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Executive Summary

Executive Summary

Under the Conservation of Seals Act 1970 and the Marine (Scotland) Act 2010, the Natural

Environment Research Council (NERC) has a duty to provide scientific advice to government on

matters related to the management of seal populations. NERC has appai@pdcial 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 devadlmaahistrations. 12019 32

questions werageceivedfrom Marine Scotland, Defrand Natural Resources WaleSCOSa | y a4 6 S NA
to these questions are provided in detail in the main Adbielwand summarised here.

Current status of British grey seafslalichoerus grypys

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

The most recent surveys of the principal Scottish grey seal breeding sites were flown in 2016. The
results from the2016surveys together with th@016estimates from the annually ground counted

sites in eastern England, produced a pup production estimaf80f0Q Adding in an additional
6,700pups estimated to have been born at less frequently surveyed colonies in Shetland and Wales
as well as other sdtered locations throughout Scotland, Northern Ireland and South west England,
resulted in an estimate d@5,400(95% C57,800-71,800) pups (Tablel).

The pup production estimates are converted to estimates of total population size (1+ aged
population) using a mathematical model and projected forwar@619 The pup production model
is currently under review and being updatet@ihe population model provided an estimate of
152,800 (approximate 95% C135,300-173,800) UK grey seals (1+ aged populajiom2018

SummaryTablesl. Grey seal pup production estimates 2016.

Location Pup production
in 2016

England 8,550

Wales 2,000

Scotland 54,750

Northern Ireland 100

Total UK 65,400

There is evidence for regiondifferences in grey seal demographics but detailed information on vital
ratesislacking. Regional information on fecundity and survival rates would improve our ability to
provide advice on population status. However, this would require considerablenvestinent in
resources.

Current status of British harbour sea{®hoca vituling

Harbour seals are counted while they are on land during their August moult, giving a minimum
estimate of population size. Not all areas are counted every, peaithe aim is to cover the UK

coastat least onceevery 5 years. Combining the most recent cou®162018) gives a total of
33,000counted in the UK (Table s2). Scaling this by the estimated proportion hauled out (0.72 (95%
Cl: 0.540.88)) produced maestimated total population for the UK #0180f 45,800 (approximate

95% CI37,500-61,100.



Overall, the UK population has increased since the late 2000s and is closeptevims high

observed during thd990s However, there are significant difences in the population dynamics
between regionsvith general declines in counts of harbour seals in several regions around Scotland
However, he declines are not universal with some populations either stable or increasing.

Populations along th&nglish East coast, from Kent to the Scottish border have generally increased
year on year, with those increases punctuated by major declines associated with twoRhafine
Distemper VirugPDV epidemics in 1988 and 2002. Recent trends, i.e. thoseiticarporate the

last 10 years (2006 to 2016) show significant growth in leotblish seahanagement unit§SMU)

but now show clear signs of reachingasymptote

Populations along the East coast of Scotland and in the Northern Isles have generally declined. The
recorded declines have differed in intensity but in all areas the current population size is at least 40%
below the pre2002 level. Populations in Nor@oasi& Orkneyand East ScotlanfMs are

continuing to decline. Although continued declines are not evident in Shetland or the Moray Firth,
there is no indication of recovery.

Populations in western Scotland are either stable or increasing. Counts geritral section of the

large West Scotland management region have been increasing since the 1990s and in all other areas
they have remained stablelnNorthern Ireland populationsappear to have declined slowly

throughout.

SummaryTables2 UK harbow sealminimum population estimates based on counts during the
moult.

Location Most recent count
(2015-2018)
England 5,100
Wales <10
Scotland 26900
Northern Ireland 1,000
Total UK 33,000

Knowledge of UK harbour seal demograptacameters (i.e. vital rates) is limited and therefore
inferences about the population dynamics rely largely on count data thenmoulting surveys.
Information on vital rates would improve our ability to provide advice on population status. At
presentvital rate estimates for UK harbour seals are only available from atéwngstudy of the
Loch Fleet populatiom the Moray Firth However, studies are underway to obtain similar data
from new sites in Orkney and western Scotland.

Information on the causes of the declines in harbour seals in some Scottish regions is required for
SCOS tadviseon appropriate conservation actioné wide range of potential causes have been
discussed at previous SCOS meetings. Causal mechanisms have not been identified, but several
factors can now be ruled out as primary caudesearch efforts are currently focussed on
interactions with grey sdsg killer whalesand exposure to toxins from harmful algae.

Conservation orders are currently in place for the Western Isles, Northern Isles and down the
Scottisheast coast as far as the bordéBased orcontinued declines or lack of increases in all
affected areasSCOS recommead that the measures to protect vulnerable harbour seal
populations should remain in place, but no new conservation measuees proposed.



SCOS recommead that there should be a requirement for mandatory reporting oflsddlled.

From both scientific and management perspectives the absence of any requirement to record and
report on numbers of seals killed in England and Wales is a major omission that prevents any
assessment of the effects of seal shooting.

Potential Biological RemovaléPBR)

The Potential Biological Removals (PBR) is a relatively simple metric develgpedide advice on

the levels of removals from a marine mammal population that would still allow the population to
approach a defined targetProvisonal regional values fd?BRor Scottish seals fa2019were
calculated and presentedThe latest harbour seal survey count for theuthwest Scotlan8MU

was approximatelyt0% highey for both harbour and grey seathan the previous estimate,

resulting in a40% higher PBR fdroth speciesn that management regionGrey seal counts in West
Scotlandand Moray Firth SMUs were lowarducing the grey seal PBRs28@6 and 36%

respectively.

SCOS recommeadthat recovery factors used in the PBR calculations should be left unchanged at
present.

Interactions withMarine Renewable Energy developments

SCOS discussed potential interactions between seals and marine renewable develofroints

offshore wind andidal energy generatioand discussed the use of Acoustic Deterrent Devices as
mitigation measures. A summary of the most recent information on these topics is presented.

There has been good progress in understanding how seals use tidally energetitsrefit@an how

seals respond to the presence of turbines at ranges of 10s to 100s of metres but understanding the
fine scale underwater movements (at a scale of metres) of individual seals around operating turbines
remains a critical knowledge gap.

Interactions with Fisheries

SCOS discussed the current state of knowledge on interactions between seals and fisheries,
specifically examining thguestion of impacts of seal populations on fish stocR€0OS consider that
there are three aspects to this gation.

1) Are seal populations increasing in areasgvehfish stocks are declinfdidsCOS noted that seal
population increases over the past decade have been confined to the Central and Southern North
Sea. Consumption by seals as a percentage of estihsitek size in the North Sea was estimated to
be small and North Sea cod stocks rose steadily from 2006 to 2017, which would not be the case if
seal predation was significant and increasing.

2) What are thediets of seals in UK waterd®oth grey and hdour seals are known to consume a

wide range of prey including commercially exploited species such as sandeels, cod, other gadoids,
flatfish, herring and mackerel, and a large number of-sommercial species including benthic fish
such as dragonet

3) Isthere evidence that seal predation is having dete@adffects on fish mortali Seal predation

can have significant impacts on particular fish stocks. For example grey seal predation has been
identified as a major source of mortality on cod stockgaNorth West Atlantic and off Western
Scotland, and in the Wadden Sea, harbour seal predation has been shown to be a major contributor
to demersal fish mortality.

SCOS discussed the likelihood that seal predation was a factor in the declines in salraod line
catches in 2018. As seal populations around Scotland have not increased significantly over the past
decade there is unlikely to be a direct link between population size and the rapid decline in rod and
line catches of salmon in 2018.



The isue of seal bycatch in commercial fisheries was discussed. The most recent estimate of seal
bycatch in UKisheries ist74animals (95% @Gb54-911). However, this is based on assumptions

about observed bycatch rates from sampling that is predominantly in the Western Channel and
Celtic Sea, where most gillnet effort is located. Samgffagt istoo low in other areas to provide
reliable areaspedfic estimates.

Although slightly lower than th2017estimate the estimated bycatch levels in the Celtic Sea

2018exceed a PBR for the combined grey seal population of SW England, Wales and Ireland. An
additional but unrecorded number of seals abycaught by Irish and French boats operating in the

Celtic Sea. Despite the bycatch, grey seal populations in Wales and Ireland are increasing, suggesting
that some of the bycaught seals are immigrants from Scottish populations.

Competition betweengrey and harbour seals
Grey seals may have a detrimental effect on the abundance of harbour seals through competition
and or direct predation.



Scientific Advice

Background

Under the Conservation of Seals Act 1a9n@d the Marine (Scotland) Act 201Be Natural

Environment Research Council (NERC) has a duty to provide scientific advice to government on
matters related to the management of seal populations. NERC has appointed a Special Committee
on Seals (SCOS) to formulate this advice so that it mayadgse this statutory duty. Terms of
Reference for SCOS and its current mersbigr are given in Anndx

Formal advice is given annually based on the latest scientific information provided to SCOS by the
Sea Mammal Research Unit (SMRBMRU ian interdisciplinaryresearchgroupat the University of

St Andrewswvhich receives National Capability funding from NERC to fulfil its statutory requirements
and is a delivery partner of the National Oceanography CeBiRU also provides government

with scientificreviews oflicenceapplicationgo shoot sealsinformation and advice in response to
parliamentay questions and correspondenamnd responds on behalf of NERC to questions raised
by government departments about the management of marine mammals in genera

This report provides scientific advice on matters related to the management of seal populations for
the year2019 It begins with some general information on British seals, gives information on their
current status, and addresses specific questiorsedhby theMarine Scotland (MSand the

Department of the Environment, Food and Rural Affdirsf{g) and Natural Resources Wal@éRW)
Briefing papers which provide additional scientific background for the advieeppended to the

main report

{ aw] Qaernd fandirhas recently seea substantialreduction This will have an impact on the
frequency and types of advice th8MRU will be able to deliver anesearch activitieare being
reprioritisedas necessary

General information on Brish seals

Two species of seal live and breed in UK waters: grey $talst{oerus grypysand harbour (also

called common) seal®hocavituling). Grey seals only occur in the North Atlantic, Barents and Baltic
Sea with their main concentrations on thest@oast of Canada and United States of America and in
north-west Europe. Harbour seals have a circumpolar distribution in the Northern Hemisphere and
are divided into five sulspecies. The population in European waters represents one subspecies
(Phocavitulina vitulina). Other speciethat occasionally occur in UK coastal watémsjude ringed

seals Phocahispidg, harp sealsRhocagroenlandicd, bearded seal&Efignathusarbatug and

hooded sealsQystophorarystatg), all of which are Arctic species

Grey seals

Grey seals are the larger of the two resident UK seal species. Adult males can weigh over 300kg
while the females weigh around 150kg. Grey seals are lofiged animals. Males may live for

over 20 years antegin to breed from about age 10. Females often live for over 30 years and begin
to breed at about age 5.

They aregeneralist feederdoragingmainly on the sea bed at deptla$ up to 100m although they

are probably capable of feeding at all the depthsnd across the UK continental shelf. They take a
wide variety of prey including sandeels, gaddicsd, whiting, haddock, ling), and flatfigplaice,

sole, flounder, dab)Amongst these, sandeels are typically the predominant prey speDies.

varies seasonally and from region to region. Food requirements depend on the size of the seal and
fat content (oiliness) of the preyput an average consumption estimatéan adultis4 to 7 kg per

seal per day depending on the prey species.



Grey seals foragin the open sea and return regularly to haul out on land where they rest, moult

and breed. They may range widely to forage and frequently travel over 100km between haulout
sites. Foraging trips can last anywhere between 1 and 30 days. Compared ithimois of the

year, grey seal® the UKspend longer hauled out during their annual moult (between December

and April) and during their breeding season (between August and December). Tracking of individual
seals has shown that most foraging probablgws 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 treame regioroffshore butwill occasionally move to a new

haulout site and begin foraging in a new regiblovements of grey seals between haulout sites in

the North Sea anflaulout sites irthe Outer Hebrides have been recordasl well asnovements

from sites in WaleandNW Fraue, to the Inner Hebrides

Globally here arethreecentres ofgrey seal abundan¢®ne ineasternCanada and the nortbast
USAa secondaround the coast of the Uléspecially in Scottish coastal wateasd a third, smaller
group in the Baltic Sedll populations are increasing, although numbers are still relatively low in the
Baltic where the population was drastically reduced by human exploitatiohreproductive failurg
probably due to pollutionin the UK and Canadian poptitms, there are cleaindications of a

slowing down in population growth in recent years.

Approximately38: 2 F (KS 62 NI RQa 3 NB& ofitltebetbi@ed atNdoBigs inA y (1 KS
Scotland with the main concentrations in the Outer Hebrides and in Orkney. There are also breeding
colonies in Shetland, on the north and east coasts of mainland Britain and in SW England and Wales.
In the UK, grey seatigpically breed on remote uninhabited islands or coasts and in small numbers in
caves. Preferred breeding locations alli@males with young pups to move inland away from busy
beaches and storm surges. Seals breeding on exposedhadiféd beaches arid caves may have

limited opportunity to avoid storm surges and may experience higher levels of pup mortality as a
result. Breeding colonies vary considerably in size; at the smallest only a handful of pups are born,
while at the biggest, over 5,000 pupge born annually. Ithe pastgrey sealfiave beerhighly

sensitive to disturbance by humarsence their preference for remote breeding sites. However, at

one UK mainland colony at Donna Nook in Lincolnshire, seals have become habituated to human
disturbance and over 70,000 people visit this colony during the breeding season with no apparent
impact on the 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 SWit&n are born between August and September, in north and west
Scotland pupping occurs mainly between September and late November and eastern England
pupping occurs mainly between early November to fDecember.

Female grey seals give birth to a singldte coated pup which they suckle for 17 to 23 days. Pups
Y2dzZ 0 GKSANI gKAGS ylLaFf O2FrG 6Frftaz2z OFftftSR af !l ydz
the breeding colony for up to twor threeweeks before going to seaating occursat the end &
lactation and theredult females depart to sea and provide no further parental care. In general,
female grey seals return to the same colony to breed in successive years and often breed at the
colony in which they were born. Grey seals have a polygyboeeding system, with dominant

males monopolising access to females as they come into oestrus. The degree of polygyny varies
regionally and in relation to the breeding habitat. Males breeding on dense, open colonies@re
able to restrict access tlarger number of females (especially where they congregate around
pools) than males breeding in sparse colonies or those with restricted breeding space, such as in
caves or on clifbacked beaches.



Harbourseals
Adult harbourseals typically weigh 8000 kg. Males are slightly larger than females. Like grey seals,
harbourseals are lorijved with individuals living up to 280 years.

Harbourseals normally feed within 480 km around their haul out sites. They take a wide variety of
prey including saseels, gadoids, herring and sprat, flatfish, octopus and squid. Diet varies seasonally
and from region to region. Because of their smaller $iaebourseals eat less food than grey seals;

3-5 kg peradultseal per day depending on the prey species.

Harbourseals come ashore in sheltered watesien 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 yearharbourseals haul out on land gellarly in a pattern that is often related to

the tidal cycleHarbourseal pups are born having shed their white coatiteroand can swim

almost immediately.

Harbourseals are found around the coasts of the North Atlantic and North Pacific from the
subtropics to the Arctic. Five subspeciehafbourseal are recognized. The European subspecies,
Phoca vitulina vitulinaranges from northern France in the south, toléeel in the west, to Svalbard
in the north and to the Baltic Sea in the east. The largest populatibarbburseals in Europe is in
the Wadden Sea.

Approximately 30% of European harbour seals are found in the UK; tipiertiom has declined

from approximately 40% in 200&ue to the more rapid recovery and higher sustained rates of
increase in the Wadden Sea populatidiarbourseals are widespread around the west coast of
Scotland and throughout the Hebrides and Northern Isles. On the east coastliftgbution is

more restricted with concentrations in the major estuaries of the Thames, The Wash and the Moray
Firth. Scotland holds approximat&l9% of the UKdarbourseal population, with 8% in England

and5% in Northern Ireland.

The population bpng the east coast of England (mainly in The Wash) was reduced by 52% following
the 1988 phocine distemper virus (PDV) epidemic. A second epidemic in 2002 resulted in a decline of
22% in The Wash, but had limited impact elsewhere in Britain. Counts Wakh and eastern

Englanddid not demonstrate anymmediaterecover from the 2002epidemicand continued to

decline until2006. The counts increased rapidly from 2006 to 2012 but have remained relatively
constant since. In contrast the adjacent Europan coloniesn the Wadden Seeaxperienced
continuousrapid growthafter the epidemic, but again, the counts over the last 5 years suggest that

the rate ofincreasehas slowed dramatically.

Major declines have now been documentedsaveraharbour seapopulations around Scotland

with declinessince2001 of 76% in Orkney, @ in Shetlanbetween 2000 and 200@nd92%

between 2002 and 201id the Firth of Tay.However the pattern of declines is not univers@he

Moray Firth countpparentlydeclined by 50% before 200fmained reasonably stable for 4 years
then increased by 40% in 20&0d has fluctuatedsince showing no significant trend since 200bie
Ouer Hebrides apparently declined by 35% between 1996 and 2008 but the 2011 count was >50%
higher than the 2008 count-herecordeddeclines are not thought tbavebeenlinked to the 2002

PDV epidemic that seents have had little effect on harbour seats$cotland.

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 earl1900s. There are no reliable records of historical population size



Harbourseals were heavily exploited mainly for pup skins until the early 1970s in Shetland and The
Wash. Grey seal pups were taken in Orkney until the early 1980s, partly for coisdrespioitation

and partly as a population control measure. Large scale culls of grey seals in the North Sea, Orkney
and Hebrides were carried out in the 1960s and 1970s as population control mea8uegsseal

pup production monitoring started in thiate 1950s and early 1960s and numbers have increased
consistently sinceHowever, ih recent years, there has been a significant reduction in the rate of
increase.

Boat surveys dharbourseals in Scotland in the 1970s showed numbers to be consideoaisy |

than inthe aerial surveyswhich started in the late 1980s, but it is not possible to distinguish the
apparent change in numbers from the effects of more efficient counting methods. After harvesting
ended in the early 1970s, regular surveys of Ehdliarbour seal populations indicated a gradual
recovery punctuated bytwo major reductions due to PDV epidemics in 1988 and 288@ectively

Legislation protecting seals

The Grey Seal (Protection) AtB14, proviedthe first legal protection for angnammal in the UK
because of a perception thaeal populations were very low atldere was a need to protechem.

In the UK seals are protected under the Conservation of Seals Act 1970 (England, andh®ales)
Marine (Scotand) Act 201@&nd The Wildlife (Northern Ireland) Order 1985.

The Conservation of Seals Act prohibits taking seals during a close season (01/09 to 31/12 for grey
seals and 01/06 to 31/08 fdrarbourseals) except under licencssued by the Marine Management
Organistion (MMO), Natural Resources Wales (NRW) and Natural England TN&Act alsoallows

for specific Conservation Orders to extend the close season to protect vulnerable populafters.
consultation with NER@)ree such ordeswere establishegbroviding year round protection to grey
andharbourseals on the east coast of England and in the Moray Firth ahdrtmurseals irthe

Outer HebridesShetland, Orkney and the east coast of Scotland between Stonehaven and Dunbar
(effectively protecting alharbour seals along the east coasts of Scotland and England).

In Scotland, th&€€onservation of Seals Agassupersededy the Marine (Scotland) Act 2018s a
result, the conservation orders in Scotland have beapersededy thedesignation of seal
conservation areas under the provisions of tklarine (Scotland) Act 2010Conservation areas have
been established for the Northern IsléBe Outer Hebrides and the East coast of Scotlamd
general, seali Scotlandare afforded protection undeBecton 6of the Act whichprohibits the

taking of seals except under licence. Licences can be granted for the protection of fisheries, for
scientific and welfare reasons and for the protection of aquaculture activities. In addition, in
Scotland it is now aaffence to disturb seals at designated haulout sites. NERC (through SMRU)
provides advice on all licence applications and haulout designations.

TheWildlife (Northern Ireland) Ordex985 provides complete protection for both grey and harbour
seals and mwhibits the killing of seals except under licendiels an offence to intentionally or
recklessly disturb seals at any haulout siteler Article 10 oWildlife and Natural Environment Act
(Northern Ireland) 2011.

Both grey andharbourseals are listed in Annex Il of the EU Habitats Directive, requiring specific
areas to be designated for their protection. To date, 16 Special Areas of Conservation (SACs) have
been designated specifically for seals. Seals are features of qualifyingsinteseven additional

SACs ThesixyearlySAC reporting cyckequiresformal status assessments for these sitdhese
werelastcompleted in 201&nd are due for renewal in 2019



SCOS 201Questions from Marine Scotland, Department f@&mvironment, Food and
Rural Affairs and Natural Resources Wales.

Questiondor SCO2019were received fromthe three mainlandadministrations (Marine Scotland
(M9); Department for Environment, Food and Rural Affélirsfra); Natural Resources Wal@$RW)
andare listed in Annex Il. Some of these questiwase essentially the sameequiring regionally
specific responses in addition to a UK wide perspectifeese very similar questions were therefore
amalgamated, withhe relevant regional differencds response being given the tables and text.
The guestion numbergy administration are shown in the boxésr cross referenceThe remaining
guestions wereaegionally uniquerequiring responses that focussed on th&uis for a given area.
The questions are grouped under topic headings, in the caddraghey were given from the
administrations.
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Seal Populations

MS Q1;
1. What are the latest estimates of the number of seals in UK Defra Q1;
waters ? NRWQ5

Current status of British grey seals

Based on the 2016 pup production estimatesettotal UK grey seal population of at the start of
the 2018breeding season (before pups are born) is estimatedL&®2,800 individuals (approximate
95% CI1.35,300-173,800. Details are provided in SCEEP 19/01 and belowand estimates by
country are presented in Tabfel & 2.

Grey seal population trends are assessfedm the counts of pups born duringhe autumn
breeding seasoywhen females congregate on land to give birttOutside of the breeding season
animals may redistribute themselves, thus, regional differences in population estimates do not
necessarily reflect the abundance of animals in each region at other times of the year.

The most recent surveys of the pringal Scottish grey seal breeding sites were flown in 2016.
Results from theeaerial surveys together with the 2016 estimates from the annually ground
counted sites in eastern England, produced astimate ofpup production of 58,700.An

additional 6,700 pupswere estimated to have been born at less frequently surveyed colonies in
Shetland and Wales as well as other scattered locations throughout Scotland, Northern Ireland
and Southwest England When combind, this resulted in anestimate 0f65,400 @pproximate
95% Cb8,200-72,200) pupsborn throughout the UK(Table 1)

Theregionalpup production estimatedor 1984 to 2016are converted to estimates of total
population size (1+ aged populatiomeferedi 2 | & WI R dfusing ajfatkdmiatical m@lgl Q
and projected forwardtwo years to the start of the 2018 breeding seasdrhe stages in the

process and thebservedtrends are described below angresented in SCOBPs19/01, 18/01,

18/02, Russelkt al. (2019) and Thomast al. (2019). The pup production model is described in
detail in Russelkt al. (2019)and is currently under review and being updated.

Based on the standard model and the 2016 pup production estimates, the adult paton size
associated with the regularly monitored colonies in 28%as 13,200 (95% C121500-156,100).
When combined withdata onpup production at less frequently monitored siteshe total, adult
grey seal population in 2018 in the UKas estimatedto be 152,800 (approximate 95% C135,300-
173,800. Detailsare presentedn SCOSBP B/01 and below.

Pup Production

Major colonies in Scotland are now surveyed biennially (see-B€Q8/01). Aerial surveys to
estimate grey seal puproduction were carried out in Scotland in 2016, using a digital camera
system for the third time. Counts of seal pups on these surveys were used to estimate pup
production on the k@nnially monitored colonies around Scotland.
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Tablel Grey seal pup productigrby country,in 2016 andotal population
estimatesat the start of the2018 breeding season.

Location Pup production  2018Population

in 2016 estimate**
England 8,550 25,300
Wales 2,000 4,700
Scotland 54,750 122,500
Northern Ireland 100* 300
Total UK 65,400 1523800

*Estimated production for less frequently monitored colonies, see Table 2 andEFCOEB01 for details.
Populations associated with these estimates were based on the average ratio of pups to total population for
the regularly monitored sites

** Populations derived from the pup production in each country.

The aerial survegrogrammein 2018 was curtailedue to a combination of poor weather and

aircraft availability issuethat occurred athe midpoint of the survey programme. An analysis of

the impact of an extended gap in the middle of the survey programme and a reduced number of
surveys overall, wasacried out to estimate the maximum delay that could be accepted without
compromising the result. The results indicated that missing the third survey in a planned sequence
of 5 or 6 surveys had only a small impact on the size or the coefficient of vari@if) of the pup
production estimate, if the resulting intesurvey interval was less than 24 days. Unfortunately, the
problems with weather and aircraft availability meant that even this gap would be exceeded and the
2018 survey programme for the Innand Outer Hebrides, Orkney and the North Coast Mainland
colonies was abandoned.

Pup productions at the major colonies on the East coast of England are estimated annually from
ground countdy the bodies responsible for those siteBifferences betweeground counts and a
preliminary air survey counih 2014, as well as differences between the counting methodologies at
the main sites in England (the Farne Islands, Donna Nook, Blakeney and Horsey) make it difficult to
incorporate these data into the popation estimation models. The cancellation of the late survey
flights overthe main Scottish breeding sites provided an opportunity to carry out a full aerial survey
programme for the English breeding sites provide a direct comparison with the groundunt

data for 2018. Using the previous ground count data to estimate the optimum survey dates, we
extended the Firth of Forth site surveys to cover the four English east coast colonies. Four surveys
were carried out for each site and results from thaesgeveys will be presented at SCOS 2020.

Theground count datacombined with estimates from less frequendlgrialy surveyed colonies,
indicated that the total number of pups born in 20E@rossall UK colonies was approximately
65,400 (approximate 95% CI 57,800,800).

Regionapup productionestimatesin 2016at bienniallysurveyed colonies/ere 4,500(approximaté
95% CB8,9005200)in the Inner Hebridesl5,700(95% C13,70318,200)in the Outer Hebrides,
23,800(95% C20,70027,550)in Orkney and 4,600 (95% CI12,70016,900)at the North Sea
colonies (including Isle of May, Fast Castle, Farne Islands, Donna Nook, Blakeney Point and
Horsey/Winterton). An additiond,700 pups were estimated to have been baniWales andt less

1Approximate CVs based on the overall CV of the total pup production estimated by the population dynamics model: see
SCO®BP 18/@. This will likely overestimate the CV for individual regions
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frequently surveyed colonies in Shetland as wslbther scattered locations throughout Scotland,
Northern Ireland and Souttvest England, producing a total UK pup productions4@0.

Trends in pup production

There has been a continual increase in the total UK pup production since regular suryagsrbe

the 1960s (Figure 1) (see SCEF518/01 &Russelkt al. (2019 for details). Interpretation of the

trends in pup production are complicated by a changsimvey methodology after 2010. Improved
camera technology and reduced survey height mayehehanged both the efficiency of counting

and the stage classification of pup images. Technical problems, aircraft availability and loss of film
processing capability precluded direct cross calibration of the old and new methods. Investigation of
the paential effects of these methodological changes is ongoing.

A detailed description of the trends in pup production up to 2010, at regional and colony levels is
presented inRusselét al. (2019. Between 2000 and 2010e. prior to the change in techniquie
pup production estimates had remained stationanghie Inner Hebrides and declined at an average
of 1% p.a. in the Outer Hebridel both the Inner and Outer Hebrides, the estimated pup
production increased between 2014 and 2016 at 6% p.a. and 5% p.a. respebti@iney, the
estimated 2016 pup prodttion was the same as the 2014 estimate and again similar to the 2012
estimate. Pup production in Orkney increased by <1% p.a. between 2012 and 2016. As in the
Hebrides, the rate of increase in Orkney has been low since 2000, with pup productioninmgisgas
around 1.4% p.a. between 2000 and 2010.

In all three regions where the pup production is estimated entirely from aerial survey counts there
was an apparent step change coincident with the transition to a new digital camera system. For
logisticaland technical reasong has not been possible to directly cross calibrate the two methods.
However, as the new time series extends it becomes easier to estimate the magnitude and nature of
these changes. A preliminary analysis of the effects sugtiestthe effect will be colony and

substrate specific and has implications for the selected values of some of the parameters in the pup
production model. The current pup production model is fully describdtlisselet al. (2019) A

series of sensitiwtanalyses are under way

Pup production at colonies in the North Sea continued to increase rapidly up to 2016 (Table 2).
These show an annual increase of 8% p.a. between 2014 and 20186, slightly less than the 10.8% p.a.
between 2012 and 2014, and tH2% p.a. rate of increase between 2010 and 2012. The majority of
the increase in the North Sea has been due to the continued rapid expansion of newer colonies on
the mainland coasts in Berwickshire, Lincolnshire, Norfolk and Suffolk. Interestinglycthasies

are all at easily accessible sites on the mainland, where grey seals have probably not bred in
significant numbers sindeeforethe last ice age.

The estimated pup production at the Farne Islands increased dramatically, by >18% p.a. between
2014 and 2016while the more southerly mainland colonies increased by an average of 8.5% p.a.
which is substantially lower than the average 22% p.a. increase between 2010 and 2014. Estimates
are available for the ground counted colonies on the English east coast (Faruais,|§&anna Nook,
Blakeney and Horsey) in 2015 and 2016. The 2015 counts suggest a much lower annual increase for
the English mainland colonies, with the largest colony at Blakeney showing a slight decrease after 12
years of extremely rapid (>30% p.gtpwth. The same slowdown in the rate of increase has been
observed at both Donna Nook and Horsey.

Pup productiorestimates fron2016 atRamseylslandandin the Skomermarine ConservationZone

(MC2Zhave been combined with earlier estimates for North Véaie derive an estimate for the
Welsh pup production compatible with the 2016 Scotland widesaiwey results. The 2016
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estimates were of 96 pups in North Wal&tringellet al., 2014); 465 pups in North Pembrokeshire

in 2016(Stronget al., 2006; Loclket al,, 20L7)and 345 pups born on Skomer and adjacent mainland
sites in 201§Locket al,, 2017). For consistency with the Scottish surveys, the 2016 estimates for
England and Wales have been used in the UK total population estimate. More recenta@unts
available for the Skomer MCZ, showing a continued increase with a pup production estimate of 395
pups for 2018Biiche & Stubbings, 2019)he relative size of pup production at the different

breeding colonies by region is shown in Figure 2.
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Figure 1. 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 estirf@mtesgularly

monitored coloniesSCOBP 18/01and Table 2 beloyfrom 19842016 (circles) and two

independent total population estimates from 2008 and 2(Hek text for details)
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Table2 Grey seal pup production estimates for the UK from 2016 compared with production
estimates from 2014see SCOBP 18/01 for details).

Average
Location Pup przoodllgctlon in  Pup przc())dltilctmn in Ch&zla;]ngn(:)uazl014
to 2016
Inner Hebrides 4,541 4,054 +5.8%
Outer Hebrides 15,732 14,316 +4.8%
Orkney 23,849 23,758 +0.2%
Firth of Forth 6,426 5,860 +4.7%
Main biennialy
monitored Scottish island 50,548 47,988 +2.6%
groups
(i, Shetiand & minlant 4193 * 3875 +4.0%
Total Scotland 54,741 51,863 +2.7%
DonnaNook +Easfnglia 5,919 5,027 +8.5%
Farne Islands 2,238 1,600 +18.3%
(st surveyed 2016 0 250 3
Total England 8,637 ? 6,877 3
Total Wales 2,000 1,650 +10.1%
TotalNorthern Ireland 100 3 100 3
Total UK 65,378 60,490 +37%

1 Estimates derived from ground counts in Shetland and aerial surveys of sites on the
mainland coaséind smaller Hebridealslands. @ta collected in different years

2 Combinationof survey counts of most colonies in BXb 2018and an estimate for other
colonies based on a multiplier derived from 2004 survey results. These nuditfers
from those inNSCOBP 18/01

3 Includes estimated production for colonies that are rarely monitored
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Figure 2.Distribution and size of the main grey seal breeding colonies. Blue ovals indicate groups of
regularly monitoredcolonies within each region.
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Population size
Converting pup counts from aurveys (i.e. biennially surveyed colonies) into a total population size
requires a number of steps as shown in Figure 3.

Pup production
Statistical | esti_mates by
Model region

Pup counts from air surveys at all major
colonies: 4-6 flights/ colony/season
{whitecoats, moulted and dead pups})

Total population size by region Bayesian
and predicted population State-Space
projections Model

Figure 3.Schematic diagram of steps involved in estimating tgtaly seapopulation size from pup counts
(see also SCOS-8%102, SCOS BF0/02).

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 size. The estimate of the
total population alive at the start dhe breeding season depends critically on the estimates of these
rates. We use a Bayesian sta@ace population dynamics model to estimate these rates.

Data from surveys with consistent methodology indicate that from at least 1884the late 1990s

all the regional populations grew exponentially, implying that the demographic parameters were, on
average, constant over the period of data collection. Thus, estimates of the demographic
parameters were available from a simple population model fittethi entire pup production time
series. Some combination of reductions in the reproductive rate or the survival rates of pups,
juveniles and adults (SC@8s 09/02, 10/02 and 11/02) has resulted in reduced population growth
rates in the Northern and Westerisles.

To estimate the population size we fitted a Bayesian ss@ce model of British grey seal

population dynamics. Initially, alternative models with density dependence acting through either
fecundity or pup survival were tested, but results gated that the time series of pup production
estimates did not contain sufficient information to quantify the relative contributions of these
factors (SCOBPs 06/07, 09/02). In 2010 and 2011, we incorporated additional information in the
form of an indegndent estimate of population size based on counts of the numbers of grey seals
hauled out during the summer and information on their haulout behavibat provides an estimate

of the proportion of the population available to be counted during the astuateygSCOSBP 10/04
and 11/06). Between 2007 and 2009, 26,699 grey seals were counted during harbour seal moult
surveys across the UK (excluding southwest UK). Using telemetry data, it was estimated that 31%
(95%Cls:15-50%) of the population was héed out during the survey window and thus available to
count(Lonergaret al, 201L1). Assuming 4% of the population were in southwest UK, this led to a UK
independent population estimate in 2008 of 91,800 (95%4'8,400- 109,900).

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

In 2016, an irdepth re-analysis of the telemetry data underlying the estimate of haulout probability
within the aerial survey window highlighted a series of intated problems with the haulout
designation in the data. These have been corrected ashelsaription of the analyses and the
corrections applied to the data were presented in S&B36/03.

Therevisedanalyses resulted inneestimate of the proportion of the population hauled out during

the survey window of 23.9% (95%:19.2- 28.6%). Aper the analyses of the previous haulout
correction factor, no effect of region, length of individual (regarded as a proxy for age), sex or time
of day was found.

The new estimate of the proportion of time hauled out resulted in a revised UK popukstonate

of 116,348 for 2008 (95%|:97,059- 144,662). Between 2013 and 2015, another round of aerial
surveys covered the UK grey seal haulout sites (excluding southwest UK); 34,758 individuals were
counted. Using the revised scalar, the total populagastimate for 2014 was 151,467
(95%Cl:126,356- 188,327), again assuming (as in 2008) that 4% of the population were in the
southwest UK.

In 2012, SCOS discussed the priors on the model input parameters in some detalil, follewing re
examination of thedata being used and the differences made to the population estimates by
changing a number of them to less informative priors (SBP32/01 and SC@EP 12/02). In 2014
SCOS decided to use the results from a model run using these revised priorBS@MI) and
incorporating a prior based on a distribution for the ratio of males to females in the population (see
SCOSBP 14/02 for details) and the independent estimate of total population size from the summer
surveys. Work on updating these priors istoaning. A reanalysis of all the combined data

available from pup tagging studies (hat tags, phone tags and GPS/GSM tags) suggested that there
was no significant sespecific differences in first year pup survivBICOBP B/02 presents details

of prior distributions used in the model and the justification for the selected values.

