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Executive summary

There arewo species of seal that live and breed in UK waters: harbour (also called common) seals
(Phocavitulinavitulina) and grey sealdi@lichoerugrypug. 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 managemdnkKafeals.

This advice is based on the latest scientific research conducted and collated by the Sea Mammal
Research UniSMRU)Unversity of St AndrewNERC appointed a Special Committee on Seals
(SCOS) treviewand formally issu¢his advice.

What is new in SCOS 2025

Augustsurveys In2023 helicopter surveysf hauled out harbour and grey sealere conducted

using a thermal imager of a large proportion of the Scottish west coast of Scotland from Loch Hourn
to the border representinghe south andcentral sectiors of the West Scotland Seal Monitoring Unit
(SMU)(the north section of the West Scotland SMU was surveyed in 2022 and reported in SCOS
2024)and the entire Southwest Scotland SMU. The results from this survey are reported here for the
first time. This provide updatedharbour seal population abundance estimafesthose SMUs and

the whole ofScotlandand the UK compared to thoggovided in SCOS (2024heEnglishtand

Welshtotals are from the2023fixed wingsurveys previously reported in SCQG&24).

Grey seapup production the results fromthe 2023 surveysf nine grey seal breeding colonies on
the east coast of the UK are presentaere for the first time This includes the Firth of Forth
colonies (East Scotland SMtHe Farne Islands (Northeast England Sktd) thecolonies at Donna
Nook, Blakenewnd Hors# (Southeast England SNU

Updated trend analyse®or the relexant SMUsare presented using these new survey data.

UpdatedPotential Biological Removadstimatesfor 2025are presented based on the latest survey
data.

Updated bycatch estimatgsom the UK Bycatch Monitoring Programrmaee providedfor UK
fisheries inUK watersn 2022

Harbour Seals

The total harbour seal population is estimated basedounnts of seals during the annual mount
August scaledusingan estimate of the proportion of harbour seals hauled out during tixéah
survey window (0.72; 95% CI: 0:848).Based on surveys between 2016 and 2023, the total UK
harbour seal population is estimated 26,956 (95% CI30,23649,274) This represents decrease
of approximatelyl6%(17%,8% and 23% lower for Scotlangngland and Northern Ireland
respectivelyompared to the prexduscomposite countgcoveringthe years2011-2019.

It is concerning thaall harboursealSealMonitoring Units (SMU$ anywhere in the Ukvith notable
numbers (>250 individuals) are predicted todezlining and/or depleted(éstimatedto be
significantly lower than the highest point in the time serié&jor to the latest count,ite western
Scotland SMUs had been the only SMUs for which abundance was pddditte increasing. The
indication that this area could also be in decline is of particular concern tiiaethe three western
Scotland SMUsombired host over 60% of the UK tot&lorth Coast & Orkney and East Scotland
SMUs are depleted and predicted to be in decline, whereas Shetland and Moray Firth SMUs are



depleted but appear stable. Southeast England SMU is depleted (since 2018) and showing no sign of
recovery it is not clear if it still declining. Northern Ireland SMU is in continued but slow decline.

Table 3. UK harbour seal population estimates with 95% Confidence Intervals based on counts during
the August moult

Location Composite Cour  Total Population Estimat % of UK tota
(20162023) e El

England 3,548 4,928 (4,0336,570) 13.3

Wales 1 1(22) 0.0

Scotland 22,241 30,890(25,27441,187 83.6

Northern 818 1,136 (9361,515) 31

Ireland

Total UK 26,60¢ 36,956(30,23649,274;



Grey Seals

UK grey seal abundance and trends are primarily assessed through a combinastimates of
pup production(number of pups boreach yearand August haulout count®up production is
estimated using a series of pup counts across a breesiagonUK grey seal pup productidras
continued to increase with thatin 2022/2023 estimated to be ~2.5% higher than in 22091 The
most recent estimate 079,122pups is the highest total estimate on recoaler70% of these were
produced in Scotland and 26%ag the east coast of Englarid. Scotland, pup production in
2022/2023 was almost 3% lower than in 2019. In contiagp, productionin England (majority
surveyed in 2023) was estimated to be ~18% higher than in 2021.

While pup production timeseries provide the main index of population change at a UK level, August
hauloutcounts(scaled using the proportion gfirey seals hauledut during the aerial survey

window, estimated from telemetry datagre also critical Firstly, August counts provide estimates

of total populationthat are independent from pup productiofn addition,greysealdistribution
duringthe mainforaging season (represented by August couptsyides abroad-scaleindication of
where adults acquiréhe resources necessary for pup production. The foraging season is also when
seals are most at risk from threats at sea (e.g. bycatch), and thus consistent Aaglasttcounts

are required for robust Potential Biological Removal estimdateemodelledtrendsacrossSMUs
vary.Pup production in West Scotland and Western I1SIbiJss predicted to béncreasing after a
period ofstability, tothe highest level since pup surveys beganSouthwest Scotland (where very

few pups are born annually) and Wetotland Augustabundance is alspredictedto beincreasing.

In contrast, August counts in the Western Isles are variable, without any apparent trend. Pup
production and August counts in North Coast and Orkney have both been stablé¢hsimaely

2000s. For Shetland, while there is an indication of a decline in pup production (latest data 2018),
the August count (latest count 2019) shows no trelgp productionin all east coast SMUs (Moray
Firth, East Scotland, Northeast England, Southeast Englamédistedto beincreasing, although

the last three estimates (2018023) for East Scotland are all similadicating thatthe SMU nay

have reached carrying capacity. August counts are stable for the Moray Firth and East Scotland, but
are predicted to beincreasing in eastern Englagd/Us Limited data are available to quantify trends

in other SMUsBased on these limited data, there are indications that pup produdti@outhwest
England, Wales, and Northern Irelaisckither stable or increasing. Augimaulout counts in

Northern Ireland appear stable #tie highest levebbserved throughouthe entiretime-series.

ANERC capital grant enabled the purchase of a new digital camera system {2823 One,
hereafter PABRo replace the previously used H4D systehtis system was used, for the first time,
to survey the colonies East Scotland, Northeast England and Southeast England SMUs between late
October and mieDecember 2023A side-by-side comparison of the new PAS system with the
previous H4D system was conducted in Autumn 2023. This was necassarjhg importance of
observation parameters relating to thegbability ofcourting whitecoaed (whitecoatsand

moulted pupsin the model estimating pup productipand previous experience ohapparent step
change when changing frofihim to digital survey methods in 2017 heoutcome of this comparison
indicated thatthe change in system will likely be associated with only modest changes in the
observation parameters, and that any bias (compared to H4D) in estimates from the current pup
production model would likely be slightly upwardise toa higher detectionate, particularly of
whitecoats



Seal Conservation and Management

The most recent estimate of bycatchlwdrbour and greeals in UK fisheries wdS2animals in

2022 (95% CB52-820). The mean estimate is very similar to the previous year (458 Estimates of seal
bycatch in recent years haweenin the region of 40600 seals per year, with no clear trend
Spatiallyan estimated7(0% of the bycatch occurs in the soutlest of the UK and most bycaught

seals are young grey seals. These estimates exclude bycatch-hiKnaesselA recent study has
highlighteda potentialconcern thathe use ofacoustic deterrents effective faeducing porpoise
bycatchd W LJA yiAySBEcfRasing rates of seal bycatch.

Goncernsraised by fisheries organisatioabout the interactions between seals and fisheries
remain Theseare aboutthe impact that seal predation is having bath river and sedisheries.
Depredationof catchesand gear damage is also a concérhere isanecdotalevidence that the
presence of seals in rivers is increasing,dsufar as SCOS is aware,systematiceffort-based
recordinghas beerconducted.Mitigation methods are a continuing focus fsearch withthe
development ofstartle signal baed targetedacoustic de¢rrent methodsindicatingpromise.

Thereremainconcerns about future disease outbreaks in UK seal populathis.is now 3 years
since the lasepizotic, the majority of UK harbour seals dileely susceptible tdPhocine Distemper
Virus (PDV)so an epizootioutbreakmay beimminent There are also concerns about the potential
for an outbreak of Highly Pathogenic Avian Influenza (HPAI) in UK sealghgidetection of HPAI
in dead UK sealsndoccurrences of HPAl seals on the easibassof the US and Canada and the
potential for further outbreaks in UK seabird populations.

Climate change is already having a range of effects in the seas around the UK, but predicting the
consequences of climate change smalpopulationsis difficult. There iscurrentlylittle information

on the relationships between environmental drivers and seal population dynamics, so it is unlikely
that cause and effeatanbe reliably assigned to specific aspects of climate change. Howsaar,
populations ardnfluencedby a range oindirect (e.gchanges in prey availability) and direct impacts
(e.g.loss of breeding/haulout sitesJhere is also the potential th#ée incidence of infectious
disease outbreaks and exposure to toxins from harmful algainié could increaskealth impacts

on UK seal populationdongterm studies are required to be able to detect changes in body
condition and reproductive output and investment, and to be able to link these with changes in
environmental conditions. There is also a need for finer scale regular assessments otkstasto
appropriate temporal and geograjcal scalesi.e. matching the scales for whidata on seal
abundance, distribution and vital rates exjdt) be able to linlprey availabilitywith changes in
environmental conditions and changes in seal condition and reproductive success.

Emerging techniques are reviewed and evaluated in terms of their current, and likely future,
potential to augment or replace the current monitoring programme. The most promising emerging
methods are associated with the survey platform and counting methdus nimber and spatial

extent of seal haulouts and breeding colonies in the UK means drones are not an appropriate
platform for the majority of the SMRU survey programme. However, drone surveys can be the most
appropriate platform for some study areasafimited spatial extent, especially when additional
information is required (e.ganimal conditiorand individual pelage recognition for mamkcapture
estimation of population sigeThe potential use of satellite imagery as a replacement for existing
SMRU surveys is limited thye relatively low temporal and spatial resolution of opportunistic
observations, and issues witlost,image quality and cloudover.



While counting okeals inmages is still typically conducted by researchers, Citizen Science and
Artificial Intelligence (Al) are also being used in other projects, with mixed success. In particular, Al is
a promising future avenue but there are no fully operational systemsarhet involve the
classification of seals (e.qg., species, age) in images from manned aerial sS®@€&S.conclude that
the SMRU aerial survey programmeusrentlythe most appropriate solution for monitoring seal
populationsin the UKat the scale requiredf and when future drone capabilities and legislation
allow, SMRWvill consider augmenting or replacing parts of the manned aerial surveys if funding is
available. In the longeterm, Alcounting techniques would be advantageous, but the development
and implementation of effective Alounting techniques would require signditt additional

resources. Nevertheless, SMRU should continue to build a training set of annotated images to
facilitate such development, and to allowtrespective application of Al techniques to historic
images. SCOS highlight thia¢ adoption of new techniques would need to be predicated on an
ability to account for changes in methods to ensure continuity of ts@ges and to maximise
comparability across the UK and Europe.

Additional questiongeceived in2025 includedequessfor information on patterns of grey seal use
of Special Areas of Conservation (SAQEhg and outwith the breeding seas@arine Directorate
of the Scottish Governmentan update on any research barbour or grey seahteractionswith

tidal turbines (Natural Resources Wales) and a request &ynthesignd prioritisationof
outstanding areas for seal research (Departmernfadd, Agriculture and Rural Affirft was
agreed that this latter gestion wouldbe added to the list of standing questions that would be
addressed every year going forward.

{ aw,| Qaernh f@ndirh has recently seen a substantial reduction, and further reduion
planned.This is having an impact on the frequency and types of advice that SMRU will be able to
RSt AGSNI YR | faz2 A ¥bhdudritidalrdseawhur@eérpin@mnglaiir OA G & {2
understandng ofchanges in UK seal populations. Research and advisory activities continue to be
reprioritised as necessargndto respond to thischanges have been made to the way that SCOS
advice is delivered with the adoption dhading questiongoveringthe primary areas of seal
conservation anagnanagement concerand a capped level of additiahquestionsthat can be
submitted It is likely thatffurther reductionsto the frequency and extent of survey activityil also

be required in the coming years.



Summary of recommendations of SC@XR025

Thissection outlines the recommendations made by SCOS inig8REling outstanding
recommendations from previous SCOS meagdiAs noted in the response to Q1@ levelof

priority of each will depend on the perspectives of different stakeholders and the different
management and policy areas they cover. Priorities may also be informed by the resources, capacity
and capability available to address thenterefore it would be challenging for SCOS to evaluate all
relevant perspectives angrioritise accoréhgly.However, the abundance and distribution (and

spatial and temporal variations therein) of seal populations underpins much of the SCOS advice.
Indeed, knowledge of these are used to evaluate the potential impact of human activities (e.qg.
bycatch, renewable SNHe& RS @St 2LI¥Syiav: GKS Faaz20AFrdiSR at ¥
Removals;), and tedown impacts on the ecosystem. As such the robust estimation of population

size on appropriate temporal and spatial scales is considered by SCOS8ftiné highest priority.

As also noted in Q1l@nd abovedue to reductions iNERC National Capability funding to SMRU
additional resources would need b made available t@nableprogressonthese
recommendations.

Seal population status and trends

Harbour seals

Specifically in relation to the observed harbour seal declines around the UK, SCOS recommends the
following research is required:

i To investigate the potential role of changes in food availability, and/or competition between
species for prey, ac-ordinated research effort is required to update knowledge on seal diet
around the UK Here are now studies underway to update our estimates of grey and harbour
seal diet in the southeast of England SMU and around Scotland and the work will enable a
reassessment of the potential role that prey availability may have had in these declines.

1 Routine health and disease surveillance through coordinated efforts involving strandings
schemes, rescue and rehabilitation centres, and live captures for research is critical to better
understand population health and ensure early detection and monitasirigfectious diseases
in the UK and to understand the potential for disease and health status to contribute to
observed population trends

9 Consideringecent advances in techniques including drone technology, SCOS recommends that,
a scoping study should be carried out to assess the feasibility of developing additional studies of
harbour seal survival, fecundity and indicators of condition at additisiteé around the UK.

This exercise should consider the resource requirements of collecting data at appropriate
temporal and geographical scales and assess the cost/benefit of such studies in relation to other
data requirements.

Grey seals

SCOS recommends the development of a grey seal UK metapopulation model incorporating seasonal
movements and pup dispersal that is critical to our ability to reliably monitor and manage the UK

grey seal populatiorSuch a model could incorporate age and sex specific anthropogenic takes,

taking account of seasonal movements and structure within the metapopuld@h Q2, Q3)



There are two key data gaps that would need addressed: (1) seasonal movements of adults between
and within SMUSs; (2) dispersal and survival of grey seal pups, and the spatial relationship between
initial dispersal and recruitment into the breeding poputatti To fill these knowledge gaps SCOS
recommends the following:

I SCOS recommends the development and subsequent-tar@e deployment of small satellite

flipper tags to investigate temporal and spatial patterns of pup mortality, dispersal of pups, the
spatial relationship between initial dispersal and recruitment into the breeding population, and
seasonal movements of atfs. (Q1, Q2, & Q3)

These tagging efforts should be accompanied by large scale genetic sampling that would
provide movement data for the grey seal metapopulation model, identification of source
populations and increased understanding of the population scale at which bydaialde
considered and provide data to facilitate estimation of population size through ®inseark
recapture models(Q1, Q2, & Q3)

SCOS recommends investigations into the effects of environmental variation on fecundity and
the potential effects of such links on population projections for UK grey seals. (Q1, Q2, & Q3)

Interactions with fisheries

Bycatch

1 SCOS recommends that effort is directed towards identifying the species, sex, and age structure

of bycaught seals. Of particular importance is the collection and analysis of skin samples for
genetic profiling to identify the source populations of the byghiuseals in southvest UK

fisheries, and species identification of seals bycaught in the North Sea. SCOS recommends the
inclusion of bycatch from neblK vessels to improve total bycatch estimates and assess impacts
to UK seals. This would require-cadination with other countries to provide data for all

fisheries impacting seals in UK and adjacent waters. (Q5)

SCOS recommends further investigation of bycatch mitigation methods. With a particular need
toAy@SadAalrasS GKS FAYRAY3I GKIG !'55 O0WLIAY3ISNDU
cetaceans has led to increased rates of seal bycatch, and adaptations and development of
mitigation strategies may be requiref5)

Reducing impacts of seals in rivers

1

SCOS recommends continued investigation ofletimal control of seals in rivers to reduce

impacts on recreational fisheries and the conservation of fish prey species. Triggered deterrents
and modified physical barriers remain the most promising methodsatditional resources

will be required to assess lofigrm effectiveness in a range of environments. (Q6)

Competition with commercial fisheries

1

Research is required to provide information on the scale and extent of seal damage to catch and
fishing gear in the UK. SCOS recommend that additional resources should be allocated to
conduct a quantitative assessment of sdamaged fish data from the URrotected Species

Bycatch Monitoring Scheme. (Q6)

A coordinated research effort is required to update knowledge on seal diet around the UK,
particularly where fish stocks and seal populations have undergone changes. Studies are
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underway to update grey and harbour seal diet estimates in the southeast England SMU and
around Scotland. A reassessment of the potential for competition with commercial fisheries
should be undertaken once this work is complete. Diet data should be ioc@gal into multi
species ecosystem models. (Q6)

Health and disease

1

There is a need for the coordinated development and adoption of Phocine Distemper Virus
(PDV) and Avian Influenza response plans for seals, across all UK nations. Given the evolving
situation with Highly Pathogenic Avian Influenza (HPAI) globally, SC@fagies UK nations to
build on the work done by Scottish Government and SMRU to develop response plans. (Q7)

Routine disease and health surveillance of live captures, stranded animals and rescues is
required to ensure the early detection and monitoring of infectious diseases in UK seals.

Regular reporting and collection of carcasses in England is védbitess data gaps in causes of
death, to contribute to disease and health surveillarikis is also required toontextualise
background strandings numbers for the identification of spatial and temporal anomalies that
warrant further investigation. (Q7)

Permits & Licences

T

The delay between application and granting of authority to conduct studies requiring capture
and/or sampling of seals precludes rapid response to the onset of disease events or other acute
environmental perturbationsSCOS recommeridat a mechanism to allow rapid permitting

should be a priority to allow timely responses to unusual events. SCOS recognise that some
progress in that regard has been made in Scotland; although there is no specific new mechanism

(Q7)

Marine Renewables

T

Development of methods is required to improve estimation of the number of individuals
exposed to repeated anthropogenic stressor events (e.g. pile driving, collision with tidal
turbines) over relevant time periods. Aea density maps provide static snaptsh but existing
telemetry data could provide estimates of the turnover of individuals to improve estimates of
cumulative exposure risk. SCOS recommend that regulators and SMRU meet to discuss the
current issues. (Q12)

Additional research is required to understand seal behavioural responses to offshore wind
farms. Data available for harbour seals has indicated significant responses to pile driving noise
during construction but this is based on data collected on 24 skaisg the construction of a
relatively small wind farm. It is unclear how transferable these findings are to the wide range of
sites and scales now under development and envisaged for future offshore (@ih#)

Work is required to appropriately combine the estimates of avoidance of tidal turbines that
exist at a range of spatial scales to derive an overall avoidance rate that can be used as a scalar
to current collision risk model output§Q12)



1 SCOS recognise that the absence of information on grey seal interactions with tidal energy
devices remains a key data gap with respect to understanding the potential risks of tidal
turbines to this speciegQ12)

1 Future work should explore the effects of operational arrays rather than a single turbine in
isolation. It will be important to understand the traddf between avoidance behaviour that
effectively reduces acute impacts from collision risk and exclusianiofals from important
habitats It will be important to consider how seal responses to arrays might be monitored at a
variety of spatial scales and the technologies that are available (or need to be developed) to
measure this(Q12)



Background

Under the Conservation of Seals Act 1970 and the Marine (Scotland) Act 2010, the Natural
Environment Research Council (NERC) has a duty to provide scientific advice to government on
matters related to the management of seal populations. NERC has appaii@pdcial Committee

on Seals (SCOS) to formulate this advice so that it may discharge this statutory duty. Terms of
Reference for SCOS and its current membership are given in Annex |.

Formal advice is given annually based on the latest scientific information provided to SCOS by the
Sea Mammal Research Unit (SMRBWMRU is an interdisciplinary research group at the University of
St Andrewshat receives National Capability funding from NERC to fulfil its statutory requirements
SMRU also providddK @vernmentand devolved administrationgith scientific reviews of licence
applications to shoot seals; information and advice in response to parliamentary questions and
correspondence; and sponds on behalf of NER@ questions raised by government departments
about the managemerand conservatiof marine mammals in general.

This report provides scientific advice on matters related to the management of seal populations for
the year 203. It begins with some general information biKseals providesinformation on their

current status andaddresses specific questions raised3opttish GovernmenSQ, the

Department of the Environment, Food and Rural Affairs (Defra) and Natural Resources Wales (NRW).

{ aw,| Qaéaernf fandirh has recently seen a substantial reductamd furtherreductionsfor the
current round of NERC National Capability National Public Good fundingp{ihee of the funding
for ongoingseal monitoring and SCOS reporting activities) have been confirmed ovemtiagnder
of the grant(to FY 208/29). Thisis having aimpact on the frequency and types of advice that
SMRUcandeliverandaf &2 A YL OG0 & { condiicudder@riningres@archte (0 2
understand changes in UK seal plgtions. Research and advis@stivitiescontinue to be
reprioritised as necessargnd inresponse to this reduction in capacity and resouitejas agreed
during SCOS (2024) that to mitigatantinuing increases in the number and complexity of advice
requests a number of standing questions would be agreed that would form the basis of amtvice
topics that havdormed the basis of questions repeatedly azwhsistently in recent SCOS Adyice
allowingreview and update on an annual bagistotal ofnine standing questions were drafted and
agreed with the government departmentANNEX 1)Jn addition, each government department was
invited to submit up tdive additional questions on topics not covered i standing questiondn
2025, one of the questions submitted by Defra \sabsequently adopted as a tenth standing
guestion.

Although this providea more streamlined mechanism for the delivery of annual SCOS adivice, i
must also be recognised thad respond to reductions in funding over the coming years, reductions
in the frequency and extent cfurveys mayalsobe required

Briefing papergSCO®BP 25/0106) which provide additional scientific background for the advice are
appended to the main report.
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Generalinformation on UKseals

Two species of seal live and breed in UK wateagour (also called common) seaPhpcavitulina)
andgrey sealsHalichoerugyrypus.

Harbour seals have a circumpolar distribution in the Northern Hemisphere and are dividélrego
subspecie¢Berta and Churchill, 201IJhe population in European wateisthe Atlanticsubspecies
(Phoca vitulina vituling

Grey seals only occur in the North Atlardind Barents and Balti€ea, with their main
concentrations on the east coasts of Canada and the United States of Ajaedda northwest
Europe

Othersealspecies that occasionally occur in UK coastal waters, include ringedPesdshispida
harp sealsRagophilus groenlandis), bearded seal€fignathusharbatug, hooded seals
(Cystophorarystatg and walrus@dobenusosmarug, all of which are Arctic species.

Population Monitoring in the UK

In the UK, harbour seals are members of two metapopulations. The populations in Scotland, and
likely Northern Ireland, are part of one metapopulation, whereas the populatiothe east coast of
Englands part of the continental European metapopulatighonergan et al., 2013; Carroll et al.,
2020) In contrast, all grey seals in the UK are part dbatheast Atlantianetapopulation although
there is genetic structure at a finer scale.

For the purposes of population monitoring and reporting, the UK isigfiitl4 Seal Monitoring
Units (SMUs

The SMUs are arranged clockwise around the UKimsgart southwestScotland: 17 are in Scotland,
8-11 & 13 are in England, 12 is Wales, andsidNorthern Ireland. In Scotland, these Sktlign

with the Seal Management Areas (SMAS). Recognising the requirement for reporting and
management on the national level, SMUs do not transect national bound&xegpt foithose that
follow national boundaries, SMU boundaries were placed with the aim of avoiding splitting of
haulouts or grey seal breeding colesiacross SMUs. However, these SMUs are primarily for the
purposes of monitoring and reporting; they do not necessarily represent ecological units for either
species. The results for SMUs should be combiifieshd when appropriate, in line with the spatial
scale of the risk or management actj@monsideringknowledge on population structure where
available

11



(a) Seal Monitoring Units
1 SW Scotland 8 NE England
|" 2W Scotland 9 SE England

3 Western Isles 10 8 England
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5 Shetland 12 Wales
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Seal Menitoring Unit (SMU)
1 Southwest Scotland
2 Woest Scotland
3 Western Isles
4 North Coast & Orkney
5 Shetland
6 Moray Firth
7 East Scotland
8 Northeast England
9 Southeast England
10 South England
11 Southwest England
12 Wales
13 Northwest England
14 Northern Ireland

Figurel. The 14 Seal Monitoring Units (SMUs) used for monitoring and reporting seal abundance and trends.cAugtsstor harbour (red) and grey (blue)

seals are shown on B0 km? grid scaleusing data available from the latest survey y@dr The year pertaining to the most receAlgustaerial survey data
available are shown irb} aerial survey from yeaDataare from aerialsurveys conducted by SMRENd ZSL for SMU 9) in the years shaw(b) and from

other organisations (se&ablel and SCOBP 25/01).
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Harbour sead

Adult harbour seals typically weigh-800 kg. Males are slightly larger than females. Like grey seals,
harbour seals are lonkived with individuals living up to 280 yearsHarbour seals are generally
considered to benore sedentary than grey sealsith fewlongrangemovements between distant
haulout sites Foraginganges vangubstantiallyboth regionally and withirsites Some harbour seals
forage>100km from their nearest haubut sites while othersemain very close inshore within only

a few kilanetres ofhaulout sites They take a wide variety of prey including sandeels, gadoids,
herring and sprat, flatfish, octopuand squid. Diet varies seasonally and from region to region.
Because of their smaller size, harbour seals eat less food than greytgpaially3-5 kg per adult

seal per day depending on the prey species.

Harbour seals come ashore in sheltered waters, often on sandbanks and in estuaries, but also in
rocky areas. They give birth to their pups in June and July and moult in August. At these, as well as
other times of the year, harbour seals haul out on langularly in @aemporal pattern that is often

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

swim almost immediately.

Harbour seals are found around the coasts of the North Atlantic and North Pacific from the
subtropics to the ArcticThreesubspecies of harbour seal are recognized. The Eurgpeaumatiors
of the AtlanticsubspeciesPhoca vitulina vitulinarange from northern France in the south, to
Iceland in the west, to Svalbard in the north and to the Baltica®eanorthern Russim the east
The largest population of harbour seals in Europe is in the Wadden Sea.

Approximately 8% of European harbour seals are found in the UK; this proportioddaeased

from approximately 40% in 2002 due to the more rapid recovery and higher sustained rates of
increase in the Wadden Sea population. Harbour seals are widespread around the west coast of
Scotland and throughout the Hebrides and Northern Isles. On the east,dbeir distribution is

more restricted with concentrations in the major estuaries of Meray Firth, Firths of Forth and
Tay(East Scotland SMdnd TheWashand Thameg¢Southeast England SM$cotland holds
approximately 85% of the UK harbour seal population, with 12% in England and 3% in Northern
Ireland.

The population along the east coast of England (mainly in The Wash) was redurediy a half
following the 1988 phocine distemper virus (PDV) epizootic. A second epizootic in 2002 resulted in a
decline ofaround a thirdin TheWash butappeared tohavelimited impact elsewhere in Britain.

Countsof harbour sealin The Wash and eastern England did not demonstrate immediate recovery
from the 2002 epizootic and continued to decline until 2006e counts increased rapidly from 2006

to 2012thenremained elatively constant until a decline began in 201 contrast, the adjacent
European colonies in the Wadden Sea experienced continuous rapid growth after the eplaaiotic,
there is now an indication of a decline

Major declines have been documented in several harbouraeasaround Scotland since the late
1990s However, the pattern of declines is not universalShetland, Orkney aridoray Firth
abundance appeared stable in the late 1990s liuthe next surveyrfid 20003 abundance had
declinedmarkedly In Shetland and Moray Firth thehas been no significant trend sindaut in
Orkney trere has been aontinuedsustained declineThe recorded declines are not thought to have
been linked to the 2002 PDV epotic as there was very little recorded mortality of harbour seals in
Scotland in 2002n contrast to thesebserved declines, thé/est Scotland pagdation hasmore

than doubled fromthe mid-1990sto now, hosting the largest number of harbour seals in the UK.
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Grey sed

Grey seals are the larger of the two resident UK seal spefilest males can weigh ov800kg
while the females weigh around 1500 kg. Grey seals are Ioliged animals. Males may live for

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

to breed at about age 5.

They are generalist feeders, foraging mainly on the seabed at depths oflilj®to, although they

are capable of feeding at all the depths found across the UK continental Bhejf take a wide

variety of prey including sandeels, gadoids (cod, whiting, haddock, ling), and flatfish (plaice, sole,
flounder, dab) Amongst these, sandeels are typically the predominant prey spdgiesvaries
seasonally and from region to region. Food requirements depend on tharsizactivityof the seal
and energy and atrient contentquality of the prey, but an average consumption estimate for an
adult is 4 to 7 kg per seal per day depending on the prey species.

Grey seals forage in the open sea and return regularly to haul out on land where they rest, moult
and breed They may range widely to forage and frequently travel d\@¥km between haulout

sites. Foraging trips can last anywhere between 1 and 30 Gayapared with other times of the

year, grey seals in the UK spend longer hauled out during their annual moult (between December
and April) and during their breeding season (between August and Deceniibesking of individual
grey seals has shown that mdetaging probably occurs withitDOkm of a hawout site although

they can feed up to several hundred kilometres offshore. Individual grey seals based at a specific
haulout site often make repeated trips to the same foraging region offshore but will occasionally
move to a new hadbut site and begin foraging in a new region. Movements of grey seals between
haulout sites in the North Sea and hault sites in théNestern Isles SMblave been recorded as

well as movements from sites in Wales and NW FramcthaWest Scotland SMU

Globally there are three centres of high grey seal abundance: one on the coast of eastern Canada
and the northeast USA; a second around the coast of the UK, especially in Scottish coastal waters;
and a third, smaller group in the Baltic Sea. All poputatiare increasing, although numbers are still
relatively low in the Baltic where the population was drastically reduced by human exploitation and
reproductive failure, probably due to pollutigBergman and Olsed986;Bergnan, 1999. In the

UK and Canaq there are clear indications of a slowing down in population growth in recent years.

Approximately@> 2F (KS ¢2NIXI RQa 3INBe aSrrta oNBSR Ay
Scotland with the main concentrations in tiiéestern Islesand in Orkney. There are large and

rapidly growing breeding colonies on the east coast of Scotland and England with fastest growth in
the central and southern North SeBhere are also breeding colonies in Shetland, and smaller
populations in Wales and southwest England.

In the UK, grey seals typically breed on remote, uninhabited islands or coasts and in small numbers
in cavesPreferred breeding locations allow females with young pups to move inland away from
busy beaches and storm surg&gals breeding on exposed, elificked beaches and in caves may
have limited opportunity to avoid storm surges and may experience higher levels of pup mortality as
a result Breeding colonies vary considerably in size; at the smallest only a handful of pups are born,
while at the biggst, over7,000pups are born annuallyn the past, grey seals have been highly
sensitive to disturbance by humans, hence their preference for remote breeding sites. However, at
one UK mainland colony, Donna Nook in LincolngSceitheast Englang$eals became habituated

to human disturbance in the 1990s and that tolerance of human activity has spread as the
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population has grown in the southern North Sea colores/eral mainland colonies now receive
tens of thousands of visitors each 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 isouthwestBritain are born between August and October, in north and
west Scotland pupping occurs mainly between September and late November and eastern England
pupping occurs mainly between early November and-Batember.

Female grey seals give birth to a single white coated®iipK S W g K A {(jwthior2theyisOckld G | 3 S 0
forl7to23days dzLJa Y2dz G FNRBY GKSANI gKAGS yrdalFft O2FdG ol
around the time of weaning and then remamthe breeding colony for up to two or three weeks

before going to seaMating occurs at the end of lactation and then adult females depart to sea and
provide no further parental carén general, female grey seals return to the same colony to breed in
successivgears and often breed at the colony in which they were b@rey seals have a

polygynous breeding system, with dominant males monopolising access to females as they come

into oestrus The degree of polygyny varies regionally and in relation to the breeding hatdides

breeding on dense, open colonies are more able to restrict access to a larger number of females
(especially where they congregate around pools) than males breeding in sparse colonies or those

with restricted breeding space, such as in cageon cliffbacked beaches.

Historicalstatus

There is ttle information on the historical status of seals in UK waters. Remains have been found in
some of the earliest human settlements in Scotland sedlswere routinely harvested for meat,

skins and oil until the early 1900&{arbour seals were heavily exploited mainly for pup skins until

the early 1970s in Shetland and The Wastey seal pups were taken in Orkney until the early

1980s, partly for commercial exploitation and partly as a population control measuttee 1960s

and 1970s, largscale culls of grey sealgre carried ouin the North Sea, Orkney and Hebrides as
population control measuredonitoring ofgreyseal pup productionwhichstarted in the late

1950s and early 19608as shown thahumbers have increased consistently sirldewever, in

recent years there has been a significant reduction in the rate of increase.

Numbersof harbour seals in Scotland in the 1970®nitored by boat surveysyere considerably

lower thanthose in the late 1980s wheaerial surveysommenced but it is not possible to

distinguish the apparent change in numbers from the effects of more efficient counting methods
After harvesting ended in the early 1970s, regular surveys of English harbour seal populations
indicated a gradual recovery, punctuated by two major reductions due to PDV epizootics in 1988 and
2002.

Legislationprotecting wild seals

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

In Scotland, the Conservation of Seals(@&60)was superseded by the Marine (Scotland) Act 2010
As a result, the conservation orders in Scotland have been superseded by the designation of seal
conservation areas under the provisions of the Marine (Scotland) Act Zit3ervation Aredsave
been establisheavhich, for the most partencompaspart of singleor multiple SMUs Western Isles
(mostly within Western Isles SMWorthern Isleswithin Orkney & North Coast and Shetland
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SMUSs), Moray Firtfwithin Moray Firth SMU)and East coastthin East Scotland SMUn general,

seals in Scotland are afforded protection under Section 6 of themith prohibits the killing or

taking of seals except under licente the original version of the Act, licences could be granted for

ten specific reasons, including to conserve natural habitats, for scientific research or educational
purposes, to protect the health and welfare of farmed fish and to prevent serious datbage
fisheriesork a K T NY & Q | |j dzhadgiin{SdateBd, wiadhé Andinals dnd\ildlife
(Penalties, Protections and Powers) (Scotland) Act 2020, have amended the Marine (Scotland) Act
2010 to remove the provision to grant licences authorising the killing or taking of seals to protect the
health and velfare of farmed fishor to prevent serious damage to fisheries or fish farms.

Similar legislative changes in England and Wales, and Northern Ireland via Schedule 9 of the
Fisheries Act 202Baveamendedthe Conservation of Seals Act 1970 and the Wildlife (Northern
Ireland) Order 19850w prohibiting the intentional or reckless killing, injuring or taking of seals
and removing the provision to grant licences for the purposes of protection, promotion or
development of fisheries or aquaculture activitiddese changeslows the UK to complyith the
US Marine Mammal Protection Alehport Provision Rule.

In Scotlanditis alsol y 2 FFSy O0S (2 WAyGSydAiazyltfte 2o0M NBO(f Sa
sites NERC (through SMRppvide advice on haul out designations and are a statutory consultee in
relation to seal licence applications.

In Northern Irelandt is an offence to intentionally, or recklessly disturb seals at any-datigite
under Article 10 oWildlife and Natural Environment Act (Northern Ireland) 2011.

Both grey and harbour seals are listed in Annex Il of the EU Habitats Directive, requiring specific
areas to be designated for their protectiofhis requirement was transposed into UK vd

therefore remains posBrexit. To date, 16 SACs have been designated specifically for ardigals
are consideredeatures of qualifying interest in seven additional SAQs sixyearly SAC reporting
cycle requires formal status assessments for these.sitesse were last completed in 20&a8d an
updatedassessrant is currently underway by JINCC
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Sealpopulation statusand trends

1. What arethe latest estimates and trends in the number of seals in the UK and
individual UKcountry?

Status of harbour seals in the UK

The main method for assessing harbour seal populations, both in the UK and elsewhere, is through
aerial surveys of seals on land during their annual moult. In the UK, moult predominantly occurs in
August; multiple survey years are required to cover the Kegrbour seal haubut sites. The new

count data reported for this SCOS are from August moult surveys in 2023 (BE€2&01). In

2023, helicopter surveys were conducted covering the whole of theuthwest ScotlandMU and

part of the West Scotland SMUHe rest was surveyed in 2022). In 2024, fixadng pup surveys

were conducted in The Wash (and reported here), and August surveys of parts of Moray Firth, East
Scotland, and Southeast England SMUs (to be reported in XD@&).In addition, countsfrom
helicopter surveys of Northern Ireland in 2024 will be reported in SCOS 2026.

The current estimate of the UK harbour seal populatior8&956(95% CI: 30,2389,274 Table J.
This is derived from the most recent composite count28,608(based on surveykargely
conductedbetween 2019 and 203; SCOS 25/01divided by the estimated proportion of the
population hauled out during the surveys (0.72; 95% CI. 60648) The total population estimate
is30,890in Scotland(95% CI125,274- 41,187) 4,928in England4,0326,570, 1,136 in Northern
Ireland (930- 1,515) and less tharb in Wales.

The survey frequency varies by SMitbm once every five years to multiple timesachsurvey
season.Thus, to examindrajectoriesat a national scale, periods of composite counts covering
several years are used. The longest tirseries is for Britain (i.e. UK excluding Northern Ireland);
the current 0192023 British harbour seal population igstimated to be around21% bwer than

in the late 1990s; 25%ower for Scotland due to declines in northern and eastern SMUs, &t
higher for England, where the population in the late 1990s was still recovering following the 1988
PDV epidemicindeed, compared to the&eomposite count (2012015) prior to the recent decline

in Southeast England, thiatest estimate for England is 27% lower. In terms of the most recent
trend, the current estimate for the UK i$6% lower tharthe previous composite count (2016

2019): 17%8%, and 23% lower for Scotland, England and Northern Ireland, respectively. It should
be noted that the last survey of North Coast & Orknagd Shetland SMUs (201@ye used in the

two most recent composite counts.

To assess trends on a SMU and SAC scale, counts from individual surveys are used (rather than
composite counts) to maximize the use of data available and thus power to detect trefétgufe

2; seeSCOBP25/03 for more details). No harbouseal SMUs with notable numbers (>250
individuals) are predicted to be still increasing; even for SMUs not deplgfiezl estimatednot to

be significantly lowerthan the highest point in the time serieéghe latest count was lower than the
previous one. With thepotential exception of Western Isles, the western Scotland SMUs are still

at high levels (compared to the start of the time series; early 1990s), but the most recent count for
all three SMUsin western Scotlandvas lower(~20%across thehree SMU3$ than the previous

count which, taken together, is concerning for this area which encompasses over 60% of the UK
total. In terms of the estimatecturrent trends, Southwest Scotland is stable whereas West
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Scotland and Western Islesiiis significant decline. North Coast & Orknglgast ScotlandShetland

and Moray FirthSMUs are depletedompared to thestart of the time serieg1990s) The North

Coast and Orknewnd East Scotlan8MUs are still declining whereasShetland and Moray Firth

SMUs are depleted but stable. It should be noted that the latest survey for North Coast & Orkney
and Shetland SMUs was in 2019. Southeast England SMU is depleted (since 2018) and showing no
sign of recovery; it is not clear if i still declining. Northern Ireland SMU is in continued but slow
decline.

The main method for assessing harbour seal populations, both in the UK and elsewhere, is through
aerial surveys of seals on land during their annual moult. However, multiple years are typically
required to aerially survegll key UK harbour seal haalt sites, as the available timgindow

(during August moult) is relatively short. The time series of August moult counts considered here
started in the late 1980s. SMRU aerial survgpgcallycover SMUs-B (Scotland and east coast of
England) and SMU 14 (Nieern Ireland).The staff resource is funded by NERC; the majority of
funding for the surveys comes from NER@tureScot and the Northern Ireland Department of
Agriculture, Environment and Rural Affairs (DAERAT abk1). In addition, key data are also
provided bythe Industry Nature Conservation Association (INCA; Tees; SMU 8) and Zoological
Society of London (Thames; SMU 9). SMYsafhd 14 represent over 99% of the UK harbour seal
population (sources ifiablel); less than 100 harbour sealee countedn the other SMUs. The
length of the mainly rocky coastline around north and west Scotland (SMIYsgans it isiot
possibleto survey the whole coastlinén August of a single yeg8MRU aims to survey this entire
coast every five yearpost SMUsare surveyed using combined thermographic, video, and high
resolution (HR) still aerial imagery to identify seals along the coastline. However, the sandy habitat
of the estuaries of the English and Scottish east coasts means that conventional photagraphy
fixedwing aircraft can be usedhis is substantially cheaper than helicopter survéysere there

are indicatiors of significant changeandresource allows, the survey effort is highbrdeed Moray
Firth SMU, Firth of Tay & Eden SAC in East Scotlanda®ilbirts of Southeast England SMU are
generally surveyed at least annually by fixeithg aircraft. However following reductions in funding,
this frequencyis unlikely tobe maintained in future years

Harbour seals spend a higher proportion of their time on land during the August moult than at other
times of the year and thus counts during the moult represent the highest proportion of the
population. To maximise the consistency of counts, surveys atgated in both time and
environmental conditions; they are carried out within 2 hours either side of low tides that occur
between 12:00 and 19:00 during the first three weeks of August, and only in appropriate weather
conditions (no heavy or prolongediny The diurnal timing restriction is occasionally relaxed for
sites in military live firing ranges where access is only permitted at weekends or in the evening. A
conversion factor of 0.72 (95% CI: 0(h88) is used to account for seals not hauled duba time

of the survey and scale the counts to total population size. This estimate of proportion ashore was
derived from haul out patterns of 22 adult harbour seals fitted with flipperunted ARGOS tags in
Scotlandn 2009Lonergan et al., 2013)he estimated variation in proportion of the population
hauled out results in considerable uncertainty in the final population estimates (Taflael).
conversion factoused here is based on a sample from a single year, and two sites. Nevertitatess
close to the middle of the range (@®.8) of values estimated for other populations in Europe and
North America (e.gRies et al., 1998; Huber et al., 2001; Simpkins et al., 2003; Harvey and Goley,
2011) SCOS has recommended that this conversion factor shouldibgestigated when

resources allow, to examine regional, sex and age differences as well as potential extension to
surveys outside the moult survey window. Although surveys outside the moulthvibeuhssociated
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with a lower proportion of the population hauled out, additional logistical flexibility could be
beneficial in eras of reduced funding and the potential impact of change in timing of moult on trends
could be evaluated.

The new count dataresented inthis SCO&port are from surveys in 2023 (s&COBP25/01 for

more details)and a 2024 pup survey of The WasegSCOBP25/05). In 2023, helicopter surveys

were conducted covering the whole of Southwest Scotland SMU and part of the West Scotland SMU
(the rest was surveyed in 2022) 2024, SMRUW:onducted helicopter surveys of Northern Ireland (to

be reported in SCOS 2026) as well as conducting commissioned surveys of Republic of Ireland. Due
to camera failure, surveys North Coast & Orkney and Shetland SMUs were postponed to R025.
2024, ixedwing August surveys of parts of Moray Firth, East Scotland, and Southeast England SMUs
were also conductegto be reported in SCOS 2026).

Based on the latest surveys, up to and includfg3 where available, the current best estimate of
the UK harbour seal population in 20238&956(95% ClI: 30,23649,274) This is derived from the
most recent composite count @6,608(based on surveys largely conducted between 2019 and
2023 Tablel), divided by the estimated proportion of the population hauled out during the surveys
(0.72; 95% CI: 0.53.88 Lonergan et al., 2013Bycountry, the total population estimate is 30,890

in Scotland95% CI25,274- 41,187) 4,928in England4,032¢ 6,570, and 1,136930- 1,515) in
Northern Ireland, with less thafive sealsestimated in WalesThe frequency of counts varies by

SMU from once every five years to multiple times in a single survey season. Thus, at a national scale,
periods of composite counts are used to exantirggectories generally representing consecutive 5
year periodsThe longest timeseiies is for Britain (i.e. UK excluding Northern Ireland); the current
(20192023) British harbour seal population is estimated to be around 21% lower than in the late
1990s; 25% lower for Scotland due to declines in northern and eastern SMUs, but 8%drigher
England, where the population in the late 1990s was still recovering following the 1988 PDV
epidemic.
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Tablel. The most recent August counts, up to 2023, of harbour seals attausites in the UK by Seal
Monitoring Unit(SMU)and country compared with previous periodehe grey values given for SMUs
10-13 are estimatesThe grey italic values in the most recent count coludomnot contain any new
data compared to the 2012019 period. The latest population estimates use scalars derived from
(Lonergan et al., 2013)

Harbour seal Latest population
counts estimate
Most recent count % of
Seal Monitoring 1996 2000 2007 2011 2016 data UK
Unit / Country 1997 200€ 200¢ 201t 201¢ to 2023 mear 95% Cl: total
1 Southwest -5 ac o
Scotland 929 623 923 1,200 1,709 1,563 (2023) 2171 (1,22,85) 5.9%
2 West a 11,66 10,62 15,18 15,60 11,75 ] 16,3z ,13,321,7, 44.2
Scotland 8,811 6 6 4 0 g4 @22 5 (57, 670 %
3 Western 11.6
Isles 2,820 1,920 1,804 2739 3532 3,080 (2022 4.27¢ (3’5095,751) %
4 North Coast c 9
& Orkney 8,787 4,388 2,979 1,038 1,405 1,051 (1,5772,62) 5.3%
S Shetland 5,994 3,038 3,039 (3,615,8¢) 12.0
’ ’ ' 3,369 3,180 4,417 ’4. ’ 9 %
6 Moray Firth 1409 1028 776 745 . 983 GnptR o (1,111,85) 3.7%
1 il ~ 7;
7 East ] A o
Scotland 764 667 283 224 343 276  (2021;2023) 383 (31 4 511) 1.0%
29,51 23,33 20,43 2539 26,84 22,24 (2016 2018 30,8¢ 25,241,1, 83.6
SCOTLAND total 4 0 0 9 6 1 S0y 0o (74 87 %
g Northeast b (2020; 2022; 5 o
England 54 62 58 91 79 106 147 (150, 19¢) 0:4%
g Southeast , g ogy 12.7
England 3222 2,964 3952 ;.. 55, 3872 o2y oo (3,829.6,24) %
1 south d 90 | ) 0.2%
0 England 74;12¢7 <7
1 southwest
d 0,
1 England 0 (029 0 ( o 0)00%
1 Northwest
d 0,
3 England [ 6; 9) 0.0%
ENGLAND t (0020; 2022 26,57) 133
otal 3,288 3,046 4,030 4861 3876 3,548 o 4.99¢ (4,026,57) %
, , , 2.0
WALES e 1 (2023 1( . 2)00%
32,80 26,38 24,46 30,27 30,73 25,79 (2016; 2018 35,81 ,29,347,7, 96.9
BRITAIN total 4 1 p 0 5 0 2029 o (o7 8¢) o
NORTHERN ‘ o
IRELAND 1,176 1,101 948 1,062 818 (2021) 1.13¢€ (930;1,52) 3.1%
27,55 2556 31,21 31,79 26,60 (20162018 36,95 ,30,249,2
UK total 7 6 8 4 g %) 6 (36, 74)

SOURCE®ost counts were obtained from aerial surveys conducted by SMRU and were funded by NatureScot and the Natural Environment
Research Council (NERC). Exceptions are:
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a)Marine Scotland contributed funding towards Scotland surveys in 2009 and200li® Tees data collected and provided by the Industry
Nature Conservation AssociatifBond, 2024)Northumberland coast south of Farne Islands not surveyee?pfi8; no harbour seal sites
known here. The 2008 survey from Coquet Island to Berwick funded by a predecessor to the Department of Energy Secuiiiso&)Net
Thames data 2015 and 2019 collected and provided by Zoological Society (Godaet al., 2020)) Grey values are estimates compiled

from counts shared by other organisations (Langstone Harbour Board & Chichester Harbour Conservancy, Cumbria Wildhiflodindst)

in reports & on website§Westcott, 2002; Sayer, 2010, 2011; Boyle, 2012; Sayer et al., 2012; Hilbrebirdobs blogspef), Fod.Yales,
countsuntil 2022 were estimates collated from various sources (grey values); the 2023 count was from a SMRU survey coveritgy the who
of Wales. The change in numbers does not indicate a change in abunfa®aezeys carried out by SMRU and funded by Northern Ireland
Environment Agency (NIEA) in 2002, 2011, 2018, and 2021, and Marine Current Turbines Lte?20080%@01qSMRU Ltd, 2010)
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Figure2. Map of August haulout density of harbour seals around the UK per ®blased on the most
recent available count data collectagp until 2023 (coastline from GSHHS). Less than 100 harbour seals
are in SMUs 143. For SMUs-9 and 14, the counts by year, and trend lines and associated 95%
confidence intervals are shown in red. The black lines indicate the use of a subset of the @MU. F
more details see SCE 25/01 and 25/03. Note the differences in both the x arakgs across the

plots.
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Trends by Seal Monitoring Unit (SMU)

On a SMU level, to maximise the use of the data available, counts from individual surveys are
included in statistical models to generate trends, rather than using med#tr composite counts as
described aboveAt least three models were fitted for each SMU/SACadhlsttrend i.e. an

interceptionly Generalised Linear Model (GLM), an exponential year effect within a GLM, and a
nonlinear smooth year effect within @eneralised Additive Model (GAM). As in previous SCOS
reports, additional models were fit allowiragstep changearoundand or differing trendsbeforeand

after the 2002Phocine Distemper Virus (PDV) outbrelskaddition, for SCOS 2025, additional

models were fited for western Scotland SMUs in response to the latest count data (2022/2023). See
details below and in SC@® 25/03.

Northeast and Southeast England SMU populations have generally shown increasing overall trends,
interrupted by sudden, drastic declineaused by tha.988 and 2002 PDV outbreaks. To account for
these sudden declines, additional models with a step change in abundance and/or trends associated
with 1988 and 2002 were fitted in these SMUSs. Although the declinesrth andeast Scotland

SMUs were not thought to be due to PDV, there were declines in Shetland and North Coast &
Orkney SMUs during mulgiear gapsn surveys that spanned 2002, and a sudden change in the

count trajectory around 2002 in East Scotland SMU. Because of the unkiiwersof these

declines, additional models were also fitted for SMUsHthat allowed any combination of
stable/exponential trends prior to and following 2002 (including the same trend across the time
series) and with/without a step change associated with 20@2 some SMUSs, a subset of the SMU is
surveyed more frequently than the SMU as a whole; where these subsets enssitiygamajority of

the SMU abundance, the subsets are modelled as a proxy for the SMU as a whole. This is the case for
Helmsdale to Findhorn in the Moray Firth SMU, and Carlingford Lough to Copeland Islands in the
Northern Ireland SMU. Surveys of the W&sNorth Norfolk Coast SAC have a longer temporal

extent than surveys of the Southeast SMU as a whole, are more frequent, and account for the
majority of the harbour seals in this SMU.

For allthree western Scotland SMU#the latest count was lower than the count from the previous
survey (and the one before that for West Scotlaniest Scotland is the largest Siviidth
geograplically(length ofcoastline) andn terms ofproportion of the UK totahbundancefor

harbour seals, and is thus split into three subdivisions2@&aSouth, Central, and Nortijhe trend
analyses were previously conducted separafetyeach SMU, subdivision and SAC, and the
restricted frequency of surveys (evety6 years) means that the power to detect initial declines was
very limited. Visual inspection of the data for the SMUs and subdivisions indicated similar patterns
across western Scotland. As such, two additional GAMs wead €ibnsideringive separate
regions;SMU 1, the subdivisions of SMU 2 (but not SMU 2 as a whole), and.2WMkgions were
modelled togetherallowing ther trends to be azombination of a shared and regiodalel trend

Due to the increased robustness and power associated tithadditional analysis, the results of
this analysis rather than theone conducted as for other SMUs, are presented here.

Except foilSouthwest Scotland (predicted to be stabkd) SMUs which host notable numbers (> 250
SMUs %7, and 9) are predicted to be declining and/or deplefestimatedto be significantly lower

than the highest point in the time seriea) the latest surveyTablel). It shoutl be noted that the

most recent survey data fa¥orth Coast & Orkney and Shetland SMitessnow oveffive years old
(2019). Prior to the latest counthé western Scotland SMUs had been the only SMUs for which
abundance was prediet to be increasing. The indication that this area could also be in decline is of
particular concern givethat the three western Scotland SMdsmbinedhost over 60% of the UK
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total. North Coast & Orkney and East Scotland SMUs are depleted and predicted to be in decline,
whereas Shetland and Moray Firth SMUs are depleted but appear stable. Southeast England SMU is
depleted (since 2018) and showing no sign of recgutiy not clear if it still declining’he cause of

that decline is the subject @ current SMRUed project (see Q7 for updates on health
workpackage)Northern Ireland SMU is in continued but slow decline.

Pup production

The only harbour seal pup surveys SMRU regularly conduct are of The Wash in Southeast England
(funded by Natural Englan&CO®BP 25/05). These are fix@dng aerial surveys which have been
conducted annually since 2004, except for 2@D21 when no surveys were conducted (due to
Covid restrictions, limited aircraft availability and poor weather conditions). Multiple fligiisén a
season (most recently in 2015 and 20T&pmpson et al., 201@dicate that the peak number of
pups on the sandbanksccursin early July. Therefore, in most years, single flights are conducted in
early July. The Wash accounts for the majority of harbour seal pup production in the Southeast
England SMU. In 2024, the pup count 886, which is almost 37% lower than in 2023 Titean
maximum pup count (2022024: 1150 pups) since the drop in the moult count (between 2018 and
2019) is substantially lower (~23.5%) than the mean maximum numberpsfip thefive years
preceding the decline (2032018: 1505 pups). The particularly low 2024 pup count is of concern; it
indicates the population is unlikely to be recovering and may decline further.

UK harbour seal populations in a European context

The UK is a key centre of abundance for harbour seals in Euragting approximately 28% of the
total (Table 2)This is a decreased percentagddingscompared to historicallf2000)due to
declines in Scotlandificeearly to mid 2000s}he recent decreases in Southeast England (2019)
and the most recent decline in west Scotland.
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Table?2. Latest estimates of the relative size of European populations of harbour seals up to 2023. Data
are counts of seals hauled out during the moult. Counts are rounded to the nearest 50.

Number of seals

Most recent survey

Region counted years Source

UK 26,600 20192023 SCOSBP 25/01
Ireland 4,000 201718 Morris and Duck, 2019)
France 1,550 2023 Poncet et al., 2024
\[’)V:::]:I?ksea 2,250 2023 Galatius et al., 2023
\é\/:r‘::ae:ysea 13,650 2023 Galatius et al., 2023
KIV;‘:IZ‘:’IZ;? 6,700 2023 Galatius et al., 2023
Deltag Netherlands 1,550 2022-2023 Hoekstein et al., 2023
Limfjorden 1,400 2023 ICES, 2025
Kattegat 9,050 2023 ICES, 2025
Skagerrak 4,300 2023 ICES, 2025
Baltic¢ Kalmarsund 2,500 2023 ICES, 2025
gigﬁvestem 1,650 2023 ICES, 2025
Norway 7,900 20092010, 20162023 Nilssen et al., 2021; ICES, 2025
Svalbard 1,900 2010 Merkel et al., 2013
Iceland 10,300 2020 Granquist, 2022
Etlirope excluding 68,700

Europec total 95,300
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Status of grey seals in the UK

UK grey seal abundance and trends are primarily assessed through a combination of pup
production estimates and August haulout counts (see harbour seal section). Pup production from
aerially-surveyed coloniegScotlandand eastern England exdling Shetland)is estimated by
combining count data from 4 to 5 surveys with life history and observation parametésp

production estimates for Shetland, Southwest England, Wales, and Northwest England are
generally from boat/ground-surveys. While pup production timeeries provide the main metric

of the UK population changes, August haulout counts are also criticeleed, dstribution during

the foraging season (represented by August counts) indicatdere adults acquire the resources
necessary for pup production. The foraging season is also when seals are most at risk from threats
at sea (e.g. bycatch), and consistent August surveys are required for robust Potential Biological
Removal estimates. Her@e report on the latest pup production estimates and August counts,

with updates from 2023; pup production in East Scotland, Northeast England and Southeast
England; and August counts mainly from Southwest and West Scotldiathle3). Pup production
estimates from SMRU 2022/2023 surveys, combined with estimates from other colonies (surveyed
by others or SMRU in previous years), indicated that the total number of pups born across all UK
colonies was 79,12255,095 in Scotland (~70%), 21,027 (~27%) in England, 2,500 in Wales, and 500
in Northern Ireland. The latest August counts were 21,306 in ScotlddQ75in England, 1,313 in
Wales, and 549 in Northern Ireland.

At a national scale, currentrajectoriescan be inferred tlmough changes in pup production and
composite August countslTotal UK pup production in 2022/2023 was estimated to be ~2.5%
higher than in the last main survey period (202921). In Scotland, pup production in 2022/2023
was almost 3% lower than in 201%hile in England (majority surveyed in 202B8up production
was estimated to be ~18% higher than in 20Fbr a small proportion of colonies, the same
estimates were used across the two periods. The latest UK (largely ZWXB) composite August
count was ~6% lower than the previous time period (202619); 16% lower for Scotland, and 7%
higher for England. Ishould be noted thatcounts fromthe last Augustsurveys of North Coast &
Orkney and Shetland SMUf¢m 2019) are used in both periodghe total UK August count is
~55% higher than in the early 2000s, entirely due to the increase in England (346%). The
differences in percentagef the UK totalin each nationandthe trajectoriestherein, between
seasons (breeding versus Augusthdicates marked seasonal redistributio®cotland hosts ~70%
of UK pup production but just over half (53%) of total UK count in the summée UK hosts a
higher proportion of the Northeast Atlantic grey seal metapopulati@uring breeding thanduring
the summer. Grey seal pup production is used globally as an abundance metric; UK pup production
represents approximately 8% of the global productionTable4).

