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Utdrattur

Sjéfuglar eru flestir langlifir, med haar lifslikur & milli ara, verda seint kynproska og eignast
fa afkveemi &ri. Flestar rannsoknir a sjofuglum hafa verid gerdar & varptima adagiessa

er adallega su ad sjoéfuglar halda sig i byggdum (kélonium) og flestir peirra dveljadtung

a hafi uti utan varptima. bekking okkar & vistfreedi sjofugla ad vetrarlagi er pess vegna afar
takmorkud.

Sumarid 2008 voru deegurritar settir a 40 fudlea skima Stercorarius skugp a
Breidamerkursandi, islandi, 16 & eyjunni Foula, Skotlandi og 24 & Bjarnareyju, Noregi. begar
deegurritarnir voru endurheimtir & sému stédum naestu 3 ar, var unnt ad finna Gt stadsetningar
fuglanna yfir vetatimann(stadsetnigar teknar tvisvar & dag) ut fra birtustigi med tilliti til
tima. Daegurritarnir skra einnig upplysingar um seltustig en ut fra peim upplysingum ma meta
hve miklum tima fuglarnir eru ad eyda i faeduotflun (a flugi) & moti tima varid i hvild (sitjandi
a sj6).Alls endurheimtus23 deegurritar med gégnum a arunum 2Q091.

Rannsokarspurningar verkefnisins voru:
1) Hvar eru vetrarstodvaskamafréa islandi, Noregi og Skotlan®i

2) Hversu mikinn tima eru skimarnir ad nota i feeduleit a vetrarsveedum sineam og
padmismunandi a milli vetrasvae®a

Vetrars/aedunumvar skipt i fimm sveedi(1) NV-Afrika, (2) iberiuskagi,(3) Biscay
fl6i, (4) austurstrond Nameriku og(5) hafsvaedid vestur af irlandi. islenskir skamar dreifdu
sér a sveedi 1, 2, 3 og 4. Skoskir fuglar hédity eingdbngu austanmegin Atlantshafsins, a
sveedi 1, 2 og 3 og fuglar fra Bjarnareyju voru & 6llum vetrarsvaeedunum. Einnig toku fimm
einstaklingar sig til og feroudust & milli vetrarsveeda veturinn Z0IH.

par sem 17 af 22 skimum héldu sig a einu akveéimarsveedi veturinn 2068009
var haegt ad finna Ut hvort munur veeri a tima i faeduleit (4 flugi) & milli vetrarsveeda. Fuglar a
Ollum sveedum virtust eyda svipudum tima & flugi fyrir utan sveedi -ANNKu, par sem
téluvert minni timi for i flug en & hinumvaedunum. Fimm einstaklingar ferdudust a milli
vetrasveeda en virtust hagnast litid & pvi ad skipta um svaedi. Undantekning a pessu var fugl
5749 sem for fra svaedi par sem miklum tima var varid & flugi, yfir & sveedi 1, par sem minni
timi for i flug og minnkd&i par med téluvert tima varid i feeduleit. betta bendir til pess ad
sveedi 1, NVAfrika, bjédi upp & hagstaedari faeedustddvar fyrir fuglana heldur en hin svaedin
og skumarnir geti pvi @markad orkukostnad sinn & pvi sveaedi yfir veturinn.



Abstract

Most sedirds have long life expectancy, high annual survival rate, delayed maturitgvand
annual productivity However, avast majority of studies on seabirds have focused on their
breeding or lifehistory parametrs during the breeding seasdihis is partly aconsequence

of the fact that most seabirds are colonial breeders and many of them hardly spend any time
on land outside the breeding seas@General knowledge orné winter ecology of seabirds
therefores limited.

In 2008, golocators were deployed adult breedingGreat SkuagStercorarius skug
at three locations; 40 at Breidamerkursandigeland 16 in Foula, Scotland and 24
Bjgrngya Norway When recapturedver thenext years, (1) the globalosition during
previous year could be calculattbdm light level readings (twice per day) with reference to
time; and (2) saltwater immersion data could be used to study foraging time activity (time in
flight) compared to time resting (sitting on the water). Tweahtge geolocators were
recaptured ovethe years 2002011.

The research questions of the project were:

1) What arethe wintering distributios of Great Skuas from Iceland, Scotland and
Norway?

2) How muchtime are they spending fioraging activity over the winter arabes it
differ between theespective winter areas?

Great Skuas from differetreeding areas spread differently between wigterters
The winterquarterswere divided into five main ared$) NW-Africa, (2) coast of Iberia(3)
Bay of Biscay(4) eastern coast of dmerica and’5) Westof Ireland. Icelandic Great Skuas
were at areas 1, 2, 3@ 4. Birds from Foulavere only observed in areas at east Atlantic in
areas 1, 2 and 3. Birds froBjgrngyawere observed at all winter areas. Furthermbve
individuals travelled between winter areas over the winter-2008.