In 2014, SCOS adopted a set of revised priors, including a different prior on adult sex ratio, to
generate the grey seal population estimates. The model produced unrealydrigh adult survival
values of more than 0.99, so it wasmen with a prior on survival constrained to what was
considered to be a more reasonable range of 0.8 to 0.97. Posterior mean adult survival with this
revised prior was 0.95 (SD 0.03his yar the upper bound of the adult survival prior was increased
slightly to 0.98 in line with revised survival estimates detailed in SEFOD02.

This year, an identical modetjuivalent to the main analysis in 20d8s fittedto the pup
production estimé&es from 19842016, as given in briefing paper SE&F518/01, and independent
estimates of population size from 2008 and 2014.

The model allowed for density dependence in pup survival, using a flexible form for the density
dependence function, andssumed no movement of recruiting females between regions. The same
model and prior distributions for demographic rates were used, including a prior on sex ratio and a
constraint on adult survival to the range 0-8(8. The priorevisedprior on NorthSea carrying
capacityof 20,000wasused as the population produced over 14,000 pups but continues to increase
rapidy, indicating that itwas not close to its carrying capacity.
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Grey seal population estimate

From the standard model run the estimatedult classpopulation sizghere taken to mean the total
1+ age population)n the regularly monitored coloniest the start of the 2018 breeding seaswas
137,200 (95% CI 121,0066,100)for the model incorporating density dependent pup survival,
usig the revised priors and including the independent estimates for 2008 angl(8efails of this
analysis and postai estimates of the demographic parameters are given in SERDH/01 and
SCOSBP 19/02). A comprehensive survey of data available from the less frequently monitored
colonies was presented in SCBIS 11/01 and updated in 2016 (SCEF518/01). These estimates
including a revised pup production estimate for Welsh and SW English coloniesspadeial pup
production estimate of at these sites was estimated to be approximately 6,670. The total population
associated with these sites was then estimated using the average ratio of 2016 pup production to
2018population size estimate for all annliamonitored sites. Confidence intervals were estimated
by assuming that they were proportionally similar to the population dynamics model confidence
intervals for the standard model run. This produced a population estimate for these st&8s660D
(approximate 95% CI 13,800 to 17,70@ombining this with the annually monitored sites gives an
estimated2018 UK grey seal population @62,800 (approximate 95% CI 135,30(8,800)

Potential problems associated with transition to the new digital methoalge also highlighted

potential sensitivity of the pup production estimates to some of the parameter estimates used.
These aspects of the pup production model are being investigated. A detailed description of the
model and the pup production trajectoriés presented irRusselet al. (2019) A detailed analysis of

the effects of changing parameters is underway as part of a process to develop a new Bayesian pup
production model. As a preliminary to that development, two additional runs of the population
dynamics model were carried oint 2018with different versions of one of these parameters, the
estimated misclassification of moulted pups as white coated pRE@ORRECTMOYAM the effect

of including the recent digital pup count dat@hese were reprted in SCO8P18/03

Briefly, he estimated pup production trajectoriegere significantly lower given 1982010 data

than with the 19842016 data used in the main analysis. Pup production is estimated to have
peaked in Outer Hebrides in the late 1990sInner Hebrides in the early 2000s and be levelling off
in Orkney in 2010 (when the time series stops). The North Sea pup production is estimated to still
be increasing at a neaxponential rate, but with a somewhat lower trajectory than when the201

16 data are included. These differences were due to changes in the pup production estimates
before and after the transition to digitalThe estimated population size in 2010, based on the
truncated time series was 107,100 (95% CI 93,720400), apprximately 10% lower than the
estimate from 2010 obtained when the full 192816 data are used.

When the same model was run with the truncated 19810 pup production calculated with a fixed
value ofPCORRECTMOWeT to 0.5 the estimated pup projectio trajectories are slightly lower
than for additional analysis 1, further reducing the estimated total population size in 2010 to
104,000 (95% CI 88,14024,100), approximately 3% lower than for additional analysis 1 and 13%
lower than the main analysisThese preliminary analyses clearly show the importance of further
investigation of the methods used to derive pup production.

The fit of the model to the pup production estimates has been poor in some regions in recent years.
Whilst the model accuratglcaptures some aspects of the observed trends in pup production in

some regions, the estimated adult survival rate from the model was very high and the maximum pup
survival rate was very low. This suggests some other parameters, such snmbet vamtion in
fecundity or survival senescence could be causing a mismatch between the estimates from the
model and the pup production data.
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In 2018, he mode of theposterior distribution on adult survival from the population dynamics
modelwasclose to theupper bound 0.97 of the prior. In additiomarkrecpaturebased estimates
of adult female survival at Sable Islanddianadavere higher than this upper bound (0.978E
0.001)denHeyer & Bowen, 2017Hencethe prior for adult female survival was increased to 0.98
F2N) 0KA& @SIFNRA Y2RSf Nilzyao

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

In addition, the model assumes a fixed C\ii@ pup production estimates and obtains this value
from an initial model run. Ideally, regidevel estimates of pup production variance would be
produced as part of fitting the pup production model to the aerial pup count data. These
developments are mgoing. One factor that will require consideration is how to incorporate
uncertainty in the ground counts made at some North Sea coloieset of four aerial surveys were
carried out for each of these grourmbunted North Sea colonies. Counts and carigon with the
2018 ground counts will be presented to SCOS 2@2fvised pup production modi being
developed with the aim of restimaing pup productionfor the entire count data set

Population trends

Model selection criteria suggest that detystlependence is acting mainly on pup survival (see SCOS
BP 09/02). The independent population estimate from 2008 was consistent with this conclusion.
Althoughthe 2014 independengstimate and revised 2008 estimate have allowed the model to fit a
highertrajectory, they are still consistent with the density dependent pup survival model. This also
implies that the overall population should closely track the pup production estimates when
experiencing density dependent control, as well as during exponaptalth. The model run with

the full data set and variablPCORRECTMOUWisiimated that total population sizes for the

biennially monitored colonies have increased by approximately p.a8%{SCOBP 18/@) between

2012 and 2017. All of this is due te@ntinuing 5.9% p.a. increase in the North Sea population; the
Hebridean populations are effectively stationary, increasing at <0.1% p.a. since 2012 and Orkney is
growing very slowly at 0.7% p.a.

Even within the North Sea the pattern of increase is not evenly spread and contains some apparently
wide fluctuations. The colonies on offshore islands in the central North Sea had been relatively
stable but apparently increased rapidly between 2014 ad#ie2 Colonies on the mainland coast

and especially in the southern North Sea, have increased rapidly since 2000, but the rate of increase
has been lower in the past 3 years, perhaps an early indicdtisapproaching a carrying capacity.

UK grey sal population in a world context

The UK grey seal population represents approximately 34% of the world population on the
basis of pup production estimates. The other major populations in the Baltic and the western
Atlantic are also increasing (Table 3Jable3 shows therelative sizes and status of grey seal
populationsthroughout their range. &p productionestimates are useds indces of

population size because they represeamtlirectly observablécountable section of the

population and comparable data are available for the grey seal populations in each of the
range states. Total population estimates are derived from population dynamics models fitted
to time series of pup productions in the two largest pégtions, i.e. Canada and the UK
(Hammillet al., 2017; Thomast al., 2011, 2019 However, although the models are similar,
the published total population estimates are derived differently: in the Canadian population,
total population refers to the numbreof 1+ age class animals alive at the end of the breeding
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season plus the total pup production for that year; in the UK the total population is given as
the total number of seals alive at the start of the breeding season, i.e. does not include any of
thate S N & LIdzLITHeINdbIRddsthratgstherefore differ by around 20 to 30% for
the same pup production estimate. It is not clear how the total population is derived in
several populations. To avoid confusion, only the pup production valueprasented here.

Table3 Relative sizes and status of grey seal populations using pup production as an index
of population size. Pup production estimates are used because the largest populations are
monitored by means of puproduction surveys and because of the uncertainty in overall
population estimates

Region Pup Year Possible population
Production trend
UK 65,000 2016 Increasing
Ireland 2,100 2012 Increasing
Wadden Sea 1,700 20182 Increasing
France 50 2016 increasing
Norway 700 2014  Possible decline
17
Russia 800 1994  Unknown
Iceland 1500 2017% Declining
Baltic 6,400 2013 Increasing
Europe excluding UK 12,400 unknown
Canada Scotian shelf 88,200 2016 Increasing
Canada Gulf St 10,500 2016 Increasing
Lawrence
USA 3,600 2014 Increasing
WORLD TOTAL 179,700 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 and Wildlife Service, Department of the Arts, Heritage
and the Gabacht, Dublin, Ireland.

2 http://www.waddenseasecretariat.org/sites/default/files/downloads/tmap/MarineMammalsféySeals/

grey seal report_2018.pdN.B. the pup count in the Netherlands was 10 days earlier than the expected peak, suggesting
that it may be a significant undestimate of the peak number.

SNilssen, K.T. and Bjgrge, A. 2017a. Havert og steinkobbg §8d harbour seals]. Pagex68 in |.E. Bakketeig, M. Hauge

& C. Kvamme (eds). Havforskningsrapporten 2017. Fisken og havet, s&20ti.198 pp.

SNilssen, K.T. and Bjarge, A. 2017b. Status for kystsel. Anbefaling av jaktkvoter for 2018 [Staastefiosezls.
Recommendation for harvest quotas for 2018]. Document to the Norwegian Marine Mammal Scientific Advisory Board,
October 2017. 9 ppData summarised irGrey seals of the North Atlantic and the Bal@907. Eds: T. Haug, M. Hammill

& D. Oldsdottir. NAMMCO Scientific Publications, Vol. 6.

5Baltic pup production estimate based on mark recapture estimate of total population size and an assumed multiplier of
4.7 HELCOM fact sheets (www.HELCOM.fi) & http://www.rktl.fi/lenglish/news/baltic_gralhsml

6 M.O. Hammill, den Heyer, C.E., Bowen, W.D., and Lang, S.L.C. 2017. Grey Seal Population Trends in Canadian Waters,
19602016 and harvest advice. DFO Can. Sci. Advis. Sec. Res. Doc. 2017.

"NOAA (200Mttp://www.nefsc.noaa.gov/publications/tm/tm238/247_f2015_grayseal.pdf

8 Granquist, S.M. and Hauksson, E. 2019. Aerial census of the Icelandic greialsefadérus grypyspopulation in 2017:

t dzZLJ LINPRAzOGA2Yy > L2 LIz F GA2Yy SadAYF{SY GNBYR&a FyR OdzNNByd &l
Reykjavik 201919 pp. https://www.hafogvatn.is/static/research/files/1549015888§201902pdf.
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Current status of British harbour seals

Harbour seals are counted while they are on land during their August moult, givingramum
estimate of population size. Not all areas are counted every year but the aim is to cover the UK
coast every 5 yearsTheestimated total populationfor the UK and Northern Ireland in 2018 was
45,800(approximate 95% CB7,50061,100. This is derived bgcalng the most recentomposite
count of 33,000,(based on surveys between 2014 ag018 by the(Table 4)oy the estimated
proportion hauled outduring the surveys(0.72 (95% CI: 0.5@.88)). Overall, the UK population has
increased since the late 2000s and is close to the 1990s level. However, there are significant
differences in the population dynamics between regionés reported in SCOS 20082018, there
have been general declines in counts of harbour seals in several regions around Scotland but the
declines are not universal with some populations either stable or increasing.

Recent trends, i.e. those that incorporate the last 10 years shagnificant growth in bothSMUs
on the east coast of EnglandPopulations in Orkney & North Coast and East Scotl&ils are
continuing to declineand inShetlandandthe Moray Firth,the current population size is at least
40 % below the pre2002 levelwith no indication of recoveryPopulations in western Scotland are
either stable or increasing InNorthern Irelandcountshave declined slowly

Each year SMRU carries out surveys of harbour seals during the moult in August. Recent survey
counts and wgerall estim&es aresummarisedn SCOBP19/xx Giventhe lengthof the mainly rocky
coastlinearound north and west Scotlantlis impractical to survey the whole coastline every year
but SMRU aims to survdlge entire coastacross 5 consecutive years. However, in response to the
observed declines around the UK the survey effort has been increaskdome regions, e.g. Orkney
and the Moray Firth have been surveyed more frequenilye majority of the English and Scottish
east coast populationi the Moray Firth and the Tay and Eden estuaries@&Gurveyed annually.
Seals spend higherproportion of their time on land during the mouthan at other timesand

counts during the moult are thought to represent the highpsoportion of the population with the
lowest variance Initial monitoring of the population in East Anglia in the 1960s used these
maximum counts as minimum population estimates. In order to maintain the consistency of the
long term monitoring of the K harbour seal population, the same time constraints are applied
throughout and surveys are timed to provide counts during the maddibst regions are surveyed
using thermographic aeriahagey to identify seals along the coastline. However, conventional
photography is used to survey populations in the estuaries of the English and Scottish east coasts.

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

Location Most recentcount Population estimates
(2014-2018)
England 5,100 7,100
Wales <10t <15
Scotland 26,9002 37,300
Northern Ireland 1,000 1,400
Total UK 33,000 45,800

! There are no systematic surveys for harbour seals in Wales
2Compiled from most recent surveys, see Table 5 for dates and details
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The estimated number of seals in a population based on these methods contains considerable levels
of uncertainty. A large contribution to uncertainty is the proportion of seals not counted during the
survey because they are in the watdffforts are madeo reduce the effect oénvironmental

factors by always conducting surveys within 2 hours of lowstitiat occur between 10:00 and 20:00
during the first three weeks of August and only in good weéthéx conversion factor of 0.72 (95%

Cl: 0.540.88)to scale moult counts to total population was derived from haulout patterns of

harbour seals fitted with flipper mounted ARGOS tags (n=22) in Scgtlandrgaret al., 2013).

The most recent counts of harbour seals by region are given in TableFganels 4, 5 & 6These

are minimum estimates of the British harbour seal population. Results of surveys condu2@8 in
are described in more detait SCOBP19/04. It has not been possible to conduct a synoptic survey
of the entire UK coast in any ogear. Data from differengearsare grouped into recent, previous
and earliercounts to illustrate, and allow comparison of, the general trends across regions.
Combning the most recent counts (2042D18) at all sites, approximateB3,000harbour seals were
counted in the UK81% in Scotland;@8% in England; 3% in Northern Ireland (Tabldricluding the
3,500 seals counted in the Republic of Ireland produces d totant of 36,500 harbour seals for

the British Iss (i.e. the UK and Ireland)

Apart from the population itthe Southeast England SMhbhlrbour seal populations in the UK were
relatively unaffected bphocine distemper viruPDV in 1988. Thapparent,overall effect of the
2002 PDV epidemic on the UK populatieas even less pronouncefgain the English east coast
populations were most affectedut the decrease was more gradual than in 1988, and the counts
continued todeclire for four years aftertte epidemic. Between 2006 and 2012 the counts
approximately doubled in The Wash and increased by 50% for East &sgli@hole. Since 2012 the
counts have been almost constant.

Breeding season aerial sunggf the harbour seal population along the edsigliancoastare flown
annually, in addition to the large range wide surveys flown during the moult in August. In 2015 and
2016 the east Anglian coast was surveyed five times during the breeding seako®and July
(Thompsoret al.,2016).These flights confirmed that the peak number of pups ashore occurred
around the beginning of July. In 2018 a survey was carried out'bdu2@ but was curtailed by low
cloud and was completed orf®July. The2018 count was T%higher than the 2017 count and

similar to the average for the preceding 5 years. This continues the pattern of high inter annual
variability(SCO®BP 19/@&). These wide fluctuations are not unusual in the long term time series
and despite lhe apparently wide inteannual variation, the pup production has increased at around
5.6% p.a. since surveys began in 2001 although the rate of increase may have slowed and may be
reaching an asymptoteSCOBP 19/@).

The ratio of pups to the moultounts remained high in 2018, more than double the same ratio in
2001. This ratio can be seen as an index of the productivity of the population. Until recently, the
index for the Wash was higher than for the larger Wadden Sea population. However,ithkeast
increased rapidly in the Wadden Sea population since 2008 as moult counts stopped increasing
while pup counts continue to grow, and is now at a similar level to the Wash population. Previous
attempts to explain the apparently high Wash fecunditg@uctivity as a result ceasonal
movemens between these populations can no longer explain the incredisthe change is realt
suggests that either the fecundityas increased iboth the Wash and WaddeBea populations or

that the ratio between the moult counts and the total population has changaf do not have any
information to determine to what extent either of these metrics has chang@@0S recommends
further investigation to identify the underiyg changes.

2The diurnatiming restriction is occasionally relaxed for sites in military live firing ranges where access is only at
weekends.
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Table5 The most recent August counts of harbour seals at haulout sites in Britain and
Ireland by seal management unit compared with three previous periods: 19987, 2000
2006, 2007-2013 and 20152018 Details ofsources and dates of surveys used in ezmhpiled
regional total are given iIsCOBP B/03.

Seal Management Unit / Harbour seal counts

Country 2015-2018 2007-2013 20002006 19961997
1 Southwest Scotland 1,709 923 623 929
2 West Scotland 15600 11,072 11666 8,811
3 Western Isles 3,533 2,739 1,981 2,820
4 North Coast & Orkney 1,349 1,938 4,38 8,787
5 Shetland 3,369 3,039 3,038 5,994
6 Moray Firth 962 898 1,028 1,409
7 East Scotland 342 214 667 764

SCOTLAND TOTAL 26,864 203823 23391 29,514
8 Northeast England 79 83 62 54
9 Southeast England 4961 4 504 2,964 3,092

10 South England
11 Southwest England

12 Wales

13 Northwest England

ENGLAND & WALES TOTAL 5,095 4,622 3,061 3,160
BRITAIN TOTAL 31,959 25,445 26,442 32674
NORTHERN IRELAND TOTA 1,012 948 1,176

UK TOTAL 32,971 26,393 27,618

REPUBLIC OF IRELAND TO 4,007 3,489 2,955

BRITAIN & IRELAND TOTAL 36978 29,882 30573

24



60 °

0°

-10° 5o
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Natural England, Langstone Harbour Board & Chichester Harbour Conservancy, Cornwall Seal Group, 3 Western Isles
RSPB, Countryside Council for Wales, Hilbre Bird Observatory. All other data from SMRU aerial surveys. C & Ork
Limited data available for management units 10 - 13. Some counts/estimates are shown. g 4 N Coast rkney °
No data available for St.Kilda and Fair Isle. 5 Shetland 3
6 Moray Firth
Harbour seal counts:
. 5 7 E Scotland
1 N 8 NE England
0 - 9 SE England
50 e 10 S England
100 @ 11 SW England
250 12 Wales
500 13 NW England
14 Northern Ireland

55°

50 °
N
50 °

Contains GSI;IH‘SE;stIine data
-10° -5° 0°

Figure 4. August distribution of harbour seals around the British Isles. Small numbers of harbour seals

(<20) are anecdotally reported for the West England & Wales SMUs, but are not included on this map.

Estimates are composites of the most recent survey comnéach region between 2015 and 21
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Population trends
The overallUK harbour seal population has increasegrthe last decade. Counts increaseom
26,400 (rounded to the nearest 100) in tA807-2013 period to 33,000 during the 2012018

period. As no count was available in Northern Ireland in the 1990s, a UK wide comparison is not
possible, but the 2012018 countof 32,000harbour sea inGreat Britain (i.e. UK minus Northern
Ireland)was effectively the same as the 1998 countof 32,700 Table 5. However, a reported in
SCOS 2008 to 28]Jpatterns of changes in abundance have not been universal; although declines
have been observed everal regions aroun8cotland some populations appear to be either stable
or increasingFigure 9.
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Figure 5. August counts of harbour seals in Scottish Seal Management Areas2@98Mote that because

these data points represent counts of hambaeals distributed over large areas, individual data points may be
from surveys fronmore thanone year. Points are only shown for years in which a significant part of the SMA
was surveyed. Points with a black outline are counts obtained in a single year. Trajectories and Seal
Management Areas are colour coordinated.

Trends by Seal Management U{EMU).
Detailsof regional and local trend analyses, and model selection for aschiven inThompsoret
al. (2019) and the results are briefly described here

Western IslesA complete survey dhe Western Isles SMU carried out in 2017 producedunt of
3,533(Table 5). This was the highest recorded count for the Western Isles and was 29.0% higher
than the previous (2011) count of 2,73%he overall trend in the Western Isles is unclear: since 1996
three counts in successidA000, 2003, and ZiB) showed a decline but the most rececdunt in

2017 wasapproximately 40% higher than the average between 1993 and 2017 and was almost as
high as the count in 1996A simple intercept onlfzeneralized Linear Model (GLas the best fit

to the Westernlsles counts between 1993 and 2017, suggesting no significant trend over the survey
period.

West ScotlandParts of the West Scotlar®@®MU North and part of Centfewere surveyed in 2017
and the remainder was surveyed in 2018. The harbour seal count for West Scatlaritl was
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1,084 for West ScotlandCentre was/,447 and for West Scotland South wa¥,053 and the
overall total for the West Scotland SMU wids600(Tableb).

The 2015 West Scotland harbour seal count was 43% higher than the 2009 count, equivalent to an
average annual increase 583%. However, as in the Western Isles, the data were best fitted by a
simple intercept only GLM for the peridicbm the 1990s to 2015, implying no significant change

The composite 20178 count is similar to the 2015 count.

Although the West Scotland region is defined as a single management unit, it is very large
geographically in terms of total coastline ar@htains a large proportion of the UK harbour seal
population; 49% of the most recent UK total count. The trajectories of counts within north, central
and south sulaivisions of this large region difféfhompson et al., 2019):

1 In the north of the regiorfFigure 4), theselected model for data up 2017 indicates that counts
have increased since the early 1990s4i86% p.a. (95% CI: 4.02, 5.70).

1 Inthe central subyegion (Loch Ewe to ArdnamurchgRigure 4) theselected model for data up
to 2014 indicates that counts have increased since the early 19904, 8% p.a. (95% Cls: 3.1,
5.0). The composite 2042018 count is consistent with a continued 4% p.a. increak®vever,
the selected model for the Ascrilsady and Dunvegan SAC counts, which extend to 2017, was an
intercept only GLM implying no detectable trend since the early 1990s.

1 In the south sufregion (Ardnamurchan to Scarba) (Figure 4) there was no detectable trend in the
overall population since thearly 1990s, with counts varying between approximately 5,000 and
7,000 over the period 1990 to 2018. Counts for both the Southeast Islay Skerries SAC and the
Lismore SAC have also remained stable over the same period.

Southwest Scotlandill of the Soutwest ScotlandMUwas surveyed in August 2018. A total of

1,700harbour seals were counted compared with 1,200 in 2015 and 923 in(2@@®e 5). This was

the highest count of harbour seals for the Southwest ScotiiMid] approximately three times

higheNd G Ky GKS mMdpnQad O2dzy i@ 5SaLAGS GKAA | LILI NB\
intercept onlymodelsuggesting that there was no detectable trend in the data. The 2018 count

represents a further 12% p.a. increase since 2015, suggestinthéhpopulationmaynow be

increasing rapidly.

North Coast and Orkney¥he North coast an@rkneySMU was surveyed in 2016. 1,349 harbour

seals were counted compared with 1,938 in 2013. This count is >30% lower than the 2013 count,
equivalent to an gerage annual decrease of 10%. The latest survey results therefore confirm that
the rapid decline in the Orkney harbour seal population since 1997 continues. Trend analysis
indicates that counts were stable until 2001, that the next count in 2006 shovdetlane of 46%

and that from 2006 onwards, there was a continued decline of 10.4% p.a. (95% Cls: 9.3, 11.5).
Overall, the composite counts for the North Coast & Orkney SMU have declined from approximately
8800 in the mie1990s to 1350 by 2016 (Taldgrepresenting an 85% decrease in what was the

largest single SMU population in the UK. The counts for the Sanday SAC show a similar trend, with a
step change between 2001 and 2006 and a continuing declining at 17.8% p.a. (95% Cls: 13.3, 22.0)
since 2006.

Shetland A complete survey was carried out in 2015. 3,369 harbour seals were counted compared
with 3,039 in 2009. The count wa$% higher than the 2009 count, but was 44% lower than the

1997 count of ¢.6,000. The selected model for counts for thelevbf Shetland incorporated a step
change involving a drop of approximately 40% occurring between 2001 and 2005. Counts either side
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of the step change (1992001 and 200&€015) do not show any obvious trend, though in both cases
the sample size was lineitl (n=4 and 3, respectively).

Counts at the two Shetland SACs show different trajectories. The Mousa SAC counts show a
monotonic exponential decline at an average rate of 11.1% p.a. (95% Cls: 8.7, 13.5) between 1991
and 2015. In contrast, an intercephly model was selected to fit the counts (192a15) of the Yell

Sound SAC. However, including only counts between 1995 and 2015 (i.e. excluding 1991 and 1993),
the selected model showed a decline of 5.3% p.a. (B%¥2.6,7.9).

Moray Firth The count in the regularly surveyed region v&&tin 2018, and when combined with
counts of the outer Moray Firth from previous years, the total harbour seal count for the entire
Moray Firth SMU wa862 This was 9% higher than the 2017 count but onhhgfiter than the

2016 count. The majority of these harbour seals (48%) were observed between Culbin and
Findhorn, confirming the continued importance of these sites after a dramatic redistribution within
the inner estuaries.

The majority of the countsithe Moray Firth are from haul outs between Loch Fleet and Findhorn

an area that held approximately 90% of the SMU total in 2016. The selected model for this area
shows that counts were decreasing at a rate of 5.6% p.a. (95% Cls: 2.5, 8.5) betweend29d0a
followed by a step change with a drop of ¢.28% occurring between 2000 and 2003 and no significant
trend in counts thereafter. Counts in 2017 and 2018 are consistent with a relatively stable
population. Counts of harbour seals within the Dorn&atth and Morrich More SAC site have

shown a monotonic decline of c. 8.0% p.a. (95% Cls: 6.3, 9.7) from the first surveys in 1992 to 2017.
The 2018 count of 117 was three times higher than the extretoglycountin 2017,and similartto

the count in 2015

East ScotlandThe harbour seal count for the Firth of Tay and Eden Estuary SAC in 2018 was 42,

Sljdzr f G2 GKS YSIYy 2F (KS LINBOGA2dza n &SIFNBERQ O2dzy
the mean counts recorded between 1990 and 2002 (64 Idw numbers of harbour seals in this

arearemain a concern tdlarine Scotland.

In the East Scotland SMU (Figure 4) the population is mainly concentrated in the Firth of Tay and
Eden Estuary SAC and in the Firth of Forth. Small groups are alsa preékerMontrose Basin and

at coastal sites in Aberdeenshire. Counts in the Firth of Forth have been sporadic and therefore
trends were only fitted to counts within the SAC.

The selected model indicates that counts in the SAC remained stable betw@eémadd 2002, at

which time they represented approximately 85% of the total management region count. From 2002
to 2017 the counts in the SAC declined rapidly and monotonically at approximately 18.6% p.a. (95%
Cls: 17.1, 20.0) (Figure 6a, Table 2); ovefhgear 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.

South east EnglandThe combined counts for the Southeast England SMU (F&yume2018 4,944
was similar to counts for 2014 to 2017. This may be a further indication that the population in SE
England SMU is approaching its carrying capacity.

The combined counts for €WWash, Donna Nook and Blakeney Pdakenhere to represent the
Southeast England SMU, are available from 1988 t8.20he 1989 count was approximately 50%
lower than the preepidemic count in 1988. The selected model for the combined counts
incorporaed two periods of exponential increase; 6.6% p.a. (95% Cls: 5.3, 7.9) between 1989 and
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2002 and 2.8% p.a. (95% Cls: 1.3, 4.3) between 2003 aBd Zb&se periods of exponential
increase were separated by a step change decrease of approximately 30%ebe@@2 and 2003
coincident with the second PDV epidemi&dthoughan exponential increasteom 2003 to 2017 wa
marginally preferred by model selection there was an indication of alinear trend with a
constant abundance followed by an increase andlfy a levelling off in recent years.

The longer timeseries of counts for The Waslas best described Hree distinct trajectories

(Figureb). From 1968 until 1988, the moult counts increased exponentially at 3.5% p.a. (95% Cls: 2.3,
4.76) reaching mestimated maximum count of g0 (95% Cls: 2500, 3500) in 1988. The counts

then fell by approximately 50% between 1988 and 1989 as a result of a PDV epidemic. This collapse
was followed by a second period of exponential increase, but at a higheor&t@% p.a. (95% Cls:

4.2, 7.8), with counts reaching ¢.3100 (95% Cls: 2800, 3350) by 2002 before a recurrence of the PDV
epidemic caused another decrease. The counts from 2003 to 2017 are best described by a
Generalised Additive ModeGAM that initially estimates a decreasing trend until around 2006,
increases rapidly until around 2010 and then levels off, suggesting that the population is

approaching an asymptote The 2018 count is theecondhighest ever recorded in the Wash and
represents a 13%crease over the 2017 counthe recent counts for The Wash are similar to the

levels in 1988 and 2002 immediately before the two PDV epidemics.

The Thames population, here taken to include all haulout sites between HakMatet in Essex and
GoodwinSands off the Kent coast, have been surveyed sporadically since 2002 and annually since
2008. A formal analysis of the Thames data is currently underway, but a preliminary examination
shows that a simple exponential fits well, indicating a 12% p.a. incieasints since 2002.

Although he Southast England populatioimcreased after the 2002 PDV epidemic, and has
apparently levelled off at a similar siteits pre-2002 epidemigopulation,it grew at a much lower
rate than the Wadden Sea harbour seapptation, the only other major population in the southern
North Sea. Quntsin the Wadden Semmcreased from 10,800 in 2003 to 26,78201.3 equivalent

to an average annual growth rate of 9.5% over ten ygaaints since 2014 indicate that the rapid
growth since the 2002 PDV epidemic has stopped. Although there was an infldepidemic that
killed at least 1600 seals in 2014 it now seems highly likely that cessation of the previously rapid
increase in the Wadden Sea population indicates that it bashed its carrying capacity. The
coincidence of the timing of the slowdown in the Wadden Sea and SE England is notable.

Northern IrelandOnly two synoptic surveys have been carried out of the entire harbour seal
population in Northern Ireland. Howevea,subset of the population from Carlingford Lough to
Copeland Islands has been monitored more frequently from 2002 to 2011. This area contained
80-85% of the total in the two years with complete coverage. This subset of the population has
declined slowlyver the period at an average rate of 2.7% p.a. (95% Cls: 1.8, 3.5).
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Figure 6 Trends in harbour seals cost The Wash (red) and the combined Wash and North
Norfolk SAQyetweenl1967 and2017 (shaded areas indicate the 95% confidence intervals for the
fitted curves)Forfurther explanation see text andhompsoret al. (2019).

UK harbour seal populations in a European context

The UK harbour seal population represents approximately @¥e eastern Atlantic subpecies of
harbour seal (Table 6). The declines in Scottartticoincident dramatic increases in the Wadden
Seamean that the relative importance of the UK populatisnleclining.
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Table6 Sizeand status of European populations of harbour seals. Data are counts of seals hauled
out during the moult.

Region Number of seals counted Years
when
latest data
was
obtained

Scotland 26,900 20152018

England 5,100 2018

Northern Ireland 1000 2018

UK 33,000

Ireland 3,500 201112

France 1,100 2018

Wadden Sedermany 16,90 2017-18°

Wadden Sedenmark 2,700 2018

Wadden Sed\L 7,900 2018*

DeltaNL 700 2016

Limfjorden 1,100 2017

Kattegat 9,400 2016

Skagerrak 6,200 2016

Baltic(Kalmarsund) 1,100 2016

Baltic Southwestern 1,000 2017

Norway 6,900 2011-18

Barents Sea 1,900 2010

Iceland 7,700 2016

Europe excluding UK 68,100

Total 101,100

L Counts rounded to the nearest 100. They are minimum estimates of population size as they do not account for proportiancirsea
many cases are amalgamations of several surveys.

?Includes an estimate of 55 seals for south England, Wales andwesthEngland compiled from sporadic reports

32018partial countin Lower Saxony combined wi#f017 SchleswigHolsteincount, areas holdsimilarnumbers of seals.
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Data sources

ICES. 2018. Report of the Working Group on Marine Mammal Ecology (WGNMBHS Scientific Reports. 1:22. 131 pp.
http://doi.org/10.17895/ices.pub.4980 120 pp; Desportes,G., Bjorge,A., Aqgald, ad Waring,G.T. (2010) Harbour seals in the North
Atlantic and the Baltic. NAMMCO Scientific publications Volume 8; NilssBt K, Sealg Grey and harbour seals. In: Agnalt A-ossum

P, Hauge M, Mangelensen A, Ottersen G, Rattingen |,Sundet JH, and Sunnset BH. (eds). Havforskningsrapporten 2011. Fisken og havet,
2011(1).; Harkdénen,H. and Isakson,E. 2010. Status of thedrasbal Phoca vitulingin the Baltic PropeNAMMCO Sci Pub 8:75.;

Olsen MT, Andersen SM, Teilmann J, Dietz R, Edren SMC, Lemmet#&rkdnen T. 2010. Status of the harbour $eab¢a vitulingin
Southern Scandinavia. NAMMCO Sci Publ @47, /Galatius A, Brasseur, S, Czeek&, 2018, Aerial surveys of harbour seals in the
Wadden Sea in 2016, http://www.waddenssacretariat.org; lrkdnen T, Galatius A, &ger Set al. HELCOM Core indicator of
biodiversity Population growth rate, abuadce 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.hafogratn.is/en/research/harbouseal/harbourseatcensuswww.nammco.no/webcronize/images/Nammco/976. pdf

Nilssen K and Bjgrge2@17. Sealg grey and harbor seals. In: Bakketeig IE, Gjgsaeter H, Hauge M, Sunnset BH and Toft K& (eds).
Havforskningsrapporte@014. Fisken og havet, 2014(1
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MS Q2;
2. Whatis latest information about the population structure, Defra Q2;
including survival , fecundity and age structure of grey and

harbour seals in UK and European waters?

Is there any new evidence of populations or  sub-
populations specific to local areas  ?

Grey seals

There is evidence for regional differences in grey seal demograpf8asoutet al., 2019)but
detailed information on vital ratesare lacking.New resources should be identified to address
guestions aroundecundity andfirst-year survivalas they arelikely driversof UK grey seal
population dynamics.

There is no nevgeneticinformation with which to assess the substructure of tHereedinggrey
sealpopulationsand therefore no new evidence of supopulations specific to local areas.

Age and sex structure

While the population was growing at a const#ing. exponentiglrate, it wasassumed thathe
female populatiorsize was directly proportional to the pup productioBhanges in pup production
growth rates imply changes in age structurethe absence of a populatiemide sample or a robust
means of identifying agspecific changs in survival or fecundity, we are unable to accurately
estimate the age structure of the female populatioAn indirect estimate of the age structure, at
least in terms opups, immature and mature females is generated by the fitted population
estimation model(SCOS BB/ 01). As currently structured the model fits single global estinsédte
fecundity, maximum pup survival (i.e. at low population size), and adult female suariddits
individual carrying capacity estimatesparatelyfor each region to account for differing dynamics
through density dependent pup survival

Survival and fecundity rates

The only contemporary data that we have on fecundity and adult surivivdK grey sealsas been
estimatedfrom long term studies of mrked or identifiable adult femalest two breeding colonies,
North Rona and the Isle of Majresults of these studies together with branding studies in Canadian
grey seal populations artastorical shot samples from the UK and Baltic have been usediteede
priors for a range of demographic parameters (SB08/02).

