movements or swimming behaviour of grey seals in response to
disturbance at haulout sites.

34. If funding became available to undertake pestortems on a limited Defra Q10a
number of seals in England, could SCOS please advise on which stran
should be the top priority to investigate? For example, which apparent
causes of death, whickpecies, age class, location etc. Could additional
post-mortems be of benefit to our understanding of wider issuesy., e.g.,
on the decline in The Wash harbour seal population, for example?

There are several current polieselated reseach questions relating to the status of English seal
populations and their management thatould be usefully informed bypost-mortems of seals.
Examination of the cause of death and associated ecological and life history information for any
stranded harbour seals in the southeast England Management Unit may help inform our
understanding of drivers of the current observed decline.

Other areas that could be informed by sepbst-mortemsin general include disease surveillance,
ecological factors such as diet, exposure to marine pollution (including entanglement) and evidence of
interactions with fishing gear. Collection of material fromybaught grey seals for genetic analysis may
help elucidate the population source of bycaught animals.

Stranding schemes can provide a useful means of surveillance of wildlife health and disease and SCOS
would support the inclusion of seals in the nationsiranding scheme for England and Wales (they are
already part of theSMASS iscotland).

In addition to the relatively small number of seals that can be subjected to full pogirtem
examination, information from detailed photographs with associated ldza and date/time
information can provide useful dataPromoting such data collection and establishing systems for
gathering and collating sucteports may bea cost-effective approach tounderstanding the patterns
and trends of seal stranding®Notwithstanding the research priorities, various physical aspects of
individual stranding events will need to be taken into account when deciding whether or not to
collect a specific carcass fpost-mortem examination, including freshness of the carcass,
location/accessibility and presence or absence of a clear cause of death,net entanglement or
severe trauma.

In terms of structuring a general strandings sampling programme and prioritising cases, the existing
strandings schemes in the UK and internationally, have developed best practices. Those schemes
should inform any proposed increase in sampling effort iretlK. However, sampling schemes need
to be flexible enough to respond to new and emerging problems and there are some current policy
related research questions relating to the status of English seal populations that may be usefully
informed by postmortems of seals.
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It is difficult to determine which strandings (in terms of location, species and age) should be prioritised
without an understanding of strandings patterns and trexqdke utility of postmortemsin providing
information to inform the manageernt of a species will increase with increasing sample sizds

durations of monitoringand it is difficult to determine thia priori. In terms of structuring a general
strandings sampling programme, these issues have already been addressed by the existing strandings
schemes in the UK and Europe, and the best practices of those schemes should inform any proposed
increase in sampling effon the UK. However, sampling schemes need to be flexible enough to
respond to new and emerging problems and there are some current policy related research questions
relating to the status of English seal populations and their management that may bélyisgirmed

by postmortems of seals.

The first of these is the recently observed decline in the harbour seal population sotitleeastof

England $COBP 202106). The drivers behind this decline are currently unknown but any recording,
recoery, and postmortem examinationof dead harbour seals in this region may inform our
understanding of the reasons for the decline and provide information/evidence to allow us to rule
potential drivers in or out of contention. Although it is important tat@he inherent bias in strandings
data, in that few seals that die beyond a few km from the shore will be likely to strand, specific causes of
death that may occur more offshore will likely be underrepresented in strandings. Notwithstanding this
bias, idetifying the major causes of death of any strandings in this region may still allow us to
determine the degree to which any diseases or particular conservation threats may be having an effect,
and whether they could be occurring at a magnitude that codddsponsible for the observed decline.
The demographics and locations of stranded animals may also be informative.

In addition to determining any emerging patterns of specific causes of death, a more detailed
examination of stranded harbour seals mayuseful to inform our understanding of potential

ecological drivers of observed population trends. This includes investigations such as the examination of
stomach contents and/or analysis of tissues for stable isotope signatures, providing informatiat,on di

as well as the characterisation of contaminant and toxin exposure, any evidence of interspecific
predation €.g.,spiral wounds typical of grey seal predation) and information on the age and

reproductive status of stranded individuaPRotential biass in theanimals available fasampingand

problems of small sample sizes must be considered when analysing such datasets.

The UK harbour seal population experienced significant mortality from outbreaks of the Phocine
Distemper Virus (PDV) in 1998 an@@92.It is possible that another PDV epidemic will occur and given
the already declining status of trlemutheastEngland harbour seal population, its effects could be
catastrophic. Screening for PDV in stranded individuals may provide an early warning system for a
future outbreak.

There are a number of other general policy areas that could be informed by investigjat stranded

seals if it involved collation of evidence over a relatively long timescale. These include the presence and
incidence of evidence of interactions with fisheries and fishing gear, ship and propeller strikes and
evidence of entanglement andgestion of micro and macro plastics. If carcasses were sufficiently fresh,
the structures of the ears can be examined for evidence of hearing damage that might have been
caused by anthropogenic noise.

Notwithstanding the research priorities, various gioal aspects of individual stranding events will need
to be taken into account when deciding whether or not to collect a specific carcgsssemortem
examination, including freshness of the carcass, location/accessibility and presence or absetlearnf a
cause of deatle.g.,net entanglement or severe trauma.
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35./ Iy {/h{ FTR@AAS 2y NBOSHgJ]., swblied S NI Defra Q10b
muzzles; open wounds and oral ulcerations that can lead to bone
exposure, bone necrosis and potentially septicaemia atwhth), an
unknown disease that appears to be affecting harbour seal pups on the
east coast of England3pecifically, what data should be recorded to
enable and enhance further investigationd®o SCOS consider that this
disease should be taken into account during the investigation of the
harbour seal decline in the Wash?

In order to evaluate the prevalence of mouth rot in harbour seal pups and the extent to which it

poses a threafor conservation, including its potential as a contributory factor in observed regional

harbour seal declines, a robust quantitative analysis of the incidence and circumstances of the disease

is required. To enable this requires records of each case olesarwith ancillary information recorded

to provide useful covariate information (see below). Ideally this information should be provided in

the context of all cases of rescue/stranded harbour seal pups to allow an evaluation This will allow an
evaluationof trends and indicate any potential overall increase in pup mortality rates. This will likely

involve collating data from a range of sources including rescue centres, RSPCA, SSPCA, SMASS, BDLMR
and CSIP.

The causal agent and the extent of the problem amerrently unknown, but SCOS understands that
detailed investigations of the pathology, bacteriology and virology of the disease are underway by
researchers at Teesside University together with British Divers Marine Life Rescue

{/h{ INB IgINBE 2F NBOSYyl 206aSNBI GA2ya 2F WwWY2dziK
because of discussions at recent Defradedl network meetings attended by SMRU. The causal agent

and the extent of the problem are currently unknovut SCOS understands that detailed

investigations of the pathology, bacteriology and virology of the disease are underway by researchers at
Teesside University together with British Divers Marine Life Rescue (BDMLR) veterinary staff, and SCOS
look forwardto the results of these investigations.

Based on photographs of the lesiohdl A & | LILJ NBy i G KIF G MY®3davdeal NP G Q A
seals withsimilarmouth lesions were recorded in southeast Englaamt similadesions were recorded

in at least twoharbour seals in the same region in02@ollectedduring the PDV epidemichere are

also unconfirmed reportsthat A YA £ | NJ WY 2 dzil K N&rired ir@rbciurSeals doth@S 6 SSy
European mainland coast

In order to evaluate the current prevalence of this illness, and its potential population level effects,
including the potential for this to be a contributory factor in the declines observed inah#sast

England SMU, information is required on a number of metrics. This includes the number of cases
observed, with care taken to ensure double reporting of cases is minimised or at least identifying where
double reporting cannot be ruled out. The geapghical location of each observed case and the

outcome of each case (survival or recovery) should also be recorded. The sex, estimated age, mass and
condition (length and girth measurements) of each affected seal will also provide useful covariate
information in further investigation of patterns of incidence and help identify risk factors.

Data on the total numbers of seal pup rescues/call outs and their locations and outcomes will also be
useful in order to place the numbers of mouth rot cases in the cdrdétotal cases. Evaluation of
potential biases in reporting and recovery will also be required to assess whether the collated data are
representative of the likely level of prevalence of the illness in the wider population. Details of pup
stranding/rescie data in previous years on a UK wide basis will also allow an evaluation of trends and
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indicate any potential overall increase in pup mortality rates. This will likely involve collating data from a
range of sources including rescue centres, RSPCA, S3PEZS, BDLMR and CSIP.

36. Can SCOS review and provide an update on any new studies looking int| DefraQ11
how macroplastics, microplastics, chemical pollution (including but not
exclusively pharmaceutical drugs flushed into water systems), Abandone
Lost orotherwise Discarded Fishing Gear (ALDFG), other marine pollutio
and Harmful Algal Blooms are affecting seal populations? What research
specifically required to help fill data gaps and evidence base in this area
How could impacts of plastic pollutiondusefully picked up in part under
reporting of strandings and postortem work by CSIP?

SCOS are not aware of any significant new information published since SCOS 2019, on the effects of
macroplastics, microplastics, abandoned (ghost) figipngear or other plastic pollution on seal
populations.

The number of studies investigating the effect of microplastics, macroplastics, abandoned fishing gear
and other forms of plastic pollution on seals is limite@herehave been studies on discded fishing

gear and on the trophic transfer, retentiorand excretion of microplastics anthere isongoing

research on the impact of plastic contaminants and plasticizers on UK sEalwever, the population
consequences of these forms of marimebris have not been quantified so we do not know whether
they are of concernThere are significant information gaps and current research will help shape

future studies.

Both the CSIP and SMASS are collaborators arduthors on recent publications ofrequency of
occurrence of plastics in seals. The strandings recovery and-pustem work carried under these
schemes is an essential part of ongoing studies.

Studies of POPs, plasticizers, and antimicrobial resistance (AMR) are continuing, with ircisaif
widespread AMR organisms in seals in UK, Ireland, and Canada.

Theenvironmental effects of pharmaceuticals entering the ocean either directly down rivers or
through sewage treatment systems ismaajor concern However, wth the exception ofrecent studies
on AMR there are no published reports on the effects of pharmaceuticals on seals

Some of the issues raised in this question were addressed in SCOS 2019 and updated in SAGS 2020.
relevant parts of the 202@nswer are included here for completeneédthough there have been a

number of published reviews and reports, SCOS is not aware of any significant developments in the field
since the previous report that would materially change the general conclusions.

Nelmset al. (2021) reviewed conservation threats to marine mammals and included plastic pollution,
chemical contaminants, and pathogen pollution as key threats to marine mammals in general. However,
at present there is insufficient information to assess the poputatével effects of interactions of seals

with plastic (e.qg., ingestion and entanglement) or other forms of pollution.

Microplastics

The potential impact on seals of different types of plastic marine debris at the individual and population
level varies depnding on their sources and physical characteristics, e.g., different size ranges.
Microplastics (defined as plastic particles <Smm long) can be translocated across themastioal
membranes via endocytosig&ke mechanisms (Alimba & Faggio, 2009pvertebrates. They are also
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capable of adsorbing organic contaminants (such as persistent organic pollutants (POPs)), metals and
pathogens, which will add to their toxicological profile as these will be in addition to their inherent
plasticizer compounsl

Nelmset al. (2019a) investigated the occurrence of microplastics in the gastrointestinal tracts of 50
marine mammals of 10 different species that stranded around the UK coast. Microplastics were
ubiquitous: they were found in every animal examined &utelatively low numbers per animal (mean

= 5.5) suggesting the particles were transitory. Stomachs contained a greater number than intestines,
indicating possible temporary retentiorlowever, only 3 grey seals and 4 harbour seals were included
in this study Nelmset al.(2019b) also found microplastics-§lpieces per gram of faeces) in 8 out of 15
grey seal scats (53%he samples were all collected during the breeding season on Skomer Island off
the Welsh coast, so they may only represent nglaore exposure.

HernandezMilian et al. (2019) recorded microplastics in 12 out of 13 grey seals drowned in bottom set
trammel nets in a monkfish fishery off the south coast of Ireland and Pletipp (2020)found
microplastics in all ten intestine swles and all nine faecal samples from stranded harbour and grey
seals in Germany. Bravo Rebollerial. (2013) analysed 107 stomachs, 100 intestines and 125 scats of
harbour seals from the Netherlands for the presence of plastics. They reported theeromeiof plastic

in 11% of the stomachs, 1% of the intestines, and 0% of the $tadisk & Sett€2019) found
anthropogenic micro debris (<500 um) including cellophane, alkyd resin and EPDM rubber in 6% of
harbour seal and 1% of grey seal scats collected at haulout sites on Cape Cod. Massachusetts, USA.

Nelmset al. (2018) showed that grey seals relgdexcrete microplastics in their faeces and feeding

studies using polystyrene balls (3 mm) to determine fish otolith recovery rates, suggest that they all pass
through the GIT within 6 days (Grellier and Hammond, 2Q)tiset al.(2021) reviewedhe literature

on microplastics in marine mammalsl relevant published information from that review is included

above.

Whilst microplastics may be readily excreted by seals, retention in the stomach and intestine prior to
passage may facilitate thelease of chemical compounds such as plasticizers during the digestive
process.Toxicological impacts of microplastics for seals have not been reported in the literature at
either the individual or population levels.

Senkoeet al. (2020) recently revieed the published information on individual and populatiewel

effects of plastic pollution on marine megafauidey conclude that, despite increased reporting of the
extent and intensity of plastic pollution in the marine environment, and the-detlmented effects on
individuals, the extent and magnitude of demographic impacts on marine megafauna have not been
addressed.

Microplastic ingestion in unlikely to cause immediate or direct issues for animal health but may lead to
subrlethal effects. Grater understanding of what happens to ingested microplastics is neddiechset
al. (2021) identified three key knowledge gaps with respect to plastic pollution:

w t 20 Sy (mitrdn siZ2@ phaktia miadicles to pass through the gut wall and intdoithed

stream, and reach organs, such as the liver or the lymphatic system.

w 9EGSYld (2 6KAOK LXIFaGAO Ay3aSaidrzy SELRasSa YIN
compared to their usual dietary and environmental exposure.

w 9FFSOGa 2 Fon adimal hdalth @nd Expad Beitaidis@aye.
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Ingestion of macroplastics

The ingestion of larger plastic debris, the macroplastics, may cause blockage in the gastrointestinal tract
and injury to the gut mucos&dacroplastic ingestion by marine mammals has been reported to have a
range of effects such as causing obstruction/blockage/damage to the gastrointestinal tract (e.g., Baird
and Hooker, 2000; De Stepharisal., 2013; Jacobseet al,, 2010), and inflammatin that can reduce

feeding rates and potentially lead to malnutrition (Kigiral., 2015).However, to date these studies

have all addressed effects of macroplastic ingestion by cetaceans. The prevalence of this as a cause of
morbidity or mortality in Ukseals is not known. It is rarely reported as a proximate or ultimate cause of
death in seals by the Scottish Marine Animal Strandings Scheme (http://www.strandings.org/smass/).

Kihn and van Franeker (2020) reviewed marine mammal interaction with marbves dby either

ingesting it or by getting entangled in debris. Out of 123 marine mammal species, 69 were recorded
with ingested plastics. The incidence of macroplastic ingestion was reported as 4.4% in studied phocid
seals, but it has not been possibleitientify the relevant primary publicationt.appears that plastic
ingestion varies widely between marine mammal taxa, but in general seals appear less prone to plastic
ingestion than cetaceans.

Ingestion of macroplastics, and subsequent impacts ortheseem to be less common in seals than
other marine mammals but more data from pasibrtems would be beneficial.o date, ingestion of
macroplastics has not been recorded as cause of death in UKHdealever, sometimes the cause of
death may beisted as an infection, but the cause of infection was an obstruction caused by a synthetic
item. Making such links more explicit in reporting would help us better understand the extent of the
problem.

Abandoned, Lost or otherwise Discarded Fishing Ge&DRG)

Entanglement is likely to be a key concern due to the propensity of seals to become entangled in
netting, the immediate risk to health caused by entanglerestated injuries, and the welfare issues
relating to these injuries (i.e., protracted and painfelath). The fact that entanglements are often
highly visible and distressing sights makes this a more pressing issue in public opinion.

Jepsen & de Bryn (2019) reviewed the available literature on entanglement of marine wildlife in general.
They conclded that entanglement in oceanic plastic pollution poses a threat for at least 243 marine
species and that most of the plastics that cause entanglements appear to be monofilament lines, ropes,
and other fishing related gear.

Entanglement of seals in maérand plastic debris, particularly discarded fishing gear may increase the
risk of drowning but perhaps more commonly, may restrict feeding or cause deep blubber and skin cuts
and abrasions (particularly around the head and neck). Allexh. (2012)used sightings records and a

photo identification catalogue from a haul out site in southwest England to investigate the prevalence
of entanglement in grey sealBetween 2004 and 2008 the annual mean entanglement rates varied

from 3.6% to 5% (n= betwed8 and 112 animals). Of the 58 entangled cases in the catalogue, 64% had
injuries that were deemed serious. Of the 15 cases where the entangling debris was visible, 14 were
entangled in fisheries materials.

Butterworth (2016) concluded that globallynpipeds are at the visible end of the spectrum of animals
which become entangled, snared, trapped or caught in marine debris, particularly plastics in the form of
net, rope, monofilament line and packing bands, with severe consequenbissis in line wit a study

by Unger and Harrison (2016) who characterisedch litter based on a data set established by the

Marine Conservation Society (MSC) beagitich weekends. Debris collected around the UK was divided
into three main types of debris: (1) plastic) {Bhing, and (3) fishing related plastic and rubber on a
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total of 1023 beaches. Debris attributable to fishing was identified on clusters of beaches mainly located
on the coasts of Scotland and along the English Chanhney. concluded that the fishingdustry is
responsible for a large proportion of the marine debris on UK beaches, particularly in areas with
adjacent fishing grounds.

While individual effects of entanglement have been widely reported, extrapolating from such
observations to estimate pmulation scale mortality rates has not been possiSightings of entangled
individuals, or seals with serious injuries, may not be representative of the frequency of occurrence in
the population as the sightings could potentially be biased in eittrection depending on whether
entangled seals are more or less likely to come ashdkewise, strandings of seals killed by
entanglement will be underepresented as seals killed more than a few kilometres offshore are unlikely
likely to strand and entagled seals may be more likely to sink due to the weight of negatively buoyant
netting. Although it is not clear what the population scale effects of entanglement are, there are
examples where entanglement in discarded nets may have had significant effelctsal populations

e.g., significant pup mortality in a single ghost net at the Orkney study site of the HSD project.

In order to assess the extent and importance at a population scale we would require &datge
monitoring programmeAllenet al.2012 showed that valuable information can be collected by regular
observation at specific haulout sitegSoordinating reports and images from volunteer observers and
expanding such programmes through volunteer networks such as the UK seal alliangeotendidlly
provide useful informationA structured and consistent recording methodology would need to be
developed Drone surveys of haul outs could provide an effectiay to monitor entanglement rates.

Retrospective analysis of aerial survey iemgay provide some additional informatidtowever,

images collected to date have been for a specific purpose, i.e., to count and identify seals to species
level and to identify harbour seal pupBhus, most images will not be of sufficigasolution to reliably
identify the less obvious examples of entanglemdmiprovements in camera and lens technology
means that it is now feasible to collect suitable images at some sites during routine survey flights.
Calibration of the detection ras from aerial surveys for different types of entanglement would be
required.

Persistent organic pollutants (POPSs)

POPs are endocrine disruptors that can alter adipose tissue development, regulation and function, in
addition to theirwell-establishedeffects onreproductive,immune and thyroid function. Top marine
predators are particularly vulnerable because they possess large fat stores that accumulate POPs.
Recent results on the concentrations of organochlorine pollutants in grey seal pups from thieNslg
(SCOS BF//06) suggested a modest but significant decrease in polychlorinated biphenyls (PCBSs)
occurred between 2002 and 2015, whereas levels of the organochlorine pestiBlI€ and its

metabolites (DDX) increased over the same period. In batles the concentrations measured were
below the limits that cause immediate negative health effects in sBasnettet al. (2021) examined

the impact of alterations to blubber metabolic characteristics and circulating thyroid hormone (TH)
levels assaated with PCBs, polybrominated diphenyl ethers (PBDEs), and DDX on suckling mass gain
and weaning mass in wild grey seal pups on the Isle of M@gs and PBDEs appear to act
antagonistically, with PCBs reducing blubber glucose uptake while PBDEss@ri@t@d with mass

gain during sucklind?OP impacts on whoinimal energy balance in grey seal pups appear to partially
offset each other through opposing effects on different mechanisms. POP effects were generally minor,
but the largest POihduced eductions in weaning mass occurred in small pups. Since weaning mass is
positively related to firsiyear survival, POPs may disproportionately affect smaller individuals, and
could have populatiotevel impacts even when levels are relatively low compaoduaistorical values.

The predictive power of the models in this study was low, so that although findings from these studies
could inform risk assessments to estimate low level POP effects on populations, more information is
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needed on how different POP skes alter fat accumulatioBlubber and liver expression of genes
involved in energy balance are altered by POPs in other seal species @rakwyga014; 2017), but the
whole animal consequences of this type of metabolic disruption, particularlyofomg animals, are not
well understood.

Although the conditionse.g.,salinity, pollutant burdens and seal species may be different, it may be
informative to examine trends in effects of POPs on seals in other regions. &osn@020) recently
reviewed the available information on contaminant exposure and health eftectsrange of marine
mammal and bird species in the Baltic during the period of general reductions in POP exposure.

Rooset al.(2012) showed that pregnancy rates in Baltic grey seals increased over the periad 1990
2010, while the prevalence of uterimeclusions and stenosis and uterine tumours decreased. This is an
ongoing tendency supported by findings that the reproductive rate of grey seals is hormal at present
and that birth rate in Finnish waters is 88% (mean for 22038, no uterine occlusiorabserved)

(Kauhaleet al, 2017). This implies that reduction in POPs has led to a decrease in negative effects, and
further implies that levels of POPs in UK waters may not pose a direct threat of reduced fecundity.

The prevalence of skull lesions andlsksymmetry in Danish harbour seals increased between 1981

and 2014 (Pertoldet al., 2018).The authors hypothesise that increases could be linked to immune
suppression from cumulative stress of multiple factors such as increasing PFAS (per anorpalifll
substances) concentrations and decreases in the quality and quantity of food resources (Sonne, 2010).

Colonic ulceration has continued to increase in the Baltic, but is not an issue in the North Sea or UK
waters where only one case in a grey dead been documented@ker, 198)) and none were found in
later studies Backlinet al., 2013 ONeill& Whelan 2002.

Triosiet al. (2020) examined the relationships between PQRIbns and a range of sex hormones

OLINE IS &G SNRYRBNR B & SLINGr DHti 6 SNB 50T 2 & tioBMNBIFE?, ¢ns mMT]
estrone; E3) in plasma samples from grey and ringed seals in the Baltic and at Sable Island and Svalbard.
PCBconcentrations were significantly higher in Baltic seals than other sampling locations and mean
hormone concentrations in Baltic seals were lower than Svalbard and Sable Islan&sgedssion

analysis indicated significant correlations between lee€BCBs and several sex hormorksthe

authors state, correlations are not necessarily evidence of cause and effect, but the fact that these
reductions were detected at PCB concentrations found throughout the species ranges warrants further
investigaton and monitoring.

Plasticizers

A joint project involving Abertay University and SMRU is investigating the effects of a group of
plasticisers; the phthalates (in the form of benzyl butyl phthalate or BBP) on the insulin signalling
pathway, an importantegulator of fat metabolism in seals that inhibits lipid release from storage
(Bennettet al.2015), and expression of key fat metabolism genes in blubber using ainaitebd

approach (Bennetet al.,2017; Robinsoet al., 2018).The project is curretty using a noveh vitro
approach to test whether activation of one of the key enzymes in insulin signalling, known as Akt, is
affected by BBP exposur€hanges to Akt levels or its activation in the presence of insulin will imply
disruption of insulirsignalling Differences in fat metabolism gene expression between BBP treated and
control blubber explants will indicate disrupted fat tissue function

Pharmaceuticals in the marine environment

Pharmaceuticals represent a major group of emergioljutants found in freshwater and coastal
waters.The occurrence of pharmaceutical substansesh as contraceptives, antidepressants
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(Sehonovaet al,, 2018) and potentiaéndocrinedisruptors such as metformin (Tab al., 2018)in the
marine environmat is of global concern and the scale of the problem and extent of their risks and
impacts on human health and biota is largely unknown (Branehat, 2021; UNESC@017). So far,
this topic is under reported and we are unaware of any relevant puldica on the direct effects of
pharmaceuticals on seals.

Anti-microbial resistance (AMR) in seals

AMRdoes not pose any significardirectthreat to individual seals in the wild am@nnottherefore
pose any population level threatowever, the potential role of seals as a reservoir of Advfanisms
may be important in the futurepreadof AMRthrough the environmentThe spread of AMBoses an
existential threat to human healtrandpossibledirect transmission of AMR organisiinem seals to
humans during seal rescue and rehabilitatis potential risk.

It has long been argued th#tte widespread and intensive use of antibiotics in human medicine,
veterinary medicine, andgriculture means that sewage (both treated and untreated), hospital waste
and agricultural ruroff can cause the spread of AMR to marine ecosyst@ngs,Young, 1993)AMR
bacteria can be ingested with prey and the possibility of gene transfer bethvaeteria in the seal gut
may allow AMR genes to move between harmless and diseassing bacteria.

An ongoing PhD project at Abertay university is combining AMR information from faecal samples with
tracking data from 120 seals tagged at sites arounddKeby SMRUPreliminary results show that
approximately 30% of the samples exhibited presence of resistance to tetracycline, a commonly used
prophylactic antibiotic in aquaculture.

Two recently published studies have documented AMR in harbour seatsaimolur porpoises.

Valeet al.(2021) reported AMR in E.coli from faecal swabs taken from 25 rescued seals (23 harbour and
2 grey seals) in Ireland. Al colisolates investigated in this study £ 39) were ampicillin resistant
while 26 (66.6%) wemmulti-drug resistant (MDR).

Normanet al. (2021) recorded antibioticesistant bacteria in dead stranded harbour seals in the Salish
Sea, British Columbi@f the 67 harbour seals sampled successfully, 37% showed resistance to one of
the 15 antibiotics tested, and 24% showed mudltiig resistace. Porpoises were significantly more

likely to carry resistant organisms compared to seals. Multiple antibiotic resistance (MAR) indices
suggested that the AMR results from exposure to anthropogenic pollution.

AMR may be an important issue for sealsahabilitation/rescue centresStoddad et al. (2009) showed
that duration of residence in a rehab facility increased the level of AMR in rehabilitated northern
elephant sealsMirounga angustirostris even for animals that had not been treated direatigh
antibiotics.Interestingly they also showed that 34% of the intake from the wild carried AMR bacteria.
Tight control of antibiotic use in captive animal/rehab facilities is essential to minimise the spread of
AMR to wild populations.

