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1 Introduction

Within this task there were six subtasks:

I MR5.1.1 Produce, publish and maintain seal usage maps with confidence intervals.

1 MR5.1.2 Determine data sparse regions.

1 MR5.1.3 Review the extent of how newrvey data affect usage estimates.

1 MR5.1.4 Classify activity between foraging and travelling usage using ssgtate
model approach.

1 MRS5.1.5 Determine environmental covariates of preference for all activity, and foraging
activity.

1 MR5.1.6 Determine ensdnmental covariates for usage preference around the UK.

1.1 Explanation of mapping usage and habitat preference
Threedifferent appraches have beearsed to predict the distribution of seals around the UK.

Usage maps based on kernaimoothing existing telem#ry data. These map the intensity of space

use based directly on locations observed from tagged aniiffadsfull usage maps also use a simple
spati al mo d e | (a 6null model 6), so t haThenalr eas
model 5 based on available telemetry and represents a fitted relationship between the intensity of
usage and the distance from shibagtout site. The model predicts a simple smooth decay in the
intensity of usage with distance, and so cannot capture the edtymf usage patterrseenin data

rich areas.Usage maps are scaled according to the size of local populations inferred from counts at
onshorehauloutsites, so that the total over the whole predicted surface should be equal to the total
seal populatin summed over the entire UK.

Usage maps based on habitat preferencélabitat preference models were developed in which
observed telemetry data were associated with explanatory variables such as sea bottom temperature,
depth and thermal stratification (these may represent processes such as biological production in the
marire environment).The models take into account the fact that the marine environment changes
regionally, and uses these relationships to predict usage in areas where telemetry data cannot be
obtained but environmental data are available at an appropriabeti@s. The models can then

predict intensity of use at sea given an underlying map of these habitat varRdgléstions of atea

usage take into account the number of seals that are observed locally, of$leci@tal over the

whole predicted sace should be equal to the total seal population of the UK.

Activity -specific preference in the North SeaTo investigate whether seal habitat preference differs
with regard to actiity (e.g. foraging¥oraging and overall habitat preference for the N@&tawvere
comparedising a subset of variableBor harbour seals there were only marginal differences between
overall and foraging preference whereas in grey seals the difference was more maged.

predictions based on foraging preference can betadedhlight important areas for these seals
foraging in the North SeaBecause they are based on foraging, these preference maps are not
analogous to usage but represent the percentage of foraging sealegtedietin each cell at any

one time. Thetotal over the whole predicted surfasiems tal00%
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2 MR5.1.1 Produce, publish and maintain seal usage maps with
confidence intervals

Jones, EL., McConnell, BJ., Sparling, C& Matthiopoulos, J.

2.1 Executive summary

Grey and harbour seal usage maps have peblishedupdated to incorporate data up to 2013.

2.2 Results

Seal usage maps were developed to characterise the spatial distobgtiey and harbour seals
around théJK. Subsequently, these maps were updated in 2013 to reflect additional telemetry and
survey data, and incorporate software developments GIS layers and a detailed report can be
downloaded from Marine Scotland Interaeti

http://www.scotland.gov.uk/Topics/marine/science/MSinteractive/Themes/usage

A manuscript based onighwork is currently in review(Jones, E.Let al, in pres3.

2.3 References

Jones, EL., McConnell, BJ., Smout, S., Hammond, 8., Duck, CD., Morris, C.D., Thompson,
D., Russell, DJ.F., Vincen, C., Cronin, M., Sharples, R Matthiopoulos, J.if pres$ Patterns of
space use in sympatric marine colirpredators reveals scales of spatial partitiorlifeyine
Ecology Progress Series
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3 MR5.1.2 Determine data sparse regions
JonesE. L, Smout, S., Morris, CD. & McConnell, B.J.

3.1 Executive summary

The deployment of telemetry tags on UK seals is patchy both in space and tiendatasparse
regions around the UK were identifie@his will allow future targeted regional deployments of
telemetry tags to improve in the synoptic usage maps produded MiR5.1.1.

The criteria for classifying regiorssdata sparsevere defined as

1 No telemetry data have been collected; or

1 The underlying population of seals are known to have recently increased significantly, and
although telemetry data exist, thésea strong possibility that-gea distribution may have
changed.

9 Existing telemetry data is over 10 years old and sample size of telemetry data is
unrepresentative of the seal population in an area.

Based on these criteri|commendation&ere madabout where future tagging effort should be
directed.

3.2 Introduction

The deployment of telemetry taga seals around the UK patcly both in space and timélhe
objectiveof this reports to identify datasparse regions around the UK.

Telemetry deploymas on grey seals have been carried out using SMRU tags since 1985 (McConnell
et al, 1992a). Although many hundreds of grey and harbour seals have been tagged over the past 30
years, there are regions around the Wkekelittle or no telemetry data existn addition, there have

been temporal changesthre underlying populations of both specidh¢mas 2013.onerganet al,
2007;Ducket al, 2013, and the way thatealsuse geograpmical space may alter over time

Populations of animals some areaare known to have increased considerably since the most recent
tagdeployments In these areas it is important that additional deployments are considered so that a
representative sample of the population can be tagged to capture the spatial behaviouglof
individuals that populatiotevel inferences can be drawmheanalysis below is based on identifying
regions where:

1 No telemetry data have been collected; or

1 The underlying population of seals are known to have recently increased significantly,
and although telemetry data exist, there is a strong possibility tsetalistribution may
have changed.

1 Existing telemetry data is over 10 years old and sample size of telemetry data is
unrepresentative of the seal population in an area.

To make the strongest possible inference, the entirahdKlrish telemetry datasets were analysed.

3.3 Methods

Movement data: Telemetry data from grey and harbour seals were from two types of logging

device: Satellite Relay Data Logger (SRDL) tags that use the Argos satellite system for data
transmission and GPS phone tags that use the GSM mobile phone network with a hylmed Fastl
protocol ( Argos Us er étsl, 2p0d)nTelanetryd&talwere pradess€ed n n e | |
through a set of dataleansing protocols to remove null and missing values, and duplicated records
from the analysis. Positional error, varying from 50m to @/Bkm affects SRDL telemetry points.

Errors were assigned by the Argos system to six locgtiatity classesA Kalman filterwas

developedo obtain position estimates accounting for observation error (Royer & Lutc20af.