Adult female survival Estimates of annual adult survival in the UK, obtained by aging teeth from
shot animals were between 0.93 and 0@6rwood & Primel978;Hewer, 1964SCOBP 12/02)
Capturemark-recapture (CMR) of adult females on breeding colo(aoutet al., 2019 has been
used to estimate female survival on ftto Rona and the Isle of May of 0.87 and (SEOBPB/02

- Table 2).The population dynamics moddigted to the pup production time series, produced
estimates of adult female survivelose to the upper limit of tht range(SCO®P19/01).

Interestingly, recent estimates from Sable Island sugtiedtadult female survival during the main
reproductive age classes (4 to 24 years old) begvenhigher. A CormacklollySeber model was
used to estimate ageand sexspecific adult survival from a losigrm brand resighting programme
on Sable IslanfdenHeyer & Bowen, 2017)\verage adultemalesurvival was estimated to be
0.976 (SE 0.001), ayed over all animals, but was higher for younger adults (0.989 with SE 0.001
for age classes-34) than older adults (0.904 SE 0.004 for age 25+).
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In the current population estimation model density dependence acts through pup survival only, so
adult sunival does not vary with time or between regions. Titted posterior valugfor adult
survival was a constant rate of9®.(SE 0.01)

Fecundity For thepurposes of tle population estimatioomodel, fecundityis taken to behe

proportion of breedingagefemales (aged 6 and over) that give birth to a pup in a year (natality or
birth rate). Pregnancy rates estimated from samples of sealsishio¢ UK(Hewer, 1964; Boyd,
1985)and Canad&Hammill & Gosselin, 199%)ere similar0.83 to 0.94 and 0.8® 1 respectively.
However, these are pregnancy rates and may overestimate natality if there are significant numbers
of abortions.

Natality rates estimated from direct observatiohmarked animalproducelower estimates, which
may be due to abortions, but may also be due to unobserved pupping events (due to mark
misidentification, tag loss, or breeding elsewheaall may therefore nder-estimate fecundity

Such studies, from Sable Island estimate fecundity to be between 0.57 ar{dén83eyer & Bowen,
2017; Boweret al., 2006). UK estimates of fecundity rates adjusted for estimates of unobserved
pupping events werdigher;0.790 5% CI 0.766.812) and 0.816 (95% CI 0.7@841) for a
declining (North Rona) and increasing (Isle of May) population respedt@mlgutet al., 2019).

In the current population estimation modetlensity dependence acts through paprvival only, so
fecundity does not vary with time or between regions. Titted posteriorvaluefor fecunditywas
0.92 (SE @18) (SCOBP19/01).

A recent study in Finland (Kauhalaal., 2019) based on shot animals showed pregancy rate can
fluctuate significantly (betweecD.6 and €.95) and wasignificantlyrelated to herring Clupea
harengu$ and sprat $prattus sprattusquality (weight), which, in turn were influenced by sprat and
cod(Gadus morhupabundance, as well as zooplankton biomass. Their results suggest strong trophic
coupling over three trophic levels in the BaltiBmoutet al. (2019) reported a similar link between
likelihood of breeding and environmental conditiathgringthe preceding yeatn a parallel study,
Hansoret al. (2019)(showed high levels ofaviation inindividualpostpartum maternal body
compositionat two grey seal breeding colonies (North Rona and Isle of May) with contrasting
population dynamics. Althah aszerage composition was similar between the coloniemcreased

at the Isle of May where pup production ieersed and declined at North Rona where pup
production decreased.

SCOS recommendsntinued investigations intthe effects of environmental variation on fecundity
and the potential effects of such links on population projections for UK grey seal populations.

First yeasurvival: In the context of the population estimation modéitst yearsurvival is used to
describe the probability that femalepup, will be alive at the start of the following breeding season.
At presentdensity dependent effects in the UK grey seal populatiortlaoeight to operate primarily
throughchanges in pup survival. The currently used derggfyendent pupsurvival population

model therefore requires a prior distribution for the maximum pup survival, i.e. pup survival in the
absence of any density dependent effects. The model then produsieg)i® global posterior
estimate of that parameter and region specific estimates of the current pup survival under the
effects of density dependence.

Estimates of maximum pup survival, from populations experierempgnential growthand
therefore presimed notto be subject to strong density dependent effects are giveRiursselet al.
(2019) (Table 2) Mean estimates of pup sural were between 0.54 0.76.
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The fitted value for maximum unconstrained pup survival wéd8 (5E 0.0) (SCO®BPD/01) from
the standard model run on the 198D16 dataset.

It is also possible to derive current pup survival estimates from the mddedposteriorestimates

of pup survival at current population sizes differ between regions. In the North Sea whesigyden
dependence is having little effect, the current pup survival estimaded3; close to the maximum
unconstrained rate In the other three regions where population growth has slowed or stopped the
current estimates much lower,being 011 in the Imer and OuterHebridesand OrkneyThomaset

al., 2019 estimatel that pup survival for a population at carrying capacity will be aroiieD.14)

Sex Ratio Thesex ratio effectively scales up the female population estimate derived from the model
fit to the pup production trajectoriesto the total population size With the inclusion of two
independent estimates of total grey seal population size fitbed values of the demographic
parametersand the overall population size estimatae sensitre to the population sex ratio for

which we do not have good information. The reported values are produced by a model run with a
prior on thesex ratiomultiplier of 1.7(SE 0.02)i.e. seven males to every ten females.

Den Heyer and Bowdi2017)estimated survival rates of male and female branded seals at Sable
Island Canada The differential survival of males and females would produce an effective sex ratio
of 1:0.7 if maximum age is set to 40, reducing to 1:0.69 if maximum age is set to 45. imasecist
remarkably similar to the prior used in the 2016 model runs.

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 whicitydens
dependence acts on UK grey seal populations (Thomas, 2B&0)ndityat an increasing population

at the Isle of Mayvas only marginally higher than in a declinpapulation at North Ronaolony in
Scotland, and fecundity has not changed as the Salzled grey seal population reaches a density
dependent limits (den Heyaat al,, 2017; Smouet al, 2019). Variation in fecundity may become
increasingly important in areas where populations have reached carrying capacity, e.g. age of first
recruitmentappears to increase as populations reach carrying cap&utyénet al,, 2006).

Regional data on fecundity and survival rates would allow us to further examine the drivers of
population trends. Such data would feed into the population dynamics mdpipvingconfidence

in model predictions and enhaimg our ability to provide advice on population status. Furthermore,
such data could inform effective management by identifying the relative sensitivities associated with
different life stages, in terms of population dynamics. SCOS recommends that newcesssiould

be identified to investigate regional patterns and the effects of environmental covariates on both
first year survival and fecundity in UK grey seal populations.

Regional differences in gy seal demographicand genetics

The difference in population trends between regions for UK grey seals suggests underlying regional
differences irthe current values oflemographigarametes. On the basis of genetic differences

there appears to be a dege of reproductive isolation betvan 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 NorthRona(Allen et al,, 195). There is therefore some indication of setsucture within

the UK grey seal population, butis not strong.

Recenfgenetic data from théalticgrey sealgFietzet al, 2016)suggest that a combination of

previous management practices and local climate change effects may be moving the boundaries
between the North Sea and Baltic subspecies of grey seal.
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The very rapid increases in pup production at colonies in the Southath Nea in England, the
Netherlands and Germany all point to large scale recruitment to those colonies from colonies in the
Northern North SeéBrasseuet al,, 2015) Similar immigration appears to be driving growth in
southern colonies on the west sidé¢ the Atlantic. On the basis of mMDNA haplotype information
Woodet al.(2011)could notdifferentiate between US and Canadigrey seal populations and
concluded although grey seals are regarded as philopatric, their results indicate that the genetic
structure of the northwest Atlantic grey seal population is not different from the null hypothesis of
panmixia.

A PID project based ahe GalwayMayo Institute of TechnologyaMIT) is currently investigating
the genetic structure of both grey and harbour seals occupying Irishcwagites and
coastal/marine waters and their relationship to wider regional populations adiessternEurope.
The results of this study are intended tdarm the possible identification of appropriate
Assessment/Management Units for seals in Ireland.

Harbour seals

Knowledge of UK harbour seaital ratesis limited andinferences about the population dynamics
rely on count datafrom moulting surveys Information on vital rates would improve our ability to
provide advice on population statysut estimatesfor UK harbour sealare only available fom
onelongterm study at Loch Fleein northeast ScotlandAdditional studies are underway tabtain
similar data fromnew sites in Orkney and wester8cotland.

Indices of fecundity in both the Wash and Wadden Sea have increased suggesting that either
demographic rates, or our indices of those rates, are changing and regfuirther investigation.

Recent genetic studies show that harbour seals in southeast England, north and east Scotland, and
northwest Scotland form three distinct genetic clusters and population trend analyses suggest that
these three groups show differ population trends.

Genetics

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

DNA samplewere collectedrom approximately 300 harbolgealsat 18 sites throughout the UK

and the Wadden Se@lsenet al, 2017)and were genotyped at2 micro-satellite loci Results
suggestedhreedistinct groups, one im the south equivalent t&outheast Bgland SMU and the

Wadden Sea, and a northectusterthat g | & FdzNI KSNJ RAGARSR Ayid2 | y2NI
to the West Scotland, Southwest Scotland and Western Isles SMdsy 2 NIl KtSI a0 SNy Of dz
equivalent to Shetland, OrkgeMoray Firthand the East Scotland SMUs

The UK harbour seal population can be divided #wailar regional suldlivisions to those seen in

the genetics dat@n the basis of the observedpulation trends. The southern UK population

equivalent to the English easbastshows continual rapid increase punctuated by major declines
associated with PDV epidemics in 1988 and 2002. Populations along the East coast of Scotland and
in the Northern Isles have generally declined while populations in western Scotland aestéhle

or increasing.

35



Age and sextsucture

The absence of any extensive historical cull data or a detailed time series of pup production
estimates means that there are no reliable data on age structure of the UK harbour seal populations.
Althoughseals found dead during the PDV epidemics in 19882802were agedthese were

clearly biased sample¢lat camot be used to generate population age structuekllet al., 2019)

Survival and fecundityates

A long term photaD study oharbour seals atoch FleetNE Scotlangroducedsurvival rate
estimates 010.95 (95% CI 080.97) for adultfemales and ®2 (0.83-0.96) foradult males(Cordes &
Thompson, 2014; Mackest al., 2008)

A study investigating first yeasurvival inharbour seapups,usingtelemetry tags was carried otn
Orkney and on Lismore in 20attery 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 yeawas related to body mass and to water temperature.

In Southeast England there is evidence for changing demographic parameters in harboukeals.
apparent fecundityi.e. the peak count of pups (as an index of pup production) divided by the moult
survey count (as an index of total population sizithe large harbour seal population in The Wash
has shownrargechanges since the early 2000s. The rate has been approximately double that of
earlier estimates andntil recently wasnuch higher than in the larger population in the Wadden
Sea(SCOBP19/04). The fact thatapparent fecundity of the much larger populationtire Wadden
Seahas now also increased, suggests that this is a real effect and not due simply to movement
between breeding and moulting populations in the two areas. This is a crudecrfwtthe

productivity of a population of seals and may be influenced by changes in the timing or the pattern
of haulout during the moult. It does however indicate that demographic rates, or our indices of
those rates, are changing and require furtherastigation.

Growth.

If harbour seal dynamics are the consequence of resource liemgdyecause of reduced prey
density or increased competition, it is likely thaethrowth rates of individualwould carry some
signal of those effects. Resource liatibns are likely to result in slower growth and later age at
sexual maturity.

A comprehensive lengthat-age dataset for UK harbour seals was investigatgdshowed no

evidence for major differences, or changes over time, in asymptotic lengjloarth parameters

from fitted von-Bertalanffy growth curves, across all regi¢Hsllet al,, 2019) with the exception of

one parwise comparison; males from East Scotland were significantly shorter than those from the
Moray Firth or West Scotland. Howeyéhe power to detect small changes was limited by
measurement uncertainty and differences in spatial and temporal sampling.e#symptotic

lengths at maturity were slightly lower than published lengths for harbour seal populations in
Europe, the Arét and Canada, with females being on average 140.5cm (95% ClI, 139.4, 141.6) and
males 149.4cm (147.8, 151.1) at adulthood.

This &ck of signal is in contrast ttata from Danish and Swedish harbour seal populations.
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Comparison of somatic growth curves)041 specimens with known age, length and population

size at birth showed that while all populations were similar in 1988, B 20ere were clear

differences between populationdardinget al,, 2018) While seals in the Kattegat showed similar
asymptdic lengths as in 1988, seals in the Skagerrak were significantly shorter. Asymptotic lengths
of both male and female harbour seals declined by 7 cm. The restricted growth may have been
related to relative foraging densitied sealswhich were three tnes greater in the Skagerrak
compared to the Kattegat. The authors suggest that reduced growth in the Skagerrak may be an
early signal of density dependence.

3. Recent evidence from Wales has shown that pup production at NRW Q1
several sites is increasing and the onset of the pupping season
is getting earlier - is this pattern being seen in other parts of the
UK and what is the committ ee bangey
in phenology?

The timing of the pupping season at sites in Pembrokeshire and around Scotland show a range of
patterns with some becoming earlier and others showing no trend or becoming later. Increasing
age and/or body mass influences timing of birth of individual seatsd changes in age

composition of breeding groups may account for the observed changes in timing.

Patterns of timing of breeding in grey seals have been reported for Skomer Island and the Marloes
Peninsula (Bubt al, 20L7a & b, Lockt al,, 2017), two colonies within a kilometre of each other in
Pembrokeshire. The patterns of timing of first births differ between these colonies, with pupping
apparently becoming earlier at Marloes over the past 20 years but no apparent trend at Skomer.
These two Petorokeshire colonies are much closer together than some individual breeding groups
on what are regarded as single colonies in Scotland or eastern England. Because the two sites are so
close together, seals at each would be expected to be experiencingiveitgr environmental
conditions. The apparent differences in timing may simply reflect the gradual spread of seals in the
area as the population grows and differing proportions of young females at the two sites.

Additional analyses of these and a mevdensive data set for other Welsh sitase underway (Bull

pers com.) and progress will be reported to SCOS 2020.

LYdSNBaldAy3ates GKS GAYAYy3 2F Oo0NBSRAYy3 o6FlasSR 2y
colonies does not appear to show the same cdasistrend as the timing of the first birth (Loek

al.,2017) but on Skomer the two metrics show similar temporal patterns. The apparent timing of

the pupping season may therefore differ depending on the descriptor/metric chosen. The

occurrence of th first birth would be expected to advance to some extent as the pup production
increases even if the mean pupping date did not change. Interestingly, the duration of the pupping
season at Skomer did not increase even though pup production trebled dhersgudy. The date

of the initial birth is likely to be inherently more variable than the mean or median pupping date and
could be influenced for periods of several years by the behaviour of one individual seal as females

tend to pup on or around the saedate in consecutive years (Pomeetyal.,2005).

Timing of the pupping has been studied on t&ottish coloniesNorth Rona (NRij the Outer
Hebrides andsle of May IM) in the Firth of Forth. The colonies are widely separgtetbOkm by
sea)and little effective breeding exchange is thought to occur between them (Atlah, 1995).
Pup production at NR has declined while IM increased and stabilised. With some \zemiatédn,
over the last 3 decades, the mean pupping date at NFbeesme latey around 10d. Over the
same period, the mean pupping date at IM has fluctuated without showing a clear trend.
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Preliminary mixed model analyses of pupping dates of knowrafe seals at NR and IM (Pomegty

al., in prep) reveal a complex situation. At both colonies, pupping date was highly variable between
individualsbut tended to become earlier with increasingaternal mass Howevet the effects of age

were different atNR and IM, possibly becausedifferences irthe age ranges of the respective

animalsp l'a GKS aiddzRe FyAYFfaQ | @SN 3IS LlzZLLAy3 RI G
assume the study animals at each are representative of their colony.

Estmation of the pup production model at Scottish colonies involves deriving a birth curve and thus
allowsmean pupping date to be estimated. A new pup production model is currently being
developed to deal with issues around the parameters associated wdttlétection and

classification of pups. Once this pup production model is completed, the mean birth dates of all
regularly monitored colonies in England and Scotland will be available for the period 1987 to date.
These data will allow a detailed anayysif changes in timing of pupping at colonies representing
2OSN) yp: 2F GKS 'YQa Llzld LINPRdAzOGA2Yy @

4.  Are the current management areas for harbour and grey seals fit MSQ14
for purpose given the differences between the species? In
particular, it would be helpful for SCOS to advise whether the
management areas should continue to be identical for both
species, and whether they need to be biologically relevant to be
effective for management purposes?

Does SCOS see a benefit to making seal management units DefraQ 3
(MUs) and seal assessment units (AUs) consistent, and
reviewing them in 2019?

SCOS advises that SMUs should be the same for both speciesatite moment SCOS des not
see any not biologically relevant reasamhy seal management units and seal assessment units
should be coalesced.

The raw data that go into thestimates of SMU totals are collected at very fine spatial resolution,
and as sch could be combined in any way to provide totals for SMU or AU scales.

At present seals in the UK are managed on the basis of seal management units (SMillisibinds

a pragmatic compromise that attempts to balance: current biological knowledge; distances between
major hautouts; environmental conditions; the spatial structure of existing data; practical
constraints on future data collection; and managemssguirements TheSMUswere designed to

allow local and regional management of seal populations in response to local environmental effects
or anthropogenic impacts. Particularly for grey seals, there will probably be substantial movement
of animals betwen these areas.

At present the same SMU boundarigsgure4 and SCOBP 19/05hare used to report population

size and trend information for harbour sealsd to set management targets such as PBRs for both
species Theresolution of thesurvey datanean that the basic counts and pup production estimates
could be combined to match whatever management structure was required.

The grey seal pup production data used in the population dynamics models are pooled in a

geographical structure based on what wasriginally discrete breeding assemblagdsis structure
differsslightlyfrom the SMU structure. Breeding sites are currently pooled into four large
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populations units, the Inner Hebrides, Outer Hebrides, Orkney and the North Sea and the population
dynamics model treats each as a discrete population with no interchange.

The Inner HebrideOuter Hebrides and Orkng@ppulatiors each breed within one SMW/est
ScotlandWestern Islesind Orkneyand North Coast SMUs respectiveljyowever, the North Sea
population breeds at sites from the Firth of Forth in SE Scotland dowertolk,in SE England, a
range that includes three SMUs; East Scotland, NE England and SE England.

The spatial scale at which seal populations are managed depends on the mamgeals. For
example, management advice in the form of PBR estimates are currently provided for each SMU
around Scotland for both species (see SBB39/05). The distribution of harbour seals at the scale
of SMUs is not thought to change with seaséior grey seals however the foraging distribution, is
very different from the breeding distribution. Interactions with anthropogenic activities such as
fisheries or industrial activities will occur at sea or close to haulout sites. Managing on thefbasis
breeding distributions could lead to inappropriate control or protection measures. PBRs for both
grey and harbour seals are derived for each SMU on the basis of counts obtained during the August
harbour seal moult surveys (see SEEPS1905). These aants are scaled up by the probability of
being hauled outderived from telemetry data in the same way as the independent grey seal
population estimatgsee SCOBP19Y02).

A proportion of he grey seals found in any particular SMU duringsiliamer originate from and

return to breed at sites in other SMUs and in some sas&y be a mix of seals from several

breeding sites in different SMUs. As a consequence, management actions that are applied on the
basis of the summer distribution will patéally have impacts on breeding populations in other
SMUSs. This can be avoided by coalescing the SMUs into larger units, but at the expense of being
able to address local issues and without any increased protection for the seal population.

Such managenmg targets can easily be coalesced to provide targets for larger regions if and when
necessary. SCOS therefore recommend that seal population monitoring and provision of
management advice, such as PBRs, continue to be collected/provided at the scaewoirdnt

SMUs.

5. Is the existing harbour seal decline recorded in several local areas MSQ3
around Scotland continuing or not and what is the position in
other areas?

The most recent composite count for Scotlaffdr surveys in2015 t02018 was 25% higher than
for the previous round of survey2007-2013). Declinesare continuing in Orkney and along the
East coast of ScotlandCounts in the Moray Firttand Shetlanchaveapparentlyremainedstable
after experiencing large reductions around 2002ountsalsoappear stable in the Western Isles
and SouthwesiScotlandmanagementunits and are increasin@ the north and central parts of the
West Scotland SMUThe most recent count in the West Scotlamsanagement area is the highest
to date.

The current UK harbour seal population is at a simiggze to the estimates from the late 1990s,
but there have been significant population declines in some regions and similar increases in
others.
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As reported in SCOS 20082@18, there have been general declinegdhie counts of harbour seals in
several regions around Scotland but the declines are not universal with some populations either
stable or increasing. Details of trends are presentéd@©BP19/03 and Thompsoret al. (2019)

The composite count for all of Scotland, based on recent (2W1%) surveys in all areas, is
approximately30% higher thanhe previous composite count based on 2601 3 surveys,
representing aproximately3% p.a. increase (Figureable 5and has returned to levels similar to
those in themid-1990s

In Shetland the 2015 count was 12% higher than the previous count in B00®e fitted trend
indicates that counts have remained stable after &Afecrease around 2002.

Therehasbeena continuing decline in the Firth of Tay and Eden Estuary $A€2018 count of 40
represents @3% decrease from the mean counts before 20620rkneythe most recentcount of
1,349in 2016representsan 85% decrease since 1997. In th@ray Firth there is considerable
variability in the August t@l counts for the entire regianThe 2014 and 2015 surveys produtes
lowestcountsin the entire time seriesbut the 2016 count was 25% highéthe 2018 count was
similar to the 201&ountand overall there has been no significant trend in the counts of tharay
Firth since 2000

The 20172018 compositeount of 15600 in the large West Scotland Management Area 4086

higher than the2007-2013 compositeount. Overall the fitted modefor the west coast suggested

no trend since the 1990s. Howaythe north and central parts of the region showed significant
increases from the early 1990s to 2017. Again, the 2015 count in the Southwest Scotland SMU was
23% higher than the 2009 coun,it the fitted trend suggests no change between the 1990s and

2015.

The combined count for the Southeast Engl&MUin 2018(4,961) wassimilar to theprevious five
& S NE QThe® Sod#yedsiEngland population has returned to its2@@2epidemic level§Figure
6) but the lastfive counts suggest it may be at or near its carrying capadiyp production in the
Wash continues to increasbut the rate of increase has slowéaCOBP 19/04)

Large changes in relative density hagsulted from differences in regionabpulation trends. E.g. in
1996-1997 the West ScotlanBMUand Orkney & North CoaStMUeach held 27% of the UK
population but now hold 50% amtPb respectivelyThe southeast Englar&MUpopulation was
approximately half that of the Wadden Sea in 1980 but by 2016 the Wadden Sea count was
approximately eight times larger.

6. Inthe 2018 SCOS advice, a number of potential causes for the MSQ4
harbour seal decline were presented (e.g., compet ition with grey
seals for prey resources, predation by grey seals or/and killer
whales, reduction in prey availability). Can SCOS advise on the
outcomes of work progressed, with specific focus on any gaps
that require further consideration /exploration?

The research on the potential causes for the harbour seal deciéee5 year programme funded by
Scottish Government. This programme is due to complete in 2020 after which time the findings
will be available. The results, and the additional stufiynded by SNH to investigate migration and
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sourcesink dynamics and genomic variation in Scottish harbour seals, will indicate where the
knowledge gaps remain.

The Sea Mammal Research Unit has been funded by Scottish Government to investigaiestise

of the declinesand this project will be completed in 202The focus remains the priority potential
causes (predation, effects on prey and toxin exposure) and the investigation of the survival and
fecundity rates in areas with contrasting popuatitrajectories in order to determine which vital

rates are being impacted and to therefore assist in narrowing down the potential drivers. The
population model being developed indicates that adult survival is being affected, not just fecundity
and pup swival. The model will therefore be further refined when the fecundity and survival
parameters for Orkney and the control sites are available. For information, Table 7 contains a list of
potential factors involved and the current assessment of their irtgpece (nodifiedfrom SCOS

2018).

Table 7. The current view of the ptential major driversof the declinein harbour sealsn some
areasand their status

Factor Status Evidence
1. Fisheries bycatch unlikely Data from bycatch observer programmes and
absence of major gillnet fisheries in regions of
decline suggest that bycatch is unlikely to be a
significant factor declines.
2. Pollution unlikely Levels of persistent organic pollutants are low i
the areas of decline and highest in regions whe
populations are increasifg
3. Loss of habitat unlikely Data from aerial surveys and telemetry studies
show no evidence that foraging, moulting or
breeding sites have been lost.
4, Juvenile dispersal possible Genetic studies do not indicate large scale
dispersal but may have little power to detect
recent changes in recruitment patterns.
5. Emigration unlikely Telemetry data do not indicate large scale,
permanent emigration of seafsom areas of
decliné, although temporary relocation betweer
regions may be frequent.

6. Entanglement in marine ' no Data from stranded seals and faecal samples
debris indicate that entanglement in marine debris or
ingestion of plastics are not majasues for UK
seals.
7. Legal control no Introduction of the Marine (Scotland) Act 2010

and the licensing system is ensuring the declini

populations are protectedrom directed takes

8. Infectious diseasand unlikely No evidence of annusual mortality from

parasites strandings. Live captures show no evidence of
disease in areas of decline. No evidence that
Brucella infection is responsileHowever,
other esoteric or secondary disease agents ma

be factors.
9. Prey quality and possible It is not possible to rule out changes prey
availability guantity or quality as factors in thearbour seal

decling although recent analysis of body
condition and nutritional health in live captured
animals shows no evidence.
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10. = Competition with other | possible Competition for prey with the increasing grey

marine predators seal population and/or other marine preda®r
cannot be ruled out.
11. | Predation possible Predation by grey sedland killer whales is still

being reported at several locations. Recent
anecdotal reports from Shetland suggest that
predation rates may be very high in some

locations.
12. | Toxins from harmful possible Domoic acigsaxitoxins and okadagontinueto
algae be detected in seatsand their prey.
13. | Climate change : direct | unlikely Observed and potential changes in physical
effects environment in UK waters are unlikely to excee
KFENDB2dzNJ aSFkftaQ FRILIA
14. | Climate changeindirect | possible Changes in prey distribution and/or availability
effects increases in harmful alghlooms or increased

disease prevalencas a consequence of climate
change are likely to impact harbour seal
populations in future.

15  Disturbance unlikely Possible local réistribution effects Mostsites
are remote and rarely disturbed®casional
disturbance does have severe effed®mpulation
trends at #tes with high levels of

tourismy military aircraft activity show no signs a
negative impacts.

1Hall, A.J. & Thomas, G.O. 2007. Polychlorinated biphenyls, DDT, polybrominated diphenyl ethers and organic pesticides in
UKharbor seals mixed exposures and thyroid homeosta&svironmental Toxicology Chemist2p, 851861.

2Sharples, R.J., Moss, SHatterson, T.A. & Hammond, P.S. 2012. Spatial Variation in Foraging Behaviour of a Marine Top
Predator Phocavitulina) Determined by a Larg@cale Satellite Tagging ProgréathoS ONE.

3 Kershaw, J.L., Stubberfield, E.J., Foster, G., Brownlow, IAAHBalPerrett, L.L. 2017. Exposure of harbour $dalsa

vitulinato Brucella in declining populations across Scotl@ideases of Aquatic Organismf6,1323

4Brownlow, A., Onoufriou, J., Bishop, A., Davison, N. & Thompson, DQfikécrew Seals: Grey Sé#dljchoerugrypug
Infanticide and Cannibalism May Indicate the Cause of Spiral Lacerations ilPEe8I©ONH1.

5Jensen, S.K., Lacaze, J.P., Hermann, G., Kershaw, J., Brownlow, A., Birale20A5. Detection and effas of harmful

algal toxins in Scottish harbour seals and potential links to population deTlxéon 97, 114.

7. Has there been any further progress in describing the prevalence NRW Q4
and spatio -temporal trends of grey seal predation on other seals
and harbour porpoises?

There has been limited progress in determining the prevalence amtent of grey seal predation
on sealsand porpoisesaround the UK.

There are cetacean stranding schemes in all countries in the UK armbasemjuence, any harbour
porpoise carcasses reported in the UK are examined where practicable. Recordsdroi
Cetacean Strandings Investigation Programme (C8I#the Scottish Marine Animal Stranding
Scheme (SMASS)orpoises with trauma, suggetstat grey seal predation of harbour porpoises
occurs sporadically around the entire UK codgt date there has been no attempt to extrapolate
from the number of reported cases to produce population scale mortality rates.

There has been limited progre# determining therevalence andpatiotemporal trendsin grey
seal predation on seals around the UK.

42



Numbers of seals reported with characteristic lesions indicating grey seal predation are being logged
in Scotland and Wales. A detailed reporth seal strandings records from 2009 to 2018 is

presented in SCEBP 19/06.The distribution and temporal patterns of seal strandings and

necropsy results identifying cause of death are presented for the Scottish odastal of 2804

seals were foundead stranded between 2009 and 2018. These comprised of 1471 grey seals, 533
harbour seals, and 800 animals where the species could not be determined.

At presentthere is no formateporting or postmortem exam of seals in Englaraut additional
funding from Defranas been requestedo include seali the English and Welsh strandings scheme.

Grey seal infanticidand cannibalism is reported annuallylaeeding sitesn the UK and Germany
where large numbers of pups were concengrdton or very close to shoré&recent observationis
the Firth of Forttshow thatadult male grey sealsan and do prey ofjuvenile grey seals open
water, away from haulout sites and throughout the year

These observations indicate that grey se=e be effective open water predatoasnd that grey seal
predation may be more widespread than previously identified. Wound pat@nnsarcasses known
to be victims of grey seal attacksggest thathose previously identified as indicative of grey seal
predation will likely underestimate the scalmdgeographical and temporal spread of such
predation

8. Scientific advice from SCOS that would aid policy consideration of MS Gb:
whether or not too review any existing Seal Conservation Areas
(e.g., Western Isles) .

Notes in response to the driver/rational for MS Q6.

Until up-to-date, scientifically informed criteria are defined for establishing or revoking
conservation measures SCOS cannot advise on the need for introducing anyiauit
conservation areas.

However, o the basis of continued declines or lack of increases in all affected areas SCOS
recommends thathe measures to protectulnerable harbour seal populations should remain in
place but no new conservation measures apgoposed Conservation orders are currently in
place for theWestern IslesNorthern Isles and down the east coast as far as the border.

The Seal Conservation Areas were established in response to observed declines in several harbour
seal populations. Harbour sgadpulations in Shetland, Orkney and North Coast, Moray Firth and
East Scotland SMUs are all either continuing to decline ostatde at population sizes 40% below

their 1990s levels. There is therefore no reason to consider that the threat to those populations has
been removed. SCOS therefore recommends that existing conservation orders remain in place in
these SMUs.

Consevationareasare currentlydesignatedor the Western IslesNorthern Isles and down the
Scottisheast coast as far as the borderhe declines in Orkneynd the East Scotland Seal
ManagementUnitsare continuing and there is no sign of recovery in Shetlar the Moray Firth.
Details ofrecent survey results anend analyses are presented brieflyanswer to Q1 abovend
in detail INSCOBP 1903 and Thompsoret al.(2019) There is no evidence that the threats to
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those populations have been remayand SCOS therefore recommends that existing conservation
orders remain in place in these SMUs.

The2017surveyin the Western Isleg/as the highest yet recorded and was approximately 25%

higher than the equivalent count the mid-1990sand more than 75% higher than the lowest count
obtained in 2008The wpulation wasapparentlyundergoing a protracted but gradual declidaring

the 2000s,but the 2011 count was close to the prdecline numbersand a trend analysis suggested

no significant change between 1992 and 201Iriclusion othe 2017 esult dd not change the

overall trajectory, which still indicates a lack of any trend sirfi®21 The recent count may indicate

that a recovery is underway but is not sufficient in itself to confirm this. SCOS therefore recommend
that current conservation measures should be maintained.

The adjacenand much largeWestScotlandpopulationis at an alitime high since surveys began.
Trend analysisuggests a stable overall population, but within this large region, the central sgction
which holds the majority of the seals showing a consistent and continuing increase. Trend
analysis forhe Southwest Scotland management area indicates no trend since BIB9S advise
that there is no requirement to extend the conservation orders to the V&esitland oiSouthwest
Scotlandnanagement areas.

In addition to the specific conservation ordetise potential biological removal (PBR) is calcatht

for each region for eachear (SCOBP19/05) andregion specificecovery factos are assignedach
year on the basis of current/recent population statuEhese are discussed in ansdi@below.

Seal Legislation

9. Does the Committee consider that there is a significant scientific
requirement or advantage to updating the Conservation of Seals

Act 1970, For example, definitions and applications of clos ed Defra @a
seasons, the netsmen 1 s defence and the potential for the
introduction of mandatory recording and/or licensing of shooting?

SCOS again recommend that reporting of seals killed should be mandatory

SCOS cannot advise on the need for introducing any additional conservation areas.

From both scientific and management perspectives the absence of any requirement to record and

report on numbers of seals killed in England and Wales is a major omisatqrafrents any

assessment of the effects of seal shooting. In Scotland, the licensing of shooting, allows the targeted
management of seals and requires an assessment of the need for and consequences of that
management.Applying similar procedures in Hagd and Walesvould potentially overcome a

problem wih the Conservation of Seals &ct s KSNBX o6& (KS ySdiavylryQa RSTFSyO
precedence over seal conservation orders.

SCOS note thdt is possiblethat shooting seals to protedisheries anddmon aquaculture activities
could trigger actions under thdSMarine Mammal Protection ActThignay result in sanctions
against the importation of salmon farm produce from the UK into the USA. Any such actions are
expected to be imposed from 2021

For longlived, annually breeding species such as grey and harbour seals, with consistently high
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pregnancy rates, the enforcement of closed seasons associated with the breeding seasons has little
effect on the population consequences of removaldowever,from an animal welfare perspective,
removal of lactating females will inevitably lead to starvation of their pup and should be avoided.

Seal Licensing and PBRs

10. What, if any, changes are suggested in the Permitted/Potential MS Q5
Biological Removals (PBRs) for use in relation to the seal licence
system?

Provisional regional PBR values for Scottish seals2@20 are given in SCOBP19/05. Those PBR
calculations assume that the method and the chosen values fpafd R..xare unchanged from
SCOSR2018, so any changes are the result of changegdpulation Ny, estimates.

The only substantive change for harbour sealace 2018s the 40% increase in the count for the
Southwest Scotland SMUeading to a commensurate increase in PBR, from 50 to 71.

The grey seal count for the West Scotland sv20% lower than the previous estimate, leading to a
reduction in PBR from 1219 to 966. The Moray Firth grey seal count was 36% lower leading to a
reduction in PBR from 275 to 175. Theey seakount in the Southwest Scotland SMU was almost
40% higherlhan previous counts leading to an increase in PBR from 86 to 119.

SCOS recommend that recovery factors used in the PBR calculations should be left unchanged at
present.

t.w @FftdzSa F2NJ GKS 3INBeE& | yR KI NDb 2 dadleassdl £ & LJ2 LJdzt |
ManagementUnitsin Scotland are presented BCOBP19/05. Sets of possible values are

tabulated for each area with different values of recovery factbnerecovery factorkg) is a simple

scaling factor between 0.1 and 1 that allows managers a degree of flexibility to account for different
characteristics of the populationA value is suggested for this parameter in each population, the

resulting PBR is Hifighted, and a rationale is provided for each suggestion. The PBR values are

calculated using the latest confirmed counts in each management area.