Harmful Algal Blooms

Toxin exposure from harmful algal blooms (HABS) has resulted in widespread morbidity and mortality in
marine life, including top marine predators. Kershaival. (2021) reported concentrations of domoic

acid (DA) and saxitoxin (including Paralytic Shellfish Toxin (PST) analogues), in the viscera of 40 different
fish species caught in Scotland between Fabyiand November 2012 to 2019. DA concentrations

peaked in the summer/autumn months and were highest in pelagic species including Atlantic mackerel
and herring, key forage fish for marine predators including seals, cetaceans, and seabirds. The highest
DA oncentrations were measured along the east coast of Scotland and in Orkney. PSTs showed highest
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concentrations in early summer, consistent with phytoplankton bloom timings. The detection of

multiple toxins in such a range of demersal, pelagic and berigiqfey species suggests that both the

fish, and by extension, piscivorous marine predators, experience multiple routes of toxin exposure. Risk
assessment models to understand the impacts of exposure to HAB toxins on marine predators therefore
need to cosider how chronic, lovdose exposure to multiple toxins, as well as acute exposure during a
bloom, could lead to potential lonagerm health effects ultimately contributing to mortalities.

The potential synergistic, neurotoxic, and physiological effefcksrmrterm exposure to multiple toxins
require investigation in order to appropriately assess the risks of HAB toxins to fish as well as their
predators.Studies of preence and levels dfarmful algae in fisfrom coastal watersn the east of
Scotlandare ongoing as part of the Marine Scotland MMSS programme

37. Can SCOS review and collate the latest scientific information available | Defra Q13
current environmental impacts seals face with a best assessment of the
relative levels of risk posed by eacimpact?

There are multiple potential threats to seal populations in the UK, although there is no evidence that
grey seal populations are currently at significant risk from any threats at current levels of exposure.
Several regional harbour sé@opulations are in decline, however, and are likely to be more
vulnerable to pressuresMany of the specific threats are detailed elsewhere in this advice but an
overview is provided here.

The principal environmental impacts with the potential to affect UK seal populations are considered
below, with reference to other parts of this Advice for more detailed information on specific threats.
These includeCompetition between seal species; Doepredation; Fisheries interactions (direct
mortality and impact on prey resource); Climate change (direct and indirect effedtgfectious

diseases; Harmful Algal Blooms; Marine Pollution (entanglement, plastic ingestion, persistent organic
pollution); Underwater Noise; Physical disturbance; Interaction with marine renewable energy
industry (Collision with tidal turbine blades).

Some of thesehreats are local and some global, and the scales of fiwential impacts and
necessary interventions are alsat different scalesanging from local to national and internationalt
is not clearwhat priority

SCOS do not consider that ranking these threats is within the scope of the meeting and will require a
more extensive analysis taking into account the polidgivers thatdetermine the priorities,e.g.,the
importanceof specific threatdn terms ofnational and or local/regionalconservationgoals natural
versusanthropogenic threas and likelihood versuseverity of threats.

For most potential impacts, there is some information on the nature and extent of individual level
effects, but studies taunderstand the potential for population level effects are generally lacking
which makes ranking of relative risk difficult.

The marine environment is subject to a number of pressures and many of these have the potential to
impact the individual and papation health of seals. A comprehensive review of all the potential
impacts facing seal populations and a robust ranking of relative risk levels is a significant undertaking
that has not been carried out in the time availalidot least because there is a lack of definitive
guantitative information on the extent and nature of most of these threats, and a lack of understanding
of vulnerability of the various seal populations to these threats. Any assessment of relative rigk ideal
would involve a detailed analysis of the extent of such threats (exposure potential) combined with an
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understanding of the sensitivity of each species to each thR@0DS/SMRU and Defra will discuss the
requirement for a qualitative ranking of potentithreats considering both the significance of possible
population scale effects and the potential for management interventions to mitigate those risks. SMRU
will report back to SCOS 2023.

A detailed attempt to robustly quantify these effects and réimém definitivelyin order of level of
concernwould require significant additional resourbet an overview opotential current threats is

provided. An assessment of relative levels of risk is critically hampered by a lack of data and knowledge
on the exent and nature of most of these threats but a qualitative ranking mighpaesible taking

account of both the level of threat/impact and the capacity to address the is3inesmostprevalent

threats are considered in more detail in other answ&22,8-33,35,3¢ and these are referred to

below where relevant.

SCOS are also aware of an ongoing global project, the MegaMove initiativerhegamove.ory

which is currently inviting contributions from the marine megafauna research community to develop
anindexto evaluate the global risk of anthropogenic threats to marine megafauna. This uses the [IUCN
threat scoring system, which involves applying scores relating to the timing, scope of severity of
particular threats. The list of threats and sthiveats being assessed in this process include many of the
threats considered here. It is possible that aiamapproach could be applied at a UK level, but it is
possible that a lack of knowledge would also hamper such an approach.

As highlighted in the answer to Defra Q5, there is no evidence that the UK grey seal population is
currently at risk of signifant decline as a result of current levels of exposure to any pressures, although
in some areas impacts have the potential to have localised effects. Harbour seal populations in the
northern Isles and along the east coast of Scotland and isdhtheastof England have declined or are
continuing to decline, and therefore clearly already being impacted, although the specific drivers for
these declines are unclear. Discussion around these declines and likely drivers can be found in the
answers to Marine Sclaind Q10 and Defra Q1.

Strandings data can be informative in understanding the relative risks posed by various threats. For
example strandings data from CSIP and SMASS provided a key source of evidence for assessing levels of
vulnerability to porpoise ah dolphin species to various threats during the development of the UK
Dolphin and Porpoise Conservation Strategy currently under consultation. Only SMASS routinely carry
out investigations into cause of death of seals and a detailed examination of resuitpostmortems

in recent years would help inform an assessment of current threats in Scotland. Similarly, should seal
postmortemsbe carried out by CSIP in future, this would provide valuable information on the incidence
of various causes of death imgland and Wales (see Defra Q10)2019, only 9.1% of all SMASS seal
postmortemswere directly attributable to anthropogenic impacts (SMASS, 2019). Although indirect
impacts or mortality due to cumulative effects, for example due to prey depletiahsturbance, are

more difficult to ascertain. The highest proportion of deaths in 2019 were reported as being due to a
variety of causes including starvation/hypothermia, maternal separation/starvation, live stranding,
(possible) grey seal attack, bottlessmdolphin attack, and metabolic disease (SMASS, 2019).

The principal environmental impacts with the potential to affect UK seal populations are considered
further in turn, below. For most potential impacts, there is some information on the nature andtexte
of individual level effects, but studies to understand the potential for population level effects are
generally lacking which makes ranking of relative risk diffi¢tieése have not been ranked and are not
in any particular order

133


https://aus01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.megamove.org%2F&data=04%7C01%7Cana.sequeira%40uwa.edu.au%7C4493d8d200794541e5b708d9a7ee283d%7C05894af0cb2846d8871674cdb46e2226%7C0%7C0%7C637725463600944948%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=6L%2B6l1rIpRihbLalxn0MXZ2IBalAD6WIjhli%2FjbzUU8%3D&reserved=0

Competitionbetween seal species

Competition for prey between grey and harbour seals has been suggested as a potential driver of
observed harbour seal declines. This is currently under investigation as a driver for the Scottish regional
harbour seal declines. Analysisbody composition and nutritional status of adult harbour seals in

regions of decline shows no evidence of nutritional stress. However, it is likely that these live caught
animals represent a biased sample of survivors, which are less likely to sinsvesigutritional stress.
Competition with grey seals is also a putative driver for the harbour seal decline in the southeast of
England, although further research is needed to investigate this.

Direct predation

Killer whalegpredate on seals in pt of the UK (Deecket al,, 2011). The rates of killer whale predation
on seals may be locally important in some areag,,the Shetland Isles. Research on the interactions
between killer whales and their seal prey in the UK is currently undetvay.

There is considerable evidence for grey seal predation on harbour seals in several areas around the UK
(Brownlowet al., 2016) and increasing numbers of cases have been reported to SMASS each year with a
total of eighty-nine seals with trauma consistent witpiral or corkscrew injuries recorded in 2019. This
makes grey seal predation the most comrhoidentifiable reason for harbour seal mortality in the
strandings records in Scotland. Research on this is ongoing.

Fisheries interactiong direct mortality

Globally, fisheries interactions are recognised as the biggest threat to seal populations @alacs
2012). The levels of seal bycatch in fishing geareported in answef2 above In the UK the largest
reported bycatch rate occurs in tlsmuthwest region, with the levels of recorded grey seal bycatch
likely underestimating the scale of the problem due the presence of several additional unmonitored
fisheries. This is of particular concern due to the fact that reported levels of bycatetiaksceed the
calculated PBR for the regional grey seal population. The regional population is not thought to be in
decline, therefore there must be immigration from elsewhere and this is currently under investigation.
Mitigation efforts for reducing s bycatch have had little attention, but programmes involving
stakeholder participation are being developedy.,the Clean Catch UK initiative
(https://www.cleancatchuk.comy.

Prior to recent legislativehanges, licenced (and possibly unlicensed) shooting of seals interacting with
aquaculture and river fisheries was a commonly reported cause of death for Scottish seals. How much
unlicenced direct mortality occursow ormayoccurin the future as a result of increased interactions
remains unknown.

Fisheries interactionsChange in prey availability due to fishing pressure
There is considerable overlap in seal diet composition and fish species targeted in commercial fisheries
sothere is the potential for fishing induced changes in prey availability to impact on seal populations,

although most research effort in this area has focussed on the impacts of seal predation on commercial
fish catches. This issue is discussed furtheherésponse to Marine Scotland Q7.

Climate change (direct)

As discussed in the answer to Defra Q12, projected changes in the physical environment in the UK are
not expected to exceed the homeostatic ranges for UK seal species. Changes in sea |lexdliogay

16 hitps://ecopreds.com/
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breeding and haulout sites in some areas and lead to increased wave action on breeding sites which can
increase pup mortality, but such changes willgsadual,and seals should be able to accommodate by
moving breeding sites if alternative siteeavailable.

Climate change (indirect)

Changes in prey availability as a result of climate change could significantly affect seal populations.
There is some evidence that warming is responsible for disrupting the food web and altering
distributions of pre species and affecting recruitment in the North Seagelharcet al, 2011 & 2014,
Skinner 2009Regnieret al, 2019. Climate induced changes in prey availability is thought to be a driver
for observed seabird declines.g.,Mitchell et al., 2020)but there is very limited evidence for effects on
seals to date as seal distributional changppear to be in the opposite direction to observed prey

shifts (see Defra Q12). However, prey climate induced changes in prey availability canrietitmitas

a potential driver of regional harbour seal declinesreases in harmful algal blooms and increases in
infectious diseases and the emergence of new diseases are also potential indirect effects of climate
change that could significantly affddK seal populations in future.

Infectious disease

Major epizootics of Phocine Distemper Virus (PDV) have occurred in 1988 and 2002, significantly
affecting the North Sea harbour seal population. Infrequent capgies transmission and waning

immunity are believed to contribute to periodic outbreaks (faaret al., 2021). The first documented

PDV outbreak in 1988 in Europe was strongly correlated to an unusual harp seal invasion from the Arctic
into the North Sea, and harp seals are thought to be a likely reservoir of the virus (PeirabaR021).

Closely related PDV strains are thought to be circulating in multiple seal species along the coastlines of
North America and Greenland and therefore further outbreaks are considered likely (a@lst

2020). Due to likely very low levels of immunityWPi-introduction in European harbour seal

populations are likely to cause a major epizootic with high infection rates and mortality. A further PDV
outbreak at a time when harbour seal populations are already in decline may be catastrophic.

A major outbrak of HLON7 avian influenza in 2014 killed 500 harbour seals in western Sweden and
eastern Denmarkiroget al., 2015 Zohariet al., 2014, and 1,502,000 seals in western Denmark and
in Germany and Dutch waterBqdeweset al., 2015. More recently Venkteshkt al. (2020) reported the
discovery of H3N8 influenza A virus in a rescued grey sealphedAV had a particular mutation
indicative of mammalian adaptation of an avian virlisere is clearly an oongng risk of further
outbreaks of avian flu in UK seal populations.

Phocid herpesvirus 1 (PhHYis known to infect grey seals Halichoerus grypus, Badly (2019) found
PhHV1 in approximately 60% of 119 live grey seal pups and 56% of dead pupsisietbf MayPhHV

1 was associated with hepatic necrosis, thymic atrophy and buccal ulceration in the dead peibpégh
prevalence of PhHY in grey seal pups and juveniles and the increased mixing of grey and harbour seal
populations, particularlyn the southern North Sea is a cause for concern for the depleted harbour seal
population.

Toxins from Harmful Algal Blooms (HABS)

Toxin exposure from harmful algal blooms (HABS) has resulted in widespread morbidity and mortality in
marine life, including top marine predators. This threat is discussed in more detail in the answer to
Defra Q11. High concentrations of domoic acid (DW)saxitoxin (including Paralytic Shellfish Toxin

(PST) analogues) have been reported from 40 different fish species caught in Scotland, including key
forage fish for seals (Kershawal, 2021).The detection of multiple toxins in such a range of desaér
pelagic and benthic fish prey species suggests that both the fish, and by extension, piscivorous marine
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predators, experience multiple routes of toxin exposure. The potential effects oftéongexposure to
multiple toxins require investigation in der to appropriately assess the risks of HAB toxins to seal
populations.

Marine Pollutiong entanglement

Both species of seals have been recorded with evidence of entanglement in marine debris, including
fishing nets and plastic hoops. This type dfa@glement is common, and animals can remain entangled
for many years before succumbing to the physical effects of the constriction or secondary infection.
More details on entanglement in marine debris can be found in the response to Defra Q11.
Entanglemenof seals in marine and plastic debris, particularly discarded fishing gear may increase the
risk of drowning, but, perhaps more commonly, may restrict feeding or cause deep blubber and skin
cuts and abrasions (particularly around the head and neck)eatitb secondary infections. There is

the possibility that strandings of seals killed by entanglement will be urefgesented as seals killed

more than a few kilometres offshore are unlikely likely to strand and entangled seals may be more likely
to sink More work is required to assess the extent and importance at a population scale.

Marine Pollutiong plastic ingestion

Microplastic ingestion in unlikely to cause immediate or direct issues for animal health but may lead to
sublethal effects. Greateunderstanding of what happens to ingested microplastics is ne€tieal.

ingestion of larger plastic debris, the macroplastics, may cause blockage in the gastrointestinal tract and
injury to the gut mucosaAs discussed in the response to Defra Q11,peaps that plastic ingestion

varies widely between marine mammal taxa, but in general seals appear less prone to plastic ingestion
than cetaceans. Ingestion of macroplastics, and subsequent impacts on health, seem to be less common
in seals than other mare mammals but more data from pesiortems would be beneficial.

Marine Pollutiong Persistent organic pollution (POPS)

The evidence describing the potential effects of POPs such as polychlorinated biphenyls (PCBs) and the
organochlorine pesticide DDT and metabolites (DDX) is summarised in the response to Defra Q11. There
is clear evidence of individual level effects of @syre to these pollutants at concentrations

encountered in the environment. Understanding the potential for population level effects will need
additional work. Data from individual studies can be used in risk assessment frameworks to predict
potential effects on populations.

Physical disturbance

See answeB3 abovefor more detail on this issue. There are concerns about the effects of human

activity causing disturbance reactions by hauled out seals and the impacts this may have on the welfare
and health ¢ individuals that may be experiencing repeated disturbance. Whilst this is a concern in a
number of locations and can clearly affect individual animal welfare, there is no evidence that this is
currently a concern at the population level.

Underwater Nose

Underwater noise from a variety of sources is known to affect the local distribution and behaviour of
sealsNoise from pile driving during construction of offshore wind farms results in localised avoidance
and behaviour change (Russdllal,, 2016; Whyteet al,, 202@). Levels of predicted exposure also has
the potential to cause changes in auditory sensitivity (Haeti., 2019; Whyteet al., 2020a). Exposure

to noise from vessels is also potentially a concern, with a small number oéstioicumenting

exposure to noise from vessels and behavioural responses to vessel noiseetJaine17; Triggt
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al.,2020 Mikkelsenet al., 2019). Underwater explosions.§.,from clearance of unexploded ordnance)
and seismic activity hawbe potential to impackealsbut no data is available on this.

The operation of tidal turbines is likely to be audible to seals. Risah(2020) recently estimated that

the Atlantis AR1500 tidal turbine at the MeyGen array was likely audible to.2iere is also some
evidence of local avoidance of turbine noise and of the MeyGen array (ldaslie2018; Onoufriowet

al.,, 2021). This degree of avoidance is not of concern at the current scale of tidal energy development
but couldincrease as developments scale up to large commercial arrays

Even if single sources of underwater noise do not result in any significant population level concerns,
when multiple activities occur at the same time and over an extended period of timexdedded

areas, the impact is likely to be greaténe ranges awvhich behaviourabr physiological responses to
noise occurand theranges at which significant masking of seal calls, predator callaangtic

foraging cuesccur will increase as sae levels anshumbers of sources increase.

Evidence on theumulativepopulation level impacts of noise is lackiRgpulationConsequences of
Disturbance (PCoD) models have been developetmnabine available information on population
processes antloth behavioural and physiologicasponses to noisdo address thesencertainties,
identify important knowledge gaps and derigstimates of population consequences using best
available inform#on. Pirottaet al. (2018) provide a helpful overview of the process andnlopet al.
(2021 describe theapplication of @2CoDmodelto investigate the effects of seismic survey noise on
developedfor humpback whale§Megaptera novaangliae).

Other sources of direct mortality

There are concerns about the potential for collisions with marine renewable energy devices, although
currently there are very few devices installed around the UK and limited potential for interactions
However, this couldincrease as the tidal energy industry scales up to large gaagsthere is a

potential for impacts to be locally significant. There is some evidence of avoidance (Sgtaaling017,
Joyet al., 2018 Hastieet al,, 2018 Onoufriouet al., 2021) which may reduce the risk of collisions but
detailed information on the fine scale behaviour of seals around tidal turbines is currently lacking.
Although likely at a small scale, there are reports of seals becoming trappedénwater structures

(see Q 29 abovelnderwater explosions related to militaactivity such as the bohing at coastal and
offshore sites and the destruction of unexploded ordinadueing clearance of offshore marine
renewablesitescould also causmortality.

38. atis the evidence that seals can contract COVID&.9.(likely routes of Submitted by
transmission for wild and captive animals as well as physiological and K. Bennett,
immunological susceptibility), and can act as symptomatic or asymptomg Abertay
carriers and thus wildlife reservoiref this disease? University

UK seals are likely susceptible to Coui€l. No testing of any seals has been carried out to our
knowledgeand no significant reports of morbidity or mortality related to respiratory illnesSespite
the likely animal origin, no wildlife reservoir for the SAREDM2 virus has been found and the role of
wild mammals in natural transmission and reservoir capacis speculative.

Covid19 can be transmitted to the marine environment via untreated sewage, but this is unlikely to
be occurring to any significant extent in the UK due to widespread secondary sewage treatment.
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Other potential routes for transmission include when humaase handling seals. The two settings
where this will occur is in scientific research and in rescue/rehab. Precautions should be taken in
these settings to limit the risk of transmission. Samples could be taken from seals in these settings
and analysed to pvide further data on the prevalence of the virus in the wild seal population.

UK seals are thought to be susceptible to CddMathavarajatet al.,2021) given ACE2 gene
conservation in marine mammals. ACE2 is the host receptor targeted by tiseSARE 02 (the

causative agent of CowitB), and variability in the receptor contributes to why some species are
susceptible and not others (Mathavaraja & Dellaire, 2020). An examination of ACE2 genetic variability in
a range of marine mammal specieslicated that harbour seals are predicted to be highly susceptible.
Aligning regions for the genome sequence for grey seals were not available, so grey seal susceptibility
was not explicitly predicted in this study. However, it was noted that many of itetations resemble

that of the other seal species that were predicted to be highly susceptible (Mathavaataghh2021).

This suggests that UK seal species may contract the virus if encountered in their envirdd@@8Btare

not aware of anyJK sealsdningbeentested for SARE0V2. The USGS Wildlife Health Centre has a
programme of testing a range of pinniped species for SBR& (USGR2021)but at time of writing

there no results were availahl&@here have been no recent reports of morbidity edls in captivity or

in the wild in relation to any respiratory illnesses.

SARE0V2 has been detected animals exposed to infected humans or challenged experimentally.
These include domesticated cats, dogs, and ferrets, and capt@reaged mink, lions,ral tigers (Mahdy
etal,HnHANZ heRdl, 232¢; 3hitlal, 2021).In addition there is clear evidence th&ARSCo\2

is widespread in wild deer populations in the USW that several transmission events have occurred
(Chandlert al.,, 2021). These studies do suggest that there is a possibility of the involvement of multiple
species in SARSV2 circulation and persistence, but few studies have been completed thaséano
confirmed cases of natural transmission from animals to humans have been confifhrexdle of wild
mammals in general in Covi® transmission and reservoir capacity is speculative. Comparative
genomic analysis has suggested that SBBR& evdved naturally with bats as the likely origin, being
closely related to two SARi®e CoV sequences that were isolated in bats during 2y (Zhangt

al., 2020) with the human SAFR®V2 sharing a recent common ancestor. So far, to our knowledge, no
natural animal reservoir for SARV2 has been identified (Haidet al., 2020), although pangolins,
mink and ferrets have all been suggested as the most likely intermediate hosts foC8¥RG-enollar

et al, 2021, Royce, 2021).

It has beerproposed that the virus can be transmitted to the marine environment via sewage effluent
and this could provide a pathway for transmissions to seals (Mathavaeaglh 2021). Although the

RNA of SARSoV/2 has been detected in untreated sewage in tHéy most UK sewage treatment
involves secondary treatment which significantly reduces the possibility of virus exposure via treated
effluent (Pecciat al,, 2020). However, there are a very small number of areas in the UK where only
primary treatment ocars (including Kirkwall, Lerwick and Stornoway) and any problematic sewage
overflow could lead to exposure in the marine environment for vulnerable species.

The other potential routes of transmission between humans and seals include situations whereshuman
handle seals, including rehabilitation and research. SMRU is the only research group in the UK with a
Home Office licence to capture and handle wild seals and there have been very limited fieldwork
activities involving seal handling since the beginnihtihe pandemic. The only seal handling that has

been carried out since the beginning of the pandemic was a recent trip to tag grey seal weaned pups at
the Monachs in the Outer Hebrides at the end of October 2021. All SMRU personnel underwent regular
testing before the field trip to ensure they were negative for the virus and no members of the team

17 https://informatics.sepa.org.uk/RNAmonitoring/
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were knowingly exposed to coronavirus during the trip. Samples were taken from the tagged seals
(n=50) for other purposes that could allow screening for the pneseof SARS0V2. Similarly, samples
could be taken in future seal catching trips planned in 2022.

Several animal welfare organisations routinely bring seals into rehabilitation centres, particularly during
and following the breeding season wheeal pups are found by members of the publibe historical

risk ofinfluenza transmission means that such sites should already fratecols in place to prevent
transmission of respiratoryiruses.It may be prudent to ensure that protocols are ilage to reduce

the risk of transmission and to swab any handled animals for subsequent testing to provide further data
on the prevalence of the virus in the wild seal population.
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ANNEX IQuestions to SCOS.

Questions from Marine Scotland

OrganisationScottish Government

Scottish Government QuestionsSpecial Committee on Seat2021

Question | Question Driver/rational behind question(32 sentences)
No.
Advice on the status of seal populations in Scotland
What are the latest estimates of the number of grey and harbour seals| General update on the estimated numbers of grey seals an
1 Scottish waters? harbour seals in Scottish waters.
What is the latest understanding about the population structure, includi| Information about the structure or make up of these
2 survival, reproduction and age structure, of grey and harbour seals in | populations that might assisnanagement measures.
European and Scottish waters?
What are the latest SAC relevant count/pup production estimates for th To provide current SAC specific estimates/trends for
3 harbour and grey seal SACs, together with an assessment of trends wi consideration in HRA assessments.
the SAC relative to trends in the wider seal management unit/pup
production area?
4 The frequency of grey seal surveys in some areas of Scotland are likel] Information on what a reduction in grey seal surveys will mg¢
be reduced in future years. Can SCOS advise on what a reduction in s| for population estimates.
effort would mean in terms of the confidence of population estimates?
5 Are there any technologies (existing or new/emerging) that could be | Considering whether lower impact vehicles could be used t
considered as an alternative to aarsurveys that could help meet Net | survey seal populations.
Zero aspirations, or does the method currently used remain the most
appropriate vehicle?
6 In 2019, SCOS advised that scientificaftyrmed criteria where required | Scientific information to review the current protection

to establish whether seal conservation areas should be introduced or
revoked. Can SCOS advise on what such criteria should consist?

measures for harbour seals (seal conservation areas).
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In the absence of such criteria, but noting current population trends, ca
SCOS advise whetr the threat to seal populations still remains in currel
seal conservation areas, particularly the Western Isles.

7 Are there any parts of the wider ecosystem that are likely to experiencq To inform consideration of the potential impi of grey and
significant impacts as a result of an increasing Scottish seal population harbour seals on the wider ecosystem, and marine industrie
What are these impacts and would they be positive or negative? including aquaculture.

8 Based on distribution and demographics of seal populations, can SCO| Seal populations in Scotland are increasing, resulting in gre
advise whether it would be possible predict times and locations where | interactions with marine users. It is possible predict whitwe
there may be a@reater chance of interactions with the aquaculture greatest issues (interactions) may occur?
industry? Please can SCOS advise what work would be required to ac
this.

Harbour seal decline
Please could SCOS provide an update on the regional harbour seal de Information on the latest trends in local harbour seal
9 including current and projected trends. populations around Scotland to inform management
measures.
In the 2020 advice, SCOS provide a view on the current potential (maj({ Seeking clarity on #hpotential drivers that require further

10 drivers of the harbour seal decline and their status. Can $Cvle an effort, in order to consider the need for any conservation an
updated assessment in light of ongoing work? management measures
Furthermore, could SCOS provide a view on whether the observed deg
occurring in the south east of England could assist with providing answ
to the situation in Scotland?

11 Can SCOS review, present and provide a view on the available eviden| As above.
the differences in genetics between the declining aine stable/increasing
harbour seal populations.

Potential Biological Removal

Please provide updated Potential Biological Removals (PBRs) figures { This seeks an update on the PBR figures to inform licensing
12 20217 decisions.

Marine Renewable Energy
13 Scottish Government are aware of (recent) incidents involving seals | To determine the occurrence and potential cause of seal

becoming trapped and drowning in structures associated with fixed
offshore wind developments. Are SCOS aware of such events, and if s

mortality in tubes at offshore renewable installations and thg
potential for other marine installation&.g.,0il and gas and
renewable energy structures) to pose a similar risk.
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what structures werghe cause, and can SCOS provide any information
the prevalence of these events?

Furthermore, based on what we know from these events, what other
marine structures could pose a similar risk to seals? Can any lessons |
learned from other offshore indiiges or other regions outside of the UK
with respect to mitigating and monitoring such events?

14

There are known knowledge gaps associated with seals with respect tq
potential impacts in relation to underwater noise and collision risk with
tidal turbines, forexample. With these and other knowledge gaps in min
can SCOS provide an update on emerging technologies they are awar
that could be used for quantifying seal behaviour and/or physiolegy.,(
developments in animal borne sensors such as fNIRS).