Trends in abundance dhe SMU and SAC lewsshre assessed by fitting models to tirrseries of

pup production estimates and August countid should be noted that he higher uncertainty

around themeanproportion of the population hauled out in August means the power to detect
trends is relatively low fothesecounts(compared to pup production) especially in SMUs that are
not monitored annually After an extended periof stability, pup production in West Scotland

and Western Isles has increased to the highest level since surveys began. In Southwest Scotland
(where very few pups are born annually) and West Scotland, summer abundance is also
increasing. In contrast, Aug counts in the Western Isles are variable, without any apparent
trend. In North Coast & Orkney,yp production and August countdatest counts 2019have both
remainedstable sincehe early 2000s. For Shetland, there is an indication of a decline in pup
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production (latestcomprehensivedata 2018) but the August count (latest count 2019) shows no
trend. Production in all east coast SMUs (Moray Firth, East Scotland, Northeast England, Southeast
England) is estimated to be increasing, although the last three estimates (ZA) for East

Scotland are alsimilar indicating that the subpopulationmay have reached carrying capacity

that SMU August counts are stable for the Moray Firth and East Scotland, but increasing in

eastern England. Limited data are available to quantify trends in other SMUs. In Southwest
England, Wales, and Northern Ireland, there are indications that pup product®oasither stable or
increasing. August hatdut counts in Northern Ireland appear stable #te highest levels

observed throughout thetime-series.

A Bayesian model integrating information on life history and demographic parameters, pup
production data, and scaled August haul out counts, was used to estimate population size and
trajectories, asdescribedin previous SCOS reports. In 2024, SCOS concluded that, due to the poor
fit to recent data, the population model in its current form should no longer be used to generate
population estimates.Insteadpup production estimates andugustcounts should be used instead

of modelled population estimates.

Pup Production

UK grey seal abundance and treiidse beerprimarily assessed based on pup production

estimates, though numbers counted during Augwstre also considered. The temporal extent of the

grey seal breeding season means that any one pup count represents an unknown proportion of the

total number of pups produced. Thus, SMRU conduct multiple aerial surveys through a season
(usuallyfourorfived = | Yy R LldzLJa | NB Of I aa A T A P& ploducti@et § KSNJ Wg K
aerialsurveyed colonies estimated bycombiningthese classedount data with life history and

observation parameters (sdeussell et al2019)for details) Estimates for Shetland, Wales,

Northwest England, and Southwest England are, for the most part, from/gaatnd-surveys.

For most SMUs, the timseries of pup production estimatesnsidered herdegan in 1984. Up until
2010, these surveys were conducted annually at regularly monitored colonies in Scotland. However,
from 2012, the surveys were conducted bienniaflgom 2018, key colonies #astern England (see
below)were included in the aerial survey program. As a result of this increased spatial extent, and
decreasedunding key colonies in Scotland and eastern England are surveyed every two to three
years. The most reent availablepup production estimates are from surveys carried out in 262

East Scotland, Northeast England and Southeast England SMUs. The results of these surveys are
summarised below and covered in detaiSEOBP25/02. The surveys in 2023 were the first

surveys with a new camera system (Phase One).

Pup production estimates from the SMRU 20223 surveys, combined with estimatep to 2023
from other colonies (surveyed by others, or®yIRU in previous years), indicated that the total
number of pups born across all UK colonies was approxima®eh22(Table3); 55,095 in Scotland,
21,027 in England, 2500 in Wales, and 500 in Northern Ireland.

Trends in pup production are assessed on a SMU &sklb)s 24, 7-9) using generalised linear or
additive models (as describedRussell et al., 2019However, interpretation of the trends in pup
production over the entire timeseries is complicated by a change in survey methodology from film
to digital(Hasselbladaerial surveys for most Scottish SMUs (from 2@t#)from ground to aerial
surveys for eastern England (from 2018)s not expected that the change from Hasselblad (2012
2022) to Phase One (2023 onwards) resulted in markedly different estimates (see SCOS 25/06).
Nevertheless, to avoid Phase Gderived estimates imacting the estimation of changes in pup
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production associated with historic changes in method (film to digital and ground to digital aerial
surveys), the previous estimated changes (SCOS 24/03 and 24/08) were applied to tiserigae
These changes are described briefly below. The resutteedfends analyses of both pup production
and August counts are described in the Trends section.

For logistical and technical reasons, it was not possible to directly-cadissate the film and digital
aerial surveys. In all SMsswhichthe pup production timeseries is derived from aerial survey
counts, there was an apparent jump in observed production coinciding with the change in methods.
Using production estimates up to 2022st@p increase in pup production was offered between 2010
(the last film survey) and 2012 (the first digital survey). To maximise the data available to fit this
step, allapplicable SMUg-4, 7)were modelled within a single generalised additive model (GAM;
limited to k=5), allowing a different temporal trend for each SMU but a single adjustment for the
change in survey method$he final model estimating trends in grey seal pup production for aerially
surveyed SMUs included astimated 22.5%ump (95% CI: 14.3, 30.if) pup production associated
with the change from film to digitallhis jump was applied to the latest trend analyses (SB®S
25/03), to allow estimatiorof the trends in pup production, between 1984 and 2023, robust to the
change in methoddt is likely that the true pup production lies between the low (film) and high
(digital) estimate. However, recent comparison with grotra$ed pup production estimateSC&

BP 24/08, indicates that true pup production is most likely nearer to the estimates associated with
digital (compared to film) based estimates.

Pup production estimates at grey seal colonies in Northeast (NEE; Farne Islands) and Southeast
England (SEE; Donna Nook, Blakeney and Horsey) SMUs have traditionally been generated from
ground surveys (National Trust, Lincolnshire Wildlife Trust, andd=rigihHorsey Seals). The

increasing size of the colonies made counting increasingly labour intensive, and in some cases,
countingwashindered by risk of disturbance and safety concerns for counters. SMRU conducted a
single aerial survey in 2014 and atfitdl set in 2018. These aerial surveys indicated that, at least in
some colonies, ground surveys were likely underestimating production. As a result of (1) preliminary
comparison of the 2018 ground and aerial survey data; (2) the increasing proportiom 0K
breedingpopulation in eastern England; and (3) the cessation of gréaasdd pup production

estimation for the Farne Islands and Blakeney, the eastern England SMUs were incorporated into the
SMRU aerial survey programme with surveys conducte@2i 2nd 2023lt is hoped thatdrone

surveys may eventually replace the aerial surveys in eastern Englea@®). Indeed, drone

surveys were trialled at Horsey in 2023 (Natural Englandhave been used to survey the Farne
Islands (see SC@B® 25/06).

Using data up to and including 2021, grouadd aerialbased (from 2018) production estimates
were integrated into a timeseries in a colongpecific way. For the Farne islands and Horsey, the
aeriatbased production estimates were used to continue timediseries of groundased estimates
(i.e. the grounebased estimates were used directly up to 2017). For Donna Nook, the-basiadl
estimates were estimated to be ~23%gherthan the groundbased, and thus the grourshsed
estimates (up to 2017) were aled up to provide a consistent tirseries. For Blakeney, ground
based production estimates up to 2014, and aebased estimates in 2018 and 2021, were used to
generate a timeseries (see SC@P 24/08 for details). The new pup production estimates 8202
were used to extend the timeseries described in SCB8 24/08.

The map of the SMU boundaries and the distribution of grey seal pups born within them is
presented inFigure3. Theresults of thetrend analyses are summarised at the end of this answer
(see SCQOBP 25/03 for more details)
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Figure3. Distribution and estimated pup production of key UK grey seal breeding colonies; dark blue circles represent colonied indheshel analyses. SMU
boundaries are shown in blue. Pup production estimates by year, and predicted trend and associated @if#ncerintervals, are shown (dotted lines in
Scottish SMU plots are fikderived estimates; 22.5% lower than digitadlerived estimates). Note the differences in both the x araxgs. The grey lines
indicate the three aerial surveys conducted in east&ngland
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Table3. The most recent August counts (and associated populatémel estimates) and pup production estimates for grey seals by Seal Monitoring Unit and
country, along with the percentage of UK holdings. For more details see-BEQ@5/01 and SCOS 25/02.

Latest population estimate Latest grey seal pup production estimates

Most recent August % of UK Colonies regularl % of UK
Seal Monitoring Unit / Country haulout counts to 2023 mean 95% Cls total surveyed by plan¢ Other colonies Total total
1 Southwest Scotland 760 (2023) 3,022 (2,614 3,54%) 1.9% 0 5 (2020) 5 0.0%
2 West Scotland a 4,508 (2022; 2023) 17,924 ( 15,507 21,01¢) 11.2% 4,893(2022) 450 (20052019) 5,343 6.8%
3 Western Isles 3,473(2022; 2023) 13,809 ( 11,947 16,191) 8.6% 18,272(2022) 300 (2008) 18,572  23.5%
4 North Coast & Orkney 8,618 (2016; 2019; 2023) 34,26€ ( 29,646 40,177) 21.4% 21,143(20192022) 20 (20102019) 21,163 26.7%
5 Shetland 1,009 (2019) 4,012 ( 3,471 4,70¢) 2.5% 0 760 (2012) 760  1.0%
6 Moray Firth 1,354 (2019; 2021; 2023) 5384 ( 4,658 6,31Z) 3.4% 1,715(2022) 0 1,715  2.2%
7 East Scotland 1,584 (2021; 2023) 6,298 ( 5,449 7,38]) 3.9% 7,502 (2023) 35 (2023) 7,537 9.5%
SCOTLAND total 21,308 5o 0mm 84,716 ( 73,292 99,32¢) 52.9% 53,525 1,570 55,095 69.6%
8 Northeast England b 5,381 (2020; 2022; 2023) 21,39€ ( 18,510 25,08¢) 13.4% 3,997 (2023) 35 (20162018) 4,032 5.1%
9 Southeast England c 10,735(2022; 2023) 42,684 ( 36,928 50,047) 26.7% 16,485(2023) 5 (2023) 16,490 20.8%
10 South England d 50 (estimate) 199 ( 172, 233) 0.1% 0 5 (2023) 5 0.0%
11 Southwest England d 729 (2023) 2899 ( 2,508 3,39¢) 1.8% 0 490 (20162023) 490 0.6%
13 Northwest England d 180 (2023) 716 ( 619 83¢) 0.4% 0 10 (2023) 10 0.0%
ENGLAND total 17,075 (2020; 2022; 2023) 67,893 ( 58,738 79,60¢) 42.4% 20,482(2023) 545 21,027 26.6%
WALES e 1,313(2023) 5221 (4,517 6,121) 3.3% 0 2,500 (to 2023) 2,500 3.2%
BRITAIN total 39,694 (2016; 2012023) 157,82¢ ( 136,546 185,05¢) 98.6% 78,622 99.4%
NORTHERN IRELAND f 549 (2021) 2,183 ( 1,889 2,55¢) 1.4% 0 500 (to 2020) 500 0.6%
UK total 40,243 (2016; 20182023) 160,012 ( 138,435 187,61!) 100.0% 74,007 5,115 79,122
{h! wheoad ! dadad RIFEGF 6SNB 200 AYySR FNBY | SNAIFE adN@Sea 02y RUxGEH SORp 9ove/ O alwy/i R byl Ri daNSSNIBO 2F(idzyoRFSRRNJ 6{ 80 2(kKkaXK b
ogdLSNﬁOINm}:Jum$aslemu\m ytsaAé 2UKSNBAAS AYRAONGSR Y2ad Lz LINERdOs2y SadsaYRiUBE& ’Jz'{ngﬁC?I?QNNﬁSﬂzLFNJNIRHzQNBVi
f SGIMMBH/ RAOI GS SasvYhidiSa ISYSNIGSR o608 {amv) KRYKIKES NI 141 NE (Bafdl Bk Bijf, 2B RIZeRiDEsYer ef ok, 202G Rundy BieldSS6cietgA2028)Y 6 NA |
2 Af RE AJmbl eodizafi swSa2dzNDSa 21t Sa z 2 AAf Rt A"-F éA ¢'N.Hzé i 27 {V2 dzi],K I )f R NJ éUéKLS 2t I@&MW%Mim%I 2020} Biidhe b | s 2 y I
and Bond, 2023; Stephens, 202B)b 2 NI KSNY LNBf I yR 5SLI NIGYSyd 2F ! INKOdzZ GdzNEZ 9y PANBYYSYyd FyR wdzN} £ !'GFANRO®
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August Counts

SMRU also surveyeay sealsn AugustSMUs 19). In 2023, SMRU also conducted a survey of
Southwest England and Wales (fundedIbyCC and NRWespectively). This was to provide as near

to possible a synoptic count for these SMUSs to incorporate with the counts from the other SMUs. It
should be noted that the proportion of grey seals hauled out in August is relatively low (compared to
harbour seals, which are moulting at that time of year). Indeed, based on telemetry data, it is
estimated that 232% (95% CR1.529.1%) of the population is hauled out during the specific survey
window and thus available to be count@@dussell and Carter, 202Ljpdated from(Lonergan et al.,

2011) There was no detectable effect of region, length of individual (regarded as a proxy for age),
sex or time of day on the conversion factor/scalar, but it is recognised there is relatively low power
(sample size of 60 individuals).

While pup production timeseries provide the main index of the UK population changes, August

counts are alsaritical. Distributiors during the foraging seasorefpresented byAugustcounts)

indicate where adults acquire the resources necessary for pup productierfordging seasois

also when seals are most at risk from threats at sea (e.g. bycatch), and thus consistent August counts
are requiredfor robust Potential Biological Removal estimates. Moreover, August cosodated
usingproportion of greyseals hauled out during the aerial survey window (from telemetry data),
provide estimate®f total population thatare independent from pup productian

The total composite count for grey seals around the UK (mainly from-2029) is40,243(see
SCOSBP 25/02 for more details); a total population-f60,012 (95% C138,435187,613 Table3).
The trends in August counts, and pup production, are presented in-BEQ@5/03 and briefly
summarized at the end of this answer. It should be noted that the high variability around the
proportion of the population hauled out in August means the poveedétect trends is relatively low
in SMUs that are not monitored annually.

Trends

At a UK and national level, changegip production and composite August counts can be used to
infer trajectories At the UK level estimated pup production in 2022/2023 w2%5% higher than in
the last main survey period (202®21). In Scotland, estimated pup production in 2022/2023 was
almost 3% lower in 2022/2023 than in 2019. In contrast, in England it was ~18% higher in 2023
compared to 2021. It should be noted, howeytrat for a small proportion of colonies, the same
estimates were used acrosselwo periods.The latest UK composite (largely 2e2@23) August
count was ~6% lower than the previous time period (2Q0&9). Specifically, it was 16% lower for
Scotlandput 7% higher for Englandt. should be noted that the lasurveys of Shetland and North
Coast & Orkney SMUs (2019) are useldoith these time periodsSome of the increase in England is
due to the use of counts for the latest period rather than estimates (used for the previous period). In
total, the UK count is ~55% higher than ie @marly 2000s, entirely due to the increase in England
(346%). The differences tirajectoriesbetween breeding and summer metrics of abundance, are a
result of seasonal movements.

Trendsat an SMUlevel are focussed on the pup production data, and the outputs of the trend
analyses which explicitly account for tbleange in methods, as well as August count data
production in West Scotland and Western Ishess estimated to bat an alitime high(2022)after a
recent period of rapid increase following a long period of stability. In Southwest Scotland (where
very few pups are born) and in West Scotlasuimmer abundancevasalsopredicted to be
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increasing. licontrast, August counts in the Western Istes variableand show no apparent trend.

Pup production and August counts in North CdaSdrkney have remained stable sinte early

2000s. For Shetland, the August counts show no trend; there is an indication of a decline in pup
production in ShetlandPup production for east coast SMUs was estimated to be increasing (2022:
Moray Firth; 2023: East Scotland, Northeast England, Southeast England). It should be noted that the
East Scotland pup pradtion estimatewas similar across the last three surveys (since 2018),
indicating that SMU may be nearing carrying capacity. The August counts are stable for the Moray
Firth and East Scotland, but increasing in eastern England. Limited data are available to quantify
trends in other SMUs. In Northern Ireland, August counts appear stable at a historic high. In
Southwest England, Wales, and Northern Ireland, there are indications that pup production is either
stable or increasing.

Ground surveys were conducted at sorast coastolonies in 2024, a year for which no aerial
surveys were conductedhese surveys indicated that pup production was lower than expected in
2024 for some colonie@atureScot, Fife Seal Group, National Trust for Scotland, Lincolnshire
Wildlife Trust, Friends of Horsey Seals; &dRU Press Release, 20@5)more details). It is not yet
clearwhetherthis apparent decline represents a decreas@ SMU level. Based on aerial survey
data, 16,485 pups were estimated to have been born in Southeast England SMU in 2D88n#&t
Nook, the Humber Estuary SAftoundbased surveymdicated that numbers were ~25% lowan
2024 than in 2022023 (when groundbased estimatesvere constant+100 pups)On a colony level,
grey seal pup productiois rarely stable, insteadften increasngto a peak theralling, and

estimates based on aerial surveys indicated that Donna Nook was already in decline imt2923.
was also a dropn groundbased estimates fadorseybetween 2023 and 2024ut this may have
been due tagroyneconstruction activitie®n the beach These apparerfalls could have been
completely offset by increases at Blakerjagt surveyed in 2024Blakeneyis now the biggest

colony on the UK east coasimost 9,00pupswere born therein 2023 (>50% of the Southeast
England SM total). Surveys conducted by the National Trust revealed that the recently established
colony at Orford Ness continued to incredstween 2023 and 2024, but the colony is still relatively
small (~250 pups).

In Southwest England SM8eal Research Trusisoreported a decrease in mainland Cornwall (~a
third of total SMUpup production) pup production in 202Z&he 2024 couniderived from groune
based surveys, was 17dgmpared to 191 in 2023Howeverthe pup count in thdeundy SAC
continued to increase between 2023 and 2qR4ndy Field Society).

UK grey seals in a world context

The UK grey seal population represents approxim&é¥ of the world population on the basis of

pup production estimates. The other major populations in the Baltic and the western Atlantic are
also increasingTliable4). Pup production estimates are used as indices of population size because
they represent a directly observable/countable section of the population and are available for much
of the globalrange.

Population size

In previous SCOS reports (including SCOS 2024), a population model was used to estimate total
population size and trajectories. Specificallye total grey seal population (1+ aged population,
NBEFSNNBR (2 & WIRdzZ G LI2LIZ I ( JspagePapulatidn dynadnicsi A Y I G S F
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model(Thomas et al., 2019)sing a timeseries of pup production estimates (192822) from

regularly monitored colonies in West Scotland, Western Isles, North Coast & Orkney, East Scotland,
Northeast England and Southeast England SMUs; ~90% of UK pup production. The modei also use
three estimates of population size from scaled up August counts from years surrounding 2008, 2014
and 2017. These estimates were from composite counts and adjusted to represent the proportion of
pup production in SMUs-2 included m the model. The model incorporated prior estimates of
fecundity rates, survival rates (pup and 1+) and sex ratio. The inclusion of the summer estimates of
population size indicated that density dependence was acting through pup survival rather than
fecurdity.

The fit of the model to the pup production estimates had been poor in some regions in recent years
(SCOS 2022). Whilst the model accurately captured some aspects of the observed trends in pup
production in some regions, the estimated adult survival rabenfthe model was very high and the
maximum pup survival rate was very low. This suggests some other parameters, such-asrinsdr
variation in fecundity or survival senescence could be causing a mismatch between the estimates
from the model and the puproduction data. For SCOS 2024, fit issuere exacerbated by the
apparent increase in pup production in West Scotland and Western Isles SMUs after a sustained
period at presumed carrying capacity (SEBP4/03). The population dynamics model assumes a
single carrying capacity for each regioe. stable conditionsynd thus was unable to replicate the
observed trends. Substantial work would be required for the model to be altered to encompass a
second carrying capacity for each regidfurthermore, tie model was not able to keep up with the
rapid increase in the North Sea. Increasing the prior on North Sea carrying capacity will likely help
with this mismatch. However, the rapid increase in pup production is very likely, in part, driven by
recruitmentfrom Orkney, which reached carrying capacity in the early 2000s (such movement is not
incorporated into the model). Indeed, the rate of increase in pup production in the North Sea region
(East Scotland, Northeast England and Southeast England SMUsgishnghthe intrinsic growth

rate of pinnipeds (~12%). In addition, there are indications of considerable movements outwith the
area considered by the model; both in terms of temporary movements between breeding and
summer season@Russell et al., 2013nd recruitment(Brasseur et al., 2015)he former is likely, in

part, responsible for the mismatch between population estimates derived from the population
model, and those estimated from scaling summer haulout couBt8OS recommends that énable
robust estimation of both the grey seal breeding and summer populations, a metapopulation model
needsto be developed. This would also allow explicit modelling of isexsonal movements, and

thus the relationship between where resources are gained (e.g. during the suramérvhere

those resources are utilised (breeding season). As such, the impact of removals from components of
the metapopulation could be modelled, and safe limits of removal estimated. Howadditjonal

funding would be required to develop such a model.

In 2024, SCOS concluded that, due to the poor fit to recent data, the population model, in its current
form, should no longer be used to generate population estimates. Most countries in Europe use pup
production or peak pup count as an index of grey sbahdance, and thus limited scalats

population sizeexist. Moreover, the true scalar will depend on the @g structure of the

population, which itself will be impacted by drivers of population change (e.g. density dependence
acting on pup survival).
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Table4. Relative sizes and status of grey seal populations using estimated pup production (to nearest

50; up to 2023) as an index of population size.

Region Pup Production Year Trend Source

UK 79,100 2022/2023 Increasing SCOS8P 25/02

Isle of Man 100 2023 Increasing Manx Wildlife Trust (2023)

Ireland 2,100 2012 Increasing O Cadhla et al. (2013)

Wadden Sea & .

Helogoland 2,550 2023 Increasing Schop et al. (2024)

Dutch Delta 50 2021-2022 Increasing Hoekstein et al. (2023)

France 100 2023 Increasing Poncet et al. (2024)
Possibly

Norway 650 20252023 4o tlining ICES (2024)

Russia 800 1994 Unknown Ziryanov and Mishin (2007)

- Granquist and Hauksson

Iceland 1,450 2017 Declining (2019)

Baltic 16,850 2020 Increasing HELCOM*

Europe

excluding UK 24,550

Canada Sable Possibl

Island & coaste 81,300 2021 decnniny

Nova Scotia 9 de Heyer et al. (2024)

Canada Gulf of .

St Lawrence 16,900 2021 Increasing de Heyer et al. (2024)

USA 6,650 2021 Increasing Wood et al. (2022)

WORLD TOTA 208,500 Increasing

* Monitoring in the Baltic (HELCOM) is based on moult counts. In Estonia, as well as moult counts, pup
production is also estimated. Here the ratio of pups to moult counts for Estonia in 2022 (5,587 moult count: 2,049
pups) was used to scale the Baltic mhibcount down to pup production. As such, it is assumed a similar

proportion of grey seals in the Baltic breed and moult in Estonia.
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2. What are the latest available August counts/pup production estimates and
trends for Special Areas of Conservation in Scotland and Engilarige context of
their SMUs

Trends in August counts for both harbour and grey seals and in grey seal pup production, have
been estimated for all Special Areas of Conservation (SACs), in Scotland and eastern England, as
well as on a Seal Monitoring Unit (SMU) scale (see SBP35/03for details). Below, the latest
counts/pup production estimates, and associated rates of change, are summarised, with the
addition of information on the two English SACs in Southwest England. Trends on SAC and SMU
scale were assessed using four metricspefcentage change compared to the latest year of data
available for a given SAC/SMU. There were two shiemm metrics: 1 year (ST1) and 6 year (ST6)
one longterm (LT) metric: since 1992 or tHest year intime series that start after 199%ear
thereafter; andfinally, change since any historic high in the time series (HH yaam)ess

otherwise stated,changesin the metrics described below areonsideredsignificantif the 95%
confidence intervals do not encompass Bor the LT and HH metrics, SMUs/SAC with significant
negative values are considered depleted

For harbour seals, following the incorporation of the 2023 August surveys (West Scotland), all
SACs are now either declining (ST1 and/or ST6) or depleted (LT and/or HH). The SACs are
exhibiting similar or more marked declines/levels of depletion comparediwthe SMU in which

they are encompassed. There are three SACs in the declining West Scotland SMU; the two-(South
East Islay Skerries and Eileanan agus Sgeiran Lios mor) in the south subdivision are significantly
declining and depleted (ST1, ST6, LT, HHgre is no significant current trend for Ascrib, Isay and
Dunvegan SAC (surveyed in 2022; central subdivisibut it is depleted compared to a historic

high (HH 2003). Recent harbour seal pup counts are only available for The Wash; the 2024 count
indicateda continued decline.

For trend analyses of grey seal pup production, changes in production estimates associated with a
change in methodg from aerialfilm to digital surveys in Scotland and from ground to digital

aerial surveys in eastern Englamdvere accounted for, and thus the estimated rates of change

likely reflect the true trajectory. In general, the trends in pup production within SACs are less
favourable than for the SMUs which encompass thelinshould be noted thatfor grey seals,

individual colony trajectories are often not representative of aregide (e.g. SMU) trendsGrey

seal pup production in all Scottish and English SMUs is stable or increasing, with the potential
exception of Shetland. In contrast, two of the SACs have decreased for all four metrics (North Rona
and Faray & Holm of Faray), and one SAC is depletedpaved to a historic high (HH; 2004; Isle of
May). On a shorterm scale (ST1 or ST6), pup production has increased only in two SACs (English
component of Berwickshire & North Northumberland Coast and Lundy SACs). For grey seals, the
August counts are inhently variable, so for SACs and even SMUs with relatively low numbers
and/or low survey frequency, the power to detect trends will be low. Indeed, many grey seal SACs
were designated on the basis of their breeding colonies, and do not host large summaloba
numbers.

35



The derivation of ppropriate baselines for assessing the status of wildlife populations is a complex
AadaadzsS 060SOFdzaS GKS (NHzZS ay2NXIfé¢ fS@Sta 2F | odzyRl
complexity associated with recovery following the end of hunting anéhguland also the Phocine

Distemper Virus Outbreaks (1988 and 2002) which caused reductions in harbour seal populations.

For the OSPAR Quality Status Report (QSR)(Ba@2ga et al., 2022DSPAR considered a set

Assessment Year (2019) against which changes were assessed on gbhyetair; ST&)r long-

(since 1992; LT) term basis. This maximised comparability spatially, but was relaxed for areas when
dictated by a limited temporal extent of data. Indeed, for m&§PARssessment Units, the time

series did not go back as far as 1992 so in reality, thetkenng assessment was based on differing

time periods.

Due to the spatial extent of seal haulouts and colonies in the UK, key haulouts and colonies are
surveyed across multiple years. This means that choosing a single Assessment Year would lead to
delayed and outdated assessments for some SMUs. Thus, SCO&ests using the most recent
survey year for each SMU/SAC. Given the natural variability in the proportion of seals hauled out
during surveys, and the differing frequency of surveys within and across SMUs, the change in
abundance is estimated from a mod#ted to the count/production data rather than directly from

the raw data.

Given the difficulties in selecting a loteym (LT) baseline, here 1992 is considered (or the earliest
year thereafterif the time-series began after 1992ollowing OSPAR. However, in addition,
depletion from the highest point in the time series is also estimated (historic high; HH year),
recognising that populations may have increased to a higher level than in 1992, and since declined.
Finally, an additioal shortterm (ST) trend was estimated (one year leading up to the latest survey
year; ST1), recogging the importance of rapidly detecting declines. This is particularly relevant for
SMUs/SACs monitored on an annual basisirSotal, four metrics of percentage change compared
to the Assessment Year were considered: 1 year (ST&R$(ST6); since 1992 (LT); and since any
historic high (HH) in the time series. Changes in metrics were deemed significant if the 95%
confidence intervalglid not encompass 0. It should be noted this differs from 80% confidence
intervals considered in OSPAR QSR 2023.

Trends in harbour seal August counts, and grey seal August counts and pup production, have been
estimated for all Special Areas of Conservation (SACs) in Scotland and eastern England, as well as on
the Seal Monitoring Unit (SMU) scale (SEBP25/03). Changes in the four metrics for all Scottish

and English SACs are discussed. Note that any changes (increases, dgaesseased below are
statistically significant changes (at 5% level) unless otherwise stdttd.that depletionis used to

indicate sigificant negative changder LT and HH metricall changes described (e.g. stable,

increasing) are in the context of the latest survey year rather than the present day. SMUs which do

not encompass SACs are not considered here.

Harbour seal SACs

There are ten harbour seal SACs in Scotland and England; harbour seals are the primary reason for
designation in all except Sound of Barra. Below, for each SAC, the trends relative to the associated
SMU are described. A recent comparison of the tseees(generally starting in early 1990s) of

harbour seals counts within Scottish SACs compared with those wilitikra range of the SACs

showed that SACs are not reliable indicators of trends in the wider(Memis et al., 2021)
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Recent pup counts are only available for The Wash. Such counts provide dngsfuwf fecundity

and provide an indication of the condition of the local population. For most SACs, an index of pup
production would be resource intensive (due to spatial variability in the potential peak pup
production), and for the west and north coasts would be grehthdered by the predominantly

rocky terrain. Furthermore, for the most pdrttegrating trends in pup counts into SAC Assessments
would not be straightforwed for the following reasondn contrast to grey seals, harbour seals
generally do not breed in large colonies and pups can swim from birth so at some sites numbers
counted may not be indicative of numbers born at the ditarbour sealslo show shorrange
movements between breeding and moult in some pkades such, unless an SAC holds a large
proportion of the local population (like in The Wash), and movements in and out of the SAC are well
known, pup counts will represent an unknown proportion of tregplation during the moult, and

thus cannot be used asfecundity index.

West Scotland SMUEileanan agus Sgeiran Limer SAC, Southeast Islay Skerries SAC, and Ascrib,
Isay and Dunvegan SAC

Following the incorporation of the 2023 August surveysjradance in West Scotland SMU appsear

to be in decline (ST1, and for sowhbdivisiorand West Scotland as a whole, ST6). The two SACs in
the southsubdivisionEileanan agus Sgeiran Linsr SAC, Southeast Islay Skerries SAC) are
estimated to be declining (ST1, ST6) and depleted (LTHdtithated abundance in the Ascrib, Isay
and Dunvegan SAC (centsabdivision has decreased but not significantly (ST1 & ST6). It s,
however, significantly depled since its historic high (HH 2003). It should be noted that the latter
SAC was surveyed in 2022, whereas the former two SACs were surveyed in 2023.

Western Isles SM&ound of Barra SAC

Abundance in the Western IsI&MUis estimated to have declined to the last survey in 2022,
significantly so for STdut not on a longer timescale (ST6, LT, HHj.contrast, there is currently no
significantST1 (or ST@)end in abundance in the SAQt abundance is severely depleted compared
to the start of the timeseries (LT). The last cou0@2) represents around 3% of the SMU total
compared to around 38% in 1992 (start of the time series).

North Coast & Orkney SMU: Sanday SAC

Both the SMU and the SAC therein are severely depleted compared to historic counts (LT and HH
2002), and are still in decline (ST1 & ST6). The current rate of decline and level of depletion are more
severe in the SAC than the SMU. In the last count in, 2089SAC represented around 5% of the

SMU total compared to around 19% in 1993 (start of the time series).

ShetlandSMU Mousa SAC and Yell Sound SAC

Although depleted (LT), estimated abundance in Shetland is stable (based on 2019 counts). This is
also the case for the Yell Sound SAC. In contrast the Mousa SAC is almost completely depleted
(~98%; LT) compared to the start of the thseries (early 199Qsand is still in decline (ST1, ST6),

with a count of 7 in the last survey (2019).

Moray FirthSMU Dornoch Firth and Morrich Moi®AC

Abundance in the Moray Firth is depleted (LT) but stable (ST1, ST6). In contrast, the SAC is more
severely depleted and still in decline (ST1 & ST6) representing 5% of the SMU count in 2023
compared to around 50% in the early 1990s.
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East Scotland SMU: Firth of Tay and Eden Estuary SAC

The East Scotland SMU is depleted (LT) and still in decline (ST1, ST6). The SAC was last surveyed in
2023(count of 55) and although it is over 90% depleted compared to the 1990s, it is no longer
significantly declining. Indeed, it has shown a slighentincrease (significant for ST1). In the last

count (2021) for the SMU as a whole, the SAC represented around 16% of the SMU total compared
to around 83% in the first SMWide survey (1997).

Southeast England SMU: The Wash & North Norfolk Coast SAC

The SAC accounts for around two thirds of the SMU abundance. Except for during the Phocine
Distemper Virus (PDV) outbreaks in 1988 and 2002, the SMU and encompassed SAC increased until
levelling off around 2015. However, since 2019, the ctaist beermarkedly lower thar20152018

There is no significant continued decline within the SAC or SMU (ST1). The decrease, since the high
in 2015, is 20% for the SMU, and 6%for the SAC.

The Wash accounts for the majority of harbour seal pup production in the Southeast England SMU.
In 2024, the pup count wa&96, which is almost 37% lower than in 2023. The mean maximum pup
count (20222024: 1150 pups) since the drop in the moult count Wextn 2018 and 2019) is
substantially lower (~23.5%) than the mean maximum number of pups in the 5 years preceding the
decline (20142018: 1505 pups)n terms of the trend analysepup peak counts arsignificantlyin

decline for ST6-24.494 95% CIs40.96,-3.83) but not ST1-5.56; 95% C#11.35, 0.47)The current
peak pup counis significantly higher thaim 2004, the start of the time series, when The Wash
population was depleted following the 2002 PDV epidemic (62.26% CI: 23.03, 115.81).

However, the peak pup counts is significantly lower than the tseiees peak in 2015 (H&6.89

95% Cls42.52,-7.17)

Grey seal SACs

Nine grey seal breeding colonies are designated as SACs in Scotland & Bajtamdior each SAC,

the trends relative to the associated SMU are described. Note that SMUs that do not contain SACs
are not coveredFor trends in grey seal pup production, the trends reported are robust to the
change in methods between aerial film and digital, and ground to aerial digital. In general, the trends
in pup production within SACs are less favourable than for the SMUsribatrgass them.

However, itshould be notedhat for grey seals, individual colony trajectories are often not
representative of areavide (e.g. SMU) trend&.or example, pup production in Orkney levelled off
around year 2000 buhe majority of individual colonies still exhibited increasing or decreasing
trends thereafter (Russell et al. 2018ugust counts are inherently variable, so for SACs and even
SMUs with relatively low numbers and/or low survey frequency, the power to detect trends will be
low. Indeed, many grey seal SACs were designatedeobasis of their breeding colonies, and do

not host large summer haulouts. Here the August trends quantified in - B€Q35/03 are briefly
described.

West Scotlan&MU Treshnish Isles SAC

Pup production for West Scotland appears to be increasing (ST1, ST6), after a long period of stability,
and is now at a timaeries high. Although not significant, there is an indication of an increase in
Treshnish Isles SAC (ST1 & ST6), and it is no kiggiicantly depleted compared to the highs in

the late 1990s (when the SMU trend first levelled off). The Treshnish Isles accounts for around ~25%
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of pup production in the SMU, but is not a key haulout accounting for less than 5% of the SMU count
in August.

Western IsleSMU Monach Isles SAC and North Rona SAC

Pup production in the Western Isles is increasing (ST1 & ST6), after a long period of stability, and is
now at a record high. The Monach Isles SAC is also at its highest level of production accounting for

grp: 2F GKS {a! Qa LINE RarOdicatbryaf a récghRincledse) Kigrard K (1 K S NE

significant (ST1, ST6). In contrast, the North Rona SAC which historically was the biggest colony in the

SMU, is severely depleted (LT) and is continuing to decline (ST1, ST6); it now accounts for less than

22 F (GKS {a!Qad LINRPRdzOGA2Yy O2YLJI NB Reridgsxong8iddB8dNI H &>

here (1984), and likely an even higher proportion in the 1960s and 1970s (Rus$£1019). August
counts in the SMU are variable with no overall trend for the Monach Isles SAC (~40% of the SMU
count) or the SMU as a whole (LT, ST1, ST6). The most recent count (in 2022) for the Monach lIsles,
and the SMU as a whole, was patrticularly lole North Rona SAC is a small haulout (~5% of the
SMU).

North Coas& OrkneySMU Faray & Holm of Faray SAC

Pup production in the SMU levelled off around year 2®&lifice thenpup production in the SAC has
been declining (ST1, ST6, HH 1998). It is now significantly depleted to around bathe historic

levels, accounting for ~10% of the SMU production. Haulout counts in August are stable in the SMU
(last surveyed in 2019The SAC only encompasses ~ 3% of that count, and is depleted and still
declining on the é/ear scale.

East Scotlan&MU Isle of May SAC, and Berwickshire and North Northumberland Coast SAC

The trendin pup production in East Scotland is predicted to stilldmreasing (2023) buhe pup

production estimatefiave beersteadysince 2018 (3 surveys). Production on the Isle of May SAC is
estimated to be ~23.5% lower than the historic high in 2004, and there are indications it is in decline
(but this is not significant; ST1, ST6). The Isle of May SAC, which until th@3@&represented
Ffy2ad mnmr: 2F (KS {a! Qad LlzL) LINPRdAZOUA2Yy > 2yf e
increase irpup production at Fast Castle. Arousi@ of the pups at Fast Castle are within the
Berwickshire and NortNorthumberland Coast SAC. Likely tm¢he expanding nature of the

colony, there are increases at the colony level (ST1, ST6) but not within the SAC. Neither SACs in
East Scotland represent key hault areas for grey seals during the August survey.

Northeast Englan®&MU Berwickshire and North Northumberland Coast SAC

Pup production in the English portion of the Berwickshire and North Northumberland Coast, for all
intents and purposes, represents pup production in the SMU. Pup production and August counts are
at record levels and continuing to increase rapidly (ST2), $0é English portion of the SAC

represents the vast majority (>90%) of the August count of grey seals in the SMU as a whole.

Southeast Englan8MU Humber Estuary SAC

The Humber Estuary represents a decreasing proportion of the pup production for the SMU as a
whole. It accounted for 100% in pup productior2®00 butnow accounts fotess thanl5%. There

are no significant shorterm trends in the SAC, but the last estimatas almost 12%eoiver than in

2021. Incontrast, production in the SMU is still increasing rapidly by ~10.6% per annum. The trends
for August show a similar pattern; Humber Estuary is no longer increasing (ST) but the SMU as a
whole is increasing on éhST6 level.
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Southwest Englan8MU Isles of Scilly Complex SAC and Lundy SAC

The most recent published pup production estimate for the SMU as a whole is 373 pups in 2016
(Sayer and Witt, 2017b, 2017ahe majority of which were in the SAQ28Isles of Scilly Complex
SAC; 27 at Lundy SAC in 2qlLendy Field Society, 2023)his total is higher than the estimate in
2005 (260(Westcott, 2008)

The last published estimate (2016) for the Isles of Scilly is higher than the previous estimate of 112 in
2010(Sayer et al., 2012 he majority of the recent August count (2023) was within the SACs; ~ 55
and 10% for Isles of Scilly and Lundy, respectively.

Additional data have been supplied by Lundy wardens. Pup production estimatesZ@P8Band
August count data (2002023) were analysed following methods in SBP4/03. Pup production
on Lundy in 2023 was the highest recorded (&6ndy Field Society, 202®)d still increasing with
significant increases since the start of the tiseries (2008; 110.6%; 95% CI: 50, 193.5), as well as
ST1 (11.8; 95% Cls: 0.6, 24.1) and ST6 (113.2; 95% Cls: 61.4, 184.5).
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3. What update can SCOS providm the most current information regarding the
population structuredemographyof grey and harbour seals in the UK as well g
within England, Scotland, and EuroP&COS will include any updated
information on mortality, age and sex structure of both species, highlighting ar
changes that might impact their conservation.

Population Structureand DemographyHarbour seals

Knowledge of UK harbour seal vital rates is limited and inferences about population dynamics rely
on count data from moulting surveys. Information on vital rates would improve our ability to
provide advice on population status, but published estimates tdK harbour seals are only

currently available from one long term study at Loch Fleet (Moray Firth SMU). Preliminary
estimates of adult female survival from the Scottish Government funded Marine Mammal
Scientific Support Research Program (MMSS) mark recapseheme are presented for harbour
seals at study sites in the North Coa&tOrkney SMU, and West Scotland SMUs. These are
updated from previous estimates presented in SCOS (2022).

An index of fecundity (max pup count divided by moult count) recently increased in both The
Wash and Wadden Sea. This could be an indication that demographic rates have changed, or that
the relationships between pup count and pup production, or the moutiunt and the total

population have changed.

In light of recent advances in techniques including drone technology, SCOS recommends that, a
scoping study should be carried out to assess the feasibility of developing additional studies of
harbour seal survival, fecundity and indicators of conditionadditional sites around the UKThis
exercise should consider the resource requirements of collecting data at appropriate temporal and
geographical scales, and assess the cost/benefit of such studies in relation to other data
requirements

Genetic studies show that harbour seals in southeast England are part of the continental European
metapopulation. A separate metapopulation is centred on Scotlaadd this metapopulation can

be further divided intothree distinct genetic clustersWestern ScotlandcomprisingSMUSL,2 &

3); Northern Scotland (comprising SMUs 4,5&@&ndEasern Scotland(SMU7). Population trends

are consistent within each cluster but differ between clusters.

Survival and fecundity rates
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Pup/juvenile survival

A study investigating first year survival of female harbour seal pups, using telemetry tags was carried

out in Orkney and on Lismore (West Scotland SMU) in 2007. Battery life of the transmitters limited

the study duration, but survival was not significantly different between the two regions and

expected survival teix monthsvas 0.® (Hanson et al., 2013jHarding etal., 20085 K2 ¢ SR K|
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Adult survival
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GKS KATJIKSNI a2Nl @ CANILK SaesYlFiSa YIreéd AYRAOFGS (KU
G§KS RNAGSNE 2F RSOfAySo®

l @At ofS SadasaYlFriSa 2F adNBAGEE F2NJ KFENDB2dzNJ &S| 3
LK 2mi®2 RIGF FNRBY A0S AYRAGARdIzZfad ¢KS SaaYlIGSR 2
I Rdzft & 6ob &@SIFNRUV SdaYl &6 YRNI K EaN®2/ N edippindgg Ay ¢ 0
| FdoyBRlIdHinMad ONFZINKIS] SdoYld@SdypBaSREASRIIRE2 y &
b2 Ay Of HzZRA YHdzER QKINGS o0AF &SR GKS | Rdz G &dzNA DI ¢
Fecundity

CSOdzyRAGE INOISMNAFDOONS @ T KBzLIA 0 N dFS MISINEB Az § RS Y I |
SdoYIFGSR F2NJ KFNb2dzNJ aSFHfta +Fd aadasSa Ay hNyySes {
RSNAGSR F2ft26Ay3 (KSSED NS nWS K2 RBEK SINS A2y NI YREE Yo
GSNBE AyOf dzZRSRY o6& AyOfdzZRAYy3dI aAiAdKeyda 2F FSYIfSa
I LdzZLJd hNJySeé KIR I FSOd Ry GPONI aSGRTI nwg Rt 0 HET
Oft Ay AYH20 NFRAA D RA dzlBIIOdzy RAGE NI y3IAy3I noyced (2 n
@S IyR [20K CtSSG FSYIFfSa KIFER af AmBKGH R0 KRAANMIS{NI
R noyTtH mopphpih FDNMNF20K Cf SSdiaod | Y2RIff aeA G K |
ZLIILR NI SR Ay {1883 46AGK FSOdzyRAGE NI GS Nry3aIaAy3d 7
yaraiaSyid sA0GK GKS 20aSNWSR RSONBIasS Ay (KS 283
Ly {2dz2ikKSIFad 9y3aftlyRY GKSNBE Aa SOARSYOS F2NJ NBOS
asSrtao ! FSOdzyRAGE AYRSE:Z GKS LISFH]1 O2dzyd 27T LidzL
Y2dzZ G adz2NBSe O02dzyi FNBY (KSE LIRBIMrA pdzayYadd Soal atl
KFEND2dzNJ aSFHE LI2LJzZ a2y AYy ¢KS 2FakK KFa akKkz2gy N
GKIFIy R2dzot SR 060SG¢6SSYy wnnanm YR Hwnnc YR NBYFAYSR
l'yof NBOSyiteée GKS FSOdzyRAGE Ay RJGalatluyetal k&3)f I NH S NJ
ODIFfladza SG Ffd HNnHOO 61 & AAYATIN G2 G4KS wnnm @I
{ S FTSIOARRE (Rl & (Chlaigsetaly, CIRBYBRSRE y26 2F | &AYAL N
2 | &K/ m{t wprN ¢KAA adzaA3aSada GKIG (KBIEP& SRBSRGA Y C
Y2@3SYSyYyil o60SGd¢FRy YENB SRRy A2 LJdzA | e2yad Ay GKS (g2 | |
ONXzRS YSGNRO F2NJ GKS LINPRdzOa @A (e 27F | LRLMzZ I a2y
aYAY3d 2NJ GKS LI GgSNYy 2F KIFdzA 2dzi RdzNRA KV BKE QSN g 828 b
2NJ 2dzNJ AYRAOSa 2F (K2aSNNKGESEXYyPRB-OKbgYEHY I | YR

In light of recent advances in techniques including drone technology, SCOS recommends that, a
scoping study should be carried out to assess the feasibility of developing additional studies of
harbour seal survival, fecundity and indicators of conditioadttitional sites around the UK his
exercise should consider the resource requirements of collecting data at appropriate temporal and
geographical scales, and assess the cost/benefit of such studies in relation to other data
requirements

Age and sex structure

¢tKS 0aSy0S 2F O2YLINBKSY&aAdS KAAG2NRAOIE OdzZ t RI(
SdoYlI 1S4 YSIya GKFEG GKSNB INB y2 NBtAlLlotS REGE 2
lf 0K2dAK aSlta T2dzy R RSI R yRdzNoyh BRSNSt 5 3 SRIIA 1GKSs
Of SI NI & 0 MAIKRS bR Y BSFREYW GSSNES | LR LB Nz ¥ SI2yR 1 KS @ S
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f 1 NHS LINE LRASBYR 6 BRBOIYWERT (dza SR G2 3ISYySNI (S LI Lz |
(Hall et al., 2019)

Growthrates

tKS 20aSNWWSR RSOftAySa Ay a42YS KIFNDb2dzNJ aSt LI L
AYONBIF&ASR RdA G YR 2dz@SyAftS Y2NIlfAdGeé | yRk2NI |
RNAGSNE 2F (KSaS OKlFIy3aSa I NE oNBENBRIDSR2 LINEZ2R RSY

3
AYONBIF&ASR 02YLSoee2ys (KS SiS0la 2y AYRAQGARdzZ f &€
INRPSGK FYyRk2N £ FGSNI 38 +d &aSEdza f Yl ddNAGe o

I O2YLINBKSY#HABS RISy ABK FT2NJ ! Y KINDB2dzNJ aSIfa &Ll
AaK26SR y2 SOARSYOS F2NJ YIF22N) RAGSNBYyOSaz 2NJ OKI y
LI NI YSGSNBZ | ONRP&aa NBIA2Y &Habétdl. 20102 yf (2Nil-SEISYNFE LK1 SdzE
L2gSN) G2 RSGSOG avlift OKFcy3aSa sFa ftAYAGSR o6& YSt
FYR GSYLRNIt Al YLXAYy3 SG02NIP ! 328YLXWi2a0 fSy3adka |
f SYy3JdKa F2NJ KI ND 2 dzNJ &S |1f NaRQIdE yf R 2/ylay AR 0 deNR(L8S 3T S
F SN 23S mMnandpOY opp: /LE mModp®nI mMnmMdcO FYyR YIfS3

¢tKA&a fF0O1 2F araylrt aa20AF0SR 6AGK LIRLIzZ a2y GN
KFEND2dzNJ aSFHE LIR2LJzZ e2yad® /2YLI N az2y 2F az2YlFad 3N
f SyadK FyR LIR2LIzZ a2y &Al Sdzl s DyAINIIKS NEK 286 ASYWRA fUIKNI (A yE
i KSNB Q;SNJS Of SI NJ RA 0 Smelliidebal, 2018, p.2@S ¥ KRR Bldza B b 2§ a Ay
YFgS3AlL G aK2gSR AAYAT I NI FaedyYLIi2zaO tSy3adkKa a Ay
AK2NISNY ! a8YLizaO tSyaikKa 2F 020K YIFHES yR FSYI
INRPSOGK Yl e KIFI@S &SFye NNWRAYBES RS2 ANnStal & aSlktazr ¢
Ay GKS {IIEISNJ\L]“[ O2YLJI NBR (G2 GKS YIgSaride ¢KS I c
{1F3ISNNI1 YIe& 0SS Iy SINIeée araylrft 2F RSyairide RSLIS

Genetics

DSySea0O0 RIFGF FTNRY | &dGdzZRé RANBOGSR (26FNR NBaz2t gA
aSFfta FNRBY I NRdzyR (KS |OfserleyaRr 201 REBOBP OSY dzNB LIS ISP v 3
extendedd 6 A 1K FdzyRAy3I FTNRY Dbl Gddz2NB{O2040 IyR O2Y0AYySR
RIEGE (2 Ay gSRAYEIRSY AEAMDS2 T KCandi & dzN2O2S | £ LI2 LIdzf | o

A = 4 A X~

5b! al YLt Sa 6SNB O2tt SOGSR FTNRBY | LIWINRPEAYF(GSt& or
FYR (KS 20IRR&H., 2019y R 6SNBE 3ISy2ieLISR i mu YAONRA
4dz23SaiGSR GKNBYSRAYo NGl (KNSR dzlalZi K SljdzA g1 £ Sy i G2 |
2 RRSY {SIFZX FtYR I y2NIKSNY OfdzaAGSNI GKFG g1 a ¥FdzNI
G2 GKS {2dz2ikgSad {O20GfFyRxY 28ad {020t yNRs | yR 28
SlidA @It Syl G2 b2NIK /2Faid 3 hNylySes {KSi{flIyRI a?
LYGiSNBasy3dfex (GKS LRLMA a2y GNBYRA Ay GKS GKNEBS
GKS &d2dzi KSNY Of dZAG SN aK2g O yvlyaza NI RS QIARY 3 & ONBE 2
t 5+ SLIAT 22008 Aynmopuykiny R ou o 2wIdd i blRYNY AQT disKiSS NO2H
RSLI SGSR I yRk 2N RS Ofil KybA NEEKA A ISANG/S OlfI23dztSING %ySINBA VS A (i |
AYONBI &AyYyITSIHSVG NBIONGHSief eNB & dzf § aw & @ S NI RA Odzai S NIK |
LJ2 LJdzf | oRIYO SV RS Jdzap { limht{ RE Ok A ¢ & D
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(Carrolletal., 2020z SR | O2YO0AyYyl o2y 2F LRLIzZ I o2y AERBYRAI
YdztBSY SN a2y L2 LIz | 2y 3ISYySaO RIFEGF (G2 Ay@Sasdl
YSGIF LR LIz o2y d ¢KSANI NBadzAZ §a AYyRAOIEGSE KREY 3 BESR
0 &0lsenetal., 20lNBLINBaSy i (62 RAdAay Ol YSOlILRLMZ I a2yad
GKS y2NIKSNY YSOlFLRLzA a2y 06SF2NB FyR | DSNJ GKS
LJdzii I @ @S a2 dzNDOS LR LIz [ o3 8] y&82 Nl EYyRANBKEKZREL (|
adzLILR2 Nby3d GKNBS fA]1Sfe aAy] LRLzZIs2ya 691ada /
YSGIF LR LA RS 2WA &aNHzLle 2y 2F YAINI a2y O2AYOARSYylH ¢
GKFG G§KS vy 2LB8uiK NI LINSIGNAIAGZ2S 6 S Ay RSO
(Nikolicetal., 20200B LI2 NLIISR 'y Fylfeara 2F (KS 3ISySaO aidNuz
LJ2 LJdzf F 92y ® ¢KSANI FylFfedara NBOSIFESR KFG GKS a2NI
f S@Sta 2F 3ASySoa0O RAGSNEAGE | OHRXEISEHORT2DdzZNNB y fi 2
RAGSNERAGE YR St0S00@S LRLMzZ a2y aAl S 6SNB 263 ¢
KFd NBYFAYSR G ONRBFRfe& aAYATINI £t SOSta FTaftt20AYy:
J0REFE NBO2f2yAlloa2y 2F GKS | NBI @

alidzRe dzaASR YA ({20K2YyRNRK MM OAYQINERRAf GNSE = AA2(y
I GS GKS 3ASySe0O LBRLIMA a2y &alG§NHzOGdzNBE 2F KI N
Ggr muHoU YR | R2I OSyil yrY wigstiNdetdstlaly 2098) (WSSNEEdzE oldal) (i 2
AYRAOIFIGS GKNBS 3ISySolOlffeée RAAayOl t20Ft LRLMALI o2
b2NEIKald 9 b2NIKSNY LNBSHEVYRLOBIbYRIOKYROP2OzZ4KL | N
RA&doay3ddAaKSR FTNRY (KS HhBMIGKENIP !laX AN G2t NFRE B&
GKIFIG b2bL NBOSAGSHS&A INOFI@AlF WRB Yo b2RIIK2 bL I Osay 3
020K {2L lyRBiolenHidbayX¥88BSaiSR GKI{ KIANERNEBW &S|
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Carrying Capacity

CKSNBE A& y2 F@FAfFo6ftS AYyRSLISYR
L2 Lddzt  e2yad ! G LINBaSyids 2yte ({
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Population Structureand demography Grey seals

There is evidence for regional differences in grey seal demographics, but detailed information on
vital rates is lacking. New resources should be identified to address questions around fecundity,
and firstyear survival and dispersal, as they are likelywdirs of UK grey seal population dynamics.

The grey seal breeding population in Orkney appears to be close to carrying capacity. Recent
increases in pup production in West Scotland and in the Western Isles indicate a possible increase
in carrying capacity for those SMUs. The population in the Easttland SMU has increased rapidly
but recent estimates indicate it may be approaching carrying capacity, and the population in the
Southeast England SMU is continuing to increase rapidly and shows no sign of density dependent
constraint.

Grey seals in the UK are members of the Northeast Atlantic metapopulation. There are two recent
grey seal genetics studies which are relevant to the UK. One centred in Europe suggests that
individuals from Ireland are part of a single interbreeding popuat, with Southwest England

being a source of migrants to Ireland, and the southern North Sea (Germany, Denmark) being
either a source or sharing a common source of migrants to Ireland. However, the relative
population sizes in these areas do not suppohtase conclusions. A ranggide study suggests that
there is a split between the west and east of the UK; this conclusion is, in part, supported by
tracking and population data.

Earlier studies indicated a degree of reproductive isolation between grey seals that breed in the
southwest (Southwest England and Wales) and those breeding around Scotland, and within
Scotland there were significant differences between the Isle of May &atth Rona. However,
these relationships may have changed due to increased recruitment into-natal SMUs as
potential source populations reached carrying capacity. There is therefore indication of sub
structure within the UK grey seal population.