Frhasbeen held constant in all management regions.

In 2018SCOS recommead increasing thdwfor the West Scotland SMtd 1.0 but recommended a
reviewof that decision in lighof the 2018 surveyeesults. Adding in the 2018 results brought the
total down very slightly, but not enough to negate the arguments for raiging 1.0.

In 2018SCOS recomended that the Western Isles management area PBR-p&amined in light of
the results othe 2017survey. The Western Islesgulation wasapparentlyundergoing a
protracted but gradual declinduring the 2000shut the 2011 count was close to the prdecline
numbersand the 2017 count wa25% higher than the 2011 count. Despite this high coutrgrad
analysigsee Q2 abovejuggested no significant change between the early 19906athd

In practical terms, th020PER for the Western IsleSMUis 105 and only one harbour seal has

been reportedly shot each year for the past four years, approximately 3% of the number permitted
under licence over the same periodAsthere is aconservation order in place for tf@MUand no

clear management requirement to increase the PBR, S008ecommenctd that the recovery
factorbeleft at 0.5
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The PBR calculation includes a scalar for intrinsic rate of increaske (B. the rate at which a
population is assumed to incase if it is far below carrying capacity. By defaultithiset at 0.12or
both grey and harbour seals. The value has been previously identified as an appregitatéor
pinnipedsbecause several populations of both phocid and otariid seals havedizsmved to
increase at this rate.

Regional pup production estimates for the UK grey seal populationstemenmaximum growth

rates in the range-80% p.a. (Lonergaet al., 2011b). However the large grey seal pdgion at

Sable Island in Canada has grown at nearly 13% p.a. (Bawaen2003). The UK grey seal

population in the North Sea has beetreasingsince structured surveys began in the 1960s. At no
time duringthat period has the growth rate approachd@% p.a. except for particular subsets of the
population where it is impossible to rule out immigration. If as seems likely the achievable intrinsic
rate of increase is less than 12%p.a. it may be sensible to reduce the value in the PBR calculations.
AsRnaxis a scalar in the calculation, any reduction in<Rould produce an equivalent reduction in

the recommended PBR.

11. Has there been any new information on harbour seal trends that MS Q&
would lead to a change in the recovery factor used in the PBR
calculation for any of the Scottish seal management areas? In
light of this information, do SCOS recommend any changes to
the recovery factors for any of the management areas?

SCOS does not consider that the recent survey results changsttites of any of the harbour or
grey seal populations around the UK sufficiently to require a change in any of #valkes.
SCO$herefore recommend that recovery factors used in the PBR calculations should be left
unchanged at present.

Harbour seapopulations in Shetland, Orkney and North Coast, Moray Firth and East Scotland
SMUs are either continuing to decline or are stable at population sizes >40% below their 1990s
levels. SCOS therefore recommends that existing conservation orders remain in jpldcese
SMUs.

Results of recent surveys and a detailed description of the status of harbour seal populations in each
SMU are given in SCB® 1903 and in answerd and 5 aboveSCOS does not consider that the

recent survey results change the statfsany of the harbour or grey seal populations around the UK
sufficiently to require a change imy of the Rvalues (se@reviousanswer above and for more

detail).

Seals and Marind&kenewables

12. Has there been any further progress on  improving our NRWQ 2
understan ding of how seals behave around tidal energy devices?

There has beenapd progress in understanding how seals use tidally energetic habitatsl on
how seals respond to the presence of turbines at ranges of 10s to 100s of mbtres
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understandingthe fine scale underwater movements (at a scale of metres) of individual seals
around operating turbines remaina critical knowledgegap.

The risk of an individual seal being hit by a turbine blade will depernhbedikelihood ofseals being
in the vicinity ofturbines, i.e. whetheror notthe turbines are located in foraging habitats or on
transit routes used by seals anfithey are,whether or notthe seals will alter their behaviour to
avoid those locations. Thisskwill then be scaled by whether seals approageratingturbines
and if so whether they are able to evatle rapidly rotating blades.

There has been good progress irdenstanding how sealsnd other wildlifeuse tidally energetic
habitats(Hastieet al, 2016; Lieber, Nimm&mith, Waggitt, & Kregting, 2018yd onhow seals

respond to the presence of turbines at ranges of 10s to 100s of metres (ldhatie2017; Joyet al.,
2018). However ltere has been no published information on evasion responses of seals to moving
turbine blades. In the absence of diredtservations to inform evasion estimates, current guidance
from regulators suggests using a range of values of 0, 50, 90, 95, 98 & 99% evasion (SNH 2016)

Two recent studies report evidence of avoidance behavidoyet al. (2018)showed that seals
avoided the operating Sea Gen tidal turbine in Strangford Narrows. Harbour sealSR81IGSM
location tag showeda mean spatial avoidance of 68% (95% C.1., 37%, 83%) by seals within 200
meters of the turbinei.e. seals were 68% less likely to occupy habitat within 200m of the turbine.
Hastieet al. (2017)showed thatGPSdgged harbour seals exhibited significant spatial avoidance of
acoustic playbacks of tidal turbim®unds, resultingin a 27% (95% C.I., 11%, 41é6uction in usage
by sealst the playback locatiorlhese empirical changes could be usedstimate preliminary
avoidance ratesor use incollision risk modelbut it should be noted that theesponses were to a
single pant source and additional worik needed to determine the effects of multiple sources
equivalent to operational tidal arrays.

Scottish Government funded work to determine the probability of severe trauma in seals from
collisions with tidal turbine bladdsasrecentlybeen publishedOnoufriouet al., 2019) Pathological
consequences of direct collisions with tidal turbirss range of speedsiere estimated using seal
carcasses and physical models of tidal turbine blades. Acdesmonse model was developed with
associated uncertainty to determine an impagteed threshold of severe traumesults showed
that severe trauma was restricted to the thoracic region, with no evidence of injury to the lumbar or
cervical spine Severe trauma wasnly predicted to occur in collision speeds in excess ofrsi1
(95%C.1. 3.2 m$, 6.6 ms") and was affected by body condition; increasing blubber depth reduced
the likelihood of severe traum@noufriouet al., 2019) The collision trials used a blade profile
equivalent to the tip of a typical tidal turbine bladed therefore representethe worst case

collision scenario Wllisions with widesectionsof the blade would be expected to cause less
damage at the same collision speeds.

Other data gaps relevant to the impacts of tidal turbines on seals include accurate information on

the demographic consequences of collision and disturbance, laméftects of arraysfdidal devices
on foraging behaviour, changes to prey distribution and collision risk.

Seals andrisheries

13. What is the evidence of impacts of an increasing seal population
on wild fish populations and fish stocks? It would be particularly | MS Q8
helpful if SCOS could consider this in the context of other
potential pressures acting on the fisheries. Where the evidence
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base is limited, it would be helpful if SCOS could identify
knowledge gaps.

SCOS consider that there are three aspects to this question.

1) Are seal populations increasing in areas where fish stocks are declining?

9 SCOS noted that seal population increases over the past decade have been confined to the
Central and Southern North Sea. Consumption by seals as a percentage of estimated stock size
in the North Sea was estimated to be small and North Sea cod stocks iteselity from 2006 to
2017, which would not be the case if seal predation was significant and increasing.

2) What are the diets of seals in UK waters?

9 Both grey and harbour seals are known to consume a wide range of prey including
commercially exploited species such as sandeels, cod, other gadoids, flatfish, herring and
mackerel, and a large number of netommercial species including benthic fish such as
dragonet

3) Is there evidence that seal predation is having detectable effeatsfish mortality.

9 Seal predation can have significant impacts on particular fish stocks. For example grey seal
predation has been identified as a major source of mortality on cod stocks in the North West
Atlantic and off Western Scotland, and in thedilden Sea, harbour seal predation has been
shown to be a major contributor to demersal fish mortality.

1) Are seal populations increasing areas of fish stock collap&e

Although there has been continued increase in the overall UK grey seal populatom#of both

pup production (SCGBP 18/01) and total population (SCGBB 19/01), the majority of the increase

in pup production over the past 20 years has been at colonies in the North Sea and in the past 10
years that has been concentrated at colonieshe southern North Sea. Grey seals disperse widely
from their breeding sites to forage, but on a regional scale, the resulting distribution of foraging grey
seals reflects the regional patterns in pup production. Based on the distribution of hauledals

during the summer, the numbers of grey seals foraging around Scotland have remained relatively
stable. The numbers of grey seals foraging in the central and southern North Sea have increased
particularly at sites along the east coast of Englaigii{¢ 7) and recently, the majority of this

increase has been in the southern North Sea. Harbour seal populations around the north and east
of Scotland have undergone dramatic declines over the same period. It is clear that there has been
no general inzase in the population of seals foraging around Scotland.

In the absence of a rapidly increasing seal population in Scotland and the lack of any apparent large
scale redistribution within Scotland it is unlikely that seal population growthiisagor factor driving

recent fish stock declines. Seal population increases over the past decade have been confined to the
Southern North Sea. Consumption of cod by seals in the North Sea was estimated to represent a
small percentage of estimated stockeiand North Sea cod stocks rose steadily from 2006 to 2017,
which would not be the case if seal predation was significant and increasing.

48



Grey seal summer counts
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Figure7. Summerhaulout counts of grey seals around the UK cdagtegion.

UK seal population trends shial be seen against a background of major kergn changesn the
productivity of keyecosystencomponents of theNorth Sea, Celtic Sea and adjacent waters.
Phytoplankton, zooplankton, and demersal and pelagic fish have all exhipieddiccycles in
variability (ICES, 203. Managers should expect change and ensure that management plans have
the potential to respond to new circumstances. Examples of these changes include the gadoid
W2 dzii 0 dzNA G GandireduceédrBduativiiyr ofi gadoid stocks sitize mid-1980s as well as
reduced productivity of herringClupea harengysince 2002Largescale ecosystem changes
appear tightly linked teea watetemperature trends. Whilst the mechanisms underlyinggalinks
are not known, it is clear that the temperature cycle of the North Atlantic (the Atlantic /et&iadal
Oscillation, AMO) affects the North Saad adjacent waters (Nyet al., 2013)

Fishingpressurehas reduced the number of large fish in the North Sea ecosystem (most{yanhbs
morhug saithePollachius virendingMolva molva andvariouselasmobranchsWhilst the impact

of these removals on the ecosystem functioning is not clearly understoskipitld be assumed that
the North Sea ecosystem is currently in a perturbed stétewever, it is clear that fishing effort has
reduced in the North Sea since the 20GshtnonFshery Policy (CFRforms; this can now be
detected in the reduction of fishg mortality in most assessed fish stocks and an increase in the
amount of larger fish preserftCES, 2018The majority of assessed fish stocks are now fished at or
below MSY fishing mortality targetsud, ICES, 2018)

2) What are the diets of seals in UK waterBdth grey and harbour seals are known to consume a
wide range of prey including commercially exploited species such as sandeels, cod, other gadoids,
flatfish, herringand mackereland a large number of necommergal species including benthic fish
such as dragonet (Wilson & Hammond 2016). A growing seal population has the potential to impact
fish populations through predation mortality (the seals can be thought of as a competing fishery).
Estimates of seal diet cdre combined with knowledge of their daily energetic requirements, to
estimate the quantities of different fish that are consumed by whole populations of seals.
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SMRU has carried out three major diet studies in the-h880s, 2002, and 2010/11 to samplats
seasonally around the coast of Scotland and eastern England and estimate diet composition and
prey consumption of grey seals and, in 20110/11, harbour sestisad&ies of prey consumed were
compared with fish stock sizes to estimate percent predatimntality.

In addition, captive seal studies have allowed analyses to account for the effects of partial and
complete digestion of the hard parts recovered from faecal samples, which would otherwise
generate results that were subject to considerable bi&esults of all these studies have been
presented to SCOS in the past and are described in detail in a series of recent reports to Scottish
Government (Hammond & Wilson, 2016; Wilssral., 2016; Wilson & Hammond, 2016a,b).

The most recent studgolleded 2,200 grey seal scats containing 68,465 otoliths and beaks. Results

indicated that:

1 Inthe Western Isles, estimated diet was dominated by sandeel and gadid prey, particularly cod
and ling.

1 Inthe Northern Isles, the diet was also dominated by sandedlgadid prey, particularly saithe
and cod.

91 Inthe Northern Isles sandeel made up around a quarter of the diet in Shetland and around half
of the diet in Orkney.

1 Inthe central North Sea, diet was heavily dominated by sandeel but was more varied in the
southern North Sea.

Overall, grey seals were estimated to have consumed 129,200 t (95% c.i: 214%8000t) of prey
in the North Sea (ICES Subarea IV) and 70,300 t (95% conf. interval:&0@ID1t) of prey west of
Scotland (ICES Division VIahia 12 months from April 2010 to March 2011; a grand total of
199,500 t (95% conf. interval: 181,20@5,500 t).

Diet composition appears to have changed little in the Western Isles from 1985 to 2002 to 2010/11.
In the Northern Isles, changes in diet camsjtion were characterised by a marked decline in the
contribution of sandeel in Shetland and a more gradual decline in Orkney, and an increase in the
contribution of gadids. In the central North Sea, however, the change in the contribution of sandeel
andgadids was the reverse of that seen in the Northern Isles. Gadids declined markedly but sandeel
increased steadily between 1985 and 2010/11.

In 2010/11harbour seal dietsvere also sampled by SMRU, and there have also earlier harbour seal
diet studies irrestricted areas e.g. Shetland, the Moray Firth and the Tay Estuary. The consumption
of fish by harbour seals is of interest particularly in the context of harbour seal declines in some
areas.

3) Is seal predation large enough to have detectable effedn fish mortality?

In the North Sea (ICES Subarea IV), consumption by seals as a percentage of estimated stock size was
estimated to be small; the highest figure was for cod (5% in 2aQ46jth Sea cod stocks (for

example) rose steadily from 2006 to 2017, which would nothieecase if seal predation was

significant and increasing.

However, in the West of Scotland (ICES Division Vla) estimated consumption by seals as a
percentage of estimated stock size was larger for whiting (10% in 2010) and very large for cod (>
100% in 2010). These figures increase to ~50% and > 200%, respgeitthabour seal consumption
is also included. The partial coverage of west coast cod by the stock assessment and the lack of
overlap between the area of the fishery and the area where seals forage provide at least a patrtial
explanation for how the estiated consumption by seals can be so large relative to the size of the
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assessed stocksSeals ar¢herefore more likely to have an impact on the West Caasin in the
North Seabut evenon the West Coaghe area of seal distribution does not coincideéwtihe main
areas of commercial fishing, and it is likely that predated fish are from different functional stocks
than commercialcaught fish (particularly for cod).

Cook & Trijoulet (2016) showed that seal predation rate on the depleted West of Scotdrsdock
was consistent with a type Il functional response and included seal predation with this functional
response in a model of cod stock dynamics. Projections of a model under varying levels of fishing
and seal population size suggested that stoclowery was possible under current conditions
although therewas a small probability that cod population would decline with small increases in
either fishingor seal predationThe dynamics were sensitive to relatively small changes in mortality
rates, andsensitive to some of the basic assumptions of the shape of the fishing mortality curve
(Cook 2019).

Trijoulet, Holmes & CodR2018)used a Bayesian statpace model to investigate stock trends in the
presence of grey seals and estimate predation mdytain haddockNlelanogrammus aeglefinis
whiting (Merlangius merlangysand cod in the West of Scotland. Grey seal predation mortality on
cod was higher than the natural mortality rates used in the ICES cod stock assessments, but seal
predation mortalityis low for haddock and whiting. Estimates ei&nd sywere sensitive to seal
predation for cod and whiting but not for haddock in the West of Scotland stocks. In all cases, MSY
decreases with increased seal predation.

Grey seals have been implicated in the failure of the Northwest Atlantic cod to recovethe

stock collapse in the early 1990s. The grey seal population increases corresponded with increases in
estimated natural mortality (M) of cod. However, the diet information available suggests that seals
consume mainly juvenile cod, whereas the avddatvidence indicates an increase in M for larger
cod (Chouinardet al,, 2005). Incorporating grey seal predation in a population model for Gulf of St
Lawrence (GSL) cod via a functional response, indicated that predation mortality of adult Atlantic
codincreased sharply during the stock collapse and has continued to increase (Neugtrddoff

2017). Seal predation is estimated to have comprised the majority of cod mortality since the late
1990s. Although grey seals were not shown to have drivemitialicollapse, seal predation was
estimated to be the main factor preventing recovery and their model predicted continued declines
in the sGSL Atlantic cod unless there is a large decline in the abundance of grey seals.

Clearly predation by grey seadslarge enough to be a potential factortive dynamicsof some

stocks However uncertainties in several factors, e.g. in the diet composition, in the total
consumption and overlaps between seals and fisheries at sea, mean that confidence in predictions
of effect levels will be low.

Aartset al. (2019 combired seal diet data, estimates of seal metabolic rates and telemetry tracking

data to estimate the impact ofthe harbdld & S| € LINBRI GA 2y 2y (KS Uak O2)
and nearby coastal waterd hey concluded that harlu seals apparently acqed the majority of

their prey in the adjacent North Sea, and only spend 14% of their diving time in the Wadden Sea

Despite this seal predation was still estimated to cause an average annual mortality of 43% of the
NBYFAYAYy3a UaAK Ay kil néatbRsRaélloi cdasdl waterng R20en)e™s A

Data gaps

The results of the UK grey seal diet studies suggest substantial variation in diet between regions,
seasons, and years. In some years and places, seals appear to have removed appreciable quantities
of commercial fish especially cod (Hammond & Wi|2816)
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It is now almost a decade since the last comprehensive diet survey and there is a pressing need to
update this information in light of the changes in the foraging distributions of seals arouridkthé&
research priority is therefore a comprehensive diet survey covering the same regions as the previous
studies.

However, diet studies are expensive and time consuming and therefore will be infrequent, so it is
important to develop our ability to®imate the likely quantities of commercial fish consumed in
intervening years, and predict quantities that might be consumed in future. SMRU has previously
developed models based on the data, linking diet composition to prey availabilitySmouet al.,
2013). To clearly understand the implications of seal predation for commercial fish stocks such as
North Sea cod, we need to

a) Model sealprey interactions
a. Improve estimates of fish abundance and distribution
b. Compare seal foraging distribution with fidistribution
c. Address anajor knowledge gap about the changing abundance and distribution of
sandeels in UK waters.
d. Model how seal diet changes in response to prey availakiling multi-species
functional response of the seals (MSFR)

b) Link MSFR model to models of fish populations, to better understand if the impacts of seal
predation are important, compared with the impacts (for example) of fishing and predation
by other species such as predatory fish and cetaceans, and of compegtioadn species.
This work requires mukspecies models of the marine food web so that the important
trophic links can be accounted for and the relative importance of different sources of fish
mortality can be understood.

14. Can SCOS advise on what pra ctical options are available to
manage an increasing seal population to address any potential MS Q9
impacts to fish populations/fish stocks, and what ethical
considerations there are (if applicable) for these approaches? It
would be particularly helpful to under  stand whether these
options have been employed previously, and their success rate
and applicability to Scottish seal populations.

The answer below assumes that a case for population reduction has been made.
Two methods of population control are discussed.

1) Mass contraception using a previously testpdrcine zona pelluciddPZP vaccine.
2) Population reduction by targeted killing of pups or adult female grey seals.

SCOS discussed the practieapeds of control, includingthe sexand age structue of the culls, the
effects of population statusgeographical spread and time frame ofilling programmes to achieve
specific management goals and discussed the risks and monitoring requirenasgsciatedwith
suchactions

The guestion assumes that seal populations are having an impact on fish populations/fish stocks,
that issue is discussed in answeQth3above. The answer below assumes that a case for
population reduction has been made.

It may be possible to dissuade seals from preying on particular fish at specific locations (e.g. by use
of ADDs in rivers and estuaries, or around fixed/static fispear) and it may be feasible to develop
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anti predator devices and methods for other maobile fishing gear. However, SCOS is not aware of any
feasible/practicable methods to control or alter the feeding habits of individual seals in the open
sea, hor any métod to alter the foraging behaviour/prey preferences at a population scale.

SCOS consider that the only remaining option for controlling seal populations in order to reduce prey
consumption, is to kill seals to reduce the population or reduce the groatthso that the

population approaches some target level defined by the management goals. Reducing the growth
rate of a population can only be achieved by reducing either survival or fecundity or some
combination.

Reducing fecundityReducing grey sefdcundity through a program of mass contraception at
ONBSRAY3 aridsSa KFra 0SSy LINRPLRASRO® ¢CKS /FylFRALFY
Oceans (2012) suggested tivaelhien considering ethics, social good, public perception, and

international marketimplications the use of contraceptive methods to manage the grey seal

populationis believed to be more acceptalitean killing large numbers of seals

Brownet al. (1997) reported a field trial of PZP vaccine as a-teny, single application
contraceptive for grey seals. They showed that pup production of the test group was reduced by
approximately 90% between two and five years after immunization. There wasnumtal pattern

in antibody titres between two and five years post immunization so the contraceptive effect was
long lasting and may have been effectively permanent.

The production of birth control vaccine, its administration to a large proportiomefidult female
grey seal population and the population monitoring requirements for assessing its effects waaild be
major undertaking.

The effectiveness of reducing fecundity as a management tool would depend critically on the status
of the populationin question. The population dynamics model used to produce grey seal population
estimates (SCOS BP 19/01) indicates that density dependence acts mainly through reduced pup
survival. In such populations, e.g. the Inner and Outer Hebrides and Orknewgswsuyrvive to

recruit into the breeding population. Reducing fecundity in such a population would have little
effect on the absolute number of pups surviving to age,@nece pupsurvivalis already low.Any
reduction in population would also eventualead to increased pup survival thereby further

damping the effect of reducing fecundity. Conversely, in the North Sea population where pup
survival is relatively high, reducing fecundity could have significant effects.

Monitoring the effects of a largecale contraception programme would tabour intensive It
would require several years of monitoring of the breeding behaviour of a known, i.e. permanently
marked group of adult female grey seals.

The apparent long term effect of the PZP contraceptiaccineare not fully understood. If the
contraceptive is effective for many yeatise effect on the population will be similar to that of killing
the adult femalesHowever, removal of breeding females would also mean that they were no longer
consumirg preywhereas contraception or sterilization would leave the female seal alive and
therefore feeding Further studies of the effects of PA® any other potential contraceptive, on

long term fecundity would beequired beforetheir potential impact on ppulations could be

predicted and befordts widespread use in the wiltbuld beconsidered as a population control
measure.

Reducing survivalAn apparently simpler method of population reduction would be to kill a
proportion of the population in a straagred culling programme. Determining the number of seals
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that would need to be killed to produce a particular reduction in population, and the number that
would then need to be removed to stabilize the population at that new level requires a reliable
population dynamics model to rigorously test a range of harvest strategies and a structured
population monitoring programme to assess the realised effects of the culling.

The Scientific Advisory Committee of the UNEP Marine Mammal Action Plan drew up@opfot

the scientific evaluation of proposals to cull marine mammals (UNEP, 1999). Such an evaluation
must consider the complexity of ecological interactions among the marine mammal population(s),
the relevant fish stocks and the fisheries which catedm. The protocol defines the information
which must be providetb allow a scientific evaluation of the biological and ecological aspéets
proposedculland the simulation modelling approaches that should be adopted to predict the
ecological effects.

An essential part of the evaluation of the ecological effects of the proposed cull is an estimate of the
impact of the cull on the abundance of the marine mammidomaset al. (2011) and Hammitt al.
(2017,) presented harvest advice that predicts the effects of different age and sex structures and
magnitudes of removals from the Canadian grey seal population. A modified version of these
assessment approaches would be relatively easy to apply to Ulsemesy

15. Could the Committee provide further information on how the Defra G
killing of grey seals and harbour seals affects the rest of the UK
ecosystem?

Reported levels of seal killing are not sufficient to cause significant changes in national or regional
populations. There is uncertainty around the total numbers of seals killed, particularly in England
and Wales where licenceasnd reportingare not regured.

The removal of a smalhumber of sealss unlikely to result in detectable large scale effects on the
wider ecosystem (see answer 13 above).

Large scale population reduction will have obvious consequences for the target species, but the
consequenes for the ecosystem or even for individual prey populations will be complex and hard
to predict. Recent eduction in fishing mortality for many stocksneans thatnatural mortality is
becoming the dominant source of mortality in the North Sdaprovingestimates of consumption

of fish by top predators, such as seals and cetaceans\deeasinglyimportant, particularly when
these predator populations are expected to increase further.

As seal predation usually represents a small proportion of naturalmadity, the removal of a part

of that predation is unlikely to result in detectable large scale effects on the wider ecosystem, but
assessing the likely impacts will require an integrated ecosystem modelling approach.

At present, the reported number okals being killed in the UK is low relative to the national or

regional populations. In Scotland where seals can only be legally killed under licences issued under

the Marine Scotland Act the numbers of licences issued is informed by estimates of timtigdote

biological removals (PBRE€ answes10 & 11 abovg These are designed to allow seal

populations to stabilise at the Optimum Sustainable Population (OSP). For large long lived mammals

such as seals the expected shape of the density dependent population growth curve means that OSP
should be quite closto the carrying capacity. In practice few grey seals are shot, generally less than

562F GKS t.wX |yR F2NJ KFINDb2dzNJ aSIfa GKS RSOfAYAY
PBRs to minimise potential increased rates of decline and relatively catiser?BRs are set for the
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rest of the Scottish harbour seal population. Again, in these larger populations the number of
reported seal kills is generally less tH# of the PBR.

For the rest of the UK there is no requirement to report the numbers of seals shot and therefore no
data to estimate the impact of such removals. However, reports of shot seals stranding on the
English and Welsh coasts are relatively rare and there isdication that seals are being killed in

large enough numbers to have a significant effect on population trajectories.

On a local scale and for specific parts of the ecosystem, even relatively small numbers of seals being
killed could have detectableffects on both the seal and prey populations. For example, a large

scale shooting programme in the Moray Firth was identified as the likely cause of a decline in the
harbour seal population and led to the development of a seal management plder(Bt al., 2008)

The targeting o§pecificseals involved in depredation of particular figbpulationscanreduce
predation mortality For example nithe USA targeted removahd killingof particular individual sea
lions and harbour seafsom rivers with endangered salmonid rungpermitted. Salmon
escapement ugiver has increased as a consequence.

Forlarge scale population reduction, the results in terms of effects on seal populations will depend
on the scale, sex and age stture, and timing of any such reduction. The effects would be different
for grey and harbour seals because of their different movement and foraging strategies. Removing
large numbers of harbour seals could have local effects on the ecosystem but effesisowing

grey seals would be more dispersed over a much large area.

The effects of large scale population reduction measures in terms of the effects on seal populations
are addressed ianswer 14 above Such removals would be aimed at reducing predepressure

on specific parts of the ecosystem, primarily commercial fish stocks. The effectiveness and the
medium to long term consequences of such actions are unclear. As seal predation usually
represents a small proportion of natural mortality, theweval of a part of that predation is unlikely

to result in detectable large scale effects on the wider ecosystem. However, in some areas and for
some fish stocks, seal predation may be an important mortality factor. Reducing this predation will
have effets on prey populations, but such effects may be complicated and, for most prey species,
are likely to be swamped by small changes in fishing pressure or changes in other fish populations.

Determining the ecosyste#ievel impacts of removing a proportiarf the seal population will

require an integrated ecosystem modelling approach with inputs on the drivers of distribution for

key components of the ecosystem. Several such models are already in use, e.g. Rostagjnoni
HnmMpO dzASR F+ ALI GALFE F22R S0 Y2RStf a902alLl OS¢
Ecosim (EwE) software. The model was validated against trends in time series of fish biomass and
fishing effort for a system with 12 fish species and three fisfigeds and successfully predicted the

fish species distribution. Ecospace has recently been improved to include the impacts of variable
habitat quality on the distribution of populations and could be modified to investigate the

ecosystem effects of chamy predator populations.

Thereduction in fishing mortality for many stocks, means that natural mortality is becoming the
dominant source of mortality in the North Sea. Improving estimates of consumption of fish by top
predators, such as seals and cetans, is increasingly important, particularly when these predator
populations are expected to increase furtf¢CES, 2013)
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16. Is seal predation a contributing factor to declines in rod and line MS Q10
catches in 20187

Seal populationsaround Scotland, have not increased significantly over the past decade so there is
unlikely to be a direct link between population size and the rapid decline in rod and line catcifies
salmonin 2018.

Studies of diet of seals in salmon rivepsoduced esults that vary betweerheavy predation on
salmonids to zero evidence of predatiorit is clear that there is no simple/obvious

correspondence between numbers of seals observed close to or even within salmon rivers and the
levels of predation on salmonisl Further work on identifying salmon in diets where no hard parts
are found may help clarify this issue.

Seal populations around Scotland, have not increased significantly over the past decade so there is
unlikely to be a direct link between populatigize and the rapid decline in rod and line catabies
salmonin 2018(see answef 3).

Relocation of haulout groups and local changes in foraging distribution may be more important than
overall population size when considering impacts on salmonid eatalithin rivers. With the

exception of the Moray Firth and the Tay and Eden estuaries we do not have enoughdatetey

allow us to assess the local redistribution of seals on an annual basis. Where there are regular
counts of seals at haulout sitessociated with or within salmon rivers the patterns are variable.
There has been a major shift in the distribution of haulout use in the Inner Moray Firth over the past
decade, with numbers of harbour seals declining dramatically in the Beauly and Grd#ints (few

grey seals have ever been recorded themhilethere has been a commensurate increase in

numbers of both harbour and grey seals using haulout sites at Ardersier and Culbin. Numbers of
harbour seals in the estuaries of the Tay and Eden Haetned substantially, but numbers of grey
seals hauling out within the estuaries have increased to match the declines.

However, recent work suggests that the numbers of seals counted on haulout sites may not be a
relevant index of local salmon pretitan rates. Photo i.d. data collected during arh2nth

observational study of Aberdeen Harbour and the River Dee in-2018 (as part of th&cottish
Government fundediarine Mammal Scientific Support Research Programme MMSS/002/15
identified 19 indiwilual grey seals and 17 individual harbour seals using the river system. Of these, 14
were categorised as salmonid specialists (9 grey seals, 5 harbour seals), 15 as regular users of the
river system (6 grey seals, 9 harbour seals), and seven (4 grey3deatbpur seals) as transient,

based on the frequency of occurrence and their behaviour. Seals were seen throughout the year in
the harbour and most often during winter months higher up the river. Observations of predation
events were highest during the@st half of the year and increased with increasing river flow.

Results of a diet study of harbour seals using scats collected at a haulout near the River Dee (Harris &
Northridge,2017) show that the diet was dominated by whiting and flatfish otolithghwnly one

scat containing salmonid otoliths, which were of smolt size. The fact that 5 photo identified harbour
seals in the River Dee were classed as salmonid specialists on the basis of observed predation events
and the low level of salmonid remainsthe diet samples indicates that the numbers of seals seen at
haulout sites within or close to the river may not be indicative of the level of predation on salmonids
within that river. Granquist & Haukson (2016) also found no evidence of seal predation o
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salmonids in scat samples from haulout sites in the estuaries of three salmon rivers in Iceland, where
flatfish, sandeels and capelin were the most important species in the diet.

Conversely, Sharples al. (2009) found potentially important levels pfedation by harbour seals

on salmon in the vicinity of the Tay estuaryS@@Clesignated for both harbour seals and salmon).
Within the Firth of Tay, sandeels were prevalent in winter, but salmon comprised 64% of the diet by
weight in summer and sea twb comprised 40% of the diet in autum#@lthough harbour seal

predation was likely impactingcalsalmon stocks, the high uncertainty in estimates of seal diet and
salmon stock size precluded the provision of management advice at that time. tisanséudy, the
population of harbour seals in the Tay has fallen by >70%. Diet based on scat samples in the outer
estuary did not indicate any predation on salmonids.

Telemetry tags deployed on four harbour seals from the haulout site close to theReaevealed

that most of the seals spent their time travelling and foraging close to the coast, but outside the
estuary. Only one seal spent time within the River Dee, and this was an individual that had already
been identified and categorised as a reqyuliser of the river. The tag data for this individual has
provided further insight into the behaviour of seals that regularly use the river but that are not
salmonid specialists, highlighting that estuaries are used by seals to forage on species ather tha
salmonids.

Bottlenose dolphins were also recorded during the Dee study, and observations were highest
between January and June (coinciding with the period of highest probability of a salmonid predation
event by seals).

Continuing seal diet work in comjation with seal observation studies should improve estimates (or
confidence in estimates) of salmonid consumption.

It is clear that there is no simple/obvious correspondence between numbers of seals observed close
to or even within salmon rivers and thevels of predation on salmonids. Further work on
identifying salmon in diets where no hard parts are found may help clarify this issue.

17. a) Reports from some fishermen in S and SW England of bycatch
of rescued, tagged seal pups that appear to have been snagged
in nets by their tags.

DefraQ6

b) Some fishermen also complain that the numbers of seal pups
being rescued is increasing and they 1 re being released in same
area and increasing local population and conflict. Can SCOS
comment on these observations?

a) SCOS is awatbat standardJumboRoto (-R) tagspose a risk of entanglemenalthough there

is no hard evidence to estimate the scale ofelproblem However, to minimize tk risk SMRU
have designed antlested anew closed loop tag that is flexible enough to accommodate post
tagging growth of the flipper. The smooth curved desjgbsence of any significant lip and the
narrow rounded profile means that snag risk has been eliminat&COS recognises the potential
usefulness of the new closed loop tags on these grounds.

b) Rehabilitated grey and harbour sealshortly after releasehave been shown to behave like

wild seals. Istranded pupsare released in areas close to their capture sites there should be little
effect on local seal densities.

a) The widely used JumHaoto (3R) flipper tags comprise a single post inserted thiotig
flipper with two trapezoidal shaped plates on either side of the flipper web. This poses a

57



b)

potential entanglement riskThere are a few anecdotal but reliable reports of such events (R.
Deaville, CSIP, pers. com.). In most cabedagattachmert is unlikely to be strong enough to
hold a seal, it would likely pull out of the flippeHowever the reaction of a seal to snagging a
tag on a net would be to turn and or twist and this greatly increases the chances of becoming
entangled.

Partly in response to this perceived risk, but also because of high tag loss rates for staRdard J
tags, SMRU hauealled two alternative marking techniques. Successful trials of a tattooing
technique have been carried out on both grey and harboursse@his technique however
requiressignificant handling ancestraintof the sealand has so far only been carried out on
anaesthetised seals.affooing maybe suitable for targeted observation studies but is unlikely

to be applicable to the largeumbers of seals released from rehabilitation centres.

SMRU have also designed a new closed loop tag that is flexible enough and long enough to
accommodate post tagging growth of the flipper. The tag is a two part design that clips
together requiring aiggle hole in the flipper web, of a much smaller diameter than the holes
for current JR tags. The smooth curved design, absence of any significant lip and the narrow
rounded profile means that snag risk has been eliminated, abrasion risk should be dediyati
reduced and drag minimised. Tag prototyping has been completed and SMRU are trying to
identify resources to allow field testing of the designs in the near future.

The effects of releasing large numbers of rehabilitated juvenile seals can bicsigii In the
Wadden Sea, for several years, a large proportion of the pup production of both grey and
harbour seal populations were brought into rescue centres and later released. It is thought that
this activity made a significant contribution to thapid growth of both populations. The

release programmes in the UK are on a much smaller scale but have caused some controversy
in some areas.