Whether there are any other emerging technologies that co
be used to quantify seal behaviour. Information should inclu
a summary of the aims and capabilities of the technology,
Technology Readiness Levels and timelines for
commercialisation if not alreadon the market, estimated
costs and constraints, and logistical considerations.

Sealc fisheries interactions

15

SCOS provided advice in 2020 on4ethal options to address seal

fisheries / fish farm interactions. Since the 2020 advice (and in light of
ongoing efforts globally to address such interactions), are SCOS awarg
any further developments in other cotnies or emerging technologies tha
could be consider/applied to Scotland.

Seeking an update on whether there are any emerging sea
control technologies since the 2020 advice that we can advi
industry to consider using for seal control in the absence of
lethal measures.

16

What are the latest estimates of seal (grey and harbours) bycatch acro
fisheries in Scotland and the wider UK? Are there particular seasonal g
or geographical hot spots of high seal bycatch? Are there any areas wi
it has notbeen possible to collect seal population/bycatch data, but whe
there is a potential risk?

To understand the potential for impact of bycatch on seal
populations and inform any future requirement for
monitoring.

Seal haul out sites

17

SCOS previously advised a five year cycle for reviewing the list of
designated haul out sites. Does SCOS consider that this is the most
appropriate time frame for reviewing seal haul sites based on the surve
data and rate of change in the population?

Toassist with reviewing the seal haul out sites, we need to
consider the most appropriate time frame which will be
determined by the survey data.

Seal usage maps

18

Please could SCOS recommend the most appropriate at sea abundan
distribution data source for use in licensing applications and planning

activities (both renewables and major infrastructure). Where such data

The updated usage maps only provide relative densities, by
absolute densities are required for use in licensing casewor
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sources provide relative density, could S0@ease advise on an
appropriate method to convert to absolute density.

Questions supplied by Defra & compiled by Lara Turtl&&toria Bendall (Defra), Ophelie Humphrey & Claire Ludgate (NE), Roma Banga (JNCC) and

Rachel Wright (MMO).

Question Seal Population & Management Questions: Policy Driver/rational behind question:
No. Required by policy and conservatiordgisors to be reviewed, summarised
& updated annually if new information available.
1 Seal Population Estimates: General update on informaih regularly provided by thg

What are the latest estimates of the nhumber of grey and common/harl
seals in English waters amdhat are the latest figures based upond.,level
of coverage, timings, and occurrences of aerial surveys)?

Are trends in common/harbour seal abundance considered to be declini
English waters and if so, what are the potential influencing factodsvehere
is further research needed?

Can SCOS advise at what point a decline in grey or common/harboy
Fodzy R yOS g2dzZ R GNARAIISNI | OKILy
ho2SOUGADTNRPT2 NOY{H Aly@d Ayé G2 AaNBaI

Committee in previous years but relating to seals in Eng
waters.

Counts of the harbour seal population in The Wash from 2(
2020 have revealed a 2% decline. Natural England need
ensure that their advice reflectshé most recent scientifi
evidence on the population.

Seal Population Structure:

What is the latest information about the population structure, includ
mortality, age and sex structure, and carrying capacity of grey
common/harbour seals in English waters?

Is there any new evidence of grey or common/harbour seal populatior]
sub-populations specific to localised/regional areas?

General update on information reguly provided by thg
Committee in previous years relating to seals in English wa
There is a need for greater understanding in occurrence
localised/regional populations, to allow for more target
conservation and management measures.

Defra woutl therefore be interested to learn more on rece
population DNA research studies to highlight Conserva
Management Arease(g., PhD research project by Kristir
Steinmetz)

OSPAR Population Indicators:
Can SCOS provide advice on curramlytical methods being conducted

SMRU to help inform UK assessments for OSPAR M3 & M5 indicators?

For the UK, the assessments require monitoring grey seal
production, estimating total grey seal population size from
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pup production data and monitoring harbour seal abunda
during the annual moult.

Defra and JNCC are aware that SMRU are cilyranalysing
GKSaS |adaSaavySyia o6KAOK 4
Biodiversity Committee (BDC) in 2022 before being integr
into the OSPAR Quality Status Report (QSR2023)
subsequent MSFD Biodiversity Descriptor reporting.

We are therefore keen to ain understanding by SCOS
current analytical methods being used to help inform futd
assessments.

Seal Management Units (MUs):
Can SCOS review and comment on the biological management persped
seal management units proposed by the Infggency Marine Mammal
Working Group (IAMMWG)?

JNCC are undertaking a review of cetacean and seal M
2020-2021.These units are presently being reviewed interns
by JNCC based on previous 2019 SCOS advice and are dy
finalised for the IAMMWG dhe end of June 2021.
As far as possible, the management units defined have §
based on the presence of known populations, with divisi
proposed on the basis of ecological evidence and/or divis
used for the management of human activities. Therefovhilst
being consistent with the best biological understanding, a
refers to the animals of a particular species in a geograpl
area to which management of human activities is also app
As such, these MUs comprise partially artificial divisioh
biological populations.

Question
No.

Seal Protection & Conservation Questions:
Required by policy and conservation advisors to be reviewed, summaris
& updated annually if new information available.

Policy Driver/rational behind question:

SealSSSI Guidance:
Could SCOS please advise on the locations of the top two breeding sitj
top two haul out sites for both harbour seal and grey seal in each
Management Unit? Could SCOS also comment on whether the top two
have been consistent ev the last 5 years, or whether there is interann

variability?

The current guidance for notifying SSSiIs for seals states th{
top two breeding sites and the top two haulout sites in ed
Wwaiz201Q oy2¢ {al0 OFLy 0SS Yy
Defra and Natural England are -currently revieyvitthe
possibility of notifying further SSSis for seals, to improve
protection and reduce disturbance at important seal sites.
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Does SCOS have any recommendations of other approaches to im

2OSNIff LINRPGSOGAZ2Y F2NJ LJ2LJzZ | GA 2
Iy {/h{ LXSIFI&S IROAAS AFYyRABONH H
for seals?

We appreciate that there may be caveats to the answer,
example where SMUs populations are too small, where |
organistions may hold the data, or colonies where counts h
not been counted annually etc.

Populationlevel consequences of disturbance in seals
Can SCOS advise whether repeated disturbance to seals (such as re
flushing into the water) could potentially lead to a populatiewel effect?

Can SCOS review current guidance for anthropogenic related seal distuf
and determine whether diffeent categorised thresholds for land (public
beach haul outs), sea (by boat and water sports) and air (use of aerial dr
could be usefully calculated from NGO monitoring data and implementg
help reduce disturbance.

Could SCOS please advise wdteta should be collected, at a minimum,
disturbance events? This would help to inform a standardised appr
should a nationwide reporting and threshold system for recording disturbg
events be developed.

Defra and Natural England are aware of data held by somg
NEIA2ylf bDhQa 2y (GKS ¥FNBI

Similar data may be held by other organisations and coul
collated and analysed. Having thresholds would help
determine whether disturbance was an issue and requi
further attention.

[In response to a request in 2020, SCOS noted that there
no formal or ceordinated nationwide reporting system fg
recording disturbance events. They then note that local

managers and NGOs have developed their guidance and
in some cases, monitor disturbance events. ]

Question
No.

Fisheries Interaction Questions:
Required by policy and conservation advisors based upon latest emerg
issues for seals

Policy Driver/rational behind question:

Non-lethal seal mitigation measures in commercial fisheries:

Can SCOS provide recommendations on what the latestetbal mitigation
devices, gear modifications and measures are to minimise seal depredat
commercial fisheries?

Based upon recentgovernment action to prevent thg
intentional or reckless killing of seals in English, Welsh
Northern Irish waters as a result of commercial fishing un
Fisheries Act 2020, which became effective from 1st M4
2021.

Defra and MMO are looking to wowkth industry on nodethal
seal deterrents which warrant further research a
development for UK fisheries during 2022022.

Defra and MMO are proposing to extend previous stug
undertaken in 2019 MMO report on nonlethal seal
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deterrents by testing Acoustic Startle Devices in otk
areas/with other gears.

We therefore require SCOS to help identify any new devig
and/or practises that we caadvise industry to use for ner
lethal seal control.

Seal Bycatch monitoring requirements:
What is the latest understanding on levels of seal bycatch across thg
Where is seal bycatch considered to predominantly occur by region and
type and is there any data to show any bias be seal species, sex or spec
groups?

Understanding dvels of incidental wildlife bycatch
commercial fisheries is vital for improved clean catch fishe
management measure#.is important that we understand th
scale and distribution of the problem so we can look
appropriate mitigating measures,needed, particularly in ligh
of recent amendments under Fisheries Act 2020.

Defra are currently working with industry, scientists and eN(
2y G/ €Sty [/ FGOK ''YY W2AyQ
forwardHlooking national approach to monitory and
mitigating bycatch in the UKdriven by the Fisheries Act 203
and new National Plans of Action for reducing bycatch
sensitive species.
As of ' April 2021, Defra also let a new-¥8ar contract to the
Cetacean Strandings Investigation ProgramniCSIP) tq
annually report on threats to cetaceans through carrying
postY2 NIiSya ¢A0GK GKS |AY 27F
other vulnerable marine species such as grey
common/harbour seals.

We therefore require SCOS to help identify what tlerent
gaps in scientific knowledge are for seal bycatch and how
to collect additional information to provide valuable evider
of the current issue in commercial fisheries.

Seal Depredation in commercial fisheries:

Can SCOS advise on the latedbrimation available to provide evidence
seal depredation in the UK?

Can SCOS advise on new research that could be undertaken to best to
robust data on this important issue of concern within UK comme

fisheries?

We have seen increasing complaints from the fishing indu
of seal depredation for large percentages of catch reported
There are now heightened animal welfare concerns aro
such interactions between fishers and seals and any intenti
or reckless Ming of seals by fishers, in light of recent Fishe
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ability to apply for a licence to shoot seals.

Question
No.

Emerging Issues Questions:
Required by policy and conservation advisors bdsupon latest emerging
issues for seals

Policy Driver/rational behind question:

10

Postmortems of seals:

If funding became available to undertake pasortems on a limited numbe
of seals in England, could SCOS please advise on which strandings sh
the top priority to investigate? For example, which apparent causes of d
which species, age classc#éion etc. Could additional pestortems be of
benefit to our understanding of wider issuegy.,on the decline in The Was
harbour seal population, for example?

I'by {/h{ I ROEAOS 2y NB O Seniswdleninbzxas
open wounds ad oral ulcerations that can lead to bone exposure, b
necrosis and potentially septicaemia and death), an unknown diseasg
appears to be affecting harbour seal pups on the east coast of Eng
Specifically, what data should be recorded to enadnhel enhance furthe
investigations?Do SCOS consider that this disease should be taken
account during the investigation of the harbour seal decline in the Wash

Defra and Natural England have received a proposal outli
the indicative costs of wertaking a limited number of pos
mortems on seals. Necropsies could be a useful sourg
information on wider issue®.g., the decline in The Was
population of harbour seals, or physiological effects
repeated disturbance in the southwest.

Data2zy Ol &aSa 2F GKS WwWyz2dziK
routinely collected to date and it would be beneficial to ens
the right data is collected going forward to ensure appropri
investigations can be undertaken. It would also be usefu
know if this maybe a contributory factor to the decline g
harbour seals in the Wash.

11

Impacts on seals from plastic and other marine pollution:

Can SCOS review and provide an update on any new studies looking in
macroplastics, microplastics, chemipallution (including but not exclusive
pharmaceutical drugs flushed into water systems), Abandoned, Lo
otherwise Discarded Fishing Gear (ALDFG) and other marine pollutig
affecting seal populations? What research is specifically required tofitie]
data gaps and evidence base in this area? How could impacts of
pollution be usefully picked up in part under reporting of strandings and-
mortem work by CSIP?

Due to various microplastics, macroplastics, chemical and g
pollutants having a significant negative effect on marine life
is important to understand how such pollution has and
affecting seal populations.

Defra policy requests SCOS recommendations on ho
increase our understanding and improve monitoring withirs {
area.

12

Impacts on Seals through climate change:

Can SCOS review latest scientific information available on cu
environmental impacts seals face due to climate change, such as acidifid
sea level changes and coastal collapses and changipgliztebutions.

Due to climate change having a significant negative effeg
marine life, it would be important to understand how climg
change has and is affecting seal populations.
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Defra policy requests SCOS recommendations on hoy
increase our nderstanding and improve monitoring within th
area.

13

Holistic review of factors impacting health and welfare of seals:

Can SCOS review and collate the latest scientific information availal
current environmental impacts seals face with a bassessment of thg
relative levels of risk posed by each impact?

As the marine environment is being impacted by multiple isq
that also act cumulatively, it is important to be aware of the
picture context within which seals exist and are impact
Understanding the relative importance of each impact can i
drive future policy priorities.

Defra policy requests SCOS recommendations on hoy
increase our understanding and improve monitoring within
area.
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Questions supplied by Natural Resources Wales

Question
No.

Question

Driver/rational behind question(22
sentences)

What are the latest estimates and
trends for grey seals in the UK?

Please provide the estimated pup production
by region and the resulting population size fo
grey seals, including in Wales and south
western British Isles, including Irelarfso see
guestion 3.

What are the latest bycatch
estimates for grepeals in the UK,
especially Southwestern British
Isles, including Ireland?

Understanding the level of bycatch is necess
for NRW to provide upo-date advice to
marine planning authorities and developers g
the likely effects of potential seal collis®and
other anthropogenic removals, in relation to
the PBR for grey seals in SW British Isles. NF
use a wide spatial scale to represent a
biologically and management appropriate gre
seal management unit and encompasses the
Celtic Sea, Irish Sea and Estglthannel and
includes Southwestern and eastern Irish watg
and the sea area off North West France.
Knowledge of bycatch estimates in these are
is required.

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

It is often desirable to estimate total
population size of grey seals in the region (S
British Isles and adjacent Segisic. Ireland)
from pup productim estimates using a simple
multiplier eg Hewer (1964) life tables, ratio of
pups to adults in monitored colonies/well
parameterised models etc. However, the
multipliers used in the literature related to this
geographical region ranges from a 2.5t0 4.5
(see Baine®t al1995; Croniret al2007;

h Q/ I & KI2013; Stringelet al2014)

Baines M.E., Earl S.J., Pierpoint C.J.L. and Poole J. (1995) T
Wales grey seal census. CCW Contract Science Report, no. 1
238 pp.

I NBYAY ad! o dbhda@®] (2007 Aetal suryelgng
grey seal breeding colonies on the Blasket Islands, Co. Kerry,
Inishkea Group, Co. Mayo and the Donegal Coast, Ireland. Jg
for Nature Conservation 15, 83.

O Cadhla, O., Keena, T., Strong, D., Duck, C. lapnd H{2013)
Monitoring of the breeding population of grey seals in Ireland,
2009- 2012. Irish Wildlife Manuals, No. 74. National Parks anq
Wildlife Service, Department of the Arts, Heritage and the
Gaeltacht, Dublin, Ireland.

Stringell TB, Millar CPaiglerson WG, Westcott SM, McMath M
(2014). When aerial surveys will not do: grey seal pup product
in cryptic habitats of Wales. Journal of the Marine Biological
Association of the United Kingdor®4 (6): 1158.159.

168



What is the current state of
knowledge on grey seal interactior]
with tidal energy devices?

Knowledge of the latest information about
interactions and behaviours of grey seals
around operational tidal stream installations i
key to assessing consenting risk for the tidal
industry inWales. Please can SCOS highlight
any new information and summarise the statl
of present empirical knowledge on grey seal
interactions with tidal turbines.

Can SCOS recommend what the
most appropriate avoidance rates
should be in collision risk modeds
encounter rate models for grey
seals and tidal turbines?

When assessing the predicted risk of collisior
with tidal turbines through encounter rate or
collision risk modelling, a single avoidance
rate/factor is applied, which ranges from 0 to
100%. TIs single factor typically incorporates
nearfield evasion and fafield avoidance. For
marine birds, an avoidance rate of 98% is oft
used. Given the lack of empirical information
on avoidance rates in marine mammals,
existing guidance (SNH 2016) reconmue a
range of avoidance rates are used to generat
a range of estimates. Can SCOS recommeng
what the most appropriate avoidance rate
should be for grey seals around tidal turbineg

{O020GGA&K bl ddzNyf | SNRAGI IS o
dzy RSNB I G§SNJ GdzNDAYySa FyR YI NJ
Guidance Note Assessing collision risk between underwater
turbines and marine wildlife.pdf (nature.scot)
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ANNEX 1l Briefing Papers for SCOS

The following briefingpapers are included to ensure that the science underpinning the SCOS Advice
is available in sufficient detaBriefing papers provide um-date information from the scientists
involved in the research and are attributed to those scientBtiefingpapers do not replace fully
published paperdnstead, they are an opportunity for SCOS to consider both completed work and
work in progressilt is also intended that briefing papers should represent a record of work that can
be carried forward to futte meetings of SCOS.
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Grey seal pup production in Britain in 2019
Chris D. Morris, Nick Riddoch and Callan D. Duck

Sea Mammal Research Unit, Scottish Oceans Institute, University of St Andrews, St Andrews KY16
8LB

Abstract

In the 2019 grey seal breeding season, SM&Rtdéessfully surveyed over 65 of the main grey seal
breeding colonies in Scotlan@rey seal pups born at four colonies in England weoeindcounted
by staff from the National Trust, Lincolnshire Wildlife Trust and Natural England.

Using the standardyp production model run (0.9 for proportion of moulters correctly classified,
23.0 days for mean time to fully moulted and 31.5 days for mean time to leave), pup production at
the Inner Hebrides colonies was estimated to4)455 slightly lower than the @16 estimate of
4,541 .Pup production at colonies in the Outer Hebrides W&®$83(15,732 in 2016), in Orkney
production was22,153(23,849 in 2016), in the Firth of Forth production Wa261(6,426 in 2016).
Total pup production at all of these regularly monitored colonies in Scotland®%852(50,548 in
2016)

At the four main English North Sea colonies, pup production in 2019 &@25compared with
8,213 in 2016 and 6,795 in 20up production at Bkeney Point continued to increase with an
estimated3,399pups born in 2019 compared with 2,403 born in 2(R&duction at Horsey, East
Norfolk has also increased wigh316born in 2019 compared with 1,526 born in 2016.

Combining with an estimated adibnal 4,592pups born at other colonies in Scotland and England,
an estimated2,250pups born in Wales, and an estimat280pups born in Northern Ireland, the
total grey seal pup production for the UK in 2019 was estimated ©7)&89

Introduction

Grey seals breed at traditional colonies, with females frequently returning to the same colony to
breed in successive years (Pomeebwl 2001).Some females return to breed at the colony at
which they were bornHabitual use by greseals of specific breeding colonies, combined with
knowledge of the location of those colonies, provides opportunity for the numbers of pups born at
the colonies to be monitored.

While grey seals breed all around the UK coast, most (approximately 86é6l)dt colonies in
Scotland (Figure 1pther main breeding colonies are along the east coast of England, insesth
England and in Waleblost colonies in Scotland and noréast England are on remote coasts or
remote offlying islandsBreedingcolonies in soutiwest England and in Wales are either at the foot
of steep cliffs or in caves and are therefore extremely difficult to monitor.

Until 2010, SMRU conducted annual aerial surveys of the major grey seal breeding colonies in
Scotland to deermine the number of pups born. Reductions in funding, combined with increasing
aerial survey costs, have resulted in SMRU reducing monitoring the main Scottish grey seal breeding
colonies from an annual to a biennial reginiée number of pups born a&blonies along the east

coast of England has been monitored annually through ground counting by different organisations:
National Trust staff count pups born at the Farne Islands (Northumberland) and at Blakeney Point
(Norfolk); staff from Lincolnshire Wllife Trust count pups born at Donna Nook and staff from

Natural England (plus volunteers) count pups born at Horsey/Winterton, on the east Norfolk coast.
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Due to the increasing in size of these colonies making ground counting more difficult, they were
suneyed aerially buy SMRU in 2018 and again in 282dttish Natural Heritage (SNH) staff ground
counted grey seal pups born in Shetland.

Restrictions due to COWI® precluded any surveying in 2020.

In 2012, SMRU replaced the filmased largdormat Lintof AeroTechnika system used since 1985

with a new digital camera system, funded by NERC. Increased numbers of images acquired during a
full aerial survey season (approx. 30,000 digital images compared with 6,000 frames) resulted in a
delay in completing @snating pup production at all 60+ Scottish colonies.

This Briefing Paper reports on the estimated pup production in 2019 at the main grey seal breeding
colonies in the UK.

Materials and Methods

SMRU aerially surveys the main breeding colonies ar@oudland Grey seal pups born at colonies

in England and Shetland are counted from the ground annually by staff from the National Trust
(Farne Islands and Blakeney Point), Lincolnshire Wildlife Trust (Donna Nook) and Natural England
(Horsey/Winterton) ad by SNH (Shetland).

The numbers of pups born (pup production) at the aerially surveyed colonies in Scotland are
estimated from a series of 3 to 6 counts derived from aerial images, using a model of the birth
process and the development of pups (Russtedll., 2019). The method used to obtain pup
production estimates for 2019 was similar to that used in previous y@alsgnormal distribution

was fitted to colonies surveyed four or more times and a normal distribution to colonies surveyed
three times

SMRU successfully surveyed all the main grey seal breeding colonies in Scotland (excl. Shetland)
between September and December 20E6ur to six surveys of all colonies in the Inner Hebrides,
Outer Hebrides, the north coast of Scotla@tkney, northeast mainland Scotland, and the Firth of
Forth were completed.

Paired digital images were obtained from two Hasselblad H4D 40MP cameras mounted at opposing
Fy3ftSa 2F mMH RSIAINBSAE FNRY GSNIAOFT Adg(Flgaew! Qa Y2F
2).As previously, a series of transects were flown over each breeding colony, ensuring that all areas

used by pups were photographed (Figures 3 anthddges were recorded directly onto hard drives,
one for each camerdmages on harddA #S&4 6SNBE R2gyt 21 RSR FyR ol O] SR
survey.

lff AYIF3ISE 6SNB FTANRG | R2dzaGSR F2NJ ONAIKGYyS&aa |y
software, Phocu® Individual images were then stretched from rectangular to trapezoid to closely

match the ground area covered by oblique photographs taken at an angle of 12 degrees (Figure 3).

All perspectivecorrected images covering one survey of a particular colony were then stitched

together to create a single digital image of the entire cglamp to 15GB in sizénages were

AGAGOKSR YR SELRNISR Fa t{. ¥FTAf S&IndfewkoAses aA ONR & 2
where the stitching software could not stitch all images, such as with images of areas with large

differences in groud elevation, images were stitched or adjusted manually using Adobe Photoshop

CS5The final composites were then saved as LZW compressed TIFF files (large images were split if
¢LCCQ& nD. YFEAYdzY FAES aAl S 4l a fGrEddBRRERO YR A
imported images were compressed within Manifold to reduce file size without losing too much
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image detail. The images were scanned visually in Manifold by an expert and individual pups were
marked on a separate layer and classified aggegbat or moulted pup (Figures 5 and 6).

The pup production model allows different misclassification proportions to be incorporated.
Previously, because there was a significant risk of misclassifying moulted pups as whitecoats on the
large format filmphotographs, the pup production model used a fixed value of 50% for the

proportion of correctly classified moulted pug3ups spend a lot of time lying on their back or side

and, depending on light conditions during a survey, it is possible to misglassibulted pup

exposing its white belly as a whitecoltisclassification of a whitecoat as a moulted pup is generally
less likely.

In Shetland, where pups are counted from the tops of cliffs and misclassification of moulted pups is
likely to be low, aorrectly classified proportion of 90% was used (SBP85/01)Since 2012, the

digital images were of sufficient quality to reduce the probability of misclassification, so a proportion
of 90% was used asandard for all production estimates since 20lk2line with previous years, the
standard mean time to moult ¢#3.0 days and mean time to leave of 31.5 days were also
incorporated into the pup production model.

Results & Discussion

The locations of the main grey seal breeding colonies in the UK are shown in Figu2é19, pup
production at the main biennigl monitored breeding colonies in Scotland was estimated to be
49,952compared with 50,548 in 2016, an average annual declin@.4% (Table 1).

In 2019, pup production at the annually monitored colonies in England was estimatedL.t) 25
compared vith 8,213 in 2016, an average annual increase of +9.3% (Tabletdl)pup production
estimates since 1960, for the four regions used in the grey seal population model, are given in Table
2 and are plotted in Figure 7.

Including4,112pups born at othecolonies in Scotland (Table 3), an estimat&@ pups born in
southwest England, an estimatésD pups at smaller sites in east and nostlest England, an
estimated2,250pup born in Wales, and an estimat280pups born in Northern Ireland, the total
grey seal pup production for the UK in 2019 was estimated t67)@89(Table 1).

The plots shown for the Scottish colonies monitored by aerial surveys indicate that there has been a
general step increase in theup production estimates since 2012 when the large format film camera
was replaced by two digital cameras.

Pup production at colonies in the Inner Hebrides

In 2019, grey seal pup production at 13 colonies the Inner Hebrides was estimated #bbe
compaed with 4,541 in 2016, an average annual declind%o (Table 1¥srouped colonies from
different parts of the Inner Hebrides show slightly different production trajectories (Figure 8).
Breeding colonies in the Inner Hebrides have only been sudveiyee the late 1980s, so it is not
possible to group them by age of colony.

Pup production at colonies in the Outer Hebrides

At 16 colonies in the Outer Hebrides, pup production in 2019Ma383compared with 15,732 in
2016, an average annual increaxfet0.7% (Table 1¢rouping colonies in the Outer Hebrides by
location and age, reveals different pup production trajectories (Figurér®@fluction at older, long
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established colonies around the Sound of Harris is declining while production atesoionihe
Monach Isles and new colonies at the southern end of the Outer Hebrides has increased.

Pup production at colonies in Orkney

At 28 colonies in Orkney, pup production v225153in 2019 compared with 23,849 in 2016, an
average annual decline €2.4% (Table 1). Grouping colonies of similar ages showed that production
at the longestablished colonies is slowly declining, while several colonies established much later are
still inaeasing slowly (Figure 10).

Pup production at colonies in the Firth of Forth

At 4 colonies in the Firth of Forth, pup production in 2019 Wwa61compared with 6,426 in 2016,
an average annual increase of +4.2% (TablBrbduction at Fast Castle camiies to increase and it
is now the biggest colony in the North Sea (FigureTHiy rapid increase is due to expansion to the
south-east towards St Abbs Head and westwards towards Siccar Poaint.

Pup production at colonies on the north and norbast coas of Scotland

At 6 colonies on the north mainland coast of Scotland, pup production in 2019,485% compared
with an estimated 2,665 born in 2016 (included in 4,192 for other colonies, Tafllaeke colonies

lie between Helmsdale and Duncansby h@athe Moray Firth and at Loch Eriboll and Eilean nan
Ron on the north coast of Scotland (FigureThke latter two are very close to an active RAF bombing
range and access for aerial survey can be restricted when the range is busy.