Age and sex structure

2 KAt $Id2LK EINPSRdaOaRNR 6 Ay I G | O2yaidlyd 6AdSo SELRY
FSYFES LRLIA o2y aAT S 61 a&a RANBQGBISHSINER VKDL 216145 Ni
OKIy3aSal iy & &K SLudyld NBNRarSdzRagkyl W3S kaAS a4 G NHzOG dzZNB & Ly |
FoaSyO0S 2FTwARBIZBMHZVEISE SY 2N | NP o0 tzd i5 OXN DOy D K2 F ISR S Y e
AdzNDAGEE 2N FSOdzyRAGe@E 6S NB dzyloftS G2 | OOdzNT (i &
L2 LJdzf 92y S 6KAOK oI YIIISNE LBA 2 N2 &AT S& FNRY LidzL) L
SdasaYlFiS 2F GKS F3S adGNHzO0GdzNBx a4 t€SFHad Ay GdSN¥a

FSYLFHESa 61 a LINBGA2dzate ISYSNI GSRmdA KXY plo OLIZ IKEE |
Y2RSE6RAyItS Ft26lft SadaeYlI(iSa FT2N FSOdzyRAGES YI EA
L2 Lddzf 92y 05 | RdzZA G FSYI S &dzNBAGIEX YR AYRAGARdzZ
NEIA2Yy (G2 | O02dzyi F2NJ RAGSNRA WA REINIDRDOE Ol K B EDIS |
Y2RSt F2NXdzZ a2y LINBOf dzZRSa NRodzad Uky3a 2F NBOSy
Y2RSt dzaAy3 RFEGE dzLJ G2 wnmn 0&aSS vmO FFNB O2yaArREe
wS OS@Bull etdl., 20214 dz33Sa i SR GGKIG OKFy3ISa Ay oaYAy3d 2F 0OA
LINE RdzOa 2y Yupnd 6SNB 0SAy3d RNAGSYy o6& OKIFy3aSa Ay

NE&aLR2YyRAY3I (2 OKIy3ISa Ay +ty AYyRSE 2F &SI &dzNFI OS
YSIOF yAaYyYa O2dzZ R KIF@S NBadzZ G§SR Ay LISNYIFySyid OKIFy3
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AYYAIANY 02y Kk SYAIANr o2y 2F ONBSRAYy3I FSYIFIHfSa 2F RADSC
StS@avenetal., 2020 G dzZRA SR LIKSy2t23& Ay (GKS {FotS Laftl yl
2OSNRKBIFONNLISNA2R YR aK2gSR YdzOK avYlffSNI YI3yAldz
RSY2INDKIKATS A | YR aK2gSR GKFG FSyrfSa 2F +tt 38
¢tKSe | tftaz2 02y Of dZRSR FTNRY HXITcy LlzLlJa GKIF G OKI y3S3
LJdzL) ¢Sl yAy3d YlIaaz gKAOK Aa | aidNZOADI LINKBIRA OIB20ONNH2A T
(Hall et al., 2001; Bowen et al., 20456)

Survival and fecundity rates
CKS 2yte O2yGSYLRNINE RIGF GKIG 6S KFE@S 2y FS0Odzy

SaaYIFIGSR FTNRY f2y3 GSNY &a0GddzRAS& 2F YIFINJ SR 2NJ ARS
b2NIK w2yl 62S8Sad0GSNy Lat SD2{0d!yR HyyR 0K SvSlaxit § a2 B
G23SGKSN) 6AGK ON}YyYyRAYy3I aiGddRASa Ay /I yFRAFYy 3INBe
GKS 'Y FTYR . lfa0O KI®S 0SSy dzaSR (G2 RSU¥Y$ TSI arof
HNnkKAno®

SJJ< (/')>

First year survival

CANBRG @SIN) adzNBAGIE A& GF1Sy G2 YSIYy (GKS LINROL 0 A
F2f{t26Ay3 ONBSRAYy3I aSlrazyo !'(i LINBaSyidz RSyairde F
0K2dzAKG G2 2LISNFGS LINAYFNA®E (KNRJdAK OKFy3dSa Ay
9&daYliS& 2F YIFEAYdzY LizZL) adzZNBA Gt S FNRBY LJ2 Lz | o2y
GKSNBT2NBE LINBadzYSR y28 (G2 06S adzeSOG 2t adNRy3 F
Hnknn® aSty SasaYl(iSa 27 i QazNIERISDISRES NB INGSRA 00D S
dzy RSNB&aoa Yl GSR GKS LILJz I a2ya Ay GKS b2NIK {SIF NE
{a!azr a2 (KSGBy &k MANYSR® dhddzL) & dzNBBA Ot S&dea Yl GS& a
¢KS OdzNNBy G 3INBe &SIt NBILMANSyZY 2 08B dnyfli R; A GBSRE 10¥F
FILOG2NAR GKF G | LIS NI(Th@masebal. l2AiB)y 8 & {1 mkizhip & ¢zNIDA ¥d Y |
LJdzL) & dzNBA Gt Ay 'Y {a! LRLMAZ I a2yad I NRdzyR {O20Gf |y
L2adAofsS 2 RSNAGS OdzNNBy il LlzL) &adzNBDAGEE SadaYl (1S3
L2 LJdzf | o2y &A1 S ChNRY RIKS L3dnS EANPNRR AP ¢ KS L2 &G SNR
OdzNNBy i LR Liz | o2y &AT S& RAGSNI 06SG6SSy NBIA2y&ad L
KIgay3a tAgtsS SuaSOiGs GKS OdNNBKS YIHZEN ¥ dz2NDA dry 62 $aé
NI G§S® Ly (GKS 20KSNJ GKNBS NBIA2yE 6KSNB LR LL | a2y
S&oYlIGS Aad YdOK t26SNE 6SAy3 nodmm Ay GKS LyySNI |
¢CK2YlFa SO FfoX bldznvdpdzNBASYE  BRNIKI G2 LJdzE F a2y |G C
I NB dzyiR® v rbdw

al MBS OF LI dzZNB o6l aSR SaoYl iSa 2F 2dz8SyAt S &dz2NDA DI ¢
6SEFYSR LlzLlJa GKFG adz2NBAGS G2 38 no KIFE@S RSOf AySF
f SGSEtESR 20 9aaYlI(iSa 2F | NBISVNAS | NaAzNIZA Blafo YF NBYW
Y+ N] NXd@h HéjiedeXiB., 2013; den Heyer and Bowen, ZHY)RA O 1S G KI G 2dz@Sy
NI 6§S& I NB OdzNNByiiteée 6St2¢ non Ay 028D IitkuS nDodaf aF |
5dzS (G2 GKS RSONBIF&S Ay 2dz0SyAtLl8 LuANBR @I i 2 &4 LIS H
LINE RdzOa 2y Kl & RSOfAYSR FTNRBY | LILWNREAYIGSt& nop 2
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Adult female survival

wSt SOIFylG aiGdRASa F2N) SdoYloyd Tablesb f $a aMINBDEI DI 2T 2 7
Fyydz- € FRdzE G FSYFES adzNBAGIE Ay GKS 'YX 2001 AYySF
nodo | (Advernl@sd;dHarwood and Prime, 1978) {11 © { M H Kk N H 1 B RIS OUIIL AINIBNS

6/ awbv 2F | RdzZ G TS YHImBuletd y2020ANBIS FOASYST QIzafS2Ry AiRa Sda Y
AdzNBAGEE 2y b2NIK w2yl YR G4KS LatsS 2F alé 2F nd
G2 GKS LlzLd LINPRdzOa2y aYS aSNAS&S LINPRdAdzOSR Saa VYl (
fAYAOG 2F (INSlale yNEfWFIS S aleyyidrS1Sa FNRBY {FofS LatlyR &
RAdzZNAY 3 GKS YIAY NBLINRRdzOa@S F3S Of I aadwmotne G2 Hn
{ S0SNJ Y2RSt ¢ a mlizy RRAALESEO ASBGOK I EIdE GFRMBMY | o2y R NB
daA3dKay3d LINE INI Y(Weh H¥ef anfl Bowén201)alf BRI IS | RdzA G FSYI ¢
gra SasaYlIGSR (2 0SS nodprc 6{9 ndnamvI | GSNI ISR 2¢

ondpydp AGK {9 mdwn M KH2NI2E RS NI ROX i@ mndpnn {9

Rossi et al2021)l y den Heyer and Bowef2017)dza SR G KS o6 N} YRSR I YAYIf RI i
LatlFyR FYR SaaYlFiSR (KIG &dz2NBAGEFE NIiSa gSNB KAS:S
Of raasSas (K2daAK RAISNEBPOES Yo $ 168 Ua Y Iyiyfdzl T 2 MIAINIDS D | N
OBh P12 0 dnEo fl DISNS 6K A OK & deNIBE Dgnfd R YRE HESd yed KWENI di
Fond alfSa aAYAEFINI&@ YFAYdlrAySR KAIK adz2NBAGFE NI
AdzNBAGEE NI GSa Ay 2f RENJ KESyORANaFSHyl 6 SNBI V&AW & i
NI 6§84 AYLX & YIFIEAYdzy 388 2F L+ o62dzi op &SI NBR F2N Y
Rossietal2021)RS @St 21LISR 'y Ay dSaANFY GSR LRLJzZ | a2y Y2RSH

AYyO2NLIEZ2 NI §SR | RSY2 3N WKOAD OB E&ZNASEIONDIIAXA Iy A2 i SE
Y2RSt &0GNHzOGdzNBR o6& |38 aAaSEZ | yRMNO2 ILHrAdINS2 W2 RSO 2
RSAONAOGAY3A (GKS aA3aKey3d YR adz2NBAGIE LINRPoOFOAT AaSH
LINE RdzOe 2y S&aoaYlFIGSa FNRY mdpcn G2 HAHMI | aYS &SN
al YLX S&a O0ft2a83&K2yBHdANBO28RMEI2MBaomo YINJ] SR aShktas
AYRSLISYymRE GG 8BS Lghhmil 2tNI) 2023 G®®KS Lta ¢l & fFNBSt& A
YIEMNB O LW dzZNB REFEGF yR LINPPARSR aAYAETI NI SasYlFidiSa
YI WIS OF LJG dzNgenHgyer ardl Bdvén, 2017; Hammill et al., 2023)

Ly (GKS L2LJz a2y Y2 RS0 2LINE J A 2YdzaIt NS &dzaaSSR i 2929 adat Y 1o
RSLISYRSYOS F0Ga GKNRdIzZAK LlzL) adzNBAQGIf 2yfes &2 | F
0SG6SSyYy NBANR 2wk mdUud {¢KS UgGSR LI2aGSNAR2N g f dzS T2
nope df F2ANPAKS Y2RSE NHzy 6AGK GKS dzy O2NNBOGSR |
nopn 6{9 ndam0O F2N GKS 26 fSOSt Lzl LINPRdzOa 2y =&

adzZNDA Gt Ay TNESe / 08 HRéraidd@ewer§ 2017; Rossi et al., 2021)

Sex ratio
' f K2dzAK ASE NJ a2 Iéi%ﬂ??oy\\ﬂl\ﬂﬁl‘i&j I-)\fé)\iil\éYlvi]ZKl\l@)\dﬁEIQ(I\Eﬁjyﬂa FGfK S
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Carrying capacity

Grey seal populations in West Scotland #melWestern Isles had appeared to reach carrying
capacitiesFigure3), with little or no increase in pup production since the rii@#90s However,

recent surveys indicate that pup production is increasing in these regions agggesing an

increase in carrying capacity for #&SMUs. The Orkney population appears to have reached

carrying capacity in the early 2000s. The population in the East Scotland SMU has increased rapidly
but recent estimates indicate it may have reached carrying capacity now showing signs of levelling
off. The population in the Southeast England SMU is continuing to increase rapidly and shows no
sign of density dependent constraint.

Genetics
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Tableb. Available survival data for grey seals. CMR refers to Captlask-Recapture studies and can
be based on brands (permanent but can be misidentified), passive tagging (can be lost or
misidentified), active tagging (can be lost), Phoib(can be misidentiéid). Except for active tagging,

estimates of survival depend on the accuracy osighting probabilities and, if appropriate, tag loss. If
sexspecific sample sizes are not reportaten total n is given.

Age Females Males Tot Time ] ) ]
clas  mea uncertain N mea uncertain a perio Data I(;;)catl gr?:SIderatl Source
S n ty n ty n d
Accounted
for effect of
o2 [0 pame DS oo
Pup 0.66 1036 0.66 294 , o Islands )
1975 individu UK sample Prime,
als ’ structure. 1978
Based on
life tables.
Reanalysi
s of data
Tag loss from Hall
Isle of  accounted etal.,
95% Cls: 95% Cls: 1997 CMR May for. 2001,
_ (hattag) and Telemetry 2002
Pup 065 @ 39. fee 050  p.25¢ 12 e Farne datausedto grey pup
0.85 0.75 Islands inform re- seal
, UK sighting telemetr
probability y data
Carter et
al., 2017
. . CMR Reanalysi
95% Cls: 95% Cls: (telemet Isleof  Tagloss s of data
Pup 054 g1g. 27 0.43 0.11¢ 28 2002y data) May, accounted  from Hall
0.86 0.82 UK for et al.,
2009
2000
118 - Aged Samples
0.76 0.38 5 2004 gpot assumed Kauhala
Pup individu Baltic  representati et al.,
0.55 0.53 229 2005 als ve. Based on 2012
5 - life tables
2009
1985
0.73 SE-= 1989 Sable Includes the
5 0.016 1700 CMR Island data from den
X 033 SE-= 1180 1998 (brand)  Canad Schwarz &  Heyer et
: - a Stobo al., 2013
1 0.024 2002 (2000)
Data
Samples from
Adu 1956 iﬁjtd assumed Hewer,
it 0.95 239 - individu UK representati 1974
1966 als ve. Based on analysed
life tables in SCOS
BP 12/02
Accounted
Aged for Harwood
1972 sr?ot Farne  population and
x 0.80 294 , o Islands trajectory. A
individu Prime,
1975 als , UK Assumed 1978
samples are
representati
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ve within

focal age
class.

Tag loss and
differential
9 . CMR sighting
95% Cls: 1og7  (Orand, probability
Adu 0.94 0.93- 273 . flipper Isle of accounted Smout et
It ’ 0.95 tag, May for. Survival al., 2020
2014
photo confounded
ID) with
permanent
emigration

Tagged as
pups. den
Sable
097 SE= 1969 ~uR Island, Confounded  Heyer
XM 6 0.001 3178 L7z _ (brand)  Canad with and
’ 2002 permanent  Bowen,

a emigration 2017

(rare)

As As As
090 SE= As As
KHP 4 0.004 zbov 0.77 SE#9.01 :bov 2bov above above As above As above




Table6. Available écundity data for grey seals. CMR refers to CaptMiark-Recapture studies and can
be based on brands (permanent but can be misidentified), passive tagging (can be lost or
misidentified), PhotelD (can be misidentified). Estimates of fecundity depend andhcuracy of re
sighting probabilities and, if appropriate, tag loss

Rate Mean Uncertainty n ;g}g d Data Location  Considerations Source
Pregnancy 0.93 79 1956- Shot samples Hewer, 1964
1963
Pregnancy 0.94  95% Cls: 140 1979- Shotsamples Farne Boyd, 1985
0.89-0.97 1981 Islands,
. = . UK
Pregnancy 0.83  95% Cls: 88 1978  Shot samples Outer Boyd, 1985
0.74-0.89 Hebrides,
. - . UK
Pregnancy 0.88 526 1968- Shotsamples Canada ! 3SR x c¢ &SI | Hammil and
1 1992 Gosselin, 1995
Birth 0.73 0.015 174 1983- CMR (brand) Sable Aged 415 years. Bowen et al.,
2005 Island, . 2006
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 nol
considered (likely rare)
Birth 0.57 0.03 39 1983- As above As above Aged 2635 years As above
2005 .
Unobserved pupping nol
considered (likely rare)
Birth 0.790 95% Cls: 584 1993- CMR (brand, North Accounted for unobserved Smout et al,
0.77-0.82 2013  flipper tag, Rona, UK pupping 2020
photo ID)
Birth 0.82 95% Cls: 273 1987- CMR Isle  of Asabove As above
2014 May, UK
0.79-0.84 (brand, Y
flipper tag,
photo ID)
Birth 0.79 1727 1992- CMR (brand) Sable Estimated transitions: den Heyer and
2002 Island, Bowen, 2017
Canada unobserved to breeder
0.41-0.64,
breeder to breeder = 0.7
0.89
Birth 0.56 66 200>  Shot/bycatch Finland Age 56 years old Kauhala and
2018  samples Kurkilahti, 2020
Birth 0.79 460 2001  Shot/bycatch Finland Age 724 years old Kauhala and
2018 samples Kurkilahti, 2020
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Potential Biological Removal

4. SCOS will provide the most current estimates of Potential Biological Removal
(PBR) for both harbour and grey seals. Estimates will be provided for each Se
Monitoring Unit (SMU)in the UK

Ly GKS 'YX ¢gKIFIGd Aa O2yaARSNBR || wWalkFS f S@St
based on the Potential Biological Removd@RBR)method (Wade 1998: NOAA 2023jere PBRs

are calculated on a Seal Monitoring Unit (SMU) basis but it is recognised that, especially for grey
seals, these do not represent closed populations. Thdepending on theappropriate scale of the
management questionPBRs should be combined across SMdswever, this should be done with
caution as larger area (e.g. western UK and Ireland) do not represent fully mixed populations.

PBRuses information on intrinsic rates of population increase for the species in question, recent
conservative population estimates (.; 20" percentile of population estimateand a recovery
factor R, the value of which is set between 0 and 1 based on the current population trajectory of
the SMU.

PBR estimates for both harbour and grey seals for each SMU with notable numbers (> 250),
together with a description of the calculations and the rationale for selection of SMU specific
Recovery Factors ; and Nuin values are presented in SCB® 25/04. PBR values for therbour

and greyseds by SMU, based on suggested values for the recovery factor and the latest confirmed

counts (up to 2023), are presented in
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Table7 and Table8. It should be noted that the PBR estimates are based on the latest August
count data (some of which are over 5 years old). The PBR estimates, especially for declining SMUs
should be considered in that context.

Changes since previous SCOS report

Other than the extension to all UK SMUs with notable populations (previously only Scottish SMUs
were considered), the other main change compared to SCOS 2024, is that instead of using the
August count directly adlnin for harbour seals, the count is scale8pecifically, the count is raised
using the 2@ percentile of the distribution of the scalar used to account for seals at sea during the
survey windows.This aligns with the method used for grey seals and recommended by Wade
(1998).

The latest counts have been updated for SMUs 1 and 2 (Southwest Scotland and West Scotland).
Moreover, the harbour seals recovery factors have also been adjusted for these SMUs to reflect
that abundance is no longer increasing. Indeed, harbour seal recpVactors across all considered
SMUs are < 1Grey seal recovery factors were all set to 1 on the basis of the stable or increasing
trends. This is with the exception of SMUs 4 abd@\orth Coast & Orkney and Shetlapébr which

the recovery factor was set to 0.5 on the basis that the available data are > 5 years old.

See (see SCEEP 25/04)for more details
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Table7. Potential Biological Removal (PBR) values for harbour seals in by SMU. The count data,
estimates of Nmin and the recommended FR values are shigea SCOBP 2504).

20162023 selected
SMU count Survey years  Nmin Fr PBR
1 Southwest Scotland 1,563 (2023) 2,001 0.5 60
2 West Scotland 11,754 (2022; 2023) 15,050 0.5 451
3 Western Isles 3,080 (2022) 3,944 0.5 118
4 North Coast & Orkney 1,405 (2016;2019) 1,799 0.1 10
5 Shetland 3,180 (2019) 4,072 0.1 24
6 Moray Firth 983 (22002%?; 2021 759 0.1 7
7 East Scotland 276 (2021; 2023) 353 0.1 2
9 Southeast England 3,372 (2022;2023) 4,318 0.1 25
14 Northern Ireland 818 (2021) 1,047 0.1 6

Table8. Potential Biological Removal (PBR) valuegfery sealdoy SMU. The most recent count data,
estimates of Min and the recommended FR values are shaaee SCOBP 25/04.

2016
2023 selected
SMU count Survey years  Nmin Fr PBR
Southwest
1 Scotland 760 (2023) 2,832 1.0 169
2 West Scotland 4,508 (2022;2023) 16,798 1.0 1,007
3 Western Isles 3,473 (2022; 2023) 12,942 1.0 776
North Coast & (2016; 2019;
4 Orkney 8,618 2023) 32,114 0.5 963
5 Shetland 1,009 (2019) 3,760 0.5 112
) (2019; 2021;
6 Moray Firth 1,354 2023) 5,046 1.0 302
7 East Scotland 1,584 (2021;2023) 5,903 1.0 354
Northeast (2020; 2022;
8 England 5,381 2023) 20,052 1.0 1,203
g Southeast 10,735 (2022;2023) 40,003 1.0 2,400
England
1q Southwest 729 (2023) 2717 10 163
England
12 Wales 1,313 (2023) 4,893 1.0 293
13 Northwest 180 (2023) 671 1.0 40
England
14 Northern Ireland 549 (2021) 2,046 1.0 122
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Interactions with fisheries

5. SCOS will provide the latest estimates of seal bycatch across both Scottish ar]
fisheries. Where availablgestimates will be provided by gear type and will
provide any available information on the location of bycatch. Where there is
insufficient information to provide bycatch estimates, SCOS will identify the ke
knowledge gaps (e.g., monitoring effort). SC@H also provide advice regarding
the impact of bycatch on seal populations and current technologies and
approaches for mitigation (e.g., AcoustDeterrent Devices, Acoustic Startle
Devices).

The most recenbycatch estimate for seals in UK fisheries is 0y22. The total estimate is452
animals (95% (352-820). Most bycatch in UK waters occurs in large mesh tangle or trammel net
fisheries; rare and sporadic captures in trawl fisheries are discussed beldwe. bycatch estimate
for 2022 is similar to 2021 (458), the confidence intervals are wide, overlapping with those of
previous estimates, and are similar to recent pfeovid estimatesBycatch estimates by ICES
Division are presented iTable10.

Spatially, bycatch of seals in UK fisheries is mainly concentrated in ICES Divisieh@&English
Channel and Bristol Channel) wi® % of all estimated bycatch occurrirtdpere, with lower levels
in the northern and southern North Sea (4.a, 4.c). The same pattern was evident in previous
assessmentslthough this isdependent on the spatial location of the sampling effort, much of
which is focused in areas where bycatch is known to occur

Most bycaught seals examined weg@ung grey seals. Although species identification is uncertain
where seals cannot be brought on decthis bycath is likey grey seals &l the seal bycatch in
gilinets occurs in the southwest, where harbour seals are rare. Looking ahead, however, SCOS
recommends that effort is directed towards identifying the species, sex, and age structure of
bycaught seals. Of particular importancetise collection and analysis of skin samples for genetic
profiling to identify the source populations of the bycaught seals in sowtlest UK fisheries, and
species identification of seals bycaught in the North Sea

In terms of methods for monitoring bycatch, attention is being increasingly paid to the use of
electronic monitoring (EM) on vessels. Work is currently ongoing underthéBycatch Monitoring
Programme BMP to evaluate the potential of EM for accurate identification of a wide range of
endangered, threatened and protectedHT R species, including seals. If EM is used routinely as a
bycatch monitoring tool in the future, careful consideration will need to be given to EM system
deployment patterns to help minimise sampling biases that could affect the accuracy of mortality
estimates.

As reported in previous years by SCOS, there has been little attention paid to bycatch mitigation
methods for UK seals. What little work has been done globally has focused on the mitigation of
otariid mortality in trawl fisheries(Tilzey et al., 2006; Hamilton and Baker, 2015; Lyle et al., 2016)
Gear modification, alternative gears or acoustic deterrents are the available options.

SCOS are not aware of any publishetddieson modifications to gear that have been shown to
reduce bycatch ifarge mesh tangle or trammel nst Switching to seal safe pot/trap fishing rather
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than netting could avoid or reduce seal bycatch. However, there are likely to be significant
challenges with this, not least because pot/trap gears are unlikely to be effective for some of the
species targeted with the gears associated with highest sealdigh in the UK. Analysisyb

Cosgrove et al. (201&uggested higher rates of seal bycatch in tangle nets were associated with
larger mesh sizes. Therefore alterations (increase or decrease) in net mesh sizes could potentially
be considered although this would need significant testing to evaluate effectiess at reducing
bycatch and any impacts on commercial catch.

Changes to fishing practices similar to those being trialled for reducing depredation may also
reduce bycatch risk. For example, changing timing, location and/or duration of sets could help
reduce bycatch, e.g., avoiding setting nets close to areas of Bl density (assuming bycatch
rates are positively associated to density).

Use of acoustic deterrents is another possible mitigation method, but its widespread use on large
numbers of nets may raise concerns about wider effects on fiarget species. Trials of seal
specific acoustic deterrents, including the Targeted Acoustic Startle Technology (TR&iliswave
Ltd.) do indicate some promise for reduction of bycatdmt further research is necessary to
determine the practicality and coseffectiveness of largescale deployment in fisheries to reduce
bycatch.

Bycatch
UK Bycatch Monitoring Programme seal bycatch estimates

It should be noted that the following discussion refers to the bycatch of seals by UK registered
vessels, based primarily on data from the UK Bycatch Monitoring Programme (UKBMP) and official
fishing effort statistics. Bycatch by UK and 1t vessels iareas including UK waters has been
estimated by the ICES Working Group on Bycatch (WGBYC) but the published results do not allow
data are provided at ICES Division lewdlich (apartfom 7F (Bristol Channélgontain both UK and
non-UKwaters.There is also the complication of different data collection protocols in different
countries.

Seal bycatch estimates for the UK are made for both species (grey and harbour seals) combined
(Kingston et al., 20254 significant proportion of bycaught seals examined were young grey seals
(based on length estimates), and most seals recorded in recent years were caught in the southwest
UK where harbour seals are rare. Although it is reasonable to assume that alhofghase

bycaught animals are grey seals, for bycatch in the North Sea at least, a proportion of the more
historical bycatch was of harbour seals. The numbers of harbour seals recorded are too low to
generate a useful bycatch éstate, so a single combined seal bycatch total is estimated.

The total seal bycatch estimate by UK vessels in UK watstatin net fisheries 2022 is 452
animals (95% confidence limB&§2-820). The mean estimate igry similar tathe previous year458
Estimates of seal bycatdh recent yearhiave generally been in the region of 4600 seals per year,
with no clear trend Table9).
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The calculation of bycatch rates uses sampling data over multiple @i€iagston et al. 2026 This
allowsmore preciseestimates of bycatchelated mortality rates to be calculated across metiers
when sampling levels might be considered low, or when particular metiers or fisheries have not
been sampled in a year, or where no bycatch was recorded in a particular year.

Although the majority of seal bycatch in the UK occurs in the SW, no specifiegabal small scale

hot spots in bycatch levels have been identified in UK fisheries. Recent analysis of data from the Irish
EEZLuck et al., 202Ghows that bycatch rates are related to proximity to areas of high seal density,
around haulout sites and in inshore waters, in particular. That analysis suggests that bycatch
estimates can be significantly biased by the distribution of sampling ebatafor ICES Subarea 7
Divisions g (including UK and nedK portions of these areas) for 2022 (ICES 2023) indicate that the
total netting effort from UK fishing vessels was circa 15,500 days and the total foKfiehing

effort was 23,000 days. While these totals include #diK waters, this gives some indication of the
relative amounts of UK vs nduK netting effort in the regiom this year Increased marine mammal
bycatch monitoring on French, Irish and other EU registered vessels fishing in UK waters would be
helpful to better estimate the total levels of mortality due to bycatch. Sampling of UK registered
vessels typically covers all majagessel categories (inshore and offshore) in this region, though
sampling from Welsh portand in the Bristol Channel has been limited and could be increased.

Table9. Recent estimates of annual seal bycatch in UK gillnet fisheries with 95% confidence limits
(from Kingston et al. 2024).

Year Estimated number | 95% confidence interva
2013 469 2851369
2014 417 2551312
2015 580 4231297
2016 610 4491262
2017 572 4291077
2018 474 354911
2019 488 375872
2020 356 269671
2021 458 356-836
2022 452 351-820

1 A metier is a group of fishing operations that are characterised by a specific set of parameters, including target
species, and gear type.
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Figured. ICES Suhreas and Divisions

Distribution of bycatch

The published data are not presented at sufficiently high resolution to ascertain whether there are
any local hotspots of bycatch within particular ICES Divisions. A map of the ICES Divisions is provided
in Figure4.

Tablel0 providesthe UKBMP seal bycat@stimates for UK registered vessels by ICES Division and
subareasApproximately69%of the bycatch 81l1lseals) was estimated to have occurred in ICES
Subarea 7, around the south and souwtiest of the UK and Ireland. The majority of this occurred in

the Western Channel and CelSea (aroun@41seals per year), largetiue to most UK

tangle/trammel net fishing effort being concentrated in this region. Seals are present in the Western
Channel and Celtic Sea, but densities are likely to be lower than around Scotland or in the North Sea.
Bycatch in the Eastern Chragl was estimated at aroung6 seals per year.

Estimated total bycatch by UK boats in Scottish waters is not directly available from the current
monitoring programme, due to the mismatch between national boundaries and ICES statistical
divisions. ICES subarea 6 comprises mainly Scottish waters afédteoast but includes some

62



Northern Irish and Irish waters; ICES divisiorcdraprises Scottish waters off the north and east
coasts. The combined bycatektimatesfor ICES Subarea 6 and Division 42022 was96 seals
representing aroun@1%of the UK total. It shoulte noted that estimates are not produced for
Division 6aalthough arow for that Divisionis included in TableQL There is no record of static net

effort in 6a in the official statistics. We have recently become aware of somdeimi/netting

activity in the Wetern Isles carried out by polyvalgfmulti-gear)vesselghat predominaitly use

other gears ands notreported as distinct netting efforh dzZNJ OdzZNNBy G G¢o6Sadé SaidAvl
area is in the region of 5000 days at sea per annum in total across about 15 vessels. Gedamnseak

is typically a few days so actual soak effort will be higher than the days at sea estimate. For context,
that is likely less than the annual effort of a single dedicated netter of similar size based on
knowledge from otheparts of the country. We have done a few days of data collection in these
fisheries and have recorded 5 seal bycatclhes it istoo early to generate (reliabld)ycatchrates,

and we will also need to find an appropriate waygaantifying andncorporating this fishing effort

into the estimation procedurdefore producing estimates for 6&iven the greater presence of

harbour seals in Subareas 6 and 4 compared to the SW of the UK, it is possible that the current
estimates include a proportion of harbogeals but the composition by species is currendyfully

known.

Since the above bycatch estimate is based on UK registered vessels only, it represents an
underestimate of the total bycatch, particularly in the Southwest. Bycatches (of largely unknown
extent) by Irish, French, and Spanish vessels working the samevndlleamtribute to total

mortality. For the Irish EEEZpck et al. (202@stimated total bycatches of between 202 and 349

seals per year between 2011 and 2016 by all vessels. Unfortunately, these sanplytoe added

to the UK estimates as the Irish EEZ figures will include some of the UK registered vessel bycatch.
Although bycatch was not broken down by country of registration, the proportion of fishing effort by
French vessels within the Irish EEZ (43% effart) was similar to the combined effort by Irish

(21%) and UK (23%) registered vessels irséimee region. LikewisseveralFrench and Irish vessels

fish in UK waters and will also likely experience seal bycatch but are not included in(leittieet al.
(2020) or Kingston et al. (20283timates. The extent of effort by nduK registered vessels in UK
watersis likely tohave changed in recent years, and hence also the levels of seal bycatch by these
vessels in UK water&enerating comprehensivestimates of total bycatch in UK waters would
requirel 0O0Saa G2 GKS NIg RIGF O02tft SOGSR o6& SIOK 0O2dyg
with effort data from each fleeandsplit into UK and nodJK watersOne simpler, but less robust
option woud be to allocateeffort within a Division equally across the relevamttanglesand then
sumacross justhe rectangleghat occur in UK water®ifferences in data collection protocols
between countries would also need to be considered

63



Table10. Estimated number of seals bycaught in UK net fisheries in 2022, by ICES Division. Estimates

Table and inTable9is a result of small differences occurring when rounding the estimates when

summing across different categories.

ICES Division  Estimated Two-Sided Two-Sided Onesided
total bycatch 95% LCL  95% UCL  90% UCL
4.a 83 69 99 93
North Sea 4b 1 0 1 1
4.c 42 34 62 57
West Scotland 6.a - - - -
West Scotland 6.b 13 11 16 15
offshore
Irish Sea 7.a 2 2 8 6
Porcupine 7.c 2 2 3 3
Eastern Channe 7d 66 48 127 108
7.e 137 112 198 179
Western 7 81 67 115 104
Channel and
Celtic Sea 7.9 11 9 26 20
7.h 11 9 17 15
7.] 1 1 2 2
Biscay 8 1 1 1 1
Total 451 365 675 604
Gear type

Most (93%)of the seal bycatch estimated for 2022 was in large mesh tangle and trammeTaéle
11). Effort in these fisheries is highly focused in areas 7d, &&%¢f UK tangle net effort).
Reflecting this, recent observer effort has been focused mainly-n Adeas that are under
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sampled and where there is either a large amount of fishing effort, or a high density of seals, could
benefit from further observational data. These would include 4a (northern North Sea), 4c¢ (southern
North Sea), 7d (eastern Channel) and 7f (North DevanCornwall and South Wales).

No seal bycatch was reported from midwater trawl fisheries in 2019, 202l or 2022 In 2018, six

grey seals were reported caught in sandeel trawls in the central North Sea. This fishery is no longer
active in UK waters. Seal bycatch records in trawl fisheries are often clumped, involving several
individualsealsin one location, but the overall recorded mean bycatch rate is very small and will
have extremely wide confidence intervals, so no estimate of trawl fishery bycatch is included in the
annual byatch estimates produced under the Bycatch Monitoring Programme.

Tablel1. Estimated number of seals bycaught in UK net fisheries in 2022 by metier. Estimates rounded
to nearest integer.

Metier Estimated annual | Two-Sided 95% | Two-Sided 95% | One-sided 90%
bycatch LCL UCL UCL

Drift Oth 0 0 14 9

Drift Pel 0 0 10 6

Gill 15 3 44 33

Gill Hake 0 0 27 17

Gill Light 0 0 126 79

Gill Light Flatfish 18 0 100 70
TangTram 419 348 499 471
Total 452 351 820 685
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Due to logistical and sampling design constraints sampling is not strictly apportioned according to
effort or to gear type, and it is possible that there may be additional sources of bycatch mortality
that remain unknown. Sampling under the BMP is focusedtatic nets in those areas where effort
is generally highest, notably in the SW of Britain.

collected between 1996 and 2023. This analysis was condtmxplore relationships between

bycatch per haul (BpH) rates and potential explanatory variables to gain a better understanding of

the factors influencing or associated with bycatch rates. This analgisisited that seal BpH varied

by season with a dip in summer months and an increase in winter. This is consistent with current
understanding thatmuch of the observed bycatch is of juvenile grey seals. BpH fluctuated annually

over the duration of the studybut no clear trend was observed. Tangle aranmmel nets were

associated with the highest rates of seal bycatch. Ra¢eseased as water depth increased, across

the depth range 10n to 150m within which most of the observations occur. This could relate to the

density distribution and/or foraging behaviour of seals, to other environmental variables not

considered in this analysis (e.g., turdlior to bycatch risk being related to the vertical proportion

of the water column that is occupied by fishing gear. The most notable finding of this analysis was
thattheLINSa Sy OS 2F 155a olfaz2 (yz2é6y a WtAyaISNERQ G2
used in various applications to specifically deter seals) was associated with higher rates of bycatch,

with a 2.4 times increase in BpH associated with ADDs. Thisiishpost @ RdzS (2 | WRAYYS
which has been previously reportéBordino et al., 2002; Carretta and Barlow, 20&hreby seals

learn to associate the presence of acoustic devices on static nets with a source of food. Importantly,
associated with ADD use. The potential that measures to reduce bycatch of one protected species

can increase bycatch rates of another protected species clearly needs further inviestigad

mitigation.

ICES Working Group on Bycatch

The Working Group on Bycatch of Protected Species (WGBYC) collates and analyses information
from across the Northeast Atlantic and adjacent sea areas (Baltic, Mediterranean, and Black Seas)
related to the bycatch in commercial fishing operations of praddcind sensitive species.

The aims of the group and its activities are to improve understanding of the impacts of bycatch on
protected species populations and to collate and share information on bycatch mitigation activities.
WGBYC reports annually on information received followifigrmal data call. Each report provides

an overview of data collection activities including details of reported monitoring and fishing effort
data, and bycatch records that were submitted to the WGBYC database. In 2022 and 2023, WGBYC
developedanewdpiNR I OK> | W, 80l G4OK 9@Ffdza GA2Yy |yR | daS83a:
improved information. The main objective of BEAM is to provide a systematic and transparent
methodology to support population impact assessments using standardised fishing ettrt da
monitoring effort data, and bycatch data obtained through the annual ICES data calls. This is
combined with information on available mortality thresholds and a judgement on within group

Subject Matter Expertise (SME) to provide an evaluation of teé/lieliability and utility of bycatch
assessments for different areas and species. Thetiemy goal is to use this approach for all

relevant species to provide a comprehensive overview and assessment of data quality issues, likely
bycatch threats, anchform on where improvements to various elements of the BEAM matrix (such

as data collection, markers of sustainability, etc.) are required. A full quantitative BEAM assessment
for seal species has not been possible at the ecoregion scale (e.g. GreateSRarbr Celtic Seas)
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but bycatch rates for several ICES areas at theesobegion scale have been generated. The

estimates available from ICES Divisigisvantto UK waters are indicateid Tablel2. The large

estimate for Division 4.b associated with midwater trawls (OTM) might appear to be at odds with the
fact that the vast majority of all UK seal bycatch is associated with set nets. The OTM estimate for

4.b includes international effort, the majity of which is by Danish vessels (84%). The remaining

effort is made up of vessels from Germany (1%), France (5%), UK (3%), Netherlands (2%) and Sweden
(5%). The ICES estimate was also produced at metier level 4 (which includes all OTM effort in 4.b
regaidless of the target species) and so could lead to some error in the estimation process if bycatch
rates differ between specific fisheries. Work is ongoing within ICES to improve the reliability of the
proceduredor ICES estimates

Tablel12. Grey seal bycatch rates reported by ICES area and metier in ICES (2024). Total bycatch rates
are calculated for 2023 on the basis of data submitted to ICES data calls. Note these include data from
outside of UK waters. OTB=Bottom Otter Trawl, OTM=Midwa&xger Trawl, GNS=Set Gillnet,
GTR=Trammel Nets

Ecoegion ICEDivision Metier Estimated totalgrey seal
bycatch (95% Confidence
intervals)

4.a OTB 10 (1.573.1)

SreeuEiNEin Se 4 OTM 706 (173.22878.5)

7. OTB 23(3.3164.6)

CEls S 7.8 GNS 105 (57.6192.6)

7.h GTR 88 (25.7301.8)
Total 932

Bycatch monitoring methods

In the UK, the Bycatch Monitoring Programme (UKBBIR)droadscale atea fishery dependent

data collection programme focussed on the bycatch of sensitive species including marine mammals,
seabirds, marine reptiles and rare fish specieis conducted by a consortium of organisations, led

by the University of St Andrews, including the Centre for Environment, Fisheries and Aquaculture
Science (Cefas), the UK Centre for Ecology and Hydrology (UK€ Bttjonal Federation of
CAAKSNX¥SYyQa WOHYRAGKGALOPAGADEK CATRIKNBVEY Q3 CSRSH
currently relies on data collected by observers on fishing vessels and sampling typically covers all
major vessel categories (inshore and offshore) although as noted above, effort is concentrated in the
fisheries and locations associated witlgtmer levels of bycatch including static net, midwater trawl,
demersal trawl, longline and purse seine fisheries. In the UK static net sampling is focussed mainly in
the SW. Observer effort has recently Ipeiacreased in static net fisheries off the west coast of

Scotland and on pelagic trawlers in Scotland.
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The UKBMP recently conducted a review and SWOT analysis on the suitability of Electronic
Monitoring (EM) for broadscale protected species bycatch monitoring. The work indicates that there
is clear potential for EM to augment more traditional data collettigpproaches but that there

remain some challenges for broadscale mtatia bycatch monitoring including issues related to
species identification, appropriate deployment patterns, industry uptake, and data handling, review
and cost considerations.

species bycatch data. Denmark, France, and Sweden submitted EM data from 2023 through the 2024
WGBYC data call. Spain also deployed efforts through EM prowsiinut data were not included

in the WGBYC data calls. The UK is planning to submit EM data from the Clean Catch programme to
ICES in 2085 In some countries (e.g. France), EM data can only be analysed with respect to
cetaceans as no agreements with thessels are in place for other E§iecies. Considering the data
bycatch records reported, with 52% of reported mammal bycatch incidents recorded by EM in 2023,
though EM efforts have thus far mainly focussed on specific fisheries with previously known bycatch.

However, in relation to EM some challenges are still to be addre&metiesdentificationand the
resource required to analyse the data collected are key challenges. Artificial intelligence approaches
are currently being deslopedthrough severalresearch projects to improve EM\ summary of

responses to the ICES datacall on EM is provi&dblel3. We do not hae access to information

that would allow an evaluation oht extent to which these projects are specifically developing
capability to identify seals

Table13. Summary of responses to the ICES datacall onIEES, 2024)

Project Website/link Information

Marine Beacon https://marinebeacon.eu/ 20242027. lecuses on monitoring of ETP
species bycatch through Al, with the aim to
approach reatime monitoring and to reduce
costly manual analysis of all the footage by
pinpointing bycatch events.

OBSCAMe https://www.ascobans.org 20232025. linked to the OBSCAMe+ project (
[sites/default/files/docum  gillnetters, also aims to detect and classify
ent/accobams bycatch events through Al, while looking to

ascobans jbwgl pres5.2f improve anonymization algorithms.
obscamescientific
programunderstand
marine-mammals
bycatch tachoires.pdf

OBSDEV 2025¢ 2027. Wil focus on Al with the aim to
adapt the algorithms to detect and classify
bycatch for trawlers.
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https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf
https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf
https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf
https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf
https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf
https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf
https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf
https://www.ascobans.org/sites/default/files/document/accobams-ascobans_jbwg1_pres5.2f_obscame-scientific-program-understand-marine-mammals-bycatch_tachoires.pdf

OPTIFISH https://optifish.eu/ 20242026 EM video footage will be used to
create training data sets for the developing
deep neural networks for species identificatio
counts and measurement.

Clean Catch https://www.cleancatchuk Clean Catch is developing and testing tools f
.com/ monitoring bycatches, including a smartphon
application (the Clean Catch app) and the usi
of EM. In 2024, the programme released a-se
reporting app to collect data on bycatches of
sensitive species for use by multiple gear typ
following development and testing by fishers.
Clean Catch uses EM on a subset of vessels
where skippers are seteporting bycatch
events to assess the quality these data types.
Due to the high resource requirements to
analyse tle EM data, the project continues to
collate images and contribute to collaborative
databases required for training Al, in
O2ff 02N GAZ2Y GAGK 0

Programme.
Insight360 https://insight360monitori = Developing a cetacean bycatch EM system. ~
ng.org/ project began in 2021 and is due to be

delivered in 2024. Five vessels have EM
installed to collect image and voice records.
Research is continuing to improve software a
hardware features such as automaticuha
detection and speech to text tools.

Bycatch Mitigation

As reported in SCOS (2024), there has been little attention paid to bycatch mitigation methods for
UK seals. Most work carried out globally has focused on the mitigation of otariid mortality in trawl
fisheries(Tilzey et al., 2006; Hamilton and Baker, 2015; Lyle et al., 2A@X8tailed answer to a

similar question was also provided in SCOS 2022. Gear modification, alternative methods or acoustic
deterrents were the options that were discussed. SCOS are not aware of any published information
on modifications to gear that habeen shown to reduce bycatch in the type of gear causing almost
all of the seal bycatch in the UK. Switching to seal safe pot/trap fishing rather than netting (e.g.
mainly been prompted by efforts to reduce seal depredation (rather than bycatch) that was making
some fisheries economically unviable. However, there are likely to be significdleingjes with this
approach. Any switch in UK fisheries to the use of pots/traps would need to be fully tested and is
likely to be totally unsuitable for some target species, might require significant adaptations to
vessels, may notdbeconomical and could create safety issues for fishers unfamiliar with using pots
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bycatch in tangle nets was associated with larger mesh sizes. Therefore, changes in net mesh sizes
could potentially be considered although would need testing to explore effectiveness at reducing
bycatch as well as any potential effect on catches or oBEP species. Changes to fishing practices
similar to those being trialled for reducing depredation would also reduce risk of bycatch in most
cases. For example, changing timing or location and duration of sets could help reduce bycatch, e.g.,
avoiding seting nets close to areas of high seal density.

Use of acoustic deterrents is another possible mitigation method, but as reported above (Moyes et

al., in review) recent evidence suggests that the widespread use of acoustic devices designed to

reduce cetacean bycatch on large numbers of nets may raise concerns about increasing seal bycatch.
{2YS aasStft al ¥S¢ LAY ISNI Y2 Risd fér latgedddle heisherie. 6 £ S 0 dzi
With seal targeted acoustic deterrents there are also concerns about impacts etargst species

as a result of théntroduction of additional noise into the marine environment.

Trials of seaspecific acoustic deterrentshow they wereeffective at reducing depredation in

Finnish trapnet fisheriegLehtonen et al., 2022, 2023Fimilarly, in Estonia work is being conducted

Ay GKS at NNIAGFKSYRA LI NBYRIFIYAAS G2Sddzaé 6 { dzLLi2 N
Acoustic devices near fyke nets were implemented to deter seals as a measure to reduce seal

depredation. If these masures reduce depredatiothey mayalso beeffective at reducing bycatch.

Further, a selective grid was used at the mouth of the fyke to avoid the entrance ofsedlar to

otter guards common in the mouth of fyke netsployed in estuaries and freshwatter prevent

otters being trapped in nets)

The use of devices such as the Targeted Acoustic Startle Technology (TAST) has also shown some
promise in studies investigating the potential to reduce seal depredd@ax et al., 2024a;

Walmsley et al., 202%)nd could therefore be effective at reducing bycatttowever, further

research is necessary to determine the practicality and-efisctiveness of largscale deployment

in fisheries to reduceealbycatch. Work is ongoing at the University of Cork conducting further trials
demonstrated that cetacean detections did not significantly differ between test and control nets, or
periods when the prototype was on/off on the test natdicating thereshould be naisturbing

effect on cetaceas, or any increased risk of cetacean bycatch

Trials are also planned by researchers at the University ofi€@arkanglenet fishery targeting
crayfish, testing the effectiveness of flashing lights on heguds (netlights) to reduce seal bycatch
in the fishery as part of theeU Horizon project Marine Beacon.

SMARTTRAWEisheries Innovation and Sustainability, 202383ystem using automatic species
identification and controllable fish diversion grids to reduce Htanget species bycatch in trawls

could potentially be adapted to prevent seal bycatch. However, the bycatch of seals in trawl fisheries
in UK waters comjges infrequent/sporadic events that may not warrant imposition of feete

mitigation measures.

The following information relating to seal bycatch mitigation was reported to ICES WGBYC in
response to the 2024 data c@ICES, 2024)

In Denmark, investigation is ongoing in the gillnet fishery to determine if a reduction-imenggtt
and twinediameter can lead to a reduction in bycatch of seabirds, cod, seals and pEgEplis
results are available yet

developed a Danish seine reduced in size to be operable from a small gilletai<12m).
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Comparable catches to a gillnet were obtained while reducing the probability of harbour porpoise,
seabird, and seal bycatch, and protecting the fish from seal depred@d@&s, 2024)

Japan reported that from 2014 to 2022, a monitoring programme utilising automated seal detection
technology has been carried out on video images of Kuril harbour seal interacting with the salmon
set-net fishery (September 2022April 2024). An analysis tife efficiency of the automated image
detection software showed a 90% recognition rate. Detection on longer recordings will be evaluated
in the future
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6. SCOS will provide updates dhe prevalence and impact of other seal and
fisheries interactions across the UK within rivers, in sea fisheries and at
aquaculture sites. SCOS will also provide current information regarding the ug
of deterrence devices and other efforts to exclude or mitigaseals from rivers,
fisheries, and aquaculture facilities.

The interactions between seals, sea fisheries, aquaculture, and river fisheries have been
summarised inrecentSCOS reports and a summary and update provided here.

Rivers

Seals frequent rivers and freshwater environments in the UK and globally, although in recent
years, reports of seal incursions into river environments have been increasing. The predation of
fishin rivers is of concern and is reported to be affecting the conservation status and economic
benefits of recreational fishing. Previous research has shown that a small proportion of seals
become specialized as river users. Increasing grey seal populatimsbe associated with
increases in river use, including the potential to have forced harbour seals into more marginal
habitats, including rivers.

As highlighted in Thompsoat al. (2021) there is no single, effective nofethal solution to

address the problem of seal predation in rivers. The most effective methods are likely to be those
that lead to the prevention of seals travelling up rivers including physical or acoustic barriers.
There are several practical issues to be addressed with these meas8ess.behaviour in rivers

can be very siteand speciesspecific, and individual observation studies are recommended to
understand individual behaviour and tailor mitigation methods to each river.

Acoustic deterrents have shown promise for use in preventing and reducing seal predation in
rivers. Active deterrence will likely be made more effective by timely detection of seals and
triggering deterrents in their presence. Minimising the use of detemts and targeting them only

at times when seals are actively involved in predation should reduce the likelihood of seals
habituating to the deterrents and reduce the frequency and duration of disturbance to fiarget
species. SMRU trials of a manuallyggered Targeted Acoustic Startle Technology (TAST by
Genuswave lItd.) in the presence of harbour seals swimming upriver towards the device resulted in
100% effective deterrence, with all seals immediately stopping travel upriver and moving back
downstream {Hatrris et al. in review). Results of trials in the River North Esk in winter 2024/25
testing a TAST system linked to a prototype automated detection system (multibeam sonar) to
trigger the deterrent signal in the presence of seals are currently being asedy but preliminary
results suggest that the automatically triggered TAST signals were successful at deterring the
YI22NARGe 2F aStfa FNRY GNI @StfAy3ad dzll 6§KS NRARJSNIWD
salmon rivers in the Pacifidlorthwest (USA) where it achieved an up to 80% reduction in

predation (Williams et al. In prep) and an estimated 55% increase in fish passage (Williams et al.
2021a). Trials by Scottish River District Fisheries Boards using mobile OTAQ Seal Fence devices
have beerreported as variable (FMS, 2025). Veneranta et al., (2024) reported on trials of a line of
Ace Aquatech US3 devices across a river in Finland, highlighting that fishing stations upstream of
the devices reported higher catches and fewer seal sightings.
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Sea Fisherieg depredation

Depredation in UK commercial fisheries was reviewed in SCOS (2022). It is well known that fishers
in the UK report frequent and significant losses due to seal depredation with static nets being the
most affected, followed by drift nets and lines (MMO, 201 9A range of studies have

demonstrated that depredation rates vary by location (often being higher nearer areas of higher
seal density), by depth, haul speeds and sequence, season and soak time. These highlight options
for alterations of fishing practiceo reduce depredation although according to responses detailed

in MMO (2019), this has been ineffective in the UK to date.

There are currently no published quantitative estimates of the level or impact of depredation in
any UK fishery, or on the factors affecting rates. SCOS (2021) recommended effort focused on
developing a quantitative understanding of the level and extentadpredation in UK fisheries to
identify locations and timings of interactions that warrant further investigation and to inform
mitigation strategies. A further recommendation included a quantitative investigation of data
collected by onboard observers gmart of the UK Bycatch Monitoring Programme.

The remaining available approaches to reducing depredation are gear modification and active
RSGUSNNByida (2 RA&ANMzZLIG aSIfaQ F2NIF3IAy3a | OGADBAGASSE
SCOS are aware there are limited gear modification options k¢ for reducing opportunities

for interactions with static tangle nets. Further investigation of the potential in UK fisheries for

ISEFENJ Y2RATFAOFIGA2ya YR (KSAaHLRISYyFSHNE F2TNI (iKS I RI2
been successful in Baltitsheries is warranted.

Some progress has been made on the development and testing of potential acoustic deterrent
based mitigation measures, some of these have already been reported on above under question 5
in relation to their potential to also mitigate seal bycatch. Walmsley et al., (20343 Cox et al.,

(2024) report that the TAST device shows promise for the reduction of depredation on static net
fisheries but further research and development is required.

Sea Fisherieg competition

There is considerable overlap in seal diet composition and fish species targeted in commercial
fisheries so there is the potential for fishinonduced changes in prey availability to impact seal
populations, and for seal predation to reduce the fish available for commercialdigts. A review

of the impacts on fish populations of increasing seal populations was provided in SCOS (2019) and
SCOS (2021).

SCOS (2019, 2021) highlighted that predicting ecosystem effects of predator populations is
complex and requires a multispecies modelling approach, informed by suitable data. This requires
information on fish abundance and distribution, spatial and tempoyzdtterns of seal predation,
spatial and temporal distribution of fishing effort, and an understanding of multispecies functional
responses. Work is underway to fill several of the data gaps highlighted in SCOS 2019.

Understanding seal diet is key to being able to predict ecosystem effects of increasing populations.
SCOS note that available data are now more than 10 years old and may not provide an accurate
description of seal diets in areas where fish stocks and geglulations have changed. There are

now studies underway to update our estimates of grey and harbour seal diet in the southeast of
England SMU and around Scotland, and a reassessment of the potential for competition with
commercial fisheries can be undettan once this work is complete.
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Aquaculture

Previous recent SCOS reports have provided detailed reviews of the interactions between seals
and aquaculture in Scotland, including options for mitigation (SCOS 2021, 2023). Little new work in
this area has been published since these reviews.

Options available include the use of arpredator nets, double netting, and acoustieterrent

devices (ADDs) There is generally a lack of published evidence for the effectiveness of most ADDs
at reducing seal depredation. The exception to this is the studies into the effectiveness of the
Targeted Acoustic Startle Technology device (TAST), demonstrating® @bercent reduction in

seal depredation on salmon farms in Scotlaf@6tz & Janik, 2016).

As a result of concerns about the potential impacts on cetaceans (e.g. Findlay et al., 2024), and the
need for an EPS licence if the ADD model has the potential to disturb cetad@acotland) ADD

use in Scotland is not currently practiced by the industry. However, some studies have concluded
that specific acoustic devices have no impact ®mme cetacearspeciege.g.Gotz & Janik, 2015,

2016; Coram et al2024). The cessation of ADD u$s the sectorcoincident with the cessation of
licensing for lethal controkpeciically for the health and welfare of farmed fisbould also provide

the opportunity to compare seal depredatiorates before and after these changes, but to date

there have been no documented studies investigating changes in seal activity at aquaculture sites.

SCOS are aware of a collaborative study underway by SMRU, the ADD manufacturer Ace Aquatec
and the aguaculture company Scottish Sea Farms to investigate the efficacy of AbBsiucing
seal predation. Data analysis is currently ongoing.

The interactions between seals, sea fisheries, aquaculture, and river fisheries have been summarised
in previous SCOS Advice, and a comprehensive summary and update is provided here. Concerns
relate mainly to the damage to these fisheries by seal predatitiranges in seal abundance,

primarily the increase in the grey seal population over the last few decades, as well as recent
changes to legislation no longer allowing the lethal removal of seals to protect fisheries, have led to
increased concerns aboutéle interactions.

Rivers

Seals frequent rivers and freshwater environments in the UK and globgthan et al. (2002)

describe archaeological records indicating harbour seals and Steller sea lions present as far as 324
km upstream on the Columbia River during the 19th and early 20th centuries. Harbour seals were in
the lower Columbiaiver10,000 years ago. Seal predation in rivers has been documented in many
studies throughout the Pacific Northwe@offe and Mate, 1984; Bigg et al., 1990; Stanley and
Shaffer, 1995; Yurk and Trites, 2000; Orr et al., 280d)in the United Kingdor{Carter et al., 2001,
Middlemas et al., 2005Anderson (1990highlights anecdotal reports of seals in several rivers along
the east coast of the UK over previous decades, mentioning the Don, Trent, Humber, Witham, Ouse,
Nene, Welland, and Thames. Some of these reports were considerable distances from the tidal
limits, e.g. between 1995 and 2017 harbour seals were regularly recorded pupping on the banks of
the river Ouse in Cambridgeshire, approximately 60 km upstream of the tidal reaches of The Wash
(SMRU unpublished; Hows, 2017).

In Scotlandgconcerns about seals in rivenave largely focused on predation on salmonid figie
predation of salmonid fishes in rivers is potentially a significant pressure affélsrognservation
status of these populations and threatening economic benefits of recreational fishing in many
countries. Salmon and sea trout are at their most highly aggregated in the narrow riverine
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environment and, furthermore, are a rapidly replenishing food source as they move past predators
on their out and ingoing migrations. In many locations some seals learn to use the riverine habitats
to exploit opportunities to eat salmon and sea troihe numbers of seals in rivers and the

incidence of salmon in their diets vary seaallyand presence of seals is often associated with
particulartimes of year wherthe availability osalmonis atits highest.For exampleMiddlemaset

al. (2005 presenteal evidence for a type three functional responsith seal numbersncreasing with
salmon densityn rivers following an aggregative response of predator to prey.

Graham et al. (2011) indicated, using pht@p that it was a small number of seals using the

surveyed river areas, suggesting that some individuals are specialised as river users. They also found
that the majority of the identified grey seals and a thafithe harbour seals, were seen across

multiple years of the study, further supporting the idea of river specialists. This study concluded that

I 4 § K IQinly aiféwvirBlividual harbour and grey seals have been shown to use rivers suggesting
that the maximum limit of seals permitted to be shot annually in rivers is sufficient to provide
acceptable protection against interactions with fisheries in these areas. Moreover, the small
LINELR2NIGAZ2Y 2F GKS 2@0SNIff LJ2LIZASDOA AW RABDIRAZA ¥ &N §
that, given that only a small number of seals can be shot, the greatest benefit to fish stocks will be
achieved by focusing control on those individuals that use rivers most extensively and have the
greatest per capita consumptiaf salmon and sea trodt€ | ek aNJROLY) identified a minimum

of 19 grey seals and 17 harbour seals using Aberdeen Harbour aRivéndéee from observations

using photo ID over a period of 12 months between April 2016 and March ¢H&nh supporting
information from river staff was included, a total ¢iree individual harbour seals were identified

using sites above the normal tidal limit (NTL) althoogist of the sightings here were of a single

juvenile female harbour seal. No grey seals weransd®ve the NTHuring observation periods or
incidental sightings by river statt is clear from these studies that detailed observations of seals in
individual rivers, using phottD,arerequired to quantify the number and turnover of seals using any
river.

The increase in the grey seal population on North Sea coasts has likely increased resource
O2YLISGAGA2Y S YR dzy RSNJ adzOK OANDdzvaidl yoSa SgSy |
reported by Graham et al., 2011) would naturally result in ngrey seals using rivers. Conversely, a

decline in harbour seals near the large east coast rivers might be expected to result in an opposite

trend for this species. However, it is also possible that interactions with grey seals may force harbour

seals intamore marginal habitats, including rivers. It is also possible that such specialised river use

may increase in the population through social learning, although there is little evidence to evaluate

this. Furthermore, increased use of rivers might resultrfi@duced foraging efficiency at sea, both

through competition and reduction in suitable prey. In short, anecdotal observation of increased

movement of seals into rivers is important and requires scientific scrutiny.

There is very little published information on the occurrence or patterns of seals in rivers in England.
The residency of seals in rivers will likely be influenced by the availability of prey. Therarare

press reports of both grey and harbour seals apparently foraging successfully in the rivers Ouse,
Wharfe, Swales, Aire, Wear, and Tyne with reports of several harbour seals on the banks of the river
Ouse in Cambridgeshire for long periods each year (Shtigublished; Hows, 2017). An attempt to
relocatea harbour seal from that section of the river Ouse in the early 1980s failed when the seal
returned to its capture site within a week of being translocated to the open sea (Thompson et al.,
2021). It is clear that the occurrencessdals in rivergs not a particulariywew orunusualoccurrence

Reports of seal activity in rivers in eastern England were discussed in SCOS (2024). In several of those
rivers, particularly in souteast England, it is unlikely that salmonids form a significant part of the
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diet because theeriversR 2 ys@pfiort salmon populations and sea trout are rare in most of these
rivers but there is a general absence of information on the prey consumed. In the river Nene, a
group of five resident harbour seals are reported todhada significant impact on fish stocks in
the river¢ according to the Environment Agency; they have recently conducted a survey which
showed that a large proportion of large adult fish are now absent from a stretch of Ddetailed
information on the pey that seals are feeding on in the Nene is lacking buRilrer Nene is known
for supporting a variety of coarse fish spedreduding roach, breanharbel,pike, perch,carp,and
tench This continues to be a very sensitive issaure an applicatiommas beersubmitted by the local
angling association to catch and translocate these seals back to the coastal habitat.