With the geolocators, the time birds spent in foraging activity (in flight) could be
estimated and since the winter areas for individual birds were known, foraging activity could
be compared between winter areas. Great Skuas at all winter areas seem to spend similar time
in foraging except for birds at Area 1, where they spent much less time in flight than in any
other area. The five individuals that travelled between areas seergattlittle by moving,
except for bird 5749 that went to Area 1 from a more active area and therefore decéeased it
time spent foraging. These findings indicate that Area 1-Aftéa, provides particularly
good feeding opportunitigbat allow the bird to spendmore time resting and therefore limit
their energyexpenditureover the winter.
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Synopsis

Introduction

Most seabirds have long life expectancy due to high annual survtealdelayed maturity

and production of relativg few offspring per breeding season (Ratclié¢ al. 2002,
Schreiber & Burger 2002f-urthermore seabirds are likely to skip breeding or manipulate
brood size when conditions are unfavourable and await future breeding opportunities
(Erikstadet al. 1998,Cubayneset al. 2010. In favourable years with great amounts of food
availability may result in increased numbers of birds breeding and fewesraeders in the
population Furness 1987Ratcliffe et al. 2002). Consequentlythe population size changes
relatively slowly from year to year (Furnestsal. 2006).

Seabirds ar@lmost allcolonial or semicolonial breedersso they can be studied in
large numbers at a colongnd many of them hardly spend any time on land outs$ide
breeding season (Schreiber & Burger 2002). Therefore, a vast majority of studies on seabirds
have focused on their breeding or Jifistory parameters during the breeding season and
fewer studies have focused on winter ecology of seabirds. Indiviec@gnition is necessary
in many ecological studies such as when connecting factors working on individuals on
different sites at different time€onventional methods of tracking birds on lgedy. with
colourrings), are not plausible for birdhat sped most of their time out on the oceand
thus, the birds cannot be seen or accounted for during large part of the year

During the last few decadesstudies orseabirds atthe individual level owgide the
breeding seasomave expanded dramaticallfNew ad constantly developindracking
techniques like satellite transmitter&PS transmitterand geolocational data loggers (or
geolocators) have opened a new era rfogration studies of seabird3.he accuracy of
geolocators is loer (generally 180200 km) than for GPS transmitterdNevertheless
geolocators remain a cheaper alternative and thus foielcating mainwintering areas for
birds that are expected to travel long distar{&sllips et al. 2004), in particular for species
with previously unknowmnvinter areas or migration routéhe data loggers are in some cases
also programmed to record other environmental parameters such as tempsaitiie and
underwater deptlSuch data can give important information on the behaviour of the bird e.g.
time spent flying or diving.

The Great Sku&tercorarius skuas a northern hemisphere seabird breeding from
Iceland and Faeroes to Scotland, Norway and Spitsbergen (Harrison. T9&3yvorld
population is about 1600 breeding pairs with the largest nwerd) about 9000 pairs,
breeding in Orkney and Shetlaivd Scotland(Mitchell et al. 2004). Thereare about5400
breeding pairsn Iceland with 80% of the Icelandic breeding population and the greatest
density at Skeidarasandur, Oreefi and Breidamerkursafiduind-Hansen & Lange 1991).
Iceland is considered to be the second most impobi@®dingarea for Great Skuas, after
Shetland (LuneHansen & Lange 1991). At Svalbard the Great Skua is considered to be quite
recent immigrant as the first record of briegdwas 1970 aBjgrngyaand 1976 at Spitsbergen
(Strem 2006). It occurs at high densities at SpitsbergerB@hgya(Stream 2006) but at
Bjgrngyathere are at least 350 pairs (Strgm 2007) which is considered to be the largest Great
Skua colony in the Bants Sea (Strgm 2006).



The Great Skua is a typical seabi
thatnormally breedsor the first timewhen 4
to 9 years oldalmost always lays 2 egg
(Furness 1987 has a high annual surviva|
around 90% survival rate between years
(Furness 1987, Ratcliffet al. 2002) and can
live up to old age, the oldest recedd
individual being 34 years old (Robinson ¢
Clark 2011). Great Skuas tend to recruit
breed at a nest site close to their birthple
(Klomp & Furness 1992)and like most
seabirds they show mate and site fideli
from year to year (Furness 1987).

The GreatSkuas have been protecte
during the breeding period in Iceland sint
1994 (Petersen 1998) and are protected
Scotland by UK law. In addition, about 80¢
of the breeding Great Skuas in Scotland
located within Special Protection Aree
(SPAs) and are drefore also strongly
protected by European lavreat Skuas are
also protectedby laws in Norway and Figure 1-1. Breeding range of Great Skua
Svalbard The Faroe Islands differ from othe Stercorarius skugFurness 1987)

Great Skua breeding sites as the birds have

not been protected, apart from the period 1897 until 1954 ddeatoatic decline in lat&9
century (Furness 1987). Currently, Great Skuas are not effgcpvetected by law in the
Faeroesand are culled in some numbers from time to time (R.W. Furness pers. comm.).