Pup production at cabnies in east England

In England in 2019,0,725pups were born at the annually monitored colonies on the east coast
compared with 8,213 born in 2016, an average annual increase of +9.3% (Tatléal. colonies
have been increasing over the past y®aand especially rapidly at Horsey and at Blakeney Point,
which remains the biggest colony in England (Figure 12).
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Tablel. Grey seal pup production estimates from 2019 compared with production estimates from 2016.

Pup Pup Averageannual
Location production in production in change

2019 2016 2016 to 2019
Inner Hebrides 4,455 4,541 -0.6%
OuterHebrides 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 colonie! 49,952 50,548 -0.4%
Other Scottish colonies

- 0,

(incl. N & NE mainland & Shetland) 4112 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 10,725 8,213 +9.3%
eastern England
SW Englan&? 450 250
Small sites in E and NW Engladd 50 50
Total England 11,225 8,513 +9.7%
Wales!* 2,250 1,650
Northern Irelandt 250 150
Total UK 67,789 65,054 +1.4%
Isle of Man 69 84

YIncludes 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 othe
colonies last monitored in 1994
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Table 2 Estimates of grey seal pup production from annually surveyed colonies in the Inner and Outer
Hebrides, Orkney and in¢éhNorth Sea between 1960 and 2016.

YEAR Inner Hebrides| Outer Hebridesg Orkney North Sea Total
1960 2,048 1,020

1961 3,142 1,846 1,141

1962 1,118

1963 1,259

1964 2,048 1,439

1965 2,191 1,404

1966 3,311 2,287 1,728 7,326
1967 3,265 2,390 1,779 7,434
1968 3,421 2,570 1,800 7,791
1969 2,316 1,919

1970 5,070 2,535 2,002 9,607
1971 2,766 2,042

1972 4,933 1,617

1973 2,581 1,678

1974 6,173 2,700 1,668 10,541
1975 6,946 2,679 1,617 11,242
1976 7,147 3,247 1,426 11,820
1977 3,364 1,243

1978 6,243 3,778 1,162 11,183
1979 6,670 3,971 1,620 12,261
1980 8,026 4,476 1,617 14,119
1981 8,086 5,064 1,531 14,681
1982 7,763 5,241 1,637 14,641
1983 1,238

1984 1,332 7,594 4,741 1,325 14,992
1985 1,190 8,165 5,199 1,711 16,265
1986 1,711 8,455 5,796 1,834 17,796
1987 2,002 8,777 6,389 1,867 19,035
1988 1,960 8,689 5,948 1,474 18,071
1989 1,956 9,275 6,773 1,922 19,926
1990 2,032 9,801 6,982 2,278 21,093
1991 2,411 10,617 8,653 2,375 24,056
1992 2,816 12,215 9,854 2,436 27,321
1993 2,923 11,915 11,034 2,710 28,582
1994 2,719 12,054 11,851 2,652 29,276
1995 3,050 12,713 12,670 2,757 31,190
1996 3,117 13,176 14,531 2,938 33,762
1997 3,076 11,946 14,395 3,698 33,115
1998 3,087 12,434 16,625 3,989 36,135
1999 2,787 11,759 15,720 3,380 33,646
2000 3,223 13,472 16,546 4,303 37,544
2001 3,032 12,427 18,196 4,159 37,814
2002 3,096 11,248 17,952 4,520 36,816
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YEAR Inner Hebrides| Outer Hebrides Orkney North Sea Total
2003 3,386 12,741 18,652 4,870 39,649
2004 3,385 12,319 19,123 5,015 39,842
2005 3,427 12,397 18,126 5,232 39,182
2006 3,501 11,719 19,335 5,463 40,018
2007 3,118 11,342 19,184 5,780 39,424
2008 3,317 12,279 17,813 6,501 39,910
2009 11,887* 18,548 7,384 41,136
2010 3,108 11,831 18,562 8,160 41,661
2011

2012 4,088 14,134 22,920 10,205 51,347
2013

2014 4,054 14,331 23,777 12,655 54,817
2015

2016 4,541 15,732 23,849 14,639 58,761
2017

2018 16,845

2019 4,455 16,083 22,153 17,986 60,677

*2008 production estimates were used as a proxy for seven colonies in the Outer Hebrides for which new
production estimates could not be derived in 2009.

The following new colonies were first included in the regional total in the year giyesrémtheses:
Inner HebridesOronsay (2001); Oronsay Strand (2005); Soa (Coll) (2012)

Outer HebridesBerneray & Fiaray (1998); Mingulay (2003); Pabbay (2005); Sandray W (2010); Sandray
NE&SE (2019)

Orkney South Ronaldsag&W (1991); Calf of Eday & Copinsay (1993); Stronsay Sty Taing (1994); Calf of
Flotta (1996); Sule Skerry (1997); Fara (1999); N Flotta & Westray S (2003); Rothiesholm Head (2005); NE Hoy
(2008); Hacks Ness (2016)

North SeaFast Castle (1997); Inchke{2003); Craigleith (2004)
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Table 3 Estimates of grey seal pup production from irregularly surveyed colonies around Scotland.

Region Location Survey method sulr_\f:as;e d Mo(sxt)lrjt?;ent
Inner Hebrides  LochTarbert, Jura SMRU visual 2007 4
¢NBAKYAAK aYlFff SMRUphoto&vis 2010 ~20
Staffa SMRU visual 2008 ~5
Little Colonsay, by Ulva SMRU visual 2008 6
Meisgeir, Mull SMRU visual 2008 1
Craig Inish, Tiree SMRU photo 2005 2
Cairns of Coll SMRU photo 2008 10
Muck SMRU photo 2005 18
Rum SNH ground 2013 15
Canna SMRU photo 2005 25
Ascrib Islands, Skye SMRU photo 2008 64
Fladda Chuain, North Skye SMRU photo 2019 262
Trodday, NE Skye SMRU photo 2008 55
Summer Isles SMRU photo 2010 ~60
Islands close to Handa SMRU visual 2009 10
Outer Hebrides Sound of Harris islands SMRU photo 2008 296
St Kilda NTS reports rare ~5
North Mainland Loch Eriboll & Whiten Head SMRU photo 2019 536
Eilean nan Ron, Tongue SMRU photo 2019 73
Orkney Fers Ness, Eday SMRU photo 2019 21
Shetland Various sites SNH ground 2012 761
NE Mainland Duncansby Head to Helmsdale SMRU photo 2019 1,856
Firth of Forth Inchcolm Fife Seal Group 2019 7
Total Other Scottish colonies to 2019 4,112
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Grey seal pups born at UK breeding colonies in 2014
Red stars indicate known pupping areas without count data.
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Figure 1 Pup production at the main grey seal breeding colonies in the UK in 30idller numbers of grey
seals will breed at locations other than those indicated here, including in caves.

179



SCOSBP 21/01

Not to be cited without prior permission from taethors

Figure 2 TwoHasselblad H4B0 medium format cameras fitted in
{aw! Qa LYIF3S az2iAz2y /2YLISyal iA:
at an angle of 12 degrees to increase strip width. The cradle holding
cameras rocks backwards and forwards during photo runs. Rocking
speed is set depending on the altitude and the ground speed of the
aircraft. The camera shutters are automatically triggered and an ima
captured every time the cameras pass through the vertical position o
each frontto-back pass. Images are savecdily to a computer as
60MB Hasselblad raw files and can be instantly viewed and checked
using a small LED screen. The #0@@an take up to 40 frames per
minute allowing for ground speeds of up t80kts at 1100ft (providing
20% overlap between consecuti frames). The resulting ground
sampling distance is approximately 2.5 cmédix

Figure 3 Theindividual footprints of each pair of photographs taken on a run over Eilean nan Ron, off Oronsay in the
Hebrides, flying at,100ft (red: lefthand camera; yellow: rightand camera).

180



SCOSBP 21/01

Not to be cited without prior permission from taethors

Stockay
&
R
v
- »
4 *
. : . N
Shillay r; =
t"‘v’\{»}\\.
k‘\.,

Ceann Ear

Figure 4 Surveyuns and approximate camera trigger locations (yellow dots) for five colonies in the Monach Isles in tl
Outer Hebrides on 26 October 2012.

Z.é km

Figure 5 Ceanrar, the second biggest of the Monach Isles in the Outer Hebrides, is the largest grey seal breeding c
Europe (ca. 6,000 pups are born each year). This screenshot showswaditiéel (white), moulted (blue) and dead pups
(red) counted from approxiately 200 stitched photographs taken on 7 October 2012. The composite image was stitcl
G23SGKSN) I yR SELRNISR dzAAy3I aAONR&A2FGQ& LYI3IAS /2YLR:
split into 30,000x30,000 pix TIFF tiles ughtipbe Photoshop CS5®. These were then imported into Manifold GIS 8.0®
counting.
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Figure 6 ManifoldGIS 8.0® screenshot showing grey seal pups counted on Ceann lardPoasked and classified as
whitecoats or moulted pups(and asleadif evident).The imagesre not geereferenced but there is the potential for
further processingthus obtaining approximate coordinates for every pup countada small number of images
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Figure 7 Grey seal pup production at routinely surveyed breeding coloni€satland and England from 1960
to 2019. These four regions are used in the grey seal total population model.
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Figure 8 Grey seal pup production in the Inner Hebrides, grouped by location. The change in methodology
from film to digital is likely tdve responsible for a step increase between 2010 and 2012.
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Figure 9 Grey seal pup production in the Outer Hebrides, comparing breeding colonies on the Monach Isles,
long established (old) colonies, and newly established colomtes change imethodology from film to digital
is likely to be responsible for a step increase between 2010 and 2012.
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Figure 10Grey seal pup production at colonies in Orkney, comparing colonies well established before the
1960s, colonies established during thes08 and colonies established more recentlige change in
methodology from film to digital is likely to be responsible for a step increase between 2010 and 2012.
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Figure 11Grey seal pup production at the main colonies in the Firth of Faittechange in methodology
from film to digital is likely to be responsible for a step increase between 2010 and 2012.

4,000

—e—Farne Islands
—e—Donna Nook o

o— Blakeney Point

3,000 + —a—Horsey, E Norfolk °

2,000 A

1,000 ~

Estimated pup porduction

Figure 12Grey seal pup production at colonies in East England. These colonies have been ground counted by
the National Trust (Farne Islands and Blakeney Point), the Lincolnshire Wildlife Trust (Donna Nook), Natural
England (Horsey, up to 2011), and Friends of Ho&eals (Horsey, since 2012).
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Grey seal independent estimate scalar: converting counts to population estimates
Russell Debbie JF and Carter Matt ID
Sea Mammal Research Unit, The University of St Andrews, St Andrews, Fife, KY16 8LB

Abstract

A keycomponent of the grey seal population model is an estimate of population size based on
counts of grey seals hauled out during the harbour seal moult surveys in August. These counts are
converted to an estimate of total population size using a scalar baiselde estimated proportion gf
time grey seals spend hauled out during the aerial survey window (i.e. 2 h either side of low tide in
August between 10:09 18:00), derived from telemetry data. Previous research using low resolution
Argos tags gave a meaastinate of 31% (95% CI:-BB8%) (Lonergan et aR011). Subsequent
preliminary analysis using high resolution data from 25 GPS tags showed that Argos data is unlikely
to be appropriate, and gave a revised estimate of 23.9% (95% CR8.6%), resultingh a change
in the 2008 population estimate of ~30% (Russell et al. 2016). Since that preliminary analysis| a large
grey seal tagging programme has resulted in a dramatic increase in sample size (h=60), allowing the
analysis to be revisited. This study ypigtes a new mean estimate of the percentage of the

population hauled out of 25.15% (95% CI: 21285)7%). In addition to the revision of the scalar,
this study examined the influence of biotic (body length, sex) and abiotic (region, days from spring
tide, day of August, time of low tide, weekend vs weekday, weather, quarter of survey window
covariates on the proportion of time spent hauled out during the aerial survey windows. A small
effect of quarter of survey window was detected, but confidence intlsrezerlapped, and it was
not deemed appropriate to incorporate this into the scalar estimate. None of the other covariates
were found to influence the probability of seals being hauled out. A qualitative examination of the
width of the scalar confidencatervals and the variation in counts for a constant population size
(i.e. multiple August counts in the same area and year) indicated that although the confidence
intervals likely encompass the mean scalar over the month of August there is substantietdigy
variation in the mean proportion hauled out which the confidence intervals do not incorporate. The
reasons and implications of this are discussed.

Introduction

A robust estimate of grey seal population size and trends is fundamental foefifieitive

management. For the UK, estimates are generated using a Bayesiaiszéae model

(SCOBP21/05), incorporating: (i) a timseries of pup production estimates, (ii) knowledge of life
history parameters, and (iii) estimates of population siZ&8g& 2014, 2017) which are independent
from the pup production data (hereafter independent estimates). These independent estimates of
UK population size are derived from counts of grey seals hauled out on land during the harbour seal
moult surveys in AugtisTranslating these counts into an independent estimate of grey seal
population size requires estimates of proportion of the overall population expected to be hauled out
during the aerial survey window (2h either side of low tide in August, where lovdildebetween

10:00¢ 18:00), and thus available for count. The reliability of population estimates is dependent on
the reliability of the scalar (inverse of the proportion of the population hauled out). Proportion of
time hauled out is estimated from lational and behavioural data (e.g. haulout information) from
animatborne tags which are glued to the fur on the back of the neck (falling off by or during the
annual moult).

There have been two previous estimates of the proportion of the population haaeduring the
survey window. Lonergagt al. (2011)estimated that 31% (95% CI: -B2%) of the population would
be hauled out during a survey window, based on analysis of the available telemetry data
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(predominantly lowresolution Argos tags with <12 locations per day and spatial error probabilities

often exceedin@®.5 km). Subsequent analysis comparing the Argos data withrégghution data

from GPS/GSM tags (>50 locations per day with spatial errors typically <50 m) revealed that the
spatial and temporal resolution of Argos data is likely to be inadequate ima&®& a robust scalar

(Russelet al. 2016) Indeed, based on GPS/GSM dd&asselkt al. (2016)generated a lower

estimate of the proportion of time spentauled out during the survey window: 23.9% (95% CI:-19.2
28.6%). This resulted in an increase in the 2008 population estimate of >13,000 seals (~30%) over
that of Lonergaret al. (2011). However, Russell al. (2016) comprised a preliminary study based on

a relatively small sample size (n = 25) and spatial extent (seals tagged in East Scotland and Southeast
England).

Since Russedt al.(2016), a largescale deployment of GPS/GSM tags on grey seals, funded by the
UK Government Department for Business, lggeand Industrial Strategy (BEIS), has generated a
comprehensive dataset of grey seal movements from haulout sites aroundKi€arteret al.,

2020) Such a dataset, combined with the GPS/GSM data used in Ruisdg[2016), provided an
opportunity to reexamine the scalar and also the impact of biotic and abiotic drivers on the
probability of seals being hauled out during the survey wind@s/well as sex and length of the
tagged individuals, the following abiotic covariates were considered: region, weekday/weekend,
time of day, day of August, days from spring tide, weather (daily mean rainfall and windspeed,
maximum daily temperature), quier of the 4 h tidal window. These covariates were chosen
because of a perceived potential influence on grey seal haul out behaviour, in line with Loetergan
al. (2011). No evidence of influence of these covariates on the probability of seals hauliwgout
found in Lonergaet al. (2011), though as discussed above there are concerns regarding the
robustness of the conclusions of that study given the data resolution. Of the above covariates, sex,
region and time of day were considered in a study of fectofluencing seal activity budggiRussell

et al, 2015) Significant effects on the proportion afrte hauled out were found for grey seals, but
this was at a comparatively coarse temporal resolutiontsitrs) and was not specific to August.

Quantifying the impact of covariates on the proportion of time hauled out during the survey window
is criticalin generating a robust scalar. Any covariate effects would require the following
considerations to be made: (1) couspecific scalars could be applied where appropriate (e.g. by
region, week, time of day, day of August); (2) any sex/age impacts wouldtgexn adjustment of

the scalar to reflect the estimated age/sex composition of the population (compared to the
composition of tagged seals); (3) environmental conditions in the August tagging data should
approximate conditions during the August survegsen, but surveys are not conducted in adverse
weather (rain, high winds), thus the tagging data may encapsulate conditions that are not reflected
in the count data; (4) although generating a specific scalar for different weather conditions is
unlikely tobe feasible, an understanding of any impact of weather would allow the generation of
robust standard errors that take into account variation in probability of hauling out resulting from
the conditionmediated norindependence of individuals.

Methods

Telenetry Data

Individuals Considered

Telemetry data were restricted to tags that transmitted data throughout the whole of August
(Russelkt al.,2016) Seal behaviour may be anomalous for a short time after tagging (e.g. a week),
thus tags that were deployed in late July or any time in August (n=4) were excluded. Tags may stop
transmitting for a number of reasons related to dawifailure, or animal death. Individuals may

exhibit anomalous behaviour prior to death, thus tags that stopped transmitting during August (n=4)
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were also excluded. Telemetry data were also restricted to haulout events in Seal Management
Units (SMUSs) thadre covered by UK aerial surveys (Scotland and Eastern England). Finally, the
remaining tag data were quality checked to ensure adequate data resolution for the analysis. This
process resulted in a final sample size for analysis of 60 tags (Table Irjgthal @5 tags (2065

2015) analysed by Russell et al. (2016) and 35 from the more recent tag deployment2(29).7

The spatial distribution of haulout events recorded from these tags is shown in Figure 1.

Table 1:Number of GPS tags used for this analysis by deployment year, location, Seal Management Unit and
sex.

Deployment Year Deployment Location SMU M F
pv1l4 2005 Abertay Sands / East Scotland 1 1
gpl3 2008 Tentsmuir 2 4
hg48/hg48a 2015 Blakeney Point/ Southeast England 6 11
Donna Nook
hg53 2017 Orkney North Coast & 2 3
hg59 2018 Orkney 2 0
hg54 2017 Islay / Oronsay West Scotland 1 4
hg65 2019 2 1
hg55 2017 Monach Isles Western Isles 2 5
hg64 2019 2 3
hg60 2018 Findhorn/Dornoch  MorayFirth 2 6
TOTAL 22 38
60
B50°N
58°N SMU
@ East Scotland
56°N - @ Moray Firth
% North Coast & Orkney
@ Northeast England
@ Southeast England
54°N7 @ West Scotland
@  Western Isles
52°N A
50°N -

10°W 8°W 6°W 4°W 2°W 0° 2°E

Figure 1l ocations associated with grey seal haulout events during the August aerial survey window, colour
coded by Seal Management Unit.

Defining haulout events
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The GPS/GSM tags record and transmit haulout events; these occur if the tag has been dry for over
10 minutes (with the start then adjusted to incorporate these 10 minutes) and end if the tag has
been wet for 40 seconds. There was an issue with the defindf haulout events on tags deployed

prior to 2017; haulout data from these tags had to be manually adjusted (see Russell et al. 2016 for
details). Tags occasionally record a haulout event even though the seal is in the water. This likely
happens when theeal is at the surface with part, or all, of the tag exposed to the air, and the
SGKRNE aSyaz2N) of20FG§SR 2y GKS fSFRAy3a SR3IS 27F
long enough to trigger a haulout event. Seals often spend prolonged pexidbe surface, both

offshore during foraging trips and nearshore while waiting for a tidal haulout site to be exposed. If
possible, such haulout events should be removed; includirggathaulouts within the analysis

would artificially inflate the proporbn of time seals are estimated to be hauled out during the

survey windows.

As a first step, a protocol was developed to assign haulout events, as reported by the tags, (n =3491)
to land or sea. Haulout events with concurrent location data within thediwfia georeferenced

mean low tide layer were assumed to be onshore haulouts (true haulouts; n = 2279; 65%), as were
those with no concurrent location data (i.e. interpolated locations; n=142; 4%). Haulout events
occurring offshore (>1 km from the meamidide boundary) with concurrent location data were
classed as atea haulouts and were removed (n = 544; 16%). However, determining the status
(onshore vs asea) of haulout events that were nearshore (outwith the mean low tide boundary but
< 1 km of thecoast; n = 362 observed and 70 interpolated (combined = 12%)); or were offshore but
had interpolated locations (n = 94; 3%) was not straightforward. This was complicated by location
error (for observed locations and resulting from interpolation) and eimdhe low tide maps (due to
limited spatial resolution and changes in the shape and distribution of sandbars through time).

The status of nearshore haulout events was investigated further using (a) additiondhyweata
transmitted by a subset of tagand (b) through manual exploration of the data. To investigate how

to distinguish between onshore and-s¢a haulouts, a subset of the tags deployed during the BEIS
project (n=23) were programmed to transmit additional data from the wet/dry sensor (nuiibér

& AYyuSNBrta F1020S (KS a¢gSiySaaé GKNBaK2f ROZ
AYGSNDIta 020S GKS GoSliySaaé GKNBakKz2t RoO® | &
of haulout events, these data were examined for a signalthight allow inference of which

haulout events occur atea versus on land. This investigation indicated that such data may be useful
in distinguishing asea haulout events from true haulouts using a threshold of 30% of 4 sec intervals
duringtheeventa 2 S (G KS aoSiySaaé¢ GKNBAK2fR 0f 0k 0SAY
sea). However, a greater sample size is required to determine the robustness of this finding. To

address the issues of lack of accuracy in the low tide maps, nearshore haidotd exthin 100 m

of low tide for which there were concurrent location data (n = 284) were examined in Google Earth

using historical satellite images taken at, or close to low tide, and, for areas with dynamic coastlines

(e.g. sandbars), if possible froraars concurrent with seal telemetry data. As a result, 211 (74%) of

these 284 nearshore haulout events could be confidently assigned to the intertidal zone (i.e. true

haulouts). This resulted in 2632 true haulouts, and 315 for which the status was uncertai

(nearshore with concurrent locations or without observed locations). Using this corrected dataset, a
sensitivity analysis was conducted to investigate the impact on the scalar of various different

treatment rules for classifying haulout events of unknostatus.

> —

In the analysis conducted by Russell et al. (2016), a protocol for assigning haulouts as on land or at

sea was developed. Haulouts with concurrent location data >1 km from low tide were treated as at

sea haulouts and those <1 km from low tide wéreated as true haulouts. Haulouts without

concurrent location data were treated as true haulouts if the interpolated location fell within 1 km of

low tide. Haulouts without concurrent location data were treated asied I 2 NJ adzy |y 26y € 6
not contribute to analysis of proportion of time hauled out vssaa) on the basis of the distance
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from the interpolated location to the coast and the amount of time between the surrounding
observed locations; i.e. &ea if the seal could not have feasibly beanlled out and have such an
AYGSNLREFGSR 201 GA2YS YR adzyly26yé 20$ENBAASD
if any of the following applied in terms of the distance of the interpolated location from the mean
low tide and time between thgurrounding observed locations: >10 km & <2 h; >5 km & <1 h, or >1
km & <0.5 h. Haulout events were flagged as unknown if >10 km & >2 h; >5 km & <10 km & >1 h;
and >1 km & <5 km & >0.5 h. Applying these rules from Russell et al. (2016) to the dataseirased
gave a mean estimated proportion of time hauled out of 0.2609 (95% Cls 602298). We

examined the impact of six realistic alternative treatments for haulouts of uncertain status (onshore
vs atsea) on the mean estimated proportion of time haulad.dn general, there was little impact

of different treatments (range of mean estimate 0.24582609). Based on these findings, and close
scrutiny of these nearshore haulout events with concurrent location data, a threshold of 20 m was
selected above wikh haulouts with concurrent location data were treated ased. There was no
change in the treatment of haulouts without concurrent location data compared to that of Russell et
al. (2016) described above. For the final dataset 2744 haulouts were cogtsidénis approach
minimises the risk of artificially inflating the proportion of time hauled out due teest haulouts,

while still allowing some margin for GPS positional error and variation in spatial extent of haulout
area due to spring low tide.

Covaiate data

Covariate data were sourced as follows. Low tide data were extracted for each haulout location from
Poltips (The Proudman Oceanographic Laboratory, National Oceanography Centre). Vidathdr
covariates (wind speed, rainfall and temperatunere extracted from the Met Office Integrated

Data Archive System (MIDAS) for UK land surface stations
https://catalogue.ceda.ac.uk/uuid/dbd451271eb04662beade68dad354@diich provides daily

mean, maximum and minimum estimates. Values were extracted for the nearest weather station to
the seal location data (mean distance = 18 kail-8/5 km SD). Days from spring tide was calculated
inR(R Core Team, 202034 A y 3 (i KS a(LadayidisN®14)LI O | 3 S

Modelling framework

The response variable (proportion of 4 h survey window spent haalgdwas modelled as a

function of abiotic andiotic covariates (binomial error distribution) using generalised additive

models (GAMSs) in a generalised estimating equation (GEE) framewoHG@NEE) using the

LI O1 I 3S& &3S S L)YHA4dksh etlaly; P006H B. ICbvarigt&s{sée Introduction) were

input as factors (categoricaljpd smooth (continuous) terms. The GAM approach allowed the

inclusion of smoothed terms to investigate ntnear relationships with the response variable while

the GEE framework ensured prediction of the population mean with associated standard errors
robust to any residual noindependence within individual&uur et al. 2009)The most

parsimonious model was found by backwards selection using model information criterion score from
a full model (containing all possible covariates). Quasi Information Criterion (QIC) was used, as
maximum likelihoodased alternatives (e.g. Akaike Information Criterion) are not applicable to GEEs
(Cuiand Qian,200®) ¢ KNBE&AK2f R T2 NJ O@a@hhadhandiAdded @0 t nv L/ fi
Within-individual nonindependence is a potential feature of this dataset, as the probability of a seal
being hauled out in a given survey window is likelpealependent on the activity of the seal in

previous survey windows. The use of GEEs with individual seal ID as a blocking factor allows residual
correlation within an individual and standard errors to be adjusted accord(@giyr et al., 2009)

Two individuals recorded few (<10) observations (i.e. known haulout status data durimépsv4

tide survey window) due to missing data. However, removing these individuals from the dataset had
no impact on model selection results, or subsequent plots of model output, so they were kept in the
dataset.
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Three analyses were conducted: (i) testiigveather covariates (rainfall, windspeed and

temperature), (ii) testing of the effect of quarter of the survey window, and (iii) testing of key biotic
and abiotic (excluding weather) covariates. This tHphase approach was taken as, for

investigationof weather effects, the data had to be restricted to exclude observations (4 h tidal
survey windows for which there are haulout data for an individual seal) that were >10 km of the
coast (n=57), since conditions at the haulout will presumably not affecpthbability of haulingut

if the seal is far offshore. Furthermore, observations where windspeed was > 40 kmh were excluded
as there were very few data points (n=20; 1.9% of data) and aerial surveys are not conducted in such
conditions. This resulted imfinal dataset of 1043 observations. To investigate the impact of quarter
of survey window, the data needed to be considered at a 1 h resolution (compared to a survey
window (4 h) resolution). The main analysis (phase iii) was conducted using allualiddd survey
windows in the dataset (n=1153 observations). In addition to the models, goammetric

bootstrap by individual (with replacement; N=500,000) was used to estimate the uncertainty around
the population mean.