There are anecdotal reports of seals becoming habituated to human presence and being present in
rivers for extended periods of time. For example, a known (pidéntified) adult female grey séa

in the river Dee in Aberdeen regularly hauls out on the riverbanks with people walking past within a
few metres. Williamson (1988) reports a seal being present in Loch Ness for several months. A
harbour seal was present in Rochford Reservoir in Esseecieniber 2022 and was reportéal the
mediall 2 0 S WiheNdaliiti8liR @aded multiple attempts at capture using nets but later died
when it was darted with anaesthetic and subsequently drowned. This incident highlights the well
known, extreme drowning risk posed to seals by attempting to use anaesthetinglaf free

swimming seals in the water, as noted in previous SCOS advice (SCOS 2020).

As highlighted in Thompsagt al. (202)), there is no single, effective ndathal solution to address

the problem of seal depredation in rivers. According to Thompal (2023, the most common

methods involve relatively simple harassment methods to drive seals away from predation areas but

are generally not effective at addressing problem interactions in the long term. Most methods

SYLX 28SR Ay@2t @S RSIAISOANAFHL & y RNBDX RNA @S NI LI KA LINE ¢
accessing predation locatisnThe most effective methods are likely to be those which lead to the

prevention of seals travelling up rivers including physical or acoustic barriers. There are several

practical issues to be addressed with these measures, as detailed in Thoet@do{2021).Seal

behaviour in rivers can be very sittnd speciespecific and individual observation studies are

recommended to understand individual behaviour and tallow mitigationis appliedat each river.

Attempts to capture and relocate animals have had limited success where this has been tried
(reviewed in Thompsoat al., 2021). The available evidence from attempts to translocate harbour
seals, California sea lions, and fur seals suggests that catching and relocating pinnipeds is not
effective at removing predation problems. Consequently, translocation is no longdicpthin the

USA or in Tasmania. There is one anecdotal report from the early 1980s of a translocation of a
harbour seal from a site appximately 60 km up the River Ouse, Cambridgeshire to a release site in
The Wash, Lincolnshire. However, the seal was observed back in the river close to the capture site
less than a week later (M. Fedak (SMRU) pers. comm.). Capture of seals in rivezsnislgx

challenging and there are limited options available. Methods have been developed by SMRU to
capture free swimming seals in rivers where flow rates are typically low or where seals are known to
actively hunt close to riverbanks (Graham and Harfl402. However, success relied on first

gathering considerable behavioural knowledge about specific individuals. This highlights the
difficulty of, and level of personnel resources required, to catch a small number of seals in relatively
benign condition®f small, slow flowing rivers. Floating baited cage traps and various sweep netting
and tangle netting options have been explored as options in larger rivers in Scotland (Harris and
Northridge, 2018). Popup nets encircling haulouts on riverbanks haae siecessful (Harris and
Northridge, 2018). Although a floating seal trap was developed in 2016, difficulties associated with
finding a suitable site in the River Dee for deployment and with sourcing suitable bait (due to
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perceived biosecurity issues), hindered the development of this approach and this has not yet been
trialed. Darting is not recommended due to the significant risk of drowning.

Physical exclusion remains a potentially useful measure, for example using resistance board weirs,
which are used to count fish migrating upstream in rivers, or to trap and process fish, to block or
segregate species. Existisiguctureswould require additional developments, for example to stop
seals climbing over them or to operate in higher river flow rates when seals may be more likely to try
to pass upstreamndeed, in some&ircumstances, wholever temporary traps are being deployed

to filter out upstream migrating nomative pink salmonHowever, further investigation into how

this engineering might be tailored to meet seal exclusion needs or seal capture needs is required.
Given the continuing effort to remove barriers to fish passage, any such measure would require
investigation of the bhavioural responses of migrating salmon to a barrier, and investigation of
engineering solutions such as increasing bar/picket spacing to reduce both water resistance and
impact on salmon. Other issues that requimgestigation include: the identification of suitable sites;
guidance would be required on the river width and depths that a weir could be suitably installed in,
and whether they would be suitable for year round use; the cost of installation and ongoing
maintenance (recent estimates for the installation of resistance weirs in Scottish rivers have ranged
from £60k to £120k), as well as the cost of consultancy support and fees associated with obtaining
statutory consents; various consents would be requiredluding NatureScot licenses for use in

SACs, and from SEPA. The effect of any such barrier on recreational river users, such as canoeists
should also be considered.

Active deterrence will likely be made more effective by timely detection of seals and triggering
deterrents in their presence. Compared witte use of physical barriers, this approach has a
substantial advantage of minimal disturbance to ftarget animals and recreational river users.
Targeting them only at times when seals are actively involved in predation or when they are at
sensitive locations shouldsoreduce the likelihood of seals habituating to the deterrel@8MRU

trials of a manually triggeretiargeted Acoustic Startle Technology (TAST) signal in the presence of
harbour seals swimming upriver towards the device resulted in 100% effective deterrence, with all
seals immediately stopping travel upriver and moving back downstream (Harris ePedsis).

Results of trials in the River North Esk in winter 2024/25, testing a prototype linked automated
detection system (multibeam sonar) to trigger the deterrent signal in the presence of seals, are
being analysedout preliminary results suggest thaté¢ automatically triggered TAST signals were
successful at deterring seals from travelling up the river, although contrary to the manual trials
occasionally seals managed to pass. These data are currently being analysed to determine possible
explanationsdr variations in effectiveness, including acoustic shadows omiteebank This work

is due to be reported to the Scottish Government by the end of 2025. It is important to note that
100% effectiveness is highly unlikely to be achieved in the long termdny mitigation method

and consideration should be given to methods that significantly reduce the numbers of incursions of
seals up rivers. Furtheesourcesand capacity are required to trial this system in a wider range of
environments, extending to grey seals, and over the longer term.

DSydzagl 9SQa GFINBSGSR 102dzadA0 adl NItS GSOKy2f238
rivers in the Pacific Northwest, USA. Unlike the experiments in Scottish salmon rivers, these
deployments tested the standard (triggered) TAST systemrdécent metaanalysis across multiple
study sites shows that TAST caused a 59% to 80% reduction in seal depredation on salmon when the
device was operating correctly (Williams et al. in prep). In addition to a reduction in depredation, a
55% estimated inciEse in fish passage was found (Williams et al. 2021 ia)also important to

note that these projects involved the use of single units which did not fully coveardee

77



monitored. This differing deployment scenalikely explains the lower efficacy compared to a

previous fish farm study that demonstrated a 91 to 97% reduction in depredd®otz (@nd Janik,
2015,2016. Furthermore, variability in efficacy found across study sites was caused by differences in
sound propagation, and insufficient area coverage due to limited deterrence ranges. The highest
efficacy occurred in a location where transmission loss was I@Weliams et al. 2021a), while

efficacy decreased in @as where transmission loss was higher (Williams et al. 2021b). Studies that
did not control for distance and included predation events that were outside of the effective
deterrence range also reported lower efficacy (McKeegan et al. 2024). These resitdpdul in
informing future TAST deployments, as the described challenges could be addressed by operating
coordinated arrays of TAST units to achieve sufficient area coverage.

A recent study in Finland (Veneranta et al., 2024) details the deployment of a line of Ace Aquatech

US3 ADDs across the river lijoki, which enters the Baltic Sea. Researchers deployed a series of ADDs
(AceAquatec US3 model) across a narrow section ofitiee approximately 3 km upstream from

the estuary. These devices emitted randomized sound pulses withincttie l8Hz frequency range,

designed to deter grey and ringed seals. Fishing stations upstream of the ADD line reported

increased whitefish catchedecreased damage to fishing gear and catch, and fewer seal sightings.

The authors of this study highlight that lotgym assessments of impacts of ADDs are still needed to

verify the overall effectiveness. While the ADDs effectively reduced seal interscthe deterrence

was not absolute. Some seals managed to bypass the barrier. They also conclude that the feasibility

of ADDs needs to be balanced against their economic and social viability, thereby highlighting the
importance of caséy-case costbenefh (i I & & SEr@m¥as gtdndmic paoint of view, ADDs are

relatively exped A @S 6 Ay 2dzNJ aGdzReéX Y9um e LISNI dzyAdI 6A0GK
the manufacturer) and their installation, operation and care in rivers requires considerable time and
resource®é C¢KSANI FylFfeaira 02y Of daREGE thdiriker fishey €S A YYSRA |
unlikely to exceedhe cost of ADDs, at least without considerable state subsidies.

Fisheries Management Scotland (FMS) received funding in 2023 from the Marine Fund Scotland to
purchase 19DTAQ Sealfence Portalfdeoustic Deterrent DeviceFhisdeviceis marketed as a

omobile acoustic system designed to deter seals and sea lions in a wide range of underwater
situations. The device uses a robust, underwater projector (fitted with 25m of Kevlar reinforced

cable) to emit an omdirectional sound which seals and sea lions will find uncomfortable at anything
AYAARS (KS aeéaidS¥ eus distiibited&h@se ADDE th @Wéve NitrictB8Imon
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increase the capacity for river managers to deter seals from Scottish Rivers. FMS undertook a survey
following the first full year of use by river managers to determiResponses were very variable and

it is not clear from thanformation provided exactly how devices had been deployed or how
effectiveness was measuredn terms of the effectiveness of the devices, three respondents felt

they were not effective, two felt they were effective, one moderately effective, and one less
effective.One of the survey respondents had not yet had the opportunity to trial the device and two
rivers did not respond to the survey. The assessment of efficacy was reported to be variable in some
locations, depending on the nature of the terrain and mode oflogment. Several respondents

reported that the manual deployment of the device using watercraft was labour intensive and one

2 https://offshore.otaq.com/content/uploads/sites/3/2020/03/G%A&fencePortablespecificationsheetENG-
R1.pdf
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reported that ajet skiwas more effective than a canoe due to the ability to manoeuvre and ensure
that the ADD can be activated when the seals are within the effective range of the ADD.

A summary of researchnahe effectiveness of acoustic deterrents in riveras provided in SCOS
(2024). An updated version of the summary table is provided hefaliel4.
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Table14. Summary of global studies testing the efficacy of Targeted Acoustic Startle Technology (TAST) Device in rivers and fisheries

Local lead Institution Species Funding Research topic & reported results
Ireference application
Rob Williams \(/)ViaaS;Lnltlatlve, SH:;FSOW g:?t(ra]farss?:ijgdSalish Various projects in the Pacific Northwest (Whatcom Creek, Ballard Loc
- . ’ ’ Olympia, and Nisqually, 202D23).
Williams et al. (in Salmon Sea Marine Survivg ~ > P auaty )
prep) Rivers Project 1 Meta-analysis of projects from 2022023 modelling estimate
effects size regarding deterrence and predation reduction.
1 TAST achieved a reduction in seal predation on salmon by 599
80% (at study sites where no technical malfunction occurred T4
1 Deterrence effect of seals (distance increase)
. 0 . :
Rob Williams Harbour Puget Sognd . Predatlon on salmon decreased by 77% (withimBOFish passage
seals Partnership, Salish| increased by 55%
Williams et al. Sea Marine Survivg
(2021, a) Salmon Project
Rivers
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Oceans Initiative,

Puget Sound

Rob Williams WA USA Harbour Part hib. Salish Employing Targeted Acoustic Startle Technology (TAST) to deter harb
» ! seals, Sar nl\jrs. Ip’S a "'_:‘ | seal predation on endangered salmonids at the Ballard Locks, Seattle,
Williams et al. Steller sea Pe? arine SUVIiVe einal Report, March 5, 2021
(2021, b) lions (low roject o .
numbers) 1 49% reduction in predation events when TAST was on.
1 Modelled 45% increase in fish passage (i.e. endangered salmo
Salmon the fish ladder.
Rivers (fish Multi-unit deployment may improve efficacy further (as single unit
ladder) . . e
provides insufficient coverage of the whole area).
Alaska State Steller sea | NOAA BREP grant

Laurie Jemison

Preserving catch of salmon troll fishermen while reducing interactions

: Department of Fishy lions (bycatch reduction Steller sea lions (SSL): targeted acoustic startle technology (TAST) to
Jemisonetal. | & Game, AK, USA | ko) grant) SSLs f Il gear in Southeast Alaska. Final
(2024) ishery s from troll gear in Southeast Alaska. Final report.
(appllcatlon T 91% to 94% reduction in predation events withinmd®f TAST
) & tidal . e .
. (best estimates from two model specifications). Localised effec
feeding . . . ) .

_ with no change in foraging behaviour at distances of 40
aggregatio N . : . : :
ns 1 Significant reduction in seal surfacing and distance increase in

. response to TAST within a range of up te585m.
(experimen
ts) Potential for reducing bycatch of sea lions.
1 Passive acoustic monitoring study to investigate potential effec
Samantha Cox University College | Grey seals | Predation: EU on cetaceans.
c (2024 Cork, Republic of | ~. (Marie Curie), T No significant change in detection likelihood of harbour porpois
oxetal(2024) | Ireland fishery Marine Institute NBHF clicks argklphinidwhistles and clicks when TAST is ON

PAM: SEAFICS,
a{Srta Iy

compared to OFF periods. Higher vocalisation rates during
nighttime hours compared to during the day.
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Coexisting
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David Whyte, Rosehearty Fishing Grey seals | North East Coast | Non-Lethal Seal Deterrent in the North East Scotland Handline Macker
Thomas Goetz & | Association, Handline Regional Inshore | Fishery (2021). A Trial using Targeted Acoustic Startle Technology (T4
Vincent Janik University of St mackerel Fishery Group https://rifg.scot/storage/article/49/Non
I o) 0, 0 Tl 0 ) 0,

Whyte et al. (2021) Andrews, Mgnne fishery (NECRIFG) Lethal /020_Seal /c>20Deterrent/c>ZQ|n %20the%20North%20East%20Scd

Scotland Science, %20Handline%20Mackerel%20Fishery.pdf

NECFRIG. UK. 1 deterrence effect of TAST on seal activity directly around fishin

vessels
T aSIf RSGSOGAz2ya 2y GKS @Saas
MMO (Marine DEERA/MMO Grey seals 1 Study on inshore gillnets using a paired design with test nets
Management (protected by TAST) and control nets (unprotected).
Organisation), 1 74% increase in C.atCh in the test ne.t compared to a control net
the result of reducing seal depredation
ABPmer: Suzannal
Walmsley, UK
Walmsley et al.
(2025)
:\(/Iat:Ieen A. wesfqe.rn Harlbour MSc project McKeegan, K.A., Clayton, K., William&tRl. The effect of a startle
C_ eegan, gs '”Qton seals eliciting device on the foraging success of individual harbor sehatscé

Alejandro University,

AceveddGutiérrez

Bellingham, WA,
USA

vitulina). Sci Refd4, 3719 (2024)https://doi.org/10.1038/s41598024-
54175w

1 The study did not control for distance meaning that predation
events were recorded in a wider area, including at distances th
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were outside the expected deterrence rage of TAR® 2 Y S
AYRAGARdIzZF £ a RSSYSR WLINBaSyidQ dz
been outside the effective zone. Individuals outside this zone cannot

SELISOGSR (2 adFNItSz OSIasS ¥2NI
1 Given these caveats, a 43.8% reduction in predation events on
endangered salmon was found.
1 More reliable estimate by Williams et al. (in prég@sed on
analysis otombined raw data from multiplstudies across
different locations and years into a single coherent analysis

Tobias Schaffeld

University of
Veterinary
Medicine,
Hannover,
Germany

Grey seals

Keeping grey seals away from a swimming zone. Highly effective in
achieving deterrence within a confined area (manuscript in prep).
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Sea fisheries

An update on current levels of bycatch in UK fisheries is provided in the answer to Question 5 above.
This answer mainly addresses other types of interactions with sea fisheries, namely depredation of
catch/damage to gear, and competition for a shared tese. Seals can also act as vectors for

parasites that affect fisheries. For example, seals are vectors for cod worm, the nematode
Psuedoterranpva decipiefldauksson, 2011). Hauksson (2011) reported that the prevalence,
abundance and density of cod worarvae were highest in the fish caught closest to shore, which

was also in closest proximity to grey seal colonies and in the shallowest waters. Infections of Baltic
cod by cod worm, were reported to have increased following the significant increase Battie

grey seal population in theegion (Buchmann, 2023). In addition to cod worm, seal stomachs are
infected with other anisakids, includiri@pntracaecum osculatumnisakis simplexandPhocascaris

spp., whose larvae also are found in groundfish (Suoadt Fisher 1958; Brattey and Ni 1992; Brattey

and Stenson 1993). Marcogliese et al., (1996) highlighted that observed changes in the distribution
and abundance of parasites in the Gulf of St. Lawrence may be caused by a combination of increases
in grey aml harp seal densities concomitant with climatic changes affecting bottom temperature.

They predicted that should water temperatures increase, abundance of cod worm will also increase
in fish and seals in the Gulf of St. Lawrence. These aspects of sedkfishteraction have received
relatively little attention in UK fisheries.

Sea fisheries depredation

Depredation in UK commercial fisheries was reviewed in SCOS (2022). It is well known that fishers in
the UK report frequent and significant losses due to seal depredation (MMO, 2019). According to an
online survey of UK fishers published by the MMO (MMIL92, frequent problems with

interactions with seals and gillnets were reported by over 80% of respondents. In the North Sea and
Eastern Channel, drift nets and lines were also reported to be subject to frequent interactions.
Interactions with pots/traps ad trawls were reported to be of a more occasional nature. It is felt
strongly by the fishing industry that impacts of seals on fishing operations have increased and that
effective solutions are necessary (MMO, 2019).

Elsewhere in Europe, increasing grey seal populations have been highlighted as a concern for
depredation in specific fisheries, mainly static net fisheries, e.g. the monkfish static net fishery in
Brittany in northern France (Massey et al., preprint)rishl gilinet and entangling net fisheries
(Cosgrove et al., 2015) and the Baltic net, hook and line and trap fisheries (Fjélling et al., 2005;
Kdnigson, et al., 2009; Konigson, et al., 2015; Blomquist and Waldo, 2021; Glemarec et al., 2024).
Glemarec et a) (2024) recently estimated that about 45% of cod and 6% of flatfish gillnet catches
are stolen by grey seals in the Central Baltic Sea. They also found that depredation levels increased
with increased soak time, with the authors suggesting that greysseaisit a net where they found

cod in the days following their first depredation attempt to steal the freshly captured cod. In the
Baltic, several studies have shown that fishers could switch from gillnets teafeajjearsi.e.

specially designed potmnd fish traps that aim to protect the catch from the seals, while maintaining
catch rates to acceptable levelsigdtLarsen et al., 202&onigson et al., 2015

Cosgrove et al.2015 carried out a targeted study of depredation by seals in Irish fisheries, based
on 91 observer days in gillnet fisheries for hake and pollack, and trammel/tangle net fisheries for
turbot and crawfish. They estimated that 18% of pollack, 10% of hake@¥%dbdmonkfish landings
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were depredated by seals. Cosgrove et al., f2@8howed that several aspects of fishing activity
affected depredation and bycatch rates in bottom set tangle nets for pollack and hake. Soak time,
depth, haul speeds and haul sequence, noise from fishing activity, season, day/night deployment,
and net type all affected depredation as well as location, particularly in terms of distance to nearest
concentration of seal haulout sites.

In Brittany, France, Massey et al., (prepriotind thatseal depredation occurred on 18.5% of
monitored ret sets and resulted in the removal of 5.3% of total monkfish catches probability

and levels of depredation observed varied with location, with a higher probability of depredation
closer to haul outs and between the months of March and May. Depredation rate was lower in
trammel nets than in gill nets and decreased vifie length of the net. The authors suggestveral
practical measures related tthese patterns that could be adopted by fishers to potentially reduce
depredation in this fishery.

There are currently no published quantitative estimates of the level or impact of depredation in any
UK fishery. SCOS (2021) recommended effort focused on developing a quantitative understanding of
the level and extent of depredation in UK fisheries toiifg locations and timings of interactions

that warrant further investigation and to inform mitigation strategies. A further recommendation
included a quantitative investigation of data collected by onboard observers as part of the UK
Bycatch Monitoring @gramme.

There are two primary approaches to reducing conflicts between sea fisheries and seals. The first
involves reducing the opportunities for seals to inflict damage by means of gear modifications

and/or the timing and location of fishing activities to mingmithe number and duration of

AYGSNI OGAzyaod ¢tKS aSO2yR Ay@2f@Sa RSLI2eAy3d &azy
activities or drive them away from the fishery. The studies reviewed above all highlight that factors
such as soak time and loaati could significantly affect rates of depredation, indicating the potential

for reduction of depredation by modifying some aspects of fishing practice. However, many of the
fishers who responded to an MMO (2019) survey reported taking actions to rechpeets,

including reducing soak times, moving to different sites, attending gear, reducing noises that may
attract seals and adjusting rigging (for pots), but also reported that these methods were not

effective longterm solutions because seals rapidly ptéd to them. As far as SCOS are aware there

are limited gear modification options available for reducing opportunities for interactions with static
tangle nets. Further investigation of the potential in UK fisheries for gear modifications and the
potentiaf  F2 NJ 0 KS FR2AHQA 23S I2NER YWaTS IfKS (e LIS GKIF G KIF @S
is warranted. Some progress has been made on the development and testing of potential acoustic
deterrentbased mitigation measures, some of these have alrdssn reported on above under

guestion 5 in relation to their potential to also mitigate seal bycatch. The work presented by

Walmsley et al., (2025) describing trials of the Targeted Acoustic Startle Technology (TAST) on seal
depredation in an inshore gikt fishery was previously reported in SCOS as MMO (2020). This work
indicated significant increases in catches in nets equipped with TAST devices compared to control
nets. Statistical modelling demonstrated a 74% increase in total catch on the testmpaeed to

the control net. Similarly, Cox et al. (2024a) reported that preliminary analysis of data from a pilot

trial of the TAST device in a gi#t pollack fishery off southwest Ireland indicated an overall

decrease in depredation rates at test netswquared to control nets although highlighted that

sample sizes were low and further work was necessary to draw firm conclusions. Further trials are
planned for summer 2025 using baited nets. The TAST has also been tested in hook and line fisheries
in Scotlad and the United States. In a jigging fishery in the Moray Firth, TAST achieved a 97%
reduction in grey seals presence under the vessel based on fishers reporting sighting on their echo
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sounders (Whyte et el. 2021). In Alaska, TAST has been tested by the Department of Fish & Game on
otariid pinnipeds (Steller sea lions) in a series of trials around haulout sites, in tidal feeding

aggregations (where sea lions predate on salmon) and safimbra KA y3 @SaasSta oaiNRf
treatments caused aignificant reduction in sea lion surfacing within a range of up t&6@m. In

tidal feeding aggregations, TAST achieved a betv@déf and 94% reduction in predation events

within 40m of the unit. Rterrence effects were localised with no change in foraging behaviour at

distances of >4@n.

TAST devices in early trials were designed for stable deployment on fixed aquacultureandges

was highlighted by Walmsley et al., (2024) that developments are required to increase the
robustness and reliability of deviceand size reduction and modifications are also required to allow
streamlined netbased deployments. Since that study was conducted, Genuswave have developed a
new TAST design (FisherySafe) which constitutes-am#Hined unit with a much smaller footpt,
smaller integrated sirflg transducer and internal batteryrhese have been tested in some fisheries
applicationssuch as on gillnets in Ireland (Cox et al. 2024 a) and in hook and line salmon fisheries in
Alaska (Jemison et al. 2024) and the manufacturers highlight that they should allow for a more
streamlined, netbased deployment to reduce the handling and lost time requirements for fishers.
Costbenefit analyses would be useful to determine the optimal balance between depredation
reduction and the cost of mitigation measures

Suuronen et al., (2025) reports on trials of new seal deterrent applications developed and tested by
the Natural Research Resources Institute Finland (Luke) and provides guidelines regarding the
appropriate use of deterrents. They describe experiments wltbe suitability and effectiveness of
raft-mounted and portable deterrents using the Otaq Seal Fence were studied pairs of pentoon

traps, one equipped with a deterrent and the other without, were compared. The deterrent was
placed near the funnels of thieap and during two fishing seasons, the average salmon catch was 64
percent higher in traps with a deterrent (Lehtonen et al. 2022). Although somérskaled damage
occurred, salmon fishers have apparently continued to use the deterrents with satigfaegults.
Lehtonen et al., (2024) reported on the development of seabed mounted Ace Aquatech US3 ADDs to
ONBIGS aaStrt FTNBS I NBlFa¢ odzi y2 RFEGF 6SNB LINBASYy
the systems. Research is ongoing regarding #eeai portable deterrents in other coastal fisheries

such as pontoottrap fishing for whitefish. Suuronen et al., (2025) also report that Luke, in
collaboration with the Aalto design factory, has built and assessed a prototype of an autonomously
moving A to protect larger areas than a stationary ADD can cover. So far, there are no results on
the efficiency of the autonomous ADD.

Sea fisheries competition

There is considerable overlap in seal diet composition and fish species targeted in commercial
fisheries so there is the potential for fishing induced changes in prey availability to impact seal
populations, and for seal predation to reduce the fish awddldor commercial fish catches. A review

of the impacts on fish populations of increasing seal populations was provided in SCOS (2019) and
SCOS (2021). Clearly, predation by seals is large enough to be a potential factor in the dynamics of
some fish popuwtions (e.g., grey seal predation has been shown to be an important factor in the
failure of cod stock recoveiy southernGulf of St. Lawrenc@Neuenhoff et al., 2019), although in

other cases, seals have minimal impact, e.g., harp seal consumption of cod off Newfoundland was
found not to be an important driver of the northern cod stock (Buren et al., 2014), and in the
northern Gulf of St Lawrence, although harp seal consumption did affect cod dynamics it was not as
important a driver as fishing or watéemperature (Bousquet et al., 2014). However, uncertainties in
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several factors, e.g., fine scale variation in seal diet composition, the spatial and temporal overlap
between seals and fisheries at sea and overlap between the size distribution of prey eaten by seals
and selectivity of the fisheries all combine to mehat confidence in predictions of effect levels will

be low. SCOS (2019) concluded that it was unlikely that seal population growth is a major factor
driving recent fish stock declines. Consumption of cod by seals in the North Sea was estimated to
represent a small percentage of estimated stock size. Other factors such as overfishing, climate
change, the destruction of nursery grounds, and discard bans are considered more important than
seal predation (ICES, 2024).

Trijoulet et al., (2018) conducted bioeconomic modelling of the impacts of grey seal predation on
the west of Scotland demersal fisheries (cod, haddock, and whiting) and concluded that large
whitefish trawlers are most sensitive to seal predation due wirthigher cod revenuesut seal

impacts are minor at the aggregate fishery level. Importantly, the results of this study were sensitive
to the choice of seal functional response (how predation rate varies with the abundance of the prey)
highlighting theneed for information on this critical parameter. SCOS (2019, 2021) highlighted that
predicting ecosystem effects of predator populations is complex and requires a multispecies
modelling approach. This requires information on fish abundance and distnjpatial and

temporal patterns of seal predation, spatial and temporal distribution of fishing effort, and an
understanding of multispecies functional responses. Work is underway to fill several of the data gaps
highlighted in SCOS 2019. For example Bb@STAR project under the INSITE Il prograhane
developed multispecies functional response models for seals and porpoises and integrating outputs
within a North Sea ecosystem model which is being used to model scenarios of future change.

Understanding seal diet is key to being able to predict ecosystem effects of increasing populations
and as detailed in SCOS (2019, 2020), the results of previous major studies of seal diet in the UK are
described in detail in a series of reports to Scottzovernment (Hammond & Wilson, 2016; Wilson

et al., 2016; Wilson & Hammond, 2016 a, b). The results of the most recent sampling (2010/11) are
summarised in Wilson and Hammond (2019), in the context of regional variation in trends in
population size of bdt species of seal. Overall, sandeels and large gadids were the two main prey
types, but results showed considerable seasonal and regional variability. SCOS note that these data
are now more than 10 years old and may not provide an accurate descripti@aladists in areas

where fish stocks and seal populations have changed. In terms of diet composition, in the southern
North Sea, sandeel dominates grey seal diet, whereas flatfish, gadids and sandy benthic species are
more important for harbour seals. lihné Moray Firth, the diet of both species is dominated by
alyRSSt o LYy GKS b2NIKSNY LatSaz alyRSSt FyR 3l RA
prey also important for harbour seals. Gadids are the main prey of both species in the Inner
Hebiides. In the Outer Hebrides, sandeel and gadids are the main prey of grey seals and pelagic
species and gadid featuring in harbour seal diet (Wilson and Hammond, 2019). There are now
studies underway to update our estimates of grey and harbour seal dibeisoutheast of England

SMU and around Scotland, and a reassessment of the potential for competition with commercial
fisheries can be undertaken once this work is complete.

Aquaculture

Previous recent SCOS reports have provided detailed reviews of the interactions between seals and
aquaculture in Scotland, including options for mitigation (SCOS 2021, 2023). Little new work in this
area has been published since these reviews.
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Coram et al., (2021) conducted a review of the use and efficacy of ADDs in aquaculture and
concluded that there were significant limitations with the available data and that further research
was necessary to addretts®e key knowledge gaps in relation to depredation by seals in aquaculture
and the efficacy of acoustic deterrend&@ntrolled experimental trials are required to understand

the efficacy of ADDs in reducing depredation and to understand any effects ctargmt species.

This is particularly imgtant in the context of the changing scientific understanding of the potential
impacts on nortarget species, and current regulatory frameworks. Research is also required to
better understand the efficacy of alternative management measures fantider recommendations

on this wereprovided in Thompson et a[2021), which considers theon-lethal management

options forsealpredators at finfish farms in a broader contex

Options available include the use of aptedator nets and double netting. For example, Scottish Sea
Farms have adopted Seal Pro netting and are due to have double netting in place at all fish farms in
Shetland by mie2025". Other options include submersible cage designs, including those that would
allow movunginto areas further offshore and consolidating farms into a smaller number of larger
pens.The assumptiomvith the latter being thathe bigger the pen, the greater the opportunity for

fish to shoal nearer the middle and out of access from the seal at the net ddgasformation is
available about the effectiveness of these measures at reducing seal depredation.

As a result of concerns about the potential impacts on cetaceans (e.g. Findlay et al., 2024), and the
need for an EPS licence if the ADD model has the potential to disturb cetaceans, ADD use in Scotland
is not currently practiced by the industry. Althougtsmall number of studies have concluded that
specific acoustic devices have no impacsomecetacearspecieqe.gGotz & Janik, 2015, Gotz &

Janik, 2016Cox et al., 2024b).

As suggested in SCOS (2023), the coincident cessation of both licencing to shootmetdstthe

health and welfare of farmed fistind the use of ADO3y the sectomay provide an opportunity to
retrospectively assess the effectiveness of these two previously widely used active control measures.
There have been anecdotal reports from the industry of increases in predation at fish farms since the
commercialuse of ADDs has been stopped but these have not been verified. To date there have
been no targedd studies to assess changes in seal predation rates or levels of seal activity at
aquaculture sites coincident with the cessation of ADD Hssvever, the industry has continued to
record salmon mortality and there may have been some monitoring of seal sightings over the
transition period that could provide a basis for such a comparison.

There is generally a lack of published evidence for the effectiveness of most ADD devices at reducing
seal depredation on salmon farms. The exception to this is the studies into the effectiveness of the
TAST demonstrating a @ % reduction in seal depretian on salmon farms in Scotland (G6tz &

Janik, 2016).

SCOS are aware of a collaborative study underway by SMRU, the ADD manufacturer Ace Aquatec
and the aquaculture comparfycottish Sea Farmunded by the Sustainable Aquaculture Innovation
Centre with matched funding from Industry partnefsis project aimed to conduct a lobgrm
randomised controlledrial of an acoustic seal deterrent under reabrld conditions. This involved

the installation of lowfrequencyAceAquatec RTADDsat severalsites in Shetland anithe

monitoring ofseal depredation ratesver the course of a production cycle (18 months). The

deterrent was controlled remotely by researchers via cellular network, allowing treatment periods to

3 https://www.shetnews.co.uk/2024/09/19/doubédtingsystemaimsreduce/
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be controlled independently of farm activities. The main challenges have been related to EPS
licensingfor research the most heavily predated farn{siccording to site operatorsyere not

permitted for inclusion in trial, reducingpe plannedsample sizeind resulting power to detect an
effect considerablyAcoustic data from these sites may also provide insightstivealistribution of

low- and mid frequency cetaceans such as killer whales and dolphin species in relation to the RT1
operation. Additiondy/, a previous trial in Orkney will be extended in duration to increase sample
size, allowing a better understanding of the responses of harbour porpoises to tHedquency
signal.Data analysis is currently ongoing.
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Health anddisease

7. SCOS will provide current information on population health and disease
concerns for harbour and grey seals in the UK. SCOS will describe current ef
to monitor seals for known or emerging health threats and provide updates or
any recent outbreaks or emrging diseases (regionally and globally) that may
impact the conservation and management of grey and harbour seals in the U

Both infectious and norinfectious disease processes can impact population health by reducing
survival, reproduction and resilience to environmental change. Currently, from a conservation and
management perspective, infectious disease concerns for UK geplilations include primarily

Highly Pathogenic Avian Influenza (HPAI) and Phocine Distemper Virus (PDV). As of March 2025,
both grey and harbour seals have tested positive for HPAI (H5N5 and H5N1, and H5N1,
respectively) in the UK. There are currently imstances of largescale outbreaks in UK seals, but in
the absence ofvidespread, regulatesting, it is unknown to what extent HPAI may be circulating.
H5N1 has resulted in large scale mortalities of phocids globally. A total of 12 (of the 33) pinniped
specieshasnow tested positive although the total number of species affected remains unknown
due to the variation in ongoing global surveillance efforts. HPAI continues to circulate in poultry,
wild birds and carnivores in Europe, and as such, there remains the pidfor spill-over to UK
seals.

In March and ApriR023, 17.5% of harbour sea$/40), and 5% of grey seald/20) sampled in the
Wash Special Area of Conservation were seropositive (had circulating antibodies) for PDV. There
are currently no known largescale outbreaks in UK seals, but it is unknown to what extent PDV
may be circulating.

There is no routine health or disease surveillance in marine mammals in the UK, and as such, only
sporadic findings ofiiral and bacterial infections have been reported in seals. Routine health and
disease surveillance through coordinated efforts involviagandings schemes, rescue and
rehabilitation centres, and live captures for research is critical to better understand population
health.

In Scotlandalthough there is no specific new mechanism, Marine Directorate Licensing-{NL)

have confirmed they will provide a rapid response (within a working day) in the event of an urgent
responsive need to sample seals the rest of the UK, howevethe delay between application

and granting of authority to conduct studies requiring capture and/or sampling of live seals for
research precludes a rapid response to the onset of a disease event or any other response to acute
environmental perturbations. A mehanism by which there is a fasesponse for granting of

authority to conduct studies in the event of timeritical investigations must be a priority.

Population health and disease concerns for harbour and grey seals in the UK

Both infectious and noimfectious disease processes can impact population health by reducing
survival, reproduction and resilience to environmental change. Infectious diseases are caused, most
commonly, by pathogens including viruses, bacteria, and gasasihese can spread through seal
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populations though a combination of direct contact between individuals, exposure to contaminated
environments, spillover events from other species, and a combination thereofirfiectious

disease processes are caused foy exampleenvironmental, anthropogenic or genetic factors and
include exposure to chemical contaminants, exposure to harmful algal blooms, changes in prey
distribution and abundance, and genetic bottlenecks. These can result in chronic health issues
including malnutition, immune dysfuntion, hormonal disruption and lowered reproductive success.

Norrinfectious and infectious disease processes will often interact, typically withnfectious

stressors often exacerbating infectious disease outcomes. For example, contaminant exposure,
environmental variability or poor nutrition can result in imgadrimmune response@Villiams et al.,

2025) making seals more susceptible to infections. Additionally, environmental variability may result
in changes in asea behaviour or hatdut patterns, increasing contact between species and thus
increasing the potential spread of infectious pathogéianWormer et al., 2019)Itimately, these

could have population level impacts through mass mortality events or chronic reproductive failure,
leading to changes in population structure and trajectories. Below are detailed infectious diseases of
potential concern in UK seals,asll as information on other noimfectious disease processes that
could impact harbour seal populations in particular.

Infectious Disease Concerns

Highly Pathogenic Avian Influenza (HPAThere have been very few reports of mortalitiedHsAl

in wild mammals in the UK, with just a small number of species, including seals, otters and foxes,
testing positive between 2021 and 20Z&Emall numbers of seals were tested every year over this
period, withcasesof HPAI reported in 2021, 2022 and 2025. However, due to the absence of routine
disease surveillance in UK seal populations, the true extedPafl, or other influenzafections in

seal populationgannot be determined. The small number of positive samples from seals are
summarised in
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Tablel5, and were collected from stranded carcases. It is not known if these seals were
symptomatic or if infection was a contributing factor in their deaths.

The most recent, and largest number of positive individuals were grey seals sampled on a breeding
colony at Blakeney Point, in North Norfolk in early 202%tygrey seal carcassé@sostly pups)
were sampled, and5 37.5%) tested positive for HPAI H5N5 (
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Tablel5). Sampling efforts in seals were undertaken by the avian influenza national reference
laboratory in collaborationwith t | | Qa 5Aa&aSlasSa 2F 2AfRtAFTS { OKSYS
great blackbacked gulls that tested positive for HPA$. for previous cases, it is not known if the

sealswere symptomatic or if HPAI infection was a contributing factor in their de&ig.production
estimatesare not available fothe 2024/2025 seasorHowever, thenumber ofadults andpups

found dead at the end of the seasarere not higher than would be expected given the size of the

colony (last estimated for the 2023/2024 seas®nus, theredoes notappear to have been a

significant outbreak or associated mass mortality.
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Table15. Confirmed findings of HPAI in seals in the UK between 2021 and 2015. Updated April 2025,
details fromGOV.UKN.B. A small number of seals were also retrospectively tested in 2023 and 2024,
but none were positive.

Location Year | Month HPAI Strain | Positive | Species
Cases

North Norfolk, England | 2025 | March H5N5 13 Grey seal
North Norfolk, England | 2025 | February H5N5 2 Grey seal
Cornwall, England 2022 | October H5 1 Grey seal
Cornwall, England 2022 | October H5N1 1 Grey seal
Cornwall, England 2022 | September | H5N1 1 Grey seal
Cornwall, England 2022 | September | H5N1 1 Grey seal
Cornwall, England 2022 | September | H5N1 1 Grey seal
Fife, Scotland 2022 | July H5N1 1 Harbour seal
Orkney, Scotland 2022 | June H5N1 1 Harbour seal
Highland, Scotland 2022 | March H5N1 1 Harbour seal
Aberdeenshire, Scotland | 2021 | October H5N1 1 Grey seal

A recent repor{GOV.UK, 2024repared by the UK Health Security Agency (UKHSA) on behalf of the
joint Human Animal Infections and Risk Surveillance (HAIRS) group summarised the current situation
with respect to influenza of avian origin (AlV) in UK seal populations. It was recomtniade

review of seal health surveillance across the UK takes place, with thédomaim to establish

routine disease surveillance in marine mammals in the UK. The review highlighted that prior to the
H5N1 pandemic, other influenza sypes (H3N8 and H5N8) have been detected in UK seals since
2017(Venkatesh et al., 2020; Floyd et al., 20H9wever, due to the absence of routine disease
surveillance, it cannot be determinedAfV detectiorin the two grey and two harbour seals in the
aforementioned studies is incidental, orAfVsare inconstantcirculationin UK seal populations.

AlVis not considered endemic in UK bird populations, and whilst outbreaks can occur at any time of
year, there is typically a seasonal increas@lyf infectionsassociated with the arrival of infected
migratory birds over winter. Their arrival can redaltocal avian transmission either directly

between birds, or indirectly when birds encounter environmental contamination, including faeces
and feathers. Crosspecies transmission can then take place in coastal regions where there is both
direct and indiect contact between infected birds and seals either at haul out sites or when feeding
on a common food sourgg-ereidouni et al., 2016As such, we might expect AlV infections in seals

to show the same seasonal patterns as in birds, rather than developing endemicity. As well as
infections through contact with infected birds, seal movements (grey seals in particular) from other

94


https://www.gov.uk/government/publications/bird-flu-avian-influenza-findings-in-non-avian-wildlife/confirmed-findings-of-influenza-of-avian-origin-in-non-avian-wildlife

European countries where AlV infections have either been detected, or resulted in mass mortalities

(Tablel6), could also present a risk of disease introduction into UK seal populations. The two

PDVepidemics, for example, affected centres of seal abundance around the North Sea, including

those of the UK. This disease spread, along with data from both electnothipassive tags and
genetic studies, demonstrates connectivity between these cent@@gn the recent mass

mortalities in seal species in other parts of the world (details below), and evidence of infection in

grey and harbour seals in the UK and acrossii&) there is the potential for a disease outbreak in

UK seals.

Table16. Published AlV detections in seals around Europe and the North Sea.

Species Infection Year Individuals Location Reference
impacted
Harbour H10N7 2014- 2015 Mass Sweeden, (Bodewes et
seals mortality Denmark, al., 2015)
>2,000 Germany,
the
Netherlands
Grey seals | H5N8 2016- 2017 2 positives Poland (Shin et al.,
(Baltic) 2019)
Harbour H5N8 2021 1 positive Denmark (Postel et al.,
seals (North Sea) | 2022)
Harbour H5N8 2021 3 positives | Germany (Statens
seals (North Sea) | Serum
Institut,
2022)

Phocine Distemper VirusPhocine distemper virus (PDV) remains a major concern for UK seal
populations as it can cause largeale mortality events. Two previous outbreaks of PDV have
severely affected harbour seal populations in European and UK waters, in 1988 an@Ré02,
approximately 18,000 and over 20,000 seals died, respectively. Given the length of time since the
previous outbreakthere will beveryfew (if any) immune survivors remainingnd as suchwith no
population immunity another PDV epiemic may be expected and will likely cause high harbour
seal morbidity and mortality rates again in the southern North (Beslewes et al., 2013; Ludes
Wehrmeister et al., 2016)This is of particular concern now as it is thought that populations will
likely have limited immunity to the virus, as few individuals will still be alive since the last outbreak,
and the majority of the population will therefore have had no prior expesiihis makes harbour

seal populations especially vulnerable to new introductiond subsequent spread of the virus. In
addition, this population recently experienced a decline, the causes of vahécstill unknown,

which may mean that it has reduced resilience to additional challenges.
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Antibodies to PDV have been detected in European seals since 2002, the prevalence of which has
varied over time and across regions and have been largely linked to the 2002 epizootic. However,
there is little published evidence of current disease exposuieals across Europe. For example, in
466 samples from harbour and grey seals collected from Dutch coastal waters between 2002 and
2012, antibodies were detected in most seals in 2002 and 2003, while post 2003, antibodies were
detected only in seals thdikely had survived the 2002 epizoofBodewes et al., 2013 German

and Danish waters, following the 2002 epizootic, antibody prevalence declined over time, with no
sustained exposure detected six to eight years after the outb(eallesWehrmeister et al., 2016)

In a longitudinal screening study between 2002 and 2019 of 298 pinnipeds in the Baltic and the
North Sea, only one adult harbour seal tested positive (presence of viral RNA in tracheal swabs and
lung tissue samples) for PDV in 2002, which was assodcidtiethe 2002 epizooti¢Stokholm et al.,
2023) Similarly, between 2015 and 2017, a total of 80 stranded dead harbour seals were tested
from the German North Sea coastline (presence of viral RNA in tracheal swabs), and were negative
for PDMSiebert et al., 2024However, recent work by SMRU has shown that seal populations in

The Wash, Southeast England, have been exposed to PDV since the last outbrebk S#6tlof
sampledharbour seal$7/40), and 5% of sampled grey seél$20)testingantibody-positive in 2023.
These seropositive seals were asymptomatic. Further work is necessary to establish if the disease is
endemic in this population, or if these preliminary seroprevalence results are indicative of a recent
introduction that did notresult in an epidemiand faded out, which igypicalfor morbillivirus
infections(Harris et al., 2008)While there is no evidence of an increase in reportstiginded seals

in severe respiratory distress and of carcasses, as was documented in the two previous PDV
epizootics, we cannot rule out the potential that there may have been some mortality associated
with this recent introduction considering the estimated lo$s>dl,500harbour sealindividuals in

the SAC between 2018 and 2019.

Streptococcus zooepidemicuGlusters of dead stranded grey seals in northeast England tested
positive forStreptococcus zooepidemidas2024 although it remains unclear if this was the primary
cause of death, or a secondary infection. Seals were primarily adult males, in good nutritional
condition, with no evidence of recent feeding and no evidence of trauma. However, they showed
possible extesive purulent effusion and deeply congested lungs (Rob Deaville, Cetacean Strandings
Investigation Programme, pgonal communication). There was no indication of a wider outbr8ak.
zooepidemicugs known to cause a mild, purulent pneumonia, but has also been associated with oral
ulcers and skin infection®aker et al., 1998)he bacterium is commonly found in the oral cavity of
grey seals, and was isolated as ardection during both the 1988 and 2002 PDV outbreaks

(Akineden et al., 2007Thus, assessirige health of seal populations and specific pathogen

exposure is vital tanderstandingooth disease susceptibility and transmission of this bacterial
infection, and therefore predict outbreaks that could have populadevel impacts.

Other pathogens:

Phocine herpesvirugfections in seals are associated with disease and sometimes high mortality,
primarily in young or otherwise compromised animals, and circulate in harbour seal populations in
Europe(Roth et al., 2013; Bodewes et al., 20&6) North Americ§Goldstein et al., 2003Recent

work by SMRU showed that 58% of harbour seals, and 80% of grey seals sampled in the Wash in
2023 were seropositive for herpesvirus. High seroprevalence rates seen here are similar to those
seen across other harbour and grey seal populations. ¥ample, seroprevalenda harbour seals
ranged between 77 to 100% in SvalbéRibth et al., 201342 to 77% in Alaska and Rug&arnke et

al., 2006)and up to 99% of adults in Califorrffacldstein et al., 2003Yhe virus is thought to shed

on themucosaof the eye and nos@Roth et al., 2013)and generally infections asssociated with
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both high morbidity and mortality, especially in young seals. In harbour seals, regular outbreaks have
been documented in Europ@larder et al., 1997; Martina et al., 2002nd in the PacifiKing et al.,

2001) Symptoms vary and can include uppespiratory disease, interstitial pneumonia, hepatitis

and adrenal necrosi&Gulland et al., 1997Dverall, it is predicted that annual variation in
seroprevalence and active infections might reflect different frequencies of reactivation of the latent
virus that can be influenced by environmental factors and other infectious pathogens that impact
immune competence of the anima{foth et al., 2013)Extrinsic factors such as streesponser
concurrent disease therefore likely affect the severity of the disease in harbour(Geddistein et

al., 2004) Stress is also thought to not only make individuals nsoiseeptiblgo infection but also

prolong sheddinglargely througmasalsecretions) Baily et al., 2019 aw! Q& NBOSy (i TFAYRA
highlight the potential for using variation and/or changes in herpesvirus seroprevalence rates as an
indicator of populatioHevel stress impacts.

Since 2020, a collaborative effort between Teesside University, the Zoological Society of London, the
Cetacean Strandings Investigation Programme (CSIP), Defra and the British Divers Marine Life Rescue
6. 5a[ w0 KI@S 0SSy Ay@@hrea 32 aid N 3K SLING RZESAY [2yF0 f4e
pups and juveniles along the east coast of England. Typically, pups have been observed with muzzle
swelling, facial wounds and abscesses, and ulceration of the hard palate. The team suggest that

mouth rot is likey the result of a combined viral and bacterial infection, with multiple pathogens

involved, but concluded that calicivirus infection accounts for the majority of d@ssko and

Arrow, 2024) In the few cases with mouth rot, but no detectable calicivirus, they suggest that
herpesvirus infection, or infection with especially pathogenic bacteria sutheg@nema sp could

account for the lesion@Bojko and Arrow, 2024t was highlighted that other factors should be

considered alongside infection with these pathogens when outlining a management strategy for the
disease.

Non-Infectious Disease Concerns

Marine mammals are exposed w@ariouscontaminants of anthropogenic origin, including heavy

metals, plastics and persistent organic pollutants (POPs). In mammals, POPs in particular are known
to disrupt endocrine, reproductive, and immune systems, and can lead to adverse health effects
including metabolic disordergeduced immunocompetencaevelopmental issues, heurobehavioral
impairment and cancer. While bans on their release in Europe over the last 40 years initially lowered
environmental POP levels,dai remain ubiquitous in the marine environment and are therefore still

a risk to marine mammals as concentrations are biomagnified up through food webs. As a result,
seals are often described as sentinels of marine environment POP B®&work in the UK has

focused on measuring primarily polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers
(PBDESs) and organochlorine pesticides (OCPs) in seals.

While there is no recent published data for UK harbour seals, previous work from the early 2000s
indicated that the levels of various POPs in Scottish sealslowestin the regions of greatest

harbour seal population decline (such as Shetland, Orkney and the SE coast of Scotland) (Hall and
Thomas., 2007). These were below the thresholds indicated as being deleterious to health (Kannan
et al., 2000) suggesting that these levels were not contributing to population declines. Across other
populations, nore recent data investigating POP concentrations in harbour seals from Svalbard in
2009 and 2010 show a §90% decrease in concentrations of PCBs and OCPs since 1999 (Roultti et
al., 2014). Without more recent data it is not possible to investigate similadsréamtemporal or

spatial variability in concentrations measured in UK harbour seals.
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Blubber POP concentrations have beseasuredmore recently in grey seals. Concentrations in grey
seal pups sampled on the Isle of May on the east coast of Scotland between 2015 and 2017
(Robinson et al., 2019) were below the marine mammal PCB toxicity thre&aoidan et al., 2000
Overall, when compared to previous concentrations, the PCB levels in pups sampled in 2017 had
fallen to 75% of the concentrations seen in the early 2000s (Rob#tsaln 2019) When compared

to other populations, oncentratons in 2015 2017 were ~10 times lower than in grey seal pups
sampled during the late 1990s and early 2000s in the Balti¢S&ao et al., 2003).

Similarly, in the same study, total PBDE concentrations were up to 7 times lower i2@07 %han

in adult females also sampled on the Isle of May in 2008 (Vanden Betrghe2012). These recent
concentrations are also an order of magnitude lower than values reported in UK grey seal pup
blubber from 1998 and 1999 (Hall et al., 2003), and 2000 (Kalantizi et al., 2005). Lastly, for the OCPs,
RAOKf 2 NRPRALKSyY &t [iddotbsighdhpldichidtdetffy®nedDDE)5ahd)
dichlorodiphenyldichoroethane (DDD), concentrations did not fall over thgeldy period between

2002 and 2017 (Robinsat al., 2019). As emphasised by the authors, the observed differences in
temporal trends between contaminants highlight the need for kkagn datasets to investigate and

the evaluate continuing impacts of PQ#tsseals and on marine ecosystems more widely.

Other factors that could impact seal health, include low prey availability, poor prey quality and
biotoxin exposure from harmful algal blooms (HABs), and interactions thereof. Health assessments
can be used to investigate nutritional condition, as wekk@en for the presence of biotoxins
produced by HAB®ata from rehabilitation centres suggest that, in recent years, rescued harbour
seals in thesoutheast England Seal SMU appear to have particularly compromised immune systems
(Himmelreich 2019). A conmation of multiple acute and chronic stressors (e.g. nutritional stress)
could be contributing tgoor immune system function in these animals. There are projects exploring
variation in prey quality, and how spatiemporal patterns in diet relate to population trajectories.

Additionally, recent evidence shows that many important prey species, such as sandeels, flatfish and
pelagic species including herring and mackerel, are contaminated with biotoxinsoyet

(Kershaw et al., 202 1potentially leading to chronic exposure in seals, as well as harbour seals being
exposed to toxin doses that exceed letkt@lesholds (Hall et al., 2024)Concentrations vary between

prey species, and thus seal speesgecific variation in diet (potentially mediated through changes in
prey availability) will influence the extent of their exposure and potential health impacts. More

details on exposure to ABs are included in Question 8 regarding the impacts of climate change.

Monitoring for known or emergindhealth threats

There is no routine health and disease surveillssmecifically for marine mammals in the UK, and as
such, only sporadic findings wfal and bacterial infections have been reported. There are

strandings schemes, the UK Cetacean Stranding InvestigatigraPhme (CSIP), and the Scottish

Marine Animal Strandin§chemgSMASS), that diagnose cause of death and investigate disease
occurrence in carcasses. However, carcass collection and sampling are opportunistic not systematic,
and these schemes have limitability to detect disease and assess morbidity in populations before
they affect vital rates and therefore population status. There is now much more emphasis and
recognition that monitoring health is a critical means of determining or predicting changes

population dynamics as an early warning sys{@&hational Academies of Sciences, 2017)
TheAPHADiseases of Wildlife Scheme also has a remit to investigate seal deaths and mass
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mortalities, but given the challenges associated with the remote locations, potentially hazardous
coastal habitats and protected status of seals, the coverage is opportunistic and not

systematic. Combining ugto-date information from the strandings schemand from rehabilitation
centres would allow a process for identifying unusual mortality events and emerging health threats.
As with previous advice, SCOS advise that the UK government and devolved administrations adopt a
process and associated critef@ determining an Unusual Mortality Event, similar to the process

used in the United States under the Marine Mammal Protection Act (SCOS, 2022). Determination of
an Unusual Mortality Event should then trigger an immediate response plan and investigation,
making available additional resources to collect and process data, as well as to respond to further
strandings should they occur. ©odinated response and sampling protocols should be developed in
preparation for any future infectious disease outbreakhia UK.This will help to maximise the

chances of collection of the information necessary to determine event cause and to determine the
effect on the population(s) concerned.

SMRU are currently leading two population health and disease surveillance programs including
exposure to pathogens of interest, assessment of nutritional status, immune system function and
stress responses. Firstly, SMRU was awarded funding from the MRirgeorate to monitor the

health status of grey and harbour seals at haul out sites around Scotland through the analysis of
samples collected during live captures202:1Hy ® ¢ KSasS ySg RIGlF gAff 08S
extensive database of a suite of blebdsed health markers to providessential comparative

context. Using both samples from live captures, as well as from strandings cases through close
collaborations with theSMASSSMRU will also assess antibody seroprevalence to key pathogens
known to result in widespread mortalities, impact overall health and immunocompetence, and

cause reproductive failure. Secondly, SMRU was awarded funding from Defra to process archived
sampks from harbour seals in Southeast Englandamplementongoing work thahas indicated

recent disease exposuthat may have played a role in the recent harbour seal decline in Southeast
England. Work will now assess previous and current exposigevieralpathogens known to impact

seal health, survival and reproduction. This will allow SMRU to assess the relative role of disease in
the declines in harbour seal abundance, the ramifications for population recovery, any mitigation
that could be put in place, artd generate recommendations for ongoing routine surveillance

SCOS has previously noted that the delay between application and granting of authority to conduct
studies requiring capture and sampling of seals precludes any rapid response to the onset of a
disease event. This delay also precludesffasponse samplingghen other perturbations to the
environment are reported, such as harmful algal blooms or water contamination events, for
example. This limits our ability to understand impacts of these events on seals because only

Al YLIX Ay 3 d&adz2NDA O 2akkh glace, makes Nikirtg yjopBatid ¢hanges ko dhe

impacts of an acute environmental perturbation very difficult. SCOS recommend, as in SCOS 2024,
that a mechanism to allow rapid permitting should be a priority to would allow a timely response to
an unusial mortality event (SCOS, 2022), or to an acute change in environmental conditions that can
impact seals. SCOS recognise that some progress in that regard has been made in Scotland; although
there is no specific new mechanism, Marine Directorate Licer{sibgLOT) have confirmed they

will provide a rapid response (within a working day) in the event of an urgent responsive need to
sample seals (e.g. harmful algal bloom, unusual mortality event).

Recent outbreaks or emerging diseases

Currently, the most significant diseasslated threat for the conservation and management of UK
grey and harbour seals is the spread of HPAI. During the panzootic between 2021 and 2022, H5N1

99



HPAI caused episodemaltscale mortality of both pinnipeds and cetaceans in Eurdieolo et al.,
2023; Thorsson et al., 2028hd North AmericéPuryear et al., 2023; Lair et al., 2024; Murawski et
al., 2024) However, when the virus spread to Russia and South America;deatgmortalities in
marine mammals were observed. In Russia, more than 3,500 Northern fur Galéstfinus ursinQs
died in the Sea of Okhotsk in 20&3bbolev et al., 2024and potentially up to 10,000 Caspian seals
(Pusa caspigan 2022(Gadzhiev et al., 2024More than 30,000 South American sea licDsafia
byronig died along the coast of Peru and Chile between 2022 and 2023, with porpoises, dolphins,
and otters also being affected in smaller numb@uart et al., 2024)Then towards the endf 2023,
HPAI infection resulted in the mass mortality of southern elephant sktiteifnga leonindin South
America and in the suBintarctic. The largest dieffs were seen irlephant seals in Argentina
(Uhart et al., 2024and in South Georgi@anyard et al., 2024 hese recent, largecale mass
mortality events show that seals are susceptibléttaN1 in highly contaminated environments, and
infections can result in a very high fatality rate (e.g. 95% mortality rate of elephant seal pups at
Peninsula Valdez, Argena (Uhart et al., 2024)As of March 2025, 12 different pinniped species
have now tested positive for HPAI H5Nx (including H5RHBI€17), however, the total number of
species affected remains unknowle tovariation in ongoing global surveillance efforts.

Tablel7. Pinniped species that have tested positive for HPAI (H5NXx). *Indicate species that have
experienced mass mortality events. Species list compiled by the Food and Agriculture Organisation of
the United NationsRAQ, and updated on the 26/03/2025.

Species Location

Otariidae

South American Fur sedirctocephalus australis South America*

South American sea lio®faria flavescens South America*

Northern Fur SealJallorhinus ursings Russia*

Antarctic Fur Sealfctocephalus gazella South Georgia*

Phocidae

Southern elephant seaMirounga leonina South America, South Georgia*
Caspian seaP{sa capsida Russia*

Leopard seaHydrurga leptonyx) Antarctic Peninsula
Weddell sea(Leptonychotes weddellii) Antarctic Peninsula
Crabeater sealobodon carcinophaga) Antarctic Peninsula

Ringed seglPusa hispida)

Grey seal UK, North America, Europe
Harbour seal UK, North America, Europe

Numerous HPAI subtypes have been found to infect both cetaceans (HLIN3, H13N2, H13N9) and
pinnipeds (H7N7, H4N5, H4N6, H3N3, HIN1, H3N8, H10N7, (fax8)adler and Puryear, 2020)
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but the exact mechanisms involved in viral transmission from birds to seals and cetaceans remain
unclear. However, combined ecological and phylogenetic data collected from South America support
mammato-mammal transmission in sedlghart et al., 2024)Earlier work, before the most recent
panzootic, showed moderate attachmentARl/to the cell receptors in the respiratory tracts of both
harbour and grey seals, which suggests high susceptibility to these viruses within these species
(Ramis et al., 2012We would therefore expect the UK seal populations to also be susceptible, with
the potential for mass die offs depending on the time of year and number of introductions and/or
spillover events.