SRDL data were first gedfiltered at 2m3 to eliminate outlying locations that would require an
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unrealistic travel speed (McConnetlal, 1992b). Observation model parameters were provided by
the location quality class errofgincentet al, 2002) and process model paraens were derived by
species from the average speeds of all GPS @S tags are generally more accuradmtS8RDL
tagsand 75% of locations have an expected error ofttessor equal to 55m (Dujost al, 2014).
However, occasional outliers were kxted using thresholds of residual error and humber of
satellites. Movement SRDL data were interpolated tbdur intervals using output from the Kalman
filter and merged with linearly interpolated GPS data that had been regulariskdupiBtervals.

Data fom 259 grey seal tags (Appendigblel) and 277 harbawseal tags were used (Appendix
Table2). Tag deploymenbccurredouts i d e e a aroultisgeseasoinse andtag deploymenteldst
on average for 4.1 months for grey seals and 3.3 months for harbour seals. Telemetry data were
primarily collected between June and December for grey seals, and between January and June for
harbour seals.

Terrestrial count data: Grey and harbour sealseasurveyed during August when harbour seals are
moulting and haubut on land for an extended peridduring standard aerial surveys all seals along a
specified coastline are counted and coordinates are recorded to an accuracy of upSargéys
takeplace within two hours of low tide when low tide is between 12:00 and 18:00 hours. (Loaergan
al., 2011; Thompsoemet al, 2005). Ground and boat count data collected by other organisations were
also used in the analysis, and all sources of data tioliesre summarised in Appendiable3.

Offshore marine renewables: Polygons of wind farms (operational, under constamtconsented,
in planning,pre-planning, and search areas), tidal turbines, wind power installations, and export cable
agreements we obtained as GIS files from The Crown Es(a@l4).

Analysis: Datasparseareaswvere identified irthreeseparate analysas: (1)areas where animals had
been observed during terrestrial count surveys but where no tagged animals haduta(@¢dreas

where telemetry data had previously been collected but where significant increases in the underlying
population may have caused redistribution of animaseatand @) the only available telemetry data
wereover 10 years old and the numbeteleémetry trips per terrestrial count was less than Dtikese

were arbitrary thresholds, chosen so that a visual assessmentdatdhvas possib&da reasonable
number of discrete areasuldbe chosen.

The analysis was conducted using R 3.1.2 @dlbpment Team, 2014) and maps were produced
using Manifold 8.0.28.0 (Manifold Software Lt2013). Using the seal usage map softwdescribed
in Joneset al, (2013), 5x5km haulout sites were identified from terrestrial counts

1 Ahauloutwastermeds a O6-aut & hf uho hadasieg thatsite,ni mal s
according to the telemetry data.

Y Hautbout s that had been visited by toawtgsed. an

Seals move between different hauwit sites.If an animal had nevdreen to a haubut
with associated terrestrial data during the time it was tagged, count information was

assigned from the nearest hault based oiuclidean distance I ndi vi dual an

movements asea were divided into trips, defined as the sequence of locations between
defined haubut events and each location in a trip was assigned to -@btsite. The

number of trips associated with each telemetry-oatwa s cal cul at ed, and

seal 6 was derived by dividing the number

Once specific dataparse areas were identified for future tag deployments, a recommended number of
tagswascalculatedor each areaThis was based on the numbers of surveyed animals, tagged

animals and trips in areas where data were considered adequate to estimate usageTbustly.
estimated minimum number of trips needed per seal observed during surveys wasldeipatper

seal
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3.4 Results

3.4.1 Grey seals

Figure3.1 shows 259 grey seal tracks from telemetry deployments between 1991 andvi20i,3.
terrestrial count locations haverseys from multiple years associated with them and so only the most
recent count is shownAlthough telemetry deploymehtcations are localised, there is googeh
coverage of telemetry data around the UK due to individual grey seals travellingiegees.

1 Datasparse areas were selected visually where there @jagee@ter than around 100
animals associated with the null hawit(s), andlf) few telemetry data in the vicinity of
the null hawoutsE) (Figure 3.):
§ West Shetland (Papa Stour), which is around 40km theAegir wave power
installation currently in development.
§ Southwest coast of Orkney (Scapa Flow and Pentland Skerries in the Pentland
Firth), an area where there are a number of wave and tidal geneit being
built or at planning phase.
& Inner Moray Firth, east Scotlantthat is close to consented offshore wind farm
developments.
§ Ards Peninsula and Strangford Lough, Northern Ireland, which are close to the
Strangford Lough tidal development, and pienned Mull of Galloway tidal
array. This is an area where few telemetry data have been collected.

1 Donna Nook and Blakeney Point, East Angtiad telemetry deployments in 2005.
However, the grey seal population in this area has increaathtically in recent times
(pup production increased 15% from 2,566 in 2010 to 3,359 in 2012 (SCOS, 2013)), and
they are in close proximity to many planned and operational offshore wind (faiguse
3.2.

1 Only 30% (77 of 259 animals) of telemetry dgphents have occurred since 2006, so
additional datassparse regions were selected whayall telemetry data in the area were
more than 10 years old, arg) there were less than 0.1 trips per sEayre 32):

§ Moray Firth east Scotlan(Brora to Lossmouth)is close to four consented
offshore wind farm developments (Beatrice, Z1 Stevenson, Z1 Telford, Z1
MacColl) and Beatrice demonstrator site.

§ East Ireland (Lambay Island)he nearest offshore renewable developments are
around 100km from this area.

§ Scroby Sands, East Angii®in direct proximity to the operational Scroby Sands
offshore wind farm, and is also close to many other planned offshore wind farms.

3.4.2 Harbour seals

Figure 33 shows 277 harbour seal tracks from deployments between 2003 andAdbitigigh a
comparabl e number of tags have been depduwtysed
for harbour seals because theisat and otand spatial distributions adifferent from grey seals:

they primarily stay within 50km of their haalt sites (Jonest al, in pres$, and haubut in less
aggregated groups.

91 Datasparse regions identified for harbour seals are:

§ Central mainland Shetland (east and west coagt&re therare fewtelemetry
data particularly on the west coast and the area is close to the Aegir wave power
installation currently in development.