Results
(1) Weather covariates

There was no evidence of an effect of weather on the probability of seals being hauled out during
the survey window in this analysis; none of the weather covariates considered (daily rainfall,
maximum daily temperature, or mean windspeed) were retained imti@mal adequate model.

(@ Quarter of survey window

There was evidence of an effect of quarter of survey window on the proportion of time seals spent
hauled out. Quarter of the survey window was retained in the minimal adequate model. The
probability of being hauled out was greatest closer to low tide (@2 @3), but confidence intervals
overlapped (Fig. 2).

0.5
0.4+

1 |

0.2+

_lowtde
-
-

Prob. being hauled-out

0.1+

0.0

Q1 Q2 Q3 Q4
Quarter of survey window

Figure 2 Model-predicted effect of quarter of the survey window on probability of being hauled out during the
August survey window. Dots show the population mean, lines reflect the uppeloamt 95% confidence
limits.
(i) Key biotic and abiotic covariates
None of the covariates tested were retained in the minimal adequate model. Day of August had a

small effect on probability of being hauledit, but the delta QIC value (1.03) was not enough to
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justify retaining it in the final model (see Discussion). Eight seals in the database were missing seal
length records (17 observations). Model selection was initially performed excluding these

individuals. However, seal length was dropped on the firdegypR 2 F Y2 RSt A0S OGA2Y
so the full dataset was used for the rest of model selection. The results from the GEE (intercept only)
revealed a mean proportion of 0.2514 (0.2302907 lower and upper 95% confidence intervals)

which was similato that generated from bootstrapping: mean: 0.2515.

Discussion

The revised proportion of the population hauled out (0.2515; 95% CI 0QQ4®07), resulting in a
population scalar (i.e- 3 ) of 3.98 (95% CI 3.444.66), is sghtly higher than that
reported in Russell et al. (2016); 0.238, giving a scalar of 4.18 (95% GI52%) which was

derived from data from just under half of the tags analysed here. This result provides further support
for a higher mean scalar thamas derived from the Argos tags (3.23; Lonerggal.,, 2011).

At-sea haulout treatment protocol

The sensitivity analysis conducted here suggests that a threshold of 20 m from mean low tide is
appropriate to classify nearshore haulouts withncurrent location data as true haulouts. This
threshold allows margin for GPS location error, and variation in the available haulout area due to
spring tides, while minimising the risk of artificially inflating the proportion of time hauled out
through inclusion of atsea haulouts. The assumption made here is that haulouts occurring within 20
m of mean low tide are not the result of seals resting at the surface. This behaviour is unlikely to
occur so close to shore during low tide. However, given thetlfeattchanging the data treatment
protocol from that of Russell et al (2016), where the threshold was set at 1 km, resulted in a
reduction in the mean estimate of 0.0094 (equivalent to an increase in the 2014 population estimate
of 12,395 seals), and thé#te status (onshore vs &ea) of haulouts without concurrent location data
(9% of all haulouts; n = 306) still remains uncertain, the problem of definisgaahaulouts warrants
further research. Ideally, concurrent accelerometer data is required tordete the body

orientation of the seal during such haulout events, and distinguish between a seal lying prone on a
haulout or resting at the surface in a vertical position (i.e. bottling). However, accelerometer data
are not currently transmitted by the G*GSM tags due to the large size of associated data packets.
With further research, an algorithm could be developed to abstract these data into a simple
indicator of body position during haulout events which could be readily transmitted alongside the
haulout records.

Impact of covariates

The only covariate retained in model selection was quarter of survey window. This covariate was not
considered in the overall analyses (iii) or when generating the bootstrapped estimates for proportion
of time hauled out kcause (1) the effect size was relatively small and the confidence intervals
overlapped, (2) conducting the main analyses on that scale would have likely caused complex
correlation relationships within the residuals (within survey window, within individ{a) there

were not enough data to determine whether or not this relationship was temporally and spatially
constant (in terms of the impact of tidal extent or region), (4) generating and combining quarter
specific scaled population estimates (with asatai confidence intervals) for the independent
estimates would be challenging.

Although quarter of survey window was the only covariate retained during model selection, this
does not allow us to conclude that the other covariates have no impact. Theeasaimplof 60,
although relatively large in the context of studies using telemetry data, meant that there was limited
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power to detect impacts, especially given there was such high variability in haulout patterns, and a
maximum of 31 data points per individll There may be drivers of haulout behaviour acting on
multiple spatial scales associated with habitat (e.g. availability of haulout sites, trip duration and
weather conditions), and thus detecting the impact of individual covariates is difficult and
interactions between variables are precluded by limited sample size. Furthermore, the weather data
was amalgamated over the whole day and was from the nearest weather station which was between
1 and 62 km from the haulout site. Both in the UK and on the centjrobservers have highlighted

the link between very hot weather and relatively low August aerial survey counts. Such weather
conditions are not common and would not be detectable within the telemetry data, but can have a
considerable impact on the countand thus population estimates. For example, a count of 196 on a
particularly hot day (with >100 visible in shallow waters adjacent to the haulout site) was recorded
F2N) GKS a2yl OK LatSa Ay HnmmI gKSNBEI a el thie & dZNNE dzy
impact of weather is dependent on both recent and current conditions. For example, larger haulout
numbers are often associated with a dry day that follows a long period of wet weather compared to
a one within a period of dry weather.

Scalar uncdainty

The scalar uncertainty does take into account iritetividual variation in haul out patterns (via
nonparametrichootstrapping). There is considerable variation among individuals; some individuals
make short foraging trips, haulirmut every day, wite others make prolonged trips offshore, then
return to haul out on land for multiple days at a time. For example, one individual in the dataset
spent a mean proportion of time hauled out >0.5 across all survey windows. There was no evidence
for anomalougdata within the track (e.g. tag issues or early breeding behaviour). The individual
hauled out in 15 out of 20 survey windowsaking frequent short foraging trips within Scapa Flow,
Orkney, throughout the whole duration of the track (including Augustiointrast, some (but not

all) individuals tagged in the Western Isles travelled to thees#die (Carter et al. 2020), spending

only 17% of time hauled out on average during the August windows. Such individuals often spend
multiple successive survey wings hauled out, followed by many days (often weeks3ed. Such

long trips punctuated by long haulout events may have a disproportionate impact on the analysis,
depending on where the individuals are in their tripaulout cycle at the start of the timesges

(e.g. an individual already on a long foraging trip at the start of August may only record one haulout
event during the time series, but an individual hauled out at the start of the time series may record
three haulout events). Furthermore, the progiimn of time individuals haul out for may impact the
probability that they are encountered for tagging in the first place (i.e. individuals that make long
trips may be less likely to be tagged), resulting in an overestimate of the mean proportion of time
spent hauled out for that site.

The confidence intervals surrounding the scalar pertain to the population mean for all August survey
windows. It was necessary to temporally aggregate all the data to generate the average scalar across
the whole month of Augst. As such, the uncertainty does not incorporate-tiaxgay variation in

the proportion of time hauled out during the survey window. Caution should be used when applying
this scalar to survey data from individual haulout counts to generate abundanceag¢ss. The

scalar does not account for movement between haulout sites; such movement, especially for
haulout sites used by a limited number of individuals will result in additional variation in counts.
Stochasticity also becomes important when considesimgll counts. For a relatively large spatial

scale (minimal influence of movement) and large counts, if the probability of a seal hauling out is
independent of other seals and abiotic/biotic covariates then the confidence intervals generated
should encompss the true scalar. However, given our limited ability to detect impacts of covariates
(see above) we cannot be confident that the confidence intervals are appropriate. Influences such as
weather, or a propensity to haul out with others would likely beragion a relatively fine spatial

scale. Thus, ideally we would explore the tiayday variation in the proportion of tagged individuals
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hauled out within an SMU. However, the limited sample size and the limited number of windows
meant that the lower confidnce interval then incorporated O.

Other sources of information on uncertainty

The survey data provide another opportunity to examine variation in haul out probability. However,
most areas are surveyed infrequently (at most annually), and examination of variation in haulout
probability is often confounded by the trends in abundanod &imited spatial extent of individual
surveys (see above regarding seal movements). The Southeast England SMU provides a unique
opportunity to examine variation in counts. Surveys are often conducted more than once a year
which allows examination of theariation for a given abundance and although there is some
interchange with northern UK and also the continent, leyday variation in the proportion of seals
moving to or from these other regions is assumed to be minimalRsessell (2016) The surveys

often cover only a proportio of the Southeast England SMU and thus we examined the variation on
multiple spatial scales with a focus on the three largest haulout sites (Donna Nook, Wash and
Blakeney). These haulouts represented 74% of the SMU in 2019 (Russell et al. BP *selapjrends

and in ten years there have been two counts (three in 2021) in August. Excluding one of those years
(one of the counts was so low, it was assumed they had just been disturbed), the coefficient of
variation (CV) of the two (three in 2021) counts integiear ranged from 0.003 to 0.72 (median

0.067). In three of the nine years (including 2021), the confidence intervals surrounding the resulting
population estimates from each count did not overlap. In 2021, the confidence intervals from the

two later couris overlapped, but not with the first count. Although these haulouts do not represent

a closed population, high counts in one haulout area (e.g. Donna Nook) are generally associated with
high counts in neighbouring areas indicating that high numbers ardumto local redistribution.

Indeed, in 2021, of the two surveys covering five key haulout areas (Donna Nook, The Wash,
Blakeney Point, Horsey and Scroby Sands), the count was higher in the second survey for all sites. In
2021, the first Donna Nook coumtas over 60% higher than the mean of the other two surveys
resulting in a population estimate of 20,867 (95% CI: 18¢059455) compared to estimates from

the other two surveys of 12,346 (95% CI: 10,68%3,469) and 13,276 (95% CI: 11,495,559).

These findings indicate that there is substantial dayday variation in the proportion of the

population hauled out, and that the confidence intervals of the scalar generated from telemetry

data are not representative of the true variation in the proportiof the population hauled out in a

given survey window.

Overall, the estimated proportion of the population hauled out is likely to be a reasonable estimate
of the Augustwide mean proportion of the population hauled out during survey windows. However,
asdiscussed above the apparent dimyday variability in haul out probability means the width of the
confidence intervals is underestimated. The scalars and associated uncertainty are applied to aerial
survey counts to generate population estimates indepamdrom the pup production estimates
(hereafter independent estimates). Realistic confidence limits surrounding the scalars is important
for robust estimates of population size and trends; the relative CVs surrounding the independent
and pup production dgnates essentially weight the importance of the estimates (small CV, higher
weight). Each independent estimate includes counts for multiple years, with the majority of counts
collected within a threeyear period. Within these periods, where more than aoeint is available,

the counts are combined to generate a mean count. In areas like the Southeast England SMU where
a minimum of three counts are used to provide an averaged count, the confidence intervals around
the scalar will be more representative thanareas where a single count is available. An alternative

to the three independent estimates would be to scale estimated mean counts from fitted trends
(SCOS BP 21/03) to abundance estimates which would incorporate both uncertainty from the scalar
and the uncertainty in the mean count prediction. This alternative should be considered and, if
appropriate, applied in future years.
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Trends in seal abundance and grey seal pup production
Russell Debbie JF, Duck CD, Morris CD, Riddoch NG, Thompson D

Sea Mammal Research Unit, The University of St Andrews, St Andrews, Fife, KY16 8LB

Abstract

Scotlandand eastern England (SMU®)Lhold the majority of the UK populations of grey and

harbour seals. The key method of monitoring harbour seal trends in these areas are through aerial

survey counts during their August moult (covering all areas hyeab cyte). Estimates of harbour
trends are essential for effective conservation and management. Such estimates based on dg
until 2017 were provided in Thompse al. (2019). An update of these estimates is required,

ta up

especially given the recent low countsharbour seals in the Southeast England Sea Management

Unit (SMU) which had previously been the only large SMU showing a sustained increases in
abundance.

For grey seals, population estimates and trends in grey seal abundance are estimated within
specific population dynamics model (Thomas 2021) using data from four regions: Inner & Outg
Hebrides, Orkney, and North Sea; the first three regions are equivalent to the West Scotland,
Western Isles and North Coast & Orkney SMUs respectively, and the S&atregion is an

aggregation of East Scotland, Northeast & Southeast England SMUs. The data considered in
population model are pup production estimates from regularly monitored breeding colonies arj
independent estimates of population size. Theseepehdent estimates are generated using grey
seal count data from August surveys and a telemeagived scalar to account for seals not haule
out during surveys, and are termed independent because they are independent from those de
from pup productio data.

The population model provides population estimates on the scale of therégions ands based or
the distribution during the breeding seasdhis critical to understand spatial variation in abunda
and trends therein, on an SMU scale, idgrthe foraging season (the majority of the year) which
when seals are most likely to be impacteesatn processes (e.g. anthropogenic activities, prey
availability), and also when they are most likely to impact harbour seals. In addition, an andlys
pup production data is required for an understanding of trends for SMUs and trends in the cor]
of SACs while accounting for, and quantifying, the jump in pup production associated with the
change in survey methods (film to digital).

Here we fit trerds to the available data for the abodescribed three metrics (harbour and grey s
August counts, and grey seal pup production) by Seal Management Unit (SMU). As well as ill
these trends, we overlay the relevant counts/production estimatesSipecial Areas of Conservati
(SACs). In addition, we use the August grey seal count data to generate a third independent ¢
for use in the population model (Thomasal.2021), as well as adjusting the second and third
estimate (using an updatedaar; Russell & Carter 2021). Finally, we combine trends in August
counts of grey seals across SMUs to provide a single trend in counts for SMaksdLhighlight the
potential future utility of such a prediction.

The results in this BP are a preliminargension of the analyses currently being conducted for th
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Introduction

Scotland and eastern England (SM&8 hold the majority of the UK populations of grey and

harbour seals. The key method of monitoring harbour seal trémdsese areas are through aerial
survey counts during their August moult (covering all areas iyeab cycle). Estimates of harbour

seal trends are essential for effective conservation and management. Such estimates based on data
up until 2017 were preided in Thompsoet al.(2019). An update of these estimates is required,
especially given the recent low counts in harbour seals in the Southeast England Sea Management
Unit (SMU) which had previously been the only large SMU showing sustained increases i
abundance.

For grey seals, population estimates and trends in abundance are estimated within-apesgjic

population dynamics model (Thomasal.2021) using pup production data from four regions: Inner

& Outer Hebrides, Orkney, and North Sea; thet fihree regions are equivalent to the West

Scotland, Western Isles and North Coast & Orkney SMUs respectively, and the North Sea region is an
aggregation of East Scotland, Northeast & Southeast England SMUs. The data considered in the
population model a& pup production estimates from regularly monitored breeding colonies and
independent estimates of population size. These independent estimates are generated using grey
seal count data from August surveys and a telemeayived scalar to account for sealst hauled

out during surveysThey are termed independent because they are independent from those derived
from pup production data.

The population model provides population estimates on the scale of the four regions, and is based
on the distribution diring the breeding seasolt.is critical to understand spatial variation in

abundance and trends on an SMU scale, during the foraging season (the majority of the year) which
is when seals are most likely to be impacted bged processes (e.g. anthrggenic activities, prey
availability), and also when they are most likely to have an effect on harbour seals. In addition, an
analysis of pup production data that accounts for, and quantifies, the jump in pup production
associated with the change in surveyethods (film to digital), is required for an understanding of
trends for SMUs and trends in SACs.

Methods

Auqgust surveys

All data were based on counts made during the annual harbour seal moult in August (2 hours either
side of low tide). Almost all datre from aerial surveys conducted by SMRU, augmented by data
from fixed wing aerial surveys of the Thames estuary, conducted by Zoological Society London (aerial
survey; Coxet al.2020; SCOBP 21/07) and ground surveys in the Tees estuary, conducted by
Industry Nature Conservation Association (Bond 2020). Surveys of rocky shores were conducted by
helicopter using a thermal imaging camera whereas surveys of sandbanks (much of the UK east
coast) were predominantly conducted by fixedhg aircraft. For detdis on survey methods, refer to
Thompsoret al.(2019). Where possible, entire SMUs were surveyed synoptically (i.e. within a single
August survey season). However, in some cases that was not possible and so counts had to be
combined across multiple yeattte resulting count was assigned to the year that encompassed the
majority of the total (focal year). Furthermore, some areas, particularly the offshore islands (e.g.
North Rona and Sula Sgeir) which grey seals haul out on, are surveyed less frequethilyg dinelir
associated counts are used in multiple years (trend analyses) and multiple independent estimates.

For the trend analyses, where the limited number of years with counts prohibited robust model
fitting for a particular SMU, the largest subset of sites within it (i.e. the subset of haulout sites with
the largest proportion of the SMU total), for which theonitoring was frequent enough to allow
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Table 1For each SMU (and any associated subsets/proxies) the latest/pup production estimates (year; percentage of the SMU for proxies) are shdotg.that

non-named subsets may not be consistent areas between metrics.

nl?r'r\ftt:er Name Harbour seal August counts Grey seal August counts Grey seal puproduction

1 Southwest Scotland 1709 (2018) 517 (2018) No known colonies

2 West Scotland 15600 (2018) 4174 (2018) c. 5030
West Scotland subset NA NA 4455 (2019; 87%)

3 Western Isles 3532 (2017) 4038 (2011) c. 16400
Western Isles subset NA 5478(2017; 93% in 2011) 16083 (2019; 98%)

4 North Coast & Orkney 1405 (2019) 8599 (2019) 22944 (2019)
North Coast & Orkney subset NA NA 22153 (2019; 97%)
Shetland 3180 (2019) 1009 (2019) 761

> Shetland subset NA NA 495 (2018; peak count; 56%)
Moray Firth 1077 (2019) 2513 (2019) 1865 (2019)

6 L/:(r:;?;rr:rth subset: Loch Fleet to 1008 (2019: 94% of SMU) NA NA
East Scotland 356 (2016) 3782 (2016) 7261* (2019)

! EZ‘:}SEC;{E'S éxléset: Firth of Tay and 7 5350: 149 @MU in 2016) NA NA

8 Northeast England 79 (2019) 4660 (2020) 2823* (2019)
Northeast England subset 76 (2019; 96% of SMU) NA NA
Southeast England 3752 (2019) 8667 (2019) 7902 (2019)

9 Southeast England subset: The Wash i 2859, 2626, 3058 (2021;

6605, 4176, 4787 (2021; 74%

North Norfolk Coast SAC 73% of SMU in 2019) 2019)

NA

* Excludes between 10 and 20 pups estimated to be born at other sites within the SMU.
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model fitting, was used as a proxy for the SMU. Tabbkpbrts the latest count for each SMU and

subset. For some SMUSs, trends for the whole SMU and a proxy were fitted (if the proxy represented
a higher sample size). The relationship between the SMU and subset counts in years when the whole
area was surveyedan be used to assess how representative the subset trends are of the regional
trends.

Analyses

All analyses were conducted in R (R Core Team 2021).
Harbour seal analyses

Counts were modelled as a function of year assuming negative binomial errors broadly following
methods described in Thompsem al.2019. Updated counts were available for all but one SMU
(Western Isles; Table 1). For some SMUSs, the limited number opdatts resulted in problems
estimating the theta parameter for the negative binomial distribution. In these cases, a Poisson
distribution was assumed. Please note that, in contrast to Lonesgah (2013) and Thompsoet

al. (2019), AIC rather than Al@@as used for model selection. For all datasets, at least three models
were fitted: an interceptonly GLM (null model; i.e. a stable trend), an exponential (linear on the link
scale) year effect within a GLM, and a nonlinear smooth year effect within a(@A&fvicted to 5

knots).

Phocine Distemper Virus (PDV) caused sudden declines in the Northeast and Southeast England
SMUs in 1988 and 2002, and thus additional models were fitted with a step change in abundance
and/or trends associated with 2002 (PDV egridc; data were not available for the entire SMUs

prior to the 1988 PDV epidemic). 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 North Coast &
Orkney SMUs duringuulti-year gaps in surveys that spanned 2002 and a sudden change in trend
around 2002 in East Scotland SNBg¢cause of the unknown nature of these declines, additional
models were also fitted for these SMBpecifically, additional models were fittéat SMUs 4; 9

that allowed any combination of stable/exponential trends prior to and following 2002 (including the
same trend across the timgeries) and with/out a step change associated with 2002. In some SMUs
there was evidence of a ndimear trend n the final period (2002 onwards), thus for this final period
GAMs (smooth trends) were used, if preferred by AIC.

Grey seal analyses (August counts)

Changes in grey seal August counts were examined at two temporal and spatial scales. The coarse
scale refers to the independent population estimates (Russell et al. 2016; Table 2) for Scotland and
eastern England (SMUs9). The underlying counts are surveys conducted over multiple years; most
of the counts are from a block of three years (survexk)pwith the population estimate assigned

to the middle year (focal year). For the 2008 population estimate, 97% of seals were counted
between 2007 and 2009; the remaining 3% were counted in 2005 and 2006. For 2014 estimate, 93%
were counted between 2018nd 2015; with the remaining 7% counted in 2011 and 2016. Here we
generated counts for the third independent (2017) estimate using the same protocol as for the first
two (Table 1 in Russell et al. 2016). The focal year was 2017; 96 % were counted withine¢h

year survey block (2018018), with 1% from 2014 and 3% from 2019. Where multiple surveys were
conducted within the survey block (e.g. Southeast England), the means of these counts are used to
minimise dayto-day variation in counts (see Russell&@arter 2021). The updated scalar (SBBS
21/02), based on the telemetrglerived estimates of the proportion of the population hauled out
during survey windows, was used to generate estimations of population size from the three counts.
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On the scale ohidividual year, counts for each SMU were modelled as a function of year assuming
negative binomial errors within a single GAM. The models allowed a different temporal trend for
each SMUA combined trend was predicted (with confidence intervals) using parametric
bootstrapping.

Grey sealspup production

Pup production estimates (SGB8B 21/01) used for SMUsA2and 67 (see Russetit al.2019) were

almost entirely derived from aerigurvey data; these were estimated using probabilities of correctly
classifying a moulted pup (PMoult) values of 0.5 and 0.9 for film and digital surveys, respectively; all
other parameters were kept constant throughout the time series and as reportBdigsell et al
(2019).Some counts of Inchkeith, East Scotland, were provided by Fife Seal Group. The values used
for the remaining SMUs (5,@9) were based on ground counts: Shetland (peak counts; NatureScot),
Northeast England (production; National$t) and Southeast England (production; National Trust,
Lincs Wildlife Trust, and Friends of Horsey Seals). Note there are no known established breeding
colonies in the Southwest Scotland SMU. The latest pup production estimates for each SMU and any
proxies are reported in Table 1.

The production estimates used here as proxies for West Scotland, Western Isles and North Coast &
Orkney match those used in the population model (regularly monitored colonies in Inner Hebrides,
Outer Hebrides, and Orkney, restigely), and represent c. 87, 98 and 97% of production in those
SMUs (Table 1). The estimates for East Scotland, Northeast England and Southeast England sum to
the totals used for the North Sea region in S@P1/05. Shetland and Moray Firth SMU data are

not incorporated in the population model.

Pup production (peak count for Shetland; SEBP21/01) was modelled as a function of year

assuming negative binomial errors (see Rusteall. 2019 for details). For Scottish SMUs surveyed

by SMRU (all exceph&iland), a step increase in pup abundance was offered between 2010 (the last
film survey) and 2012 (the first digital survey) to account for any artificial increase in pups associated
with the change in aerial survey method, thus allowing the trends texaenined excluding this

jump. To maximise the data available to fit this jump, all applicable SMUs were modelled within a
single GAM (limited to k=5), allowing a different temporal trend for each SMU but a single
adjustment for the change in survey mettsd

For SMUs where the data were derived from ground surveys, three models were fitted: an intercept
only GLM (null model), an exponential (linear on the link scale) year effect within a GLM, and a
nonlinear smooth year effect within a GAQstricted to K=5).

Limited flexibility for the smooths represented a pragmatic approach aimed to estimate trends on
the appropriate temporal scale. For consistency the same approach was used across SMUs;
occasionally this resulted in a potentially subiom! fit for periods of time (i.e. Moray Firth; Fig 6).

Results & Discussion
Harbour seals

There are a number of key differences compared to the results of Thompson et al. (2019). An
increasing trend (Fig I@3a) was fitted to the three western SMUs (siatrend in Thompson et al.

2019). There was one additional data point for Southwest Scotland and West Scotland but for
Western Isles the change was driven solely by the change in selection method (AIC vs AICc). The
estimated trend for the Western IsleBi§ 3a) shows a decline to c. 2005 followed by an increase.

The data points for the Sound of Barra SAC (not included in Thompson et al. (2019) because harbour
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seals are not a primary feature) indicates that the abundance in the SAC is depleted (compared to
the 1990s). The component areas of West Scotland SMU show the same trend as in Thompson et al.
(2019): a stable trend in the southern area of the SMU (Fig 2ii a) but increases in the central (Fig 2iii
a) and north (no additional data; (Fig 2iv a) areslthough trends in SACs were not fitted here, the
additional data point for the SACs in the southern area (Fig 2ii a; Eileanan agus Sgeiran Lios mor and
Southeast Islay SACs) did not suggest a deviation from the stable trend reported for the SACs in
Thonpson et al. (2019). There were no additional data for the Ascrib, Isay and Dunvegan SAC in the
central region; in contrast to the area as whole, this SAC shows a stable trend (Thompson et al.
2019). For the northern SMUs there was an additional data ffi@nt a survey in 2019 but no

discernible change in the estimated trends compared to Thompson et al. (2019). For North Coast &
Orkney (Fig 4a), counts were stable until 2001; the next count in 2006 was c. 45% lower and counts
have been declining ever sinddowever, the most recent count (2019) for the North Coast and

Orkney was higher (1405) than the previous count in 2016 (1349) and thus the decline may be
slowing.The 2019 count for the Sanday SAC was also slightly higher than in 2016; the Sanday SAC
showed a similar trend to the SMU (Thompson et al. 2019). Shetland shows a stable trend either side
of a drop of ¢.40% between 2001 and 2005 (Fig 5a) The 2019 counts for the Shetland SACs appear to
follow the trends estimated in Thompson et al. (2019): &and declining for Yell Sound Coast and
Mousa SACs, respectively.

The trends in the Moray Firth SMU (Fig 6a; represented by Loch Fleet to Findh&#®6 of harbour
seals in the SMU), which included two additional counts, were similar to that fittddlompsoret

al. (2019) but a GAM, rather than a decline to 2002 and stable thereafter, was preferred by model
selection. A declining trend was fitted in Thompstral. (2019) for the Dornoch Firth and Morrich
More SAC and given the high variabilit)cofints around the trend, the two most recent counts are
not contradictory to that trend.

There are only five counts available for East Scotland SMU (Fig 7a) as a whole (and no additional
counts since Thompsaat al.2019). However, given the decreasedtahility of the Firth of Tay and

Eden SAC as a proxy for the SMU (14% of the count in 2016 compared to > 90% in the early 2000s) a
trend was fitted to both the SMU and the SAC. Although there is evidence of a declining trend, it is
clear that there has ben a redistribution within the SMU with the catastrophic declines (95% since
2002) restricted to the SAC. A GAM was preferred for the SAC (compared to stable until 2002 and a
decline thereafter in Thompsoet al.2019). Indeed, there is evidence that thealine may be

slowing.