Lastly, the numbers of HPAI cases (H5NX) in poultry and wild birds across EF8pe(European

Food Safety Authority 2025)as increased between December 2024 and March 2025, compared to
the same period last year. Currently, the main findings of the latest report published in March 2025
highlight that there continue to be outbreaks amongst poultry and wild birds, partiguilarl

waterfowl, and for the first time since spring 2024, several HPAI detections were reported in
domestic cats and wild carnivores in Europe. We would therefore expect the UK seal populations to
come into contat with the virus, as has been shown with the recent positive cases detected in grey
seals along the east coast of Englafhould there continue to only be isolated cases of-spiir

events involving HPAI, as have been seen in the UK, Germany, therliiedls and in the Baltic,

these are less likely to have populatiavel implications for UK seals. However, should-seal
transmission and/or multiplepilloverstake place of a highly virulent strain, during the breeding
season, or during the moulbf example, an outbreak could impact UK seal populations.
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Climate change and extreme weather events

8. SCOS will provide current information on the impacts of climate change and
extreme weather events on UK seal populations.

Climate change is already having a range of effects in the seas around the UK, but predicting the
population consequences of climate change for seals is difficult. There is little information on the
relationships between environmental drivers and seal pagation dynamics, so it is unlikely that
cause and effect will be reliably assigned to specific aspects of climate change with respect to
changes in seal populations. However, changes could potentially have both indirect (e.g. changes
in prey availability)and direct impacts (e.g. loss of breeding/haulout sites) on seals.

Changes in timing and intensity of stratification and locationssbfelf-seafronts will influence
patterns of productivity and fish distributions and will likely affect prey availability to seals. These
changes could have either positive or negative effects on seals in the UK. Observed trends in UK
seal populations showhat in the number of seals has beédncreasingin the southernNorth Sea
since surveydegandespite indications that distributions of currently preferred prey have shifted
northwards.

Ocean warming has caused sea level rise (SLR) of approximateiy Since 1950 and is expected

to further raise sea levels by approximately 0.4 to8dn by the end of the 2% century. Changes in
sea level and resulting increased wave action on breeding beaches may reduce breeding and
haulout site availability in some areas. Increased storminess in terms of maximum and average
wind speeds and frequency of storm systems may léadncreased wave action on breeding sites
which can increase pup mortality. Seals may be ablettaptby moving breeding sites if

alternative sites are available. Recent analyses of potential impacts of SLR on grey seal breeding
sites suggest that a large proportion of existing sites, particularly at low lying east coast locations
will be at significanty increased risk of flooding by the end diis century.

A recurring theme in ocean climate temperature modelling studies is the prediction tiairine

Heat Waves NMHWSs) will increase in frequency, severity and longevity in the coming decades.
Some areas ofhe UK waters experienced an extreme category 4 MHW in June 2023 with sea
surface temperatures (SST)%*C abovenormal. Additional less extreme SST anomalies occurred in
September 2023in May 2024 and during spring 2025. Similar MHWs have occurred off the
Canadian east coast and the west coast of Norway, such that most Atlantic grey and harbour seals
have been subjected to MHW conditions in the past year. A preliminary analysis of seal stranding
reports in Scdand does not indicate any increase associated with these MHW events. Aerial
surveys in August 2022 and 2023 did not indicate that harbour seal numbers in east Scotland and
east England fell between 2022 and 2023. Conversely, compared to 2022, gregaeds were

much lower in 2023 in east Scotland, but grey seal numbers further south, at Donna Nook, were
much higher in 2023. Seal counts were therefore equivocal and do not show a consistent decline
coincident with the MHW. On the other side of the Atléio, however, in January 2024, coincident
with a prolonged MHW event on the Scotian Shelf, the grey seal breeding colony on Sable Island
saw the lowest pup weaning masses in the-g6ar time series.
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There is uncertainty in the predicted effects of climate change on frequency and intensity of
Harmful Algal Blooms (HABs) in UK waters. However, given the potential severity of both chronic
and acute exposure impacts on the health of seals, and other marmammals globally, UK grey
and harbour seals could experience populatidevel impacts. Longterm monitoring efforts are
required to enable identification of trends in infectious disease prevalenées.described irY
above,the movement of Arctic pinnipeds into UK waters and the introduction of novel pathogens
into immunologically naive grey and harbour seal populatiossa concern

The observed temperatures during the MHW fell within the thermm@utral range of both grey

and harbour seals and were unlikely to have had significant direct physiological or energetic
impacts on either species in the water. Overall, shoid medium-term consequences for seals are
most likely to result from changes in prey availability, as fish and their prey species are likely to be
more sensitive to such temperature changes. So far, the effects of the 2023 MHW on fish in UK
waters are unknown. A wid range of demersal fisheries in Europe and North America showed no
detectable effects of sea bottom heatwaves. Abnormally low wind speeds in 2023 resulted in
strong stratification that may have limited the effects of the MHW on the benthic and demersal
fish populations which provide a large proportion of the diets of both grey and harbour seals in UK
waters.

Longterm studies are required to be able to detect changes in body condition and reproductive
output and investment, and to be able to link these with changes in environmental conditions.
There is also a need for finer scale regular assessments of fatkstat appropriate temporal and
geographical scales, to be able to link these with changes in environmental conditions and changes
in seal condition and reproductive success.

Marine mammals in the UK face an increase in the potential cumulative impacts from climate
change and other anthropogenic pressures, which can make it difficult to determine the impacts of
climate change, specifically. As a result, there is currently teiogy when predicting the effects of
climate change on seals. Additionally, there are a wide range of interacting factors driving
population change at each trophic level, so it is extremely difficult to disentangle their effects and
identify specific cawes or predict the extent of impacts on seal populatioflbouy et al(2020)

carried out an assessment of the vulnerability of all marine mammal species to global warming and
produced a ranked list of species by vulnerability to climate change effects. Grey seals (16) and
harbour seals (20) appeared on a list of the top twenty nvodierable species of marine mammals

to climate change extinction risk.

Changes in cold temperate waters, such as the seas around the UK, may be profound, and will likely
impact on continental shelf marine predators such as seals. However, in UK waters, the projected
changes in the physical environment, such as air and watepératures, water depth and salinity,

are not predicted to exceed the homeostatic ranges for UK seals. Both grey and harbour seals occur
in temperate coastal waters as far south as Brittany and the Wadden Sea in Europe, and Pacific
harbour seals breed dar south as San Diego in California. Summer water and air temperatures at
these locations exceed those currently experienced by seals in southern England. Indeed, existing
summer conditions at the southern limit of current ranges are generally higherghgected
temperatures in the UK over the next century under high warming scenario predictions. However,
although harbour seals in other parts of their range experience higher summer temperatures, it is
unclear what effects increased summer temperatunesy have on breeding behaviour and breeding
success of both harbour and grey seals in the southern UK.
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The seas around the British Isles, have warmed faster than the global average over the past 50 years.
SST in the Nortkast Atlantic and North Sea have risen by between 0.1 and 0.5°C per decade over
the past century, and the rate of warming has been patédy rapid since the 198{Byeet al.,

2013 Cornest al., 2023. These rapid changes in the marine environment are having profound
impacts on the ecosystem that may affect the distributions and availability of prey species and may
have direct impacts on seal foraging success and reproductive performance. Astiveleashifts in

prey distribution and abundance, other predicted impacts on seals are linked to a potential
reduction in haulout and breeding habitat, increased mortality as a result of storm surges, changes
in breedng phenology, increased exposure to biotoxins from harmful algal blooms and the
introduction of new viral and bacterial pathogens that can impact health. These are discussed
individually below.

Range Shifts: Prey

Over the last 40 years, the SST around the UK has increased by approximately 0.3°C per decade, with
the greatest increases measured in the southern North(Eeanes et al., 2023These temperature
changes have resulted in changes in the distribution of species as well as contributed to major

regime shifts in the North Sea in particu{@eaugrand et al., 2003; Sguotti et al., 2022; Bode, 2024)

In response, shifts in cetacean distribution in the UK have been observed, including an increase in
warm water adapted species (e.g. shbgaked common dolphin and striped dolphin), and a

decrease in cold water adapted species (e.g. Atlantic wditted and whitebeaked dolphin)

(Williamson et al., 2021hese changes in distribution patterns are thought to be in response to
northward shifts in the main prey of both warm and ceVdter species which are sensitive to
environmental changes including warming sea surface temperatures.

In contrast, a southward shift in harbour porpoise summer distribution within the Greater North Sea
was observed between 1994 and 2005, and then later confirmed in @@délhoed et al., 2022)
Similarly, North Sea bottlenose dolphins are expanding their range southwards, the drivers of which
remain unknowr(Ellis et al., In Presd)ut could be related to preferred prey availabilitgeals are

top predators with a similar diet to delphinidiherefore, prey shifts are also likely to have impacted
UK seals. However, as with bottlenose dolphins and harbour porpoises, the most noticeable
distribution change in seals has been the large increase in grey seal numbers in the southern North
Sea, andharbour seal numbers have increased substantially in the southern North Sea and
decreased in the northern North Seé is interesting that all four of the main marine mammal

species in the North Sea have shown a generally southward trend.

Important prey species, including North Sea stocks of cod, plaice and haddock, have shown
northward shifts(Skinner, 2009; Engelhard et al., 2Q0B3udron et al(2020)published an analysis

of scientific survey data that provides an overview of changes in distribution for 19 northeast
Atlantic fish species encompassing 73 commercial stocks over 30 years. All species experienced
changes in distribution. Specifically, ttfords of the shifts in centre of gravity (CoG) displayed by
northern species were northwardaudron et al(2020)concluded that the overall northward
direction of the changes in distribution together with observed range contraction for northern
species, and expansion of southern species ranges into UK waters, Sol8ugiteséidium luteuin

for example, were consistent with the poleward distribution shifts expected from warming sea
temperatures.

However, more recently a mulinodel projection of changes in both distribution and biomass for 18
key fish species in European waters produced more varied prediakey et al., 2025 he
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study found that primary productivity in the North Sea and Northeast Atlantic is expected to
decrease by approximately 10% by the fist Century and that commercially important cold

water species like herring, cod, and haddock are projected to declithe iNorth Sea by 180%

under moderate warming scenarios and by8@b6 under high emissions scenarios by 28a0lley

et al.(2025)also predicted changes in fish distributions, but the direction and scale of movement
differed between ecotypes and regions. In the Northeast Atlantic, the population centroids for most
species, both demersal and pelagic, are predicted to move north. twie magnitude of the
predicted changes differs widely between species, with shifts ranging from just a few kilometres for
haddock (25 km) to over 400 km for herring (2330 km) by 2100. In the North Sea, the predicted
changes in distribution differ between pelagic species that are predicted to move north and
demersal species which are predicted to move south. These predictions were based on both
mechanistic and statistical models that showed a high level of agreement.e3hlésrsuggest that
future trends in distribution for demersal species that form the bulk of seal prey may differ from
those previously identified in the North Searecent studymodellingpotential changes in habitat
suitability suggests that sandeel rga will notmove, but that habitat availabilitis predicted to
increasen the areas that they already occup{Couce et a).2025)

A shift in the distribution of important prey species could lead to a reduction in prey availability, and
therefore body condition of sealBoveng et al(2020)reported preliminary results of a study of

Arctic seals that included harbour seals on the Aleutian Isliratsexperienceenvironmental

conditions similar to northern Scotland. Though harbour seal data were limited to three sampling
events during 2012016, they observed a striking decline in body conditian:estimated annual
decrease of about 45g of body mass per centimetf length. Harbour seal populations have
undergone a longerm decline in the Aleutian Islands. The popidatdropped precipitously

between 1980 and 1999. The decline was most dramatic in the western Aleutians, where counts
dropped by 86%, to about 5,500 individuals. The cause of the original decline is unknown, and the
population has not recovered sinc&heestimates of recent declines in body condition represent
almost a 20% decrease in body mass. Such decreases would have serious consequences for
individual and population fitness. The researchers consider that the recent declines in body
condition are likely an acute response to the recent very strong North Pacific marine heat wave,
presumably mediated through reduced prey availability, rather than a continued chronic response to
whatever has caused the lofigrm decline in numbers.

Range Shifts: Seals

Even with changes in the distribution of pelagic and demersal prey species, Atlantic populations of
grey and harbour seals have not followed the expected northward trend. For grey seals on both
sides of the Atlantic the numbers of seals in the southerrnspai the range are increasing rapidly
while populations in the central and northern parts of the range have stabilised leading to a
southward trend in the centre of mass of the population. Similarly, for harbour seals in Europe, a
southward shift in thecentre of mass of the population has been recorded over the past 30 years
despite the disproportionate effects of PDV epizootics in the southern North Sea. The drivers of the
different population trajectories are not known, but the changes in seal digtdbwo not simply

map directly to changes in distribution of their existing prey species. Nor do they conform to the
broad scale northward movement in response to increased air and water temperature associated
with climate change.
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Species distributions are not usually determined by physical capabilities alone, and while there is
evidence for shifts in important prey species, the distributions of both prelcompeting predator
species will influence the distribution of seals. So, the consequences of changes in the physical
environment will be difficult to predict. If we could assume that competitors, prey, and other factors
would maintain their current relatin to variables such as water temperature and depth, we could
use the curent distribution patterns to predict future distributions under different climate change
scenarios.

Boehmeet al.(2012) and Zicost al.(SCOSBP 17/07) used location fixes and water temperature
records from the extensive telemetry datasets for harbour seals, and grey seals in both the UK and
Canada, to derive predicted distributions based entirely on water depth and sea surface
temperaturein the North Atlantic. Zicost al.then explored potential habitat shifts across the entire
Atlantic ranges of both species under two scenarios of climate change, the lowest and highest
scenarios of warming as detehmy SR F2NJ G KS Lt/ / Q&3 Hnamn NBLR2NI® ¢K
an overall compression of core habitat, with slight loss of habitat in the northern and extensive
habitat loss in the southern edges of distribution in the North Atlantic. In the high imgrstenario,

there was a general northward shift in predicted core habitat for both species. In geographical terms
the predicted northern expansion of habitat would exceed the southern contraction so that both
species would be predicted to have largerdging habitat extents in the future.

The rapid increase in grey seal populations in the southern NortlauSkehe widely reported
occurrence of predatory malgrey seals will have negative impacts on harbour seal populatibns.
predation

Terrestrial Habitat Changes: Breeding and Haul Out Availability

Most of the research on the impact of climate change in terms of terrestrial habitat change on seals
has focused on high latitudes, particularly the Arctic, where dramatic changes in ice volume and
extent are already having profound effects on habitat kkility. Grey seals are traditionally ice
breeders in parts of Canada and in the Baltic, and changes in ice availability, and timing of freeze up
and ice break up are already having direct impacts on ice breeding grey seals. In the Gulf of St
Lawrence ireastern Canada, grey seals are increasingly breeding on land, and the distribution of
breeding sites is shifting northwards. In the Baltic, changes in timing of freeze up and ice break up
are changing the breeding habitat availability and are also fossads to breed on land. This

change in breeding habitat is causing either direct mortality or reducing lactation efficiency and pup
growth rates potentiallydue to physiologicalvater balance issugglammill et al., 2007; Mart Jussi

et al., 2008)

Global mean sea levels are projected to rise by Q.43 m by 2100 compared to 192805 (IPCC,

2021). Any seal responses to previous sea level rises (SLR) since the last ice age would not have been
influenced by human activity patterns. Today, howewlianges to land use, such as converting

coastal areas to urban, industrial and agricultural uses, and the construction of coastal barriers will
likely exacerbate any impacts, causing coastal squeeze, preventing inland migration of coastal
speciegKirwan and Megonigal, 2013; Schile et al., 2014; Nevermann et al., 2023; IPCC|201®)

face of future sea level rise it is likely that coastal defences will be maintained along large sections of
coastline, particularly in estuaries. If the upper tidal limit is fixed by sea defences, any increase in

mean sea level is likely to redzithe amount of suitable intertidal habitat available to seals as

haulout sites. This would affect both species, but the effects on harbour seals are likely to be more
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pronounced because a substantial proportion of the UK harbour seal population use intertidal banks
in estuaries for haulout and pupping.

Thus, projected sea level rise may pose significant challenges to both UK seal species. SLR may
reduce the amount of available breeding and haulout areas to seals, when compounded by the
formation of human coastal flooding defences to protect land angertes, restricting the area
inland where seals could move. Throughout their range grey seals normally breed on uninhabited
islands or remote sections of coast. However, since the early 1980s large breeding colonies have
developed on the mainland coadt, low-lying coastal areas around the central and southern North
Sea (SCOS, 2022). Hyimg coastal areas will be vulnerable to SLR and extreme sea levels from
storm surgegEvans and Bjgrge, 2018)pr example, on the Netherlands coast, grey seals breed on
sandbanks which are flooded in extreme tides and high storm sByasseur et al., 2015)f
inundation from a storm surge coincides with the pveaning period, there is a risk of pups being
permanently separated from their mothers and washed away from breeding sitesitrzt

drowning or starving

In other parts of the world, the impact of SLR on the terrestrial habitat of pinnipeds has been
investigated for Northern elephant seaMifounga angustirostriswhere the results show that most
current and potential haudbut sites at the Point Reyes Peninsula, California, will largely be inundated
by 2050(Funayama et al., 2013Additionally, in California, Pacific harbour s@didca vitulina

richardi) habitat is likely to decrease with projected SLR, and habitat flooding from storm events
(Backe et al., 2021)n the Baltic Sea, it is predicted that currently suitable haul out sites for both
grey and harbour seals will be lost due to future §laR Beest et al., 2022)

Breeding grey seals at some sites may be particularly vulnerable to SLR and storm surge related
extreme water levels around the coast of the Uléparaion of females from pups, and pujeing

washed away from breeding sitbas been recorded at various breeding sites in theabidkthere

are apparent correlatios between wind strength angup stranding reportsKeely et al.2025)

Rising mean sea levels will exacerbate storm surge inundation on coaétlaves and Gregory,

2006) There is no compelling evidence for any projected future increases in atmospheric storminess
from climate changéFeser et al., 2015; Kendon et al., 2028)d theUK State of the Climate
Report2019(Kendon et al., 2023tates that there are no compelling trends in storminess when
considering maximum gust speeds over the last four decades. Thus, there have been no studies that
have so far shown a link between changes in UK storminess and climate ¢anden et al.,

2023) However, the frequency and magnitude of extreme higdter levels in the UK are expected

to increase over the 21st century under all Representative Concentration Pathways¢R@)os

Lowe et al(2018) used to predict future greenhouse gas concentrations. Rising sea levels will raise
the frequency and severity @fave action on coastlines, and therefore storm surges have the

potential to impact grey seal breeding successnayeasing pup mortality as observed in Welsh

grey sal pupping colonies in 20(Biiche and Stubbings, 2017, 2048y due tostorm Arwen at

Fast Castle, Southeast Scotland in 2021 (unpublished data; National Trust for Scotland). Such
mortality events will likely increase in frequency and severity as sea levels rise, and seals breeding on
exposed, clifbacked beaches may be dk of increased levels of pup mortality as they have limited
opportunities to avoid storm surges (SCOS, 2022).

Wyles(2024)used aerial survey images and LiDAR imagery to characterise the local topography of all
key grey seal breeding colonies in East Scotland, Northeast England and Southeast England SMUs.
Met Office predictions of SLR and extreme sea levels from storm diargeesent day (2018) and

the future (2100) were used to estimate potential loss in breeding area. Results show inundation
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from SLR and storm surges across all breeding areas, with regional differences in the magnitude of
the impact. Results show that by the end of the century a future ll0wear storm will inundate

more habitat than a current day-ib-100-year storm, at albreeding sites studied. Breeding sites of
Donna Nook, Blakeney Point and Horsey are most at risk due to regional differences in SLR
projections and the topography of these low lying, open coast breeding sites. Whitecoat pup heights
above sea level were eimated at the Farne Islands and used to assess inundation risk to pups.
Results suggest that more pups will be at risk fromim10-year storm surge in 2100 (~50% of
whitecoat pups) compared to 2018 (~37% of whitecoat pups), highlighting the potential impact
storm surges could have on pup mortality on rocky shore and island breeding sites around the UK.

Warmer temperatures are more likely to impact animals in terms of thermoregulation when on land
during breeding or haul out since opportunities to cool down are reduced. Even in cooler air
temperatures of Autumn in the UK grey seal females spend morelimmols on days with higher

air temperatures and lower wind spe€dwiss et al., 2002) actation appears to be a time of

heightened cellular stress for grey seal females when additional thermal challenges may exacerbate
other stressorgArmstrong et al., 2023)f females cannot reduce metabolic costs during higher
temperatures they may end lactation early, with potential impacts on pup suri®alert et al.,

2020) That studyshowed that high temperature and lack of access to water can reduce pup

weaning mass and increase likelihood of pup abandonment in grey seals breeding at temperate sites
such as the Isle of May.

Oceanographic Changes: Circulation and Primary Productivity

Future predictions of marine climates around the UK will be heavily influenced by what happens to
the Atlantic Meridional Overturning Circulation (AMOC). The AMOC significantly warms the
northeast Atlantic and drives the general climate of northwest Eurppely through its influence

on the track of the jet stream. Both direct observations (2(#P1L7) and sea surface temperature
reconstructions, show that the AMOC has weakened since 1900 (IPCC, 2019). The data timeseries
are too short to confirm that theveakening is due to anthropogenic forcing, but CMIP5 model
simulations show similar weakening of AM@& toanthropogenic forcing. Overall, the AMOC is
projected to weaken in the 21st century, although a collapse is very unlikely. This weakening is
projected to cause a decrease in marine productivity in the North Atlantic and an increase in storms
in Northern Ewpe (Couespel et al., 2021; IPCC, 20Ba¢th reduced productivity and increased
storminess could have potential population level effects on UK seal populations.

The Marine Climate Change Impacts Partner§ii@CIP, 202@redicts a decrease in inflow of

Atlantic Ocean water into the North Sea by 2100. Specifically, projections suggest that the inflow of
Atlantic water through the northern waters between Scotland and Norway could decrease as
increased freshwater input intthe North Atlantic from melting glaciers and rivers decreases the
salinity of the surface water and affects the dengityven circulation patterns. This would

ultimately lead to significant changesthre salinity, nutrient levels, and culation patterns in the

North Sea that may have consequences for prey distribution, but to date there are no published
estimates of the potential impacts of such changes.

At smaller spatial scales, earlier stratification of warmer water and changes in the timing of plankton
blooms and secondary production blooms will likely have effects throughout the food chain
(Wiltshire and Manly, 20045uch changes have already been detected in the North Sea at several
trophic levels. This may have knock on effects on the timing of prey availability that could affect seal
body condition though impacts on foraging efficiency at key stages of theiylife. Specifically,
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Sailley et al(2025)predict a general decrease in primary productivity and reduction of demersal fish
biomass as a consequence of temperature induced changes in oceanographic conditions that will
likely impact seal populations. In terms of foraging behaviour itself, sealdda fronts, currents

and eddies as they are thought to concentrate pfidastie et al., 2016)Thus, changes in flow

patterns and currents as well as locations of frontal systems may also impact seal foraging habitat
guality. None of these possible effects have been studied in terms of their potential impacts on seals
in UK waters.

There are concerns that extensive wind farm developments in theH\®ea could have impacts on
stratification For exampleCarpenter et al. (2016) used a combinatiomrafdelling and irsitu
measurements to show thatffshore windfarmsouldpotentially impact the largescale
stratificationof shelf waters but only iffiarms covered a large proportion of the sheflowever, they
were expected to have very little impact on largeale stratificationin the North Seat the
deployedcapacity irr016 Some mdication of the potential effects of OWF infrastructure at the
current construction levels is emerging which suggest that multiple wind farms could have a
cumulative impact at a regional scale (Christiansen et al., 2023)

Oceanographic Changes: Acidification and Low Oxygen

Increased atmospheric G@3 absorbed by sea water which causes a reduction in pH and may have
already lowered global ocean pH by 0.1 pH units since the industrial revo{@roet al., 2005)

North Sea pH has decreased at a rate of around 0.0035 pH units pgWideamson et al., 2017)
Ocean acidification may have direct and indirect impacts for the recruitment, growth and survival of
exploited species. Effects are likely to be more important for she(lRgimegar et al., 201 Tut

changes to larval fish behaviour and reduced survival and recruitment have been refidttaday

et al., 2010)for example, projected ocean acidification levels (from IPCC RCP 8.5) double daily
mortality rates of cod larvaéStiasny et al., 2016 he potential impacts of ocean acidification are an
active field of research and the effects on future prey availability for seals are, as yet, unknown.

Reduced oxygen concentrations in marine waters have been cited as a major cause for concern
globally(Diaz and Rosenberg, 2008nhd there is evidenc@ueste et al., 2013hat areas of low
oxygen saturation have started to proliferate in the North Sea. HowevelEthepean Environment
Agency (2019) suggested that hypoxic or reduced oxygen levels were mainly restricted to
Scandinavian fjord waters with some reduced oxygen levels recorded dotttle Sea near the
Oyster grounds. To what extent these are the result of fsrgn climate change remains unclear,
and it is also unknown whether such changes will impact upor{Fisimegar et al., 2017)

Changes in Breeding Phenology

The timing of periodic, usually annual, events in the life cycles of animals can be influenced by and
may provide sensitive indicators of environmental changes. As such, significant chatmgewiaf
breeding in seals may be a useful indicator of the effects of climate change on seal populations
(Bowen et al., 2020; Bull et al., 20213uch changes may have important implications for the timing
of other events such as moult and may affect the timingaofation inforagingeffort.

Bull et al(2021)associated lagged SST indices with changes in pupping dates of grey sSeals

Skomer Mrine ConservationZone;, an SSTincrease oR°Cwas associated with an advance in

pupping date of approximately seven days. They concluded that the temperature index may have
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tend to give birth earlier in the season. The Seal Research Trust reported that the pupping season in
mainland Cornwall (~170 pups) has shifted earlier from September/ Octhivgrg 20172021t
September/ August since 2022. However, this pattern has not been consistent across the UK.
Spatiotemporal patterns in phenology around Scotland and the English east coast will be examined
as part of a current SMRU PhD project.

Bowen et al(2020)studied pupping phenology in the large Sable Island grey seal population in
Canada, over a 3¢ear period and showed much smaller magnitude changes that they ascribed to
long term demographic changesith a gradual increase in the proportion of older females that
puppedearlier. Bowen et al. also showed that females of all ages responded to environmental
forcing with the detrended Atlantic Multidedal Oscillation (AMO) from the previous year and
mean North Atlantic Oscillation (NAD)the previous 3 years explaining 80% of the variation. They
also concluded from neonatal and subsequent body mass measurements from 2768 pupg that
shift inbirth date had no impact on pup weaning mass.

Other work based on loagerm studies of individual grey seals on North Rona, Scotland, has shown
that maternal mass affected breeding likelihood, and skipping breeding appears to be an individual
massdependent constraint moderated by previous reproduetiwtput and local environmental
conditions(Smout et al., 2020)ongterm monitoring efforts are required to detect potential

changes in health and int@mnual variability in condition of seals associated with climate change.

Spread of Infectious Diseases

A recent review(Cohen et al., 202@escribed four fundamental ways in which climate change can
affect hostpathogen dynamics:

1 Increased host stress: Many taxa will exhibit a stress in resptueséo changes in their
physical environments. These can result in stiedsiced reductions in host immune
responses, which makes them vulnerable to infection and can inhibit host recovery.

1 Increased pathogen virulence: Elevated temperatures can increase the virulence of many
marine pathogens by increasing pathogen metabolism, ultimately resulting in higher
transmission rates.

1 Pathogen range expansion: Regionally, warming waters may allow pathogens to expand
further into host habitat and into previously unimpacted environments.

1 Host range changes: Shifts in species distributitugstoaltered habitat or a change in the
distribution of prey may increase exposure rates and transmission of certain pathogens into
previously unimpacted environments.

As seals use both terrestrial and marine environments, it has been suggested that they are more
particularlylikely to be impacted by the introduction of novel pathogeh® totheir increased

potential exposure in both environmen¢Sanderson and Alexander, 202Bange expansions of
pathogens into previously unexposed, and therefore immunologically naive populations may result
in high mortality events. These are most likely to occur through a combination of pathogen range
expansion and host range changes, as desd above. For example, there are current concerns
regarding the reemergence ophocine distemper virus (PD#ie to receding Arctic sea ice resulting
in increased intesspecies contact, or altered intigpecies dynamicand movements which

ultimately lead to an increased likelihood of emergence or transmission of a nove(\aung/ormer

et al., 2019)
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In the UK, altered intrgpecies dynamics, and contact with new species will arise from an increased

200dNNBYyOS 2F NI NB &4L80OASE 6K2a8 NIy3IS R28a y2i
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pinnipeds, specifically, around the UK in the last 20 years, there have been sightings largely of
vagrant coldwater species, including bearded seals, hooded seals, harp seals and ringed seals (Sea
Watch Foundation). M&t recently, a walrus was sighted from March to August 2021 along the west
coast, and another in September 2021 in Northumberland. The reasons for the movements of
vagrant individuals like these is not well understood, but a recent review highlightedtgdten

changes in pathogen occurrence in Arctic marine mami&asratclough et al., 2023and as such,

these individuals could act as vectors for specific pathogen introduction, aindfoeluction, into UK

seal populations. They highlighted evidence of several pathogens circulating in Arctic phocid species
with the potential to cause unusuatortality events including PD®rucella Paramyxoviruses,

influenza A and oxoplasma gondiiThere is a clear need for surveillance to understand baseline
disease levels and circulating pathogens in UK seals to understapdtirgial population level

impacts of the introduction of novel pathogens of concern.

In another reviewSanderson and Alexand@020)S @ f dzZt 6 SR (G KS 200dz2NNBy OS
induced mass mortality (ID MME) events in marine mammals between 1955 and 2018. They
conclude that extrinsic factors significantly influenced ID MMEs, with seasonality linked to the
frequency and severity dhese events. Importantly, they showed that global yearly SST anomalies
were positively correlated with occurrence of ID MMEs. With climate change associated with
increased SSTs and the frequency of extreme seasonal weather events, Sanderson & Alexander
concluded that epizootics causing MMEs are likely to increase in both severity and temporal
occurrence with signifant consequences for marine mammal survival. With increasing SSTs, UK
seals could therefore be impacted by ID MMEs as marine pathogens thafpneviously restricted

to warmer, more southerly waters might be able to become established in UK waters {Radter

et al, 2017).

Harmful Algal Blooms (HABS)

Biotoxin producing harmful algal blooms (HABs) have become a global environmental and human
health problem. HABs can impact seals through changes in the abundance of thalupriey

marine fish kill§Oh et al., 2023)and through exposure to biotoxins when contaminated prey are
consumedHall et al., 2024) The conditions under which algal blooms become toxic are still not
fully understood, and have been linked to a range of environmental variables including temperature,
nutrient availability, macroalgae agglomerations, and most recently, microbial cortiea(Mudge

et al., 2025)Given the incomplete understanding of HAB biology and ecology, it is currently not
possible to reliably predict the potential effects of climate related HAB changes on UK seal
populations. However, recent evidence shows that many important prey speuaidsas sandeels,
flatfish and pelagic species including herring and mackerel, are contaminated with biotoxins year
round (Kershaw et al., 202 1potentially leading to chronic exposure in seals. Chronicdose
exposure to biotoxins can have lotgym sublethal health effects. For example, domoic
acidexposure increased the risk of cardiac diséas®ea otters(Miller et al., 2021; Moriarty et al.,
2021) as well as neurobehavioural and shtetm memory deficit§Cook et al., 2015pdultonset
epilepsy, hippocampal pathologif{rucik et al., 2023and reproductive failuréGoldstein et al.,

2009)in California Sea Liongglophus californiangis

Ingestion of acute, high doses of biotoxins can be fatal, and have resukegieraimass mortality
events and strandings among marine mammals worldwide due to HAB toxicosis since the late 1990s
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(Scholin et al., 2000; Landsberg, 2002; Flewelling et al., 2R88¢nt work also shows that harbour

seals in Scotland have been exposed to toxin doses that exceed lethal thréshblet al., 2024)

although no mass mortality events associated with HAB toxicosis in UK seals have been documented.
Concentrations vary between prey species, and thus seal spgwéeific variation in seal diet

(potentially mediated through changes in prey availabikiyl) influence the extent of their exposure

and potential health impacts. Lastly, an increased frequency of HABs could also have more indirect
effects, as can result in a reduction in prey availability for seals.

Regardless of the uncertainty surrounding the predictions for an increase in frequency or duration of
HABs in UK waters (see below), the potential for such events to cause both chronic and acute health
impacts, including large scale mortality events, met#uas further investigation is warranted. Such

work could include measuring biotoxin concentrations in important prey species, especially during
recognised bloom events as identified Blymouth Marine Laborator{2022)through their near

reaktime monitoring designed as alert systems for aquaculture site operators and fish health
managers. This would help to understand potential maximal biotoxin exposure concentrations for
seals around the UK, and therefore help predict theeekof mortalitiesdue toacute, high dose

ingestion (e.gHall et al, 2024) Such work could also inde assessing evidence of chronic biotoxin
exposure in seal carcasses in terms of cardiomyopathy and hippocampal damage, as has been
observed in other marine mammals. This would help to understand the extent to which seals may be
affected by suHethal impacts of biotoxin (especially domoic acid) exposure.

There is some debate about the likely future patterns of HABs in UK wBtersnan et al., 2020)
Increased water temperature will have different effects on different algal species, but experimental
studies of growth and survival rates of a range of species have suggested that HABs are likely to
increasedue toclimate change rather than decrease in the North G&sperzak, 2003As well as

impacts on growth and survival, projections of sea surface temperature also suggest that the habitat
of most phytoplankton species will shift north and may lead to more frequent HABs in the central
and northern North Se@lrownhill et al., 2018Y5obler et al(2017)investigated potential changes on

a larger scale and came to similar conclusion, that increasing ocean temperatures have already
facilitated the intensification of certain HABs in terms of both the frequency of blooms and their
duration.

However,Edwards et al. (200&ised long term data from the northeast Atlantic and North Sea

(1960s to early 2000s) to investigate spatial variability in the frequency of HABs. Significant increases
through time were restricted to the waters off Norway and there was a general decedaisg the
eastern coast of the United Kingdom. The most prominent feature in the interannual bloom
frequencies over the preceding four decades was anomalously high frequencies in the late 1980s in
the northern and central North Seaems.Dees et al(2017)examined long term data sets from the
Northeast Atlantic and North Sea for one toxic algal geDuspphysignd found that over the

modelled period (19822015) and the whole Continuous Plankton Recorder time series €1958

2015), there was no statistically significant positive relationship betwWZieophysi@bundance and

SST. They also showed that periods of |&t@physiblooms in the 1970s and 1980were

followed by a period of briefer bloom events lasting until 2014. Bxed. concluded that there was

no increasing trend in number or annual duration of blooms.

During the MHW of 2023, there was evidence dfactiluca scintillanbloom in the central North

Sea. While this species is not toxiroducing, intense blooms of this species can be responsible for
SYGANRYYSyGlFf KIFITFNRaxX &dzOK 4 NBR GARS& | yR
at Plymouth Marine Labotary released imges from the NEODAAS satellite system, that showed
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thin red strands offshore of the Dutch coast that were indicativBlo€tiluca(Pinnegar and

Rowland, 2024)it is not known if this red tide event had any direct impact on seals or their prey.
MHWSs have been shown to affect the timing, geographical distribution and long term dynamics of
harmfult & dzS R 2 1t ifldoind iréti@ Aldrth Pacific, with the establishment of novel algal
reservoirs that have expanded the temporal and geographical extent of subsequen{HABsr et

al., 2020) To date we are not aware of any indications that the 2023 North Sea MHW event has
caused similar changes in UK waters.

Marine Heat Waves

{ S &adzaNFI OS GSYLISNIGdNBa 6{{¢v 2FF GKS !'Y IIyR
2023 during a category 4 Marine Heat Wave (MHW). The coastal regions off the east coast of the UK,
from Durham to Aberdeen saw the highest SST anomaly. S5 valurned to levels close to the
long-term average by mid July 2023, before rising again in early September 2023. SST was close to
the longterm average through the winter of 2023/2024 but was again anomalously high during May
2024. The September 2028&May 2024 MHW temperature anomalies were neither as extreme

nor as long lasting as the June 202BW igure5). Ove the same period, an extreme MHW event
developed in the Northwest Atlantic in July 2023 covering the entire at sea distribution of the

eastern Canadian harbour and grey seal populations, and another intense SST anomaly has
developed in the same area inly2024 Figure5). An extreme MHW developed in August 2024,
covering most of the Norwegian Sea and extending along the central and northern sections of the
West coast of Norway, where a large proportion of the Norwegian grey and harbour seal population
are concentrated. SS¥ias again anomalously high around the British Isles in spring 2025 although

the intensity of this event is lower than the 2023 and 2024 events. The exposure of both grey and
harbour seal populations to repeated extreme MHW events throughout their ramgde iNorth

Atlantic is a cause for concern and potential impacts should be monitored. Some preliminary findings
associated with these MHW events in seals and other species are detailed below.
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Figure5. Maps of SST anomalies in the North Atlantic between spring 2023 and summer 2024
(modified from NOAA, 2024

Strandings DataA preliminary analysis of seal stranding reports suggests that the number of
stranded seal carcasses reported to the Scottish Marine Animal Stranding Scheme (SMASS) was 17%
lower in 2023 than in 2022. There was no apparent increase in seal strandingts riepdcotland

during the 2023 MHW, but there was an apparent uptick in strandings reports, mainly of harbour

seals, in July and Augusimediately after the MHWSMASS in pressjowever, ncreased

strandings reports associated with hatbcseal pups is usual in late summer, and results of ongoing
analyses to determine whether this is significantly higher than expected will be presented in a future
SCOS meeting. Because of ongoing Highly Pathogenic Avian Influenza (HPAI) precautians, no se
postmortems were carried out in 2023 or in 2024, so cause of death has not been established for

most of these animals.

Population Surveyd: ANJ adz2NB@Seéa ¢SNBE OF NNASR 2dzi Ay ! dz3dzi
aSOtAz2ya 2F GKS SLad O2rad 2F {O020GftFyR FyR 9y3afl
There was no indication of a decrease in counts of harbour seals in either ttey Mioth or the Tay

& Eden SAC, between 2022 and 2023. Conversely, grey seal counts were much lower in 2023 in the

area; numbers fell from approximately 2200 to 810 in the Moray Firth and from 1760 to 820 in the

Firth of Tay and Eden between 2022 and 2f8spectively. Preliminary counts for the coast

between the Moray Firth and the Firth of Tay show a similar pattern, with no decrease in harbour

seals but a decrease in grey seal count from 1470 to 1217 between 2022 and 2023. However, there
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is substantial variation in August grey seal haulout counts and thus these apparent changes may not
be related to the MHW event. Harbour seal counts were also relatively stable between 2022 and

2023 at surveyed sites on the east coast of England; theéateary, Donna bbk, the Wash and

North Norfolk SAC, and Scroby Sands Grey seal numbers were also similar between years except at
Donna Nook, the largest grey seal haulout on the UK east coast, where the counts were higher in
HAHO O0Y9cZnnno O2YLI NBPRA/MGLE The mrbour séapucountrindThedNaghh { 1t
in 2023 (1417) was approximately 25% higher than the 2022 count and equal to the mean count
2P0SNJ KS LINSOSRAY3A RSOFRS o6{/h{m.t HAKATO®

Prey Availability
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both grey and harbour seals and were unlikely to have had significant direct physiological or
energetic impacts on either species. Short to medium term cqguerces for seals are most likely to
result from changes in prey availability, as fish and their prey species are likely to be more sensitive
to such temperature changes. So far, the effects of the 2023 MHW on fish in UK waters are
unknown. Previous, lesstense MHW events in the North Sea did not appeaditectly impact

catches in a range of fisheries, but there were lagged effects on catches of some species occurring
up to 5 years after MHW evenfgVakelin et al., 2021)A wide range of demersal fisheries in Europe
and North America showed no detectable effects of sea bottom heatwaves. Abnormally low wind
speeds in 2023 resulted in strong stratification which reduced the heating of the bottom of the
water column in the entral and northern North Sea. This suggests that the June 2023 MHW may
have had limited effects on the benthic and demersal fish populations that form a large proportion
of the diets of both grey and harbour seals in UK waters.

Grey Seal Breeding Success

In January 2024, the breeding colony on Sable Island saw the lowest pup weaning masses-in the 30
year time series (den Heyer, personal communicatiSe)erafactors could have contributed to this
including exposure to diseases, an increase in predators and resource competition. However, the
fact that poor maternal investment, with associated potential impacts on pup survival, in the Sable
Island grey seal papation coincided with the occurrence of unusual environmental conditions due

to a long lasting seere MHW event is a cause for concern.

Impacts on Seabirds

Preliminary reports from seabird colonies on the Scottish and English North Sea coasts (F. Daunt
personal communication) suggest that provisioning rates and breeding success were not depressed
in the 2023 summer breeding season. This may indicate thgtgrailability was not severely
impacted by the higlwater temperatures in the short term. However, a mortality event affecting
auks in autumn 2021 may have been linked to unusually warm, settled temperatures that might
have altered prey availability (Baunt personal communication). As the 2023 MHW was more
severe than the 2021 event it is not clear why foraging success appears to have been unaffected in
2023. The ongoing H5N1 avian influenza epidemic is currently impacting auk mortality rates and
mayhave masked possible enhanced mortality associated with the MHW event.

Other MHWSs

In the absence of data on the effects of the UK MHW it may be informative to examine effects of
LINS@A2dza al2a Ay AAYAfTI NI SOzaeaidiSvyad ¢KS o6Said vy
multiyear temperature anomaly in the eastern North Pacific Ataskan waters between 2014 and

2017 which had wide ranging effects throughout the ecosystem. The effects varied between regions
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and habitats and ranged from early responses detected in 20tlayed effects on several fish
and seabird species. For example:

1 Large increase in sea lion strandings along the US west(@t@stA, 2024)

9 Large scale, repeated extreme mortality events in sealifdses et al., 2023)

1 Recruitment failures for several fishery spedigleClatchie et al., 2016; Laurel and Rogers,
2020)

9 Large but variable changes in distributions of marine top predators (ranging from fish to
baleen whales) (e.gWelch et al., 2023)

1 Reduced size and marine survival of salmon, and in 2014 the salmon returning to the Fraser
River in British Columbia avoided U.S. waters because of high ocean tempe(BiO#e4,
2022)

1 The loss of kelp forests and the abalone and urchin fisheries that depend ofRkejprs
Bennett and Catton, 2019)

1 Increased harmful algal blooms (HABS) incluéisgudenitzschiablooms and increased
domoic acid production that resulted in shellfish fishery clos(ksCabe et al., 2016)

1 Unusual Mortality Evestinvolving large cetaceans in Alaska potentially linked to HABs
(Savage, 2017)

1 Changes in humpback whaldégaptera novaeangligeforaging areas that increased
overlap with the Dungeness craldétacarcinus magistgrfishery(Santora et al., 202®ith
conseguent increases in entanglements

Not all species were adversely affected. For example, catch per unit effort of 18 common fish species
and total fish assemblage biomass in eelgrass meadows in the northern California Current were
significantly higher during heatwave yegRobinson et al., 2022and some Rock fish species

showed increased growth and increased biomass during heatwave (d@®A, 2022)

Repeated MHWSs in New Zealand waters have been associated with major ecological impacts
(Salinger et al., 2019; Thomsen et al., 20@6luding:

9 Die off of extensive bull kelp beds and consequent disruption of the associated ecosystem

9 Dramatic changes in fish distribution with warm water species occurring outside their
normal ranges

1 Changes in timing of spawning in some exploited stocks (e.g. red snapper spawned 6 weeks
earlier)

1 Significantly increased mortality at marine salmon farms where sustained summer
temperatures above 18°C were the dominant stressor in a multifactorial event, suppressing
fish immunity and resulting in elevate mortalf€ook et al., 2025)

Clearly the effects of large scale and/or repeated MHWSs can be dramatic with large changes in
marine ecosystems (e.@heung et al., 2021 recurring theme in ocean climate temperature
modelling studies is the prediction that MHWs will increase in frequency, severity and longevity in
the coming decades. At present the ability to detect effects on seals in UK waters is limited to
monitoring strandings records and detecting changes in indices of population size but it is
challenging to link changes in these to specific events such as MHWSs.

Events such as the 2023 MHW highlight the utility of {rgn studies to detect changes in body
condition and reproductive output and investment, to be able to link these with changes in
environmental conditions, as well as emphasising the need for fic&le regular assessments of fish
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stocks at appropriate temporal and geographical scales, to be able to link these with changes in
environmental conditions and changes in seal condition and reproductive success.
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Emerging techniques for monitoring UK seal populations

9. SCOS will provide a summary of the emerging techniques used globally to su
and count seal haulouts and breeding colonies, and comment on their potenti
utility in the UK population monitoring programme.

Seal populations are typically monitored on land where seals haul out and breed, rather than at

sea. Such monitoring involves numerous methodological decisions, regarding the survey platform,

camera system, image processing, counting method, and estimafof i K2 R® { aw! Qa O dzNN.
monitoring programme is conducted through manned aerial surveysatilout and breeding

colonies; images are taken and later counted by researchers. The survey programme typically

covers around 95% of UK seals; counts/pup production estimates for the remainder of UK seals are
compiled from available groundased (or drone) surwedata held by other organisations (e.g.

National Trust, NGOs). The counts are then used, in combination with other information (e.g.

telemetry data), to model the abundance of seals, and trends therein.

Here, emerging techniques are reviewed and evaluated in terms of their current, and likely future,
potential to augment or replace the current monitoring programme. The most promising emerging
methods are associated with the survey platform and counting tineds. The humber and spatial
extent of seal haulouts and breeding colonies in the UK means drones are not an appropriate
platform for the majority of the SMRU survey programme. However, drone surveys can be the
most appropriate platform for some accessibktudy areas of a limited spatial extent, especially
when additional information is required (e.g. animal condition). The relatively low temporal and
spatial resolution of opportunistic observations, and issues with image quality and cloader in
satellite imagery, mean they are not a viable option to augment or replace SMRU surveys.

While counting of images is still typically conducted by researchers, Citizen Science and Artificial
Intelligence (Al) are also being used in other projects, with mixed success. In particular, Al is a
promising future avenue but there are no fully operatial systems in use that involve the
classification of seals (e.g., species, age) in images from manned aerial surveys.

SCOS conclude that the current SMRU aerial survey programme is the most appropriate solution
for monitoring seal populations in the UK. If and when future drone capabilities and legislation
allow, SMRU should consider augmenting or replacing parts of ttennmed aerial surveys if

funding is available. In the longeterm, Al-counting techniques would be advantageous, but the
development and implementation of effective Adounting techniques would require significant
additional resource. Nevertheless, SMRU should continue to build a training set of annotated
images to facilitate such development, and to allow retrospective application of Al techniques to
historic images. SCOS highlight that adoption of new techniques would need to bdipated on

an ability to account for changes in methods to ensure continuity of tiseries and to maximise
comparability across the UK and Europe.

Seal populations are typically monitored on land where seals haul out and breed, rather than at sea.
SMRU currently operate an effective survey programme to monitor the populations of both seal
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species in the UK. Such a survey programme must consider many factors andffsadtecluding
resources, the survey platform and camera system, and image processing, seal counting, and
estimation methods. New technologies and emerging techniques reptgggantial opportunities
to improve or refine the current survey programme in each of these areas.

To facilitate interpretation of the potential of these emerging techniques, we summarise the current

SMRU population monitoring programme, providing context of techniques used elsewhere. We then
discuss the key emerging techniquesirvey platform (droneand satellites) and different counting

methods (Citizen Science and Artificial Intelligen@a)d their potential utility for SMRU surveys. It

aK2dz R 6S y20SR GKIFG lye TR2LIIAZ2Y 2F ySo6 G§SOKYAI
for data colletion and analysis, to avoid disrupting the consistent tisreies of seal population

data. They also need to consider comparability with surveys conducted elsewhere in Europe. New
techniques and technologies can only be implemented with a clear undeiistaoéitheir funding

and technical skills requirements.

SMRU population monitoring programme

SMRU conduct aerial surveys of harbour and grey seal haulouts in Aligastpson et al., 2019

SCOSBP 25/01) and grey seal breeding colonies (September to DeceRresell et al., 2015COS

BP 25/02. SMRU focus their survey efforts on Scotland and eastern England, which host around 95%
of the UK holdings of both species (SBP5/01 & 25/02). Additional counts and estimates are
provided by individual organisations. SMRU have recently extended their grey seal breeding surveys
to include the east coast of England. Historically, these have been ground counted by other
organisatons, but their increased size made this increasingly difficult.

August surveys harbour and grey seals

The August surveys are the main monitoring method for harbour seals; they occur during the
harbour seal moult when a high proportion of the population are hauled out. For grey seals, the pup
production estimates generated from breeding season surveysh@leev) are the primary source

for trends in abundance, but the August surveys nonetheless provide critical data on the abundance
and distribution of grey seals during the main foraging season.

The August surveys are conducted via a mixture of methods according to local geography. Due to the
rocky shoredominated coastline, surveys on the west and north coasts of Scotland require thermal
imaging to reliably detect seals. They are flown with loglier carrying a gyrstabilised gimbal,
containing a thermal imaging video camera (required to detect-egthouflaged seals on rocks and
seaweed), a HD colour video camera, a laser range finder, and a digital stills camera with a 300mm
lens (used to idelify species). The haulout sites on the east coast of England and Scotland are
predominantly sandy beaches where seals are relatively easy to spot. These sites are therefore
surveyed using a single engine fix@ohg light aircraft and oblique photographyGt300mm zoom

lens), with seals being spotted by observer(s) in the aircraft. Adwgine fixedwing aircraft

(oblique photography) is used to survey the offshore islands in Scotland (e.g. Flannan Isles, North
Rona, Sule Skerry) not covered by the h@lieosurveys.

Following the surveys, the most appropriate set of images (with a GSD of appr@x5&n®pixel) of
a given group of seals are chosen and counted using DotDot@asse 2024) a purposebuilt tool
for manually counting objects in images. For both species, the raw counts are used to assess trends
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in abundance within Special Areas of Conservation (SAC) and by Seal Monitoring Unit (SM2R SCOS
25/03).

Populationlevel abundance is estimated by scaling the survey counts. Telemetry data have been
used to estimatea conversion factgithe percentage of the population of each species hauled out
during the survey window: 72% (95% CI B8%;Lonergan et al., 2013 harbour seals and 25%

(95% CIl 2129%;Russell & Carter, 202dj grey seals are estimated to be hauled out and thus

available to count. These percentages are used to scale up the counts to account for seals that are at
sea during the surveys. These scalars are based on a limited sample size and spatial exteas, and t
targeted deployment of telemetry devices together with application of cuttdge analytical

techniques would lead to improvements in the estimateshaf conversion factorand the

uncertainty therein, ultimately increasingetrobustness of abundance estimates.

A limited number of harbour seal pup surveys are also conducted in The Wash during the breeding
season in migsummer (typically late Jurearly July). These are carried out using the same methods
as described above for the east coasts of England and 8dgitk fixedwing aircraft and oblique
photography Outside of the UK, most harbour seal surveys are conducted usingnfirgdaircraft

and also focus on the moulBanga et al., 2022)nd/or the breeding seasoftalatius et al., 2023)

Greyseal breeding surveys

For grey seal pup surveys, SMRU have used a new vertical camera system (Phase One PAS150) since
2023. It consists of a single 150MP medium format digital camera with a fixed 70mm lens, set in a
gyro-stabilised mount. Flying at an altitude of 1,100 ft (38f it covers a swath width of 256m at a

ground sample distance (GSD) of 1.8cm/pixel. This compares with the previous system (Hasselblad)

of two 40MP medium format digital cameras, with a combined swath width of 340m at a GSD of

around 2.5cm/pixel that habeen used from 201-2022. Note that the increase in resolution from

2.5 to 1.8cm/pixel does not translate an equivalent increase in image quality due to technical
differences between the camera systems (e.g. physical size of each individual pixel ensihe.s

The survey platform remains a tweéngine fixeewing light aircratft.

Key colonies, representing over 90% of UK pup production, are surveyed every two to three years.
The duration of the pupping season at any one colony is longer than the duration of stay of
individual pups. As such, the count of pups from an individuaksumpresents an unknown

proportion of the pups that will be born in that year. Thus, each colony is surveyed multiple times
(usually five) in a given breeding season. Photographs are then enhanced to maximise the ability of
observers to detect whitecoatra moulted pups, and to distinguish between them. Biverlapping
images are stitched together into a single orthomosaic to avoid double counting of pups. This is
carried out using Correlator3D (C3D) softwgBanActive Inc., 2025an industrystandard
photogrammetry solution for generating high quality aerial survey mosaics. The combination of the
new camera system and stitching software represents a significant improvement in mosaic quality
for counting pups. It can correct foifficult terrain, perspective shifts, and complex image overlaps
from adjacentflight lines which was not possible with the previous camera system. C3D outputs a
georeferenced orthorectified image for each colony, which is then mepdnto QGIS for manual
counting and classification of pups (as whitecoats or moulted).

¢KS G201t O2dzyta 2F 6KAGSO2F G FyR Y2dZ 6§SR Lz
LINE R dzO (i A ® derivé a Iitr tuive and estimate pup productidiithin this mode(Russell

et al., 2019)the counts are combined with information about the observation process (probability

of detecting a pup, and of correctly classifying it) and life history traits (the age at which pups

complete moult, the age at which they leave the colony). A compari§timeccounts generated
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from the Hasselblad and Phase One systems, and estimated observation parameters, are reported in
SCOS 25/0a his will be used to inform the parametrisation of the pup production model which is
currently in development.

Outside the UK, grey seals are typically surveyed during the moult and/or during the breeding
season(den Heyer et al., 2021; Schop et al., 2024; Wood et al., 202)gh for many places (e.g.

the majority of the European holdings) grey seals are also counted during August harbour seal moult
surveys. These surveys generally use fixed aircraft, with some use of helicopters and increasing
implementation of drone at individual colonies/haulouts. The UK and Canada hold the majority of
the global population of grey seals. In Canada, grey seal population monitoring is focussed on pup
production in a sinar way to the SMRU monitoring programrfden Heyer et al., 2021, 2024)

However, in Canada a single survey to count all pups is completed and the birth distribution is
estimatedat the larger colonieby first estimating theduration of4 developmental stagesom

individual markresighting of pups on Sable Islaagdthen fitting a model tostaging(stages1 to 5

stage5 (fully moulted) isassumed to final and permanent stggesubset of pups throughout the
breeding seasareither on the groundon Sable Islandr from high resolution imagergr low-flying
helicoptersat the other larger coloniegden Heyer et al., 2024Ths approachwhich requires
colonyspecific staging datayhichis not possible in the UK due to the numpdistribution of key
coloniesandthe variation in timing of breeding. @anada and elsewhere, at colonieith smaller
numbers of grey seals, maximum (peak) pup counts (i.e. a single survey) are used to examine trends.
However, in the UK there is substantial variation across colonies and years in the scalar between
maximum pup count and estimated pup prodwcti

Platforms

Globally, he survey platform used for pinniped surveys varies from observers on the ground
(Udevitz et al., 2005poat(Sayer and Witt, 2018Jixedwing aircraft(Christman et al., 2022)

helicopter, dronegAlvarezGonzalez et al., 2023nd satellitgLaRue et al., 2011; Gongalves et al.,
2020) Counting on foot has been shown to lhiesedfor large colonies (SC&P 24/08) whileboat-

based counts are not useful for colonies with complex terrain and suffer from similar inaccuracies as
ground counting methodéStone & Davis 2025)

Drones

Drones have been used to survey seal haulout sites and colonies both in the UK and(Abraxak
Gonzalez et al., 2023y he high image quality associated with drones versus conventional imaging
via aircraft, and comparatively low cost, make drones excellent tools for collecting data on small
scales (such as for an individual colony). Drone surveys allowagiorand repeatable deployments

at very lowGround Sampling DistanceS{Ds) - sub-1cm/pixel is possibléStone & Davis, 2025;
SCOSBP 25/06) This opens the door for new opportunities in seal monitoring (reviewdaisen &
Johnston, 202¥includingthe identification and tracking of individual animals, body volume
estimation as well as population censuses.

The greatest potential for regular drone surveys to replace aerial surveys in the UK lies in targeted
operations at the large grey seal breeding colonies on the east coast of England (Farne Islands,
Donna Nook, Blakeney, and Horsegyurrent SMRU fixeding surveys can efficiently photograph all

four colonies in a single fiveour flight. Considerablebstacles remain before this portion of the
fixedwing survey programme can be replaced with drones. Nevertheless, over the last several years,
the potentialof using drones at these sites has been explored in collaboration with other
organisations (National Trust, Natural England). Indeed, in 2023, a regular set of drone surveys were
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conducted for the Farne Islands (commissioned by the National TTim¥esurveys aredependent
on access to the islands by boat, and there is uncertainty on whether that survey programme will
continue.

Horsey represents perhaps the most suitable colony in this region for drone surveys at present,
despite its length (>8km) and large size (approx.3kithe colony itself is a relatively narrow

(generally <200m width) strip of sandy beach and dunes, simplifying drone flight planning and safety
considerations. Due to its mainland location, access is also not constrained by sea state or boat
availability.Natural England have recently completed a pilot project to investigate the utility of

drone surveys at Hgey with promising result@Natural England, 2025There are currently no plans

for Natural England to conduct the requisite number of surveys for pup production estimation at the
site over a season.