§ SouthwestOrkney (Scapa Flow), an area where a number of wave and tidal
developments are being builtatrplanning phase.

§ Summer Islesporthwest Scotland where there diesv telemetry data within
50km of the areaHoweverthere are no planned offshore marine renewable
developments within 100km.
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§ South Uist, Outer Hebride®/est Scotland and Inner Hebr&d@rom southern
Skye to Isle of Mull),and Donegal Bay and Carlingford Lough, Ireland, where
there ardew telemetry data availablélowever, there are no offshore marine
renewables planned in the vicinity.

§ No areas where there have been large increases in the population that may result
in atsea redistribution (and where contemporary tags are not available) were
identified.

1 For harbour seals, over 70% of telemetry data have been collected since 2006 (Figure
3.4). The only datesparse region where tags were deployed more than 10 years ago
(2003)is Shetlandand there were less tha.1 trips per sealvhich shows that a small
sample of the population were taggétdbwever, since that time the harbour sealnto
has declined by 38% from 4,883 during the 22005 census to 3,039 during the 2007
2012 census (Duo#t al, 2013).
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Land
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Figure 3.1. Grey seatracksshowing: existing historical telemetry locations (purple), terrestrial moult counts of
null hautout sites (blue), and offshore marine renewable installations (grey and black). Recommended areas for
future telemetry deployments are shown outlined in black
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Figure 3.2.Recommendations for future tagging effort for grey seals (black outlines) based on the age of most
recent telemetry deployment (red>10 years), and trips per seal (<0.1), & or no more recent telemetry

data are preseint the area.ln addition, Donna Nook and Blakeney Point have been identified as areas where
future telemetry tagging effort should be concentrated due to the recent increases in population at these sites.
Recommended areas for future telemetry deployments are shdlivred in black.
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areas for fture telemetry deployments are shown outlined in black.
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3.5 Recommendations

Specific areas that could benefit from additional telemetry taggingringtised below (&bles 3.1

and 32). A recommended minimum number of tags was estimated by calculla¢iryérage number

of trips per individual seal by species (based on telemetry locations from 259 grey seals and 277
harbour seals)Terrestrial counts were aggregated for each area of interest, using the most recent
count available for each haouit. Theaggregated terrestrial count was then divided by the average
number of trips per seal to give a recommended estimate of the minimum number of tags required.

3.5.1 Grey seals

Table 3.1 Summary of recommended tagging areas for grey seals.

Area Site Reason for selection Proximity to Minimum #
description Data Population | Non- renewable recommended
sparseness | increase contemporary | developments | tags
data
West Papa Stour | P P 4
Shetland
South Scapa Flow | P P 10
west & Pentland
Orkney Skerries in
thePentland
Firth
East Inner Moray | P P 5
Scotland | Firth
Moray Firth P P 8
(Brora to
Lossiemouth)
East Donna Nook P P 39
Anglia & Blakeney
Point
Scroby Sands P P 4
Northern | Ards P P 4
and East | Peninsula &
Ireland Strangford
Lough
Lambay P @) 3
Island
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3.5.2 Harbour seals

Table 3.2 Summary of recommended tagging areas for harbour seals.

Area Site Reason for selection Proximity to Minimum

description renewable number of
Data Population | Non- developments | recommended
sparseness| increase contemporary tags
data

East and P P P 14

west

Shetland

South Scapa Flow | P P 6

west

Orkney

North- Summer P P 10

west Isles

Scotland

Outer South Uist | P @] 15

Hebrides

West Southern P @] 58

Scotland | Skye to Isle

andinner | of Mull

Hebrides

East Donegal P O 8

&west Bay

Ireland Carlingford | P @] 4
Lough

3.6 Discussion

A total of eightsites for grey sealindsevensites for harbousealswere identified as data sparse
regions where future tagging effort should be focusgggtommendations for the number of tags
required are provided.

The assumptions made for this analys@ude

1 Thetelemetry data are representative of the population, specifically in terms of sex and

age.

1 Animalsstay where they are tagged and make maeltipturn trips to the area.

The recommended numbers of new tag deployments were based on attaining a 0.1 ratio of telemetry
trips tocounts. In some cases this techigh numberswhichmay not be practicable. However these
numbergdo provide assistande prioritizing area for future data collection.
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3.9 Appendix

Table 1. Summary of grey seal telemetry deployments by year (taken from doalesn press.

Year Tag type Number of Sexratio Age Mean tag

tags (m:f) (adult:pup) lifespan

(NA = (days)
excluded)

1991 SRDL 5 4:1 5:0 106

1992 SRDL 12 8:4 12:0 107

1993 SRDL 3 1:2 0:3 59

1994 SRDL 4 2:2 0:4 59

1995 SRDL 21 15:6 15:6 92

1996 SRDL 20 8:12 20:0 59

1998 SRDL 14 10 :4 14:0 119

1999 SRDL 6 4:2 0:11 75

2001 SRDL 11 7:4 10:10 140

2002 SRDL 20 119 24:0 110

2003 SRDL 24 14:10 31:0 120

2004 SRDL 31 14 :17 11:0 146

2005 SRDL 11 5:6 2:0 155

2006 SRDL 2 1:1 19:0 66

2008 SRDL/GPS|10/9 9:10 7:5 186

2009 GPS 12 2:10 4:26 180

2010 GPS 30 13:17 3:0 128

2011 GPS 3 3:0 3:1 109

2013 GPS 11 10:1 3:3 164

TOTAL Mean=259 | 141:118 | 183 : 69 Mean=12

Table 2. Summary of harbour seal telemetry deployments by year (taken fromelades press.