It is extremely hard to assess the effects of such releases on local fisheries. Most of the
information requred to make such an assessment is missing. However there have been several
studies of the efficacy of rehabilitation which may provide some insight into the likelihood of
negative impacts.

The behaviour of a small sample of rehabilitated harbour aray geals has been studied using
a combination of visual marks, flipper tags and telemetfiifand satellite transmitters). Six
rehabilitated harbour seals released in the Wash were fitted with satellite tags and their
movements and dive behaviour overgffiollowing four months were similar to those of seals
caught, tagged and immediately released in the same @viarisonet al.,2011). A larger
sample of rehabilitated grey seals were monitored after release in Fiafineentet al., 2002).
Seals disprsed widely Although tag resightings were concentrated in western Brittany near
their release sight, sightings wea¢soscattered along the Brittany and Normandy coasts and
western Cornwall, with one recovery in Pembrokeshire and one in SE Ireland.

Of four satellite tagged seals, two remained in the Molene Archipelago cldke telease site
although one swam almost to the Devon coa&hothertravelled along the English south coast

to an area south of the Isle of Wigla480 km swim) and one tvalled to Dunay Point in NE

Ireland (a 630km swim). All seals appear to have dived like typical grey seals. These movement
patterns are similar to those seen in wild grey seal pBenfietet al.,2010;Carteret al.,

2017).

The fact that rehabilitatedeals behaved like typical wild seals soon after release suggests that
if they are released in areas close to their capture sites there should be little effect on local seal
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densities. The natal sites of the seals released in France are not knownelwtitte
dispersal in the few months after release suggest that any concentration effect is likely to be
limited.

18. We have seen increasing complaints from the fishing industry in Defra Q7
certain areas where reports of depredation of large percentages
of catch are reported. There is concern around interactions
between fishers and seals and the use of lethal means of control.
Could SCOS advise on how to structure a study to investigate
and address these issues?

SCOS is not aware of any new information on the extent of the issue in England and Wales. There
is a perceived problem and suggestions that it is getting worse. Increasing seal populations in
central and southern North Sea are likely to increase levdisnteractions between seals and

fisheries in the region.

There areanecdotal accounts that seals cause considerable damagediesaat various locations

on the English coast. The rapid and continuing increase in grey seal populations in theacehtral
southern North Sea means that the existing problems are likely to will get worse. SCOS is not aware
of any new information on the extent or scale of the problem or any quantitative information on the
levels of damage.

SCOS is not able to recommeanty particular research programmahe structure and methods

used in any study of interactions between seals and fisheries will be determined by the nature of the
fishery and the specifics of the interaction. A necessary first step will be to deterhg@ne t

importance, extent and scale of the perceived interactidieinitial assessmenshould be

designed to inform the decision to go ahead with a study and should provide sufficient information
to allow a targeted research programme to be designed.

TheMMO and Defra have an ongoing project to assess the scale of the problems for small boats on
the English coast, but no results are available yet.

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

It has also collected information on setdmaged fish recovered from nets. As $8RUhave not

been able to conduct a quantitative assessment of these data, leuaetively pursuing funds to do

SO.

19. What advice can be provided on the relocation of seals as
1) a non-lethal method to deal with seal predation in aquaculture, MS Q7
and
2) a mitigation measure in marine development to avoid
disturbance or injury to seals. It would be particularly useful if
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SCOS could consider these issues in the context of capturing
seals in the water, and the feasibility and any ethical concerns
and/or c onsiderations that there may be with this approach.

Therelocation of seals from established foragirtbitat is at best a temporary solution. The
disturbance during capture and relocation will be substantial and likely outweagty possible
benefits to the seal

Catching seals in rivers is, in most cases, extremely difficult and poses some risk to the target
animals. Relocation trials in the USA have been ineffective with seals returning to the capture
sites even from distant releassites. Such activity has been abandoned and seals and sea lions
are now removed and killed.

The adopted mitigation strategy for each aquaculture site and each marine development site is likely
to differ depending on the characteristics of the site, and the local seal population, and may require
more than one approach.

Methods employed to reducthe turnover of individual problem seals (i.e. reducing the rate new
individuals learn to exploit the resource), may be different from those needed to deal with seals that
alreadyhave established foraging sites in harboets. or those thatspecialise o salmon in riversr

at aquaculture sites.

The use of relocation to avoid disturbartcethe sealds not sensible At someongoing marine
development/construction sites, seals are remaining in the vicinity ohtiraan activity suggesting
they aredisturbed lesghan they would if they were caught, manhandled and transported away
from the site.

SCOS is not aware of any data on the effectiveness of relocation of grey or harbour seals in the UK.
There is anecdotal information on a translocation of tiaebour seal in the early 1980s from a site
50km up the River Ouse to The Wash. The seal returned to the river site within a week (M. Fedak
(SMRU) persom.). Attempts to relocate harbour seals feeding on salmonids at Ballard Locks in
Seattle to Hood &hal (>50km) were abandoned because seals returned to the capture site
(NOAANWEFSC Tech Men&8) and harbour seals have been recorded returning to capture sites

from release sites between 21 and 421km distant on the west coast of North Anj@Ilicaret al.,

1998)

Capture and relocation is therefore likely to be only a temporary solution, would involve significant

risk to the individual sealyould be expensive in terms of both effort and financial cost,iand
constrained by lack of suitably experiencsdff.

Seals and River Fisheries

20. In 2016 and 2018, advice was provided in relation to non -lethal
options to address seal predation in both river fisheries and MSQ13
aguaculture. In light of the upcoming review of the operation of
the seal licensing system in 2020, it would be helpful for SCOS to
provide updated advice on practical non  -lethal options available
to river fisheries and aquaculture to address seal predation.
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ADDs have been successfully trialled to limit thassage of seals up salmon riverst there are
concerns related to how they are deployed and maintaineBlectric field barriers have been
shown to be effective in some circumstances. A method for trapping seals in rivers has been
developedbut is unteged.

New netting materials (e.g. HDPE) appear to reduce or even eliminate predation in early trials.

Marine Scotland commissioned a reviewtlod options for limiting seal access to salmon rivers and
on alternate lethal and notethal measures to limitepredation(Coramet al, 2017) Several

broad approaches are explored/hile Acoustic Deterrent Devices (ADDs) have been effective in
some situations, they are far from a complete solution, with additional mitigating solutions required
for sealsmotivated to pass such acoustic barrierseTéview considezd some of the alternative
approaches (e.g., physical exclusion techniques, relocation of animals, electrictfiatdgve
attempted to exclude seals from rivers, but such examples are $¥ar they have shown that the
methods tried were generally impractical, often resulting in undesired or counterproductive effects
on salmonids. If the removal or exclusion of a specific seal is not possible, a change in the behaviour
of problem individuals$s required A structured research programme is required to investigate these
issues.

The following is a summary of the relevant information in Coeaial. (2014 &2016) with slight
changes where recent anecdotal information is deemed relevant. Tlaere een no published
studies of the extent and intensity of use of AHDs or other-letimal methods since the publication
of these two reports.

Anti-predator measures are employed to protect salmonid aquaculture sites in Ireland, Canada, the
USA, ChileNorway, South Africa, and Australideasures include lethal removal, antipredator nets
and acoustic deterrent devices (ADDs). Nowhere has the effectiveness of these measures been
assessed rigorously.

As listed in the Coraret al.(2014) review, new netting solutions seem to be very promising, with
some companies reporting elimination of predation after switching to HDPE ('sealpro’) netting.
There have been suggestions that the Tasmanian aquaculture industry may be attemptingteo isol
compounds from fur seal scent glands, to see if they could be used to elicit any useful behaviour
(e.g. for deterring animals or trapping big males), but it is unclear whether this has progressed.
Use of predator call and presence of life sized medékiller whales have bednalled with little
success, although MOWI (formerly Marine Harvest) are considering another trial of a killer whale
model with killer whale calls in Scotland.

Initial attempts to develop pulsed electric fields to prevertls attacking the bottom of salmon
cages have been fairly unsuccessful, although again there is little information available to allow a
rigorous assessment. Aé@uatec report very good results from the 2nd generation of their
‘electric fish' (dummy dmon with electrodes protruding which fire pseudandomly).

Conditioned taste aversion trials are currently being discussed with Marine Harvest and it is hoped
that a series of trials with captive seals may be carried out.

There is little available gnlished information on the methods used or the extent of their use in
other countries. To the best of our knowledge, the following represents the current state of
knowledge for other salmon producing countries.

Ireland. ADDs and arfpredator nets are used in Ireland to limit seal damage. There is no
published estimate of the number of farms using these methods. Shooting of seals can only be
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carried out under licence and requires evidence of damage to pens for a liteheggranted. Few
such licences appear to be granted.

Chile. Salmon farms in Chile frequently subject to predation by South American seaQi@nis (
flavescenys Anti-predator nets are widely used in Chile, and fibreglass models of killer wiiates

also tried, but were not deemed efficient (Sepulveda and Oliva, 2005). ADDs have been widely used
in the past, but the present situation is less cle@here is no published information about the

number of salmon farms currently using ADDs/AHB®irthern Chile. However, Chilean marine
mammal biologists familiar with the salmon farming industry consider that very few farms are
currently operating ADDs/AHDs due to their poor long term effectiveness against sea lions. At
present only one company ikought to be testing them and has apparently reported poor results.

The current best guesstimate is that less thaB2 of the centres are now using ADDs/AHDs.

Sea lions in Chile are officially protected from hunting, but derogations exist allowinméuantiive

capture under certain conditions, such as if the population in a certain area is shown to be excessive.
The Chilean national Fisheries Service issues permits to kill sea lions that are known to cause
problems Kemperet al,, 2003; Vilateet al., 2010. There is no informatioavailableon current

shooting levels, but there are reports of around 56@D00 South American sea lions being shot
annually in the 1980s and 1990s. Most of these were taken illegally.

Norway. ADDs and anfpredator nets are used to some extent, but reliable figures are not

available.

Unlike Scotland, seal hunting is allowed in Norway. Licences are available to those who already
L2aasSaa I WKdzydayYlyQaQ € A O SafadBgonallylz2ach afiea toyhBll £ A OSy
has a total maximum limit, which is dictated by the Fisheries Directorate and based on advice from

experts at the Institute of Marine Research. Certain time and area closures are applied, depending

on the reproductive ycles of the relevant species.

Researchers in Norway familiar with the industry suggest that seal depredation is not considered a
significant problem facing the industry. Compared to Scotland, seal populations are relatively low

and highly dispersed.

Canada Work in Canada concluded that althougBDscan be effective deterrents in the shert

term, they are largely ineffective in the loftgrm, and there is no evidence they alleviate the need

for lethal removal of predators. Given their ineffectivenessieterrents and faranging impacts on
non-target species, including SAR#ted species, DFO recommended that AHD use atdists be
prohibited (Olesiulet al.,2012). AHDs are not used in British Columbia, and their use is being or has
been phased ouin the rest of Canada.

Anti-predator netting (Fisheries and Oceans Canada, 2015) is used at aquaculture sites in Canada.
This is not a truly notfethal control method as seals and sea lions become entangled and drown:
between 1 and 13 harbour sealsmpyear since 2011; 51 sea lions were reported to have drowned in
anti-predator nets in one incident in 2007. Nylon netting for cages is now being phased out of use,
in favour of HDPE based nets due to perceived benefits reducing depredation (Knoxelets, p
comm., 2015).

Since 2010, Canadian aquaculture site licences include a provision authorising the humane
RSAGNYWzOGA2y 2F WydzhialyoOS aSIkfaQ dzyRSNJ,OSNIFAyYy O2Z
although there are discussions ongoing to eliminstteoting at aquaculture sitesThese provisions

dzy RSNJ 4 KS t I OAFAO ! ljdzk Odzf G dzNB wS3dzf  GA2ya NBLIK I C
the conditions under which a seal may be shot, including the presence of, and compliance with, a
Predatora I Y 3SYSyd tftly®d WwWIif NBlFIazyrofS YSGK2RaQ Yd
coming into conflict with the facility. Regular site audits by DFO biologists ensure compliance with
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licence conditions and the Predator Management Plan. The nunfbearbour seals recorded as

being removed fell consistently from a peak of 577 in 1995 to 556 in 2010. A similar pattern occurred
for the California sea lion with a lower peak of 243 animals removed in 2000, down to <10 per year
from 2004¢ 2008. There washowever, a more recent increase up to 170 animals in 2010 (Cetram

al., 2014).

USA Nelsonet al. (2006) reported that salmon farms in the Gulf of Maine routinely use anti

predator nets and ADDs to deter seal depredation. Killing any marine mammal in the USA is illegal
under the Marine Mammal Protection Act. Under Section 120 of the Act, and shooting at
aquaculture sites is therefore not an option.

Lethal removal of individually identifiable pinnipeds can only be authorised if they are shown to be
KFE@Ay3a | aA3dyAFAOLy G ySAFGAGBGS AYLI OG 2y aSyRIy3S
options have been exhaustedAttempts to relocate harbour seals feeding on salmonids at Ballard

Locks in Seattle to Hood Canal (>50km) were abandoned because seals returned to the capture site;
harbour seals have been recorded returning to capture sites fielpase sites between 21 and

421km distant on the west coast of North America. Capture and relocation has also been attempted

for California sea lionZé&lophus californianugut were also deemed unsuccessful due to animals

returning to their capture sés. Although California sea lions are still caught in the Columbia River in

Oregon and Washington they are4anger released back into the wild. In 2016 this resulted in the

removal and euthanasia of 59 California sea lions

Australia Depredation byr seals and sea lions at Australian fish farm sites has long been a
significant problem, accounting for the loss of c. 2% of stock in 1997/1998, valued at AUD$ 1.5
(Schotte and Pemberton, 2002). All seals species are protected by the 1999 Environmectidrot

and Biodiversity Conservation Act. Governmental permits can be issued for their removal, but these
do not appear to be granted for the protection of aquaculture sites. A 2007 report acknowledged a
problem with illegal shooting, but numbers were natown (Anon, 2007).

Relocation of seals has been employed extensively in Tasmania, where more than 4500 fur seal
relocations were undertaken (Robinsenhal.,, 2008). 56% were recaptured seals with 3% trapped
more than 20 times. Recaptumatervals were highly variable, ranging from days to years and within
the same year, recapture intervals ranged from 4 to 258 days, mean 36 days.

A 2002 study (Schotte and Pemberton, 2002) assessed the use of flexible oceanic pens and

recommended maximisg of weight hung on the predator netting (minimum 2.4 T for a 120 m
OANDdzYFSNEYy OS OANDESvd ¢KSe fa2 NBO2YYSYRSR (KS
between the growth and predator nets. In 2013 a Tasmanian company began using Dyneema®

netting hoping to reduce seal predation (ABC News, 2013), and their website states that no escapes
occurred in the last three years, though no further details have been reported.

Seals and FishaFms

21. Can SCOS advise on what non -lethal measures are currently MS Q5
available to remove seals caught within fish farm cages?

SCOS is not aware of any ntethal measures specifically designed to, or currently used to remove
seals from fish farm cages.
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Providing an escape route would se¢o be an appropriate method, however it is not clear how this
could be done in practice and would probably requireergyineering of the containment system in
most cases.

Lowering a section of the barrier net to the surface level and providing an escape route may be
practicable in some circumstances. Providing an escape route for a seal that does not allow salmon
to escape may be difficult.

Once inside a cage, a seal has the potential to damage a large number of fish very rapidly. It is
therefore imperative that whatever means is employed to remove the seal, it must act quickly.
Attempts to drive a seal towards an escape route may alsoepdifficult as a stressed seal in a cage

is unlikely to behave cooperatively. Deploying an ADD may force a seal to search for and use an
escape route, but would potentially harm the animal in the process, and there is no guarantee that a
distressed animakould find or use an escape route. Allowing a seal to find and use an available
escape route may work eventually, but such a passive approach could leave the seal free to attack
and damage fish for long periods and would likely be unacceptable to faematmps and could not

be condoned from a fish welfare perspective.

Catching a seal within a fish cage would be extremely difficult and dangerous for both the seal and
the farm operators. If a purpose built, large mesh net could be deployed within gearzd below

the seal, it is conceivable that the seal could be brought to the surface by raising the net. A system
for controllably raising the net would need to be designed. The seal could then either be restrained
and moved or shepherded to an escaperpo

Deploying such a system reactively would be difficBIEOS is not aware of any attempts to develop
such a systenilo date anaesthesia of free swimming grey and harbour seals héxeant
successful.

The infrequent and sporadic nature of theseents, combined with the practical difficulty of

catching seals or manipulating their behaviour in such circumstances means that it is unlikely that an
effective nonlethal solution to this very rare occurrence will be available in the short term. ltdvou

be better to ensure all cages are adequately protected from possible seal ingress with physical
barriers around walkways and cage perimeters.

Seal Bycatch

22.  What is the latest information on levels of seal bycatch across DefraQ5
the UK? Are there any a reas where it has not been possible to
collect seal population/bycatch data and can the Committee
provide advice on how to collect additional information? ?

Has there been any progress on investigating the reasons why
the estimated rate of grey seal bycatch is higher than the PBR NRWQ3
for this region, despite increasing seal populations? Can the
committee recommend what can be done to investigate this
further, part icularly on the origins of bycaught seals in the
South West, and identify ways that NRW could assist?

Theestimated bycatch of seals in UK fisheries2@18was474animals (95% (354-911). This was
lower than in 20T because of aontinuingreduction in fishing effort between 2016 and018

64



Approximately 85% of the bycatch estimate occurs in the sombst, in ICES area Yivhere the

UK gillnet fishery is concentratedThe remainder occurs in area IV which covrs North Sea and
waters around Shetland and Orkney with less than 1% occurring in area VI around the Hebrides
and Northwest Scotland.

Estimated tycatchlevels in the Western Channel and Celtic Sea exceed the PBR for the combined
grey seal populations bSW England, Wales and Ireland. An additional but unknown number of
seals are bycaught by nedK registered boats operating in the Celtic Sea. Despite the bycatch,
grey seal populations in Wales and Ireland are increasing, suggesting that bycaugistisealde
animals that may have originated from Scottish breeding populations.

Future research priorities include increased monitoring of coastal vessels in Wales, improved
monitoring/reporting of bycatch by other EU vessels fishing off the south weSenetic studies to
identify the source populations for bycaught grey seae a research priority

Seal bycatch estimates

Seal bycatch estimates are made for both species of seal (grey and common/harbour) combined.
Most seals that have been examinegre young grey seals which can be hard to differentiate from
harbour seals. All seals taken in gillnets were thought to be grey seals and were taken in the
southwest where harbour seals are rare. The numbers of harbour seals recorded are too low to
genemate a useful bycatch estimate so for expedience a single combined seal bycatch total is
calculated. Although it is reasonable to assume that the majority of these are grey seals, in the
North Sea at least, some proportion will likely be harbour seals.

The total seal bycatch estimate for UK waters in 2018 is 474 animals (CV = 0.07; 95% confidence
limits 354911)which is once again lower than the previous year (572), because of the continuing
decline in recorded fishing effoMorthridgeet. al., 2019) Estimates of seal bycatch have

fluctuated over the past few years, but are generally in the region of6@0seals per year, with no
clear trend(Table 8) .

Table8: Recent estimates of annual seal bycatch in UK gillnet fisheries with 95% cenfid limits

Year Estimated number | 95% confidence interva
2013 469 2851369

2014 417 2551312

2015 580 4231297

2016 610 4491262

2017 572 4291077

2018 474 354911
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Table9 shows the estimates by ICES Division and general area. All four seals caught in tangle nets by
boats with observers were identified as grey seals. As previously, the by catch estimates for grey

and harbour seals are pooled and based on the time seriebsdrved bycatch over the recent past.

It is assumed that the bycatch will be almost exclusively grey seals, especially in the south west.

Approximately % of the bycatch390seals) was estimated to have occurred in ICES area VII,
around the south ad southwest of the UK and Ireland. The majority of this occurred in the
Western Channel and Celtic Sea, (300 seals per year), largely due to the overlap of high levels of
fishing effort and relatively high seal densities. Bycatch rates in the E&it@mmel are estimated

at around 88 seals per year.

The majority of seal bycatch is recorded in large mesh tangle nets and trammel nets. Effort in these
fisheries is highly focused in area 7d,e & f (61% of UK tangle net effort). Sampling has bsesh focu
mainly in 7ef, & g. Another way to explore which areas may have been usa®pled is by

comparing sampling effort with fishing effort by area. Areas that are usdmpled and where

there is a large amount of effort, or a high density of sealsldbenefit from further observational

data. These would include 4a (northern North Sea), 4c (southern North Sea), 7d (eastern Channel)
and 7f (North Devon and Cornwall and South Wales).

Six grey seals were reported caught in sandeel trawls in 2018ysheuch records from a trawl

fishery for some yearsAlthough this appears to be a high rate, seal bycatch records in trawl
fisheries are clumped, often involving several individuals in one location, but are overall very rarely
recorded events in botthe targeted marine mammal bycatch programme and Cefas/AFBINI discard
monitoring programmesThe overall observed mean bycatch rate is therefore very small and will
have extremely wide confidence intervals, so without a clearer understanding of thelspadia

other factors that lead to such bycatch events, these numbers have not been included in the 2018
seal bycatch estimates.

Although the total bycatch estimate of 474 is not large compared to the entire UK grey seal

population of over 50,000 animalsthe local populations around the Celtic Sea, where most bycatch

is known to occur are much lower. Total combined pup production in SW England, Wales and

Ireland was approximately 4100 in 2016. With the same assumptions as used to derive a PBR for the
Welsh grey seal population {N=2.3*pup production; FR = 0.5 (SCOS 2016 answer to Q9)) this pup
production produces a PBR of 283 grey seals. Using the less conservative recovery factor (FR = 1.0)
applied to Scottish grey seal populations would increagePBR to 566. The current estimated

bycatch for UK registered vessels in ICES areas, ¥, g,& j was B0 (Table9), approximatel\6%

greater than the conservative PBR.

The estimate derived for UK bycatch in the Southwest wixseerbded by bycatches (of unknown
extent) in IrishFrenchand Spanislgilinets working the same areas. It therefore seems probable
that the actual bycatch is significantly higher than the foomservative PBR for the combined
SWEngland, Wales and Ireland population.
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Table9. Seal bycatch estimates by ICES Divisioh®@rom Northridge et. al 2019

Region ICES Division  Estimated Two-Sided Two-Sided Onesided
total bycatch 95% LCL  95% UCL  90% UCL
4a 19 15 24 23
North Sea 4b 4 3 6 6
4c 49 38 105 95
West Scotland | 6b 9 8 11 11
offshore
Irish Sea 7a 3 2 8 7
Eastern Channe 7d 88 52 248 219
7e 159 122 287 264
Western 7f 122 98 181 171
chameland 74 4 ETR.
7h 9 7 13 12
7j 5 4 10 9
Biscay 8abcd 2 2 3 3

Despite the fact that the recorded bycatch levels are high relative to local population estimates, the
grey seal pup production in the regicontinuesto increase. For example, regularly monitored

colonies in Pembrokeshire are increasing by around 6%pudlet al.,2017 a,b, Lockt al., 2017,
Morganet al, 2018). A large proportion of the bycaught seals were assessed to be first or second
year animals and first year mortality is thought to be high in grey seals {8EQ%02). If the

bycatch mortality predates this enhanced pup mortality it may have atigkly small effect on the
dynamics of the populations. Notwithstanding such effects, the bycatch is unlikely to be sustainable
by local populations. That they continue to increase suggests that the removals include or are being
compensated for by immignts from more distant breeding colonies in Scotland.

The scale of bycatch relative to local population size in the Celtic Sea suggests that significant
immigration must be occurring. We do not know the immigration rate of grey seals into the Celtic

Sa. Ongoing telemetry studies with grey seals at Islay, the Monach Isles and the Welsh Dee Estuary
do not indicate large scale movements between the sew#st and northwest populationsn the

UK and Ireland-dowever, these studies have concentrated alulaseals. The bycatch is almost
exclusively young grey seals for which we have no useful telemetry information with which to
examine movements from the potential source populations in the Hebrides. The lack of information
on the source of seals caughtthe Celtic Sea needs to be investigated but the status of local grey

seal populations does not indicate an immediate conservation concern.

The bycatch rate of seals certainly needs to be kept under review from a conservation perspective.
Although there is no clear conservation concern at present, the disparity between bycatch rates and
local population dynamics in SW Britain suggests thafsseom other areas may be taken. As

argued above, the most likely source would be the west of Scotland. Although this population is
large and apparently stable, the management implications of a potentially large take in a distant
management unit shoulde monitored.
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At present there are no indications that the declines in harbour seals in some seal management
regions in Scotland are related to bycatch, English harbour seal populations are increasing and there
do not appear to be conservation concemssociated with the observed bycatch rates of grey seals,

as yet. However, given the scale of static net fisheries in the southwest, the amount of depredation
that is being recorded during bycatch monitorjtige estimate ofUK vessdbycatchand the

exigence of an unknown but likely large foreign vessel bycatche region, the western channel

and Celtic Sea would seem to be an appropriate area for additional work.

Future research recommendations

Although the scale of inshore fisheries around the \Welsast is not large and some dedicated
monitoring has already been carried out, the specific interest in bycatch in the southwest suggests
that effort to monitor bycatch in these fisheries closest to breeding sites shouldcbeased.
Increasednarine manmal bycatch monitoring on French, Irish and other EU registered vessels
fishing in this region would also be helpfdlhe potentially large takes in these fisheries mean that
the bycatch rates presented above may significantly urastimate the scale ahe problem.

Identifying the source of bycaught seals in the southwest is a pri@#mples suitable for DNA

analysis are routinely collected from bycaught seals and have also been collected from grey seal
pups at breeding sites in Wales with the hefdlNRW. Additional samples are required for breeding
sites in Ireland and Western Scotland. This sampling in conjunction with ongoing work elsewhere to
describe the grey seal genome in more detail should help us to determine the natal origin of the
seab caught in nets. Progress on this issue will require substantial additional funding.

Tracking movements of juvenile grey seals from sites in the Inner and Outer Hebrides would also
potentially provide estimates of migration rates into the southwe&gain, substantial additional
funding would be required for such a study.

23. Can SCOS consider the current methodology used to identify MSQ11
seal haul out sites and make suggestions and provide their
rationale for any potential changes tothe  methodology ?

SCOS considdnat the current methodology is effective,

SCOS considered the current methodology for identifying seal haul out sites in 2012 following
submission and review of a briefing paper (SCOS BP12/07) detailing the method. In brief, virtual
observation points were placed at 100m intervals along the coStotland (a total of 186,442)

and sighting histories of both species from the summer air survey data for each individual point and
with a 300m buffer radius out from each observation point, were compiled. A time weighted
averaged (TWA) for each poiny species was calculated using the data from 1992610 to allow

for fluctuations in site usage and for the sparsity of surveys in some regions.

All Seal Managemertdnits (SMUs)were examined and haulout sites ranked by the TWAs starting

from those wih TWA >50 and gradually declining until a minimum of 50% of the populations of each
species in each SMA was included. This was a minimum figure requested by Marine Scotland and
SNH to achieve a balance between maximising seal protection and minimisiigatiops for other
sustainable activities. All identified sites were listed, and a target population proportion to be
protected set for each SMA, which in some cases was >50% where populations had declined. All seal

SACs were included and all hauloit§a GKIF G O2ydGFAYySR xp: 2F (0KS KI |
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are regularly surveyed and where at least 20 pups are born each year were included.

The limtations of this method were also detailed in SCOS BP12/07. These were that the site
selection is based on surveys carried out during August so seasonal variability is not considered. The
process favours large sites and the potential risk of harassntezdch of the sites is also not

accounted for. The weighting factor of 0.8, used to calculate all the TWAs (see SCOS BP12/07 for
more details on the impact of this) is a value that gives appropriate relative weight to the data
collected over the 14 yeaimhe period. Finally, it is often difficult to define boundaries to decide

where a site starts and ends, particularly in areas of high density or fluidity.

The list of designated sites is currently under review. Whilst it is desirable for these nairigech

over time, unfortunately, particularly due to the major changes in seal population abundance, any
thresholdbased designation method will result in a revision of the list depending on the rate of
change and the review timscale (currently five yeafly Using the same approach but including

data collected up to 2016, has resulted in some sites disappearing from the list and others having to
be included, particularly in regions of harbour seal decline such as Orkney. There is the potential to
clustersmaller sites and designate them as a single site, but this could have implications for
designating very large areas in regions with a high density of individuabhasites (such as the
Western Isles). In any case, the arbitrary decision on whereaw dite borders remains. Increasing

the minimum threshold from 50% could also result in less change over time but this could produce a
major change in the current list. Thus, compromises are required in order to provide a workable
approach that results iminimal change in site designation whilst accounting for any population and
haulout site usage change.

24. Does SCOS consider that the Scottish nationally designated haul Defra Q9b
out sites have been of benefit and could the methods used to
identify sites be b riefly detailed, to consider their use in
England?

The designated haulout sites are chosen to protect as high a proportion of the seal population as
possible with the minimum number of sites. This is considered to have been successful. The
method of site designation is described in detail in answer #2®wae. With necessary changes to
legislation this method ould be applied in exactly the same way to sites in England.

25. Have there been any significant studies done in looking into how Defra Q1
macroplastics, microplastics, abandoned (ghost) fishing gear
and other plastic pollution are affecting seal populations? Is
there a need for more research to be done on this subject area ?

The number of studies investigating the effect of microplastics, macroplastics, abandoned fishing
gear and otherforms of plastic pollution on seals is limited. Although there have been studies on
discarded fishing gear and on the trophic transfer, retention and excretion of microplastics and
ongoing research on the impact of plastic contaminants and plasticizertJ&rseals, the population
consequences of these forms of marine debris are not knowhhere are significant information
gaps and current research will help shape future studies.
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The potential impacbn sealof different types ofplasticmarine debrisat the individual and
populationlevelvaries due to their sources and different size ranges.

Microplasticqdefined as plastic particles <5mm lomgn be translocated across the gastro

intestinal membranes via endocytodike mechanismgAlimba and Faggj 2019)in invertebrates

They are also capable odsorbing organic contaminants (such as persistent organic pollutants),
metals and pathogens which will add to their toxicological profile as these wiildmiition to thar
inherentplasticizer compounds Nelmset al. (2019%) investigated the occurrence of microplastics in
the gastrointestinal tracts of 50 marine mammals of 10 different spebisstranded around the

UK coast. Microplastics were ubiquitous being found in every animal examined faldtately low
numbers per animal (mean = 5.5) suggesting the partigbre transitory. Stomachs were found to
contain a greater number than intestines, indicatpmssibletemporary retention. However, only 3
grey seals and 4 harbour seals were incluthetthis study A followrup study by Nelmst al. (2019b)

found that in 2 g subsamples from 15 grey seal scats, 53%-Gadidroplastics. The samples were

all from adults collecting during the breeding season on Skomer Island off the Welsh coast, so they
may only represent neashore exposureNelmset al. (2018)also found grey seatgadilyexcreted
microplasticsn their faeced YR I FSSRAY 3 & dzR & to defermnatie passaged | LIG A @
time of prey in grey seglfound all the polystyrea balls (3 mm) fed to the animals as tracers to
determine fish otolith recovery ratesvere recovered within six days (Grellier and Hammond, 2006).
Bravo Rebolledet al.(2013)analysel 107 stomachs, 100 intestines and 125 scats of harbour seals
from the Netherlands for the presence of plasticseyheported theoccurrence of plastim 11% of

the stomachs, 1% of the intestines, and 0% of the scats.

The potential toxicological impaof microplasticsat the population level for seals has not been
reportedin the literature Whilst microplastics may be readily excreted by seals, retention in the
stomach and intestine prior to egestion may facilitate the release of the chemical compounds and
plasticizergluring the digestive procesd-urther studis, particularly into the impacts of the
phthalates, a major group of plastic additives, on seal health are currently being carribygtbet
University of Abertay and SMRU. Trtiedings will be reported at SCOS 2020.

The ingestion ofarger plastic dbris, themacroplasticsmay cause blockage in the gastrointestinal
tract and injury to the gut mucosa. However, the prevalence of this as a cause of morbidity or
mortality in UK seals is not knowttis rarely reported as a proximate or ultimate causeeath in
seals by the Scottish Marine Animal Strandings Schéttg/(www.strandings.org/smasy/.

Entanglement in marine and plastic debris, particularly discarded fishing gear may increase the risk
of drowning but perhaps more commoniyay restrictfeeding or cause deep blubber and skin
abrasions (particularly around the head and neck). Adleal. (2012)used sightings records and a

photo identification catalogue from a haul out site in southwest England to investigate the
prevalence of entanglemerin grey seals. Between 2004 and 2008 the annual mean entanglement
rates varied from 3.6% to 5% (n= between 83 and 112 animals). Of the 58 entangled cases in the
catalogue, 64% had injuries that were deemed serious. Of the 15 cases where the entagigliag d

was visible, 14 were entangled in fisheries materials. In a reBigterworth (2016)concluded that
globallypinnipeds are at the visible end of the spectrum of animals which become entangled,
shared, trapped or caught in marine debris, particulaigstics in the form of net, rope,

monofilament line and packing bands, with severe consequences. This is in line with a study by
Unger and Harriso(2016)who used thebeach litter based on a data set established by the Marine
Conservation Society (MS@achwatch weekends. Debris collected around the UK was divided into
three main types of debris: (1) plastic, (2) fishing, and (3) fishing related plastic and rubber on a total
of 1023 beaches. Debris attributable to fishing was identified on clustdreaathes mainly located

on the coasts of Scotland and along the English Channel. They concluded that the fishing industry is
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responsible for a large proportion of the marine debris on UK beaches, particularly in areas with
adjacent fishing grounds.

26. Is marine litter a concern for grey and harbour seals in terms of MS Q 12
entanglement or ingestion?

Marine litter especially in the form of plastic rings, packing bands, netting and nylon lines pose a
risk of entanglement to both grey and harbour seals in UK waters. Such entanglement with
associated wounds has been recorded in at least six phocid arelditarid seal species everywhere
from the Arctic to the Antarctic to the tropics.

The issue of entanglement in marine debris is addressed in arwaove.

27. Can SCOS comment on the effects of seal tourism (including seal Defra Q11
watching and interacti ons in the water with swimmers or divers)? Is
there an official code of conduct for any of these activities, and is
there a need for more control? ?

There areestablishedseal watching activities (e.g. grey seals at Donna Nook, Lincolnshire and
Horsey in Norfolk and harbour seals at Blakeney Point, Norfolk and Dunvegan in Skye), which show
that controlled wildlife tourism can be conducted throughout the year including dugithe breeding
seasonwithout causing obvious problems to the animals.

However, in other areas the same species may react very differently, being easily disturbed and
tending to become sensitized rather than habituated to repeated disturbanc&here isgrowing
concern among NGO groups that such disturbance will negatively impact individual seals and pose
potential threats to the continued use of sites for hauling out and/or breeding

As far as SCOS is aware, there is no formal omomtinated nationwide reporting system for
recording disturbance events. Such a system could provide information to assess the effects of
disturbance on local population dynamics or local haulout site udecal site managers and NGOs
have developed their own guidaes and in some casdhey monitor disturbance events.

CKSNE Aa y2 F2NXIf fAOSYyOAy3d 2NJ NBO2NRAYy3I aeadas
to best practice for watching marine wildlife states that swimming with seals\at considered best

practice and highlights that seals are large wild animals that are potentially dangerous. Swimming

with any seals poses a clear bite risk and health riSeals bites can cause Seal Finger a dangerous

infection (probably due to Mycoplasma phocacerebralehat can lead to severe necrosis and

requires urgent medical attention and specific antibiotic treatment.Thefact that large male grey

seals are known to be predators of other marimammals means that they pose a particular risk.