The other colonies on the east coast of England each cover a very large area. This presents a
significant obstacle for maintaining safe operating practises for drone flights. For example, at
Blakeney, visual line of sight (VLOS) operations rules wouldreedpone operators to walk through

(and operate from) high density areas of the colony. Beyond visual line of sight (BVLOS) operations
require specific approval from the UK Civil Aviation Authd@#xA, 2025and add significant

complexity to flight planning. However, changes to legislation are increasing the viability of BVLOS
flights, with numerous past and future trials ranging from mail delivery to offshore windfarm
inspection being conducte@CAA, 2024)Continued progress in this area is likely to streamline the
process for acquiring BVLOS flight permissions in the future. Similar VLOS safety considerations for
multi-drone surveys of a penguin colony in Antarctica required the movement of a groundvebser
across the colony, ready to take control or recover the drone in the event of emer¢ghat et al.,
2020) The safety pilot for the drones (which automatically flew preprogrammed routes) had the
advantage of an elevated viewpoint to maintain a sightline to the drones throughout the qligiht

such viewpoint exists for Blakeney. The penguin colony surveysfogedrones to cover an area of
around 2kni in thirteen flights over three hours (albeit with certain geographical and meteorological
limitations that do not apply on the east coast of England). Scaling this up to covebkne® 3uvey

areas at each of Donna Nook, Blakeney Point, and Horsey, the logistics of surveying each of these by
drone quickly become prohibitive. It is worth noting that Shah et al. (2020) implemented path
optimisation algorithms (known as tHgrone Route Proble(DRP)) to significantly reduce the time it
took to survey a relatively large area with geographical constraints using multiple drones. Creating
optimised routes and having the drones fly these predetermined paths dropped survey time to three
hours, compaed to two days when flown manually by a human pilot. Optimising to solve the DRP is
a challenging but promising field of stu@ymorosi et al., 2024nd should be considered when
planning future drone surveys to survey seals in the UK.

An additional consideration is the inherent observation error associated with pup surveys. Different
camera systems, whether on drones or on aircraft, output imagery with differing properties, such as
resolution, pixel size, sensor readout speed, coloynadnic range, and brightnesSMRU aerial

surveys are flown with consistent altitude, speed, and camera specifications to minimise these
differences between colonies and years, allowing for greater consistency in pufsciegery
differences influencehe observation parameters within the pup production model; that is the
probability of detecting and correctly classifying pups. For each system, the differences in
observation parameters need to be accounted for to enable robust estimation of pup productio

and spatietemporal trends thereinWith the current mode] the absence of information on the

change in observation parameters when transitioning from film (up to 2010) to digital (from 2012)
aerial surveys resulted in an approximately 25% junyuim production estimates. Estimatirthese
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observation parameters not straightforward (see SCEBP 25/06for detail9. Indeed, &sessing the
AYLI OGa 27F { aomHssselbladNd PYiaseh@canend systenand estimatinghe
observation parameters involved flying a full survey with both the old and new camera systems
within a few minutes of each other, with concurrent drone flights at the Isle of May and Farne
Islands, to gain a direct comparison of each type of imagétyas little spatiotemporal variation as
possible. A lack of consistcy in drone model, camera system tbe survey designbetween
organisations or between surveys would compromise the utility of the resulting datasets.

Drone surveys at theolonies and haulouts in Scotland represent a significantly greater challenge
(than eastern Englandyhich is unlikely to be overcome in the near term. The grey seal breeding
surveys in Scotland cover over 60 colonies, most of which are on islands, five times each. To survey
all colonies once by fixeding aircraft usually requires four or more flightgen three or four days.

Most current consumer/commercial drones have flight times measured in tens of minutes. To cover
those same calnies by drone would require multiple boat and/or helicopter trips to access each
colony, followed by a series of drone flightefore a long journey to the next colonyhis would

take many days per survey round and is not a realistic solution. Even if multiple teams could
coordinate to simultaneously survey colonies around the country, some colonies remain
prohibitively difficult to access (especially in poor weathand the manpower requirements would
dwarf a conventional fixetving aerial survey. Foeference, a largescale wildlife survey in Tsavo,
Kenya estimated UAV survey costs to be ten times higher than their current light aircraft survey
programme, without accounting for human resource cqssmprey et al., 2020The August

surveys across the entire coastline of west and north Scotland, as well as large areas of the North
Sea coast, present an even greater obstacle for drone surveys for all the reasons given earlier, and
the desire for as close to synoptic sursef whole SMUs within one tidal survey window. Long
endurance drones (such as the Insitu ScanEagle), which have been trialled for seal surveys in the
Arctic(Moreland et al., 2015)would be inhibited by the need to comply with CAA B/VLOS

operational requirements, as well as their high purchase price (potentially >£1 million) and operating
costs.

A final consideration for a larggcale drone survey programme is the large volume of data
generated. Drones must typically operate at much lower altitudes than aircraft to achieve a
comparable GSD, due to payload restrictions limiting the capabilitidsook camera systems. This
produces a smaller image footprint, leading to a greater number of images being needed to cover a
given area. For example, to cover Staple Island in the Farne Islands (a small island approximately
320x260m) at a GSD of 1.80cmAdixa DJI Mavic 3E (a nmahge commercial drone) would need

>120 photos across eight survey lines (allowing for acceptable overlap between images), taking
around nine minutes. Compare this to the eight photos across a single survey line in around ten
secands for the current SMRU aerial surveys. Increased numbers of images have higher storage
requirements and are much more computationally demanding to generate orthomosaics from.
There is also a greater chance that a seal will move between images whenvedtitls reduced

and a survey takes longer to complete. This increases the likelihood of an animal being duplicated or
missed out entirely in stitched images.

Given the obstacles described above, as well as the limited resources available to SMRU, it is
OdzZNNByife y2i4 FSrairofsS (2 STFSOGAGSte NBLXLFOS
drones. However, SMRU will continue to work closely witlanigations (e.g. the National Trust,

Natural England) that are trialling or conducting drone surveys.

Satellites and Opportunistic Images
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available, with around ten commercial companies selling archival images, and more constellations of
30cmOf Faa 1w &lF0StftAlSa FeiarilyR 2 WBrkiWed degigndzOK | & t
The highest resolution images have a GSD of 30cm/pixel, but full colour multispectral imagery

typically reaches a maximum of 50cm/pixel. Google Earth is a free software allowing access to both
archival VHR satellite imagery and images from fixad) arcraft. The latter type of images are at a

higher resolution (15 25cm/pixel) than those from satellifbut are available at a lower temporal

frequency than satellite (up to twice a year).

Opportunistic observations, from either satellites or fix@thg aircraft, have been used to monitor
some marine mammal populations (reviewedHKlyan et al., 2023)Google Eartimages from fixed

wing aircraft were used to count the number of grey seals on shadioutsites in the USfMoxley

et al., 2017) Given the image resolution, the utility opportunistic images is restricted to

featureless habitats (e.g. sandy beaches) and haulouts of single species. In the case of satellite
imagery, to allow individual seals to be distinguished, it is further restricted to species that do not
haul out in highdensities. In the UK, seals breed and haul out on a multitude of habitats, and there is
a need to be able to identify species (or classes for grey seal pups). For these reasons, utierresol
of images from opportunistic observations precludes their general use in the SMRU seal population
monitoring programme. However, images found on Google Earth and other online mapping
platforms have occasionally proved useful for confirming the preseari seals at sites that were not
previously known to be regular haulout or breeding sites.

Satellite imagenpased counting has been tested for a variety of species, including nesting seabirds
(LaRue et al., 2014; Fretwell et al., 2QXBtaceangCubaynes et al., 2019; Green et al., 2023;

lacozza et al., 2024; Sanikommu et al., 2026Y pinniped¢LaRue et al., 2011, 2014, 2017;

McMahon et al., 2014; Gongalves et al., 2020; Fudala and Bialik, 2022; Laborie et al., 2023; Sherbo et
al., 2023) at GSDs down to 30cm/pix&linniped studies primarily focus on idevelling species such

as Weddell and crabeater seals, and/or very large species like southern elephant seals and walrus, as
these characteristics make identification of animals from low resolution imagery simpler.

LaRue et al. (2017) offer criteria to assess the suitabilX{eo§ High Resolutio’VHR satellite

imagery for monitoring wildlife populations. The three minimum necessary (but not sufficient)

criteria they identified are: 1) an open landscape (animals cannot be hidden by terrain or

vegetation); 2) strong contrast between animals and their@undings (animals must stand out

against the background, e.g. seals on ice); 3) large size of target animal (animal must be large enough
to be visible in images)he ability to differentiate target species from other features in the images
(animals must not appear the same as rocks, for example) was also considered very important. Other
secondary criteria suggested were habitat associations (the animal only ocagdain kinds of

habitat), temporal exclusivity (animals only occur in that location at predictable times), and
colonialism (animals in large aggregations are easier to detect). Finally, ground truthing is a helpful
addition to increase confidence in sditte detections, but was not deemed essential to success.

When applied to our useasei.e. counting grey seal pups during breeding, and grey and harbour

seals during the harbour seal moglonly a select few locations meet many (or any) of the criteria

posited above. Taking the poor GSD into consideration further limits the utility cfrdusatellite

AYFISNE F2NJ Y2YAG2NRYy3 Fye 2F (GKS | yQa aSrft LkLM
available imagery is insufficient to confidently distinguish between southern elephant seal adults

and pupgFudala and Bialik, 2022%t alone to distinguish between harbour and grey seals or to

classify grey seal pups as whitecoat or moulted. There are likely to be future improvements to the
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resolution of available imagery from satellites (current military satellites are speculated to achieve a
GSD of <10 cm/pixel). The lifting of restrictions on commercial satellite imaging ir{Qi2e of

Space Commer¢c@023)may result in higher resolution commercial imagery in the coming decades,

but the eventual technological limit is likely to be significantly below the resolution required to

detect seals on many habitats, and to distinguish species or age classegelf&fiiances in satellite
imagery were to produce a similar GSD as current Google EarthwWirgdmages (around 10

15cm/pixel), in theory, they could be used to count seals at a limited number of haulout sites (sites
thatt NB FSIF GdzNBf Saa FyR LINBR2YAylLyidfe aiay3atsS aLls
RAAGFYOAY3Aé | yR KI dzZ 2dzi KKHoekendijk ed & 2@ayenaBldBE & |
species differentiation at mukspecies haulouts.
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Even if sufficient resolution could be achieved, however, there are still significant drawbacks to
satellite-based image collection. Perhaps the largest of these is the frequent lack offed@uskies

over study sites. This can produce large gaps inasdf sometimes spanning several years where

no cloudfree images were taken during necessary periods for surveys (such as during the breeding
season), and is cited as a major reason why satellite imagery is unsuitable as a sole data source

(Attard et al., 2025)The ongoing launch of new VHR constellations may alleviate this to some extent

by providing more frequent coverage of any given site, but they will never entirely remove the risk of

cloudy imagery. Some Synthetic Aperture Radar (SAR) satellite consglfgta 2 F FSNJ G KS | 0 A
0§ KNRdAKE Of 2dzRa I Umbra SpBcf2B23)Rate danposiratetdFeddlGtibns as high

as 16cm/pixel). However, SAR satellites do not operate in the visible light spectrum, instead

generating imagery from radio waves. This lack of visual data would make the identification of

species (for August surveyagredibly challenging, and the classification of pups (as

whitecoat/moulted¢ for grey seal breeding surveys) impossible, regardless of resolution. SAR is

therefore inherently unsuitable for both of these survey programmes. In thedyependent on

cost, it could potentially be used in a limited manner; to detect seal presence/absence at haulout

sites or for counts at singkpecies haulouts on featureless backgrounds.

Satellite imagery must be purchased from commercial providers. This can be archived imagery,
taken routinely as satellites pass overhead, or specifically tasked for the satellite to collect. The latter
option guarantees correct spatiotemporal coverage e$ided areas but comes at a significant cost.
Tasking a single snhapshot of sandbanks within The Wash, without guarantee of completely cloud
free coverage, was quoted to cost over £10,000 (in 2025). SAR coverage was limited to areas of
25kn?, at a cost of wer £2,500. Archived imagery may not offer complete (or any) coverage of
required locations at the required times of day or season. Within the survey programme, surveys
need to be conducted at specific times (within two hours either side of low tide inghugnd for

grey seal breeding, four to five approximately equally spaced daylight surveys across the season). It
is critical that the August surveys assynoptic as possible across an SMU and satellite overlap with
the August survey window would bestricted to a limited number of days which would vary along
sections of coast within SMUs. Indeed, a single group of haulout sites may not necessarily be
covered within a single satellite pass. The high likelihood of cloud would further reduce the number
of potentialsurveysdays and would likely entirely negate the utility of satellites for grey seal pup
surveys during worsening autumn and winter weather. The altitude of SMRU aerial surveys almost
completely removes the impact of cloud, and survey schesiohn be adjusted at short notice to

ensure suitable survey conditions. For satellite imagery, there is a final problem that, depending on
the position of the satellite during imaging, some parts of the image are likely to be at a significantly
oblique amgle,which can be detrimental to image quality. Given all of the above, it seems very
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unlikely that satellite imagery could usefully augment or replace parts of the aerial survey
programme in future.

CountingMethods

Counts of seals in Europe are predominantly conducted by researchers eithertimeal from
photographs. However, in some areas, seals are counted either through Citizen Science (e.qg.
Satellites Over SealsaRue et al., 20209r increasingly using Artificial Intelligence (Al) techniques.
Given that the SMRU August surveys involve selecting the most appropriate photographs, species
identification, and most use a combination of thermal video and ‘négolution photographs, thre

are added complications associated with applying assisted counting techniques to them. Thus, here
we focus on the grey seal breeding surveys, which are the mostdimsuming counting task, and,
theoretically, the easiest to augme

Countingg Citizen Science

Citizen Science techniques are most useful for counting high resolution images with no requirement
for identification to species or class. Even in these circumstances, compared to experienced
counters, norexperienced counters detect fewer individu@i§ood et al., 2021and generate a
significant number of false positiv@isaRue et al., 2020equiring a high number of repeat counts. If
more detail about species and/or age class is needed, it is recommended to employ counters with
field experience of the target species, and to offer specific training and standardised workflows to
reduce variéion between countergAttard et al., 2024)A preliminary investigation within SMRU
comparing classifications on the ground (assumed truth) with those from concurrent aerial survey
images indicated that the ability of counters to distinguish whitecoat and moulted pups varied
markedly, and the mostommon classification of pups did not necessarily align with that of the most
experienced and accurate counter. Gaining the required number of counts to ensure high detection
rate is slon(Wood et al., 2021andobservationerror is explicitly considered in the pup production
model. Thus, currently Citizen Science techniques, although likely valuable for public engagement,
are unlikely to result in a more efficient or robust counting method.

Countingg Artificial Intelligence

The use of Atrtificial Intelligence (Al), most typically Convolutional Neural networks (CNNSs), to
support population monitoring is a promising and rapidly developing avéidallings et al., 2018;
Corcoran et al., 2021)Such tools have been applied to a range of aerial and satellite surveys of

many different species and habitats, including pinnipeds. Counting with Al can befdémi

automated. Fully automated approaches produce complete counts with no human ssiparvi

while semiautomated methods typically output images with probable seals annotated for human
review. Evidence suggests fully automated models are not yet ready for use on aerial survey images;
human veification of results is still crucial for accuracy in complex environm@egplanque et al.,

2024) However, the same study found that seantomated models can significantly decrease the
workload of human interpretation of images, with adequate model training.

Many efforts have combined drone surveys and Al image processing, with promising results.
Automated counts of drone imagery can produce counts of adult seals that are >97% of those
produced by trained human countefslawkins et al., 2023However, such results are generally
limited to very highguality images of simpler environments with low animal density. Closely
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grouped colonies, complex backgrounds, and shadows all radically reduce model performance. This
last issue is especially relevant, as the SMRU grey seal breeding surveys cover some colonies that are
heavily shaded (such as the base of ndgting cliffs)and a low sun angle can create strongly

contrasting shadows across images. Use of thermal images in tandem with traditional cameras to
improve animal detection has produced mixed results fofS&lymour et al., 2017; Krishnan et al.,

2023; Matern et al., 2025pnlthough it may improve detection rates for human obsen(etiske et

al., 2022)

A primary requirement of the SMRU grey seal breeding surveys is not just the ability to detect pups,
but also to correctly classify them. While progress has been made with distinguishing between

adults and pupgSeymour et al., 2017; Hinke et al., 2022; Hawkins et al., 2023; Santini et al,, 2025)
pups still tend to have lower detection rates than larger adults, and we are not aware of any model
implementation that can successfully classify pups as whitecoat/moulted. The use of CNNs (YOLO v3)
for this purpose from SMRU surveys has been trialldBhdz3 K | al a i SNRa LINB 2SOl
Science, University of St Andrews (Terzic unpub. data). This showed considerable potential, but
development halted due to atk of resources. Building bespoke CNNs (e.g. in Python) or adapting
CNNs (e.g. YOLO) necessitates considerable expertise in Al and typically requires a lot of time and
computing resources to finkine model outputs. Various Gliased Al softwargroductshave been
developed to streamline this process, some key examples being AIDE, Picterra, and VIAME.

AIDE, Annotation Interface for Datkiven EcologyKellenberger et al., 2020 an opersource
web-based system that supports annotation, machine learning and a human feedback loop.
However, it does not yet support georeferenced imagiesllenberger et al., 2018nd thus its
application for SMRU surveys is limited.

Picterra has been used for detecting harbour seals from drone inflgfastes et al., 2022}he

body size of seals was measured automatically, and this was used to classify pups from other ages.
However, its utility to distinguish whitecoat versus moulted grey seal pups (which can be of a similar
size) on varied habitat from comparatively lwesolution images from aerial survey is unknown.
Furthermore, it is a welbased system with the cost being charged per gigabyte uploaded; the use of
such a system would be prohibitively slow and expensive for a-Ergle survey pgramme such as

that conducted by SMRU.

VIAME (Video and Image Analytics for Marine Environments) is ansopece software developed

by Kitware in collaboration with NOAA (National Oceanic and Atmospheric Administration). This
involvement of NOAA in its development means that, particulartiénJS, VIAME has been the

main Al software considered for seal population monitoring. For example, VIAME was used, with
limited success, to detect and classify Antarctic fur seals (pups versus non pups) from drone images
(Hinke et al., 2022NOAA have also conducted a preliminary study using VIAME to detect grey seal
pups from fixedwing surveys, but, to our knowledge, that work is on hold (Josephson and Murray,
personal communication) and images are still counted manually.

A recent development in use of VIAME has been through a project led by Marine Mammal

Laboratory, NOAA, focussed on the detection and classification (age and sex) of Steller sea lions
(Sweeney et al., 2025Kitware were formally involved in this project providing support and changes

to VIAME to facilitate the automation of aerial image processing and analyses. These sea lion surveys
are similar to the grey seal breeding surveys conducted by SMRU; NOA#fixeskveng aircraft

with three vertical cameras providing overlapping images. That project has led to increased
functionality within VIAME that will likely be applicable to other species. Indeed, it is possible to

input unstitched mages into VIAME with two potential methods available to mitigate against double
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counting. Such functionality would negate the need to stitch images, substantially reducing pre
processing time. However, it should be noted that the performance of these two methods has not
yet been evaluated. That project has made great strides in theofig\l for seal population

monitoring, and perhapsepresents a blueprint for augmenting the UK grey seal surveys with Al, but
significant hurdles must be overcome before a similar system can be used here. The researchers at
NOAA note that substantial fding was required to enable an effective collaboration with Kitware,
and an immense investment of researcher time was required for the project. Developing such a
system for streamlining or automating counting of UK seal survey imagery would require siabstan
additional staff time, funding, IT resources (e.g. fpgiformance computing facilities) and
programming expertise.

Al techniques are rapidly developing, and clearly they will eventually become a key component to
support seal population monitoring. However, current models do not yet represent a complete
solution for image processing and cannot wholly replace human aaogiof surveys. To our
knowledge, currently no seal population monitoring programmes have fully integrated Al systems to
facilitate counting of seals from fixesling verticalcamera aerial survey images, much less from
oblique imagery. As emphasised abote development of any Al system for SMRU aerial surveys,
especially given the variation in terrain and the requirement to classify pups, would clearly only be
possible through dedicated funding to provide the required resources and time for both Atexper
and seal researchers to develop and implement such technigues. Nevertheless, SMRU should
continue to build a training set of annotated images. Such a dataset will facilitate future
development of effective techniques by SMRU and/or collaborators. Fumitve, it provides the
possibility of retrospective application of Al to historic imagery, which could ultimately increase the
accuracy and consistency of historic counts.
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Recommendations foresearch

10.Based on previous advice, SCOS will synthesise any outstanding suggested
for further seal research and indicate which may be of highest priority.

Table18 outlinesoutstandinghigh priority areas of research thaterequired to ensure SCOS can
provide robust advice toontinue tosupport the effective management and conservation of UK
sealsNotethat planned or ongoing work that is already funded (including by the NERGhAl
Capability National Public Gofuhding stream which underpins the SCOS process) is not included in
the table, and thus realisation of thesemainingpriorities is subject to the availability of funding

and capacityThe level of priority of each will depend on the perspectives of different stakeholders
and the different management and policyeas they cover. It woultherefore be challenging for

SCOS to evaluate all relevant perspectives and prioritise accordingly.

Nonethelessdata onthe abundance and distribution (and spatial and temporal variations therein)
of seal populations underpins much of the SCOS adeimethus outstanding research in this area is
of highest priority. SMRonducta comprehensive seal monitoring programme, which along with
survey data provided by partner organisations, provides the data required to irdarm
understanding okpatiotemporal trends in abundance. However, for harbour seals, the data
available to scalsurveycounts to popudtion size are outdated and limited. Furthermore, there is a
paucity of data on the demographic parameters driving the cuiyenibservedunfavourable
population trajectories.

Until relatively recently, most of the Northeast Atlantic grey seal metapopulation was held by
Scotland and Northeast England (>90%). Liketauseof populations in northern Scotland reaching
carrying capacity, there has been rapid increase in abundance in Southeast England and continental
Europe (from < 1000 pups in 2000 to ~19,000 in 2023) which combined now hold > 20% of the
Northeast Atlantic ttal during the breeding season, and likely a substantially higher percentage
during summer. This increasedthe associated increased seasonal movements between SMUs
and with continental Europe, have posed issues for population estimation and management. In
addition to pup production estimates, there is now an increased need for robust estimates of
abundanceoutside of the breeding seasowhere resources are acquired for breedimdhich can be
obtained fromsurveys during the harbour seal moult in AuglistSCOS 2024, it was agreed that the
UK population model was no longer fit for purpose, in large parttdues assumptions of closed
populations.
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Table18. Outstanding SCOS recommendations for further research required to ind6fientive
conservation and management of UK seal populations

seal population size and
trends

(underpins all SCOS advice, |
national and international
reporting, SAC management
and informs the ability to
manage human activities that
impact upon seals)

Management Research required/recommendation Where

issue/theme/question discussed in
more detail

Estimating grey and harbour | Harbour seals: Q1 Seal popn

Population monitoring and management is
based on converting aerial survey counts to
total population estimates. The relationshipy
between counts and population depend on
robust estimates of the proportion of the
population hauled out. The existing
convesion factors are old, based on small
samples, and limited in both spatial and
seasonal coverage. To improve the estimat
and increase efficiency of survey effort SCO
recommends the following:

1 The deployment of satellite flipper
tags on harbour seals to provide a
suite of conversion factors to allow
surveys at other times of day, and
from other times of year to be
included in the population monitoring
programme. Broadening the survey
window on fne (time of day) and
broad (seasonal) scales will maxienis
resource efficiency of the SMRU
survey programme.

1 The deployment of these satellite tag
on harbour seals tprovide much
needed sexagespecific data on the
proportion of seals hauled out during
the Augustsurvey windowincreasing
robustness of overall abundance
estimates.

1 Critically such data would provide ag
and sexspecific survival and
movement patterns to inform our
understanding of demographic
processes and impacts therein.

Grey seals:

The development of a grey seal population
metapopulation model is critical to our

continuing ability to reliably monitor and

status & trends
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manage the UK grey seal population and to
reduce current uncertainty in total populatior
size.

To fill knowledge gaps required for this SCO
recommends the following:

1 Development and subsequent large
scale deployment of small satellite
flipper tagsg this would address two
critical knowledge gap$1) dispersal
and survival opups, and the spatial
relationship between initial dispersal
and recruitment into the breeding
population, (2) seasonal movements
of adults

1 These tagging efforts should be
accompanied by large scale genetic
sampling. Genetic information would
provide movement data for the grey
seal metapopulation model, increase
understanding of the population scal
at which bycatch should be
considered and mvide data to
facilitate estimation of population siz¢
through Cbsekin markrecapture
models.

Understandingthe drivers of
harbour seal population
declines

In addition to the deployment of satellite tagy
discussed above, which is required for
underpinning our understanding of populatig
dynamics of both species of seal, specificall
relation to the observed harbour seal decling
around the UK, SCOS reconmds the
following research is required:

1 To investigate the potential role of
changes in food availability, and/or
competition between species for prey
aco-ordinated research effort is
required to update knowledge on sed
diet around the UK, particularly wher
fish stocks and seal populations havg
undergone changedhe latest
information for much of the UK is

more thanten years old.There are

Q1 Seal popn
status & trends

Q3Popn
structure &
Demography:
Harbour seals
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now studies underway to update our
estimates of grey and harbour seal
diet in the southeast of England SMU
and around Scotland and the work
should enable a reassessment of the
potential role that prey availability
may have had in these declines.

I Routine health and disease
surveillance through coordinated
efforts involving strandings schemes
rescue and rehabilitation centres, an
live captures for research is critical tq
better understand population health
and ensure early detection and
monitoringof infectious diseases in
the UK and to understand the
potential for disease and health staty
to contribute to observed population
trends.

1 Consideringecent advances in
techniques including drone
technology, SCOS recommends that
scoping study should be carried out t
assess the feasibility of developing
studies of harbour seal survival,
fecundity and indicators of condition
at additional sites arouththe UK. Thig
exercise should consider the resourg
requirements of collecting data at
appropriate temporal and
geographical scales and assess the
cost/benefit of such studies in relatio
to other data requirements.

Reducing impacts ofesls in 1 ontinued investigatiorof non-lethal Q5 Rivers
rivers predating on fish stocks measures for control of seals in rivers is
P I required to reduce impacts on SCOS 2024
recreational fisheries anthe Q16, Q17, Q18
conservation osalmonidspecies. Q19
Triggered deterrents and modified SCOS 2023 Q2

physical barriers remain the most
promising methodsbut significant
resources will be required to implement
and trial these in a wide range of
environments and evaluate efficacy in th
long term.Multiyear deployments,
individual variability, different species ar

132



different environments are all factors thg
require further work to explore.

Further research into thedhaviour of
seals in riversould lead tdbetter and
more tailored management measures.
This would include an understanding of
individual and sitespecificvariability, and
learning.

Interactions with commercial
fisheries:

1 Understanding and
reducing seal bycatch

The grey seal metapopulation model
mentioned above wouldmproveour
ability to evaluate and manage the impa|
of bycatch on grey seal populations. Thi
would enable us to address the mismatg
in scale at which bycatch is monitored
and reported versus the scale at which
seal populations are monitored (and
managed). Suta metapopulation model
would also allow assessment of impacts
of bycatchconsideringhe largescale
movement of juvenile grey seals from N
Scotland into the SW of the UK where
most of thebycatch occurs.

Hfort should be directed towards
improvedspeciegleterminationand,
whenpossible, the sex and agéass of
bycaught sealéwvhich would feed into the
grey seal metapopulation model)
Additionally,samples for genetic analysis
should be collected. These samples coy
confirm species, sex amduld be
analysed to identify the source
populationsand/or estimate individual
age.

The inclusion of notUK vessels in bycatg
estimates to quantify total bycatch is als
required to improve the ability to quantif
total bycatch levels and impacts to UK
seals. This would require -@ydination
with other countries fishing in UK waters
to provide comparable data at a spatial
resolution that would allow the
separation of UK and nedK effort and
bycatch estimates for all fisheries
impacting seals in UK and adjacent
waters

There is a need to investigate the finding
that ADDO W LJA ys8 GhNtRiO net

Q5¢ Bycatch
SCOS 2024 Q8
Q9, Q10, Q11

SCOS 2022
Q11, Q13, Q14
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fisheriesto reduce bycatch of cetaceans
has led to increased rates of seal bycatg
and adaptations and development of
mitigation strategies may be required.
Further workisrequired to robustly
incorporate the direct impacts of bycatck
and depredation on seals and fisheries,
respectivelyinto existing multispecies
ecosystem models that are being used
predict, the impact of fisheries
management and offshore oil and gas
infrastructure decommissioning options
under multiple climate change scenarios
on fish density and distributions, and
ultimately on both seal populations and
fisheries.

1 Competition with
commercial fisheries

A coordinated research effort is requireq
to update knowledge on seal diet aroun(
the UK, particularly where fish stocks an
seal populations have undergone
changes.As noted above, there are now
studies underway to update our
estimates of grey and harbour seal diet
the southeast of England SMU and
around Scotland

A reassessment of the potential for
competition with commercial fisheries
should be undertaken once this work is
complete and these data can be
incorporated into multispecies
ecosystem models.

Q6¢ Sea
fisheries

SCOS 2021
SCOS 2019

Q2
Q1

1 Depredation of catch
and gear damage

A structured monitoring programme usir]
an integrated approach involving the
industry is required to progress the
collection and collation of robust
guantitative information on the scale ang
extent of seal damage to catch and fishi
gear, to identify where and when specifig
problems occurand to guide the
development and design of mitigation
and management strategies.

The UK Protected Species Bycatch
Monitoring Scheme has collected data f
20 years on the bycatch of marine
mammals through o#board observations
some of which is associated with

depredation. It has also collected

Q6¢ Sea
fisheries

SCOS 2024

SCOS 2022
Q13, Q14

SCOS 2021

Q2
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information on sealamaged fish
recovered from nets. SCOS recommend
that additional resources should be
allocated to conduct a quantitative
assessment of these data.

Predicting impacts of
renewable energy
developments on seals

ﬂ

In relation to the impacts of tidal energy
devices on sealsecent research on fine
scale behaviour of seals around device
should providanformation at the range
of spatial scales required to effectively
derive empirical avoidance rates to
operating turbines; however, work is
required to appropriately combine
estimates across scales to derive an
overall avoidance rate that can be used
as ascalaron current collision risk mode
outputsand how this new data is then
incorporated into models.

In addition, here are currently no
dedicated studies on grey seal
interactions with tidal energy devices;
this remains a key data gap with respeq
to understanding the potential risks of
tidal turbines to this species.

Research is required into the effects of
operational arrays of tidal turbines. It is
uncertain how the risks associated with
single turbines will scale up to large
turbine arrays; it is likely to be complex
depending on individual behaviour and
learning ower repeated encountersilt

will be important toconsiderhow seal
responsato arrays mightbe monitored
at a variety of spatial scalesd what
technologiesare available to measure
this.

Furthermore, there is a need for the
development of methods to allow more
robust predictions of the number of
individuals potentially exposed to
anthropogenic impacts to feed into
Environmental Impact Assessments an
Strategic Environmental Assessments.
This should include the use of existing
telemetry to incorporate estimates of th
turnover of individuals at sea in specific

areas and individual fidelity to specific

Q12
Interactions
with tidal
turbines

SCOS 2024 Q3
SCOS 2018 Q
SCOS 2017 Q4
SCOS 2016 Q1
SCOS 2015 Q
SCOS 2014 Q3
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areasq the development of assessment
methods which can take information on
these parameters into account will
greatly increase robustness relative to
existing approaches.

Research on harbour and grey seal
behavioural responses (and energetic
consequences) to offshore wind farm
construction is also required to improve,
the robustness of impact assessments.
Data to inform species specific noise
dose response relationships squired.

Seal health and disease

Thereremainsa need for the coordinated
development and adoption of PDV and
Avian Influenza response plans for seal
across all UK nations. SCOS encourage
UK nations to build on the work done by
Scottish Government and SMRU to
develop response plans and, given the
ewlving situation with HPAJlobally,
some urgency should be applied to this
effort.

Routine health and disease surveillance
through coordinated efforts involving
strandings schemes, rescue and
rehabilitation centres, and live captures
for research is critical to better
understand population health and ensur
early detection and monitoringf
infectious diseases in the UK.

The delay between application and
granting of authority to conduct studies
requiring capture and/or sampling of seg
precludes a rapid response to the onset
a disease event or any other response t
acute environmental perturbations. A
mechanism by whitthere is a fast
response for granting of authority to
conduct studies in the event of time
critical investigations should be a priority

Q7 Health and
disease

SCOS 2024 Q3
& Q35
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Additional (non-standing) Questions

Question 11.Can SCOS advise on the usage of grey seal SACs both within ar

submitted by outwith the breeding season?
the Marine
Directorate,
Scottish
Government

For the most part, SAC site designations for grey seals were on the basis of breeding numbers (pup
production). Indeed, ~35% of UK pup production occurs on Scottish and English SACs, whereas
these SACs only account for <30% of the UK August count. Aburdaitbin SACs during both the
breeding season (pup production) and August are given as percentages of the SMU and UK totals
in Tablel9.

Due to movements within and between seasons, the total proportion of the UK population which
visitsa SAC at some point in the year is likely much higher than 35%. Indeed, once pups leave
breeding beaches, after high initial densities around their breeding site, they often associate with
multiple haul outs over a broad geographic area during their explimry phase. Even once this

phase ends, grey seals typically use multiple haul out sites during the foraging season, which may
or may not, differ from where they moult or breed.

Such movements make management of SACs difficult, especially when the proportion of the UK
holding within each SMU varies throughout the yeargble3). For example, at a UK level, East
Scotland SMU holdings in August are less than half what they are in the breeding season. Almost
60% of East Scotland pup production is within SACs (~5.7% of UK pup production) but only 3.6% of
August SMU count is withithe SACs (0.2 % of UK August count). Thus, the estimated density at
seaassociated withthese SACs represents ainknown fraction of the seals that use the SAC and
therefore cannot be used for the basis of a robust estimate of the impact of any activitieshe
breeding population of a SAGndeed, the seals hauling oulh a SAG August may or may not
subsequently breed irthat SAC. As such, although the SAC status affords protection of the
breeding population during the breeding season, for the vast majorithiich disperse to forageit

does not afford protection for the rest of the year when interactions with anthropogenic activities
are most prevalent and resources for breeding are acquired. Indeed, some of the seals that pup in
East Scotland likely range into Southeast England, emen into continental Europe. Without
extensive tracking of individuals from SAC, it is not possible to link the SAC breeding abundance
with activities at-sea during the rest of the year. The mismatch in holdings across seasons, also
extends to pupsaspups born at SACs leave the breeding coloreesi are less likely to

subsequently be hauled out at a SAC in summer. Initially after leaving the colony, there will be
high atsea densities locally, but adea estimates of youngf-the-year (< 1 year old) are not
available.
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Table19. The latest August counts and pup production estimates for each SAC in Scotland and England. The associated propordtibatiteUK holdings
are also shown. Note that to provide percentages of August SMRU totals, the most recent counts were usedsvaber&JK scale the composite counts were
used. The Scottish component of tiBerwickshire & North Northumberland Cog®&NNC) SAC transects the Fast Castle colony, fdrusontext, the totals are
shown for Fast Castle as a whole (grey) as well a8t C portion. The Fast Castle total does not contribute to the total UK holdings in Scottish and English
SACs.

Most recent August data Pup production
SMU SAC SAC % of % of % of % of
count (year) SMU UK SAC estimate (year) SMU UK
2. West Scotland Treshnish Isles 161 (2023) 3.6 0.4 1272 (2022) 23.8 1.6
Monach Islands 614 (2022) 17.7 15 13475 (2022) 726 17.0
3. Western Isles
North Rona 147 (2023) 4.2 0.4 301 (2019) 1.6 0.4
4. North Coast &
Orkney Faray & Holm of Faray 228 (2019) 2.6 0.6 1915 (2022) 9.0 24
Isle of May 97 (2021) 3.6 0.2 1833 (2023) 24.3 2.3
7. East Scotland BNNC (Scottish componen 0 (2021) 0.0 0.0 2680 (2023) 35.6 34
Fast Castle (inc. SAC) 0 (2021) 0.0 0.0 4730 (2023) 62.8 6.0
8.Northeast England BNNC (English component 4251 (2023) 911 104 3866 (2023) 95.9 4.9
9.Southeast England  Humber Estuary 6008 (2023) 55.2 147 2326 (2023) 141 2.9
Isles of Scilly Complex 397 (2023) 54.5 1.0 373 (2016) 76.1 0.5
11.Southwest England
Lundy 75 (2023) 10.3 0.2 71 (2024) 14.5 0.1
Total 29.3 35.5
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Question 12.Can SCOS indicate whether there has been any updated
submitted by information, since last SCOS, on harbour or grey seal interactions
NRW with tidal turbines

Severalstudiesreport changes in harbour seal distributions and behaviour in response to

operational tidal turbines. However, there are currently no dedicated studies on grey seal

interactions with tidal turbines. Although existing studies represent good progress in our
understandingof K2 g KIF Nb2dzNJ aSFfa o0SKIFI@S Ay NBalLkyasS G2
MEnnnQa 2F YSUNBasz A@EdideNsiohauhdeniatet fiovemirfs (afadh y S a Ol f S
scale of metres) of seals around turbines has remained a critical research gap with respect to

deriving avoidance/evasion rates. However, a SMRU research project deployed a combined active

sonar and passive acoustic tracking ssist alongside an operating tidal turbine off the north of

Scotland; results confirm that seals are regularly detected and tracked within several tens of

metres of the turbine (704 seals detected during 338 days of monitorivith 347 detected during

turbine operation), and that they exhibit a degree of avoidance during operation. Preliminary

analysis of the individual seal tracks from the sonar system sktwat a small number of seals

move in close proximity (withir2 m) to the rotor swept area.

SCOS considers that there is clear evidence of avoidance, wit®3P4 reductions in seal

abundance in the vicinity of tidal turbines, or in response to playback of turbine noise at a range of
different scales from 30 t&000m from the turbines. SCOS therefore recommends that collision
risk estimates based on 0% avoidance should be given little weight, and that research efforts are
now focused on ensuring thatew behavioural dataare utilised appropriately and avoidance rates
derived at different spatial scales are correctly combined to produce overall avoidance rates to
operating turbines.

Thereare currently nodedicated studies ogrey seal interactions with tidal energy devices.
However, there are a number of studies that report changes in harbour seal distributions in
response to operational tidal turbines, including to the Strangford Lough tufBmmeet al., 2018}o
playbacks of tidal turbine soundslastie et al., 2018; Robertson et al., 2018)d to the MeyGen
turbine array(Onoufriou et al., 2021)The mean changes in abundarateidal turbines,and the
scale that a response was measured at, were reported in &024§ (included and updated here
for reference:Table20).

Although these studies represent good progress in our understarafingw harbour seals behave

in response to operating turbines at megtens of metres) to macrqhundreds of metres) scales,
information on the micrescale (metres) movements of individual seals around operating turbines
has remained a critical researchpgaith respect to deriving avoidance rates and understanding the
potential impacts of tidal turbines. However, a NERC and Scottish Government funded research
project deployed a combinedctive sonar and passive acoustic tracking systgittespie et al.,
2022)alongside an operating tidal turbine (AR1500) at the MeyGen turbine array off the north of
Scotland. This has detected and tracked individual seals in high resolution (metres) within ~30 m of
the turbine and will provide data to quantify the movementsteahs around the turbine.

Results confirm that seals are regularly detected within m36f the operational turbine (704 seals
detected during 338 days of monitoringlodelling of the seal presence has shown that seals exhibit
a significant relationship with tidal flow speed such that seals are present less frequently during
periods of high tidal flows; furthesvhen comparing seal presence between periods of turbine
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operation and noroperation, the model predicted a decrease in presence during turbine operation
Ay Fft2¢ aLISiedn reBluEtionkol 7B% at ¥hd highestispeed; 95% Cl: 2293%)
(Montabaranom et al., 2025)urther analysis of the proximity and movements of the individuals
tracks of seals is currently ongoing buitial results show that sixteen of the seal tracks (~2% of all
tracks detected in the sonar swath) crossed the rotor swept area in the horizontal plane or passed
very close (< 2m) to it, and were thus considered at a higher risk of collisioimportant to
highlightthat it wasnot possibleto confirm collisionsin the sonardata. Further,sealspecies
differentiation is not possiblein the dataand, given that both grey and harbour seals are present in
the study area, the derived tracks likely reflaatludeboth species; when interpreting the results
with respect to grey seals, it therefore seems reasonable to assume that a proportion of the
detections will be grey seals.

Table20. Summary of previous studies measuring the avoidance of operating turbines, or their sounds,
by harbour seals. The table shows the estimated mean change in abundance (%), the tidal turbine and
location of the study, the scale that a response was measutedrad the reference for the study.

Mean % change in abundanc Source Scale Reference

-68% 95% Cls:37%,-83%) SeaGen turbine (Strangford 200m Joy et al(2018)
Lough)

-27% 95% Cls:11%,-41%) Acoustic playback of turbine 500m Hastie et al(2018)
sounds (Kyle Rhea, Skye)

No significant change Acoustic playback of turbine 1,000m Robertson et al2018)
sounds (Puget Sound, U.S.)

-28% (95% Clst1%,- 49%) MeyGen array (Pentland 2,000m Onoufriou et al(2021)
Firth)

-77% 95% Cls22%,¢93%) Atlantis AR1500 turbine, 30m Montabaranom et al(2025)
MeyGen array

Previous studies including the preliminagnar trackinglata indicate that there is a degree of
variability in the extent that seals exhibit avoidance behaviour, such that there does not appear to
be a scientific basis on which to move away from ghresent a range of potential avoidance rdtes
currently recommended in existing guidan@cottish Natural Heritage, 2016 ritically,although

the avoidance metrics from these previous studies could be applied independently as avoidance
scalargn existing collision risk models, each has been derived at a different spatial scale. In future, it
will beimportantto ensure that avoidance rates derived at each of the spatial sea¢es
appropriatelycombined to produce overall avoidance rates to operating turbiSé4RU have
developed a proposab hold an expert workshop brimgg together exrts and stakeholders to
discuss the advantages and limitations of curresitisionriskmodelling frameworks with the view

to establishing the most appropriate way to integraiew behavioural data anderive a strategy for
collision risk modelling that can be applied to future tidal turbine arrays
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Further, b quantitatively assess the potential impacttafal turbineson sealgas well as other

potential impacts)staticdensity estimates of seals filal development areaare often usedFor

the UK such estimates are usually taken frorsed density maps generated using habitat

association models (Carter et al. 2022). However, these estimates represent a snapshot of mean seal
density at a given point in time, and translating this intoniers of seals which could be exposed to
continuousactivitiessuch agidal turbines is not straightforward. First, the density estimates, and
associated uncertainties, are of mean model predictions averaged across tidal cycles, days, and
months. Indeed, the values are based on insights from telemetry data, giving a m@a36% and
86.16% of harbour and grey seals being at sea at any one time. Thus, the mean number in each cell
will be close to 1.21 and 1.16 higher at high tide for harbour and grey seals, respectively. Second,
these estimates do not provide infmation about the turnover of individuals &irbine locations.

Indeed, this will vary markedly layid cell. Forgrid cells which are travelled through but are not
generally used for foraging activity, w@ght expect almost a complete turnover of individuals each
hour. At the other extreme, fogrid cells which are predominantly foraging, the same individual may
stay within a small number of cells for over a weEkese variations will have important implications

for the assessment of impacts at individaad population level. Givetheseissues, a key research
priority is to develop methods to facilitate a more realistic prediction of the number of individuals
exposed tacontinuousanthropogenic impacts over appropriate time periods. The existing telemetry
data could be used to examimggid cell changeover rates, and individual fidelity to areas.
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Abstract

SMRU conduct, and collate data from, August surveys of seal haulout sites across the UK.
Harbour seals moult in August in the UK, and a high and consistent proportion of the populatio
is hauled out and available to survey. For grey seals, August represera key foraging month
and thus counts represent the haulout distribution during foraging season complementing
estimates of pup production (number of pups born) from breeding season surveys.

In August 2023, the Sea Mammal Research Unit (SMRU) carried out helicopter surveys using a
thermal imager of a large proportion of the Scottish west coast of Scotland from Loch Hourn to
the border representing a section of the West Scotland Seal Monitoringnit (SMU) and the

entire Southwest Scotland SMU. The results from this survey are reported here for the first time.

In August 2024, the entire coast of Northern Ireland was surveyed by helicopter. Part of the
Moray Firth SMU and the Firth of Tay and Eden Estuary SAC in East Scotland SMU are surveyed
annually by fixedwing aircraft. In England, the annual SMRU fixeding surveys cover the
Lincolnshire and Norfolk coasts (Southeast England SMU). Various organisations around
England and Wales continue to monitor seals at additional sites that can generally be covered
by ground or boatbased methods.

Results from August 2024 surveys will be reported in SCOS 2025. All the data presented in this
briefing paper are from the latest surveys carried out until August 2023.

Based on the most recent available August count data to 2023, the number of harbour seals
counted in Scotland was22,241, and in England it was3,548. Including818 harbour seals
counted in Northern Ireland in 2021, the most recent UK harbour seal total count 26,608. The
number of grey seals counted in Scotland wag1,306, in England it wasl7,075, and in Wales it
was 1,313. Including549grey seals counted in Northern Ireland in 2021, the UK grey seal total
count for this period was40,243.

—

"2}

Introduction

The main method for assessing harbour seal populations, both in the UK and elsewhere, is through
aerial surveys of seals on land during their annual moult. In the UK, moult predominantly occurs in
August.At this point in their annual cycle, harbour seals tend to spend longer at haulout sites

and the greatest and most consistent counts of seals are found ashore. During a survey,

however, there will be a significant number of seals at sea which will not lmunted. Thus, the
numbers presented here represemthe minimum number of harbour seals in each area and

should be considered as an index of population size, not actual population size. A scalar

derived from telemetry tag data collected during the harbour seal moult period can be used to
estimate total population size. Lonergaret al. (2013) estimated the proportion of harbour seals
hauled out during the standard August survey window to be 72% (95% CI1-88%).
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Grey seals are also surveyed during August. It should be noted that the proportion of grey seals
hauled out in August is relatively low (compared to harbour seals). Based on telemetry data, it is
estimated that 25.15% (95% CI: 21:28,07%) of the populatin is hauled out during the specific

survey window and thus available to be counted (Russell & Carter 2021, updated from Lagtergan

al. 2011). There was no detectable effect of region, length of individual (regarded as a proxy for age),
sex or time of dapn the conversion factor/scalar, but it is recognised there was relatively low

power (sample size of 60 individuals) to detect such effects. Nevertheless, such August counts are
important for two reasons. First, they provide an indication of the distidubf seals during their

key foraging season, and second, they can provide estimates of total population that is independent
from pup production (SCOS BP 25/02)

For the purposes of population monitoring and reporting, the UK is split into 14 Seal Monitoring
Units (SMUs; Figure 1). The SMUs are arranged clockwise around the UK starting in Southwest
Scotland: 1-7 are in Scotland, 811 & 13 are in England, 12 is Wad, and 14 is Northern Ireland.

In Scotland, these SMUs align with the Seal Management Areas (SMAS) used primarily for the
seal licencing system which was introduced with the Marine (Scotland) Act 2010.

Although both seal species can occur all around the UK coast, they are not evenly distributed.
Their main concentrations are currently found in the following Seal Monitoring Units (SMUSs):
West Scotland, Western Isles, North Coast & Orkney, Shetland, Mor&jrth, East Scotland and
Southeast England (largely between Lincolnshire and Kent ;Figure 1). In addition, there are
large numbers of grey seals in Northeast England. Grey seals, but very few harbour seals, are
also found in Southwest England and in Wate The frequency of the surveys varies around the
HYCct qOUWERUHIDWNGYYAWE~AOkt W 2nNet quwt el 213!+ wel YeOT U
an approximately fiveyearly cycle. Since 2002, annual surveys have been carried out in parts of
the Moray Firth(between Helmsdale and Findhorn) and in the Firth of Tay & Eden Estuary SAC
(East Scotland SMU). These aerial surveys in Scotland are part funded by NatureScot
(previously Scottish Natural Heritage) and NERC, with additional irregular contributions from
Marine Directorate. Most of the harbour seals in England are found on the Lincolnshire and
Norfolk coast (Southeast England SMU) which is surveyed at least once annually during the
August moult. The wider Thames area in Essex and Kent has been surveyeadbosk regularly

2013 by the Thames Harbour Seal Conservation Project, run by the Zoological Society of
London, or by SMRU. Aerial surveys of Northeast England SMU are conducted less frequently.
The August surveys in eastern England are funded by NERC2023, SMRU also conducted a
survey of Southwest England and Wales (funded by NRW, JNCC and NERC).

August aerial surveys in Northern Ireland are conducted approximately every three years and
are co-funded by the NI Department of Agriculture, Environment and Rural Affairs (DAERA) and
NERC.

Several sites in England and Wales are ground counted by various organisations, e.g. the seals
in the Tees Estuary have been monitored by the Industry Nature Conservation Association
(INCA). Counts from these locations are also included in the reported tats where available.
Surveys coordinated by the Thames Harbour Seal Conservation Project were carried out mainly
by air, with some sites counted from boat and from land.

Aerial Survey 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 helicopter using a thermal
imaging camera which can detect groups of seals at distances of ov8km. This technique
enables rapid, thorough, and synoptic surveying of seals inhabiting complex coastlines.
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Previously, since 2007, oblique photographs were obtained using a harttkld camera

equipped with an imagestabilised zoom lens. Groups of both harbour and grey seals were
digitally photographed, and the images were used to classify the species compositiarf all
groups of seals. Since August 2016, a new custothuilt, 3-camera system, based on Trakka

E! t qlJ0 k400LHAS bEen used to survey seals in August. The system consists of a gyro
stabilised gimbal containing a thermal imaging camera, a colour videcamera, a high
resolution digital still camera equipped with a 300 mm telephoto lens, and a laser range finder.
Video and still images are recorded onto laptops which display a moving map, highlighting
areas of coast that have already been searched durg the survey.

Surveys of the estuarine haulout sites on the east coast of Scotland and England are conducted
by fixedwing aircraft using handheld oblique photography. On sandbanks, where seals are
relatively easily located, this survey method is highly coseffective. A fixedwing aircraft and
hand-held oblique photography were also used to survey the Wales and Southwest England
SMUs in 2023. Comparisons with coincident ground counts (by Seal Research Trust) indicate
that surveys missed approximately half of sealsni coves and gullies, but the overall effect on

the survey was small because the majority of seals haul out on open coastlines or offshore
skerries (Thompson, 2024 a,b).

To maximise the counts of seals on shore and 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) oatng between

approximately 12:00 and 19:00. Surveys are not carried out in persistent or moderate to heavy

rain because seals will increasingly abandon their haulout sites and return into the water, and

HUHcz2t DWq6 WWaqdé 1l ¢ WRGenNII WR¢UUYqWht UK W6l YeanNE L

Results

1.1. Harbour seals in the UK during August

The overall distribution of harbour seals around the UK from August surveys carried out
between 2016 and 2023 is shown in Figure 1. For ease of viewing at this scale, counts have
been aggregated by 10k

The most recent minimum harbour seal August haulout count for UK Seal Monitoring Units
(SMUs) in 20162023 are provided in Table 1 and are compared with four (UK) or five (Britain)
previous periods between 1996 and 2019. Mean values were used for any aradsere repeat
counts were available (primarily in eastern England and occasionally the Moray Firth).

The most recent count of harbour seals in Scotland, obtained from surveys carried out mainly
between 2019 and 2023, i22,241 (Table 1). The most recent count of harbour seals in England,
obtained from surveys carried out mainly in 2022 and 2023, 8548 (Table 1). Only one harbour
seal was counted during the aerial survey of Wales in 2023. The most recent count of harbour
seals in Northern Ireland in 2021 wa818 (Table 1). The sum of all the most recent counts
carried out between 2016 and 2023 gives a UHtal of 26,608 harbour seals (Table 1).

Counts for the annually surveyed areas in the Moray Firth, the Firth of Tay and Eden Estuary SAC
(East Scotland), in the Tees (Northeast England, ground counts by INCA), and from Donna Nook
to the Thames (Southeast England) are given in Tables 3 and 4.

Figure 3 shows a comparison of August harbour seal counts in Scottish SMUs since 1991.
Because SMU totals represent counts of seals distributed over large areas, individual data
points may contain counts made in more than one year. See SCOS BP 25/03 fend analyses
of the August counts for Seal Monitoring Units 1 to 9.
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1.2. Grey seals in the UK in August

The overall UK distribution of grey seals from the most recent August surveys carried out up
until 2023 is shown in Figure 2. For ease of viewing at this scale, counts have been aggregated
by 10kn?.

The most recent total haulout count of grey seals in Scotland, obtained from August surveys
carried out mainly between 2019 and 2023 i21,306 (Table 2).

There werel7,075grey seals counted in England between 2020 and 2023 (Table 2). In Wales,
1,313 grey seals were counted in 2023, and in Northern Irelarisi9 were counted in 2021 (Table

2), the most recent UK total count of grey seals in August49),243 (Table 2).

Counts for the annually surveyed areas in the Moray Firth, the Firth of Tay and Eden Estuary SAC
(East Scotland), in the Tees (Northeast England, ground counts INCA), and from Donna Nook to
the Thames (Southeast England) are given in Tables 3 and 5.

See SCOS BP 25/03 for trend analyses of the August counts for Seal Monitoring Units 1 to 9.
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Table 1. The most recent August counts, up to 2023, of harbour seals at haulout sites in the UK by Seal Monitoring Unit and cowatmypared with
previous periods. The grey values given for SMUs-18 are estimates. The light grey italic values in the mostriddJ qy WUHY e Uq A Yde G OUWI YUK q
new data compared to the 20162019 period. The latest population estimates use scalars derived fromonerganet al. (2013).

Harbour seal counts Latest population estimate
Seal Monitoring Unit / Most recent count data % of UK
Country 1996-1997 2000-2006 2007-2009 2011-2015 2016-2019 to 2023 mean 95% Cls total
1 Southwest Scotland 929 623 923 1,200 1,709 1,563 (2023) 2,171 (1,776 2,894) 5.9%
2 West Scotland a 8,811 11,666 10,626 15,184 15,600 11,754 (2022; 2023) 16,325 (13,357 21,767) 44.2%
3 Western Isles 2,820 1,920 1,804 2,739 3,532 3,080 (2022) 4,27¢ (3,500 5,704) 11.6%
4 North Coast & Orkney 8,787 4,388 2,979 1,938 1,405 1,951 ( 1,597 2,60z2) 5.3%
5 Shetland 5,994 3,038 3,039 3,369 3,180 4,417 ( 3,614 5,88¢) 12.0%
6 Moray Firth 1,409 1,028 776 745 1,077 983 (2%()2132; 2021, 1,365 (1,117 1,82C) 3.7%
7 East Scotland 764 667 283 224 343 276 (2021; 2023) 383 ( 314; 511) 1.0%
(2016; 2018:
SCOTLAND total 29,514 23,330 20,430 25,399 26,846 22,241 2019; 2021 30,89C (25,274 41,187) 83.6%
2023)
8 Northeast England  ° 54 62 58 91 79 106 (2200223(;; 2022; 147 ( 120; 196) 0.4%
9 Southeast England  °© 3,222 2,964 3,952 4,740 3,752 3,372 (2022; 2023) 4,68 (3,832 6,244) 12.7%
10 South England d 90 (74, 120) 0.2%
11 Southwest England ¢ 0 (2023) 0 ( 0; 0) 0.0%
13 Northwest England ¢ 7 ( 6; 9) 0.0%
(2020; 2022;
ENGLAND total 3,288 3,046 4,030 4,861 3,876 3,548 2023) 4,92¢ (4,032 6,57C) 13.3%
WALES e 1 (2023) 1 ( 1; 2) 0.0%
(2016; 2018
BRITAIN total 32,804 26,381 24,465 30,270 30,732 25,790 2023) 35,81¢ (29,307 47,75¢) 96.9%
NORTHERN IRELAND f 1,176 1,101 948 1,062 818 (2021) 1,13¢ ( 930; 1,51f) 3.1%
UK total 27,557 25,566 31,218 31,794 26,608 (22002136; 2018 36,95€ (30,236 49,274)

SOURCES Most counts were obtained from aerial surveys conducted by SMRU and were funded by NatureScot and the Natural EnvironmeneRe$h Council (NERC). Exceptions are:
a) Marine Scotland contributed funding towards Scotland surveys in 2009 and 2018) The Tees data collected and provided by the Industry Nature Conservation Association (Bond, 2024). Northumberland
coast south of Farne Islands not surveyed pr2008; no harbour seal sites known here. The 2008 survey from Coquet Island to Berwick fundedatpredecessor to the Department of Energy Security & Net
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Zero.c) Thames data 2015 and 2019 collected and provided by Zoological Society London (Cox et al., 208Dfzrey values are estimates compiled from counts shared by other organisations (Langstone
Harbour Board & Chichester Harbour Conservancy, Cumbria Wildlife Trust) or found in reports & on websites (Boyle, 20ithrebirdobs blogspot; Sayer, 2010, 2011; Sayer et al., 2012; Westcott, 2002).
For Wales, counts up until 2022 were estimates collated from various sources (grey values); the 2023 count virmn a SMRU survey covering the whole of Wales. The change in numbers does not indicate
a change in abundancef) Surveys carried out by SMRU and funded by Northern Ireland Environment Agency (NIEA) in 2002, 2011, 2018, and 2021, and: Marirent Turbines Ltd in 20082008 & 2010
(SMRU Ltd, 2010).
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Table 2. The most recent August counts, up to 2023, of grey seals at haulout sites in the UK by Seal Monitoring Unit and countnpaced with
previous periods. The grey values given for SMUs-18 are estimates. The light grey italic values in the mostrecertY e Uq A Y G e 6 UWI YUk q WA
new data compared to the 20162019 period. The latest population estimates use scalars derived from Russell & Carter (2021).