The eastern England SMUs represent the only SMUs which have shown sustained increases in
abundance (punctuated by PBwediated declines in 1988 and 2002; Thompsbal.2019).

Northeast Englan@Fig 8a) hosts a small number of harbour seals (max count < 100 seals) and the
last two counts (2018 and 2019) are c. 14% lower than the three previous counts (highest of the time
series). Counts in harbour seals in The Wash and North Norfolk SAC (¢.né%oor seals in the

SMU) are around 1,000 seals (c. 25%) lower in recent years (five counts; 2028) compared to

the mean in the previous five years. It is unclear whether this drop represents a step change or the
beginning of a rapid decline. SEBE€OBP 21/06 for more detailed examination of the data and
associated Discussion.

Grey seal August counts
Independent Estimatgdable 2, Fig 10)

The updated scalar resulted in slightly reduced mean population estimates for 20028
compared to 1011,96)and 2014 (138,437 compared to 145,889; Rusdell. 2016; Table 2). The
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total count and population estimate for 2017 was 40,347 and 169,060, respectively, representing a
16% increase compared to 2014.

These three independent estimates are inpubihe population model (Thomas 2021) after
downscaling to make them comparable with the pup production estimates for the appropriate year;
only production estimates from the regularly monitored colonies in SMBsafe incorporated in

the population mode(c. 92.33, 93.37 and 93.33% for the three independent estimate blocks
respectively).

Grey seal August trends

Grey seal trends in August were estimated to be stable in three SMUs (Western Isles, Shetland and
East Scotland) and increasing in the other sistered here (Southwest Scotland, West Scotland,
North Coast & Orkney, Moray Firth, Northeast England and Southeast England).

In two of the SMUs for which a stable trend was selected, Western Isles (Fig 3b) and East Scotland
(Fig 7b), the most recent catis the highest of the time series. There were limited data to fit a

robust trend in East Scotland (n=5), and for the Western Isles the counts are variable with two
periods of increasing counts. Thus Shetland (Fig 5b) is the only SMU for which thera is a

possibility of recent declines; an exceptionally low count at the start of the time series precludes the
fitting of a robust trend to current data.

Slight increasing trends (with considerable uncertainty) were estimated for West Scotland and its
component areas (Fig 2b; only the subareas were included in the combine across SMU trend) as well
as North Coast & Orkney (Fig 4b). There was considerabégtaimty around the trend for

Northeast England (Fig 8b), indeed it is not clear whether or not the last three counts represent a
step increase in abundance or a continuing trend. For Southeast England SMU, the trend was fitted
to the three of the five lagest haulouts (Donna Nook, The Wash and Blakeney Point; c. 74% of the
grey seal abundance in the SMU; Fig 9b). These three haulouts represent the most comprehensive
time-series but there are indications that Donna Nook (Humber Estuary SAC) is now ie (f&glin

9b; Thompson and Russell 2021). The more recent popular haulout sites are likely to show different
trajectories; data is lacking for Horsey but numbers at Sroby Sands are rapidly increasing (Thompson
and Russell 2021).

Some grey seal SACs are designated on the basis of their breeding colonies and have relatively low
numbers in August and thus patterns in the August counts are not examined: Treshnish Isles SAC
(West Scotland), North Rona (Western Isles), Isle of May $Eadaind). Counts for Faray & Holm of
Faray SAC (North Coast & Orkney) have been variable around an average of 375 with no discernable
temporal pattern. The remaining SACs (Monachs SACs, the Farnes component of the Berwickshire &
North Northumberland CoasSAC, and the Humber Estuary SAC) have significant numbers during
both August and breeding. There is no indication of a pattern in the counts for the Monach Islands
SAC (Fig 3b; average around 1500; range 12901) but the last count was considerablgtrer

(2701). The Farnes component of the Berwickshire and North Northumberland SAC (Fig 8b) used to
be the whole count for the Northeast England SAC, it still accounts for >90% and thus the trends will
mirror those of the SMU. As mentioned above the HumBstuary SAC (Fig 9b; Donna Nook)

comprises a decreasing proportion of the Southeast England SMU.
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Table 2.The three independent estimates for grey seal population (SM®sahd associated counts.

Count Population estimate (ad 95% CIs)
2007- 2013 2016

Region SMUs 2009 2015 2018 2008 2014 2017
Western Isles 3 3,808 4,065 5,773 15,141 16,163 22,954

(13,099 - 17,753) (13,983 - 18,951) (19,859 - 26,914)
Western Scotland 1 &2 2,773 5,438 4,691 11,026 21,622 18,652

(9,539 - 12,928) (18,707 - 25,352) (16,137 - 21,869)
North Coast,
Orkney & Shetlanc 4 &5 10,061 9,664 10,723 40,004 38,425 42,636

(34,610 - 46,904) (33,244 - 45,054) (36,887 - 49,991)
North Sea 6-9 7,509 15,650 19,160 29,857 62,227 76,183

(25,831 - 35,007) (53,836 - 72,960) (65,910 - 89,324)
Surveyed regions 24,151 34,817 40,347 96,028 138,437 160,425

(83,079 - 112,592) (119,770 - 162317 (138,793 - 188,098)
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The combined trend across all SMUs (Fig 10) indicates that although the trend is increasing, the
increase may be slowing. In contrast tastkrend, the counts underlying the independent estimate
comprise counts for all haulouts. It would thus be expected that the points would be above the
trend line (Fig 10). These counts do not follow the same trajectory as the estimated trend. This may
be because the proxies used to fit the SMU trends (Table 1) were based on the availability of a time
series of data, and thus did not include some of the more recently established haulout sites which be
increasing at a faster rate than the Shiible trends (asn the case in Southeast England). Thus,
further work is required to determine to what degree the apparent slowing may be an artifact of the
proxies used to fit the SMAdide trends (particularly in Southeast England). However, following such
investigation if it is possible to upscale from proxies to Shide trends, the combined trend could

be used as the basis of a time series of independent estimates of population size for the population
model. Such an approach would have a number of advantages oveuttrent method which relies

on scaling up raw counts (see above). It would increase the amount of data available to the
population model (timeseries vs three independent estimates); essentially decrease the influence of
the dayto-day variability in cours (see Russell & Carter 2021); negate the need for counts over
multiple year (3year survey blocks) to be assigned to a single focal year (potentially masking
changes in these years); and the uncertainty around the trends could be propagated into the
estimates of population size

Grey seals pups

The final model estimating trends in grey seal pup production for aerially surveyed SMUs included an
estimated of 27 % jump (95% CI: 16.37.5)in pup production associated with the change from film

to digital(delta AIC 0f30 compared to a model within the jump). The plots show the pup production
trends (and associated confidence intervals) for each SMU if no jump had occurred; in essence, once
the jump has been taken into account, the estimates based on thattilm and digital surveys are

used to fit the trendsThe dashed line through the digital surveys shows the same trend but at the
higher level of the estimates associated with the digital surveys. For the SMUs which comprise
ground-counted coloniesa GAM was selected for Northeast and Southeast England, and a GLM with
a declining trend for Shetland.

Although pup production had levelled off in West Scotlagatlfyy to midi990s; Fig 2i @nd Western

Isles (mid 1990s; Fig 3c) (Russedl. 2019, the 2016 and 2019 estimates were higher than the first
two digital survey estimates (2012 and 2014), which for the Western Isles has 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), pup production has
remined stable since around 2000. The Faray & Holm of Farayirgigase that the colony may be

in decline. A declining trend was fitted for Shetland (Fig 5c); however, thesemes comprised a
subset of colonies and was based on peak counts (which are sensitive tQiedffomumber and

timing of counts) ad thus there are doubts as to how robustly these trends represent Shetland as a
whole.The Moray Firth SMU (Fig 6c) shows indication that pup production is increasing though it
should be noted that there is a limited temporal extent to the data and prgaluction within this

SMU is difficult to accurately estimate. The East Scotland SMU (Fig 7c¢) is continuing to increase
rapidly (mean estimate of c. 28 % between 2014 and 2019), but the two SACs which represent the
vast majority of production in the SMWaw differing patterns in abundance. The Isle of May SAC,
which essentially held the SMUs pup production until the mid 1995s looks to be stable or potentially
reduced. In contrast the Fast Castle colony, Berwickshire & North Northumberland Coast SAC, is
showing rapidly increasing pup production. Note that although the SAC boundary transects the Fast
Castle colony, here all pup production is assigned to the SAC. Pup production in Northeast England,
which is entirely encompassed by the Farne Islands compafaéhe Berwickshire & North
Northumberland Coast SAC, is also increasing rapidly (mean estimated increase of 53% between
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2014 and 2019). Finally, pup production within the Southeast England SMU is continuing to increase
exponentially (mean estimate c. 73étween 2014 and 2019) but this is in a large part due to

increases in Blakeney Point and Horsey, while the increase at Donna Nook (Humber Estuary SAC)

which, up until c. 2000 accounted for the SMUs pup production is now slowing, and thus represents
adedNBIl aAy3 LINRPLERNIAZY 2F (GKS {a! Qa LlzZJ LINRRdzOG A 2
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Figure 1. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August coSoisthiveet
Scotland SMU. TH#éled circlesare the valuesused to fit the trends.
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Figure 2i. Theredicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey sdalcgop g in
the West Scotland SMU. TFked (and crossed; c) bladirclesarethe counts used to fit the SMU trends. The ldad line in (c) shows the same trend
the solid line but at the level of pup production predicted for digital survey estimate (crossed ciftleg)pen and crossed coloured circles (c) indicat
the SAC estimates for the film and digital surveys, retbgsy.
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Figure 2ii. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August acasotslieith area of
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Figure 3. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August cowytSeahggp productiorc) in the

Western Isles SMU. The closed (and crossed; c¢) black pointise valuesised to fit the SMU trends. The dashed line in (¢) shows the same trend as the solic
but at the level of pup production predicted for digital survey estimate (crossetks).The open coloured circles in (a) and (b) indicate the SAC counts. The ¢
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Figure 4. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August cowytseahggp productiorc) in the

North Coast & Orkney SMU. The dashed line in (c) shows the same trendsatidhime but at the level of pup production predicted for digital survey estimate
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Figure 6. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August cowytSeahggp productiorc) in the
Moray Firth SMU (subset for a). The open black circles (a) illustrate thengldl&ounts and were not used for model fitting. Tilked (and crossed; ¢) pointre
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Figure 7. The predicted trend and associated 95% confidence intervals for harbour (a) and greyA{ustalounts, and grey seal pup productionirf the East
Scotland SMU (and the SAC in a). filleel (and crossed; c) black and red poiatge the valuesised to fit the trendgb). The dashed line in (c) shows the same
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counts. The open and crossed coloured circles (c) indicate the SAC estimates for the film and digital surveys, respectively
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Figure 8. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August cowytseahgyp production (c) in the
Northeast England SMU (subset for a). Tilted black and redirclesare the valuesised to fi the trends The open black circles (a) illustrate the Shkiide
counts and were not used for model fitting. The open red circles (b) illustrate the SAC counts.
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Figure 10. The predicted trend and associated 95% confidence intervals for grey seal August counts
for SMUs 19. Note that as proxies were used to fit ttrend in some SMUSs, the predictions do not
represent predictions of total counts across the SMUs. In contrastuhgecircles which represent

the three counts underlying the independent estimates, are for the entire study area (SldlJs 1
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Annual review of priors for grey seal population model 2021

Debbie JF Russell Dave ThompsdnLen Thomas

1. Sea MammadResearch Unit, University of St Andrews, St Andrews, KY16 8LB

2. Centre for Research into Ecological and Environmental Modelling, University of St Andrews, St
Andrews, KY16 9LZ

Summary

Prior distributions (Table 1) for the grey seal population model (S8FO&L/05) are required for the
following model parameters: adult female survial, maximumpup survivabéey | Fecundity ,

shape ofdensity dependence acting on pup survivategionspecific carrying capacity (in terms of
pup production)? , number of adults per female, andprecision of the pup production

estimateg . The data used to inform these priors are presented below and in Tables 2 &hd 3.
resulting prior distributions are shown in Figure 1 and Table 1. These distributions are identical to
0K2aS dzaSR Ay (KS LINBPANG)Hithed distubsDibof preyibusand A & o { / h{
current prior selection is given in Lonergan (2012; 2044, Russell (2017). Recent data, and any
implications for the current priors, are highlighted. For study sites for which there are multiple
estimates for a parameter, only the most comprehensive study is presented. This briefing paper is
based on SupportiopInformation in Thomas et al. (2019).

Table 1.Prior parameter distributions input in Thomas (2021 S8221/05). Be and Ga denote
beta and gamma distributions, respectiveBarrying capacity subscripts 1 to 4 refer to North Sea,
Inner Hebrides, OuteHebrides and Orkney regions.

Parameter Prior distribution Prior mean (SD)
adult survival L 0.8+0.18*Be(1.79,1.53) 0.90 (0.04)
pup survival v} g Be(2.87,1.78) 0.62 (0.20)
fecundity » 0.6+0.4*Be(2,1.5) 0.83 (0.09)
dens. dep. shape Ga(4,2.5) 10 (5)

carrying capacity Ga(4,5000) 20000 (10000)
carrying capacity Ga(4,1250) 5000 (2500)
carrying capacity Ga(4,3750) 15000 (7500)
carrying capacity Ga(4,10000) 40000 (20000)
observation precision  Ga(2.1,66.67) 140 (96.61)
sex ratioo 1.6+Ga(28.08, 3.768) 1.7 (0.02)
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Parameters
Adult female survival +

Relevant studies are summarized in Table 2. Estimates of annual adult survival in the UK, obtained by
aging teeth from shot animals are between 0.935 and Qt¢rwood & Prime, 1978; Hewer, 1964;
Lonergan, 2012)Capturemark-recapture (CMR) of adult fened on breeding colonies can be used

to estimate female survival but may produce underestimates as they are dependent on the
assumption that females not returning to the study colony have died. Using captarierecapture

(CMR), adult survival was estimdtto be between 0.87 and 0.94S5mout, King & Pomerpg019;

see Table 2 for more details). Based on the above data, and the fact that the lower limit on adult
survival cannot be lower than O(Bonergan, 2012}the prior on adult female survival was spasdf

to allow nonzero probability density only between 0.8 and 0.97 (Thomas 2018). However, recent
estimates from Sable Island suggest adult female survival may be above this upper bound.

adult survival ¢, pup survival dpmax fecundity o dens. dep. shape p
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Figure 1Prior probability density functions for each model parameter input in Thomas (2020), drawn from the
distributions specified in Table Carrying capacity subscripts 1 to 4 refer to North Sea, Inner Hebrides, Outer
Hebrides and Orkney regions, respeclyvé’rior means are shown as green dashed vertical lines.
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den Heyer & Bowen (201dsed a CormacBollySeber model to estimate agand sexspecific adult
survival fom a longterm brand resighting programme on Sable Isladderage female adult

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 class24)}than older adults (0.90SE 0.004 for age 25+). Rossi

et al., (2021) found that females on Sable Island maintained very high annual survival rates (>97%)
until age 25, after which survival declines by 8% between agez92&nd by another 9% for ages

30+. Males similarly maintaed high survival rates (>95%) until age 25, though declines in male
survival rates in older age classes were much steeper than in female Tates.as agreed by SCOS

in 2018, the upper limit has been increased to 0.98; the resulting distributiohassadistribution
Be(1.79, 1.53) which is scaled (multiplied by 0.18 and added to 0.8) to allorenmprobability

density only between 0.8 and 0.98. The resulting distribution has mean 0.90 and SD 0.04.

Maximumpup survival | g

Relevantstudies are summarized in TableData from populations that were growing rapidly and
therefore apparently not constrained by density dependence acting on pup survival were required to
inform this prior. There are various published estimates of-fiestr survival during periods of
exponential growth (Table 2Mean estimates of pup surival were between 0¢3.76. On the basis

of these estimates,ie prior on maximum female pup survival is defined as a diffuse beta

distribution Be(2.87, 1.78) which hasean of 0.62 (SD 0.2MWote thatPomeroy, Smout, Moss,

Twiss, & King (201@und high interannual variation in pup survival, which is not currently
incorporated in the model.

Fecundity»

Relevant studies are summarized in Table 3. For the purpdtbs model, fecundity refers to the
proportion of breedingage females (aged 6 and over) that give birth to a pup in a year (natality or
birth rate). For the most part, studies have measured pregnancy rather than natality rates. The
resulting estimatesire thus maxima in terms of fecundity as abortions will cause pregnancy rates to
exceed birth rates. Mean estimated adult female pregnancy rates from examination of shot animals
were between 0.83 and 0.94 the UK (Boyd, 1985; Hewer, 1964), and betw@8&8 and 1 at Sable
Island Canada (Hammill & Gosselin, 1995). A recent study in Finland (KatakR2019; Kauhala

and Kurkilahti 2020) based on shot animals showed pregancy rate can fluctuate significantly
(between ¢.0.6 and c.95) in relation to thevéronment (prey quality). CMR studies report lower
estimates, which may be a result of unobserved pupping events (due to mark misidentification, tag
loss, or breeding elsewhere), but also because such estimates represent births rather than
pregnancy. Sucstudies, from Sable Island estimate fecundity to be between 0.57 and 0.83 (Bowen,
Iverson, McMillan, & Boness, 2006; den Heyer & Bowen, 2017). A recent study from Sable Island
demonstared that fecundity varied as a function of your breeding status iprén@ous year: non
breeder, firsttime breeder, and breeder (in order of lowest to highest). UK estimates of fecundity
rates for populations of marked study animals, adjusted for estimates of unobserved pupping events
were0.79 (95% CI 0.70.81) and 0.8295% CI 0.79.84) for a declining (North Rona) and increasing
(Isle of May) population, respectively (Smout et al., 20B8sed on the available data, the prior on
fecundity () is specified as a beta distribution Be(2, 1.5) which is s¢aietfiplied by 0.4 and added

to 0.6) to only allow probability density between 0.6 and e resulting distribution has mean 0.83
and SD 0.09.
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Shape oflensity dependence acting on pup surviyal

Pup survival at carrying capacity is not dependenthas parameter, and hence carrying capacity

also does not depend on instead, the parameter influences the shape of the population growth
trajectory, by determining the shape of the relationship between pup survival and pup production.
Fowler (1981used both theory and empirical data to suggest that most derdgiyendent change

in vital rates happens close to carrying capacity for species with life history strategy typical of large
mammals (i.e., long lived and low reproductive rate). Empirical elesr(their Figure 4) show
relationships consistent with values’obin the range 510. To avoid being too prescriptive, a diffuse
distribution was specified: @amma distribution Ga(4, 2.5), which has a mean of 10 and SD 5.

Regionspecific carrying capacity

No independent information was available about carrying capacity, and so the priors were specified
with a variance wide enough to make their influence on population size estimates negligilie.
non-informative priors (e.g., improper priors with infinite variance) make the particle filtering
algorithm extremely inefficient, since most simulated trajectories are infeasible given the data,
hence a tradeoff is required between a prior with a large enough variattcbe noninformative,

but not too large so as to make the algorithm prohibitively inefficiétaving the initial rejection

control step in the algorithm helped to some extent in this reg@dmma distributions with a

SD:mean ratio of 1:2, with th@ean set subjectively based on expert opinion (Table 1) were found

to meet these criteria.

Number of adults per adult female

This parameter is also referred to as the sex ratio, although strictly the ratio of males:females is

given byd  p. Relevant studies (on sespecific survival rates) are summarized in Tablk 2ex

ratio of 0.73:1 was derived from shot samples (Harwood & Prime, 1978). This was based on the

following assumptions: that the shot males were a representative sample difrtheling population

Oxmn @SINA 2fROT OGKIFIG FSYIFES adzNBAGIE 61 & ndhopT
dzLJ dzy G At 1 3S mn® | &AY Isighthd datx Gkingknto dceodni defegtidd  a K G
probability inferred by telemetry daf), sexspecific pup survival was estimated (Lonergan 2014;

Table 2). Although there were no significant differences in survival between males and females, the

mean male survival was lower than females. Combined with data from Hewer (1964), the resulting

sex ratio would be between 0.66:1 and 0.68:1 (Lonergan, 2014). Also considered were pup survival
estimates derived from shot samples from the Baltic (Kauhala, Ahola, & Kunnasranta, 2012). For

Sable Islandylale survival post sexual maturity has been estiedatio be 0.98 (SE 0.003) ( Brusa et

al. 2020- based on data from Manske et al. 200Bhe estimatedhe sex ratio on Sable was

estimated to be 0.69:1 based on estimates of age anespexific survival, and assuming a

stationary age distribution (Hamiih den Heyer, Bowen, & Lang, 2017). Based on these findings, the

prior used was a highly informative scaled Gamma distribution Ga(4, 2.5) + 1.6. This results in a prior

mean of 1.7 (SD 0.02); 90% of the prior probability density is between 1.68 and 1.73.

Precision of the pup production estimates

The pup production estimates at colony level from aerial survey data generally have a coefficient of
variation of 10% or less. Uncertainty in the ground count estimates is not quaniifiedresulting
uncettainty in pup production at the region level is hard to predjct the colony estimates were
independent it would be smaller, but they are not independent since they share some parameters.
Hence a moderately diffuse prior was specified o(Ga(2.1,66.67), implying a prior on CV of pup
production (which ipj [ ) of 10% with SD 5 (i.e., with 90% of the prior probability density between
5% and 20%).
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Table 2.Survival data used to inform the survival and sex ratio priors. CMR refers to GMrdrdrecapture

studies and can be based on brands (permanent but can be misidentified), passive tagging (can be lost or
misidentified), activaagging (can be lost), Phot® (can be misidentified). Except for active tagging, estimates

of survival depend on the accuracy ofsighting probabilities and, if appropriate, tag loss. IFsp&cific sample

sizes are not reported then totalis given

Age females males Tot Time . . .
- - . Locati  Considerati
clas mea uncertai mea uncertai al perio Data Source
n n on ons
s n nty n nty n d
Accounted
for effect of
1972 Q?Oetd Farne ELﬁZ'?;;S Harwood
Pup 0.66 1036 0.66 294 , individu Islands sample & Prime
1975 , UK 1978
als structure.
Based on
life tables.
Reanalysis
of data
from Hall,
McConnel
Tag loss | & Barker
Isle of accounted 2001;
95% Cls: 95% Cls: 1997 CMR g”r%y fTOe;iemetry uilclfonnel
Pup 0.65 0.39- 180 0.50 0.25¢ 182 - (hat tag)
0.85 0.75 1999 Farne _data used to | & Barker
Islands inform re- 2002;
, UK sighting grey pup
probability seal
telemetry
data
(Carter et
al., 2017)
Reanalysis
95% Cls: 95% Cls: gngmet Isle of  Tag loss frg‘rjnaﬁa”
Pup 0.54 0.18- 27 0.43 0.11¢ 28 2002 ry data) May, accounted Thomas:&
0.86 0.82 UK for
McConnel
1 2009
2000 Samples
118 - Aged assumed Kauhala,
Pup 0.76 0.38 5 2004 shot Baltic representati  Ahola &
0.55 0.53 229 2005 individu ve. Based Kunnasra
5 - als on life nta 2012
2009 tables
1985
073 SE= 1989 Sable Ln;;g?rismthe dHeer;/er
XKon 5 0.016 1700 1998 CMR Island, Schwarz & Bower’1&
0.33 SE= 1182 (brand)  Canad :
1 0.024 - a Stobo Mcmillan
2002 (2000) 2014
Data from
Samples
Aged assumed Sl
Adu = shot representati 1974
0.95 239 - oo UK analysed
It individu ve. Based
1966 . by
als on life
tables Lonergan
2012
Accounted
for
population
1972 :ﬁ;d Farne X?se ucrtr?gi. Harwood
X N 0.80 294 , individu Islands samples are & Prime
1975 , UK S 1978
als representati
ve within
focal age
class.
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Harwood
g'% Aged & Prime
1972 79 Farne 1978
(0.9 shot
x T 1036 , Lo Islands As above (reanalyse
0- individu
1975 , UK d by
0.96 als
) Lonergan
2012)
Tag loss and
differential
CMR sighting
95% Cls: 1987 (brand, probability Smout,
Adu 0.93- flipper Isle of  accounted King &
0.94 273 - .
It 0.95 2014 tag, May for. Survival Pomeroy
photo confounded 2019
ID) with
permanent
emigration
95% Cls: 1993 North
ﬁdu (6)'89 0.87- 584 - :§0ve Rona, As above As above
0.90 2013 UK
Tagged as
Sable  PUPs-
097 SE-= 1969 CMR Island, Cpnfounded den Heyer
X n 6 0.001 3178 1727 - (brand)  Canad with & Bowen
' 2002 a permanent 2017
emigration
(rare)
As As As
098 SE= 0.97 SE= As As
4-24 9 0.001 :bov 0 0.002 Zbov :bov above above As above As above
As As As
0.90 SE= As As
KHP , 0.004 :bov 0.77 SE#9.01 :bov :bov above above As above As above
As As As
Adu 097 SE= 0.94 SE-= As As
It 6 0.001 2b°" 3 0.003 :bo" 2b°" o) abye  COCIE ASENNG

Table 3.Fecundity data used to inform the fecundity priors. CMR refers to CaiMark-Recapture
studies and can be based on brands (permanent but can be misidentified), passive tagging (can be
lost or misidentified), PhotdD (can be misidentified). Estimatesfetundity depend on the

accuracy of resighting probabilities and, if appropriate, tag loss.

Rate Mean Uncertainty n :;;Tig d Data Location  Considerations Source
Pregnancy 0.93 79 1956- Shot samples Hewer 1964
1963
Pregnancy 0.94  95% Cls: 140 1979- Shotsamples Farne Boyd 1985
0.89-0.97 1981 Islands,
UK
Pregnancy 0.83  95% Cls: 88 1978  Shot samples Outer Boyd 1985
0.74-0.89 Hebrides,
UK
Pregnancy 0.88 526 1968- Shotsamples Canada ! 3SR x c¢ &SI | Hammil &
1 1992 Gosselin 1995
Birth 0.73 0.015 174 1983- CMR (brand) Sable Aged 415 years. Bowen et al.
2005 Island, Unobserved pupping nol 2006
Canada  considered (likely rare)
Birth 0.83 0.034 32 1983- As above As above Aged 1625 year As above
2005 Unobserved pupping not
considered (likely rare)
Birth 0.57 0.03 39 1983- As above As above Aged 2635 years As above
2005 Unobserved pupping not

considered (likely rare)
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Birth 0.790 95% Cls: 584 1993- CMR (brand, North Accounted for unobserved Smoutet al.2019
0.77-0.82 2013  flipper tag, Rona, UK pupping
photo ID)
Birth 0.82 95% Cls: 273 1987- CMR Isle  of Asabove As above
0.79-0.84 2014  (brand, May, UK
flipper tag,
photo ID)
Birth 0.79 1727 1992- CMR (brand) Sable Estimated transitions: den Heyer &
2002 Island, unobserved to breeder = Bowen 2017

Canada 0.41-0.64,
breeder to breeder = 0.7

0.89
Birth 0.56 66 2001  Shot/bycatch Finland Age 56 years old Kauhala and
2018 samples Kurkilahti 2020
Birth 0.79 460 2001  Shot/bycatch Finland Age 724 years old Kauhala and
2018  samples Kurkilahti 2020
References

Badger, J. J., Bowen, W. D, den Heyer, C. E., & Breed, G. A. (2020). Variation in individual
reproductive performance amplified with populati size in a londgjved carnivoreEcology, 101
(6), e03024

Bowen, W. D., Iverson, S. J., McMillan, J. I., & Boness, D. J. (2006). Reproductive performance in grey
seals: ageelated improvement and senescence in a capital breedtaurnal of Animal Ecology
75(6), 134@1351. http://doi.org/10.1111/j.13652656.200601157.x

Boyd, I. (1985). Pregnancy and ovulation rates in grey seals (Haliclyrgpus) on the British coast.
Journal of Zoology05, 265;272.