Year Tag type Number Sex Age Mean tag
of tags ratio (adult:pup) lifespan
(m:f) (NA = (days)
excluded)

2003 SRDL 26 11:15 26:0 161
2004 SRDL 29 15:14 29:0 116
2005 SRDL 21 12:9 21:0 94

2006 SRDL/GPS|25/30 36 :19 51:0 90

2007 SRDL/GPS|1/8 5:4 6:0 108
2008 GPS 15 14:1 0:0 129
2009 GPS 10 3.7 10:0 84

2010 GPS 10 8:2 10:0 92

2011 GPS 31 22:9 31:0 96

2012 GPS 68 40 :28 68:0 77

2013 GPS 3 2:1 3:0 56
TOTAL Mean=277| 101:81 | 255:0 Mean=99
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Table 3. Summary of grey and harbour seal terrestrial surveys. Unless specified otherwise in the description, all

surveys took place during August (taken from Jaeted, in pres3. *SMRU aerial surveys were completed in
2011 in Northern Ireland and 2011 and 2012 in the Republic of Ireland. These were not incorporated in this

analysis
Area surveyed Method Description Data used
Scotland Aerial survey (helicopter) | Both species suryed 19962013
approx. every b years
using SMRU protocol
Moray Firth, Firth of Aerial survey (fixedwing) | Both species surveyed | 19962013
Tay, Donna Nook, The annually using SMRU
Wash in East Anglia, and protocol
Thames estuary
Chichester and Ground counts through Harbour seals surveyedq 19992012
Langstoneharbour Chichester Harbour annually
Authority
Cornwall and Isles of Boat survey (Leenegt al, | Grey seals surveyed in| 2007
Scilly, southwest 2010) April
England
Isles of Scilly Ground countgSayer, Grey seals 2010
Hockley & Witt, 2012)
North Wales Ground counts (Westcott § Grey seals counts 2002, 2003
Stringell, 2003) extended over 12
months
Skomer Island, West Ground counts Adult grey seals 2013
Wales
Ramsey Island, West Groundcounts Grey seals 20072011
Wales
Northern Ireland Aerial survey (helicopter) | Both species surveyed | 2002*
using SMRU protocol.
Strangford Lough, Aerial survey (helicopter) | Both species surveyed | 2006, 2007,
Northern Ireland using SMRU protocol. | 2008 and
2010*
Republic of Ireland Aerial survey (helicopter) | Both species surveyed | 2003*
using SMRU protocol.
Northern France Ground counts with Harbour seals surveyed 19962008

extrapolation (Hassaei
al., 2010)

annually.
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4  MR5.1.3 Review the extent of how new suey data affect usage
estimates

Jones, EL., Smout, S& McConnell, B. J.

4.1 Executivesummary

Currently {n theMR5.1.1task survey count data are averaged over the historical duration of data
collection within each 5km cell. Thus recent surgeyntsin regions that have been frequently
surveyed will have lesser influence on the usage itigpsecentcounts in areas where surveys have
not been frequent

This situation could be improved by modelling recent regional triencisunts, such that predicted
maps ofusagecan be produced at all sites for current or recent years.

4.2 Introduction

Terrestrial surveys of grey and harbour seals are carried out in August, approximately®yeard
in areas where the majorit§ grey and harbour seals hauit (i.e. Scotland and east England). At a
broadscale (i.e. UKwide), the spatial distribution changes little when new data are incorporated
because historical counts are currently averaggdoducehe usage mapdhis method aptures
only longterm changesithesize of localpopulatiors and is not sensitive to rapid local change

4.3 Methods

If greater sensitivity t@ehanges inerrestrialcountsis requiredthen the timeseries countlatafor

each haubutcould be used to estimate current population am®rding to the following protocol:
dependent on the amount of count data at eachcudittendmodels could be implemented to
predict the current (2014) population at datd sites (where many years of data were available)
Population averaging codistill be used at dafaoor sites that were surveyed infrequently. This
robust method would allow recent terrestrial counts to have a greater weighting when estimating
population size at dataich sites Therefore, changes in the population over a radtishort time

(e.g. 23 years) would become apparent.

4.4 Results

Figure3.1 shows the effect of the updated methodology on the existing grey and harbour seal maps.

When the maps are used to delineate smaller areas of interest (e.g. by offshore retesekdgers),
therecanbe notable changes in the predicted population sizes in thoseFoeagzamplearound
Orkneythe harbour seal population estimate will decrease and the grey geddiian estimate
would increase using the updated methodologgugethe current one

4.5 Discussion

Forlongt er m management, it may be preferable to
space in order to obtain robust estimates (current methodology). However it may also be useful to
implement the alternative tré#based methodology explored here, which is more sensitive to short
term change, in order to highlight changes ises usage associated with areas of rapid ongoing
population change that follows a consistent trend, such as the growth in the grey skeiopogt

Donna Nook.
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7 ; 3

Grey seal population estimate Harbouwr seal population estimate

¥ ¥

Harbour seal standard deviation

Figure 4.1. Areas wher@rey or harboupopulation estimates and standard deviation will increase (blue) and
decrease (red)s a result of changing the population estimation methodology in the usage maps from historical
averaging to contemporary population estimates.
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5 MR5.1.4 Classify activity between foraging and travelling usage using
a statespace model approach

Russel] D. J.F.

This work, cefunded by DECC, is published Ecology(McClintock et al, 2013)and is in press in
Oikos(Russellet al, 2015) The work is summarised below, in part using extracts from these papers.
For more information please refer to these papers.

5.1 Executive summary

From telemetryagsdeployed on 63 grey seals and 126 harbour behlavioural and movemedata

were usedvithin a Bayesian statepace model (SSM), to define populatiemel activitybudgets

around Britain. Hav time spent in four states (resting on land (hauled eg)ing at sea, foraging and
travelling) was influenced by seasonal, intrinsic and extrinsic covaviaegxaminedt was found

that a substantial proportion of time was spent resting at sea, when underlying habitat may be of little
importance or unraked to foraging, highlighting the potential problem of using all location data to
define habitat preference in seals.

There are two key limitations this approach. Firsit wasfound that for 20% of the harbour seals,
only one diving state was deéid. This is likely to be because harbour seals exhibit shorter trips than
grey seals, and segments of travelling and foraging are likely to last under Satodinswas the

interval considered here #tlow the lower resolution Argadata to be includedThe second issue is
that tidal currents may lead to unreliable moventmrsed classification of foraging and travelling.