SCOS adses that where a problem of disturbance has been identified, effective control measures
should be applied.
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Seals are spectacular and appealing wild animals that can be easily observed eadtagye
approachable. The populations of both grey and harbour seals are increasing in the central and
southern North Sea, in an area with a very dense human population, dramatically increasing the
opportunity for human seal interactions. Environmertalrism is also increasing rapidtythe UK,
and watching wildlife, especially large, spectacular and apparently passive animals like seals is a
rapidly growing sector. There are thriving seal tourism industries at various sites around the UK
coast. More recently there has been an increase inr@gein swimming with seals, primarily scuba
divers interacting with grey seals at various locations around the coast.

Until the 1980s it was generally regarded that human presence was likely to cause sufficient
disturbance to prevent seals from haulingtat sites with frequent human visitors. However, there
are now clear examples where obvious human presence, in some cases involving close approaches
to seals, is not acting as a deterrent to hauling out (e.g. Horsey) or breeding (e.g. Blakeney and
DonnaNook) by grey seal®hilippet al.(2016) recorded repeated, frequent approaches by tourists
to less than 30m from hauled out grey and harbour seals without overt signs of disturbae.

also apparent that hauled out seals of both species can hatgtto the presence of, and tolerate

close approaches by tourist boats, e.g. tourist boats at Dunvegan, the Farne Islands and Blakeney
Point now regularly approach to within ZDm of seals on haulout sites without causing apparent
disturbance responseThe ability of seals to habituate to even severe visual and acoustic
disturbance is shown by the presence of large haulout groups within the active military firing and
bombing ranges on the east coast (Wash, Moray Firth, and Dornoch Firth).

Such exampleslearly demonstrate that controlled wildlife tourism can succeed without causing
obvious problems to the animals. However, in other areas the same species may react very
differently, being easily disturbed and tending to become sensitized rather thatub#dl to
repeated disturbance.

Conversely, there are regular press and social media reports of repeated disturbance of seal haulout
sites and growing concern among NGO groups that such disturbance will negatively impact
individual seals and pose potential threats to the continued ussite$ for hauling out and/or
breeding(Cornwall Seal Group 20119

There is ndormal, Ukwide reporting of disturbance eventslthough there aré&NGO ledegional

6SdPaId / 2NYAAK 2AfREATFTS ¢NHz2AGQa RA&dwabhangy OS NB LI2 N
Friends of Horsey Seals recordprggrammes) disturbance monitoring#portingschemege.g.

Cornwall Seal Group. 2019).

It is an offence under the Marine (Scotland) Act to intentionally disturb seals at any haulout site

designated bythe Mik & 1 SNJ F2 NJ LINRPGSOUA2y @ ¢CKAA AyOfdzRSa I ¢
and a selected list of sites chosen to include as large a proportion of the population as possible in the
minimum number of sites.Specific guidance on the offence of harasst at seal haubut sites has

been published Although such restrictions do not apply in the rest of the UK, guidance on general

seal watching has been published by the Marine Management Organisatidrinformation notes

on the effects of wildlifevatching and nommotorised boat based disturbance on seals at haulout

sites have been publishdxy Natural Englartd Guidance notes to provide advice on best practice

8 https://consult.gov.scot/marineenvironment//user_uploads/guidancen-the-offence-of-harassmeniat-
seathaulout-sites.pdf

4 https://marinedevelopments.blog.gov.uk/2016/08/11/seaisotected-llegattouch-feed/

® Natural England Evidence Information Note EA8!& EINO30
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for wildlife watchers and wildlife tourism operators have been published by both goarhand
voluntary organisations (e.g. Scottish Natural Heritaty@ational Trust Cornwall Seal Gro€p
There is now an established UK national training scheme for minimising disturbance to marine
wildlife. The WiSe Schefr@ms to promote resporisle wildlifewatching, through training,
accreditationand raising awareness through a simpiedular training course aimed primarily

at wildlife cruise operators, dive and service boats and yacht skippers.

Disturbance at breeding sites can lead t@alonment of pups in both species. If this is permanent
and occurs relatively early in the lactation peribe pups will die otarvation. Such disturbance

could constitutean offence under both UK and Scottish legislati¢towever, relatively short,

sporadic disturbance of mother pup pairs may have little impact on pup survival as evidenced by the
extensive research programs on grey seal breeding colonies and harbopupdabging studies.

Repeated disturbancenay lead to abandonment of specific haulout sjtest a recent study
suggested thaeven repeateoat-based disturbancedid not increase the likelihood bfrbour

seals moving to a different site ahad littl e effect on their movements and foraging behaviour
(Pattersoret al, 2019) Despite the very close approaches by large numbers of people
anecdotal reports of severe disturbandke haulout siteon the public beach at Horsey continues to
be usedyearround and the grey seal pup production there continues to increase rapidly.

Swimming with seals, usually grey seals, has become a popular activity at certain sites around the
UK. To date there have been thousands of such encounters, both as palibefale swim with

seals programmes and incidental encounters as part of normal leisure diving actiViiexe are no
estimates of the numbers of such encounters, but they will number in the hundreds or thousands
over the past 20 year®anNeeret al., 2017)and such encounters have so far been generally
benign.

However, although raraghere have been anecdotal, press and social media reports from the UK in
2016, 2017 and 201®here seals have bitten swimmerssey seals at sitearound the UkKcoast

have been recorded attackingilling and eating other seadsnd harbour porpoisesThe prey

animals, which are primarilyaught and killed in the waterangein sizefrom juvenileharbour seals

up tofully grown adilt harbour seals. These prey are themselves large, marine predators that are
heavier, more agile, powerful and adept in the water than are human divers/swimmers.

28. Several related questions around understanding population DefraQ12
estimates for OSPAR/MSFD assessments and measures:
a. lIsit necessary to have more reliable estimates of the
grey/harbour seal populations for S England, SW England and
NW England in order to determine the population and
conservation status (GES) of grey/harbour seals? If S0, can
SCOS advise on how to structure a study to investigate this?

8 https://www.nature.scot/professionabdvice/landand-seamanagement/managingoastsancd
seas/scottisimarine-wildlife-watchingcode

TRGGLIAYKKGG6DY I GAZ2Y I G NHza (| ddMBEchsehls.pdf 32 RNEFe y R20dzySy
8 https://www.cornwallsealgroup.co.uk/2016/08/admirrom-a-distance/

9 https://www.wisescheme.org/
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b. Does the Committee consider that it is necessary to introduce
seal conservation measures to protect vulnerable harbour
seal populations along the English coast?

abundance and distribution) and M5 (grey seal pup
production) will be assessed in 2020 for the OSPAR region.
There is particular interest within OSPAR to include the

SCOS make any recommendations on how to meaningfully
assess distribution of harbour and grey seals within the
relevant UK assessment units, while enabling consistency

programmes?

c. Thetwo common seal indic ators, M3 (harbour and grey seal

distribution element of the indicator in this assessment. Can

with the UK and wider OSPAR Co

(a) To determine the population and conservation status of grey and harbour seals at a UK or
English level, it is not necessary to have more reliable estimates of populat®England, SW
England and NW Englantt is likely than < 1 % and < 5% of th& Harbour and grey seal

populations, respectively, are in these areas.

(b) The harbour seal population on the east coast of England has been increasing since the last
PDV epidemic and has stabilised in recent years. Frequent monitoring is required sdeuliyes
are quickly noticed and appropriate actions can be taken. However, currently there is no need to

introduce seal conservation measures here.

(c) Changes is distribution can be examined in terms of (1) change in the proportion of an area
occupied,(2) shifts in occupancy, and (3) spatial shifts in abundance. The first two were considered

Ay GUKS LYGSNYSRAFGS 'aaSaaySyd
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distribution, a consistent spatial resolution is required. The hadtiand survey protocol in the UK
result in data being available on a regular grid which lends itself to such assessment. It may not be

possible to be consistent across all the wider Contracting Parties.

(a) There are no known and established haul outs of harbour seals in NW or SW England. The main
haulouts in S England are at Chichester and Langstone harbours. Regular counts of these sites are
conducted by Chichester Harbour Conservancylamstone Haidwur Board, and have been shared
with SMRU. However, August counts of both grey and harbour seals are still low (< 50). Grey seal
data are available for a subset of sites in the NW and SW of England. Numbers in the NW England
are still reasonably low but dgeem to be increasing. The main haulout sites in the NW England are
South Walney (also a small breeding site) and the Dee Estuary (shared with Wales). Numbers at
these sites are monitored by Cumbria Wildlife Trust and Hilbre Bird Observatory, respectively

In Wales and SW England, comprehensive and regular August counts and pup production, which
would allow the SMRU population model to be extended to these areas, are not available. The
prevalence of hauling out and pupping in caves prohibits aerial gunethods. However, the coast
has been covered over multiple years. Along with a smaller number of indicator areas which were
surveyed more frequently trends in these populations could be assessed.

At a UK level, these regions account for < 1% and <f 5 darbour and grey seal populations
respectively, and thus for the purposes of determining population and environmental status on a UK

scale, population estimates for these regions are not required.
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(b) Currently the east coast is covered by an éxggseal conservation ordeHarbour seal moult

counts in Southeast England have been increasing since 2002 (the last PDV epidemic) at a rate of
2.8% p.a. (95% Cls: 1433). However, more surveys were conducted in The Wash (c. 65% of the
Southeast Englad count) and these show that the trend has levelled off in recent years, presumably
upon reaching carrying capacity. It is not clear to if and to what extent carrying capacity will be
impacted by the increasing grey seal foraging population (increasingl&®s p.a.). It is possible that
the harbour seal population may decline. Thus frequent monitoring is required to ensure that any
decline is detected quickly and appropriate management action taken. Currently it is not necessary
to introducenew seal coservation measures in this region.

Harbour seal populations along the rest of the English and Welsh coasts have historically been very
small.

(c)Changes is distribution can be examined in terms of (1) change in the proportion of an area
occupied, (2)lifts in occupancy, and (3) spatial shifts in abundance. The first two were considered
in the Intermediate Assessment 85a dzNJJ S A t f |, afidvere bagdrl briah approwth

developed for marine birds. To meaningfully assess changes in distributionsiatent spatial

resolution is required over which effort should be constant (or at least known). The habitat and
survey protocol in the UK result in data being available on a regular grid (5 x 5 km) which lends itself
to such assessment. In other couesj data are available by individual haulout, and there may be
difficulties in determining effort where no seals were recorded. In the Dutch Wadden Sea, counts
are recorded on a subunit scale (of which there are ten). For the Dutch Wadden Sea, seals are
present on most sandbanks and thus assessing change in distribution may not be a useful indicator.
These variations in survey protocol and habitat would also prohibit examining spatial shifts in
abundance in a consistent way across countries.
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ANNEX |

NERC Special Committee on Seals

Terms of Reference

1. To undertake, on behalf @ouncil, the provision of scientific advice to the Scottish Government
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ANNEX Il
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Estimating the size of the UK grey seal population between 1984 and 2018.

Len Thomas

Scottish Oceans Institutend Centre for Research into Ecological Bndironmental ModellingThe
University of St Andrew3he ObservatorySt Andrews, Fife, KYQBZ

Abstract

We fitted a Bayesian statspace model of British grey seal population dynamics to two sources| of
data: (1) regional estimates pfip production from 1984016 and (2) independent estimage
assumed to be of total population size just beftiie breeding seasoim 2008 and 2014 Themodel
allowed for density dependence in pup survjuainga flexible form for the density dependence
function, and assumed no movement of recruiting females between regidhis. model is identica
G2 GKIG dza SR 2viceINidd hé drc@ptidnlthat he @ri& dHistdRutionlon adult
survival has been slightly altered, with the upper bound increased from 0.97 to 0.98.
Estimated population size in regularly monitored colonies in 2018 was 137,200 (95% CI-121,000
156,100). Té population overall is estimated to be increasing at a rate of 1.9% per year.
Ly f1Fad @SIFENRAE ONASTFAY3I LI LISNI 6¢K2YFa& HAMY U
and trajectory are somewhat sensitive to the assumptions made when derivmgnaauction
estimates, and on whether and how the peX10 data are included. We therefore caution that
estimates of population size in 2018 may change once an ongoing review of pup production
estimation has been completed.

&\
(Vo))

Introduction

This paper presds estimates of British grey seal population size and related demographic
parameterspobtainedusinga Bayesian statspace model of population dynamics fitted to pup
production estimates (from aerial surveys of breeding colonies) and independent estifaiatal
population size (from hatdut counts). The model and fitting methods are the same as those
employed in recent years and are described in detail in Thomas et al. (2019). The data are the same
as those used in the main analysis presented laat yThomas et al. 2018): pup production

estimates for 1984016 (Duck and Morris 2018), plus independent estimates of total population

size from 2008 and 2014 (Russell et al. 2016). The prior distributions on model parameters are the
same as those useddt year, except that the upper bound on adult survival has been increased from
0.97 to 0.98.

We present estimates of population size at the start of the 2018 breeding system (i.e., projected
forward two years from the last data point). Note that all esttes of population size relate to seals
associated with the regularly monitored colonies. A multiplier is required to account for the ~10% of
seals that breed outside these colonies.

Methods

Full details of the population dynamics model, data and fittimgthods are given in Thomas et al.
(2019). In summary, an agéructured population dynamics model is specified for each of four
regions (North Sea, Inner Hebrides, Outer Hebrides and Orkney), with 7 ages included in the model:
pups, age 6 females (assmed not to reproduce) and age 6+ females (which may breed). The
model assumes constant adult (age 1+) survival (indexed by a paraigteronstant fecundity
(probability that an ag 6+ female will birth a pup,) and densitydependent pup survival i

separate carrying capacity in each region (carrying capacity parameters.. and common

parameters for maximum pup survia; 4 gnd shape of the density dependence functign The
modelled pup production is linked to the data by assuming the €zllow a normal distribution

centred on true pup production and with precision paramefer Adult males are not tracked
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explicitly in the population model, but instead, the total population size (of males and females) is

derived by multiplying estimateadult females by a parametérthat represents the ratio of total

 RdzA Ga G2 FRdAZ G FSYFtSa oaz2vySdiavySa OFttSR aaSE N
given byd  p). The modelled total population size (age 1+ animals) is linked to theendept

estimates using the empirically derived uncertainty on the independent estimates. Informative prior
distributions are used on model parameters, as detaileussell et al. (2019) and summarised in

Table 1 As noted earlier, one minor change waade to the priors previously used: the upper

bound on the scaled shifted beta distribution used as a prior for adult survival was increased from

0.97 to 0.98. This is to account for the observation made by den Heyer & Bower ¢2@Hrijt

female survivain Canadabased on markecapture estimate 00.976 (SE 0.001)

Input data was pp production estimates for 1982016 (Duck and Morris 2018), plus independent
estimates of total population size from 2008 and 2014 (Russell et al. 2016).

Model fitting, asm previous reports, used a stochastic simulatitased procedure called a particle
filter (Thomas et al. 2019). Reliability of reported results depends on the number of simulations.
Here, 3 billion simulations were used, which gave results accuratsigm8icant figures in most
cases (2 for some parameters).

Results

Main analysis

As would be expected given the nadentical inputs (the only difference being a small change in the

prior on adult survival), estimated model fit to the pup production data is indistinguishable from that
LINBEASYGSR Ay f 1 &G @& Sdphdpeoductiddosregioy fibm thik rhd8eNddatche® & G A Y I
the observed values reasonably well (Figure 1), although there is evidence for systematic lack of fit

from the last three observations in each region (2012, 2014 and 2016), all of which are above the

fitted trend. Pup production is estimated to be increasing strongly in North Sea, stable in Outer

Hebrides, nearly so in Inner Hebrides and approaching stability in Orkney (Figure 1).

Total population size is estimated to have grown steadily, although ajfalgldecreasing rate;
population size is estimated to have been larger than the independent estimate from 2008 and
smaller than that from 2014 (Figure 2). Posterior mean population size in regularly monitored
colonies in 2018 was 137,200 with 95% crealibterval (Cl) 121,00056,100. Estimates by region
are given in Table 2 and estimates for all years 18&848 are given in the Appendix. The estimated
growth in population size between 2017 and 2018 is 1.9%.

Posterior parameter distributions are shownFigure 3, with numerical summaries in Table 1. Adult
survival is estimated to be rather higher than the prior distribution, with posterior mean 0.96 (SE
0.01)¢ the same as reported by Thomas (2018) to 2 significant figures (but very slightly higier wh
more significant figures are considered). However, with the prior upper bound of 0.97 used in last
@SIFNRa lylrfearasrs GKS Y2RS 2F (KS LRAGSNRA2NI gl a C
the higher bound used this year the mode is slightlydothan the maximum, which is more
satisfactory. Pup survival is estimated to be lower than the prior (mean 0.43 SI thiz7is slightly
lower than the estimate of 0.45 (SE 0.07) given in Thomas (2018), as would be expected if the
posterior on adulsurvival is slightly higher, given the strong correlation between these two
parameters (Figure 4). Fecundity is somewhat higher than the prior (mean 0.92 SE 0.50) and
indistinguishable from that reported last year. As with the results reported last freae regions

(Inner Hebrides, Outer Hebrides and Orkney) are estimated to be close to or slightly over carrying
capacity (i.e., posterior mean on carrying capacity parameter at or close to the pup production in
2016), while North Sea is at approximatkblif of carrying capacity (although that estimate is very
imprecise with SE/mean=0.5 like the prior). Estimated sex ratio is again unchanged from the prior.
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Discussion

9A0GAYFGSR LR LA GA2y aAT S A& y S| NipaperXTREngsi A OF f
2018) for a comparable yearfor example the estimate derived here for 2017 is 134,700 (95% CI
119,300153,000), while that of Thomas (2018) was 135,700 (95% CI 11B550200), a difference

of only 0.7%. We conclude that the change iimpon adult survival made no meaningful difference

to the population size estimate.

Estimating pup production from aerial survey data requires several assumptions, as described by
Russell et al. (2018), and these have some influence on the resulting@dycgon estimates.

There has been discussion of the appropriate value to use for the probability of correctly classifying
moulted pups as moulted, especially with the transition in 2012 from film to digital aerial
photography. Thomas (2018) undertoak analysis of pup production estimates arising from

different scenarios, and documented up to a 13% difference in resulting estimated total population
size. An investigation of pup production estimation methods is ongoing; in the meantime we
suggest treang the estimates reported here with appropriate caution.

Currently the two additional estimates of total population size, from 2008 and 2014, are assumed to
be statistically independent. Although they are based on separate aerial surveys of-batiszHs,

in scaling up from counts of seals hauled out to total population size both rely on the same estimate
of the proportion of seals hauled out. Future work will account for this in the population estimation
methods used here; we anticipate the effectMié to increase the estimated population size. This

is because estimates from the population model and pup count data alone are higher than those
from the independent estimate (Thomas 2018), and the effect of accounting for the dependence will
be to incease the influence of these estimates.

Thomas et al.2019 discuss how sensitive the estimate of total population size may be to the
parameter priors, and conclude that fecundity and adult:female ratio are two parameters that
strongly affect total populadn size but for which the prior specification is particularly influential.
Hence a renewed focus on priors for these parameters may be appropriate.
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Table 1.Prior parameter distributions and summary of posterior distributid®s.denotes beta
distribution, Ga Gamma distribution (with parameters shape and scale, respectivedyysisuses
both 19842016 pup production estimates, and the 2008 and 2@athl population estimates.

Parameter Prior distribution Prior mean (SD)| Posterior mean (SD)
adult survivah 0.8+0.17*Be(179,1.53) 0.90 (0.04) 0.96(0.01)
pup survivaln Be(2.87,1.78) 0.62 (0.20) 0.45(0.07)
Fecundity 0.6+0.4*Be(2,1.5) 0.83 (0.09) 0.92 (0.06)
dens. depm Ga(4,2.5) 10 (5) 3.02(0.66)
NS carrying cap.. Ga(45000) 20000 (1000) 34200(12500)
IH carrying cap... Ga(4,1250) 5000 (2500) 3930(354)
OH carrying cap... Ga(4,3750) 15000 (7500) 13300(914)
Ork carrying cap... Ga(4,10000) 40000 (20000) 24500(3320
observation CW Ga(2.1,66.67) 140 (96.6) 73 (16.3)
sex ratig 1.6+Ga(28.083.70E3) 1.7(0.02) 1.7 (0.02)

Table 2.Estimated size, in thousands, of the British grey seal population at the start of the 2(
breeding season, derived from a model fit to pup production data from 28846 and the

additional total populatiorestimates from 2008 and 2014. Numbers are posterior means witt
95% credible intervals in brackets.

Estimated population size in thousands (95% CI)

North Sea

43.8 (32.1-54.1)

Inner Hebrides

8.9 (7.4-10.8)

Outer Hebrides

30.5 (25.8 35.9)

Orkney

54.0 (44.5 65.9)

Total

137.2 (121.6 156.1)
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Figure 1.Posterior mean estimates of pup production (solid lines) and 95%ClI
(dashed lines) from the model of grey seal population dynamics, fitted to pup
production estimates from 1982016 (circles) and the total population estimate
from 2008 and 204.
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Figure 2.Posterior mean estimates (solid lines) and 95%CI (dashed lines) of 1
population size in 1982018 from the model of grey seal population dynamics,
to pup production estimates from 1982016 and total population estimates fron
2008 and 2014 (circles, with vertical lines indicating 95% confidence interval «
the estimates).
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Figure 3 Posterior parameter distributions (histograms) and priors (solid lines
for the model of grey seal population dynamics, fit to pup production estimate
from 19842016 and total populations estimate from 2008 and 2014. The vert
dashed line shows thegosterior mean; its value is given in the title of each plot
after the parameter name, with the associated standard error in parentheses.
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Figure 4. Pairwise scatterplots and correlation coefficients for posterior parameter
distributions of the statespace model of grey seal population dynamics, fitted to pup
production estimatesrom 19842016andthe total population estimatdrom 2008and 2014
Diagonal elements are univariate marginal posterior densities. (Note that, for presentational
reasons, a subset of 10,000 posterior samples were selected at random for display.)
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Appendix

Estimates of total population size, in thousands, atltleginning of eat breeding season from
19842018 made using the model of British grey seal population dynamics fit to puguption
estimates from 1984€016and total population estimates from 2008 and 2014. Numbers are
posterior means followed by 95%edlible intervals in brackets.

Year North Sea Inner Hebrides| Outer Hebrides Orkney Total

1984 | 4.4 (3.8 5.3) 4.6 (3.95.6) |22(18.826.5) | 17.7 (15 22) 48.8 (42.6 57.5)
1985 | 4.7 (4.1 5.6) 49(4.159) |22.9(19.527.7) 18.9 (16 23.2) | 51.4 (44.8 60.5)
1986 | 5.1 (4.4 6) 5.2(4.46.2) | 23.9(20.528.8] 20.1 (17.1 24.9] 54.3 (47.5 64.1)
1987 | 5.5 (4.8 6.4) 5.5(4.76.6) | 24.9(21.429.9] 21.5(18.2 26.6] 57.4 (50.2 67.6)
1988 | 5.9 (5.2 6.9) 5.8(4.96.9) | 25.8 (22 31) 23(19.5 28.3) | 60.5 (52.9 71.2)
1989 | 6.3 (5.5 7.4) 6.1(5.27.2) | 26.4(22.6 31.7] 24.6 (20.9 29.8] 63.4 (55.6 74.3)
1990 | 6.8 (6 7.9) 6.3(5.47.6) | 27(23.232.3) | 26.2 (22.3 31.5] 66.3 (58.2 77.5)
1991 | 7.3 (6.4 8.5) 6.6 (5.77.9) | 27.5(23.7 32.8)] 27.8 (23.9 33.3] 69.2 (60.9 80.8)
1992 | 7.8 (6.9 9.1) 6.8 (5.98.2) | 27.9(24.133.2) 29.5(25.4 35.1] 72.1 (63.5 84)
1993 | 8.4 (7.4 9.8) 7.1(6.18.4) | 28.3(24.533.6] 31.2 (27 36.9) | 75 (66.1 87.3)
1994 | 9 (7.9 10.5) 7.3(6.38.7) | 28.6(24.9 33.9] 33 (28.6 38.8) | 77.9 (68.8 90.5)
1995 | 9.7(8.5 11.3) 7.5(6.58.9) | 28.8(25.134.2) 34.7 (30.2 40.6) 80.8 (71.4 93.7)
1996 | 10.4 (9.1 12.1) | 7.7 (6.79.2) | 29(25.334.3) | 36.5(31.8 42.6) 83.6 (74 96.9)
1997 | 11.2 (9.7 13) 7.8(6.89.4) | 29.2(25.534.5] 38.2 (33.4 44.5)] 86.4 (76.7 99.9)
1998 | 12(10.4 14) 8 (6.9 9.5) 29.4 (25.6 34.6) 39.8 (34.9 46.4) 89.2 (79.3 102.9)
1999 | 12.9(11.115) | 8.1(79.7) 29.5(25.7 34.7) 41.4 (36.2 48.2) 91.9 (81.9 105.8)
2000 | 13.8 (11.916.1) | 8.2(7.19.8) | 29.6 (25.7 34.8) 42.8 (37.4 49.9] 94.5 (84.5 108.6)
2001 | 14.8 (12.817.3) | 8.3(7.29.9) | 29.7 (25.8 34.9) 44.2 (38.6 51.5) 97.1 (87 111.3)
2002 | 15.9 (13.6 18.6) | 8.4 (7.2 10) 29.8 (25.8 35) | 45.5(39.6 52.9] 99.6 (89.4 113.9)
2003 | 17.1 (14.6 19.9) | 8.4 (7.3 10.1) | 29.9 (25.8 35.1) 46.6 (40.5 54.2) 102(91.8 116.4)
2004 | 18.3 (15.6 21.4) | 8.5(7.310.1) | 30 (25.8 35.1) | 47.6 (41.3 55.4] 104.4 (94 118.9)
2005 | 19.6 (16.7 22.9) | 8.6 (7.3 10.2) | 30 (25.8 35.2) | 48.5(41.9 56.5) 106.7 (96.2 121.4)
2006 | 21 (17.824.6) | 8.6 (7.3 10.3) | 30.1 (25.8 35.3] 49.3(42.4 57.5)| 109 (98.2 123.9)
2007 | 22.5(1926.3) | 8.7 (7.4 10.3) | 30.1 (25.8 35.3] 50 (42.858.5) | 111.3 (100.2 126.3
2008 | 24 (20.328.1) | 8.7 (7.4 10.4) | 30.2 (25.8 35.4] 50.6 (43.2 59.3) 113.5 (102.1 128.8
2009 | 25.7 (21.7 30.1) | 8.7 (7.4 10.4) | 30.2(25.8 35.4)| 51.2 (43.5 60.1)] 115.8 (104 131.3)
2010 | 27.4 (2332.2) | 8.8(7.410.5) | 30.3 (25.9 35.5] 51.7 (43.8 60.9) 118.1 (105.8 133.8
2011 | 29.2 (24.4 34.4) | 8.8 (7.4 10.5) | 30.3 (25.9 35.6] 52.1 (44 61.6) | 120.4 (107.7 136.3
2012 | 31.1 (25.8 36.7) | 8.8(7.4 10.6) | 30.3 (25.9 35.6] 52.5 (44.2 62.4) 122.7 (109.7 138.9
2013 | 33.1(27.1 39.2) | 8.8 (7.4 10.6) | 30.4 (25.9 35.7] 52.8 (44.363.1) 125.1 (111.6 141.6
2014 | 35.1 (28.241.9) | 8.8 (7.4 10.7) | 30.4 (25.9 35.7) 53.1 (44.4 63.7) 127.4 (113.6 144.3
2015 | 37.2(29.344.7) | 8.9 (7.4 10.7) | 30.4 (25.9 35.8) 53.3 (44.4 64.3) 129.9 (115.6 147.2
2016 | 39.4 (30.4 47.7) | 8.9 (7.4 10.8) | 30.5 (25.8 35.8) 53.6 (44.5 64.8) 132.3 (117.5 150.1
2017 | 41.6 (31.350.8) | 8.9 (7.4 10.8) | 30.5 (25.8 35.9) 53.8 (44.%65.4) | 134.7 (119.3 153)
2018 | 43.8(32.154.1) | 8.9 (7.4 10.8) | 30.5 (25.8 35.9) 54 (44.565.9) | 137.2 (121 156.1)
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Annual review of priors for grey seal population model 281
Debbie JF Russe&llDave ThompsonLen Thomas

1. Sea Mammal Research Unit, University of St Andrews, St Andrews, KY16 8LB
2. Centre for Research into Ecological and Environmental Modelliniyersity of St Andrews, St
Andrews, KY16 9LZ

Summary

Prior distributions (Tablé&) for the grey seal population model (Thomas 20&6) required for the
following model parameters: adult female survivaél, maximumpup survivaléey | fecundity| ,
shape ofdensity dependence acting on pup survivalregionspecific carrying caeity (in terms of

pup production)? , number of adults per female, andprecision of the pup production estimates

[ . The data used to inform these priors are presented below and in Tables 2 ande3eslilting

prior distributionsare shown in Figure 1 and TableThese distributions are identical to those used
Ay GKS LINB@A2dza &SI NDa& akthelupperddudd ofb hds Deén idcreasedmy 0 = S
from 0.97 to 0.98Further discussion of previous and current prior seledsagiven in Lonean (2012
2014, and Russell (201 MRecent data, and any implications for the current priors, are highlighted.
Fa study sites for which there are multiple estimates for a parameter, only the most comprehensive
study is presentedThis briefing paper is based on Supporting Information in Thomas et al. (2019).

Table 1. Prior parameter distributiomgput in ThomasZ019) Be and Ga denote beta and gamma
distributions, respectively. Carrying capacity subscripts 1 to 4 refer to North Sea, Inner Hebrides,
Outer Hebrides and Orkney regions.

Parameter Prior distribution Prior mean (SD)
adult survival L 0.8+0.B*Be(1.79,153) 0.90 (0.04)
pup survival | g Be(2.87,1.78) 0.62 (0.20)
fecundity » 0.6+0.4*Be(2,1.5) 0.83 (0.09)
dens. dep. shape Ga(4,2.5) 10 (5)

carrying capacity Ga(4,5000) 20000 (10000)
carrying capacity Ga(4,1250) 5000 (2500)
carrying capacity Ga(4,3750) 15000 (7500)
carrying capacity Ga(4,10000) 40000 (20000)
observation precision  Ga(2.1,66.67) 140 (96.61)
sex ratioo 1.6+Ga(28.08, 3.768) 1.7 (0.02)

92



SCOSBP D/02 Not to be cited without prior permission from the authors

adult survival ¢, pup survival dpmax fecundity o dens. dep. shape p
[=e]
[so]
0 S
— ] ™ ©
[(e]
(o]
o
- o
- | o~
~ <
o
=S
w
o~ [=] - o
o
1) 2] o 8
075 0.85 0.95 00 02 04 06 08 10 05 06 07 08 09 10 -0 & 10 15 20 25
NS carrying capacity y4 IH carrying capacity y, , OH carrying capacity y3 Ork carrying capacity y4
o
3 0 8 8
o S 8
< =] o
(=] o
o =) @
@ 5 <t
2 g s
o © 8
N 9 o -
g 3 &
o =3
8 g 8 g
o = 5 3
S0 20000 ~ 40000 S 0 4000 8000 12000 © 0 10000 30000 Det00  4e+04  Ber04
observation precision y sex ratio o
o |
(]
<
o
=] %)
2 2
o
“ 2
o
o
=t
w
o
3 o
© G 100 200 300 400 164 1688 172 1.76

Figure 1 Prior probability density functions for each model parameétgut in Thomas (2019)

drawn from the distributions specified in Table 1. Carrying capacity subscripts 1 to 4 refer to North
Sea, Inner Hebrides, Outer Hebrides and Orkney regiesgectively Prior means are shown as

green dashed vertical lines.

Parameters

Adult female survival L

Relevant studies are summarized in Table 2. Estimates of annual adult survival in the UK, obtained by
aging teeth from shot animals are between 0.935 and {H¥&wood & Prime, 1978; Hewer, 1964,
Lonergan, 2012)Capturemark-recapture (CMR) of adult femesd on breeding colonies can be used

to estimate female survival but may produce underestimates as they are dependent on the
assumption that females not returning to the study colony have died. Using captarkerecapture
(CMR), adult survival was estimdtéo be between 0.871 and 0.95&mout, King & Pomerpy
submitted; see Table 2 for more details). Based on the above data, and the fact that the lower limit
on adult survival cannot be lower than (IBonergan, 2012)he prior on adult female survivalas
specified to allow notzero probability density only between 0.8 and 0(Fhomas 2018 However,
recent estimates from Sable Island suggest adult female survival may be above this upperdeound.
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Heyer & Bowen (2017)sed a CormacBollySeber model teestimate age and sexspecific adult
survival from a longerm brand resighting programme on Sable Isladderage female adult survival

was estimated to be 0.976 (SE 0.001), averaged over all animals, but was higher for younger adults
(0.989 with SE 0.00for age classes-24) than older adults (0.904 SE 0.004 for age ZBhR{s, as
agreed by SCOS, the upper limit has been increased to 0.98; the resulting distributidrets a
distribution Be(179, 153) which is scaled (multiplied by @hAnd added to B) to allow norzero
probability density only between 0.8 and 8.9'he resulting distribution has mean 0.90 and SD 0.04.

Maximumpup survival -} &

Relevant studies are summarized in Table 2. Data from populations that were growing rapidly and
therefore apparently not constrained by density dependence acting on pup survival were required to
inform this prior. There are various published estimates of -fiesir survival during periods of
exponential growth (Table 2Mean estimates of pup surivalere between 0.54 0.76. On the basis

of these estimates he prior on maximum female pup survival is defined as a diffuse beta distribution
Be(2.87, 1.78) which has mean of 0.62 (SD 0.20). NoteéPtratroy, Smout, Moss, Twiss, & King
(2010)found highinter-annual variation in pup survival, which is not currently incorporated in the
model.

Fecundity»

Relevant studies are summarized in Table 3. For the purposes of this model, fecundity refers to the
proportion of breedingage females (aged 6 and oyéhat give birth to a pup in a year (natality or

birth rate). For the most part, studies have measured pregnancy rather than natality rates. The
resulting estimates are thus maxima in terms of fecundity as abortions will cause pregnancy rates to
exceed hith rates. Mean estimated adult female pregnancy rates from examination of shot animals
were between 0.83 and 0.94 the UK (Boyd, 1985; Hewer, 1964), and betwe&8 and 1 at Sable
Island Canada (Hammill & Gosselin, 1995)ecent study in Finland (Klaalaet al. 2019) based on

shot animals showed pregancy rate can fluctuate significantly (between c0.6 and ¢.95) in relation to
the environment (prey quality)CMR studies report lower estimates, which may be a result of
unobserved pupping events (due maark misidentification, tag loss, or breeding elsewhere), but also
because such estimates represent births rather than pregnancy. Such studies, from Sable Island
estimate fecundity to be between 0.57 and 0.83 (Bowen, lverson, McMillan, & Boness, 2006; den
Heyer & Bowen, 2017)JK estimates of fecundity rates for populations of marked study animals,
adjusted for estimates of unobserved pupping events Wer®0 (95% CI 0.7656812) and 0.816 (95%

Cl 0.7870.841) for a declining (North Rona) and increasiste (of May) population, respectively
(Smout et al., Submitted). Based on the available data, the prior on fecunyity §pecified as a

beta distribution Be(2, 1.5) whicls scaled (multiplied by 0.4 and added to 0.6) to only allow
probability densiy between 0.6 and 1The resulting distribution has mean 0.83 and SD 0.09.