Carter, M. I. D., Russell, D. J. F., Embling, C. B., Blight, C. J., Thompson, D., Hosegood, P. J., & Bennett,
K. A. (2017). Intrinsic and extrinsic factors drive ontogeny of-#fglgt-sea behaviour in a
marine top predatorScientific Report§(1), Ic14. doi: 10.1038/s4159817-158598

den Heyer, C. E., & Bowen, W. D. (2017). Estimating changes in vital rates of Sable Island grey seals
using markrecapture analysidDFO Can. Sci. Advis. Sec. Res. Doc. 201,72054.

den Heyer, C. E., Bowen, W. D., 8&mian, J. I. (2014). Lostigrm Changes in Grey Seal Vital Rates
at Sable Island Estimated from POPAN Maskghting Analysis of Branded SeBIEO Can. Sci.
Advis. Sec. Res. Doc. 2013/0&pril), 26.

Fowler, C.W. 1981. Density dependence as relatdifitdnistory strategy.Ecology62: 602610.

Hall, A. J., McConnell, B. J., & Barker, R. J. (2001). Factors affectirggafissirvival in grey seals and
their implications for life history strategyournal of Animal Ecology

Hall, A. J., Thomas, G. & McConnell, B. J. (2009). Exposure to persistent organic pollutants and
first-year survival probablility in gray seal pugsivironmental Science & Technolog3(16),
6365¢6369.

Hall, A., McConnell, B., & Barker, R. (2002). The effect of total imminutigléevels , mass and of
Grey Seal pups condition on the figtar survivall6(4), 462474.

Hammill, M. O., den Heyer, C. E., Bowen, W. D., & Lang, S. L. C. (2017). Grey Seal Population Trends
in Canadian Waters, 196016 and harvest advicResearclibocument, (October), &35.

Hammill, M. O., & Gosselin, J. (1995). Grey seal (Halichoerus grypus) from the Northwest Atlantic:

225



SCOSBP 21/04

Not to be cited without prior permissi from theauthors

Female reproductive rates, age at first birth, and age of maturity in m@kesadian Journal of
Fisheries and Aquatic ScienceX12), 275€¢2761.

Harwood, J., & Prime, J. H. (1978). Some factors affecting size of British grey seal populations.
Journal of Applied Ecologhys(2), 40%411. http://doi.org/10.2307/2402600

Hewer, H. (1964). The determination of age, in the grey seét{tdarus grypus) sexual maturity,
longevity and a liféable. Proceedings of The Zoological Society of Loridt#4), 592623.

Hewer, H. (1974 British sealsNew York: Taplinger Publishing Co. Inc.

Kauhala, K., Ahola, M., & Kunnasranta, M. (2012). @eapdic structure and mortality rate of a
Baltic grey seal population at different stages of population change, judged on the basis of the
hunting bag in FinlandAnnales Zoologici Fennidb, 287305.

Kauhala, K., Korpinen, S., Lehtiniemi M & Raitani#ni201Reproductive rate of a top predator,
the grey seal, as an indicator of the changes in the Baltic food Besibogical Indicators02:
693-703.

Kauhala, K and Kurkilahti, M. (2020) Delayed effects of prey fish quality and winter temperature

during the birth year on adult size and reproductive rate of Baltic grey seals. Mammal Research 65,
117-126. https://doi.org/10.1007/s13364019-004541

Lonergan, M. (2012Priors for grey seal population mod&ICOS Briefing paper 12/02, Sea Mammal
Researchunit, University of St Andrews. http://www.smru-ahdrews.ac.uk/research
policy/scos/

Lonergan, M. (2014Addendum to: Lonergan, M. 2013. The case for moving away from 73 males per
100 female SCOS Briefing paper 14/04, Sea Mammal Research Unit, UnigE&ti Andrews.
http://www.smru.st-andrews.ac.uk/researcholicy/scos/

Pomeroy, P. P., Smout, S., Moss, S., Twiss, S. D., & King, R. (2010). Low and Delayed Recruitment at
Two Grey Seal Breeding Colonies in theddKrnal of Northwest Atlantic Fishersiéhce 42,
125¢133. http://doi.org/10.2960/J.42.m651

Russell, D. 2017 Annual review of priors for grey seal population m®@délS Briefing paper 17/01A,
Sea Mammal Research Unit, University of St Andrbtis.//www.smru.st-
andrews.ac.uk/researcholicy/scos/

Russell, D.J.F., Morris, C.D., Duck, C.D., Thampsand Hiby, A.R.(2019) Monitoring leagm
changes in UK grey seal Halichoerus grypus pup produétipratic Conservation: Marine and
Freshwater Ecosystems. DOI: 10.1002/aqgc.3100

Schwarz, C. J., & Stobo, W. T. (2000). Estimation of juvenile §uadivia survival, and aggpecific
pupping probabilities for the female grey seal (Halichoerus gryprus) on Sable Island from
capturec recapture data53(1994), 24¢253.

Smout, S., King, R., & Pomeroy, P. (2019). Envirorsessitive mass changes infhaee breeding
frequency in a capital breeding marine top predatéournal of Animal Ecolog§9, 384,396.
DOI: 10.1111/1362656.13128

Thomas, L. (201&stimating the Size of the UK Grey Seal Population between 1984 an2@S.

226


http://www.smru.st-andrews.ac.uk/research-policy/scos/
http://www.smru.st-andrews.ac.uk/research-policy/scos/

SCOSBP 21/04

Not to be cited without prior permissi from theauthors
Briefing Papell8/04. Sea Mammal Research Unit, University of St Andrews.

Thomas, L. (202@stimating the Size of the UK Grey Seal Population between 1984 an&2@s.
Briefing Paper 19/01. Sea Mammal Research Unit, University of St Andrews.

Thomas, L., Russell, D.JNorris, C.D., Duck, C.D., Thompson, D. (2048)elling the population
size and dynamics of the British grey seal. Aquatic Conservation: Marine and Freshwater
Ecosystems. DOI: 10.1002/aqgc.3134

227



SCOSBP 2105
Not to be cited without prior permission from the authors

Estimating the size of the UK grey seal population between 1984 and 2020.
Len Thomas.

Scottish Oceans Institute and Centre for Research into Ecological and Environmental Modelling, The
University of St Andrews, The Observatory, St Andrews, Fife, KY16 9LZ

Abstract

We fitted a Bayesian statgpace model of British grey seal population dyremo two sources of
data: (1) regional estimates of pup production from 19816, 2018 (North Sea region only) and
2019, and (2) independent estimates assumed to be of total population size just before the breeding
season in 2008, 2014 and 20The malel allowed for density dependence in pup survival, using a
flexible form for the density dependence function, and assumed no movement of recruiting females
between regionsThis model and prior distributions are identical to those used to provide st WX &
advice; the data include the new 2019 pup production estimates and 2017 estimate of total
population size, as well as slightly revised total population estimates from 2008 and 2014.

Estimated population size in regularly monitored colonies in 2020148,700 (95% CI 129,300
153,500).The population overall is estimated to be increasing at a rate of 1.7% per year.

In a supplementary run, we used an alternative set of pup production estimates derived by making a
different assumption about therobability of correctly classifying moulted pups from aerial digital
images.The estimate of total population size was almost identig@wever, a previous analyses has
shown that assumptions made in the pup production model can affect estimatesabfoiopulation
size, so the result obtained here should not be generalized.

Historically one constraint on our ability to investigate and extend the model has been the timg
taken to fit it using the particle filtering algorithm developed by Thomasatiéagues in 2008Ve
have recently developed new algorithms that are significantly faster and are undertaking a
simulatiortbased evaluation of the model as well as model extensidfesexpect to report our
FAYRAY3IA G ySEG &SI NnRa YSSiay3ao

3%

Introduction

This paper presents estimates of British grey seal population size and related demographic
parameters, obtained using a Bayesian stsppace model of population dynamics fitted to pup
production estimates (from aerial surveys of breeding colonies) rahebiendent estimates of total
population size (from hatdut counts).The model and fitting methods are the same as those
employed in recent years and are described in detail in Thomas et al. (2019); the prior distributions
on model parameters are the s& as those used for the last two years (see Russell et al. (2021) for
justification).The data are a time series of regional pup production estimates (20&8; 2018

North Sea region only; 2019) of which the 2019 estimates are new for this briefipey, @nd
independent estimates of total population size (2008, 2014 and 2017) of which the 2017 estimates
are new.

We present estimates of population size at the start of the 2020 breeding system (i.e., projected
forward one year from the last pup prodiech estimates)Note that all estimates of population size
relate to seals associated with the regularly monitored coloreswltiplier is required to account
for the 6:8% of seals that breed outside these colonies.
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The pup production estimation metl is currently undergoing a revision, and one aspect of

estimation that is being examined is the probability of correctly classifying a moulted pup from the
FAEY YR RAIAGEE | SRAnltHe mairdahjate dup produclHcd astindetimte a 2 dzf G £
based on a PMoult of 0.5 for film and 0.9 for digital images. The change to 0.9 was based on the
increased quality of the digital images, compared to the film; this is the value used in previous

briefing papersHowever, work presented at the SCR8eting in 2019 suggested that the

improvement in correct classification with digital images is substantially less, and so a value less than

0.9 was warranted. To provide a sensitivity analysis, as with the 2020 briefing paper, we present

results from a spplementary run of the population model using pup production estimates of 0.5 for

both film and digital images.

Methods
Main run

Full details of the population dynamics model, data and fitting methods are given in Thomas et al.
(2019).In summary, an agstructured population dynamics model is specified for each of four

regions (North Sea, Inner Hebrides, Outer Hebrides and Orkney), with 7 ages included in the model:
pups, age 6 females (assumed not to reproduce) and age 6+ femaleigtjwhay breed)The

model assumes constant adult (age 1+) survival (indexed by a paraifgtaronstant fecundity
(probability that an age 6+ female will birth a pyp,and densitydependent pup survival with

separate carrying capacity in each reg(oarrying capacity parameters ... and common

parameters for maximum pup survivédy-, and shape of the density dependence functignThe
modelled pup production is linked to the data by assuming the data follow a normal distribution
centred ontrue pup production and with precision parameter Adult males are not tracked

explicitly in the population model, but instead, the total population size (of males and females) is
derived by multiplying estimated adult females by a paramétehat represents the ratio of total

I Rdzt Ga G2 | RdzZ G FSYItSa 6az2vySiaysSa OIFfttSR aaSE N
given byd  p). The modelled total population size (age 1+ animals) is linked to the independent
estimates using the empirically deed uncertainty on the independent estimatdésformative prior
distributions are used on model parameters, as justifieRurssell et al. (2021) and summarised in
Table 1 (detailed justification for prior distributions is given in Supporting Informatidhomas et

al. 2019)

Input data were pp production estimates for 1982016, the North Sea region estimate for 2018,
and for all regions in 2019 (Russell et al. 202k estimates for 1982016 are identical to those

dzZa SR Ay f | &phped(BHomMER 20209 R eStimatg/fa the North Sea region in 2018 is
almost identical (18,845 vs the previous 16,7718)e other source of data is the independent
estimates of total population size from 2008, 2014 and, for the first time, ZBuigsell et al. 2021).
The estimates for 2008 and 2014 are approximately 5% lower than those used in previous briefing
papers because an updated scaling factor has been used in converting from-batkeshls

counted to population estimate (Russell a@Gdrter 2021)Note that the total population size

estimates are assumed independent of one another, when in reality they are based on the same
scaling factorWe return to this in the Discussion.

Model fitting, as in previous reports, used a stochasiticulationbased procedure called a particle
filter (Thomas et al. 2019Reliability of reported results depends on the number of simulations.
Here, 4.6 billion simulations were used, which gave results accurat wighificant figures.

8To be precise, this parameter is the probability of correctly classifying aclgit¢d pup as a moulted pup;
the pup production model contains an assumption about the proportion of moulted pups that@ratddrk
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Supplemetary run

As described earlier, one important parameter in pup production estimation is the probability of
correctly classifying moulted pups from the images, PMoult (Russell et al. ZBdYprobability has
been set at 0.9 for the digital images cothst since 2012As part of an ongoing review of pup
production estimation, it was desired to assess the effect of setting PMoult for digital images to 0.5.
This results in lower pup production estimates for the digital survey years (post 2010), extiept
North Sea region where the majority of pup production estimates are derived from ground céunts.
supplementary run of the population model was performed (using 2.2 billion simulations) with these
alternative pup production estimates.

Results
Main run

Estimated pup production by region from the model matches the observed values reasonably well
although it is clear that the pup production estimates for Inner and Outer Hebrides and Orkney are
substantially higher after the advent of digital survay2012 and that this affects the fit: residuals

for several years before this are all negative and after are all positive, except for Orkney in 2019
(Figure 1)In the case of Inner and Outer Hebrides, the g2312 estimates are considerably higher
than predicted. A similar tendency is seen in North Sea, but to a much lesser extent. Overall, pup
production is estimated to be increasing strongly in North Sea, have stabilized in the decade after
1995 in Inner and Outer Hebrides, and be stabilizing kn&r (Figure 1).

Total population size estimated using pup production data alone (Figure 2, blue lines) is somewhat
larger but considerably less precise than that when the three independent estimates are added
(Figure 2, red lineshn both cases, popation size is estimated to have grown steadily, although at a
slightly decreasing rat&hen pup production data and independent estimates are both used (red
lines in Figure 2), population size is estimated to have been larger than the independentestima
from 2008 and smaller than that from 2014 and 20R@sterior mean population size in regularly
monitored colonies in 2020 was 140,700 with 95% credible interval (Cl) 128530800 Estimates

by region are given in Table 2 and estimates for alty&9842020 are given in Appendix 1 (Table
Al).The estimated growth in population size between 2019 and 2020 is 1.7%.

Posterior parameter distributions are shown in Figure 3, with numerical summaries in Tahie 1.
estimates are a little differerfrom those reported by Thomas (2020), likely because of the

additional independent estimateddult survival is estimated to be slightly higher and pup survival
lower (the two are strongly negatively correlated, Thomas et al. 2019); the density depesitge
parameter is somewhat lower and carrying capacity highbree regions (Inner Hebrides, Outer
Hebridesand Orkney) are estimated to be close to carrying capacity (i.e., posterior mean on carrying
capacity parameter close to the pup production), while North Sea is at approximately 60% of
carrying capacity (although that estimate is quite imprecise with 8&8/m0.3)Estimated sex ratio

is, as previously, unchanged from the prior.

Supplementary run

Despite lower pup production estimates in Inner and Outer Hebrides and Orkney going into the
model, the resulting estimates of total population size were véightly (about 1%) larger (Table 2,
last column)The difference is largely caused by a higher population estimate in North Sea, where
pup production was least decreased; it is perhaps caused by the slightly lower fecundity estimate
(Table 1), althoughhe difference in population estimate is too small to deserve aaheipth
examination.
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Discussion

Estimated population size in the main run is approximately 3% higher than that reported in last
8SINRa ONASTAY3I LI LISNI 6 ¢t exaniple thertetah popuftd iz 2 Y LI NI ¢
estimate in 2019 from Thomas (2019) was 133,900 (95% CI 115:80800) while here the

estimate for the same year 138,300 (95% CI 127I8M500).There have been several updates to

the input dataset, but likely the ggest contributor to the change is the introduction of the 2017
independent estimate of total population size, which was larger than the value predicted by the
model and hence likely drew the estimates upwadtchould be noted that (a) such small chaag
happen commonly as the data is updatetbr example, minor changes to the data used in the 2020
briefing paper produced estimates that were approximately 4% lower than those produced the year
before (see Thomas 2020), and (b) all of these changesedtevithin the estimated credible

intervals on total population size.

In this analysis, the three independent estimates of total population size, from 2008, 2014 and 2017,
are assumed to be statistically independent of one another. Although thelgaed on separate

aerial surveys of hauledut seals, in scaling up from counts of seals hauled out to total population
size both rely on the same estimate of the proportion of seals hauled out (Russell and Carter 2021).
This year, we investigated an appch to deal with this using an observation model that allows each
annual haulout count to follow a binomial distribution with the underlying hamlt probability

assumed common across all three counts and following a beta distribution (Appendon@ver,

this model prooved to be too restrictive, strongly penalizing population trajectories that do not
closely follow the ~6% psrear population growth implied by the values of the three haut

counts.This growth rate is not supported by the poptiten model fitted to pup production
estimates.The new observation model assumes seals haul out independently and thadutaul
probability is constant between yeagsve believe one or more of these assumptions needs to be
relaxed before this model witle of use in the population modelling procebtence, for this briefing
paper, we have elected to stick with the assumption used in previous years that the total population
estimates come from independent shifted gamma distributions.

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

In our supplementary analysis, we found very little (1%) change to population size estimates from
alternative assumption on pup production estimatidtowever, ve also note that additional

analyses undertaken by Thomas (2019) showed that small changes in pup production estimates did
influence the total population estimates, so we caution our result here should not be gener#ized.
noted above, the independergstimates of population size may have been overly dominant in this
analysis, and that will change in the future.

One constraint on making inferences from this model has been the time taken to fit it using the
particle filtering algorithm used, which wéisst developed by Thomas et al. (2005) and Newman et
al. (2006) The main run presented here was based on runs of 4.6 billion simulations, which took
approximately 40 hours computer time, running on 40 processors in paf@lleh run times make it
prohibitive to investigate aspects of model performance via simulation and to extend the model to
include biologicallyelevant factors such as timearying fecundityOver the past three years, PhD
student Fanny Empacher has been researching alternatore efficient algorithms, and she has
been joined in the past year by PhD student Cal Faganitin who is working on highly parallel
algorithms using Graphics Processing Units (GBIO#).have made considerable progress and we
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anticipate over the nexyear we will be able to undertake some simulation studies of the model, and
also switch estimation to the new algorithms.
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Ga Gamma disbution (with parameters shape and scale, respectively). Analysis uses20984and 2018
(North Sea only) pup production estimates, and the 2008 and 2014 total population estifRatgsrior
estimates are shown for two runs: a main run, assuming @bdlty of correct classification of moulted pups

from digital aerial images is 0.9, and a supplementary run when where this probability is assumed to be 0.5.

Parameter Prior distribution Prior mean Posterior mean (SD)
(SD) Main run Suppl. run
adult survivah 0.8+0.17*Be(1.79,1.53 0.90 (0.04) 0.97 (0.01) | 0.96 (0.01)
pup survivan Be(2.87,1.78) 0.62 (0.20) 0.42 (0.07) | 0.49 (0.08)
Fecundity) 0.6+0.4*Be(2,1.5) 0.83 (0.09) 0.91 (0.05) | 0.90 (0.06)
dens. depm Ga(4,2.5) 10 (5) 3.3 (0.78) 3.81 (1.24)
NS carrying cap.. Ga(4,5000) 20000 (10000) 33200 (9700) 32100 (10300)
IH carrying cap... Ga(4,1250) 5000 (2500) | 4110 (457) | 3670 (347)
OH carrying cap.. | Ga(4,3750) 15000 (7500) | 14000 (1180) 13000 (794)

Orkcarrying cap...

Ga(4,10000)

40000 (20000

23700 (4290)

20600 (2350)

observation prec§

Ga(2.1,66.67)

140 (96.6)

67.4 (20.7)

74 (20.4)

sex ratig

1.6+Ga(28.08, 3.768)

1.7 (0.02)

1.7 (0.02)

1.7 (0.02)

Table 2 Estimated size, ithousands, of the British grey seal population at the start of the 2020 breedin
season, derived from a model fit to pup production data from 12846, 2018 (North Sea only) and 2019
and the additional total population estimates from 2008, 2014 and 2&%#imates from two runs are
shown: a main run, assuming probability of correct classification of moulted pups from digital aerial irr
is 0.9, and a supplementary run when where this probability is assumed to béadues in the table are
posteriar means with 95% credible intervals in brackets.

Estimated population size in thousands (95% CI)

Main run Supplementary run
North Sea 49.3 (38.1 62.7) 54.0 (41.1 68.9)
Inner Hebrides 9.1 (7.7 11) 8.7 (7.3 10.4)
Outer Hebrides 31 (27.1 35.7) 31(27 34.7)

Orkney

51.3 (43.9 62.6)

48.7 (41.8 57.3

Total

140.7 (129.3 153.5)

142.5 (129 156.5)
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Figure 1.Posterior mean estimates of pup production (solid lines) and 95%CI (dashe
lines) from the model of grey seal population dynamics, fitted to pup production
estimates from 19842016, 201§North Sea only) and 2019 (circles) and the total
population estimates from 2008, 2014 and 2017.
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Figure 2.Posterior mean estimates (solid lines) and 95%CI (dashed lines) of total
population size in 1982019 from the model of grey sepbpulation dynamics, fit to pup
production estimates from 1982016, 2018 (North Sea only) and 2019, and total
population estimates from 2008, 2014 and 2017 (circles, with vertical lines indicating
confidence interval on the estimates). Blue lineswtiib to pup production data alone,
red lines show fit to pup production data and independent estimates.
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Figure 3 Posterior parameter distributions (histograms) and priors (solid lines) for the

model of grey seal population dynamics, fit to pueduction estimates from 1982016,

2018 (North Sea only) and 2019, and total populations estimate from 2008, 2014 anc
2017. The vertical dashed line shows the posterior mean; its value is given in the title
each plot after the parameter name, withe associated standard error in parentheses.
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Appendix 1

Table A1Estimates of total population size, in thousands, at the beginning of each breeding season from
19842020, made using the model of British grey seal population dynamics fit to pup production estimates
from 19842016, 2018 (North Sea only) and 2019, antdltpopulation estimates from 2008, 2014 and 2017.

Numbers are posterior means followed by 95% credible intervals in brackets.

Year North Sea Inner Hebrides| Outer Hebrides Orkney Total

1984 | 4.4 (3.75.1) 45(3.95.5) | 21.5(17.926) | 17.2 (14.520.4) | 47.6 (41.5 55.5)
1985 | 4.7 (4 5.4) 4.8(4.15.8) | 22.4(18.7 27.3) 18.4 (15.7 21.7) 50.3 (44.1 58.7)
1986 | 5.1 (4.4 5.8) 5.1(4.36.1) | 23.4(19.528.4] 19.6 (16.9 23) | 53.1 (46.561.7)
1987 | 5.4 (4.8 6.2) 5.4(4.66.4) | 24.4(20.429.4] 21 (18.124.5) | 56.2 (49.4 65)
1988 | 5.8 (5.2 6.7) 5.7 (4.96.8) | 25.4(21.230.5] 22.4 (19.3 26.3] 59.3 (51.8 68.6)
1989 | 6.3 (5.6 7.2) 6(5.17.1) 26.1 (22.1 31.3) 24 (20.5 28) 62.3 (54.4 72)
1990 | 6.8 (6 7.7) 6.3(5.37.5) | 26.8(22.832) | 25.6 (21.8 29.8] 65.4(57 75.4)
1991 | 7.3 (6.4 8.3) 6.6 (5.57.8) | 27.4(23.432.5] 27.2 (23.1 31.7) 68.4 (59.5 78.7)
1992 | 7.8 (6.9 8.9) 6.8 (5.78.1) | 27.9(23.9 32.9] 28.9 (24.5 33.6] 71.5 (62.1 82)
1993 | 8.4 (7.4 9.6) 7.1(5.98.4) | 28.4(24.433.2) 30.6 (26 35.6) | 74.5(64.6 85.2)
1994 | 9 (8 10.3) 7.3 (6 8.7) 28.8 (24.9 33.5) 32.3 (27.4 37.5) 77.5 (67.3 88.3)
1995 | 9.7 (8.5 11) 7.6 (6.2 9) 29.1 (25.3 33.7] 34.1 (28.9 39.6) 80.4 (69.8 91.4)
1996 | 10.4(9.111.8) | 7.8(6.39.3) | 29.4(25.6 33.9) 35.8 (30.4 41.6) 83.3(72.6 94.5)
1997 | 11.2(9.812.7) | 7.9(6.59.5) | 29.6(25.9 34.1) 37.4 (31.9 43.5] 86.1 (75.2 97.4)
1998 | 12 (10.513.7) |8.1(6.69.7) | 29.8(26.134.2) 39 (33.545.2) | 88.9 (78 100.2)
1999 | 12.9(11.214.7) | 8.2(6.79.9) | 30(26.334.3) | 40.5(3546.7) | 91.6 (80.8 102.8)
2000 | 13.9 (12 15.8) | 8.3(6.9 10) 30.1 (26.5 34.4) 41.8 (36.5 48.1)] 94.1 (83.6 105.2)
2001 | 14.9(12.917) | 8.4(710.1) 30.2 (26.7 34.5) 43.1 (37.9 49.3) 96.6 (86.3 107.6)
2002 | 16 (13.818.3) | 8.5(7.110.2) | 30.3 (26.7 34.5) 44.2(39.1 50.4)| 99 (89 109.8)
2003 | 17.1 (14.819.7) | 8.6 (7.2 10.3) | 30.4 (26.8 34.6] 45.2 (4051.4) | 101.3 (91.7 111.9)
2004 | 18.4 (15.821.2) | 8.7 (7.3 10.4) | 30.4 (26.8 34.6] 46 (40.8 52.2) | 103.5 (94.3 114)
2005 | 19.7 (16.9 22.7) | 8.7 (7.3 10.4) | 30.5 (26.04.7) | 46.8 (41.4 53) | 105.7 (96.8 116.1)
2006 | 21.2 (18 24.4) | 8.8(7.410.4) | 30.6 (26.9 34.7) 47.4 (41.9 53.7) 107.9 (99.2 118.2)
2007 | 22.7 (19.2 26.3) | 8.8 (7.5 10.5) | 30.6 (26.9 34.8) 48 (42.354.3) | 110.1 (101.5120.3
2008 | 24.3 (20.528.2) | 8.8 (7.510.5) | 30.7 (26.9 34.8) 48.5 (42.6 55) | 112.2 (103.8 122.4
2009 | 26 (21.930.3) | 8.9(7.510.6) | 30.7 (27 34.9) | 48.9 (42.955.6) 114.4 (106.1 124.7
2010 | 27.8 (23.2 32.6) | 8.9 (7.6 10.6) | 30.7 (27 35) 49.2 (43.2 56.2) 116.7 (108.3 127)
2011 | 29.7 (24.7 35) | 8.9 (7.6 10.6) | 30.8 (27 35) 49.6 (43.4 56.7) 118.9 (110.5 129.3
2012 | 31.7 (26.1 37.7) | 8.9 (7.6 10.7) | 30.8 (27.1 35.1) 49.8 (43.557.3) 121.3 (112.7 131.7
2013 | 33.7 (27.6 40.4) | 9 (7.7 10.7) 30.9 (27.1 35.1) 50.1 (43.6 57.9)] 123.6 (115 134.1)
2014 | 35.8 (29.2 43.2) | 9 (7.7 10.8) 30.9 (27.1 35.2) 50.3 (43.7 58.7] 126 (117.2 136.6)
2015 | 38 (30.7 46.3) | 9(7.7 10.8) 30.9 (27.1 35.3) 50.5 (43.8 59.4)] 128.5(119.5 139.2
2016 | 40.3 (32.349.4) | 9 (7.7 10.8) 30.9 (27.1 35.3) 50.7 (43.9 60) | 130.9 (121.7141.9)
2017 | 42.5(33.952.7) | 9 (7.7 10.9) 31(27.135.4) | 50.8 (43.9 60.7)] 133.4 (123.9 144.7
2018 | 44.8 (35.456.1) | 9(7.710.9) | 31(27.135.5) | 51 (43.961.3) | 135.8 (125.9 147.6
2019 | 47.1(36.859.4) | 9(7.710.9) | 31(27.135.6) | 51.1 (43.9 61.9) 138.3 (127.7 150.5
2020 | 49.3(38.162.7) | 9.1 (7.7 11) 31(27.135.7) | 51.3 (43.9 62.6] 140.7 (129.3 153.5
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Appendix 2 Alternative observation model for independent estimates.