Due to the potential magnitude of this problem in areas of high tidal energy, all tags on individuals
thatspent the majority of timia an area of high tidal energy (e.g. Pentland Fisthre excluded In
taskMR5.1.5(in this Repor} two improvements to deal with the above defined limitatiaase
implemented

5.2 Introduction

Outwith the pupping and moulting seasons, both greyhangbur seals make foraging sipp sea
interspersed with hawduts on land. Their foraging trips are typically characterised by travel to, from
and between localised areas in which area restricted search, and presumably, tafeptare
(Thompsoret al, 1991, 1998) Seals dive to both forage and traeld spend extended periods of
time on the surface (hereafter referred to as resting at sea) in inshore waters when haakbdil

sites are unavailabl@hompsoret al, 1991) In previous studies on grey se@seedet al, 2009;

2011), movement data within stagpace models were used to divide foraging trips into foraging and
travelling sectionswhere direatd movements were associated with travelling behaviour and tortuous
slow movements were associated with foraging behaviour. They excluded all actikity 248t km

of land to avoid miglassifying inshore resting behaviour as foraging. Such boundariesematyin

an underestimate of inshore foragifitnompsoret al, 1991) which isespecially important for

harbour seals that have a coastal distribytigtn some individuals staying exclusively within 10 km
of the coas{Sharplest al, 2012) Furthermore, investigation of the SMRU telemetry data revealed
that individuals of both species spend pngled periods of time stationary on the surface of the water
offshore. Using only movement data, suchahébur would be miglassified as foraging behaviour.
Thus a frameworkvas developeth which both behavioural and movement data could be used to
classfy complete activity budgets encompassing four hierarchical states: (1) rest{2ydiving and
then within each of these categories as (1a) resting on lanédloa), (1b) resting at sea (non

diving), (2a) areaestricted search behaviour whiefasdefined as foragingand (2b) faster

movements with lower turning angles defined as travel(iMgClintock et al, 2013; Russelt al,

2015).
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5.3 Methods

5.3.1 Data

Data from telemetry transmitters deployed on grey anbldua seals in Britain between 1991 and
2008(Matthiopouloset al, 2004, and between 2001 and 20Bharpleset al, 2012) respectively

were usedThe tags used included both Sea Mammal ResearcliSMRU) Argos SRDL (Satellite
Relay Data Logger) tags and GPS/GSM phone tags that used Fastloc GPS (Wildtrack Telemetry
Systems Ltd). As wehs locational data, the tags also transmitted both detailed and summarised
behavioural data based on patterns of submergence as determined by wet/dry and pressure sensors.
Dependhg on the tag settings either two or Bbur summary records were availglprovidingthe
proportion of time spent engaged in one of three mutually exclusive behaviours. These behaviours
were determined ehoard the tag using sensor information and were classified as "hauled out",
"diving", and "atsurface". A haulout event ocurred when the tag had been dry for 10 minutes and
ended when the tag had been wet for 40 seconds (the start and end times were then adjusted
accordingly). Dives started when the tag was below a specified ttheetihold(1.5, 2, 4 or 6 m) for a
specified period (616 seconds) that both depended on tag settings. Dives ended when the animal
moved shallower than the depth threshold. The remaining time (not hauled out or diving) was
categorised as-aurface.

To allow inclusion of all tags, all summary datare aggregateidto six hour intervals, resulting in

four intervals in each day, beginning at midnight (GMT). Intervals were flagged as inestimable if

there was a gap of > 12 hours between the observed locations surrounding the interpolated location, or
if therewereno summary data for the 6 hour interval. Tag deployments were excluded from the study

if >50% of intervals were inestimable or if there were <10 days of dratowing these procedures,

data remained for 65 grey seals and 126 harbour segldurations were between 17 and 256 days
(median 178) for grey seals, and between 26 and 245 days (median 115) for harbour seals.

5.3.2 State space modelling approach

First, resting and divingvere definedased on behavioural thresholdsme divingwas tha
allocatednto foraging and travelling using movement data within a state space (wmgintock et

al., 2013) Through this ppcessthree latent stategere(z) for time intervald = 1,..N: resting (z=

R) , foraging (z= F), and travelling (z T). The behavioural data used to classify resting were the
combined proportion of a time intervadpent hauled owndat the sirface ) vs diving (4. Itis
assumd state z= Rwhenvy,:> T;. In other wordghe assumption ig:| {F,T} when ¥q4:> Tq, where
Tgis I-T..

A value of 50% could not be used as the threshold because the activity of diving must include a
surface breathing overhead but in the summary data this overhead is includedrfac behaviour.

To obtain a thresho)dlatawere extractedn the propoibn of time spent diving in summary intervals
from GPS tags from which most summary intervals were transmitieere was little individual
variation in the maximum proportion of time spent diving with medians of 88.8% for both grey and
harbour sealghus the surface overhead (minimum time above the depth threshold) associated with
diving was estimated as 11.2%ased on a majority rule, the threshold for an interval to be assigned
to diving was half of the maximum that could be spent under the deptihthd and thu$qs = 0.444
andT, = 0.556. Diving states were assigned to foraging or travelling based on step distance (the
distance travelled during the 6 hour intenga);ard b e a r The distripufion of step length and
bearing for restingtatesvas defined The movement and behavioural data therefore relate to the
latent states ashownin Figure5.1.
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Figure 5.1. Structure of how the dataeused to estimate whether an interval is resting, foraging or travelling.

Following McClintock et al, (2013) it wasassumedhatstep distance (s) would be longest when
travelling and a Weibull distributiowas usedvhere the statspecific scale parameter was

constraineda . >g,. Forthebearing (0) a wr appsassunedimedieps di st r i

with w;  >T, were assumed to be equally likely to have been travelling or foraging states, and

incorporated Amemory" i ntJjo)as dfiestordet Matkev process.nsi t i on

For any flagged intervals, due to missing activity data or unreliable location data, state assignments
were based entirely on the Markov property of the state transition probabilities and were excluded
from further analysis.

Adopting a Bayesian perspeatifthe statespace modelas fittedusing a Markov chain Monte Carlo
(MCMC) algorithm written in C (adapted fromcClintock et al, 2013) Data from each seal were

run individually with twochains starting at different initial values with a burn in of 50,000 iterations.
Convergence was judged by visual inspection of the chains and using the Gelbiarfgbr)

statistic. Usually 50,000 iterations were used for the posterior distributionS®000 more iterations
were run if the gbr statistic was not 1.0.