Grey seal counts Latest population estimate
Seal Monitoring Unit / Most recent count data % of UK
Country 1996-1997 2000-2006 2007-2008 2011-2015 2016-2019 to 2023 mean 95% Cls total
1 Southwest Scotland 75 206 233 374 517 760  (2023) 3,022 ( 2,614; 3,543) 1.9%
2 West Scotland a 3,435 2,383 2,524 5,064 4,174 4,508  (2022; 2023) 17,924 ( 15,507; 21,016) 11.2%
3 Western Isles 4,062 3,674 3,808 4,085 5,773 3,473 (2022 13,809 ( 11,947; 16,191) 8.6%
4 (N)ﬂ:tnhegoaﬁ & 9427 10,315 8,525 8,106 8,599 34266 ( 29.646; 40,177)  21.4%
5 Shetland 1,724 1,371 1,536 1,558 1,009 4,012 ( 3,471; 4,704) 2.5%
6 Moray Firth 551 1,272 1,113 1,917 1,657 1,354  (2019; 2021; 2023) 5384 ( 4,658, 6,312) 3.4%
7 East Scotland 2,328 1,898 1,238 2,296 3,683 1,584  (2021;2023) 6,298 ( 5,449; 7,385) 3.9%
SCOTLAND total 21,602 21,119 18,977 23,400 25,412 21,306 Soyroong 84,716 ( 73,292; 99,329)  52.9%
8 Northeast England b 613 1,100 2,350 6,942 6,501 5,381  (2020; 2022; 2023) 21,396 ( 18,510; 25,086) 13.4%
9 Southeast England ¢ 417 2,266 1,786 5,637 8,667 10,735  (2022; 2023) 42,684 ( 36,928; 50,047) 26.7%
10 South England d 199 ( 172; 233) 0.1%
11 Southwest England ¢ 729  (2023) 2,899 ( 2,508; 3,399) 1.8%
13 Northwest England d 716 ( 619; 839) 0.4%
ENGLAND total 3,823 4,593 13,134 15,948 17,075  (2020; 2022; 2023) 67,893 ( 58,738; 79,604) 42.4%
WALES € 1,313 (2023 5221 ( 4,517; 6,121) 3.3%
BRITAIN total 25,692 24,320 37,384 42,260 39,694  (2016; 20182023) 157,828 (136,546; 185,054) 98.6%
NORTHERN IRELAND f 272 243 468 505 549  (2021) 2,183 ( 1,889; 2,559) 1.4%
UK total 25,964 24,563 37,852 42,765 40,243  (2016; 20182023) 160,012 (138,435; 187,613)

SOURCES Most counts were obtained from aerial surveys conducted by SMRU and were funded by NatureScot and the Natural EnvironmeneReh Council (NERC). Exceptions are:

a) Marine Scotland contributed funding towards Scotland surveys in 2009 and 201B) The Tees data collected and provided by the Industry Nature Conservation Association (Bond, 2024). N'umberland
coast south of Farnes not surveyed pre008, so earlier counts may be incompleteThe 2008 survey from Coquet Island to Berwick funded by a predecessor to the Department of Energy Security & Net Zero.
c) Thames data 2015 and 2019 collected by Zoological Society London (Cox et al., 2020))Grey values are estimate compiled from counts shared by other organisations (Langstone Harbour Board &
Chichester Harbour Conservancy, Cornwall Seal Group Research Trust, Natural England, Landmark Trust, Natural Resources W&E&8&B Hilbre Bird Observatory or found in reports & on websites (Boyle,
2012; Biiche & Stubbings, 2019; Hilbrebirdobs blogspot; Leeney et al., 2010; Sayer, 2010, 2011, 2012a, 2012b; Sayer et 4R; 2estcott, 2002, 2009; Westcott & Stringell, 2004k) For Wales, counts up
until 2022 were estimates colated from various sources; the 2023 count was from a SMRU survey covering the whole of Wales. The change in numbers doesecessarily indicate a change in abundance.

f) Surveys carried out by SMRU and funded by Northern Ireland Environment Agency (NIEA) in 2002, 2011, 2018, and 2021, ane I@arient Turbines Ltd in 200&2008 & 2010 (SMRU Ltd, 2010).
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Table 3. August counts of seals within the annually surveyed areas of the western Moray Firth
and the Firth of Tay and Eden Estuary SAC. Mean values are given for areas surveyed more than
once in a single season.

Western Moray Firth Firth of Tay and Eden
(Helmsdale to Findhorn) Estuary SAC
Harbour Harbour

Year seals Grey seals seals Grey seals
1990 467 912
1991 670 1,549
1992 773 1,226
1993
1994 575 1,468
1995
1996
1997 1,407 486 633 1,891
1998
1999
2000 700 2,253
2001
2002 829 327 668 1,593
2003 461 1,663
2004 459
2005 911 598 335 843
2006 1,024 1,008 342 1,379
2007 762 677 275 1,519
2008 777 1,190 222 557
2009 775 1,043 111 450
2010 1,205 1,751 124 1,555
2011 924 1,100 77 1,322
2012 1,033 557 88 1,202
2013 858 1,038 50 482
2014 693 259 29 634
2015 705 1,644 60 836
2016 892 1,194 51 936
2017 831 1,131 29 750
2018 914 711 40 765
2019 1,025 1,564 41 686
2020 36 883
2021 633 1,322 41 1,940
2022 925 1,762 34 2,197
2023 926 820 55 812
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Table 4. August counts of harbour seals within annually surveyed areas on the east coast of
England. Mean values are given for areas surveyed more than once in a single season.

Northeast England Southeast England

Donna The Blakeney Scroby  Greater
Year The Tees Nook Wash Point Horsey Sands Thames
1988 173 3,035 701
1989 16 126 1,556 307
1990 23 57 1,543
1991 24 1,398
1992 27 32 1,671 217
1993 30 88 1,884 267
1994 35 103 2,011 196 61
1995 33 115 2,084 415 49 130
1996 42 162 2,151 372 51
1997 42 251 2,466 311 65
1998 41 248 2,374 637 52
1999 36 304 2,392 659 72
2000 59 390 2,779 895 47
2001 59 233 3,194 772 75
2002 52 341 2,977 489
2003 38 231 2,513 399 38 180
2004 40 294 2,147 646 57
2005 50 421 1,946 709 56
2006 45 299 1,695 719 71
2007 43 214 2,162 550
2008 41 191 2,011 581 81 319
2009 49 267 2,829 372 165
2010 53 176 2,586 391 201 379
2011 57 205 2,894 349 119
2012 63 192 3,372 409 161
2013 74 396 3,174 304 148 482
2014 81 353 3,086 468 285 489
2015 91 228 3,336 455 270 451
2016 86 369 3,377 424 198 694
2017 87 290 3,210 399 271 795
2018 76 146 3,632 218 17 210 738
2019 76 128 2,415 329 16 193 671
2020 91 157 2,866 258 1 45
2021 86 122 2,667 181 12 25 498
2022 117 123 3,033 180 12 80 499
2023 106 97 2,500 153 17 32

SOURCES Counts from SMRU aerial surveys using a fixeaing aircraft funded by NERC except where stated
otherwise:

The Tees- Ground counts by Industry Nature Conservation Agency (Bond, 2024). Single SMRU fingdg count in
1994.

Greater Thames - 2013-2017, 2019, and 2021 surveys carried out by the Zoological Society of London (Barker &
Obregon, 2015; Coet al., 2020).
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Table 5. August counts of grey seals within annually surveyed areas on the east coast of
England. Mean values are given for areas surveyed more than once in a single season.

Northeast England Southeast England

Donna The Blakeney Scroby  Greater
Year The Tees Nook Wash Point Horsey Sands Thames
1988 52 1
1989 7
1990 9 115 10
1991 8 48
1992 9 235 35
1993 9 59 64 7
1994 6 100 94 40 43
1995 10 123 66 18 32
1996 11 119 60 11 46
1997 10 289 49 45 34
1998 11 174 53 33 23
1999 12 317 57 14 89
2000 11 390 40 17 40
2001 11 214 111 30 70
2002 12 291 75 11
2003 11 232 58 18 36 96
2004 13 609 30 10 93
2005 12 927 49 86 106
2006 8 1,789 52 142 187
2007 8 1,834 42
2008 12 2,068 68 375 137 160
2009 12 1,329 118 22 157
2010 14 2,188 240 49 292 393
2011 14 1,930 142 300 323
2012 18 4,978 258 65 126
2013 16 3,474 219 63 219 203
2014 16 4,437 223 445 509 449
2015 16 3,766 369 528 520 454
2016 22 3,964 431 355 642 481
2017 27 6,526 688 502 425 575
2018 15 6,288 253 360 205 497 596
2019 14 5,265 540 635 119 1,333 775
2020 22 4,982 644 765 504 1,191
2021 30 3,897 799 493 380 1,377 749
2022 51 3,517 1,074 370 237 2,099 854
2023 26 6,020 1,092 504 219 1,971

SOURCES Counts from SMRU aerial surveys using a fixeaing aircraft funded by NERC except where stated
otherwise:

The Tees- Ground counts by Industry Nature Conservation Agency (Bond, 2023). Single SMRU fingadg count in

1994. For years prior to 2005, only monthly maximums are available for grey seals. For these years, the given values
are estimates calculated using the nean relationship of mean to maximum counts from 20052013.

Greater Thames - 2013-2017, 2019, and 2021 surveys carried out by the Zoological Society of London (Barker &
Obregon, 2015; Coet al., 2020).
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Figure 6. Map of August haulout density of harbour seals around the UK per 10 kbased on
the most recent available count data collected up until 2023. Less than 100 harbour seals are
in SMUs 1013. Tees datafrom the INCA Tees Seal Research Programme, The Solent data from
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Langstone Harbour Board & Chichester Harbour Conservancy. All other data from SMRU aerial

surveys.
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Figure 7. Map of August haulout density of harbour seals around the UK per 10 kbased on

the most recent available count data collected up until 2023. Tees data from the INCA Tees
Seal Research Programme. Some of ttmunts/estimates for Seal Monitoring Units 16 13 are
based on counts by: Langstone Harbour Board & Chichester Harbour Conservancy, Cornwall
Seal Group Research Trust, The Lundy Company, Cumbria Wildlife Trust, and Yorkshire Wildlife
Trust.All other datafrom SMRU aerial surveys. No data availadlfor St.Kilda.
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Figure 3. Comparison of August harbour seal counts in Scottish Seal Monitoring Units (SMUSs)
since 1991. Because SMU totals represent counts of seals distributed over large areas,
individual data points may contain counts made in more than one year. For examptée 2023
data point for West Scotland contains a significant amount of data from a survey carried out in
2022 (coast north of Loch Hourn, including Skye). Interpolated values are used for years with
incomplete coverage.
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Abstract

In 2023, SMRU surveyed nine grey seal breeding colonies in three Seal Monitoring Units (SMUs)
along the east coast of the UK by plane using vertical photography, producing five pup counts
for each site. Due to a change of survey camera system, the 2023 pppoduction estimates
presented here should be interpreted with caution. Potential differences in estimates due to a
change in methods (affecting detection and classification rates) are being investigated based
on comparison flights conducted during the 2@3 breeding season (SCOS 25/06). However,
major differences (as found when switching from film to digital cameras in 2012; SCOS 24/03)
are not expected.

Using the standard pup production model run (0.9 for proportion of moulters correctly
classified, 23.0 days for mean time to fully moulted and 31.5 days for mean time to leave), pup
production at the Firth of Forth colonies (East Scotland SMU) was estimatdo be approx.7,500
in 2023, a total similar to the three previous estimates calculated since 2018. Pup production
at the Farne Islands (Northeast England SMU) increased significantly compared to 2021,
reaching approx.4,000. Total pup production in Southeast England SMU also continued to
increase to around16,500, although numbers at one of the three big colonies (Donna Nook)
have been declining since 2018.

In 2022, SMRU surveyed most of the key colonies in all other Scottish SMUs. The pup
production for 2022 at the Inner Hebrides colonies surveyed (West Scotland SMU) increased to
approx. 4,900. Pup production at colonies surveyed in the Outer Hebrides (Western Isles SMU)
reached a high of approx18,250. The two main colonies on the north coast could only be
photographed once in 2022, so the latest estimate for this North Coast & Orkney SMU
subdivision is around650 pups from surveys in 2019. In contrast to the main breeding regions
in western Scotland and in eastern England, the total production estimate for Orkney in 2022
dropped to 20,500, the lowest estimate in over 10 years. The production estimate at colonies in
the Moray Firth SMU also declined to around 1,700 in 2022.

The latest pup production estimate for all colonies regularly surveyed by SMRU in SMLJ9
totals around 74,000. Adding5,100 pups estimated to be born at other sites (ground counted or
less frequently monitored) gives a UK total of around9,000. This is the highest total estimate
on record and is made up by the national totals of aroun85,100 pups born in Scotland, around
21,000 pups born in England, around,500 pups born in Wales, and aroundb00 pups born in
Northern Ireland. Trend analyses for grey seal pup production estimates in SMUDZre
presented in SCOS 25/03.

Introduction

Grey seals breed at traditional colonies, with females frequently returning to the same colony to
breed in successive years (Pomerogt al. 2001). Some females return to breed at the colony at
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which they were born. Habitual use by grey seals of specific breeding colonies, combined with
knowledge of the location of those colonies, provides opportunity for the numbers of pups born
at the colonies to be monitored. Pup production estimates can theibe used to estimate total
population size (SCOS BP 24/05).

While grey seals breed all around the UK coast, most (over 95%) breed at colonies in Scotland
and in eastern England (Figure 1). Other significant breeding colonies are in Southwest
England, Wales, and Northern Ireland. Most colonies in Scotland and Nbgast England are on
remote coasts or remote offlying islands, while large colonies in Southeast England are on
easily accessible mainland beaches. Breeding colonies in Southwest England and in Wales are
generally either at the foot of steep cliffs or itaves and are therefore extremely difficult to
monitor.

Up until 2010, SMRU conducted annual aerial surveys of the major grey seal breeding colonies
in Scotland to determine the number of pups born. Reductions in funding, combined with
increasing aerial survey costs, have resulted in SMRU reducing monitoringetimain Scottish

grey seal breeding colonies from an annual to a biennial and then, due to expansion of the
programme to cover east England, a triennial regime. Historically, the number of pups born at
colonies along the east coast of England has been mawired annually through ground counting
by different organisations: National Trust staff have counted pups born at the Farne Islands
(Northumberland) and at Blakeney Point (Norfolk); staff from Lincolnshire Wildlife Trust count
pups born at Donna Nook and Fends of Horsey Seals count pups born at Horsey/Winterton, on
the east Norfolk coast. Due to the increasing size of these colonies making ground counting
more difficult, these colonies are now also regularly covered by SMRU aerial surveys since 2018
(see SCOS BP 24/09). NatureScot staff ground count grey seal pups born in Shetland when
weather conditions and staff availability allow.

In 2012, SMRU replaced the filsbased largeformat Linhof Aero Technika camera used since

1985 with a digital camera system consisting of two Hasselblad H420 cameras. The change

in methodology led to an apparent step change (increase) in observed prodgdR Y U FOWIWf q Ws ¢ + Uk
possible to carry out comparison surveys using the two different camera systems, so it has

taken several years of data collection to allow for a reliable scalar to be estimated. This is

discussed in SCOSBP 24/03 where trend analyses faBeal Monitoring Units (SMU) and Special

Areas of Conservation (SAC) are presented, and pup production estimates have been adjusted

to account for the different methods used.

After dealing with multiple camera and computer issues in 2021 and 2022, a NERC capital grant
enabled the purchase of a new digital camera system in October 2023. The new Phase One
Aerial System PAS150 consists of a 150 MP camera and uses a gstabilised mount,

automated camera triggering, and a pilot guidance system. The georeferenced images can be
processed to create detailed orthomosaics of each colony surveyed. This new system was
used to survey colonies in the North Sea, from the Firth of Forth 8uffolk, between late

October and mid-December 2023. During one of the survey rounds, a second plane was used
to photograph each of the colonies with the older Hasselblad camera system as soon as the
first aircraft had completed a site. The pup productin estimates from the 2023 surveys using
the PAS150 system are presented in this briefing paper. An initial analysis of the comparison
flights is presented and discussed in SCOS 25/06.

Materials and Methods

SMRU has been aerially surveying the main grey seal breeding colonies around Scotland for
over 40 years. NatureScot staff have been ground counting pups in Shetland when conditions
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allow. Colonies in eastern England were historically all counted from the ground by staff from

the National Trust (Farne Islands and Blakeney Point), Lincolnshire Wildlife Trust (Donna Nook)

and Friends of Horsey Seals (Horsey/Winterton). Following largecreases in pup numbers at

qé 1t W YI q6 WEN¢ W Rt WRUW6 IW=MNMt AWdct qI UWEUNG
aerial survey programme since 2018.

The numbers of pups born at the aerially surveyed colonies are estimated from a series of three
to six counts derived from (neaf)vertical aerial images, using a model of the birth process and
the development of pups (Russelkt al., 2019). The method used to obtain pup production
estimates from counts for colonies surveyed in 2023 was identical to that used in previous
years. A lognormal distribution was fitted to colonies surveyed four or more times and a normal
distribution to colonies surveyed three imes.

In 2023, SMRU successfully surveyed the main Scottish and English grey seal breeding colonies
in the central and southern North Sea (from the Firth of Forth to Suffolk) five times between the
end of October and midDecember. In 2022, most of the other Sdtish colonies regularly
surveyed by plane were photographed four times between mi@eptember and the end of
November.

Compared to the Hasselblad system used from 2012022, which was made up of two H4D
MM~AWHAcAGD! ¢t WaYeUqUT We qWYGGYH RUNDWE UNG 1Jt-hlin WN = W 1
Image Motion Compensating cradle (Figure 2), the new PAS150 system is based amarsingle
150MP Phase One iXNRS camera installed in a gyrstabilised mount (SOMAGCSM40) that
actively keeps the camera pointing straight down during image collection. At a survey altitude of
1,100 ft (335 m), the 70 mm fixed lens produces a ground sanepdistance (GSD) of approx.
1.8cm/pixel. As previously, a series of transects were flown over each breeding colony,
ensuring that all areas used by pups were photographed with sufficient overlap between
frames. Figures 3 shows an example of a survey flowrith the dual Hasselblad camera system

in 2012. Images were saved directly to a solistate drive (SSD) as RAW files which were
downloaded and backed up onto secondary SSDs as soon as sufficient intervals
between/following survey sessions allowed.

When processing the imagery, all RAW image files were first checked and adjusted for

HI RDEqUIt + WeUT Wt 6¢1 GUIIH+ Wet RUNWaSWIWHe Gl ¢Wi¢ecUenc
iX-Process). Exported TIFF fileare then stitched together into a single orthomosaic using

Correlator3D software (SimActive Inc., 2025), an industrgtandard photogrammetry solution

for generating high quality aerial survey mosaics. The georeferenced images created by this

software are then linked as raster layers in QGIS for manuabanting and classification of pups

(as whitecoats or moulted pups), producing a database containing each counted pup with

precise coordinates. Figure 4 shows an example (from a 2012 Hasselblad survey) of counting

pups on a stitched image using Manifold GIS-or a complete description of processing

methods used for the Hasselblad imagery see previous SCOS reports (e.g. SCOS 24/01).

The pup production model allows different misclassification proportions to be incorporated. Up
until 2010 (while still operating a film camera), the pup production model used a fixed value of
50% for the proportion of correctly classified moulted pups, beause there was a significant

risk of misclassifying moulted pups as whitecoats on the large format film photographs. Pups
spend a lot of time lying on their back or side and depending on light conditions during a survey,
it is possible to misclassify a mailted pup exposing its white belly as a whitecoat.

Since 2012, the digital images have generally been of sufficient quality to reduce the probability
of misclassification, so a proportion of 90% was used astandard for all production estimates
since 2012 (SCOS BP 13/03). In line with previous years, the standard mean time to moult of
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23.0 days and mean time to leave of 31.5 days were also incorporated into the pup production
model.

Results

The distribution of the main grey seal breeding colonies in the UK are shown in Figure 1. In 2023,
SMRU surveyed the nine main grey seal breeding colonies within the three SMUs covering the
central and southern North Sea coast (East Scotland, Northeast Etand, Southeast England).

Using the standard pup production model run described above, pup production at the Firth of
Forth colonies (East Scotland SMU) was estimated to be approk,500. Within this SMU,
production on the Isle of May has continued the decline observed through the 2010s and was
estimated to be over 22% lower in 2023 compared to the highest estimates in 2010/2012. At the
other two major colonies in the East Scotland SMUr(¢hkeith and Fast Castle), which both grew
very significantly throughout the 2010s, the latest stimates suggest that growth rates have

either slowed or reached zero. The 2022 surveys, covering the rest of Scotland, had indicated
that overall pup production in the regions to the north of the East Scotland SMU (in the Moray
Firth and in Orkney, withirthe most productive SMU over the last 30 years) has potentially been
declining since the late 2010s.

In contrast to areas in the northern North Sea, overall pup production to the south, in eastern
England, has continued to increase rapidly (+56% in five years from 2018 to 2023). Pup
production at the Farne Islands (Northeast England SMU) increased signéintly compared to
2021, reaching approx4,000in 2023 Total pup production in Southeast England SMU also
continued to increase to around16,500, with production at Blakeney Point (Norfolk), now the
largest breeding colony in the UK, estimated to be jasinder 9,000 in 2023 (>20% increase
since 2021). Further east, at Horsey, pup production grew even more (+23% from 2620123).
Despite the significant increases observed in the east English SMUs, not all major colonies in
this part of the UK have been gmeing. After reaching a peak of over 2,800 pups in 2018,
production at Donna Nook (Lincolnshire) has continued to decline to around 2,300 in 2023.

Together with the highest pup production estimates on record from 2022 aerial surveys for the
southern part of West Scotland SMU 4,900) and for the Western Isles SMU (8,250), the
relatively low 2022 estimates for Orkney (20,500) and the Moray Firth (,700), the 2019
estimate for the North Coast (650), and older estimates for less frequently monitored colonies
around Scotland (4,570spread across many different sites, mainly in W Scotland, Western
Isles, and Shetland), the 2023 estimate for East Sclaind (~7,500) contributes to the latest total
estimate of ~55,100 pups born in Scotland.

Together with an estimated 550 pups born at various sites in England, monitored by various
organisations using ground counts (mainly in the Southwest England SMU), th20;500 pups
estimated from the 2023 aerial surveys in eastern England contribute to the latest total
estimate of ~21,000 pups born in England.

Around 2,500 pups were estimated to have been born in Wales from various data collected by
different organisations up until 2023, and approx500 pups are estimated to have been born in
Northern Ireland from older DAERA data. Combining these national totals produces a pup
production estimate of round 79,100for the whole of the UK. This is the highest total on record.

Table 1 gives an overview of the latest pup production estimates by SMU and country, Table 2
presents the time series of pup production for colonies regularly monitored by SMRU aerial
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surveys since 1960, aggregated by SMU (subdivision), and Table 3 shows the most recent
estimates used for less frequently monitored or ground counted sites and areas.

As described above for Southeast England, even if the total pup production in an SMU may
appear to be following a consistent trend, individual colonies or different groups of colonies
within the same SMU may show very different trends. Figures 6 to 10 shpup production
estimates in different SMUs either grouped by location (West ScotlandSouth, Figure 6),
grouped based on location and when the colonies were established (Western Isles, Figure 7),
grouped only by when they were established (Orkney, Figu, or by individual colony (Firth of
Forth, Figure 9, and eastern England, Figure 10). The plots show the pup production estimates
previously reported and have not been adjusted to account for the step change introduced by
the change in aerial survey m#éhods between 2010 and 2012 (switch from film to digital
camera). The average increase associated with this change has been estimated to2#5 %
(95% CI: 14.3, 30.7; SCOS BP 24/03).

See SCOS BP 25/03 for trend analyses by SMU as well as for grey seal SACs.
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Table 1. Latest grey seal pup production estimates to 2023 by UK Seal Monitoring Units. Note
that the values for norraerially surveyed colonies (‘other') are approximate (and rounded). The
survey years are given in parentheses.

Latest grey seal pup production estimates

Seal Monitoring Unit Colonies regularly

(subdivision) surveyed by plane Other colonies Total 9% of UK total
1 SW Scotland 0 5 (2020) 5 0.0%
2 W Scotland North 4,893 (2022) 450 (20052019) 5,343 6.8%
3 Western Isles 18,272 (2022) 300 (2008) 18,572 23.5%
4 N Coast & Orkney 21,143 (20192022) 20 (201062019) 21,163 26.7%
5 Shetland 0 760 (2012) 760 1.0%
6 Moray Firth 1,715 (2022) 0 1,715 2.2%
7 E Scotland 7,502 (2023) 35 (2023) 7,537 9.5%
SCOTLAND TOTAL 53,525 1,570 55,095 69.6%
8 NE England 3,997 (2023) 35 (20162018) 4,032 5.1%
9 SE England 16,485 (2023) 5 (2023) 16,490 20.8%
10 S England a 0 5 (2023) 5 0.0%
11 SW England b 0 490 (20162023) 490 0.6%
13 NW England ¢ 0 10 (2023) 10 0.0%
ENGLAND TOTAL 20,482 (2023) 545 21,027 26.6%
12 WALES d 0 2,500 (to 2023) 2,500 3.2%
14 NORTHERN IRELAN © 0 500 (to 2020) 500 0.6%
UK TOTAL 74,007 5,115 79,122

SOURCEUnless otherwise indicated most production estimates were derived from aerial surveys conducted
by SMRU and were funded by the Natural Environment Research Council (MEBR@)estimates generated

by SMRU on the basis of the resources listed beéoBhichester Harbour ConservanbyGayer & Witt

(2017a&b), Sayest al. (2020),Lundy Field Society (2028)Cumbria Wildlife Trusd Natural Resources Wales,
Wildlife Trust of South and West Wal&embrokeshire Coast National Park Authority,&&ociety for the
Protection of Birds. Bainex al. (1995); Robinsoet al. (2020), Stephens (2023), Bliche & Bond (2023),

e Northern Ireland Department of Agriculture, Environment and Rural Affairs.
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Table 2. Grey seal pup production estimates at breeding colonies regularly monitored by SMRU

aerial surveys aggregated by Seal Monitoring Unit (subdivision), from 1960 to 2023.

The totals in the last column combine the most recent estimates available for each SMU (subdivision). The dotted
lines in this column indicate an SMU (sundivision) being added for the first time. All estimates in Scotland are from
SMRU aerial surveys usingnalogue film cameras up until 2010 and digital cameras since 2012. All estimates in
England are from ground counts up to 2017 and from SMRU aerial surveys from 2018 onwards (indicated by the
dashed line), with the exception of Blakeney Point (SE Englandere estimates were used for 2015017. All Donna
Nook (SE England) ground count estimates have been scaled by 1.25 to fit to the higher aerial survey estimates. See
SCOS BP 24/09 for more information on the analyses used to adjust for estimates derivieaim ground counts at
English colonies. For aerially surveyed colonies in Scotland, a change in methodology from film to digital between
2010 and 2012 (highlighted by the dashed lines) is likely to be responsible for an average step increase of 22.5 %
(95% CI: 14.3, 30.7) in production estimates. Please see SCOS BP 24/03 for more details. A recent change of survey
camera system from Hasselblad cameras to a Phase One PAS150 in 2023 could produce slightly different estimates.
Comparison surveys between thes two systems were conducted in East Scotland and England in 2023 and initial
results are presented in SCOS BP 25/06.

Seal Monitoring Unit (subdivision) Total
E
W Sco- Western  North Moray  Scotlan NE SE (most
Year South Isles Coast  Orkney Firth d England England recent)
1960 2,048 1,020 3,068
1961 3,142 1,846 1,141 6,129
1962 1,118 6,106
1963 1,259 6,247
1964 2,048 1,439 6,629
1965 2,191 1,404 6,737
1966 3,311 2,287 1,728 7,326
1967 3,265 2,390 1,779 7,434
1968 3,421 2,570 1,800 7,791
1969 2,316 1,919 7,656
1970 5,070 2,535 1,987 19 9,611
1971 2,766 2,041 9,896
1972 4,933 1,617 9,335
1973 2,581 1,678 9,211
1974 6,173 2,700 1,668 10,560
1975 6,946 2,679 1,617 11,261
1976 7,147 3,247 1,426 11,839
1977 3,364 1,243 11,773
1978 6,243 3,778 1,162 11,202
1979 6,670 3,971 1,320 11,980
1980 8,026 4,476 1,118 13,639
1981 8,086 5,064 992 43 14,185
1982 7,763 5,241 991 54 14,049
1983 902 13,960
1984 1332 7,594 4,741 517 778 38 15000
1985 1,190 8,165 5,199 810 848 66 16,278
1986 1,711 8,455 5,796 891 908 44 17,805
1987 2,002 8,777 6,389 865 930 90 19,053
1988 1,960 8,689 5,948 608 812 68 18,085
1989 1,956 9,275 6,773 936 892 118 19,950
1990 2,032 9,801 6,982 1,122 1,004 190 21,131

Continued on next page.
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Table 2. (continued)

Seal Monitoring Unit (subdivision) Total
E
W Sco- Western North Moray Scotlan NE SE (most
Year South Isles Coast  Orkney Firth d England England recent)
1991 2,411 10,617 8,653 1,225 927 279 24,112
1992 2,816 12,215 9,854 1,251 985 250 27,371
1993 2,923 11,915 11,034 1,454 1,051 256 28,633
1994 2,719 12,054 11,851 1,325 1,025 378 29,352
1995 3,050 12,713 12,670 1,353 1,070 418 31,274
1996 3,117 13,176 14,531 1,567 1,061 388 33,840
1997 3,076 11,946 14,395 2,032 1,284 478 33,211
1998 3,087 12,434 911 16,625 2241 1,309 549 37,156
1999 2,787 11,759 15,720 2,034 843 629 34,683
2000 3,223 13,472 905 16,546 2,514 1,171 773 38,604
2001 3,032 12,427 18,196 2,253 1,247 818 38,878
2002 3,096 11,248 950 17,952 2,509 1,200 988 37,943
2003 3,386 12,741 966 18,652 2,664 1,266 1,138 40,813
2004 3,385 12,319 817 19,123 2,706 1,133 1,426 40,909
2005 3,427 12,397 877 18,126 2,818 1,138 1,525 40,308
2006 3501 11,719 701 19,335 1,284 2,793 1254 1,684 42271
2007 3,118 11,342 630 19,184 1,201 2,957 1,164 1,958 41,554
2008 3,317 12,279 557 17,813 1,098 3,230 1,318 2,283 41,895
2009 11,887 18,548 1,043 3,770 1,346 2,611 43,079
2010 3,108 11,831 18,562 4,054 1,498 2,962 43,615
2011 1,555 3,271 43,981
2012 4,088 14,134 22,920 1,602 5,217 1,603 3,766 53,887
2013 1,575 4,437 54,530
2014 4,054 14,331 683 23,777 1,653 5,860 1,740 5,505 57,603
2015 1,876 6,420 58,654
2016 4,541 15,732 706 23,849 1,959 6,426 2,295 7,500 63,008
2017 2,131 8,590 63,934
2018 7,325 3,011 10,105 67,228
2019 4,694 16,931 637 23,321 1,955 7,641 68,295
2020 68,295
2021 7,378 3,198 14,125 72,239
2022 4,893 18,272 20,506 1,715 70,724
2023 7,502 3,997 16,485 74,007

12008 production estimates were used as a proxy for seven colonies in the Western Isles for which new production estimates lcou
not be derived in 2009.
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Table 3. Grey seal pup production estimates at UK breeding colonies that are ground counted
or monitored infrequently.

Abbreviations: DAERA Department of Agriculture, Environment and Rural Affairs; G&Ground counts; NRW- Natural Resources Wales;
NTS- National Trust for Scotland; SMRU Sea Mammal Research unit; SRTSeal Research Trust; W.F.Wildlife Trust.

Seal Monitoring Unit Surveyor and Last Most recent
(subdivision) Location method survey estimate
Southwest Scotland Ailsa Craig Online photos 2020 5
West Scotland Loch Tarbert, Jura SMRU; aerial visual 2007 4
South Treshnish small isles & Dutchman': SMRU; aerial photo 2010 ~20
Staffa SMRU; aerial visual 2008 ~5
Little Colonsay, by Ulva SMRU; aerial visual 2008 6
Meisgeir, Mull SMRU; aerial visual 2008 1
Craig Inish, Tiree SMRU; aerial photo 2005 2
Cairns of Coll SMRU; aerial photo 2007 10
West Scotland Muck SMRU; aerial photo 2005 18
Central Rum NatureScot; GC 2013 15
Canna SMRU; aerial photo 2005 25
Ascrib Islands, Skye SMRU; aerial photo 2008 64
Fladda Chuain, North Skye SMRU; aerial photo 2019 187
Trodday, NE Skye SMRU; aerial photo 2008 55
West Scotland Summer Isles SMRU; aerial photo 2010 29
North Islands close to Handa SMRU; aerial visual 2009 10
Western Isles Sound of Harris islands SMRU; aerial photo 2008 296
St Kilda NTS; GC rare ~5
Orkney Fers Ness, Eday SMRU; aerial photo 2019 21
Shetland Various sites NatureScot; GC 2012 761
East Scotland Ythan Estuary Ythan Seal Watch; G 2023 5
Inchcolm Fife Seal Group; GC 2019 17
small Forth islands Fife Seal Group; GC 2023 11
SCOTLAND Total to 2023 ~1,570
Northeast England Coquet Island SMRU; aerial photo 2018 25
Ravenscar Yorkshire W.T.; GC 2016 10
Southeast England Flamborough Head Yorkshire W.T.; GC 2023 6
South England Isle of Wight RSPB 2023 2
Southwest England Lundy Landmark Trust; GC 2023 66
Isles of Scilly SRT; boat & GC 2016 228
Cornwall mainland SRT; GC 2023 191
Devon mainland SRT; GC 2016 ~5
Northwest England  South Walney Cumbria W.T.; GC 2023 10
ENGLAND Total to 2023 ~ 550
WALES Total NRW & RSPB; GC to 2023 ~2.500
NORTHERN IRELAN Total DAERA,; boat to 2020 ~ 500

1 Multiplier derived from indicator colonies surveyed in 2002005 applied to other colonies last monitored in 1994
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Figure 1. The most recent pup production estimates available (up to 2023) for grey seal
breeding colonies in the UK aggregated by 10 Em Smaller numbers of grey seals will breed at
locations other than those indicated here, including in caves.
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Figure 2 Two Hasselblad H#4D medium format cameras
FALGGSR Ay {aw! Qa LYIF3IS az2i
Each camera is set at an angle of 12 degrees to increase
width. The cradle holding the cameras rocks backwards :
forwards during photo runs. deking speed is set dependin
on the altitude and the ground speed of the aircraft. The
camera shutters are automatically triggered and an image
captured every time the cameras pass through the vertica
position on each fronto-back pass. Imagese saved
directly to a computer as 60MB Hasselblad raw files and «
be instantly viewed and checked using a small LED scree
The H4P40 can take up to 40 frames per minute allowing
for ground speeds of up to 130 kts at 1100 ft (providing 2(
overlap ketween consecutive frames). The resulting grout
sampling distance is approximately 2.5 cm/pixel.

Figure 3. The individual footprints of each pair of photographs taken on a run over Eilean nan
Ron, off Oronsay in the Inner Hebrides, flying at 1,100 ft (red: ld¢fand camera; yellow: right
hand camera).
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Figure 4. Ceann lar, the second biggest of

nach Isles in the Outer Hebrides, is one of the

largest grey seal breeding colonies in Europe (approx. 7,000 pups were born here in 2022). This
screenshot shows white-coated (white), moulted (blue) and dead pups éd) counted from
approximately 200 stitched photographs taken on 7 October 2012. The composite image was
FqRaHGUIT WaYNWUq6éJl We UT W+FGY!I qll Wet RUNDW~RHAI Y Ynaqck
7.2 gigapixel PSB file (15 GB) was split into 800x30,000 pix TIFF tiles using Adobe Photoshop
CS5®. These tiles were then imported into Manifold GIS 8.0® for counting.
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Figure 5. Manifold GIS 8.0® screenshot showing grey seal pups counted on Ceann lar.
marked and classified as whitecoats, moulted pups, or dead pups.
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Figure 6. Grey seal pup production at aerially surveyed colonies in West Scotlandsouth (SMU
2a), grouped by location. The change in methodology from film to digital is likely to be
responsible for a step increase of aroun®2.5 % (95% ClI: 14.3, 30.Hetween 2010 and 2012
(SCOS BP 24/03) See SCOS BP 25/03 for more information on pup production trends for SMUs

1-9 as well as for SACs.
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Figure 7. Grey seal pup production at aerially surveyed colonies in the Western Isles (SMU 3),
comparing breeding colonies on the Monach Isles, long established (old) colonies to the north,
and newly established colonies to the south of the Monachs. The changenmethodology from

film to digital is likely to be responsible for a step increase of aroun#2.5 % (95% CI: 14.3, 30.7)

between 2010 and 2012%COS BP 24/03) See SCOS BP 25/03 for more information on pup
production trends for SMUs 19 as well & for SACs.
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Figure 8 Grey seal pup production at colonies in Orkney (SMU 4b), comparing colonies well
established before the 1960s, colonies established during the 1960s and colonies established
more recently. The change in methodology from film to digital is likely to lbesponsible for a
step increase of around22.5 % (95% CI: 14.3, 30.Hetween 2010 and 2012$%COS BP 24/03)

See SCOS BP 25/03 for more information on pup production trends for SMU®9 &s well as for
SACs.
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Figure 9. Grey seal pup production at the main colonies in the Firth of Forth (SMU 7, East
Scotland). The change in methodology from film to digital is likely to be responsible for a step
increase of around22.5 % (95% CI: 14.3, 30. Hetween 2010 and 2012%COS BP 24/03) See
SCOS BP 25/03 for more information on pup production trends for SMU=9las well as for

SACs.
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Figure 10. Grey seal pup production at the main colonies in eastern England (SMUs 8 and 9).
See SCOS BP 25/03 for more information on pup production trends for SMUS &s well as for
SACs.
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Debbie JF Russell, Callan D Duck, Chris D Morris, Dave Thompson and Simon A Waitland
Sea Mammal Research Unit, The University of St Andrews, St Andrews, Fife, KY16 8LB

Abstract

Scotland and eastern England (SMUs-2) hold the majority of the UK populations of grey and
harbour seals (>95% of each species). The main method for monitoring harbour seal
populations, both in the UK and elsewhere, is through surveys on land during themnual moult
(August in the UK). UK grey seal abundance and trends are primarily monitored through a
combination August haul out counts and pup production estimates. For both species,
abundance levels and national trends, are assessed on the basis of thatest composite (multi-
year) August counts (SCOS BP 25/01), and for grey seals, pup production estimates (SCOS
25/02). Estimates of trends in abundance for key SMUs, and their encompassed SACs, are
essential for effective conservation and management. Tossess trends on a SMU and SAC
scale, counts/production estimates from individual surveys are used as much as possible,
maximising the data available; these counts are input into statistical models to generate
trends. For grey seals, pup production and Augt counts should be considered in
combination, as the former represents a powerful and consistent way to evaluate trends, and
the latter represents where seal acquire their resources. The trends have been updated
(compared to SCOS 2024) for August counts iSMUs 13 (western Scotland) and for grey seal
pups in SMUs 79; East Scotland SMU and eastern England SMUSs).

For August count data, at least three models were considered with regard to year; no trend, an
exponential trend, and a nonlinear (smooth) trend. In addition, for harbour seals in SMUs%4
step changes in abundance and trends around 2002 were offered. Foarbour seals, an
additional model was fit for western Scotland SMUs (not fit in SCOS BP 24/03). For grey seal
pup production, the previously quantified impact of the change in method (film to digital aerial
surveys in Scottish SMUs, and ground to digitalerial surveys for Eastern English SMUs) was
accounted for. The new estimates for 2023 (eastern England) were based on a new camera
system (Phase One).

For both species SAC trends were generally less favourable than for the SMU that
encompassed them. For harbour seals, with the exception of Southwest Scotland (predicted t
be stable), all SMUs for which there are notable numbers (SMUs71 and 9) abundane was
predicted to be declining and/or depleted.It should be noted that the most recent survey data
for SMUs 5 & 6 are now over 5 years old (2019).

Grey seal abundance (August counts and pup production) either showed no trend or was
increasing in all SMUs (with the potential exception of Shetland). Pup production in West
Scotland and Western Isles was increasing and at an alime high after a long peiod of
stability. In Southwest Scotland (where < 10 pups are born annually) and West Scotland SMUs,
summer abundance was also predicted to be increasing. In contrast, August counts in the
Western Isles are variable but showed no apparent trend. Pup prodtion and August counts
(latest data 2019) in North Coast and Orkney were stable. For Shetland, there was an indication
of a decline in pup production but August counts showed no trend. In all east coast SMUs
(SMUs 69) pup production was predicted to be igreasing. The August counts were stable for
the Moray Firth and East Scotland, but increasing in eastern England.

O
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Introduction

Scotland and eastern England (SMUs-2) hold the majority of the UK holdings of grey and
harbour seals (>95% of each species)The main method for assessing harbour seal populations,
both in the UK and elsewhere, is through surveys on land during their annual moult when a high and
stable proportion of the population are hauled out (Lonergaml.2013). UK grey seal abundance
and trends are primarily assessed through a combination of August haul out counts and pup
production estimates. For both speciesualdance levels and national trends, are assessed on the
basis of the latestomposite (multi-year) August counts (SCOS BP 25/01), and for grey seals pup
production estimates (SCOS 25/02).Estimates of trends in abundance for key SMUs, and their
encompassed SACs, are essential for effective conservation and managemerfo assess

trends on a SMU and SAC scale, counts/production estimates from individual surveys are used
as much as possible, maximising the data available. For West Scotland, recognising the
geographic extent of the SMU, and that coverage is often over multiple years, three subdivisions
(south, central and north) are also considered for August survey$he models used here broadly
follow the approach taken in Thompsenal. (2019) and Russaedt al. (2019). This BP represents an
update from SCOS BP 24/03; the survey methods are briefly summarised, and changes are
highlighted.

Harbour seals

The time series of August moult counts considered here started in the late 1980s. SMRU
surveys cover SMUs -B (Scotland and east coast of England). Key data are also provided by The
Industry Nature Conservation Association (INCA; Tees; SMU 8) and ZoologdiSaciety of

London (Thames; SMU 9). The length of the mainly rocky coastline around north and west
Scotland (SMUs 15) means it is impractical to survey the whole coastline every year; SMRU
aims to survey this entire coast every five years. Most regioase surveyed using combined
thermographic, video, and high resolution (HR) still aerial imagery to identify seals along the
coastline. However, the sandy habitat of the estuaries of the English and Scottish east coasts
means that conventional photography i a fixedwing aircraft can be used to survey there.

Where there are indications of significant changes, and resource allows, the survey effort is
higher, and some areas (majority of Moray Firth SMU, Firth of Tay & Eden SAC in East Scotland
SMU, parts of ®utheast England SMU) are generally surveyed at least once each August (by
fixed-wing).

Grey Seals

Pup production is focussed on a limited number of colonies and, once recruited, females often
return to the same colony to breed year after year. Although this makes the pup production
time-series incredibly useful for looking at change, the summer distrilstion, and changes
therein, are also an important consideration as this represents where the resources for pup
production were acquired. It should be noted that the proportion of grey seals hauled out in
August is relatively low (compared to harbour sealthat are moulting). Indeed, lased on
telemetry data, it is estimated that 25.15% (95% CI: 21.439.07%) of the population is hauled
out during the survey window and thus available to be counted (SCOS BP 21/03, updated from
Lonerganet al. 2011). As such, the power to detect trends is relatively low for the August
counts, especially in SMUs that are not monitored annually.

The temporal extent of the grey seal breeding season means that any one pup count represents
an unknown proportion of the number of pups produced. Thus, SMRU conduct multiple aerial
surveys through a season (usually 4 or 5), and pups counts are classeddnwhitecoat and
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moulted classes. Pup production from aerialsurveyed colonies is estimated by combining

count data (split into white coat and moulted) with life history and observation parameters (see
Russellet al. (2019) for details) Estimates for Shetland are from groungurveys, conducted by
NatureScot. For most SMUs, the current timeseries of pup production estimates is from 1984.
Up until 2010, these surveys were conducted annually at regularly monitored colonies in
Scotland. However, from 2012, the surveys were aaducted biennially. With the recent

inclusion of eastern England (see below) and reduced funding, ajor grey seal colonies in
Scotland and on the east coast of England are now currently surveyed every two or three years.

Fitting trends in pup production over the entire time series is complicated by a change in survey
methodology from (see below) from film (up to 2010) to digital (aerial; 2012 onwards) surveys
for most Scottish SMUs, and from ground to aerial (digital) sueys for eastern England (2018
onwards). For logistical and technical reasons, it was not possible to directly crossalibrate

the film and digital aerial surveys. In Scottish SMUs for which the pup production tirgeries is
entirely derived from aerial suvey counts, there was an apparent step change (increase) in
observed production associated with the change in methods (over and above any underlying
trends). The changes in pup production associated with the two changes in methods
introduced above, were etimated previously (SCOS BPs 24/03 and 24/08) and used in this BP.

Assessment Metrics

Appropriate baselines for assessing the status of wildlife populations is a complex issue

Hdfcet DWaqds DWal e WWwpUY!I GelmlWdl2 130t WYnwe He UT ¢ URIIWE |
complexity associated with recovery following the end of hunting and clihg, and also the

Phocine Distemper Virus Outbreaks (1988 and 2002) which caused reductions in the harbour

seal populations. For the OSPAR Quiality Status Report (QSR) 2023 (Basigal. 2023), OSPAR

considered a set Assessment Year (2019) against which ahges were assessed on a shost

(since 2013) and long(since 1992) term basis. This maximised comparability spatially, but was

relaxed for areas when dictated by a limited temporal extent of data. Indeed, for many

Assessment Units (UK SMUSs), the time s&s did not go back as far as 1992 so in reality, the

long-term assessment was based on differing time periods.

Due to the spatial extent of seal haulouts and colonies in the UK, key haulouts and colonies are
surveyed across multiple years. This means that choosing a single Assessment Year would lead
to delayed and outdated assessments for some SMUs. Thus, here wead the most recent

survey year for each SMU/SAC. Given the natural variability in the proportion of seals hauled out
during surveys, and the differing frequency of surveys across SMUs, the change in abundance
was estimated from a model fitted to the countproduction data rather than directly from the

raw data.

Given the difficulties in selecting a longterm (LT) baseline, here 1992 was considered (or the
earliest year thereafter if the timeseries began after 1992) following OSPAR. However, in
addition, depletion from the highest point in the time series was als estimated (historic high;

HH year), recognising that populations may have increased to a higher level than in 1992, and
since declined. Finally, an additional shortterm (ST) trend was estimated (one year leading up
to the latest survey year; ST1), recagsing the importance of rapidly detecting declines. This is
particularly relevant for SMUs/SACs monitored on an annual basis. So in total, as in SCOS
2024, four metrics of percentage change compared to the Assessment Year were considered: 1
year (ST1); §ear (ST6); since 1992 (LT); and since any historic high (HH) in the time series.
Changes in metrics were deemed significant if the 95% confidence intervals do not encompass
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0. It should be noted this differed from 80% confidence intervals considered in OSPAR QSR
2023.

Changes compared to SCOS 2024

August counts

The new August count data available for this BP are from helicopter surveys conducted in
Southwest Scotland SMU (1) West Scotland SMU (2; mainly central and southern subdivisions)
in 2023 (SCOS BP 25/01). Additional analyses were conducted for SMU3 (ot conducted for
SCOS BP 24/03; see Methods for details).

Grey Seal Pup Production

The new estimates for this BP were for SMUsT® (East Scotland, Northeast England and
Southeast England; SCOS BP 25/02). The surveys from which these estimates were derived
used a new Phase One (hereafter PAS) digital camera system. It is not expectedttihis

change in methods resulted in markedly different estimates than would have been generated
using images from the previous system (Hasselblad; see SCOS 25/06). Nevertheless, to avoid
the current PASderived estimates impacting the estimation of changs in pup production
associated with historic changes in method (film to digital and ground to digital aerial surveys),
the previous estimated changes (SCOS 24/03 and 24/08) were applied to this tirseries.

Methods

All analyses were conducted in R (R Core Team 2023). Model selection was conducted using
AIC.

August surveys

For the most part, the counts represent a single year. However, in some cases surveys were
conducted over multiple years; the resulting count was assigned to the year that encompassed
the majority of the total (focal year). Indeed, West Scotland SMU was seyed over August

2022 (northern subdivision and part of central) and 2023 (southern subdivision and rest of
central). For both species, at the SMU level, the majority of seals were counted in 2023 (56% for
harbour seals, and 74% for grey seals). Howevetue to their differing distributions within the
SMU, for the central subdivision the focal year differed between the species (2022 for harbour
seals and 2023 for grey seals).

For the trend analyses, where the limited number of years with counts prohibited robust model
fitting for a particular SMU, the largest subset of sites within it (i.e. the subset of haulout sites
with the largest proportion of the SMU total), for which thenonitoring was frequent enough to
allow model fitting, was used as a proxy. For some SMUs, trends for the whole SMU and a proxy
were fitted (if the proxy represented a higher sample size). The relationship between the SMU
and proxy counts in years when ta whole area was surveyed can be used to assess how
representative the proxy trends are of the SMU trends. Indeed, the latest August counts, and for
proxies the percentage of the SMU they represent, are shown in Tables 1a (harbour seals) and
1b (grey seals.
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Counts were modelled as a function of year assuming negative binomial errors broadly
following methods described in Thompsoret al. 2019. For some SMUSs, the limited number of
data points resulted in problems estimating the theta parameter for the negative binomial
distribution. In these cases, a Poisson distribution was assumed. For all datasets, at least three
models were fitted: aninterceptZnly GLM (null model; i.e. no trend), an exponential (linear on
the link scale) year effect within a GLM, and a nonlinear smooth year effect within a GAM
(restricted to 5 knots). Limited flexibility for the smooths represented a pragmatic approach
aimed to estimate trends on the appropriate temporal scale.

For harbour seals, Phocine Distemper Virus (PDV) caused sudden declines in the Northeast and
Southeast England SMUs in 1988 and 2002. Thus, additional models were fitted with a step
change in abundance and/or trends associated with 2002 (PDV epidemic; dateere not

available on SMU scales prior to the 1988 PDV epidemic). Although the declines in north and
east Scotland SMUs were not thought to be due to PDV, there were declines in North Coast &
Orkney, Shetland, and Moray Firth SMUs during mulgiear gaps m surveys that spanned 2002,
and indications of changes in trend around 2002 in East Scotland SMUs. Because of the
unknown nature of these declines, additional models were also fitted for these SMUs.
Specifically, additional models were fitted for SMUs 4 9 that allowed any combination of
stable/exponential trends prior to and following 2002 (including the same trend across the
time-series) with/out a step change associated with 2002. If < 4 data points were available prior
to 2002, only an intercept waffered to this period. In some SMUs there was evidence of a
non-linear trend in the final period (2002 onwards), thus for this final period GAMs (smooth
trends) were used, if preferred by AIC.

For SMUs 13, additional analyses were conducted. West Scotland is the largest SMU both in
terms of geography (coastline) and proportion of the UK total for harbour seals, and is thus split
into three subdivisions (2a2c: South, Central, and North). For &3 western Scotland SMUSs,

and the constituent subdivisions of West Scotlandthe latest count was lower than the count
from the previous survey. The trend analyses described above was conducted separately on
each SMU, subdivision and SAC; the restricteddquency of surveys (every 4 years) meant the
power to detect initial declines was very limited. Visual inspection of the data for the SMUs and
subdivisions indicated similar patterns across western Scotland. As such two additional GAMs
were fit considering SMU 1, the subdivisions of SMU 2 (but not SMU 2 as a whole), and SMU 3
(hereafter regions). In the first GAM, the count was modelled as a function of region and a
region-specific smooth of year. In the second GAM, the count was modelled as a functia
region, a global smooth of year, and a regieapecific smooth of year (model 3 in Pedersent al.
2019). The first GAM was similar to analyses described above, but by fitting the regions in one
model, it provided a fit metric (AIC) for comparison with the second GAM. By including a global
smooth across regions, there was increased power to detect ae¢nd, with the regionlevel
smoother allowing the regionspecific patterns to also be represented. Both these additional
models had the advantage of the SM@ subdivisions being used to predict the overall SMU
trend (rather than fitting the overall SMU trend separately) which minimised the masking of
trends (by combining across subdivisions) and the use of data across multiple survey years
being assigned to asingle year.

Grey sealpup production

Pup production estimates were used for SMUs-8, whereas for SMU 5 (Shetland), peak counts
from NatureScot ground surveys were used. Note pup production in SMU 1 (Southwest
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Scotland) is thought to be < 10, and thus was not considered here. For Scottish SMUs, the
estimates were derived from aerial survey counts (SCOS BP 25/02), although historic estimates
for some East Scotland colonies were derived from groundurveys and praiided by Fife Seal
Group. For most SMUs, a regularly monitored large subset is used as a proxy for the SMU as a
whole (Table 3).

Pup production (peak count for Shetland) was modelled as a function of year assuming
negative binomial errors (see Russekbt al. 2019 for details). The estimated jumpZ2.5 %; 95%

Cl: 14.3- 30.7)in pup production associated with the change in survey methods (film to digital
Hasselblad surveys;SCOS BP 24/0Bwas applied within a GAM framework to all ScottissMUs
(and SACs) which are aerially surveys (i.e. all except Shetland). It should be noted that only the
mean estimated jump (i.e. not including theassociated uncertainty), was incorporated.

Visually, the estimated jump appeared to match the observed data for the SMUs and SACs (see
Figures). However, the lack of incorporation of its uncertainty likely resulted in some degree of
underestimate in the wdth of the confidence intervals around reported trends.

For Shetland, three models were fitted: an intercepbnly GLM (null model), an exponential
(linear on the link scale) year effect within a GLM, and a nonlinear smooth year effect within a
GAM (restricted to k=5). The trend data for Northeast and Southeast England comprised a
mixture of ground (provided by Mtional Trust, Lincolnshire Wildlife Trust and Friends of Horsey
Seals) and SMRU aerigbased estimates. The ground and aeriatbased (2018 and 2021)
production estimates were integrated into a timeseries in a colonyspecific way (SCOS BP
24/08). Due to the change in the camera system between 2021 (Hasselblad) and 2023 (PAS)
surveys, the generation of the timeseries was not updated, but rather the methods in SCOS
BP/08 applied to the new timeseries. In other words, the same grond-surveyed points were
excluded, and an increase of ~25% was applied to the grounbdased time-series for Donna
Nook (see BP 24/08 for more details)

Change metrics

To calculate the metrics of change, the percentage difference between the predicted
abundance in the year of the latest survey (t2) and another year (t1) was calculated. Confidence
intervals around these estimates were generated via parametric bootstrappin

change Wp T TT

t1 represented the count in different years depending on the metric considered: for ST1 it was
the year preceding the latest survey, for ST6 if was the year 6 years prottte latest survey, for
LT it was 1992 or the earliest year thereatfter (if the tirgeries began after 1992); for HH, it was
the latest year in the time series for which the highest abundance was estimated. Thus, t1 was
the same as t2 when the current prdicted abundance was the highest or equal highest in the
time seriesTin these cases, HH is given as 0 (Table 1).
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Results & Discussion

The changes discussed below were significant unless otherwise stated. Note the magnitude of
change is not discussed; estimates of percentage change (Table 1) should be considered in the
context of the abundance in the SMU/SACs. Note that the last count/eshate given in Table 1
may not match the latest composite count in the SCOS BP 25/01. As much as possible the
values used in the analyses represent counts attributed to a single year whereas the composite
counts represent means across years within the pead.

Harbour seals

The trends for SMUs -B, and their encompassed SACs, are as presented in Figures (a) below
(numbered as per SMU) and Table 1@here are ten harbour seal SACs in Scotland and England,
all within SMUs 19; harbour seals are the primary reason for designation in all except Sound of
Barra. Below, for each SMU and SAC the trends are described. A more detailed examination of
harbour seal counts within both Scottish SACs and SMUs is given in Morgsal. (2021).
Comparisons of the time series (generally startig in early 1990s) of harbour seals counted
within SACs compared with those within a 50km range of the SACs showed that SACs were are
not reliable indicators of trends in the wider area.

Of the two GAMSs incorporating all western Scotland regions (Southwest Scotland SMU, West
Scotland SMU subdivisions and Western Isles), the one with the global smooth was preferred
(delta AIC of-30). This GAM was taken forward and used to generate the rétsypresented at
the SMU and subdivision level of SMUs13. The initial results following analyses methods
used for other SMUs and for these SMUs in SCOS BP 24/03 are presented in the Appendix.

For Southwest Scotland (6% of UK count), abundance was predicted to be significantly higher
than at the start of the timeseries. Although the latest count for the Southwest Scotland was
lower than the previous count (1,563 vs 1,709), there were no sige#int short-term trends.
Abundance was predicted to be significantly higher than in 1992 (LT).

For West Scotland (44% of UK count), there were significant negative shéerm trends for all
subdivisions, and West Scotland as a whole (ST1 for all subdivisions; ST6 for the south
subdivision; 47% of SMU count)For all except the south subdivision, abundance was predicted
to be significantly higher than in 1992 (LT)he SAC trends for West Scotland (fitted as per SCOS
24/03) varied by subdivision. SACs in the south subdivision (surveyed in 2023) were predicted to
be in decline across all assessment metics. Abundance in the Ascrib, Isay and Dunvegan SAC
(central subdivision) was predicted to have decreased (ST1, ST6, LT) but not significantly so. It
was, however, predicted to significantly depleted (HH 2003). It should be noted that the latter
SAC was surveyd in 2022 (the two former were surveyed in 2023). Combined, the latest SAC
counts in West Scotland represent ~6% of the SMU count, compared to >17% at the start of the
time-series (1990).

