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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,
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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.
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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.
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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).
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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.

21



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

25

HT M



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.

37



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
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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
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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
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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 poteadial 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.

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 ®d@& 2018.
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