5.4 Results

All harbour seals deployments (n=12&re usedo assign resting on land, resting at sea and diving
butit wasfound that only one diving state was identified in 20% of individugbscluding this 20%

when examining travelling and foraging in harbour seals may have resulted in bias in describing the
population level behaviourThus, only foraging and travellirggparately in oneegion (®utheastern
Scotlandwere consideredyhere there ar defined foraging patches (Fig&w2) and 28 of 30

individuals demonstrated both foraging and travelling staleg diving states were identified in 63

of 65 grey seals. i&en that exclusion of two individuals should result in minimal bias, full activity
budgets for 63 grey sealgere examined Example graphical results are shownd gey and harbour

seal (Figure 2).
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Figure 5.2. An example of a track characterised into foraging, travelling, resting on land and at sea for a grey
(a) and harbour seal (b).

Activity budgetsavere also examinedith regard to covariates: day of year (DOY), sex, age, time of
day (TOD: four 6 hour inteals), region, and tag dive depth threshdlthese were all input as factors
with the exception of DOY which was included as a continuous covalttatasfound that all
considered covariates significantly influenced activity budgets of both spedieginie spent
foraging and travelling varied with time of year in both speciesutEsdp.3 and5.4).

(a) GREY SEAL adults (b) GREY SEAL adults
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Figure 5.3. The predicted probability of foraging (a) and travelling (b) in adult grey seals with regard to tim
year. The solid lines show the median predictions and the dotted lines, the 95% confidence intervals. The
indicate the data coverage usedit¢the models
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(a) HARBOUR SEAL adults (b) HARBOUR SEAL adults
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Figure 5.4. The predicted probability of foraging (a) and travelling (b) in adult harbour seals with regard to
of year. The solid lines show the median predictions and the dotted lines, the 95% confidence interuads. T
plots indicate the data coverage used to fit the models.

5.5 Discussion

A model was successfully developed which alloweziquantificatiorof the proportion of time spent
resting on land, at sea, foraging and travelliAgsubstantial proportion of tim@as found to bepent
resting at sea (>10%) and that, at least in some individuals, some of this time is spent offsisore.
resting behaviour within trips highlights the importance of considering activity budgets tctander
foraging effort. Indeed, regional patterns in traditional indicators of foraging effort (Shapéds

2009) such as trip distance and duration did not align with the indicators (time spent diving) used in
this study. Finally the substantial pportion of time resting at sea, when underlying habitat may be of
little importance or unrelated to foraging, also highlights the potential problem of using all location
data to define habitat preference in se#tstaskMR5.1.5 (in this Report}his was examined by
guantifying and comparing the habitat preference of grey and harbour seals defined using all locations
and only foraging locationsThis allowed key foraging areas to be predicted.

There were foumajorfindings from analyses of theaetivity budgets(1) there waso evidence that
regional variation in foraging effort was linked to regional population trajectories in harboyr(2gals
grey seals demonstrated sepecific seasonal differences in their activity budgets, independemt fr
those related to reproductive cog$® in thetwo species there was evidence of temporal separation in
time hauled out, but not in time foragirand(4) in both species, time spent resting at sea was
separated into insie (associated with tidal haaut availability) and offshore areas. Time spent
resting at sea and on land waterchangeabl&o some extent, suggesting a degree of overlap in their
functionality.

Further intensive behavioural studies are required to assess whettiedings regading temporal
haulout segregation are a result of tempaeiregation of a resource (hauwit site) or caused by
differing drivers to haul out in these two species. In the éorcase, differing diurnal haolut
patterns for harbour seal populations fregibut at mixed and single species haul out si&sld be
expectedSuch information is required in orderdnderstand the drivers of hamlit behaviour in
seals and to interpret dual species surveys used to monitor population trengsitieegoé speies at
mixed hawlout sites would undermine scalars used tovea counts to population size.

There are two key limitations this approach. Firsif wasfound that for 20% of the harbour seals,

only one diving state was definedhis is likely to bebecause harbour seals exhibit shorter trips than
grey seals, and segments of travelling and foraging are likely to lastaixtdenrs which was the

interval considered here to allow the lower resolution ARGOS data to be included. The second issue
is that tidalcurrents may lead to unreliable movembased classification of foraging and travelling
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(Gaspaet al, 2006) Due to the potential magnitude of this problem in areas of high tidal eadrgy,
tags on individualshatspent the majority of time in an area of high tidal energy (e.g. Pentlanyl Firth
were extuded In Russell (2015)two improvementsvere implementetb deal with the above

defined limitations. Using only the higher resolution GPS data, activity budgetsconsideredn a
finer temporal resolubin (twohours). The tidal vectorsvere also deleteffom the track of each
individual to get their active movements in the water and rerun the activity budget model allowing
more accurate classification of foraying intervals and thus activity budgets.

5.6 References

Breed, G.A., Bowen, W& Leonard, M.M.L. (201) Development of foraging strategies with age in a
long-lived marine predatoMarine Ecology Progress Ses,431, 2674 279.

Breed, G.A., Jonsen, I.D., Myers, R.A., Bowen, & eonard, M.L. (2009), Segpecific, seasonal
foraging tactics of adult grey sealdalichoerus grypugrevealed by statepace analysig€cology
90, 3209 21.

Gaspar, P., Georges;Y., Fossette, S., Lenoble, A., Ferraroli,&Le Maho, Y. (200pMarine
animal behaviour: neglecting ocean currents can lead us up the wrondPtaadedings of the Royal
Society BBiological Science73 2697 2702.

Matthiopoulos, J., McConnell, B.J., Duck, & Fedak, M.A. (2004) Using satellite telemetry and
aerial couts to estimate space use by grey seals around the British Isles. Journal of Applied Ecology,
41, 476 491.

McClintock, B., Russell, D., Matthiopoulos, & King, R. (2013 Combining individual animal
movement and ancillary biotelemetry data to investigapjationlevel activity budgetsEcology
94, 838 849.

Russell, D., McClintock, B., Matthiopoulos, J., Thompson, P., Thompson, D., Hammond, P., Jones,
E., MacKenzie, M., Moss,.& McConnell, B. (2015Intrinsic and extrinsic drivers of activity
budgetsm sympatric grey and harbour se&¥kos in Early View.

Russell, D. JF. (2015)Activity classification using state space modelliBga Mammal Research
Unit, University of St Andrews, Report to Scottish Government, no. RS Andrews 10pp.

Sharpes, R.J., Moss, S.E., Patterson, T&Hammond, P. (20)ZSpatial Variation in Foraging
Behaviour of a Marine Top Predatéthoca vituling Determined by a Larg8cale Satellite Tagging
ProgramPloS one7, e37216.