Shape oflensity dependence acting on pup surviyal

Pup survival at carrying capacity is not dependent on this parameter, and hence carrying capacity also
does not depend on it. Instead, the parameter influences the shape of the population growth
trajectory, by determining the shape of the relationship Wween pup survival and pup production.
Fowler (1981) used both theory and empirical data to suggest that most detepgndent change in

vital rates happens close to carrying capacity for species with life history strategy typical of large
mammals (i.e.long lived and low reproductive rate). Empirical examples (their Figure 4) show
relationships consistent with values'bfin the range 510. To avoid being too prescriptive, a diffuse
distribution was specified: @amma distribution Ga(4, 2.5), which l@sean of 10 and SD 5.
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Regionspecific carrying capacity

No independent information was available about carrying capacity, and so the priors were specified
with a variance wide enough to make their influence on population size estimates negligially
non-informative priors (e.g., improper priors with infinite variance) make the particle filtering
algorithm extremely inefficient, since most simulated trajectories are infeasible given the data, hence
a tradeoff is required between a prior with large enough variance to be norformative, but not

too large so as to make the algorithm prohibitively inefficient. Having the initial rejection control step
in the algorithm helped to some extent in this regard. Gamma distributions with a SD:etéa0fr

1:2, with the mean set subjectively based on expert opinion (Table 1) were found to meet these
criteria.

Number of adults per adult female

This parameter is also referred to as the sex ratio, although strictly the ratio of males:femaleis gi

byd p. Relevant studies (on sspecific survival rates) are summarized in Table 2. A sex ratio of
0.73:1 was derived from shot samples (Harwood & Prime, 1978). This was based on the following
assumptions: that the shot males were arepresentativevsLJt S 2F GKS o0NBSRAYy 3 LR2L
old); that female survival was 0.935; and that survival was the same between the sexes up until age
Mmand® 'aAiy3d St SYS{ Nsghtingldaai(taking iRto @céolinti detéctioB probabiity
inferred by elemetry data), sespecific pup survival was estimated (Lonergan 2014; Table 2).
Although there were no significant differences in survival between males and females, the mean male
survival was lower than females. Combined with data from Hewer (1964 $uting sex ratio would

be between 0.66:1 and 0.68:1 (Lonergan, 2014). Also considered were pup survival estimates derived
from shot samples from the Baltic (Kauhala, Ahola, & Kunnasranta, 2012). For Sable Island, the sex
ratio is estimated to be 0.69:hased on estimates of age and sapecific survival, and assuming a
stationary age distribution (Hammill, den Heyer, Bowen, & Lang, 2017). Based on these findings, the
prior used was a highly informative scaled Gamma distribution Ga(4, 2.5) + 1.6.sTltss irea prior

mean of 1.7 (SD 0.02); 90% of the prior probability density is between 1.68 and 1.73.

Precision of the pup production estimates

The pup production estimates at colony level from aerial survey data generally have a coefficient of
variaton of 10% or less. Uncertainty in the ground count estimates is not quantified. The resulting
uncertainty in pup production at the region level is hard to predidt the colony estimates were
independent it would be smaller, but they are not indepentieimce they share some parameters.
Hence a moderately diffuse prior was specifiedr oiGa(2.1,66.67), implying a prior on CV of pup
production (which ipj [ ) of 10% with SD 5 (i.e., with 90% of the prior probability density between
5%and 20%).
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Table 2 Survival data used to inform the survival and sex ratio pridk4R refers to Captuslark-Recapture studies and can be based ombg(permanent
but can be misidentified), passive tagging (can be lost or misidentified), active tagging (can be lostiDRtatobe misidentified). Except for active tagging,
estimates of survival depend on the accuracy e$ighting probabilities ash if appropriate, tag loss. If sepecific sample sizes are not reported then total

nis given.
Age femal_es male_s Total Tlme Data Location Considerations Source
class mean uncertainty n mean uncertainty n n period
Accounted for effect of previous
Pup 0.66 1036 0.66 294 1972, Agt_ed_shot Farne Islands, culls on sample structurBased Harwood & Prime 1978
1975 individuals UK .
on life tables
Reanalysis of data froidall,
Isle of May Tag loss accounted for McConnell & Barker 2001Hall,
0, . 0, o -
Pup 0.65 8532_%%5 180 0.50 8522.[%5%5 182 igg; ChR il ) and Farne Telemetry data used to inform  McConnell & Barker 2002grey
: ’ : : Islands, UK re-sighting probability pup seal telemetry da(€arter et
al., 2017)
CMR
95% Cls: 95% Cls: (telemetry Isle of May, Reanalysis of data frotdall,
Pup 054 448086 27 043 117082 28 2002 Gata) UK Tag loss accounted for Thomas & McConnell 2009
2000-
PU 0.76 0.38 1185 2004 Aged shot Baltic Samplesassumedepresentative Kauhala, Ahola & Kunnasranta
P 0.55 0.53 2295 2005- individuals Based on life tables 2012
2009
1985-
o 4 0735 SE=0016 1700 loog- OMR (brang) Sblelsiand, Includes the data frochwarz  den Heyer, Bowen & Mcmillan
0.331 SE=0.024 1182 2002 Canada & Stobo(2000) 2014
1956- Aged shot Samplesassumedepresentative Data fromHewer 1974 analysed by
ol @es e 1966 individuals A Based on life tables Lonergan 2012
Accounted for population
1972 Aged shot Farne Islands trajectory.Assumel samples are .
o 1 0.80 294 1975 individuals UK representativavithin focal age Harwood & Prime 1978
class.
o 7 ?0993: 1036 1972 Aged shot Farne Islands As above Harwood & Prime 1978
0 §6) 1975 individuals UK (reanalysed byonergan 2012)
95% Cls: CMR (brand Tag lossanddifferential sighting
0.929- 1987- . ’ probabilityaccounted for. Smout, King & Pomeroy
Adult  0.941 0.954 273 2014 flipper tag Isle of May Survival confounded with Submitted
photo ID) L
permanent emigration
95% Cls:
Adult 0.886 0.871- 584 Lol As above el [REe) As above As above
0.900 2013 UK
. _ 1969- Sable Island, Tagged as pup€onfounded
04 0976 SE=0.001 3178 1727 2002 CMR (brand) Canada with permanent emigratiofiare) den Heyer & Bowen 2017
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424 0989 SE=0001 S 0970 SE=0002 AS e As above Asabove  Asabove As above
: : above : : above above
025 0904 SE=0004 28 077 SE=001 S As As above Asabove  As above As above
above above above
Adult 0976 SE=0001 S 0943 SE=0003 S 5 As abovg Asabove  Asabove As above

above above above

Table 3.Fecundity data used to inform the fecundity prio@VR refers to Captudark-Recapture studies and can be based on brands (permanent but
can be misidentified), passive tagging (can be lost or misidentified), PRdan be misidentified). Estimatesfefundity depend on the accuracy ofre
sighting probabilities and, if appropriate, tag loss.

Rate Mean Uncertainty n -;IJ—(IeTig d Data Location Considerations Source
Pregnancy  0.93 79 1956 - Shot samples Hewer 1964
1963
Pregnancy  0.94 95% Cls: 140 1979 - Shot samples Farne lIslands, Boyd 1985
0.89- 0.97 1981 UK
Pregnancy  0.83 95% Cls: 88 1978 Shot samples Outer Hebrides, Boyd 1985
0.74-0.89 UK
Pregnancy  0.881 526 1968 - Shot samples Canada Aged O 6 years old Hammill & Gosselin 1995
1992
Pregnancy  0.83 20112016 Shot samples Finland Age 624 years old HELCOM 2018
Birth 0.73 0.015 174 1983 - CMR (brand) Sable Island, Aged 415 years. Bowenet al.2006
2005 Canada Unobserved pupping not considered (likely rare)
Birth 0.83 0.034 32 1983 - As above As above Aged 1625 year As above
2005 Unobserved pupping not considered (likely rare)
Birth 0.57 0.03 39 1983 - As above As above Aged 2635 years As above
2005 Unobserved pupping not considered (likely rare)
Birth 0.790 95% Cls: 584 1993 - CMR (brand, flipper North Rona, UK Accounted for unobserved pupping Smoutet al. Submitted
0.766- 0.812 2013 tag, photo ID)
Birth 0.816 95% Cls: 273 1987 - CMR Isle ofMay, UK As above As above
0.787-0.841 2014 (brand, flipper tag,
photo ID)
Birth 0.79 1727 1992 - CMR (brand) Sable Island, Estimated transitions: den Heyer & Bowen 2017
2002 Canada unobserved to breeder = 0.40.64,
breeder to breeder = 0.76.89
Birth 0.83 20112016 Shot samples Finland Age 7-25 years old HELCOM 2018
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The status olUKharbour seal populations in 2@.including summer counts of grey seals.

Callan D. Duck, Chris Dos & Dave Thompson

Sea Mammal Research Unit, Scottish Oceans Institute, University of St Andrews, East Sands, St
Andrews, Fife, KY16 8LB

Abstract

In August 208, during the harbour seal moulthe Sea Mammal Research Unit (SMB&#jied out
thermal magesurveyson the west coast of Scotland from Kyle of Lochalsh to the Solway Firth, the

east coast of Scotland from the upper Forth (above the bridges) to the Border by Berwick on Tyweed
including Holy Island and the Farne Islands. Part of the Moraydfidhhe Firth of Tay and Eden

Estuary SAC were surveyed by fixedg. The 2018 survey formed the third year of a new round
Scotland harbour seal survey which started in 2016. Note that a small section of the Moray Firth
(Helmsdale to Wick) was last sayed in 2011 and another small section (from Wick to Duncanshy
Head) in 2008.

The SMRU fixediingsurveys in England covered the coast of Lincolnshire, Norfolk and Suffolk.| The
Tees Seal Research Programme kindly provided information on seal numbersTieets Estuary
(Bond, 2038).

FromAugustsurveys carried out between 28 and 20B, the minimum number of harbour seals
counted in Scotland wds,864and in England Walesit was5,095, making a total count for Great
Britain 0f31,959 Includingl,012harbour seals counted in Northern Ireland in 80the UKharbour
seal total counfor this periodwas32,971

Grey seals are counted during harbour seal suradth®ugh during the summer months, grey seal
counts can vary more than harboseal countsFrom August surveys carried out betweerl2@nd
2018, the minimum number of grey seals counted in Scotland263866and in England & Wales
16,226 making a total count for Great Britain 42,492 Includingb05grey seals counted in
Northern Ireland in 208, the UK grey seal total count for this period wi@s997

The harbour seal count for Southwest Scotland in 2018w&39(42% higher than the previous
2015 count of 1,200.

The harbour seal count for West Scotlarsbuth was7,053 7.6% lower than the previous 2015
count of 7,629. The count for West Scotlar@entral was,447 15.9% higher than the 2014 count
of 6,424. The new total count for West Scotland (22078) wasl5,60Q 2.7% higher than the
previous (20132015) total caint of 15,184.

The harbour seal count for the Moray Firth va82, 9.4% higher than the 2017 count of 879.
The harbour seal count for East Scotland @4% 2.4% higher than the 2017 count of 334. The
severe decline ithe Firth of Tay Eden Estuariiarbour seal SA€howed no sign of recoverwith

40 harbour seals counted in 2018his represent8.7% of themean of counts between 1990 and
2002 (641).

In Northern Ireland, the 2018 total count &f012harbour seals was 6.8% higher than the previous
2011 count of 948.

Introduction

Most populationsurveys of harbour seals are carried out in August, during their annual moult. At
this point intheir annualcycle, harbour seals tend to spend longer at hautl sites and the greatest

and most consistent counts of seals are found ashore. During a survey, however, there will be a
number of seals at sea which will not be counted. Thus the numbers presenteddpeesent the
minimum number of harbour seals in each area and should be considered as an index of population
size, not actual population size.
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Although harbour seals can occur all around the UK coast, they are not evenly distributed. Their
main concatrations are in Shetland, Orkney, the Outer Hebrides, the west coast of Scotland, the
Moray Firth and in east and southeast England, between Lincolnshire and Kent (Figure 1). Only very
small, dispersed groups are found on the south and west coasts terigngy in Wales.

{AYyOS mMopyy> {aw! Qa ad2NWBSea 2F KIFINbH2dzNJ aSIfa I NBd
approximately fiveyearly cycle, with the exception of the Moray Firth (between Helmsdale and
Findhorn) and the Firth of Tay & Eden EstB&C which have been surveyed annually since 2002.
Surveys carried out in 2006, revealed significant declines in harbour seal numbers in Shetland,
Orkney and elsewhere on the UK coast (Lonergaal 2007). Between 2007 and 2009, SMRU
surveyed the entireScottish coast including a repeat survey of some parts of Strathclyde and

Orkney. In 2010, Orkney was surveyed again to determine whether previously observed declines
continued. The lastound-Scotland survey started in 2011 and was completed in 2Qkda

presented here are the results of the third year of a new survey that started in August 2016 and
should be completed in August 2019

Approximately 90% of the English harbour seal populaisdiound on thelincolnshire and Norfolk
coastwhichis usually surveyed twice annually during the August modince 2004, additional
breeding season surveys (in early July) of harbour sealsxdThe Wash (which lies within the
August survey area) were undertaken for Natural England. The Suffolk, Essexboodasts were
last surveyed by SMRU during the breeding season in 2011 and during the moult in Au@ust 201
the Thames Harbour Seal Conservation Project, run by the Zoological Society of London.

A survey oharbour and grey seals Morthern Irelandand the Republic of Ireland wasmpleted in
2017 and 2018.

Methods

Seals hauling out on rocky or seaweed covered shores are well camouflaged and difficult to detect.
Surveys of these coastlines in Scotland are carried out by helicagitey a thermalmaging camera
which is able taletect groups of seals at distances of over kiepending on weather conditions)

This technique enables rapid, thorough and synoptic surveyisgaié inhabitingomplex
coastlines.Previously since 2007, oblique photographs were obtained using a feehdl camera
equipped with an imagstabilised zoom lensGroups of bth harbour and grey seals were digitally
photographed and the images used to classify speciesompositionof allgroups o seals The

grey seal counts from thesirveyshave been usedlsewhereto inform the models used to

estimate the total grey seal population size (Lonergaal. 2011, SCOS BP 10/4).

Since August 2016, a new custdmilt, 3-camera system, basedon Ttak { & 4 (1 800,(as { 2 9
been used to survey seals in August. The system consists ofsta@yilised gimbal containing a
thermal imaging camera, a highsolution video camera, a digital still camera equipped with a
300mm telephoto lens and a laser ganfinder. Video and still images are recorded on laptops

which display a moving map, highlighting areas that have been recently surveyed together with the
distribution of harbour and grey seals from previous surveys.

Surveys of the estuarine haalt stes on the east coast of Scotland and England were by-fixed
aircraft using handheld oblique photography. On sandbanks, where seals are relatively easily
located, this survey method is highly cedtective.

To maximise the counts of seals on shanel to minimise the effects of environmental variables,
surveys are restricted to within two hours before and two hours after the time of local low tides
(derived from POLTIPS, National Oceanographic Centre, NERC) occurring between approximately
12:00hrsand 18:00hrs. Surveys are not carried out in persistent or moderate to heavy rain because
seals will increasingly abandon their hauit sites and return into the water, and because the
GKSNXYIFE AYF3ISNI OFyy2i wasSSQ GKNRdAzZZK NI Ay ®
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Seals in Southeast Englafficom Suffolk to Kentyvas surveyed bthe Thames Harbour Seal
Conservation Project coordinated August surveys by air, from boat and from land be?@&&rand
2017(ZSL unpublished data, see Barker & Obregon, 2015 asexample). HA My 2 { aw] Qa
The Wash was extended to cover Suffolk and Kent.

Results and Discussion
1. Minimum population size estimate for harbour seals in the UK

The overall distribution of harbour seals around the British Isles from August surveys carried out
between 2@5and 20Bis shown in Figure 1. For ease of viewing at this scale, counts have been
aggregated by 10km squareblost of the Scottish coast was surveyed between 2016 and 2018. A
small section, Helmsdale to Duncansby Head, was last surveyed in 2008 \Wisticansby Head)
and in 2011 (Helmsdale to Wick).

The most recent minimum harbour seal population estimates (i.e. counts betwedhaz@ 20B)
for UKSealManagementAreas(SMAs) are provided in Table 1 and are compared wlitted
previous periods (200 2010, 20062006and 1996 to 1997).

Mean values were used for any areas where repeat counts were available (primarily in eastern
England and occasionally the Moray Firth).

The most recent minimum estimate of the number of harbour seals in Scotlatadned from

counts carried out between 2% and 203, is26,864(Table 1). This is migday between the 2007
2013 count (20823) and the 19961997 count (29,514; Table 1). Since 2001, harbour seal counts
have declined in Shetland, Orkney and along the north and east coasts of Scotland (Lehaigan
2007; Duck & Morris, 2014; 2015; 202817 while counts in the West ScotlagiMA appear to

have increased.

The most recent minimum estimate for England & Wales, obtained from surveys carried out mainly
in 2018 is5,095(Table 1). This .26 higher than the 2002013 count 4,622 and61.26 higher
than the 19951997 count (3160; Table 1).

The 208 count for Northern Ireland of,012was6.8%higherthan the previous complete count
from 2011 (948).

The sum of all the most recent counts carried out betweeb34hd 20B gives a UK total 2,971
harbour seals (Table 1).

1.1 Grey seals in the UK counted during Aughstbour seal surveys

Grey seals are counted in all harbour seal surveys but, because grey seal counts are significantly
more variable than harbour seal counts in August, they have not previously been fultyeckptn
conjunction with grey seal telemetry data, the grey seal summer counts from2008and 2013
2015have been used to calculate an independent estimate of the size of the grey seal population
(Lonergaret al. 2011 Russelét al.,, 201§. Augusgrey seal counts will be used similarly in future.

The overall UK and Ireland distribution of grey seals from August harbour seal surveys carried out
between 2@8 and 208 is shown irFigure 2 For ease of viewing at this scale, counts have been
aggregatel by 10km squares. The most recent estimate of the number of grey seals in Scotland,
obtained from August counts carried out betweenl®@nd 20B is 26,266(Table 2). This 80.6%
higher than the total Scotland count 20,113from August surveys between 2D@nd 2Q.3.

There werel4,701grey seals counted in eastern Engldretween2015and2018 and, combined

with an estimate ofL,525in West England & Wales and the 3&bunt d 505in Northern Ireland
(Table 2)the most recent UK total count of grey seals in Augsi4,997

2. Harbour and grey seals within Seal Management Areas in Scotland
The parts of Scotland surveyed in August@®@ere:
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-West Scotland, from Kyle of ¢lwalsh to the tip of the Mull of Kintyre, including Coll, Tiree, Jura and
Islay; Southwest Scotland.

-Moray Firth (part), from Helmsdale to Findhorn.

-East Scotland (part), the Firth of Tay and Eden Estuary, the Firth of Forth upstream of the bridges
andthe south Forth and Lothian shore to the border at Berwick on Tweed.

-The northern part of Northeast England was also surveyed, from Holy Isle to Coquet Island in
Northumbria.

Figure 3 showthe years wherdifferent parts of the Scottish coast re lastsurveyed betweer2015
and 20B. Areas surveyed in 284re indark green The 2018 survey formed the third year of a
new roundScotland survethat started in August 2016Shetland remains the only area yet to be
surveyed for the current round.

The mostup-to-date Augustdistribution of harbour seals in Scotland, from surveys betweetb20

and 203, is shown in Figure 4. The trends in counts of harbour seals in different Seal Management
Areas in Scotland, from surveys carried out between 1996 anfl &@lshown in Figure 5. Harbour
seal counts from the most recent surveys and fritmee previous survey period20152018,2007

to 2013, 20062006and 1996 to 1997) are in Table 1.

The most up to datdugustdistribution of grey seals in Scotland, fraurveys between 216 and
2018, is shown in Figure 6. Grey seal counts from the most recent surveys anthfesprevious
periods 20152018,2007 to 2A.3, 20062006and 1996 to 1997) are in Table 2.

2.1 West Scotlandharbour sealg10-19 August 2018)

The harbour seal count for part of West Scotlai@entral wa,281and the count West Scotland
South wa%7,053 Combined with the previous 2017 count for part of West Scotla@dntral, the
total for West Scotland Central wa¥,447. The total comt for the West Scotland SMA w5600
(Table 1).

2.2 West Scotlandgrey sealq10-19 August 2018)

The 2018 grey seal count for part of West Scotla@éntral wa79and the count for West
Scotland- South wa2,922 The total for West ScotlandCentral was773. The overall total grey
seal count for the West Scotland SMA wak74(Table 1).

2.3 Southwest Scotland harbour sealq419, 23 August 2018

The harbour seal count for the Southwest Scotland in 20181w&9(Table 1). This was the highest
recorded count for the Southwest Scotland and was 42.4% higher than the previous (2015) count of
1,200.

2.4 Southwest Scotlandgrey sealq19,23 Augus018

The grey seal count for Southwest Scotland in 201854@¢Table 2). This, also, was the highest
count for Southwest Scotland and was 64.6% higher than the previous (2015) count of 374.

2.5 Moray Firth, part- harbour sealg19 August 2013

Between Helmsdale and Findhorn B&J,4 harbour seals were counted in 2018 (Table 3). Combined
with counts from previous years, the total harbour seal count for the Moray Firth SMAGZasT his
was 9.4% higher than the 2017 count of 879 (Table 3). Almdstfithlese harbour seals (46.2%)
were between Culbin and Findhorithe coast between Helmsdale and Duncansby Head was last
surveyed in August 2008 and 201Mhe coast between Findhorn and Fraserburgh was surveyed in
August 2016.

2.6 Moray Firth- grey seals(19 August 2013

In the annually surveyed part of the Moray Firth (Helmsdale to Findhorn/Bayjrey seals were

counted (Table 4). Combined with counts from previous years, a tot&@8irey seals were
counted in the Moray Firth (Table 4).
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2.7 East Scotland Firth of Tay and Eden Estuary, upper Forth and south shore of Firth of Forth
harbour sealq21 August 2018)

The harbour seal count for the Firth of Tay and Eden Estuary SAC in 204@ Wérere is still no
real sign that this populatiois recovering equalling the lowest count for this Special Area of
Conservation (SAC; Table 2, Table 5).

2.8 East Scotland Firth of Tay and Eden Estuary, upper Forth and south shore of Firtlyrefy
seals(21 August 2018)

In the Firth of Tay and Edé&stuary SAC in 201B835grey seals were counted (Table 2, Table 5). The
revised 2018 grey seal count for East Scotland3y&e.

3. Harbour seal surveys in England and Wales
3.1 England and Walesharbour seal moult season coun{gugust)

The coast bEngland and Waldsas been divided into three Management Units (Figure 1). The great
majority of English harbour seals are found in Southeast England (Figure 1). In 1988, the previously
increasing numbers of harbour seals in The Wash declined by appateky 50% as a result of the
phocine distemper virus (PDV) epidemic. Following the epidemic, from 1989, the area has been
surveyed once or twice annually in the first half of August (Table 7, Figure 14). After recovering to
1988 levels by 2001, the pofation was hit by another PDV outbreak in 2002. It was reduced by
around 20% but recovered to pepidemic levels by 2012.

In Northeast England, small numbershafbour seals are found at Holy Island and in the Tees
Estuary. The 2@Icount for Northeat England wag9, a combined count from Holy Islatite Tees
Estuary(Table 7). Harbour seals in the Tees Estuary are monitored by the Industry Nature
Conservation Association (INCA). oherallslow increase in numbers seems to be continuing,
althoughthe August 20& mean count of76 was slightly lower than the 2@Imean couniof 86
(Bond 2018.

One aerial survegf harbour sealsvascarried out by SMRU in Lincolnshire and Norfolk during
August 208 (Table 7). The 2@Icount for the coast between Donna Nook and Scroby Sah#dg3
was slighthyhigher (by 1.3%han the 20T count (4170). The survey extended to cover the coast of
Essex and Kent, wher&38harbour seals were counted compared with795 counted in 201théy
Zoological Society of Lond¢zoological Socigtof London, unpublished data).

The combined counts for the Southeast England Management Unit (Flamborough Head to
Newhaven) ir2018 @,961) was virtually the same as the 2017 co(#h965 Tables 1 and 7).
Although the Southeast England population has returned to its20@2 epidemic levels, it is still
lagging behind the rapid recovery of the harbour seal popuoiaitn the Wadden Sea where counts
increased from 10,800 in 2003 to 26,788 in 2013 (Reijneteas, 2003; Trilateral Seal Expert Group,
2013), equivalent to an average annual growth rate of 9.5% over the ten years. For the fourth
successive year, thereas a slight decline in the Wadden Sea total harbour seal do@@l7
(25,936; Galatiust al., 2017). In August 2017, part of the Dutch Wadden Sea could not be fully
counted due to military restrictions. Although the 2017 count was not complete aat@mnewas
included to account for seals missed.

No dedicated harbour seal surveys are routinely carried out in the West England & Wales
Management Unit. Estimates given in Table 1 are derived from compiling informatioritfeom
various sources listed ithe Table.

3.2 England and Walesharbour seal breeding season counts (June & July)

A single aerial survey of The Wash was carried out during the breeding seasarflightson 28"

June and ? July 2018. The results together with results from previous breeding season surveys are
presented in detail in SCEBP 19/04.The 2018 pup count for the Wash was 1498, this was 18%
higher than the 2017 peak and similar to the average of the peak coontsd preceding 5 years.
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Although the counts appear highly variable, a simple exponential growth curve fitted to the counts
suggests an average increase of 5.6% p.a. since 2001.

3.3 Englandand Walesg grey seal countgAugust)

A total 0f8,199grey sea were counted on theouth-east coast of England between Donna Nook
and Dover in August 281 This is similar to counts from the previous four years (Table 8).
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Table 1. The most recent August counts of harbour seals at haut sites inthe UK by Seal Management

Area, compared with previous periods.

Seal Management Unit

Harbour seal counts

2015-2018 2007-2012 2000-2006 1006-1997

1 Southwest Scotland 1,709 923 623 929
2 West Scotland 15,600 11,072 11,666 8,811
3 Western Isles 3,533 2,739 1,981 2,820
4 Morth Coast & Orkney 1,349 1,938 4,388 8,787
5 Shetland 3,369 3,039 3,038 5,994
6 Moray Firth 962 898 1,028 1,409
7 East Scotland 342 214 667 764

SCOTLAND TOTAL 26,804 20,823 23,391 29,514
8 Mortheast England 79 83 62 54 =
9 Southeast England 4,961 4,504 2,964 3,092

10 South England

11 Southwest England

12 Wales

13 Northwest England

ENGLAND & WALES TOTAL 5,095 4,622 3,051 3,160

BRITAIN TOTAL 31,059 25,445 26,442 32,674

MORTHERM IRELAMND TOTAL 1,012 948 1,176

UK TOTAL 32,071 26,303 27,618

SOURCES - Maost counts were obtained from aerial surveys conducted by SMRU and were funded by Scottish Matural

Heritage (SMH) and the Natural Environment Research Council (MERC). Exceptions are:

3 Parts of the West Scotland survey in 2009 funded by Scottish Power and Marine Scotland.

b The Tees data collected and provided by the Industry Nature Conservation Association (Bond, 2018).

The 2008 survey from Coguet Island to Berwick funded by the Department of Energy and Climate Change (DECC,

previously DTI).

C Essex & Kent data for 2013 collected and provided by the Zoological Society Londaon {Barker, 2014).

d Estimates compiled from counts shared by other organisations (Langstone Harbour Board & Chichester Harbour

Conservancy) or found in various reports & on websites (Boyle, 2012; Hilbrebirdobs blogspot, 2013; Sayer, 2010,

2011; Sayer et al, 2012; Westcott, 2002). Some increases may partly be due to increased reporting and improved

species identification.

g Surveys carried out by SMRU and funded by Northern Ireland Environment Agency (MIEA) in 2002, 2011 & 2013
[Duck, 2006; Duck & Morris, 2012) and Marine Current Turbines Ltd in 2006-2008 & 2010 (SMRU Ltd, 2010).

*N'umberland coast south of Farne Islands not surveyed in 2005 & 1997; no harbour seal sites known here.
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Table 2 The most recent August counts of grey seals at haut sites inthe UK by Seal Management Area,
compared with previous periods. Grey seal summer counts are known to be more variable than harbour seal
summer counts. Caution is advised when interpretimgse numbers.

Grey seal counts

Seal Management Unit

2015-2018 2007-2013 2000-2006 1996-1997

1 Southwest Scotland 517 233 206 75
2 West Scotland = 4,174 2,712 2,383 3,435
3 Western Isles 5,772 4,144 3,929 4,062
4 Morth Coast & Orkney 9,714 8,195 10,315 9,427
5 Shetland 1,558 1,536 1,371 1,724
& Moray Firth 769 1,211 1,272 551
7 East Scotland 3,762 1,982 1,898 2,328

SCOTLAND TOTAL 26,260 20,113 21,374 21,602
8 Mortheast England & 6,502 2,354 1,100 *
9 Southeast England t 8,199 4,178 2,266

10 South England d

11 Southwest England d

12 Wales d

13 Morthwest England d

ENGLAND & WALES TOTAL 16,226 7,937 4.573

BRITAIN TOTAL 42,492 28,050 25,047

MORTHERM IRELAMD TOTAL & 505 468 272

UK TOTAL 42,997 28,518 26,219

SOURCES - Maost counts were obtained from aerial surveys conducted by SMRU and were funded by Scottish Matural
Heritage (SMH) and the Natural Environment Research Council (MERC). Exceptions are:

g Parts of the West Scotland survey in 2009 funded by Scottish Power and Marine Scotland.

b The Tees data collected and provided by the Industry Nature Conservation Association (Bond, 2018).

The 2008 survey from Coquet Island to Berwick funded by the Department of Energy and Climate Change (DECC,
previously DTI).

C Essex & Kent data for 2013 collected and provided by the Zoclogical Society London (Barker, 2014).

d No SMRU surveys, but some data available. Estimates compiled from counts shared by other organisations
{Langstone Harbour Board & Chichester Harbour Conservancy, Matural England, Matural Resources Wales, RSPB)
or found in various reports & on wehsites (Boyle, 2012; Bliche & Stubbings, 2019; Hilbrebirdohs blogspot, 2013,
2013; Leeney et al ., 2010; Sayer, 2010, 2011, 2012a, 2012b; Sayer et al , 2012; Westcott, 2002, 2009; Westcott &
Stringell, 2004; Woodfin lones, 2018). Apparent increases may partly be due to increased reporting.

g Surveys carried out by SMRU and funded by Morthern Ireland Environment Agency (MIEA) in 2002, 2011 & 2013
[Duck, 2006; Duck & Morris, 2012) and Marine Current Turbines Ltd in 2006-2008 & 2010 (SMRU Ltd, 2010).

* N'umberland coast south of Farne Islands not surveyed in 2005, so count may be incomplete.
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Table 3. August counts of harbour seals in the Moray Firth between 1992 and 2BtE&n values if more than one count per year; red = lowest count, green = highest
count per area. Data are from aerial surveys by the Sea Mammal Researclsldo# 2006, all counts were from digital images obtained using obliquehtedehd
photography. See Figure 7 for the 20IBstribution of seals within the Moray Firth arfeigure 8 for a histogram of these data.

Area 1992 1993 1994 1997 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Survey method T fw fw ti fw fueddi fw 2fw 2fw&1t fwdhi fwddi feeddi T T ti T T T T ti T T
Duncansby Head to Helmsdale 2 1 1 1
- Helmsdale to Brora 92 193 168 113 150 54 73 19 101 87 102 7o 1 21 40 22 30
£ Loch Flest 16 27 33 59 b6 64 7 a0 a3 a2 65 14 M3 133 135 156 144 145 138 1582
8 Dornoch Firth (SAC) 662 542 593 405 220 290 231 191 257 144 145 166 219 208 157 143 111 120 85 39 M7
i Cromarty Firth 41 95 95 38 42 113 g8 106 106 102 a0 90 140 101 144 63 100 22 72 20 43
g Beauly Firth (incl. Miton & Muniochy) 220 203 219 204 66 151 178 127 176 146 150 85 140 57 60 30 37 34 30 5 30
% Ardersier (incl. Eathie} 2217 23 191 10 206 202 210 197 184 145 277 368 195 183 199 28 34 36 1 98
Culbin & Findhorn 58 46 111 144 16T 49 93 58 79 92 73 123 163 254 218 260 330 484 526 444
Burghead to Fraserburgh 0 1 3 0 29 39 A7
Dornach Firth to Ardersier 1,061 1141 838 438 759 699 634 736 546 530 618 867 BB hB44 435 2¥e 210 223 145 288
- Loch Fleet to Ardersier 11686 871 497 815 763 705 816 629 612 683 981 674 677 570 432 354 368 233 440
-
,CE Loch Fleet to Findhomn 1214 982 641 982 §12 798 8v4 708 704 756 1,104 837 931 V88 692 684 B52 809 684
O
'_
Helmsdale to Findhomn 1,407 829 911 1,024 762 777 775 1,205 924 1033 858 693 705 892 831 914
Moray Firth SMA * 1,409 831 915 1,028 763 778 776 1,206 954 1063 895 733 745 940 879 982

* Foryears where only the main area was surveyed (i.e. Helmsdale to Findharn), the most recent counts for the outlying areas are used to give a total for the Maoray Firth Seal Management Area.

fw, fived-wing survey; ti, thermal imager helicopter survey, SMA, Seal Management Area.
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Table 4. August counts of grey seals in the Moray Firth between 1992 and.20lB2n values if more than one count per year; redwdst count, green = highest count
per area. Data are from aerial surveys by the Sea Mammal ResearcHSihte 2006, all counts were from digital images obtained using obliquehedehgphotography.
SeeFigure 7 for the 208 distribution of seals withm the SAC and Figugefor a histogram of these data.

Area 1992 1993 1994 1997 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2015 2016 2017 2018
Survey method i i i ti i e & i 2hw 2Pw &t Peedti fwdt Pedt i o ti i i i i ti b e
Duncansby Head to Helmsdale  * 33 0 59 9 15
o Helmsdale to Brora 3 6 111 102 52 449 72 B35 156 316 81 27 161 28 201 147
£ Loch Fleet 0 0 0 0 0 0 0 1 3 1 0 7 7 20 18 7 10 k)| 22 15
8 Dornoch Firth (SAC) 233 903 456 121 3N 79 473 431 T48 H16 H23 819 TIT 679 o604 127 76 387 273 3N
i Cromarty Firth 0 0 0 0 0 0 0 1 0 0 0 1 2 1 3 1 0 1 0 0
% Beauly Firth (incl. Miton & Munlochy) a 2 3 3] 0 0 0 0 3 4 0 0 2 3 1 ] 2 0 2 0 1
% Ardersier (incl. Eathie) 36 24 85 0 3 44 55 142 74 142 94 33 74 24 109 2 14 28 87 83
Culbin & Findhorn 0 0 0 0 10 0 il 11 28 75 L B8 179 1217 218 93 743 ™17 bB48 144
Burghead to Fraserburgh 30 65 205 61 18 258 43
Dornoch Firth to Ardersier 941 483 214 3N 82 B17 486 894 594 BBS 913 1051  Th8 100 T 132 730 418 360 405
- Loch Fleet to Ardersier 483 214 31 82 b17 486 895 597 BBE 913 1055 Te5 120 V39 139 V40 449 382 420
-
,i‘ Loch Fleet to Findhomn 483 214 3 92 517 497 806 625 741 971 1116 944 241 957 232 1483 1,166 930 564
o
'_
Helmsdale to Findhomn 486 327 608 1,008 677 1,190 1,043 1,751 1,100 557 1,038 259 1644 1194 1131 ™!
Maray Firth SMA T 581 392 872 1,272 797 1,260 1,113 1,821 1133 590 1,311 532 1917 1,252 1,189 769

* In 2011, Duncansby Head to Wick was not surveyed. Therefore the 15 grey seals given for the northern most area in 20411 include 7 counted in 2008,

T Foryears where only the main area was surveyed (i.e. Helmsdale to Findhorn), the most recent counts for the outlying areas are used to give a total for the Moray Firth Seal Management Area.
fw, fixed-wing survey; ti, thermal imager helicopter survey;, SMA, Seal Management Area.
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Table 5. August counts of harbour seals in the Firth of Tay and Eden Estuary SAQ®0ean values if more than one count per year; red = lowest count, green =
highest count per area. Dagae from aerial surveys by the Sea Mammal Research Giriice 2006, all counts were from digital images obtained using obliquehzdahd
photography. See Figure 12 for the 28distribution of seals within the SAC and Figurefd3a histogram of thesdata.