Letw be the count of haulegut adult (i.e., norpup) grey seals in yearwhered pltlo
corresponds to the three years 2008, 2014 and 2QB8¢ be the total population size of adult grey
seals from regularlynonitored colonies in yeas We assume seals haul out independently of one
another, and that the probability a seal hauls agtjs constant between years. Hence, the number
hauled outis a binomial random variable

wD" EdMm

The haul out probability is not known, and we assume uncertaintyisrdescribed by a beta
distribution with parametersoanda We estimate these parameters by fitting a befiatribution to
a nonparametric bootstrap sample of haalit probabilities derived from the analysis of Russell and
Carter (2021)The likelihood for observed haalit counts6  ® ftd i agivendy wandi

¢ it R ais obtained by integratig over the unknowni:

fl od Mo Mo M "Qngfan

where™Q)  denotes the binomial probability mass function ai‘ﬁ%i the beta probability density
function.
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Recent changes in status of harbour seals in the Wash and North Norfolk SAC and adjacent
sites.

Dave Thompson & Debbie Russell

Sea Mammal Research Unit, Scottish Oceans Institute, University of St Andrews, East Sands, St Andrews,

Fife, KY16 8LB

Abstract

The counts of harbour seals at sites from Donna Nook to Scroby Sands, within the Southeast England
Seal Management Unit (SSE SMU), during the August survey in 2019 were approximately 27.5% lower
than the five year mean for 2014 to 2018.

The same sitewere surveyed in 2020. That count was 8% higher than the 2019 count but was still
21.5% lower than the 2022018 meanThree surveys were carried out in 2021 and the mean harbour
seal count was close to the mean of 2019 and 2020 counts and confirtrihi¢n@ has been a 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 (21 mean = 3080; 2012018 mean = 4296).

The count for the Wash andoh Norfolk SAC has decreased by approximately 21% @2291 mean
= 2883:20142018 mean= 3658) 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 sitéthin the SMU and appears to have affected all-sub
sections of the Wash & North Norfolk SAC.

Grey seal numbers have increased within the SMU, but the largest grey seal haulout group at Donna
Nook shows a similar levelling off and possit#eline, coincident with the harbour seal decline.

Grey seals are 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 where large numbers of harbour sedls
haulout.

Introduction

This is a preliminary note about recent changes in the aerial survey counts of harbour and grey seals in
the Wash and North Norfolk SAC and adjacent sites (within the Southeast England Seal Management
Unit (SEE SMUWJounts of thesurvey images for 2021 have only recently been completed, so the
descriptions of trends in the data should be regarded as preliminary estimates and treated with caution.
A full analysis of the trend data will be completed in early 2022 and additionaysiare again

planned for August 2022.

Methods

Surveys of the coastline between Donna Nook in Lincolnshire and Scroby Sands in Norfolk were
conducted by fixedving aircraft using hantield oblique photography (see Thompsetal., 2019 for
detailed mehods).

To maximise the counts of seals on shore and to minimise the effects of environmental variables,
surveys are restricted to within two hours before and two hours after the time of local low tides
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(derived from POLTIPS, National Oceanographic €ERC) and good weather, i.e. good visibility, no
rain.

Results
1. 2020 survey

At SCOS 2020 we reported that the count of harbour seals in The Wash and adjacent sites (Donna Nook,
Blakeney and Scroby Sands) in 2019 was approximately 27.5% lowen¢haean of the previous 5

years (2014018).Despite the restrictions due to the Covid 19 pandemic a survey of the coast between
Donna Nook, Lincolnshire and Scroby Sands, Norfolk was carried in August 2020. The 2020 count was
8% higher than the 2019 coubut was still 21.5% lower than the 202818 mean

Notwithstanding the variability associated with the proportion of the population hauled out and thus
available to count, it was thought likely that these lower counts represented a real decrease. dihe lev

of decrease and trajectory was unclear, but the data indicated a potential step change decrease of
around 25% between 2018 and 2019. Given that the survey area represents the majority of harbour
seals in the SEE SMU and encompasses the population\iasle & North Norfolk SAC, this likely drop

in abundance is of immediate and serious conc&ims SMU had shown a sustained increase in
abundance (punctuated by sudden drops associated with the Phocine Distemper Epizootics) while most
SMUs on the eastarand northern coasts had depleted or declining populations (Thomesah

2019; SCOS, 2020).

2. 2021 surveys

In response to the perceived decline, funds were provided by Defra and Natural England to supplement
the NERC funding and allow additional &y of the coast between Donna Nook and Scroby Sands.

Due to a combination of Covid related travel restrictions and therf@stte collapse of the contracted

aerial survey company we were unable to carry out a planned pup census for thélakeaver three

surveys were carried out during the harbour seal moult, ofi, 22" and 23¢ August 2021; two covered

the entire coastline between Donna Nook and Scroby Sands and one covered the coast between Donna
Nook and BlakeneWll three surveys covered the Wash and North Norfolk SAC.

Table9. counts of harbour seals at Donna Nook, the Wash, Blakeney and Scroby sands during August
between 2016 and 202I/s = not surveyed

Date 12/08/ | 22/08/ | 23/08/ | 22/08/ | 11/08/ | 11/08/ | 11/08/ | 21/08/ 5/8/
2021 2021 2021 2020 2019 2018 2017 2016 2016
Wash 2724 | 2439 | 2837 | 2866 | 2415 | 3632 | 3210 | 2992 | 3762

DonnaNook 153 75 139 157 128 146 290 275 462
Blakeney 135 187 221 258 329 218 271 388 460

Horsey N/S 9 15 1 16 17 N/S N/S N/S
Scroby Sands| N/S 24 25 45 193 210 399 184 211
Total 3012" | 2734 | 3237 | 3327 | 3081 | 4223 | 4170 | 3839 | 4895

1 1Total does not include Scroby Sands or Horsey which held ~ 1% of the harbour seals in the other
2021 and the 2020 counts.
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3. harbour seals

Counts of harbour seals from surveys between 2016 and 2021 are shown in t&blke hearharbour

seal count for 2021 (2995) was 7% lower than the mean of 2019 and 2020 counts (3206) and confirms
that there has been a decreaskhe total count for the sites between Donna Nook and Scroby Sands has
declined by approximately 38% compared to thean of the previous five years (262021 mean =

3080; 20142018 mean = 4296). The count for the Wash and North Norfolk SAC (i.e. the Wash +
Blakeney) has decreased by approximately 21% (2@021 mean = 28820142018 mean= 3658)

over the same timgeriods, while Donna Nook showed a 57% decrease and Scroby Sands showed a
73% decreaséritted trends indicate that the Wash & North Norfolk SAC population recovered after the
2002 PDV epidemic, reached a maximum around 2015 at a level close to tggigeenic maximum

and has declined sharply since then. However, the nature of this decline is still uncertain in terms of
whether it represents the beginning of a sustained decline or a step change (similar to those seen in
response to the PDV epidemics metSEE SMU and for unknown reasons in the Shetland SMU. As the
Wash and Blakeney counts represent the majority of the SEE SMU population, a similar trajectory is
shown by the overall SMU counts.

9. Southeast England
The Wash and North Norfolk Coast SAC

5000
l
L

4000

moult count
3000
|

2000

1000

0
I

I | | | I I I
1990 1995 2000 2005 2010 2015 2020

year

Figurell. Counts of harbour seals in the Wash and North Norfolk SAC (red) and the total fBottltbeast
England SMU (grey) during the harbour seal moult in August, between 19830#1d showing the
changesdn countsafter the 1988 and 2002 PDV epidemi&sparate trend lines are fittedvere selected
(see Russell et al. 20219 the 19892002 counts and post 200@unts showingecoveries from the two
PDV epidemics. Red lindlistrate the mean trend irharbour seakounts (and associated 95 &onfidence
intervalg for TheWash and North Norfolk SAC atitk grey linesshow the samdor the SMU as a whole
(betweenDonna Nook in Lincolnshire a@bodwinSands off the Kent coadst
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Overall, the harbour seal population in the study area has decreasagpgximately 30% since 2018,

and the decline appears to be widespread across the &e&paring counts at the four main haulout
areas, The Wash and the adjacent haulout areas at Donna Nook, Blakeney and Scroby Sands, all four
areas have declined ovehné past four yearslT'he patterns differ between sites, with the Wash, and
possibly Scroby Sands, showing increases from around 2004 tel 83db8owed by sharp declines,

while at Blakeney there appears to have been a gradual decline over the entiogl H20002¢ 2021)

and at Donna Nook the harbour seal counts were relatively stable until 2018 before declining sharply
(figure 2).Counts divided into four subsections of the Wash show that the decrease in harbour seal

counts since 2018 has occurred thghout the Wash and does not appear to be localised.
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Figurel2. Counts of harbour seals (red) and grey seals (blue) for the period 2002 to 2021, in The Wash, at
Donna Nook, Blakeney Point and Scroby Sa@d&ic polynomial lines have been fitted to the count data
to illustrate the general patternsA more formal nodel fitting procedure will be carried out in due course.

4. Grey seals

Counts of grey seals from surveys between 2017 and 2021 are shown in tdtigufe 3 shows

the trends in grey seal counts in the Humber Estuary SAM@mena Nook) and along the coast
from Donna Nook to Blakeney point, which are the grey seal haulouts within and adjacent to the
Wash and North Norfolk SAC.
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Table10. Counts of grey seals at Donhok, the Wash, Blakeney and Scroby sands during August
between 2016 and 2021

12/08/ | 22/08/ | 23/08/ | 22/08/ | 11/08/ | 11/08/ | 11/08/ | 21/08/ 5/8/
2021 2021 2021 2020 2019 2018 2017 2016 2016

Wash 1001 | 583 813 644 540 253 688 491 387
Donna Nook | 5248 | 3105 |3339 |4982 |5265 |6288 |6526 |4288 | 3640
Blakeney | 356 488 635 765 635 360 425 177 533

Horsey N/S 391 368 504 119 205 N/S N/S N/S
Scroby Sands| N/S 1146 | 1607 | 1191 | 1333 | 497 502 668 615

Total
Donna Nook | 6605 | 5713 |6762 |8086 |6440 |6901 | 7639 |4956 | 4560
to Blakeney

Date

9. Southeast England
Donna Mook, The Wash, Blakeney Point
Humber Estuary SAC

count
G000 aoan
|

4000

2000
|
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Figure 3.Counts ofgrey seals on the coast between Donna Nook (blue) and along the coast between
Donna Nook and Blakeney (rediring the August surveys between 1988 and 2021. The red trend line (and
associated 95% confidenéetervals) represent the counts fromonna Nook to Blakeney (see Russell et al.
2021 for more details). The two black open circles indicate the available counts for the SMU as a whole.

The fitted trend (Fig 3) shows that the number of grey sealditout in the area has increased
dramatically since the 2002 PDV epidemic (note that PDV epidemics are not associated with mortality
events in grey seals), but that the rate of increase has clearly slowed and may have stopped over the
past three to fouryears.The counts at Donna Nook, which held around 60% of the SEE SMU grey seal
count in 2020 have declined, similar to the pattern seen in the harbour seal population for the Wash &
North Norfolk SAC.

The grey seal trends differ between si{@sgs 2 & 3)At Blakeney, Scroby and in The Wash the counts
have increased throughout the period.
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The distribution of grey seals within the Wash has expanded since the late 2000safkigHat
expansion has been most pronounced in the last 5y&auring the 2008 and 2011 surveys, grey seals
were observed on only fiveites within the WashDuring the 2021 surveys grey seals were identified on
21 sitesImportantly, the most recent surveys show that grey seals are now pressmali numbers

on the sheltered sites in the creeks along the inner (southern) edge of the Wash (Figs 4 & 5).

Although most of the increase in numbers of grey seals has been at the sites on the outer banks at the
Northeast corner of the Wash (Fig 5)egiseals are now extending into key harbour seal siteieed,

large groups are now found at sites along the edges of the deep channels between the inner banks.
Small groups of 1 to 5 individual grey seals are now appearing on sites in the uppe&sreattie tidal
creeks used by harbour sedl® date, harbour seals still appear to use all the sites now also used by
grey sealsGrey seals now outnumber harbour seals on the banks in the Northeast corner of the Wash
and on the traditionally largharbour seal sites on Toft and Seal sands in the inner Wash.
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Figure 4 Distribution of harbour (red) and grey (white) seal haulout groups. For clarity the group
has been omitted (see fig 6 below).
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Figureb. Distribution ofharbour seal (red) and grey seal (white) haulout groups in the Wash during the
2021 moult surveysGroup size is indicated by the dot size (m&)ey seal points are superimposed on
harbour seal pointsAll six of the pure white symbols representes where grey seal numbers now equal
or exceed harbour seal numbers.

On visual inspection, the trends in grey and harbour seal counts by haulout group within the Wash (Fig.
2) does not indicate that the rate of harbour seal decline is closely relatdgbtoumber of grey seals
hauling out in the local are&urther investigation at a finer spatial scale is required, as there are
indications that numbers of grey seals may have influenced harbour seal numbers at a limited number
of specific sites.

Discussion

The 2020 and 2021 survey results confirm that there has been a significant decline in numbers of
harbour seals along the coast between Donna Nook and Scroby S&edsopulation appears to have
reached a maximum around 2015 and has declied@y sinceThe decline is widespread, with
counts in all susections of the SMU declining over the same period.

The recent counts suggest a decline of similar magnitude to that caused by the 2002 PDV epidemic.
There are no reports of any dis@asvent of sufficient magnitude to explain the drop in numbers,
though undocumented/unobserved mortality from disease cannot be ruled out as a possible factor.

The results also indicate that the rapid increase in the numbers of grey seals in theespomehas
slowed and the numbers may have begun to decredsdike the harbour seals, this change is currently
localised to Donna Nook, the largest and most northerly haulout gréopnts of grey seals in the
Wash, Blakeney and Scroby Sands hamtirnged to increase.

The grey seal count has grown rapidly since the 2002 PDV epiddraimagnitude of this change is
dramatic; and when scaled up from counts to population it suggests that in 1988 harbour seals
outnumbered grey seals ten to one, b§2D, grey seals outnumbered harbour seals by ten to Qnver
the same period the total biomass of grey seals associated with these east coast haulout sites increased
by at least a factor of 1@rey and harbour seals generally exploit similar pregueses (Hammond &
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Wilson 2016Wilson & Hammond, 2016,2019), and grey seals are known predators of harbour seals
(Brownlow et al. 2016), so it is possible that the increasing grey seal population is significantly affecting
harbour seal population dynansc

The distribution of grey seals in the Wash is expanditgough most of the increase in numbers is
accounted for by growth at sites on banks in the outer part of the Wash, there has also been a continual
increase in the number of sites wigrey sealslmportantly greys are appearing at sheltered sites in the
tidal creeks in the inner Washhese are important areas for harbour seal puppligtortunately,

there are no pup survey data for 2019,2020 or 2021 so no information on thedosaif grey seals at

the harbour seal breeding sites during the period of decline.

On visual inspection of the August counts, there is no clear indication that the numbers of grey seals
hauling out within an area influences the harbour seal tré®ulbsections of the Wash with widely
differing grey seal numbers all show similar declines in harbour seal numbers.

Grey seals could potentially influence harbour seal haulout numbers by depressing the population
through direct competition for prey or tlaugh direct predationin addition, the risk of direct predation
could directly influence the choice of haulout site or reduce the frequency of hauling out by harbour
sealsWe do not have any information with which to assess the likelihood of ¢hart changes in

haulout frequencyThe widespread nature of the decline discounts the possibility of loeal re

distribution being the cause of the observed declinésedistribution were the cause, it would require
movement out of the areaPreliminay results from recent surveys in the Thames (SCOS_BP_21/07; Cox
et al.,, 2020) also suggest a decrease in harbour seal counts in 202 tedistribution would therefore

entail emigration from the SEE SMU probably into the European mainland populEtieadjacent
European population in the Wadden Sea has also levelled off and has remained apparently stable since
2013 (Wadden Sea 202However, because the Wadden Sea population is 6 to 8 times larger it is
unlikely that the immigration of 30% of tf®EE SMU population would have been detected.

The coincident levellingff of the summer grey seal counts in Donna Nook may indicate that the overall
aSEHE LRLMzZ FGA2y Aa | LILINRIF OKA Y 3 Ihddiskhe daseNtBelfuieK S R (i K ¢
trajectory of the harbour seal population will be determined by the intensity of and mechanisms of
competition.The extent and severity of such effects are unknown, but the magnitude of and coincident

timing of the changes means that grey seals mestdnsidered likely drivers of the observed harbour

seal population trends.

Over the same period, i.e., since the 2002 PDV epidemic, there has been a rapid increase in construction
of offshore wind farmsFigure 6 shows the trend in installed offshore@igeneration capacity in the

southern North Sea superimposed on the grey and harbour seal population trajecleesly the

trends in grey seal populations and wind farm developments are sindilidin. current information it is

not be possible to dierentiate between the potential effects of these two stressors, but for

conservation and management it is essential that their relative importance can be asdéssed.

possible or perhaps likely that more than one natural and/or anthropogenic fatéyrbe implicated in

the decline.

Figures 4 highlights another potentially important isstiee 1988 PDV epidemic was unprecedented,

but that may be simply a consequence of a lack of historical informdt#owever, the recurrence of

PDV in 2002 suggts that the virus may either be in circulation or may be sporadically introduced to the
North Sea, e.g., as a result of influxes of Arctic stadspective of the source, we know that the

current European harbour seal population is almost entirelygrised of susceptible animals and

another major epidemic is probably imminent (Harkénen & Harding, 2010).
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Figure 6 Population estimates of harbour seals (red) and grey seals (black) associated with haulout sites
on the coast between Donna Nook and Scroby Sands during the summer between 1988 and 2020 and the
trend in installed offshore wind generatiatapacity (blue)Fitted lines are polynomials for illustration.

The recovery from the 1988 epidemic was a continuous increase until the next epidemic (Figine 1).
recovery from the 2002 epidemic was much slower and the population reached an asymptote prior to
the recent declineThe post 2002 recovery coincided with the rapid growth of grey seal numbers and
predated the rapid increase in offshore wind farm constructiba. third PDV outbreak occurs soon, the
harbour seal population will have to recoverarsignificantly different environment, with a much larger
population of potentially competing grey seals, We do not know what impact the grey seal population
will have on the ability of harbour seals to recover.

The variability in the proportion of thpopulation hauled out, and thus variability in counts, means that
multiple counts within a year will be required to robustly estimate the scale of the decline and track its
trajectory. Therefore in 2022, we plan to carry out a series of three or foorgete August surveys
between Donna Nook and Scroby Sands and at least one survey during the harbour seal breeding
season to estimate pup production.

A report commissioned by Natural England outlined potential future avenues of research and reviewed
the current seal telemetry, diet, and health data, which in addition to the survey data, would form the
basis for such future work (Russetilal. 2021). In brief, there is a clear and pressing need for additional
research in the short to medium term to:

1 Relably assess the scale and timing of the decline and monitor its progress

9 identify and if possible, rule out as many potential anthropogenic impacts as possible, especially
given the rapidly changes anthropogenic landscape

9 identify the mechanisms, scale dimtensity of competition between grey and harbour seals in
the southern North Sea

1 establish the likely impact of grey seals on harbour seal populations and to predict the likely
consequences of future grey seal population trends

1 to investigate the likelympacts of a recurrence of PDV on harbour seal populations in the
southern North Sea.
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Introduction

There are two species of seal that aesident in the UK, both of which are found in the Greater
Thames Estuarythe harbour (or common) sedPfioca vitulingand the grey seaHalichoerus

grypug. The southern North Sea grey seal population has been increasing, and until more recently,
harbour sealpopulationson the eastcoastof Englanchadalsogenerallybeenincreasing punctuated

by major declines due to phocine distemper virus (PDV) outbreaks in 1988 and 2002) (SCOS, 2020).
Consistenwith other partsof the eastcoastof Englandthe GreaterThame<Estuarysealpopulations

have seen an increase in numbers, with both harbour and grey seal populations demonstrating high
annual growth rates (8.99% pa, bootstrap 95% CI-61799 for harbour seals; and 12.62% pa,
bootstrap95%CI7.71-17.52for greyseals)Coxet al.,2020).More recentcountsby the SeaMammal
Researctunit (SMRU)n the south-eastEnglandseaManagementJnit (SMU) however mayindicate

the start of a decline in the harbour sgapulation of the Wash, North Norfolk Special Area of
Conservation (SAC) (SCOS, 2020). The trajectory of other harbour seal populations arounchtmt UK
isvariable;generally populationson the eastcoastof Scotlandand Northernlslesare decliningand

those in western Scotland are stable or increasing. With this national context in mind, thesieds a
need to continue monitoring the trends in abundance of the Greater Thames Estuary harizbgney
seals.

Surveys of the area were card out by SMRU and Bramley Associates between 2004 and 2012
(BramleyandLewis2004;BramleyAssociate2005,2007and2010surveydata,unpublishedBramley
Associates, 2012; SCOS, 2020) and ZSL began annual surveys in 2013 (Cox ethdrif}eal

pup surveys were also carried out in 2011 (SMRU) and 2018 (ZSL). This report presents the latest
counts for the Greater Thames Estuary as well as results from the third pup survey of the area (both
the population and harbour seal pup surveysitbeen postponed in 2020 because of the Cddd
pandemic). In addition, this report presents the findings from an additional aerial survey which was
conductedto better understandsealmovementandthe impactof the multi-daysurveymethodology
usedby ZSL.

Methodology

Populationand pup surveyswere carriedout from a light fixed-wing aircraft(Rallyemodel),basedat
Southendairport.

The harbour seal pup survey is timed to coincide with when the peak number of pups are expected
and the population swey takes place over the harbour seal moult period, which follows whelping.
Typically, on the east coast of England, pupping takes place at the end edtdctnaf July and the
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moult occurs over the first two weeks of August. The surveys take place withinours either sidef
low tide. To minimise environmental variability, surveys should also ideally happen betweeard®:00
19:00(SCO020).However where Ministry of Defence(MoD)DangerAreasexist,andairspace

restrictions are in place (asihe Greater Thames Estuary) this rule is relaxed. Surveys of coasttine
sandbankghat overlapwith MoD DangerAreastake placeoverthe weekend,subjectto agreement
from MoD RangeControl.

The pup surveys were scheduled to take platduly 202Xk 3" July 2021. Surveys were successfully
completedon 15tand 2" July however weatherwarningspreventedaircraftflyingon 3" July.Despite
efforts, it was not possible to reschedule th& Buly survey of the Southend area of the Greater
ThamedEstuary Atotal pup estimatefor the GreaterThamesEstuaryistherefore not providedin the
results,however,the numberandlocationwhere pupswererecordedin the remainderof the estuanjs
included.

Thepopulationsurveystook placeon 7%, 8" and 10" August2021.Typicallythe surveywould happen
overthree consecutivelays,however,stormson 9" Augustpreventedthis.

A repeat survey of the coastline and sandbanks covered on theva® carried out on 11 August.ZSL

aim to conduct the seal counts over three consecutive days because the survey team hiouenddtt
possibleto surveyallthe coastlineandsandbank®f the Thamesestuarywithin asinglefour-hour
window,twohouda SAGKSNJ 8ARS 2F f2¢ (ARS® ¢KS Saidz N
Margate, Felixstowe, and Southen@nd each section covered on a different day. It has been

assumed that the movement of seals between these different sections is limitkthenefore therisk

of double counting or missing seals that move between survey days is low. A repeat suroaynieas

out for the first time this year to better understand the impact of mulély surveys on theounts.

Thelocationof sealsvasrecordedusinga Garmine Trex1thandheldGP Qunit. Thesameunit wasusedo
recordthe path of the aircraft. Hauledout sealswere photographedusinga CanonEO250Dbodyand
CanonEF100-400mmf/4.5-5.6 LISUSMIlens.After the survey the photosare usedto countseal
numbersandspeciesat eachhaulout site. Thisisdoneindependentlyby two people,their countsare
comparedany disparitiesliscussed, and finalcountagreed.

Results¢ PupSurvey

On Fand 29 July, a total of 1,135 seals were counted, this included 21 harbour seal pups (agsumed
be bornthisyearbasedon sizeandproximityto anadultharbourseal presumedo bethe mother) 230
harbour seals (all age classes excluding pups) agdedSseals (all age classes). There weresggis
countedthat were not identifiedto speciedevelor ageclasqpupvs.older). Thesesealsvere attwo
locations in the Estuany Kentish Knockandbank&ndthe Goodwin Sands#A wind farmconstructed

nea the Kentish Knock sandbanks prevented the aircraft flying near enough to théosesgsure

photos from which species could be determined with reasonable confidence. Likewspgce
restrictionsoverthe GoodwinSandgreventedthe aircraftflyingcloseenoughfor the photosneeded
(except foronelocation¢ Goodwin Knoll).

The aeriaburveyeffort that waspossibleis presentedin Fig.1. Thedistributionand countof harbour
sealpupsthat were seenis presentedin Fig.2. Pupswere seenacrosdive locations¢ MargateSands,
Pegwell Bay, Goodwin Knoll, the Blackwater, and Hamford Writgr3shows the distribution and

count of harbour and grey seals, for which species identification was possible (all age classes for both
species)aswell assealsnot identifiedto species level.
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Fig. 1¢ Aerial survey effort for pup count, 2021 © Crown Copyright, 2021. All rigletserved.
LicenseNo. EK00120130801

Fig. 2¢ Counts of harbour seal pups, 2021 © Crown Copyright, 2021. All rights reserved. License
No. EK00120130801
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