Thompson, D., Hammond, P., Nichol&sS. & Fedak, M.A. (1991Movements, diving and foraging
behavior of gray seal$i@lichoerus grypusJournal of Zoology224, 223 232.

Thompson, P.M., Mackay, A., Tollit, D.J., Enderby&Hammond, P. (19987 he influence of body
size and sex on the claateristics of harbour seal foraging trig@ganadian Journal of Zoology6,
1044 1053.

Page28 of 49



At-sea usage and activity

6 MR5.1.5 Determine environmental covariates of preference for all
activity, and foraging activity
Russel] D. J. F.

6.1 Executivesummary

Traditionally habitat preferen@nalyses consider all available location data (MR». lH®wever,
habitat preference of seals may differ with activity, e.g. foraging versus travellimg was
investigated for harbour and grey seals in the North Sea, by quantifying habitat prefisiegdé)
all atsea locations and (2) only foraging locations (definad$kMR5.1.4in this Repoft The
following covariates were considmt: geodesic distance from hanult site, depth, winter/spring sea
surface temperature (SST) and sediment (pgage gravel, mud and sand); their influence was
allowed to vary depending on the sex of the seal.

For grey seals, the covariates retained differed between the models including all locations (overall
model) and only foraging locations (foraging model)adidition to geodesic distance, percentage

gravel and SSTit wasfound that depth and percentage mud was also retained in the overall and
foraging models, respectivelfzor harbour seals, all covariates (except percentage sand) were
retained in both model In general, for both species, the shape of the relationship between covariates
and usage was similar in the overall and foraging moddtiough the spatial predictions of overall

and foraging usage were broadly similar in grey seals, there apped®dnore fine resolution

variation in the predtions from the foraging model.

For harbour seals, the predictions from the foraging model showed a more restricted range of high
coastal usage than from the overall model, especially in the Thames. Wiellingdabitat

preference, considering all locations rather than only foraging locations, appears to be# trade
because including all locations results in a higher sample size but may result in the masking of some
relationships and the retentionofwca r i at es whi ch may not actually di
grey seals, there are some key differences between overall and foraging prefecdratgyas a

result of their relatively long trips and thus spatially distinct travelling and foragiag al herefore,

the most accurate quantification of foraging preference would result from using only foraging
locations. In harbour seals which have much shorter trips and may switch more frequently between
foraging and travelling, using overall prefece may be more sensible as the higher sample size
results in tighter confidence intervals.

6.2 Introduction

Habitat preference describes where an animal chooses to be, given its accessible envitdsingent.
all locations in habitat preference modelling (Agrtset al, 2008)assumethat preference is
independent of activity state. If preference differs when, say, travelling and foraging, such clumping
of activities risks multimodal activityspecific preferences being masked and the resulting estimated
Apreference o0 envaopmentaq prefesred nvhen aitiner foragingravelling.

Furthermore, asentratplaced foragers, seals start and end foraging trips on land asyokettiéic

habitat which they travel through may not be important but may be correlated with certain
environmental variables, such as distance to coast and depth. Using SMRU telemetry data, two
analysesvereconductedn both grey and harbour sedlsst all atsea locations (foraging, travelling
and resting at seajere usedo determine their overadit-sea habitat preferen¢@artsetal., 2008)

and second the foraging locations classified using aspaige model based on behavioural and
locational datavere useqRussellet al, 2015. In this stdy there werdwo questions (1) can non
activity specific location dathe used to represent foraging preference, (2) what spatial areas are
predicted to be khly preferred and how is thi¢fected by species and whether only foraging or all
at-sea loations are considered.
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6.3 Methods

Thedataused camérom telemetry transmitters deployed on grey and harbour seals in the UK
between 1991 and 2008 and between 2001 and 2011, respedtioelhis study only seals hauling
out in the North Sea as defined by the International Committee for the Exploration of our Seas
(http://www.ices.dk) were consideredThis resulted in a sample size of 33 grey andarBdur

seals. Behavioural and locational data were used to assign intersadfiodirs to four states: resting
on land, resting at sea, foraging and travel(iRgsselletal., 2015. For 12 of the harbour seals,
diving could not be split into foraging and travelling states. It is likely that for these 12 individuals,
foraging and travellig bouts often lasted less than kours and thus foraging and travelling could
not be diferentiated at this resolutiot wasassumd the diving intervals of these 12 animals either
represent some exploratory foraging states or largely represent foragi@geriod from the start of
the breeding season and the end of the mausason (Septdrar to midApril for grey seals and

June to September for harbour sealsje excludedor three reasons: (T)assification of states may

be less reliable in the breeding season due to the presence of additional behaviours associated with
breeding such as displayingvhich may be wrongly assigned to foraging andh@)itat preference
may differ during the breeding season #mele wasot sufficient data to look at seasonal changes
and(3) the tags fall off during the moult so few data available.

A grid at a resolution of 5 by 5 km was generated and the locations used in the analyses (the
interpolated miepoint of eactsix hour interval) were assigned to a grid célue to the importance

of accessibilityit was only possible tmclude atsea intervals if theirriginating and destination haul

out site was knownThe greatest geodesic, around lagidiance between a hamlit site and an at

sea locationwas calculatedbr each species: 348 km in grey seals and 328 km in harbdsir 3ées
distance was assumed to represent the maxianaessible distance from a hawit site and was used

to generate buffers afccessibility around each hautlt site. Telemetry data are by nature presence
only data; thus to quantify the area avdiaio the study seals pseudbsenceseregeneratedAarts

et al, 2008) Ten pseudabsences for each presence within the accessiblevareajyenerated

These absence data can be thought of as representative sample of points from the area that is
accessible to the animals, and therefas a means of communicating to a model the contrast between
the environment actually used by the animals and the environment that is broadly available to them.
Distribution was modelled as a binomial process (0 as ps#sknce and 1 as presence) as

function of environmental covariates.