Area 1990 1991 1992 1994 1997 2000 2002 2003 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Survey method 1fw 11w 1fw 11w 1ti 11w 1fw 1fw 2w 1t 1Pw  1fw 1t 2fw 1w 1T 1w 1 i 1ti 1 i 1w 1ti 1w 1 i

@ Upper Tay 27 73 148 89 13 115 51 83 9 91 63 49 45 41 16 40 36 21 51 41 28 32
§ Broughty Ferry [} 83 97 64 35 52 0 90 51 31 27 13 28 15 18 16 3 0 2 4 0 4
2 Buddon MNess 13 86 T2 53 0 113 109 142 25 96 64 27 8 23 1 10 1 3 0 0 2
Z Abertay & Tentsmuir 319 428 456 289 262 183 167 53 63 34 31 50 8 9 0 0 0 0 1 0 0
E Eden Estuary 3 0 0 80 223 267 3 93 105 90 90 83 22 36 32 19 1 7 4 5 1 2
SAC total 467 670 773 A75 B33 TOO 668 461 335 342 275 222 111 124 77 88 50 28 80 51 29 40

fw, fixed-wing survey; ti, thermal imager helicopter survey; SAC, Special Area of Conservation

Table 6. August counts of grey seals in the Firth of Tay and Eden Estuary SAQ0I$Mean values if more than one count per year; red = lowest count, green =
highest count per area. Data are from aerial surveys by the Sea Mammal ResearcBikgt2006, all counts were from digital images obtained using obliquehedahd
photography. See Figure 12 for the 28distribution of seals within the SAC and Figure 14 for a histogram of these data.

Area 1990 1991 1992 1994 1997 2000 2002 2003 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Survey method 1fw i 1fw 1fw 1ti 1fw i 1fw 2fw 1t TPw 1fw 1t 2Fw 1fw 1fw 1 e 1fw 1ti 1fw 1fw 1ti 1fw i

@ Upper Tay 0 0 18 20 61 B4 78 50 42 22 27 26 55 98 16 39 127 62 115 132 78 h2
é Broughty Ferry 0 3 0 9 0 0 0 16 0 8 1 8 0 0 2 3 0 2 0 0 0 0
< Buddon Mess 0 0 1 104 o 101 0 33 1 25 85 7 0 12 22 13 18 0 2 0 0 0
Z Abertay & Tentsmuir 92 1,546 1,191 1,335 1,820 2085 1,490 1.560 763 1,267 1,376 483 395 1406 1,268 1111 323 531 687 738 596 66T
= Eden Estuary 0 0 16 0 10 0 25 4 27 57 k) 33 0 39 17 36 14 39 32 66 76 46
SAC total 912 1,549 1,226 1,468 1,891 2253 1,583 1,663 843 1,379 1519 557 450 1,555 1,322 1,202 482 634 836 836 750 765

fw, fixed-wing survey: ti, thermal imager helicopter survey; SAC, Special Area of Conservation
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Table 7. August counts of harbour seals on the English east coast, 1988 to 29¥%8ars when more than
one survey was undertaken, values are means with the numbers of surveys in parentheses. Blank grey cells
means that no survey was carried out.

Mortheast England Southeast England
Blakeney Scroby Essex &

Year |[N'umberland| The Tees | Other sites |Donna Mook| The Wash Point Sands Kent
1988 173 3,035 701
1989 16 21 126 1,556 (2 B
1950 23 21 57 1,543
1951 24 21 1,398 2
1952 27 21 32 (2 1,671 (2 217
1993 30 21 88 1,884 267
1954 13 35 103 2 2,011 2 196 61
1995 33 21 115 2,084 |z 415 (2 49 130
1996 42 31 162 2,151 372 31
1997 12 42 31 251 Iz 2,466 |2 311 2 65 (2
1998 4] (31 248 |z 2,374 |2 0637 2 52
1999 36 21 304 (2 2,392 2 B39 2 72 [z
2000 10 29 21 390 (2 2,779 12 895 47 [z
2001 29 21 233 3,154 772 75
2002 52 31 341 2977 (12 489 2
2003 38 21 231 2,513 2 399 38 180
2004 40 (31 294 |2 2,147 |2 646 (2 57 2
2005 17 50 31 421 (2 1,946 |2 709 (2 56 (2
2006 45 31 299 1,695 719 7l
2007 7 43 31 214 2,162 550
2008 9 41 31 191 2 2,011 2 581 2 81 (2 319
2009 49 21 267 (2 2,829 (2 372 165 (2
2010 53 21 176 (2 2,586 (2 391 201 (2 379
2011 57 21 205 2,894 349 119
2012 63 (21 192 (2 3,372 12 409 161
2013 74 21 396 3,174 304 148 432
2014 81 (31 353 3,086 468 285 489
2015 0 91 21 228 |z 3,336 2 455 270 [z 451
2016 86 21 1] 369 (2 3,377 12 424 (2 198 (2 694
2017 87 (11 290 3,210 399 271
2018 3 76 (11 146 3,632 218 210 738

SOURCE - Counts from SMRLU aerial surveys using a fixed-wing aircraft funded by NERC except where stated otherwise:
Northumberland - One complete survey in 2008 (funded by DECC (prev. DTI). Helicopter surveys with thermal imager from
Farne Islands to Scottish border in 1997, 2005, 2007, 2015, 2018. Fixed-wing surveys of Holy Island anly in 1994 & 2000.
The Tees - Ground counts by Industry Nature Conservation Agency (Bond, 2018). Single SMRU fixed-wing count in 1994,
Other sites - 5t Mary's Island, Ravenscar, Filey Brigg (SMRU aerial surveys)

Southeast England - All SMRU aerial surveys, except for Essex & Kent 2013-2016: data from surveys (aerial/by boat/from land)
carried out by the Zoological Society of London (Barker & Obregon, 2015, and unpublished). The 130 for 1995 are an estimate
based on a partial SMRU aerial survey.
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Table 8. August counts of grey seals on the English east coast, 1995 & B0gears when more than one
survey was undertaken, values are means with the numbers of surveys in parentheses. Blank grey cells means
that no survey was carried out.

Mortheast England Southeast England
Blakeney Scroby Essex &

Year [N'umberland| The Tees | Other sites |Donna Mook| The Wash Point Sands Kent
1995 10 123 66 (2 18 (2 32
19596 11 119 60 11 46
1957 603 10 289 (2 45 [z 45 (2 34 [z
19598 11 174 2 53 12 33 2 23
1999 12 317 2 7 (2 14 2 89 [z
2000 568 11 330 40 [z 17 40 [z
2001 11 214 111 30 70
2002 12 291 75 Iz 11 2
2003 11 232 |z 28 (2 18 36 96
2004 13 609 (2 30 (2 10 2 93 [z
2005 1,092 12 (21 927 (2 49 (2 B0 (2 106 (2
2006 8 21 1,789 52 142 187
2007 1,907 8 21 1,834 42
2008 2,338 12 (31 2,068 (2 68 (2 375 12 137 (2 160
2009 12 (31 1,329 (2 118 (2 22 157 [z
2010 14 (31 2,188 (2 240 (2 49 (2 292 (2 393
2011 14 21 1,930 142 300 323
2012 18 21 4,978 258 (2 65 126
2013 16 21 3474 219 63 219 203
2014 16 21 4,437 223 445 509 449
2015 6,767 16 21 3,766 (2 369 (2 528 520 [z 454
2016 22 (11 60 3,964 2 431 2 355 12 642 (2 481
2017 27 11 6,526 638 502 425
2018 6,427 15 11 6,288 253 3e0 497 596

SOURCE - Counts from SMRU aerial surveys using a fixed-wing aircraft funded by NERC except where stated otherwise:
Morthumberland - One complete survey in 2008 (funded by DECC (prev. DTI). Helicopter surveys with thermal imager from
Farne Islands to Scottish border in 1997, 2005, 2007, 2015, 2018. Fixed-wing surveys of Haoly Island only in 1994 & 2000.
The Tees - Ground counts by Industry Nature Conservation Agency (Bond, 2018). For years prior to 2005, only monthly
maximums are available for grey seals. For these years, the given values are estimates calculated using the mean
relationship of mean to maximum counts from 2005-2013.

Other sites - 5t Mary's Island, Ravenscar, Filey Brigg (SMRU aerial surveys)

Southeast England - All SMRU aerial surveys, except for Essex & Kent 2013-2016: data from surveys (aerial/by boat/from land)
carried out by the Zoological Society of Landon (Barker & Obregon, 2015, and unpublished).
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August distribution by 10km squares.
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% Natural England, Langstone Harbour Board & Chichester Harbour Conservancy, Cornwall Seal Group,
RSPB, Countryside Council for Wales, Hilbre Bird Observatory. All other data from SMRU aerial surveys.
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Figure 1. August distribution of harbour seals around the British Isles.
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Figure 2. August distribution of grey seals around the British Isles.
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Scottish Seal Management Areas (SMAs) and the years in which the
Scottish coast has been surveyed most recently up to Aug 2018.
(No data for St. Kilda and Fair Isle)

Data from the Sea Mammal Research Unit (SMRU).

] sMas

==+ = SMA subdivisions 0

Shetland

Surveyed in:
— Aug 2008
m— Alg 2011

Aug 2014

Aug 2015
w— Alug 2016
— Aug 2017
— Aug 2018

4a
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a
West Scotland - South

,’( \,{ S

Southwest Scotland /

0 100 km

Contains GSHHS coastline data

Figure 3.Years in which different parts of Scotland were surveyed most recently by helicopter using a
thermal imaging cameraMost areas were surveyed between Zdnd 20B. Theblue shadedareas of the

Firth of Tay and the Moray Firth (between Findhorn and Helmsdale) are surveyed every year, usually by fixed
wing aircraft.
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Harbour seals in Scotland (most recent counts to 2018).

August distribution by 10km squares from surveys carried out
by the Sea Mammal Research Unit.
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Figure 4 August distribution of harbourseals in ScotlandMost areaswere surveyed by helicopter using a
thermal imaging camerdahe Moray Firth area between Helmsdale and Findhamd the Tay and Eden
estuaries weresurveyed by fixegaving aircraft without a thermal imager.
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Figureb. August counts of harbour seals in Scottish Seal Management Ard8962018. Data from the Sea
Mammal Research Unit. Note that because these data points represent counts of harbour seals distributed
over large areas, individual data points may not be feamveys from only one year. Points are only shown for
years in which a significant part of the SMA was survelpethts with a black outline are counts obtained in a
single year.Trajectories and Seal Management Areas are colour coordinated.
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Grey seals in Scotland (most recent counts to 2018).

August distribution by 10km squares from surveys carried out
by the Sea Mammal Research Unit.
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Figure6. August distribution of grey seals in Scotlané/lost areaswere surveyed by helicopter using a
thermal imaging camerdahe Moray Firth area between Helmsdale and Findhamd the Tay and Eden
estuaries weresurveyed by fixeaving aircraft without a therral imager.

120



SCOSP D/03 Not to be cited without prior permission from the authors

Seals counted in the Moray Firth in August 2018 aggregated by 1km squares.

Seal Species:
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Figure 7. Distribution of harbour (red) and grey seals (blue) in the annually surveyed part of the Moray Firth,
between Helmsdale and Findhorn, from an aerial survey carried outl@f August 2018
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Figure 8. August counts of harbour seals in diféat areas of the Moray Firth, 1992018. The mean
is shown for years with more than one survey. Data are from the Sea Mammal Research Unit.
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Figure 9. August counts of grey seals in different areas of the Moray Firth, 12®47. The mean is
shownfor years with more than one survey. Data are from the Sea Mammal Research Unit.
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Figure 10. Counts of harbour seals in the Moray Firth during the moult season (August); @83 Plotted
values are means +SE where available. LFS = Lighthddsst&imn (University of Aberdeen).
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Seals counted in the Firth of Tay & Eden Estuary Special Area of Conservation (SAC) in August 2018 by 1km squares.
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Figure 12. The distribution of harbour (red) and grey seals (blue) in the Firth of Tay and Eden Estuar) Andigst 2018.
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Figure 13. Augustaunts of harbour seals in th&irth of Tay and Eden Estuary90 to2018.
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Preliminary report on the distribution and abundance of harbour seals (Pheitalina) during the
2018 breeding season in The Wash

Dave Thompson
Sea Mammal Research Unit, Scottish Oceans Institute, University of St Andrews.KY16 8LB

Abstract

This report presents preliminary results of a breeding season aerial survey airtheuin seal population
along the English east coast between The Wash in Lincolnshire and Scroby Sands off the Suffolk goast on
29th June and 2nd July 2018.

Results suggest that:
w¢KS Lzl O2dzy i F2NJ GKS 2FaK gla mnpy> SKAOK |4l
average of the peak counts for the preceding 5 years.
w! t K2dAK (KS O2dzyida FLIISIFEN KAIKEe& GFNARFotSY | 3
suggests an average increase of 5.6% p.a. since 2001.
W¢KS NFrdAz 2F Lzl O2dzyda G2 GKS Fff 3S L2 L I @
2.7 times higher in 2018 than in 2001 suggesting that the large increase in apparent fecundidp@fter
has been maintained.

ax

[e=N
S

Introduction

The Wash is the largest estuary in England, and holds the majority of the English harbdehseal (

vitulina) population (Vaughan, 1978). This population has been monitored since the 1960s, using counts
of animals hauled out as indices of population size. The initial impetus for monitoring this population was
to investigate the effects of intensive pup huntingvhen this hunt ceased in 1973 the monitoring

program was reduced

In the summer of 1988 an epidemic of phocine distemper virus (PDV) spread through the European
harbour seal population. More than 18000 seal carcasses were washed ashore over a penimoth

many of them in areas with high levels of human activity (Dietz, Hindgensen & Harkéneh989).
Mortality in the worst affected populations, in the Kattegdkagerrak, was estimated to be around 60%
(HeideJorgensen & Harkénen, 1992). Afteetbnd of 1988, no more cases of the disease were observed
until the summer of 2002, when another epidemic broke @iardinget al, 2002) Mortality in the
European poplation during the 2002 epidemic was 47%, similar to that seen in 1988 (Harkonnen et al.
2006. However, on the English East coast the mortality rate estimated from pre and post epidemic air
survey counts was much lower, approximately 22% (Thompson, gamér Duck, 2005). The pre
epidemic population in 2002 was similar in size to thegpelemic population in 1988 and the disease hit
the English population at the same time of year, so to date there is no clear explanation for the lower
mortality rate.
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In general, harbour seal population monitoring programmes have been designed to track and detect
medium to longterm changes in population size. As it is difficult to estimate absolute abundance,

monitoring programmes have usually been directed towardaining indices of population size. If
O2yaraidsSyidzr &adzOK GAYS &aSNRSa IINB adzZFFAOASYyld (2 F
the longterm status of the English harbour seal population. However, these indices are based on the
numbers of individuals observed hauled out, so their utility depends on this being constant over time and
unaffected by any changes in population density or structure.

Counts are usually carried out during the annual moult, when the highest and most stablersuofib

seals haulout. Unfortunately such counts do not provide a sensitive index of current population health. It

is generally accepted that breeding success is a more sensitive index. The breeding season is also the time
when disturbance of seal haulbgroups is likely to have direct effects. E.g. disturbance of mother/pup

pairs will lead to temporary separation which may have direct effects on pup survival, especially if the
disturbance is repeated.

Most of the UK harbour seal population breedsrocky shore habitats, where identifying and counting

pups is both difficult and expensive. However, on the English east coast harbour seals breed on open
sand banks where pups are relatively easy to observe and count. As a first step towards impmving t
monitoring program (to increase its sensitivity to short term changes), we identified a need for a baseline
survey to map the distribution of breeding harbour seals. In June 2001 Fenland District Council
commissioned Sea Mammal Research Unit to condn@erial survey of the entire breeding population

in the Wash. Since 2004 Natural England have commissioned single annual breeding season surveys to
develop a time series of pup counts as an adjunct to the annual moult surveys to obtain a more sensitive
index of current status as well as to monitor the distribution of breeding seals. These counts are
conducted at the end of June or beginning of July when the peak counts are expected. In 2008, 2010,
2015 and 2016 additional funds were provided to obtaih YS &SNRA SaAQ 2F O2dzyda oA
seasons to estimate the parameters of the pupping curve. In addition to confirming the date of the peak
number of pups ashore and available to be counted, these results were expected to provide an estimate
of the ratio between peak pup counts and pup production and provide an indication of the likely error on
estimates of pup production. Large iri@nnual differences in the temporal pattern of the pup counts

have so far prevented fitting a standard birthree. However, the data have allowed estimation of the
timing of the peak number of pups ashore (Thompson et al, 2016) which confirm that the peak count
occurs during the first week in July.

In addition to the pup counts, routine annual moult surveysezdiie coast from Donna Nook in

Lincolnshire to Scroby Sands off Great Yarmouth in Suffolk. There are known to be smaller groups of seals
at various sites along the Essex and the north and east Kent coasts. These sites have been surveyed
sporadically duing the moult since 2002. In 2011 the Wash pup survey was extended to cover all sites
between Scroby Sands and the Goodwin Sands off eastern Kent.

One or two complete surveys of the Wash were carried out during the moult, in the first half of August in

each year from 1988 to present. The results, combined with counts at the same time of year from the

period 19681982 are shown in Figure. 1. The counts increased between the late 1960s and 1988, at an

average of 3.4% pa &8.62, p<<0.0001). The 19880t was obtained approximately one week before

the first reports of sick and dead seals being washed up on the UK coast. The number hauling out fell by
12¢



SCOSBP DB/04 Not to be cited without prior permission from the authors

approximately 50% between 1988 and 1989, coincident with the PDV epidemic. After 1989 the number
increased again, at an average of 5.9% pFa@R 7, p<<0.0001). The post epidemic rate of increase was
significantly higher than the pre epidemic rate ( t=2.87, df=20, p<0.01 (Comparison of regression
coefficients for small samples with unequal residualarzzes (Baile$972)).

Post epidemic counts were also obtained at the other major east coast haulouts outside the Wash, at
Blakeney (45km east) and Donna Nook (40km north). At both sites the counts fell after 1988, reaching a
minimum in 199QFigure 2). Between 1990 and 2001 Blakeney counts increased by an average of 14.4%
pa. (R=0.47, p<0.01), and Donna Nook counts by 18% 1 (85, p<0.03). The total for all three east

coast sites increased at an average rate of 72%R=0.87, p<<@001) (Figure 2).

In 2002 there was another outbreak of PDV. The timing of the epidemic and the population size were
similar to 1988. The population in the Wash declined by an estimated 22% based on results of surveys in
2003 and on a fitted populaih growth model (Thompson, Duck & Lonergan, 2005). There appears to
have been a continued decline or at least a failure to recover in the moult counts for the English east
coast population in the three or four years following the 2002 epidemic. Oui@iombined count

during the moult for the English East coast population in 2006 was approximately 30% lower than the
mean count in 2002. After 2006 the counts increased such that by 2010 and 2011 the numbers were
similar to the pre epidemic counts. TBO17 count of 3203 was close to the average since 2010

suggesting little change. The initial failure to recover from the 2002 epidemic is unexplained but is similar
to the apparent lack of recovery in the years immediately following the 1988 PDV epidEnei@pparent

lack of recovery or continued decline immediately after the epidemic contrasts with the rapid recovery of
the Wadden Sea population that increased at around 12% p.a. from 2002 to 2011. Since 2014 the
Wadden Sea population has shown clagns of a slowdown in growth.

Previous breeding season surveys 2004 to 2017

Based on a preliminary assumption that the peak number of pups would be encountered at the end of
June or beginning of July we have surveyed the breeding population betw&ehug& and % July in

each year from 2004 to 2017. In addition in 2008, 2010, 2015 and 2016 we carried out four additional
surveys between 2June and 18 July to establish the form of the pups ashore curve. Surveys were
carried out over the period.5 hours before to 2 hours after low water. All tidal sand banks and all creeks
accessible to seals were examined visually. Small groups were counted by eye and all groups of more
than 10 animals were photographed using either colour reversal filnvertecally mounted 5X4" format,
image motion compensated camera in 2004 & 2005 or with a hand held digital SLR camera since. The
equipment and techniques are described in detail in Hiby, Thompson & Ward (1986) and Thompson et al.
(2005). Photographs weigrocessed and all seals were identified to species. Harbour seals were then
classified as either pups or 1+ age class. No attempt was made to further differentiate the 1+ age class.

2018 survey results

In 2018 a survey was attempted on 29th June,Wwas curtailed because of low cloud covering the open
coast between Donna Nook and Scroby Sands. The cloud moved west to cover most of the Wash during
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the survey. As a consequence only around 1/3 of the sites could be surveyed. The rest of the Wash and
the haulout at Blakeney Point were surveyed during the late afternoon on 2nd July after the RAF ranges
closed. The late timing of the survey dictated by military restrictions meant that Donna Nook was not
surveyed However, given the absence of pupstia previous surveys it is unlikely that any pups were
missed.

A total of 1498 pups and 3747 older seals (1+ age classes) were counted in the Wash. Asin 2017, only 1
pup was seen at Blakeney point. The 2018 pup count for the Wash was 18% highttietB817 count

but similar to the average of the peak counts for the preceding 5 years (1463). Tipeip@ount, i.e. all

1+ age classes, was 7% higher than the 2017 count, but close to the average count during the previous
FTAGS &SI NRa soveyW&RA y3a aSlkazy

The 18% difference between the estimated peak pup counts in the 2018 and 2017 surveys continues the
pattern of high interannual variability (Table 2 and Figure 3). Accounting for the variability there has
been little change in the peatount over the past 5 years suggesting that the increase in pup production
may have slowed and may be approaching an asymptote after a period of exponential growth since the
Phocine Distemper outbreak in 2002 (Figure 3). Both logistic and exponeotidh gurves were fitted

to the pup count data since 2004, i.e. after the last PDV epidemic. The two models fit the data equally
well (Exponential AIC = 74.9; Logistic model AIC = 73.6), so it is hot possible to conclude that the
population growth rate islowing.

Based on a simple exponential model the pup production is estimated to have increased at an average
rate of 5.6% p.a. since the 2002 PDV epidemic.

Pups were recorded in 34 separate haulout groups in the Wash, although the number of sitesnig to so
extent a function of the arbitrary division or pooling of groups (see below). This is the same as in the
previous 3 years, indicating no contraction or expansion in number of pupping Bitpge 4 shows the
distribution of haulout sites in the Waslkigure 5 shows the flight path for the standard East Anglian

surveys and Figure 6 shows the detailed track of survey flights over the Wash carried out on 29/06/2018
YR HKATKHAMY ® ¢KS Dt{ GNI Ol Ay O2 9YwWedgelofi A2y &
locations of seals on the beach have been used to confirm the positions of all the sites given in Table 1. In
some areas, e.g. along the banks of the Lynn channel and the River Nene the groups are highly variable in
size and location between steys. In those cases the counts are pooled and a single count is given at an
arbitrary point in the approximate centre of the distribution of observed groups. Figure 7 shows the

counts of pups at each site obtained during the 2018 breeding season sufadbje 1 presents the data

for 2015 to 2018. All the raw pup count data from 2004 to 2018 are presented in the appended Excel
spreadsheet along with similar data from a survey carried out in 2001 for Fenland District Council and
additional counts carrig out in 2015 and 2016 for Statoil.

In 2018 pups were present at all bar five of the sites occupied by harbour seals. The fine scale distribution
was similar to that observed in previous years. Most sites that held more than one pup per yeareover th
previous three years also had pups in 2018. Each of the eight sites where this was not the case were
within 2 km of a site with pups. Intamnual movement at that scale is not unusual for harbour seals. The
proportion of pups in the counts at sites time inner banks and in tidal creeks in the southern end of the
Wash was generally high indicating the importance of these sites during the pupping season (Figure 8).

The time series indicates that there was no evidence of a major decline in pup production after the 2002
PDV epidemic and the peak counts increased at around 9% p.a. during the 10 years following the PDV
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epidemic. This continued increase in pup productiontrasted with the apparent decrease in the moult
counts between 2003 and 2006 (Figure 1). The moult count increased between 2006 arD2016ut

the overall rate of increase for pup counts initially exceeded that of the moult population index counts
(Figure 9). Since 2011 there has been little apparent increase in either the pup or moult counts. The
different trajectories of the pup counts and the independent index of population size represented by the
moult count since the 2002 PDV epidemic metnad the apparent productivity or apparent population
fecundity has changed over the period (Figure 10). An index of productivity, i.e. the maximum pup count
in each year divided by the moult count in that year shows a major increase from approximageht O.

the start of the series between 2001 and 2005 up to an average of 0.45 since 2006. The productivity
index for 2018 is based on the moult count for 2017 and will be updated when the counts for 2018 are
available.

Discussion

The 201&reeding season survey counts for both pups and associated 1+ age classes at the estimated
peak of the breeding season were similar to the average counts from surveys during the previous five
years. This suggests that the apparent continuous increasapipduction since the first survey in

2001 is slowing or stopping. However, the high degree of variability in the pup counts and the
inconsistencies in the shapes of the pupping curves seen in 2008, 2010, 2015 and 2016 means that it is
still too earlyto confirm this apparent slow down. At present, the fitted exponential growth curve
indicating an average increase of 5.6% p.a. should be seen as the best descriptor of the pup production
trajectory. The increase in the counts during the annual moulickvhare regarded as a more stable

indicator of population size, also appears to have slowed after a period of growth since 2005. Again, the
variability in these counts means it is too early to confirm this slow down.

Both the population and pup producticestimates are high relative to the pemidemic counts obtained
in 2001. Numbers over the last five years represent the highest populations and the highest pup
production recorded in the Wash. A reduction in growth rate of the population is therefdileely to
indicate any problem for the population.

At present we do not have a direct conversion from peak count to pup production, but there is no reason
to suspect a systematic change in that ratio. Therefore the observed 5.6% p.a. increase inmiup cou
should be a reliable indication of the rate of increase of pup production.

The recent low intensity pup survey effort has produced two interesting results that highlight the
advantage of a two pronged approach to seal monitoring. Although thereawasldocumented decline

of over 20% in the population as a result of the 2002 PDV epidemic and a continued decline in the moult
counts resulting in a 50% decrease by 2006, there was no apparent decrease in pup production between
the pre and post epidemicounts. There are several potential explanations for the lack of a decline. If
there was differential mortality, the number of adult females lost to the epidemic may have been small.
Alternatively any decrease in adult female population could have lmeasked by variations in fecundity.

Although the moult counts in Wash continued to decline after the 2002 epidemic they had clearly
stabilised around 2005 or 2006 and then increased rapidly until around 2012. Interestingly, although the
moult countsin recent years, 2012 to 2017 have been similar to the 2004¥pr@emic count, the

estimated peak pup count in 2018 was 2.7 times greater than in 2001 and the number of 1+age class
animals counted in the breeding season was approximately double the ZB@iage. If the moult count
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is a consistent index of the total population size then the apparent fecundity of the Wash population has
increased by a factor of 2.5 since 2001.

The fact that pup production varies much more than the moult population irrgekmore rapidly than

could be accounted for by changes in adult female numbers, means that there must be wide fluctuations
in fecundity and or short term immigration and emigration. At present we do not have information on
pregnancy rates in any UK hatlr seal population. Telemetry data from both the English and

Netherlands populations suggests that there is limited movement between the two areas that is unlikely
to be sufficient to account for these changes. However, to date the telemetry studiesdeawn primarily
targeted on seals in the early spring or post moult, so there are few data on movements of female seals in
the period immediately before pupping and none during the post pupping period. These studies

therefore have little power to detecguch movements.

The observed large increase in pup production relative to the moult count index is unexplained at
present. It could be generated in various ways:
1. Immigration of a large number of adult females. The absence of any substantial popailation
the east coast means that the source of seals would have to be either the Wadden Sea or the
Scottish East coast. Data on seal movements suggest that immigration from Scotland is unlikely
and that movement between the English and European populai®uoslikely to be frequent
enough to explain these changes.
2. A continual increase in fecundity. This seems unlikely given the scale of the increase since 2005,
although rapid changes in both directions may suggest wide variation in fecundity rates.

At present we have no information to allow us to differentiate clearly between these options and it is
likely that a combination of some or all could be operating. However, in each case the explanation would
represent a major change in harbour seal demogrephrargeted studies of survival and fecundity in

Wash harbour seals would be needed to identify the likely causes of these changes.

The results of the 2001 pup survey suggested that there had been a significant shift in spatial distribution
of breeding sals over the preceding 30 years. The 2004 and 2005 distribution was similar to the 2001
distribution, suggesting that there has been a real shift in distribution with a much higher proportion of
pups being found in the south eastern corner of the Washpresent we do not know why this

distributional change is occurring but the results through to 2018 indicate that the relative importance of
the SE corner of the Wash is still increasing.
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Table 1.  Counts of harbour seal pups and 1+ age classes in the Wash from 2001 to 2018
Year 2001 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Pups 548 | 613 | 651 | 1054 | 984 | 994 | 1130 | 1432 | 1106 | 1469 | 1308 | 1802 | 1351 | 1586 | 1289 | 1498
(1:; :3:5 1802 | 1766 | 1699 | 2381 | 2253 | 2009 | 2523 | 3702 | 3283 | 3561 | 3345 | 4020 | 4539 | 3905 | 3443 | 3747942
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Table 2. Counts tfarbour seal pups and 1+ ages at haulout sites in the Wask; 201F.

Not to be cited without prior permission from the authors

2-July 2018 4-July 2017 2-July 2016
harbour seals harbour seals harbour seals
site name lat long 1l+ages| pups| 1l+ages pups| 1l+ages pups
Inner & Outer Knock 53.082 0.364 195 24 81 15 157 31
Inner Dogs Head 53.036 0.376 45 24 3 44 7
Friskney 53.034 0.309 68 16 69 15 81 20
Friskney Middle 52.997 0.225 8 4 32 17 8 7
Friskney South 52.953 0.119 38 16 9 2 22 15
Long Sand N/E End 53.019 0.334
LongSand Middle 53.005 0.297 97 25 59 15 101 22
Ants 52.978 0.264 1 1 0 0|1 0
Rodger 52.963 0.217 7 5 0 1 0
NW total 459 86 279 67 415 102
Black Buoy 52.924 0.117 26 34 1 41 8
Boston Channel 52.900 0.029 210 104 143 35 180 88
Herring Shoal 52.904 0.064 66 31 49 4 43 12
Toft East 52.932 0.153 28 5 16 3 19 6
Toft West 52.920 0.133 52 41 15 0
Mare Tail 52.917 0.152 26 10 28 11
Main End 52.907 0.193
Gat End 52.912 0.203| 9 9
Gat Sand 52.935 0.198 70 13 53 5 44 8
SW total 487 213 310 48 355 133
2-July| 2018 4-July | 2017 2-July| 2016
harbour | seals harbour | seals harbour | seals
site name lat long 1l+ages | pups 1+ages | pups 1+ages | pups
Puff 52.899 0.121 57 24 32 9 55 20
Kenzies Creek 52.900 0.106 143 94 148 93 159 110
Fleet Haven Marsh 52.877 0.152
Fleet Haven Middle 52.884 0.157 234 114 173 114 295 156
Fleet Haven Lower 52.909 0.157
Fleet Haven Mouth 52.922 0.158 25 25 48 26
Evan<reek 52.878 0.169 137 56 182 89 101 58
Dawesmere Creek 52.859 0.191 167 49 46 28 110 35
Creeks total 763 362 629 359 720 379
OWMK 1 52.875 0.233 74 36 24 12
OWMK 2 52.867 0.250 27 12 7 2
Nene Channel 1 52.875 0.220 78 46 104 64
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Nene Channel 2 52.867 0.216 165 44 198 60 223 68
Nene Channel 3 52.860 0.214 25 6 47 16 88 55
Nene Channel 4 52.845 0.206 96 56 83 37

Nene Channel 5 52.827 0.219

IWMK 52.852| 0.235 40 19 28 20
Scalmans Sled 52.857 0.258 145 68 74 43 159 87
Breast Sand 52.828 0.275 174 84 78 58 137 71
Thief West 52.878 0.273 25 2 19 1 37 5
Thief East 52.878 0.273 2 6 1 5 1
Seal Sand (W)/Black Shore 52.875 0.312 113 42 51 22
Seal sand (E) 52.881 0.352 128 26 148 23 245 60
Seal Sand/Daseleys 52.882 0.351 79 31 138 68
Hull Sand 52.840 0.307 369 144 719 193 563 232
Bull Dog Sand 52.866 0.378 64 35 222 49 38 29
Pandora 52.862 0.355 86 23 87 23 235 60
Black Guard 52.883 0.372 4

Old Bell 52.900 0.372 22

Stylemans Middle 52.887 0.380 13 3 8 0 15 7
Pie Corner 52.834 0.327 30 7

Lynn Channel 52.810 0.367 563 252 276 177 176 121
Sunk Sand 52.975 0.493 5 0 6 0
East total 2038 837 2266 794 2270 972
Wash Total 3747 1498 3484 1268 3760 1586
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Figure 1.Aerial survey counts of harbour seals in the Wasfing the annual moult in

August for the period 1968 to 2017. Dramatic declines in 1988 and 2002
were the result of epidemics of Phocine Distemper Virus. Fitted lines are
exponential growth curves between 1968 and 1988 and between 1989 and
2002. A simige polynomial is fitted to the counts from 2005.
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Figure 2.Aerial survey counts of harbour seals at major sites in East Anglia during
recovery from the 1988 and 2002 PDV epidemics. 1989 to 2002 fitted line is a
simple exponential. The fittgmblynomial from 2003 is included simply for
illustration.
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Figure 3. Maximum counts of pups in The Wash between 2001 and 2018. The fitted line in a is

a simple exponential which suggests that pup counts have increased at an average
rate of approximately 5.6% p.a. since the 2002 PDV epidemic. The fitted line in b is
a logstic growth curve indicating a slowdown in the rate of increase in recent years.
Both models have equal weight based on AIC model selection criterion.
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Figure 4.Locations of seal haulout sites during the pupping season in the Wash. Numbers
correspond to counts in Table 1. Sites 11 and 49 are composites of several
groups that haulout within the lower tidal reaches of the Rivers Welland and
Great Ouse respectivelyhe exact locations and sizes of groups vary widely
between surveys so a single composite count is marked at the approximate
centre of the distribution of sites.
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Figure 5. Survey flight path from aircraft base in Kent to Donna Nook\Wégh,
Blakeney Point and Scroby Sands.
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Figure 6. Survey flight paths over the Wash during the breeding season survey (29/6/2018 &
2/7/2018). The approximate locations of the groups are derived from a combination of
the positions of the tight turns and our observations of the location of sei¢thin the
turn.
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