The Western Isles (12% of UK count) was predicted to be in decline; this was marginally
significant at ST1 but not at ST6 scale. There was still a strong indication that abundance was
higher than in 1992 although the lower confidence interval was 0. In ctaast, for the Sound of
Barra SAC, although there was no significant shoterm trend (ST1, ST6), abundance was
predicted to be severely depleted compared to 1992 (LT). Indeed, the last SAC count (2022)
represented around 3% of the SMU total compared toraund 38% in 1992.
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North Coast & Orkney SMU (~5% of UK count) and its encompassed S/Sanday) were
estimated to be severely depleted (HH 1993) and still in decline (ST1, ST6). The rate of decline
and level of depletion were more severe in the SAC than the SMU. In the last count in 2019, the
SAC represented around 5% of the SMU total compad to around 19% at the start of the time
series.

Abundance in Shetland (~12% of UK count), although depleted compared to the start of the
time series (1992; by ~40%), was estimated to be stable. This was also the case for the Yell
Sound SAC. In contrast the Mousa SAC was almost completely depleted (~9&%mpared to
1992), and still in decline, with a count of 7 in the last survey (2019).

Abundance in the Moray Firth SMU (~4% of UK count) was depleted by ~ a third (HH 1994) but
was estimated to be stable (ST1, ST6). The Dornoch Firth and Morrich More SAC was more
severely depleted (~90%) and declining (ST1, ST6); the SAC represented 5% @MU count in
2023 compared to around 50% in the early 1990s.

The East Scotland SMU (~1% of UK count) was severely depleted since the start of the time
series (1997; by ~ 70%), and estimated toe declining(ST1, ST6). The Firth of Tay and Eden
Estuary SAC was last surveyed in 2023, and although it was ~95 % depleted compared to the
1990s, it was no longer significantly declining (ST1, ST6). Indeed, there was a slight increase
recently (significant for ST1)In the last count (2021) for the SMU as a whole, the SAC
represented around 16% of the SMU total compared to aund 83% in the first SMuwide survey
(1997).

The Northeast SMU hosts a small number of harbour seals (<150), the vast majority of which are
within the Tees estuary. After drops associated with the last PDV epidemic (2002) and the most
recent decline in eastern England (2019; see below), abundance appred to increase again,

and was at a historic high (ST1, ST6, LT).

The Southeast England SMU (~13% of UK count) encompasses The Wash & North Norfolk
Coast, which, in the last surveys, accounted for around two thirds of the SMU abundance. With
the exception of the Phocine Distemper Virus (PDV) outbreaks in 1988 and 200# tSMU and
encompassed SAC increased until levelling off around 2015. However, since 2019, the count
was markedly lower than in the preceding years. For 2023, there was no significant current
trend (ST1), but a significant decrease at ST6. It is not cldathere was a step decrease in
abundance between 2018 and 2019, or if it marked the start of a decline. There is no indication
from the August counts (or pup counts; SCOS BP 25/05) that the population is recovering. The
decrease, since the high in 2015, as estimated to be ~20% for the SMU, and ~26% for SAC.
The cause of this decline, and its implications, are the focus of a SMRU research project.

Grey seals

The trends for August counts (Table 1b) and pup production (Table 1c) for SMU3, nd their
encompassed SACs, are as presented in Figures below (numbered as per SMU). The majority of
grey seal SACs were designated on the basis of the number of breediregls they host, rather

than foraging seals (August counts).

The model estimating trends in grey seal pup production for aerially surveyed SMUs
incorporated the estimated 22.5 % jumpin pup production associated with the change from
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film to digital. The plots and Table 1c show the pup production trends (and associated
confidence intervals) for each SMU as if no jump had occurred; in essence, once the jump has
been taken into account, the estimates based on both the film and digital sueys are used to fit
the trends. The dashed line through the estimates derived from film surveys shows the same
trend but at the lower level than for the estimates derived from digital surveys.

Southwest Scotland hosts a negligible proportion of UK pup production (< 10 pups), but hosts
around 2% of UK grey seals in August. The latest surveys (2023) represented a t#mdes high
and abundance was estimated to have significantly increased on alfime scales .

Pup production for West Scotland (~7% of UK production) appeared to have increased, after a
long period of stability (ST1, ST6, LBnd forthe last survey year was at a timeseries high.
Although not significant, there was an indication of an increase in Treshnish Isles SAC (ST1 &
ST6), and it was no longer estimated to be significantly depleted compared to the historic highs
in the late 199s (when the SMU trend first levelled off). The Treshnish Isles SAC accounted for
around ~25% of pup production inlhe SMU, but is not a key haulout accounting for less than 4%
of the SMU count. The August grey seal counts in West Scotland SMU (host ~ 11% of UK count)
were estimated to have increased on all time scales (ST1, ST6, LT), to a tisegies high. These
results were reflected in both the south and north subdivisions which together accounted for
almost 80% of the SMU count (~63 and 16% respectively). In the central subdivision (~21% of
SMU count) no trend was evident across the time series but the latest countas the second
highest in the timeseries

The Western Isles host a much larger proportion of UK pup production (~23.5%) than August

count (~9%). Pup production in the Western Isles was increasing (ST1 & ST6), after a long period

of stability to a time-series high. The Monach Isles SAC was alsoit highest recorded level of
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of a recent increase, it was not significant (ST1 and ST6). In contrast, the North Rona SAC which
historically was the biggest colonyin the SMU, was severely depleted and continuing to decline
cHAY2UqRUNDWNY! Wittt Wagéec UW=ZEWYnWao6 WWE~Okt WGI YT 2 Ha
the time-series considered here (1984), and likely an even higher proportion in the 1960s and

1970s (Russell et al. 2019). August grey seals counts have been variable for the Western Isles,

and the encompassed Monach Isles SAC (~40% of the SMU count), with no trend evident in the

time series. There appeared to be two periods of increasing counts followed/ka particularly

low count in 2022. The North Rona SAC is a small haul out (~5% of the SMU).

The North Coast & Orkney hosts the largest proportion of UK pup production of any SMU (~28%)
and appears to have reached carrying capacity in the early 20008ince the peak in the late

1990s, pup production in Faray & Holm of Faray SAC has been declining (ST1, ST6). It is now
significantly depleted to around half historic levels (HH 1992), now accounting for ~10% of the
SMU production. The SMU accounts for ~22% of the August count, and increasedatstable

level around 2000.Counts for the SAC are generdf < 500 (~3% of SMU count) and have been
variable. Although the count is still higher than 1992 (LT), the number of are ~50% of a high in
2007, with significant shortterm declines (ST6).

Shetland accounts for a small proportion of UK pup production (~1%) and August count (~3%).
Peak counts (supplied by NatureScot) for a subset of colonies (~50% of Shetland production)
were used to investigate trends (up to 2018). The coverage (across coies) and effort (number
of surveys) was limited due to limited resources and the logistical difficulties getting to the
colonies given the weather conditions at that time of year. The last year for which there were
coverage of all the colonies including irthe proxy was 2018. Although the trend (GLM) indicated
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a decreasing trend (ST1, ST6, LT), these should be treated with caution due to the use of a
subset of colonies; the sensitivity of peak counts to variation in survey effort; and the last data
point (coverage of all colonies in the subset) was in 2018. Nestbeless, counts at colonies in
subsequent years also indicate a decline. For August counts, an exceptionally low count at the
start of the time series precluded the fitting of a robust trend to current data; no trend was
selected.

The Moray Firth accounts for around 2% of UK pup production, and 3% of the August count. Pup
production was estimated to have increased (ST1, ST6, LT) whereas August counts were
variable with no clear trend.

East Scotland accounts for almost 10% of pup production but only 4% of the August count. In
terms of the fitted trend, production in EastScotland wassignificantly increasing across all
time-scales). However, the last four (since 2018) pup production estimates were around 7,500
(plus or minus 175), indicating that pup production may have levelled off in the SMU.
Production on the Isle of May SAC in 2@2was >20% lower than the historic high (HH 2004), and
appeared to still be declining though it is not sigificant at the 5% level (ST1, ST6). The SAC,
which until the mid-N® dMt W WGI 3t BOqUIT WEdadYt qWNMME WY n Waé IJWE ~
represented under 25% in 2023. This is, to a large extent, due to the rapid increase in pup
production at Fast Castle. Around57% of the pups born at the Fast Castle colony in 2023 were
born within the Berwickshire and North Northumberland Coast SAC. Likely due to the
expanding nature of the colony, there were significant increased for Fast Castle as a whole but
not for the SAC prtion. For both SACs, pup production was significantly higher than historically
(LT). Neither SACs represent key haul out areas for grey seals during the August survey.

Northeast England accounts for around 5% of UK pup production but around 13% of the August
count. Pup production in the English portion of the Berwickshire and North Northumberland
Coast for all intents and purposes represents all pup production in the SMU (>99%). Pup
production and August counts were at record levels and increasing rapidly (2023; Sdid ST6).
The SAC represented the vast majority of the August count (>90%) of the SMU.

In 2023, Southeast England accounted for over 20% of UK pup production, and ~27% of the
August count. Pup production was at timeseries high and increasing rapidly (ST1, ST6). In
recent years,the Humber Estuary SAC (Donna Nook) represented a decreasing proportion of
the pup production for the SMU as a whole. It accounted for 100% in pup production in 2000,
but less than 15% in 2023. On the ST scales, there was no significant change for the SCit
should be noted that the 2023 production estimate (2,32Bwas markedly lower than that in
2021 (2632). The result for August are broadly similar to pup production, though in contrast to
pup production, the August counts on an SMU level are only significantly increasing on ST6
scale (but not ST1). For the HumlreEstuary, as for pups, there was no significant change on
either ST scale, and the count represents a decreasing proportion of the SMU total.

Conclusions

Based on the most recent surveys, iall SMUs for which there are notable numbers (SMUs 1,
and 9) of harbour seals, abundance was predicted to be declining and/or depleted. This is with
the exception of Southwest Scotland (predicted to be stable). However, it should be noted that
the most recent count (2023) for Southwest Scotland was lower than the previous one (2018),
and the SMU is adjacent to the West Scotland subdivision which was predicted to have
declined on both the ST1 and ST6 scales (compared ¢émly ST1 for the other two subdivisions).
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For grey seals, August abundance is variable, but trends were stable or increasing across all
SMUs. This was also the case for pup production, with the exception of Shetland which was
predicted to be in decline. This may be associated with the levels oflker whale predation
(Sutherland 2024). After exponential increase since records began, there was an indication that
East Scotland has levelled off. The considered SMUs account for > 90% and >95% of the UK
grey seal August count, and pup production, respeiively.
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Tablela Trends in harbour seal August counts for all SMB) @nd SACs in Scotland & eastern
EnglandThe latest counts and associated year is given. For proxy areas, the percentage of the SMU
total in the last SMU survey is given. N indicates the number of data points used to fit the trend. The
percentage change (and associated 95% confidence intereaisg tatest survey year for four metrics

are shown (see text). Changes in bold indicate significant change (95% ClIs do not overlap 0); negative
in red. Values of 0 indicate no trend.

Last survey

Change (%; 95% CI)

SMU/subdivision SAC/Area N
Count ST1 ST6 LT HH (year)
Year
-2.6 16 (113)%?3 36
1. Southwest Scotland 2023 | 1563 7 ’ (-18.7, o (-13.5, 7.4,
(-5.5, 0.4) 27.4) 262.4; 2020)
' 1992)
4 -21.5 41.1 22.1
2. West Scotland 2023 | 11754 | 7 7 61 9 (-32.6,- | (17.8,69.2;| (-34.1-
R 8.7) 1992) 8.2; 2016)
54 -25.9 -0.8 -27.7
2023| 5272 | 7 8 55 5) (-39.6,- (-23,27.7;| (4358,
e 9.5) 1992) 7.6; 2015)
-76.5
-22.2 -71.3 -58.2
2a. West Scotland g‘lz“”?Easstfé'ay 2023| 207 | 8 | (291- | (815- | (738- ('315'96,"
south ermes 14.7) 56.3) | 339;1992)  p01.
Eileanan agus 21 -12 -48.4 (6533?
Sgeiran Lios mor 2023 197 11 -3 3'_0 9) (-18.5,- (-65.3,-24; 24 '8_’
SAC R 5.2) 1992) 1950*)
4o -13.2 126.3 -13.5
2022 | 5563 | 8 7 3 1) (-25.4, (86,176.5;| (-24.5,-1;
2b. West Scotland - 0.9) 1992) 2017)
central Ascrib. Isay and 5.2 -26.2 6.1 -46.4
Dunve. anySAC 2022 | 340 | 12| (-13.4, (-53.2, (-46.1, (-69.8,-
9 3.7) 16.8) 61.6; 1992) 5.9; 2003)
140.6
-13.7 -13.9
2c. West Scotland -4.3 (94.4,
north 2022|919 ! (-7.5,-1) ('122')3’ 198.6; 0(;?5517)
' 1992) o
s -12.6 32.3 -14
2022| 3080 | 9 8 60 2 (-31.3, (0,75.1; | (-30.5, 5.8;
R 10.6) 1992) 2017)
3. Western Isles 112 89 -89
coundorBarma | 5022 o1 |10 (_;.24 5 | (369 | (9383 N
“ 24.8) 1992) 19é2’)
86 -41.8 -85.5 (_'88;"2 )
2019 | 1405 | 10 (10 - 3 (-46.7,- (-87.6,- 928
o 36.5) 82.9; 1993) .
4. North Coast & 2002)
Orkney 14.2 60.2 96 (_9'366 )
Sanday SAC 2019 77 12 (-18,- (-69.7,- (-97.6,- 935
10.5) 48.5) 93.5; 1993) 20621)
-42.2 422
5. Shetland 2019| 3180 | 8 0 0 (-49,-34.7; (48 5.
1992) >

208



SCOSBP 25/03

Not to be cited without prior permission from the authors

34.4,
2002)
-21.6 -74.6 -08 (_'398 11 )
Mousa SAC | 2019 7 | 8| (308- | (856 | (99,96 | ‘o
11.2) 55.1) 1992) 1951’)
-39.3 -39.3
;eA”CSOU”d Coas 2019 209 | 8 0 0 (575- | (57.2-
14.4; 1992)| 14; 2002)
2019 | 1077
-334
-334
Helmsdale to 926 (-47.7,-
Findhorn 2023 (95%) 23 0 0 ('4,7'955 15.1;
6. Moray Firth 15.4; 1994) 2002)
. -91.2
Dornoch Firth 75 -37.6 -91.2 (-94.2.-
and Morrich 2023 55 31 8 8--6 3) (-42.4,- (-94.1,- 86 -8"
More SAC R 32.4) 86.8; 1992) 1952’)
49 -26.2 -70.3 (_'gg f )
2021 261 6 7 1'_2 7 (-35.9,- (-82.9,- 48 -6"
e 15.3) 48.2; 1997) 1957’)
7. East Scotland 935
Firth of Tay and 6.9 21.9 -92.6 (95 '4 )
Eden Estuary 2023 55 31 ©0.4 ' 13.9) (-10.3, (-94.6,- 90 '9,’
SAC T 66.1) 89.8; 1992) 1957’)
2018 79
) o 313.8
8. Northeast Englan 106 7.9 32.1 (239.6,
The Tees 2023 9606) | 3°| (1.6,14.5)| (8.5,606)  408.2: )
1992)
4 -18.9 14.9 -19.5
2022| 4039 |11 (o i1 2) (-32.9,- (-11.1, (-33.6,-
e 2.5) 48.6; 2003)| 2.9; 2015)
9. Southeast England -25.8
The Wash and 3.7 -22.1 35.7 (:35.1,-
North Norfolk 2023 2675 44 7 9' 0.7) (-32.8,- (15.7, 59.4; 14 '8"
Coast SAC o 9.7) 1992) 2015)
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Tablelb. Trends in grey seal August counts for all SM3) @nd SACs in Scotland & eastern England.
The latest counts and associated year is given. For proxy areas, the percentage of the SMU total in the
last SMU survey is given. N indicates the number of data points used to fit the trend. The percentage
change (and associated 95% confidence intervalf)e latest survey year for four metrics are shown

(see text). Changes in bold indicate significant change (95% ClIs do not overlap 0); negative in red.
Values of 0 indicate no trend.

L Last survey Change (%; 95% CI)
SMU/subdivision SAC/Area Yoar Count N ST1 76 T H (yean
6.2 43.2 539.6
é’c i:l’:::jweSt 2023 760 7 | @3, (28.4, | (263.5,1030.9; -
8.1) 59.9) 1992)
25 16.2 117.4
2. West Scotland 2023 4508 6 (0.9, (5.6, (32.2, 261.7, -
4.2) 28.3) 1992)
2.7 175 129.9
2a West 2023 2846 7 21.23, (8.1, 28) (49.8, 257.5; -
.2) 1992)
Scotland - south Treshnish
Isles SAC 2023 161 7 0 0 0 -
2b. West
Scotland - central 2023 954 ! 0 0 0 )
2c. West 3.2 21.1 160.9
Scotland - north 2022 708 7 (0.9, (5.6, (30.5, 418.8; -
5.6) 38.4) 1992)
2022 3473
excluding
offshore 2022 3232 (93%) | 9 0 0 0 -
3. Western Isles :\jllgr?::h
Islands SAC 2022 614 9 0 0 0 -
North Rona
SAC 2023 147
04 -0.3 57.7 -12.7
2019 8618 10 6 '5 6) (-22, (23.6, 101.8; (-31.8,
4. North Coast & e 27.5) 1992) 11.7; 2000)
Orkney Faray and -7.9 -38.2 109 -51.7
Holm of Faray 2019 228 13 | (-15.6, (-58.7, - (29.8, 237.5; (-69.3, -
SAC 0.5) 8.2) 1992) 25; 2007)
5. Shetland 2019 1009 8 0 0 0 -
2019 1657
6. Moray Firth H‘elmsdale to 2023 820 (94%) | 22 0 0 0 )
Findhorn
2021 2707 6 0 0 0 -
Firth of Tay
7 East Scotland and Eden 2023 812 (72%) | 30 0 0 0 -
Estuary
Isle of May
SAC 2021 97 6 0 0 0 -
11.7 94.1 1171.7
2020 4668 7 8.7, (65, (576.7, 2307.7; -
8. Northeast 14.9) 129.5) 1997)
England English 115 91.9 1116.8
component, 2020 4251 7 (8.4, (61.8, (529.9, 2254.2; -
BNNC SAC 14.8) 128.5) 1997)
2022 8658
Donna Nook 4.1 35.4 5406.4
to Scroby 2023 9793 (90%) | 42 (-1.6, 1.3, (3727.3, -
9. Southeast Sands 10.2) 80.7) 7799.3; 1992)
England Humber -0.4 6.2 5195.3 -0.6
Estuary SAC 2023 6038 51 (-8.7, (-32.6, (2883.9, (-16.4,
8.6) 67.1) 9336.9; 1992) | 18; 2021)
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Table 1c. Trends in grey seal pup production for all SMU8)(&nd SACs in Scotland & eastern
EnglandThe latest year & estimate is given. The percentage of the SMU total in the analyses is
indicated if not 100%. N indicates the number of years used to fit the trend. The percentage change
(and associated 95% confidence intervals) to the latest surveyfgefour metrics are shown (see

text). Changes in bold indicate significant change (95% ClIs do not overlap 0); negative in red. Values of
0 indicate ndrend. For Shetland, the value shown is a peak pup count rather than production.

Last survey

Change (%; 95% CI)

SMU SAC/Area N
Year | Estimate ST1 ST6 LT HH (year)
15 51.4
4893 9.4
2022 o 31 (-0.7, g (28.7, 78.1; -
2. West (91%) 3.7) (2.4,22.2) 1992)
Scotland 2.2 123 6.9 -8.8
Treshnish Isles SAC | 2022 1272 31 (-0.2, 0.9 '27 4 (-8.2,24.1; (-20.4, 4.8;
4.7) e 1992) 1998)
29.4
18272 2.7 15.7
2022 32 (10.7, 51.1; -
o , ;
(98%) (0.6,4.7) | (3.9,28.6) 1992)
3. 2 12 46.8
Western Monach Islands SAC | 2022 13475 32 (-0.2, (0, 25.6) (27.6, 69.3; -
Isles 4.2) T 1992)
-8.5 -42.6 -81.8 -83.4
North Rona SAC 2019 301 31 (-11.4,- (-50.3, - (-84.6,-78.5; (-86.1,-80.2;
5.4) 33.2) 1992) 1984)
-0.1 81.6 -8.1
20506 -1.7
2022 o 32 (-2.1, . (55.5, 113.5; (-21.2,7.4;
4. North (97%) 19) (-11.6, 9.4) 1092) 2007)
Coast & 163 565
Orkney Faray & Holm of -5.9 -28.9 e s
2022 1915 32 (-53.8,-37.5; (-61.9,-50.1;
Faray SAC (-8,-3.6) (-37,-19.5) 1992) 1998)
-32.3 -32.3
5. -2.7 -15.4
2018 257 10 (-43.4,-19; (-43.4,-19;
Shetland (-4,-1.5) | (-21.6,-8.6) 2004) 2004)
324
6. Moray 1.8 111
: 2022 1715 9 (11.8,56.1; -
Firth (0.7,2.8) | (4.3,18.2) 2006)
427.7
7502 3.8 26.1
2023 o 34 (372.4, 491.9; -
(99%) (2.2,5.5) | (15.5,37.6) 1992)
-1.6 9.3 20.1 -23.5
Isle of May SAC 2023 1833 34 (-3.6, (18 '7 1) (5.8, 36.3; (-32,-13.7;
7. East 0.5) O 1992) 2004)
Scotland 2233 -1.8
BNNC SAC 2023 2680 7 (_él'zl 9) (_3125'37 2) (167.8, 290.9; (-9.2,6.2;
e =t 2012) 2021)
3.2 26.7
Fast Castle 2023 4730 21 07.57) | (12.1,43.1) >1000 (1997) -
8. 10.1 299.7
Northeast gi@;’ Islands (BNNC | ;54 (39%?,/7) 37 (79, (567(;" 4 » | (24793587 -
England ° 12.3) 0 S 1992)
10.6 97.6
9 2023 %353‘; (8.3, (82.9, >1000 (2001) -
: ° 13.1) 113.6)
Southeast
0.2
England 4.8
Humber Estuary SAC | 2023 2326 43 (-1.4, >1000 (1992) -
1.8) (-3.8,13.8)
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Figure 1. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts in the
Southwest Scotland SMU. Théilled circle points represent the values used to fit the trends.
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Figure 2i. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey saal pu
production (c) in the West Scotland SMU and encompassed SACs (c only). For (a) the trend was fitted on the basis of theaathe subunit

scale. Thefilled circle points (andcircle plus in ¢) represent the values used to fit the trends. The dashed line in (c) shows the same trend as the
solid line but at the level of pup production predicted for film survey estimatecircle plus indicate digital surveys; 2012 onwards
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Figure 2ii. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts in the south
part of West Scotland SMU and encompassed SACs. Thitked circle points represent the values used to fit the trends. Note the

different axes for the SACs (a).
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Figure 2iii. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts in the centr
part of West Scotland SMU and encompassed SACs. Thitked circle points represent the values used to fit the trends. Note the

different axes for the SACs (a).
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Figure2iv. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts in the north
part of West Scotland SMU and encompassed SACs. Thitked circle points represent the values used to fit the trends.
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Figure 3. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey segal pu
production (c) in the West Scotland SMU and encompassed SACs. Thiéed circle points (andcircle plus in c) represent the values used to fit the
trends. Thecircle cross points (b) represent the SMUwide total and were not used for model fitting. The dashed line in (c) shows the same trend
as the solid line but at the level of pup production predicted for film survey eshate (circle plus indicate digital surveys; 2012 onwards). North
Rona SAC is not a notable haul out for grey seals and thus August counts are not shown (b). Note the different axes forAl@s$a, b).
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Figure 4. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey sgalpoduction
(c) in the North Coast & Orkney SMU and encompassed SACs. Titled circle points (andcircle plus in c) represent the values used to fit the trends.

The dashed line in (¢) shows the same trend as the solid line but at the level of pup production predicted for film survetireate (circle plus indicate
digital surveys; 2012 onwards). Note the differerdixes forthe SACs (a, b).
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Figure 5. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey sea psunts (c)
in the Shetland SMU and encompassed SACs. Tfied circle points represent the values used to fit the trends. Note the different axes for the SACs
(a). For (c), the values given are peak pup counts rather than pup productiestimates.
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Figure 6. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey segal pu
production (c) in the Moray Firth SMU (subset for a) and encompassed SACs. Tiked circle points (andcircle plus in ¢) represent the values
used to fit the trends. Thecircle cross points (a, b) represent the SMiwide total and were not used for model fitting. The dashed line in (c) shows
the same trend as the solid line but at the level of pup production predicted fdilm survey estimate (circle plus indicate digital surveys; 2012
onwards).
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Figure 7. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey sgalgpoduction (c)
in the East Scotland SMU and encompassed SACs. Tfiked circle points (andcircle plus in ¢) represent the values used to fit the trends. The dashed
line in (c) shows the same trend as the solid line but at the level of pup production predicted for film survey estimate ¢@@rplus indicate digital
surveys; 2012 onwards). Note the differarnaxes for the \Cs (b). For (c), the black point and line represent the Fast Castle colony as a whole, where
the orange points and line indicate the production with the SAC proportion of the colony (only considered separately from 20dnwards).
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Figure 8. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey segal pu
production (c) in the Northeast England SMU and encompassed SAC(s). Thied circle points (andcircle plus in c) represent the values used to
fit the trends. Thecircle cross points (a) represent the SMuwide total and were not used for model fitting. Note that the SAC represents >99% of
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derived from digital aerial surveys (circle plus).
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Figure 9. The predicted trend and associated 95% confidence intervals for harbour (a) and grey (b) seal August counts, and grey segal pu
production (c) in the Southeast SMU and encompassed SACs. Tfiked circle points (a and b) represent the values used to fit the trends. The
circle point (a) was not used to fit the trend (count prior to PDV epidemic). Thicle cross points (b) represent the SMUwide total and were not
used for model fitting. For (c), grey lines indicate years for which estimates wererived from digital aerial surveys (circle plus). Grourdbased
estimates (not shown) were also used to fit the trend prior to 2018; the trend was scaled up to level of production estimatiedm aerial survey
data (SCOS BP 24/07).
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Abstract

This briefing paper provides Potential Biological Removal (PBR) values for the grey and harbour
F DelWnLGYGatecqRYUY wllgbécqécedWYe qWRUWIIE HE WY Wad 1JU
possible values are tabulated for each SMU using the equation WWade (1998) with different
2clellt WYnWagéecqWlheec qRYUkt W IHERY2II ! WneHqVY! OW W2¢
this parameter for each SMU and the resulting PBR is highlighted. The PBR values are
calculated using the latest composite counts in each SMU; it should be noted that some of
these counts are over 5 years old. The PBR estimates, especially for declining SMUs should b
considered in that context.

112

There are numerous changes compared to SCOS 2024. Other than the extension to all UK SMUs
with notable populations (previously only Scottish SMUs were considered), the other main
change compared to SCOS 2024, is that instead of using the August count ditlycas Nmin for
harbour seals, the count is scaled. Specifically, the count is raised using the 20th percentile of
the distribution of the scalar used to account for seals at sea during the survey windows. This |s
equivalent to using the 2@ percentile of the population estimate, aligning with the method used
for grey seals and recommended by Wade (1998). The counts have been updated for SMUs 1
and 2 (Southwest Scotland and West Scotland). Moreover, the recovery factors for harbour
seals havebeen adjusted for these SMUs to reflect that abundance is no longer increasing.
Indeed, harbour seal recovery factors across all considered SMUs are < 1. Grey seal recovery
factors were all set to 1 on the basis of the stable or increasing trends. Thiswsth the exception
of SMUs 4 and 5 (North Coast & Orkney and Shetland) for which the recovery factor was set tg
0.5 on the basis that the available data are > 5 years old.

Introduction

Potential Biological Removal (PBR) is a widely used way of calculating whether current levels of
anthropogenic mortality are consistent with reaching or exceeding a specific target population,
chosen to be the Optimum Sustainable Population (OSP). It ixglicitly given, in an amendment
to the US Marine Mammal Protection Act, as the method to be used for assessing anthropogenic
impacts in the waters around that country. The method has been supported by simulations
demonstrating its performance under certah assumptions (Wade 1998). It should be noted that
the formulation of the equation allow small anthropogenic takes even from depleted or

declining populations.

In previous SCOS reports, PBR values have only been estimated for SMUs in Scotland (also
known as Seal Management Areas; Scottish Government). In response to queries regarding
suitable PBR values in other elsewhere in the UK, this BP provides the PBR vslioe each
species in SMUs which hold a notable abundance (population estimate > 250; SCOS BP 25/01)
of that species during August.
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Materials and Methods

The PBR calculation:

PBR =Nin! (Rnax/2)! Fr
where:
PBRis a number of animals considered safely removable from the population.
Nmin IS @ minimum population estimate (usually the 20th percentile of a distribution.)
Rnax is the population growth rate at low densities (by default set.Q2 for pinnipeds), this
is halved to give an estimate of the growth rate at higher populations. This estimate should
be conservative for most populations at their OSP.
Fris a recovery factor, usually in the range 0.1 to 1. Low recovery factors give some
protection from stochastic effects and overestimation of the other parameters. They also
increase the expected equilibrium population size under the PBR.

The approach and calculation is discussed in detail in Wade (1998).

Data used in these calculations:

Nmin Values used in these calculations are from the most recent summer surveys of each area,
for both species:

1 Harbour seals: The surveys take place during the harbour seal moult, when the majority
of this species will be hauled out. Previously survey counts have been used directly as
Nmin (SCOS BP 24/06). Here, in line with Wade (1998) and the approach for grealse
(below), the counts have been scaled to produce an M equivalent to the 20" percentile
of the population estimate. The percentage of harbour seals estimated to be hauled out,
and thus available to count, during surveys i32% (95% CI: 588; Lonergnet al.2013).
The 20th percentile of the distribution of multipliers from counts to abundances implied
by that distribution is 1.28 (to 2 decimal places; see Table 2).

1 Grey seals: The August surveys occur during a key foraging period for grey seals, and
thus the proportion of the population hauled out is lower than for harbour seals. The
percentage of grey seals estimated to be hauled out, and thus available to count, dag
surveys is 25.2% (95% Cl: 21.629.1%; SCOSBP 21/02). The 20th percentile of the
distribution of multipliers from counts to abundances implied by this estimate is 3.73 (to
2 decimal places; see Table 3).

Rmax IS set at 0.12, the default value for pinnipeds, since very little information relevant to this
parameter is available for UK seals.

A lower value could be argued for harbour seals, on the basis that the fastest recorded growth
rate for a UK harbour seal population, in the Southeast England SMU, was <10% (Lonergan et al.
2007). However, the extent that density dependent factors may havnfluenced growth rates in
different SMUs is not known. The large population in the Wadden Sea consistently grew at
slightly over 12% p.a. for long periods (Reijndeet al. 2010), so an Rax0of 12% p.a. has been

used here.

Regional pup production estimates for the grey seal population in individual SMUs have had
maximum growth rates in the range 8.0% p.a. with the exception of Southeast England SMU
where the maximum annual rates of increase were > 16% (Russell et al. 2019pwever, the
extent to which this increase was augmented by recruitment from other SMUs is unknown. The
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large grey seal population at Sable Island in Canada grew at nearly 13% p.a. for long periods
(Bowen et al. 2003).

Fr Estimated PBR values for the entire range ok#alues are presented. A recommendedd#
value is indicated for each species in each SMU, together with a justification for the
recommended value.

Areas used in the calculations

Figure 1 and Table 1 shows the boundaries of the Seal Monitoring Units.

Particularly for grey seals, there will probably be substantial movement of animals between
these SMUs. The division is a pragmatic compromise that attempts to balance current biological
knowledge, distances between major hawouts, environmental conditions, the spatial structure
of existing data, practical constraints on future data collection and management requirements

Rationale for the suggested recovery factors

The original PBR methodology leaves the setting of the recovery factor as a subjective choice for
managers. Factors such as the amount of information available about the population (and in
particular its maximum annual growth rate), recent trends in locahbundance, and the
connections to neighbouring populations are relevant to setting this. The main factors affecting
the value suggested for each species in each area are given below.

Harbour seals

1) Southwest Scotland (k= 0.5; change from 1.0 in SCOS BP 24/06)

Abundance is apparently stable, although the last count (2023) was lower than the previous one
(2018). The trajectory appears similar to the larger adjacent West Scotland SMU which is
predicted to be in decline (SCOS BP 25/03) thus the same recovery facas West Scotland and
Western Isles is recommended.

2) West Scotland (k= 0.5; change from 1.0 in SCOS BP 24/06)

The latest count (2022/2023) in all three subunits was lower than the previous count
(2017/2018), and the latest trend for West Scotland SMU is of a decline. Due to the apparent
recent decrease and the importance of this SMU in terms of its holdings of ti&cottish
population, it is recommended that the recovery factor is set at 0.5.

3) Western Isles (k= 0.5)

There appeared to be a protracted but gradual decline during the 2000s, followed by a rapid
increase to a maximum around 2017. The latest count in 2022 was lower and latest trend estimate
is a significant decline (SCOSBP 25/03). Due to the apparent recdrdecrease and the fact that
there is an existing conservation order in place for the SMU, it is recommended that the recovery
factor is left at 0.5.

4 & 5) Shetland and North Coast & Orkney#F0.1)

Frset to minimum because populations are experiencing prolonged declines and have not shown
any signs of recovery.

6) Moray Firth (k= 0.1)
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Counts for 2021 in the Moray Firth were approximately 35% lower than the counts for the
previous 5 years. The neighbouring SMUs are depleted and continuing to decline. Data available
from tracking studies suggest there is movement between these three arsa In the absence of

a sustained increase in the Moray Firth counts it is recommended that thesEhould be left at its
previously recommended value of 0.1.

7) East Scotland (k= 0.1)

Frset to minimum because populations are experiencing prolonged declines and have not shown
any signs of recovery.

9) Southeast England (& 0.1)
Fr set to minimum because the population is depleted. It is not shown any signs of recovery, and
may still be in decline.

14) Northern Ireland (k= 0.1)
Fr set to minimum because of sustained longterm decline.

Grey seals

SMUs 13, 69, 14 (k= 1.0)

August counts of grey seals are either stable (across the time series or at historic highs) or
increasing (SCOS BP 25/03). Available telemetry data and the differences in the regional
patterns of pup production and summer hautout counts suggest substantal movement
between SMUs (Russelét al. 2013; Carteret al. 2022) and also with the continent (Brasseur et
al. 2015).

SMUs 45 (Rr=0.5)
The recovery factors for North Coast & Orkney and Shetland were set to 0.5 on the basis that the
available data are > 5 years old.

Results

PBR values for grey and harbour seals for each SMU for with the full rangerofdfues from 0.1
to 1.0 are given in Table 2 for harbour seals and Table 3 for grey seals. In each table the value
corresponding to the recommended kis highlighted.
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Table 1. Boundaries of the Seal Monitoring Units (SMU)

Seal Monitoring Unit

Area Covered

© oOoO~NOOTh~ W NP

[ S S S Y
A WDNPEFO

Southwest Scotland
West Scotland

Western Isles

North Coast & Orkney
Shetland

Moray Firth

East Scotland
Northeast England

Southeast England

South England
Southwest England
Wales

Northwest England
Northern Ireland

English border to Mull of Kintyre

Mull of Kintyre to Cape Wrath
Western Isles incl. Flannan Isles, North
Rona

North mainland coast & Orkney
Shetland incl. Foula & Fair Isle
Duncansby Head to Fraserburgh
Fraserburgh to English border
Scottish border to Flamborough Head
Flamborough Head to Newhaven (E
Sussex)

Newhaven to Prawle Point (S Devon)
Prawle Point to Welsh border

Wales

Welsh border to Scottish border
Northern Ireland
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Table 2. Potential Biological Removal (PBR) values for harbour seals by Seal Monitoring Unit for the year 2025. Recommended FR \aleiésghlighted in grey

cells.
2016-2023 PBRs based on recovery factors Fg ranging from 0.1 to 1.0 selected
SMU count  Survey years Nmin 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 Fr PBR
1 Southwest Scotland 1,563 (2023) 2,001 12 24 36 18 60 72 84 96 108 120 0.5 60
2 West Scotland 11,754  (2022; 2023) 15,050 90 180 270 361 451 541 632 722 812 903 0.5 451
3 Western Isles 3,080 (2022) 3,944 23 a7 70 94 118 141 165 189 212 236 0.5 118
4 North Coast & Orkney 1,405 (2016; 2019} 1,799 10 21 32 43 53 64 75 86 97 107 0.1 10
5 Shetland 3,180 (2019) 4,072 24 48 73 97 122 146 171 195 219 244 0.1 24
6 Moray Firth 983 (2019; 2021; 2023) 1,259 15 22 30 37 45 52 60 67 75 0.1
7 East Scotland 276 (2021; 2023) 353 a 6 8 10 12 14 16 19 21 0.1
9 Southeast England 3,372 (2022; 2023) 4,318 25 51 77 103 129 155 181 207 233 259 0.1 25
14 Northern Ireland 818 (2021) 1,047 6 12 18 25 31 37 43 50 56 62 0.1 6

PBR = I}\lin ﬂ(Rﬂax/Z) TIFR
where:

PBRis a number of animals considered safely removable from the population.

Nmin IS @ minimum population estimate. The percentage of harbour seals estimated to be hauled out, and thus available to count,rihg surveys is 72% (95% CI: 54

88; Lonergan et al. 2013). The 20th percentile of the distribution of multipliers from counts tdandances implied by that distribution is 1.28040610183467.

Rmax is the population growth rate at low densities (by default set 0.12 for pinnipeds), this is halved to give an estimate of ¢newth rate at higher populations. This
estimate should be conservative for most populations at their OSP.

Fris a recovery factor, usually in the range 0.1 to 1. Low recovery factors give some protection from stochastic effects anérmsgtimation of the other parameters.

They also increase the expected equilibrium population size under the PBR.
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Table 3. Potential Biological Removal (PBR) values for grey seals by Seal Monitoring Unit for the year 2025. Recommended FR vatibghlighted in grey
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cells.
2016-2023 PBRs based on recovery factors Fg ranging from 0.1 to 1.0 selected

SMU count  Survey years N min 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 Fr PBR
1 Southwest Scotland 760 (2023) 2,832 16 25 50 67 84 101 118 135 152 169 1.0 169
2 West Scotland 4,508 (2022; 2023) 16,798 100 201 302 403 503 604 705 806 907 1,007 1.0 1,007
3 Western Isles 3,473 (2022; 2023) 12,942 77 155 232 310 388 465 543 621 698 776 1.0 776
4 North Coast & Orkney 8,618 (2016; 2019; 2023) 32,114 192 385 578 770 963 1,156 1,348 1,541 1,734 1,926 0.5 963
5 Shetland 1,009 (2019) 3,760 22 45 67 90 112 135 157 180 203 225 0.5 112
6 Moray Firth 1,354 (2019; 2021; 2023) 5,046 30 60 90 121 151 181 211 242 272 302 1.0 302
7 East Scotland 1,584  (2021; 2023) 5,903 35 70 106 141 177 212 247 283 318 354 1.0 354
8 Northeast England 5,381 (2020; 2022; 2023) 20,052 120 240 360 481 601 721 842 962 1,082 | 1,203 1.0 1,203
9 Southeast England 10,735 (2022; 2023) 40,003 240 480 720 960 1,200 1,440 1,680 1,920 2,160 | 2,400 1.0 2,400
11 Southwest England 729  (2023) 2,717 16 32 48 65 81 97 114 130 146 163 1.0 163
12 Wales 1,313 (2023) 4,893 29 58 88 117 146 176 205 234 264 293 1.0 293
13 Northwest England 180 (2023) 671 ul 8 12 16 20 24 28 32 36 40 1.0 40
14 Northern Ireland 549  (2021) 2,046 12 24 36 19 61 73 85 98 110 122 1.0 122

PBR = Min T1(Rnax/2) TF=
where:

PBRis a number of animals considered safely removable from the population.

Nmin IS @ minimum population estimate. he percentage of grey seals estimated to be hauled out, and thus available to count, dursgveys is 25.2% (95% CI: 216
29.1%; SCOSBP 21/02). The 20th percentile of the distribution of multipliers from counts to almdances implied by that distribution is 3.72637.
Rmax IS the population growth rate at low densities (by default set 0.12 for pinnipeds), this is halved to give an estimate of gliewth rate at higher populations. This
estimate should be conservative for most populations at their OSP.

Fris a recovery factor, usually in the range 0.1 to 1. Low recovery factors give some protection from stochastic effects anémsgtimation of the other parameters.

They also increase the expected equilibrium population size under the PBR.
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Figure 1. UK Seal Monitoring Unit (SMUS).
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Abstract

[
LLIH

This report presents preliminary results of an aerial survey of the harbour and grey seal populations
the English east coast between Donna Nook in Lincolnshire and Blakeney Point in Norfolk, including
tidal sites in The Wash, on "28une 2024 during the harbour seal breeding season. Similar surveys |
been carried out annually since 2004, with the exceptions of 2019, 2020 and 2021 when no surveys
carried out due to a combination of aircraft malfunction and travel restrictiuns to Coviell9. During
that period the moult counts of harbour seals underwent a marked decrease in The Wash and North
Norfolk SAC.

Results suggest that:

wW¢KS KFENDb2dzNJ aSFHf Lzl O2dzy i F2NJ ¢KS 2| aK 2y
count and 38% lower than the mean of the seven peak counts during the preceding ten year2(@261L4

w!da AY LINBGA2dza &@SIFNRARXZ y2 KFNbD2dzNJ &St LJdzLJa
Donna Nook.

w ¢KS LISIF] O2dzyda FyR 06& AYLIXt AOIGAZ2Y (GKS LizLJ
approximately 6% p.a. from 2004 to 2012 and reached a peak around 2015. Although there is a lot
annual variability in the counts there is now cleafdence that the pup production has stopped increas
and has since declined significantly. The 2024 estimate represents a 26.9% decrease compared to
peak.

w¢KAA NBRdAzOGAZ2Y O2AYyOARSA gA0GK (GKS NBOSyi(fte
Wash.

w¢KS NFYdGA2 27F -higrpdpulafiodzyidexicanibd usédrasa facindity index. This ratio
increased in the early 2000s and remained high, at around 0.4, since 2004. Despite the large drop i
count and the observed decrease in moult cousitsce 2018, the fecundity index in 2024 has remained
high.
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Introduction

The Wash is the largest estuary in England and has held the majority of the English harbour seal (Phoca
vitulina) population since records began (Vaughan, 1978). This population has been monitored since the
1960s, using counts of animals hauled out duthrgannual moult as indices of population size. The initial
impetus for monitoring this population was to investigate the effects of intensive pup hunting. When the
pup hunt ceased in 1973 the monitoring program was reduced. One survey was carried 880, and a
programme of annual surveys began in 1988 just prior to a major Phocine Distemper Virus (PDV) epizootic
and has continued since.

Historical harbour seal population trends in The Wash.

In the summer of 1988, an epizootic of phocine distemper virus (PDV) spread through the European
harbour seal population. More than 18000 seal carcasses were washed ashore over a 5 month period,
many of them in areas with high levels of human activitetf) HeideJorgensen & Harkdnen, 1989).

Mortality in the worst affected populations, in the Katteg@kagerrak, was estimated to be around 60%
(HeideJorgensen & Harkbnen, 1992). The effect on the population in Southeast England SMU was similar
to the patern in the rest of EuropeHigure 1) After the end of 1988, no more cases of the disease were
observed until the summer of 2002, when another epizootic broke(darding et al., 2002)Mortality in

the European population during the 2002 epizootic was 47%, similar to that seen in 1988 (Harkonnen et al.
2006). However, on the English East coast the mortality rate estimated froramgostepizootic air

survey counts was much loweapproximately 22% (Thompson, Lonergan & Duck, 2005). Theppreotic
population using the haulout sites between Donna Nook in Lincolnshire and Scroby Sands in Suffolk in 2002
was similar in size to the pmpizootic population iri988, 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.

The population continued to decline for 4 years after the epizootic and in 2006 the count for the population
between Donna Nook and Scroby Sands was approximately 30% lower than the mean count in 2002. After
2006 the counts increased rapidly such tha2®l0 and 2011 the numbers were similar to the pre

epizootic counts. The August counts for The Wash and North Norfolk SAC and adjacent sites at Donna Noo
and Blakeney reached a peak around 2015 and have since decré&&pa QError! Reference source not

found. (SCOS 2024Y.he moult count for The Wash and North Norfolk (SAC) (i.e. The Wash + Blakeney)
has recently decreased by approximately 20% (202022 mean = 2947: 2042018 mean= 3658), while

Donna Nook showed a 56% decrease and Scroby Sands showed a 71% deerghsesame time

periods. This apparent drop occurred in the absence of any direct indication of a recurrence of PDV or any
reported increase in strandings of dead seals.

Survey rationale

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 towardsiviing indices of population size. Counts
are carried out during the annual moult, when the highest and most stable numbers of seals haulout
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have been used to track the losigrm status of the English harbour seal population. However, these

indices are based on the numbers of indiattiobserved hauled out, so their utility depends on this being
constant over time and unaffected by any changes in population density or structure.

Unfortunately, such counts do not provide a sensitive index of the current status of the population. Itis
generally accepted that breeding success is a more sensitive index. The breeding season is also the time
when disturbance of seal haulout groupdikely to have direct effects. E.g., disturbance of mother/pup

pairs may lead to temporary separation which could have direct effects on pup survival, especially if the
disturbance is repeated. Therefore, in collaboration with Natural England, a prograf annual

breeding season surveys was established in 2004 to obtain an annual index of pup production in The Wash
and North Norfolk SAC.

Methods

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 improving the monitoring program (to increase its sensitivity to
short term changes), a baseline of pup productistimates is required. A programme of regular surveys
began in 2001, and annual surveys were carried out of the coast from Donna Nook to Blakeney point from
2004 to 2018, and in 2022,2023 and 2024. Using a combination of NERC and Natural Englarelrfgleds a
annual breeding season survey is carried out in at the end of June or beginning of July when the peak
counts are expected.

Survey methodology

Based on the timing of breeding in The Wash in the 1960s and 1970s (Vaughan, 1978) it was initially
assumed that that the peak number of pups would be encountered at the end of June or beginning of July.
In 2008, 2010, 2015 and 2016 additional funds wemjaled to obtain multiple counts within single

breeding seasons to estimate the parameters of the pupping curve. Surveys were carried out between
12th June and 13th July. Large intamual differences in the temporal pattern of the pup counts have so

far prevented fitting a standard birth curve. 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 occurred
between 26th June and 4th July. Because of mililgityg activities, surveys are restricted to weekends,

and we have therefore surveyed the breeding population between 27th June and 4th July each year.

Surveys were carried out over the period 1.5 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 grou
of more than 10 animals were photogragd. In 2001, 2004 & 2005 images were obtained using colour
reversal film in a vertically mounted 5X4" format, image motion compensated camera. Since 2006 all
groups have been photographed with a handheld digital SLR camera and zoom lens. The ecaipment
techniques are described in detail in Thompsbl. (2005; 2019). All seals were identified to species and
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harbour seals were then classified as either pups or 1+ age class animals. No attempt was made to further
differentiate the 1+ age class.

Trend analysis

The trend analyses for the peak pup counts followed the methods used in SCOS BP 24/03 (SCOS, 2024). |
brief, peak counts were modelled as a function of year assuming negative binomial errors. Three models
were fitted: an interceptonly GLM (null model;&. a stable trend), an exponential (linear on the link scale)
year effect within a GLM, and a nonlinear smooth year effect within a GAM (restricted to 5 knots). AIC was
used to select the final modeAll analyses were conducted in R (R Core Team, 2028HsTwere assessed

using three metrics of percentage change compared to the latest year of data available (2024). These were
two shortterm metrics: 1 year (ST1) and 6 year (ST2), and atdonmgmetric (HH) from the historic high in

the time series to 2P4. Trends were deemed significant if the 95% confidence intervals did not encompass

0 (see SCOS BP 24/03 for more details).

To calculate the metrics of change, the percentage difference between the predicted abundance in the year
of the latest survey (t2) and another year (t1) was calculated. Confidence intervals around these estimates
were generated via parametric bootstrappin

Change = wp T

t1 represented the count in different years depending on the metric considered: for ST1 it was the year
preceding the latest survey, for ST6 if was the year 6 years pribetlatest survey. For estimating
depletion, t1 was the latest year in the time series for which the highest abundance was estimated.

Results

2024 survey results

In 2024 a survey was carried out on 28th June, covering the entire coast between Donna Nook and
Blakeney Point. A total of 896 pups and 2621 older seals (1+ age classes) were counted in The Wash. Tt
2024 pup count for The Wash was 37% lower than ®232Zount and was 38% lower than the mean of

1425 for the seven peak counts during the previous decade (2023) (Table 1Error! Reference source

not found.). These totals include 9 pups and 37 1+age harbour seals at Brancaster.

The nonpup count, i.e. all 1+ age classes, in The Wash was 2621 which was 20% lower than the 2023 coun
and 29% lower than the mean of the seven peak counts during the previous decade2(B)4 Table 1).

Within the Wash and North Norfolk SAC, 75 1+age harbour seals were counted at Blakeney point, but no

pups were seen. An additional 68 1+age harbour seals and two pups were counted at Donna Nook,
approximately 40km north of The Wash.
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A total of 1144 grey seals (Halichoerus grypus) were counted in The Wash, with 319 counted at Blakeney
Point, and 7236 at Donna Nook.

Trends in pup counts

Figure 2 shows the harbour seal pup counts over the period 2001 to 2024 with the fitted trend for the
period 2004 to 2024, i.e. after the 2002 PDV epizootic. The 2024 pup count of 896 was the lowest in over
15 years. The estimated maximum pup count i significantly depleted and is estimated to be 26.9%

(95% CI: 7, 43) lower than the estimated peak in 2015. The trends suggest that pup production is declining,
but it should be noted that for thehort-term trend, i.e. over the last year, the 95% Cls for the trend cross
zero (5.6%; 95CI11.4, 0.5).

Over the full time series (Figure 2), the annual pup counts show that there was no evidence of a decrease ir
pup production between 2001 and 2004, the period that incluilhes2002 PDV epizootic. The 2004 count

was 12% higher than the pepidemic count ir2001, andhe peak pup counts increased at around 9% p.a.
during the 10 years following the PDV epizootic before reaching a peak aroun€@034 This continued
increase in pup production since 2001 contrasted with the apparent decrease in the moult counts bbetwee
2003 and 2006 (Figures 1 & 2).

Since 2015 the pup counts have decreased significantly. The timing of the otieetetreasen pup
counts is similar to the timing of the onset of the decline in the total population moult counts (Figures 1 &
2).

Trends in apparent fecundity.

A fecundity index comprising the peak pup count (taken as an index of pup production) and moult count
from the preceding August (taken as an index of the total population) has been calculated for each year
between 2001 and 2024 (Figure 3). The moult ceufa between 2002 and 2003 due to the PDV

epizootic and decreased further to a minimum in 2006 before beginning to recover (Figure 1). However,
the pup counts increased continuously from the first post epizootic survey in 2004 (Figure 2). Thetdiffere
trajectories of the pup counts and the moult counts since the 2002 PDV epizootic means that the apparent
productivity or apparent fecundity of The Wash harbour seal population changed over the early years of
the time series.The fecundityndex shows a major increase from approximately 0.2 at the start of the
series in 2001 up to an average of 0.45 since 2B@fu(e9). The productivity index has varied but shown

no overall trend over the past 15 years, and in 2024 the ratio was similar to the previous 10 years despite
the significant drop in both the pup counts and the moult counts since 2018.

Harbour seal pup distribution

In 2024, harbour seal pups were recorded on 103 separate sites within The Wash and at Titchwell Marsh,
on the North Norfolk coast just outside The WaBlg(re4). Despite the decrease in pup count, the

number of groups was higher than the previous year, due to the fact that harbour seals appeared to be
more widely dispersed than in previous surveys, and even within some of the larger groups, harbour seals
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were more widely scattered than in previous years. The largest site contained 85 pups, and 70% of pups
were on the 25 largest sites. A total of 46 of the pup sites held only one or two pups. As a consequence of
the wide dispersion over a large numberaafcupied sites, only four sites had counts of more than 5% of

the total pup count, and less than 1/3 of the sites had counts representing more than 1% of the total.

As in previous years the majority of pups are found at haulout sites on the inner banks and tidal creeks in
the southern part of The Wash, and despite the large decrease in the courtyéhnall distributionwas

similar to previouyears. However, theelative importance of sites varies between yeanst ibis not

known to what extent these differences represent short term movements or interannual changes in
distribution. Additional data are available for multiple surveys in 2015 and 2016 and, when resources are
available, these will be examined to determaithe level of intra and inter annual changes. Although the

fine scale distribution and relative sizes of groups varies between surveys there is no clear indication of a
recentcontraction or expansion in the distribution or number of pupping sites across The Wash.

Grey seal distribution

A total of 1144 grey seals were counted on sites within The Wash in the 28/6/2024 survey. rAdangey

(980 equivalent to 85%) were counted on the outer banks at the north side of the mouth of The Wash
(Figure 5) . A total of 164 grey seals, including five groups of 10 or more, were found on banks in the inner
Wash. In 2024 the grey seals in the inner Wiaste concentrated on fewer sites than in 2023 (Figure 5).
Figure 6 shows the differences in distribution of grey seals on haulout sites in The Wash between the 2017
and 2024 breeding season surveys. Until recently large groups of grey seals wereindlgriaghe Outer

banks and there was little overlap between grey seal haulout locations and harbour seal pup sites.
However, Figures 5 & 6 show that grey seals are spreading into the inner Wash, and despite the reduced
count and the concentration of greseals on fewer sites in 2024, grey seals were present on at least ten of
the harbour seal pupping sites in the inner banks and tidal creeks, but whereas in 2023, approximately 30%
of the harbour seal pups were found on sites with at least one grey sgaléH), in 2024 only 11% of

harbour seal pups were counted on sites with one or more grey seals.

Discussion

The 2022, 2023 and 2024 breeding season survey counts for both pups and associated 1+ age classes at tl
estimated peak of the breeding season suggests that the apparent continuous increase in pup production
since the first survey in 2001 has stopped amal the peak pup counts are now clearly declining. The
absence of pup counts in 2019, 2020 and 2021 makes it difficult to confirm the timing of the onset of the
decrease, but it appears to be coincident with the onset of the decrease in moult counte-igk 2).

The 2024 pup count was 38% lower than the 2023 count, suggesting that the decline in pup production has

continued. However, the interannual variability of the pup counts means that it is still not possible to say if
the reduction is part of a continuingagual decline or represents a step change decrease.
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At present the causes of the decreases in pup and moult counts are unknown. A research program to
investigate potential causes is underway, but the importance of maintaining the time series of both
population and pup production estimates to act as a basefor such studies is clear.

The temporal pattern in the apparent fecundity index is interesting. Although there was-a well
documented decline of over 20% in the population as a result of the 2002 PDV epizootic and a continued
decline in the moult counts resulting in a total declofe>30% by 2006 (Thompsenal., 2019), there was

no apparent decrease in pup production between the pre and post epizootic counts. Between 2014 to
2018 when the moult counts reached their peak, the total population was similar to the 2084p@otic
population count. However, the estimated peak pup counts over the same period were more than double
the 2001 pup count. If the moult count is a consistent index of the total population size, then the apparent
fecundity of The Wash population increasedafactor of 2.5 since between 2001 and 2006. The

fecundity index showed no clear trend over the past 15 years. The fact that the index remained high,
despite the significant decreases in both moult and pup counts, may indicate that whatever is ¢heising
decreases is not acting through changes in fecundity.

At present we do not have information on pregnancy rates from the SEE_SMU harbour seal population.
The apparent fecundity rate reported here depends on the ratio between the moult population and the
breeding population remaining constant. Changes initidex could therefore represent either changes in
true fecundity or changes in the ratessifortterm immigration and emigration from the area. Itis not
currently possible to differentiate between these two mechanisms.

The fact that pup production varies widely and more rapidly than could be accounted for by changes in
adult female numbers (figure 2), means that there must be wide fluctuations in fecundity astudor

term immigration/emigration from the area. Telemetry data from both the English and Netherlands
populations suggests that there is limited movement between the two areas, but the data have little power
to detect such movements around the time of breeding auth.

Although we cannot differentiate clearly between these options, changes in either fecundity or
immigration/emigration rates represent a major change in harbour seal demographics and have
implications for population management. Targeted studies of suramdlfecundity 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 seals over the preceding 30 years (Vaughan, 1978; SCOS, 2002). The 2004 and 2005 distributior
were similar to the 2001 distributiosuggesting that there had been a real shift in distribution with a much
higher proportion of pups being found in the southeastern corner of The Wash. At present we do not know
why this distributional change is occurring but the results through to 2024atelthat the relative

importance of the SE corner of The Wash is still increasing.

The distribution of grey seals throughout The Wash is a potentially important factor. Grey seals are known
predators of adult harbour seals and presumably pose a threat to harbour seal pups. The presence of
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individual grey seals on several sites in the inner banks and creeks should be monitored. Any significant
increase in grey seal presence on these sheltered sites may indicate a potential new and increasing
predation risk for harbour seal pupsid breedingemales (Brownlow et al 2016).
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Table 21. Counts of harbour seal pups and 1+ age classes during the peak of the breeding season in The Wash from 2001 to 2024.
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Year 2001 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2022 | 2023 | 2024
Pups 548 | 613 | 651 | 1054 | 984 | 994 | 1130 | 1432 | 1106 | 1469 | 1308 | 1802 | 1351 | 1586 | 1289 | 1498 | 1141 | 1417 | 896
i-;l:SgeeS 1802 | 1766 | 1699 | 2381 | 2253 | 2009 | 2523 | 3702 | 3283 | 3561 | 3345 | 4020 | 4539 | 3905 | 3443 | 3747 | 2893 | 3277 | 2619
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Figurel. August moult ounts of harbour seals in The Wash and North Norfolk SAC (red) and the
total Southeast England SMU (grey) during the moult in August, between 1988 and 2023. Grey lines
show mean trend in harbour seal counts (and 95 % confidence intervals) for The Wadbrtind

Norfolk SAC and the red lines show the same for the SMU as a whole.

Figure8. Maximum counts of pups in The Wash between 2001 and 2024. The fitted line is a GAM
illustrating the mean trend in harbour seal pup counts between 2004 and 2024 (the shaded area

shows 95 % confidence intervals about the line).
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