6.3.1 Environmental data

Six environmental covariates (TalBel) known to affect the distribution of seals or their preye
consideredWright, Jensen & Tuck 2000; Aars al, 2008) geodesic distance, depth, sediment (%
gravel, mud, sand), winter/spring sea surface temperature. All environmental data were gridded at the
resolution at which they wemvailable and the presence/pseudo absence locations were overlaid onto
this gridallowing environmental data to basigredto each locationWinter/spring sea surface
temperature affects recruitment of a key prey species of seals (saAdeets®& Ruxton 2002and
subsequently the breeding success of top pred@mederikseret al, 2005) The mean combined
winter/spring sea surface temperature (SST) over a 15 year period20@90was used to reflect the
spatial variation in SST.

6.3.2 Modelling

Generalised additive models (GAMsgre usedo allow nonlinear relationships between the
covariates and the probability of presence. Ideally, to fit habitat preference models, a mixed effects
model would be used to take into account theindependencef data within individuals. However,
telemetry data within individuals are often serially correlated whereas the accompanying pseudo
absence data are not; such a data structure is difficult to model within a mixed effect framework.
Instead 5-fold crossvalidation wasusedfor model selectionwhich is robust to both the effects of
individual and serial autocorrelatioin 5-fold cross validation the data are divided up (by individual)
into five segments, and each combination of four segments are dgdddonodel and the remaining
segment of data is used to test the predictive abilithe model. Forward model selection was
carriedout based on the mean negative log likelihood across-th&ls. Importantly, as well as for
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the covariatethemselves, model selection was required to govern the flexibility (wiggliness) of the
relationship between covariates and the probability of presence becaufitinggitoo much
wiggliness) could occur due to thdificially enlarged sample size asesult of noAndependent data
points. Increasing degrees of freedom in a smooth is associated with increased flexibility, the
individual covariatesvere offeredn the form of one (linear relationship), four or siegrees of
freedom. If covariates weretained, interactions with sex were offered for the covarages
preference may differ between sexes. Sediment was made up of three components which summed to
100%. Percentage sand was highly correlated with the other two components and so although al
three covariates were offered to each model, if either percentage mud or gravel was retained,
percentage sand was no longer offered for inclusion in the mddedvoid issues of artificially tight
intervals forthe predictions due to the residual augelation within individualsthefinal model
predictions were generated using farametric bootstrapping by individual (n=1000).

For each species this modelling was conducted (1) usingssbabcations including resting,
foraging and travellingand (2) using only foraging locatiorexcept for 12 harbour seals for which
only one diving state was define albdiving intervals were included.

6.4 Results

Table6.1 shows the covariates that were retained, their flexibility (degrees of freedom) and if an
interaction with sex was retained in the model. The median deviance explained across the 5 folds is
also shown for each model. Deviance explained was marginally higherfardagamngcompared to
overallmodels. The shapes of these relationships frafotiagingmodel are shown in Figurésl

and6.2. For grey seals, the covariates retained differed betweavénallandforagingmodel. In

addition to geodesic distance, percentage gravel anditS&isfound that depth and percentage mud
werealso etained in th@verallandforagingmodels, respectivelyFor harbour seals, all covariates
(except percentage sand) were retainadyeneral, for both species, the shape of the relationship
between covariates and probability of presence was similar ovérallandforagingmodels.

Table 6.1. Retained covariates, their flexibility (degrees of freedom: dof) and whether thegchets with sex.

For each model, the median deviance explained across the five folds of data is also shown in brackets. The
order in which covariates were retained by model selection, a measure of their relative importance, is also
shown with 1 being thérst covariate retained.

Covariate Grey seal Harbour seal
At-sea (41%) Foraging (42%) At-sea (67%) Foraging (68%)
Order | dof | Sex Order | dof | Sex Order | dof | Sex Order | dof Sex
Geodesic 1 6 - 1 6 - 1 6 yes 1 1
distance
Depth 4 6 - - - - 2 6 yes 2 6 yes
Winter/spring | 3 4 - 3 4 - 4 1 yes 5 1 yes
SST
Gravel (%) 2 4 - 2 4 - 5 6 yes 3 6
Mud (%) - - - 4 6 - 3 4 - 4 6
Sand (%) - - - - - - - - -

6.4.1 Grey seals

In theoverallmodel (Figure 61), depth was retained with preference for shallower defths

result was expected since to go on foraging trips, seals have to depart from and return to land
(depth=0). Furthermore, they spend prolonged periods of time rastimg shallows near titthaul
out sites. Depth was not retained theforagingmodel,probablybecause grey seals can dive to the
seabed in most places in the North Sea so depth does not affect where they choose tarfotiage.

Page31of 49



At-sea usage and activity

covariate, percentage mud, was only retaingtieforagingmodel; foraging in areas of low
percentage mud was preferrethe presence of mud may hinder seal foraging efficiéBoyenet
al., 2002)and it is not the preferred habitat of their key sandeel (Wi&ight, Jensen & Tuck 2000)

(@) (b)
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Figure 6.1. For grey seals, the marginal relationship between covariates and probabilitggifimm the logit
link scale.

whereas th@resence of mud may not be important when travelling or resting at the surface. The
relationship between the other covariates retained and preference was similar when considering all
and only foraging locations. Tée similarities are likely to be a result of a lack of distinct preference
associated with travelling or resting. The spatial, and thus environmental, proximity of travelling,
foraging and resting locations will then result in a higher sample size asthtneased power when
considering all locations (n=4665) compared to only foraging locations (n=2573).

Preference gradually decreased with increasing distanceafnaml-out site, and then fell shaly

after 350 km from the hawut site. A previoustady (Aartset al, 2008)found a positive linear
relationship between percentage gravel and presprateblya result of the associated habitat
preference of their sandeel pr@yright, Jensen & Tuck 2000Here with a higher sample size of
individuals (n=79, compared to n=42), an increasing prefensasdoundor high percentage gravel

up to D%, after which preference decreased but large confidence intervals surrounded this decrease.
Preference peaked at a SST temperature of just uh@=idus, with the indication of decreased
preference at higher temperaturdisis unlikely thatthis rdationship is driven simply by the presence
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of sandeels because sandeel recruitment is negatively correlated withtBiaThei range considered
here.

6.4.2 Harbour seals

All covariates (except percentage sand) were retained in botivénall andforagingmodels(Figure
6.2). However, in th@verallmodel, sex interacted with the effect of all covariates except mud,
whereas it only interacted with depth and SST iféh@gingmodel. This difference may have been
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(© (d)
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