The Great Skudas been extensively studied on threeding grounds, mainly on
Foula an island west of mainland Shetlai8totland (Furnesst al. 2006). However,very
limited informationis available on the migration and wintering grouraisall species of the
family Stercorariidag(Phillips et al. 2007, Kopp et al. 2011). Approximately 70 thousand
Great Skua chicks have been metal ringed in the UK and all recoveries of adult birds have
been from the eastern part of the Atlantic, mostly from the coastené (Wernhanet al
2002).Results from a recent studyere satellite PTT and data loggevsre put orbreeding
birds from Foula indicate that half of the Scottish population will winter tf€ coast of
Iberia and the other half off the coast of NMfica (Furnesset al 2006).According to this
same studythe birds mainly travel along tle®ntinental shelf not far from theastline rather
than beingceanic.

Nearly 19 thousandsreat Skuahicks were metal ringed Icelandfrom 1921 to 1995
(Petesen & Gudmundsson 1998) aftftk recoveries are distributed from both sides of the
Atlantic (Furness 1987). A total of 212 recoveries have been reported of Icelandic birds from
abroad and 2/3 of thenor 134 have been throughout Europed five in N-Africa. The
remaining 1/3 of recaaries or 68 were from west of the Atlanti&0 in Greenland13in N-
America and five in SA\merica (Icelandic Institute of Natural History, unpublished data).

Furthermore, a study on sikelandic breeders tagged with satellite transmitbers
2002 and Q03 suggested that the IcelandBreat Skuaslispersed moréhan birds fronthe
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UK (T. Alerstam, T.& G.A. Gudmundsson, unpublisiedOne of the Iceland birds
migrated in a southwestirection and passed Newfoundland imway along the coast of
New Yok. The same individual was tracked to 20°Naosouthwardnigrationin the middle
of the Atlantic Ocean the following autum@.A. Gudmundssopers. comn).

Thus, both ringing recoveries and limited satellitata indicate that Icelandic Great
Skuas hae a more dispersenhigration and wintering digtrution than Great Skuas from the
UK. This is of interest as these populations are not located far from each other anar¢her
connections between themirds ringedin Scotland andh the Faeroes have beeeported in
Iceland(Petersen 1998Also therapid growth of the population and recoveries from northern
Norway and Svalbard of birds ringed as chicks in Scotland suggest that many of the birds
originated from that area (Strgm 2006).

Great Skuas ar®p predators witha wide food niche. They scavenge, prey on birds,
fish and sometimes even mammals. Like othercorariidagthey also pirate other birds for
their food, this is called kleptoparasitism, but they do not practice that as much as for example
Arctic Skuas $tercorarius parasiticyswhich are more specialised kleptoparasites (Furness
1987). Great Skuas are also known to scavenge discards from fishing boats and trawlers
during the breeding seasdBearhopet al. 2001) and it is likely that theyhew that same
behaviour to some extent during winter. Food and feeding methods are fairly well known
during the breeding season, particularly from Shetland, but less is known about feeding during
the nonbreeding season (Furness 1987).

The winter ecologyf Great Skuas is poorly studied since the winter areas had not
been described, for the Icelan@nd Norwegian birds until now. The geolocators also made it
possible to study the foraging activity of the Great SKuastime spent flyingpby measuring
time dry over the day during the whole winter. For birds that do not go onto land during the
winter such as Great Skuas, the behaviour of birds can be deduced froiwatesattensor in
the logger. When a bird is sitting on the sea, the sensor is immersali water so a current
flows. When the bird is flying the sensor is dry and no current flows. Recording time wet or
dry provides data on the swimming and flying activity of the bird. These data can be used as a
proxy for foraging effort, where time spt foraging can be an indicator for varying feeding
conditions (Caldow & Furness 20@hillips et al 2007, Gartheet al.in press).

Due to poor knowledgen migation, wintering groundsand winter ecology of Great
Skuas all studies on tis aspect aref great valueFrom an ecological perspectjw@e links
between wintering and breeding grounds are of high importance for our understanding of
factors affecting the annual life cycles of birds.

The research questions of the project were:

1) What areltie migration patteraand the wintering distribution @sreat Skuas from
Iceland, Scotland and Norway

2) How muchtime are they spending foraging activity(in flight) duringwinter and
does the level of activity diffdsetween the respective winter areas?



Methods

Study area
This study was conducted at three gtsttes over the years 20@811 The first study site
was atBjgrngya( 74 A2 9 6 N, 18A4606E), which is | ocated

of Norway (Magnusdottiretal. 2012) The secondtudy site was in Icelanaghere thecolony

was located in Oreefi, southeast Iceland, with the main study area at Breidamerkursandur
( 6 3 A5 2 6 N) whithehas2tie dayesbncentration of Gratt Skuas breeding in Iceland,

with up to 50 pairs/kri (Lund-Hanen & Lange 1991). The third study site was Foula

( 60 A0 806 N,asn2al eatoverdd island west of mainland Shetland. Fdwdils the
largest Great Skua colony in ScotlgiMiagnusdottiretal. 2012)

Capture techniques

The birds were caught on nesturing incubation with electronic noose traps. Eggs were
temporarily placed in an insulated box padded with cotton wool, and replaced by dummy
eggs. When the birceturnedto the nesta radio control activated the trap, pulling a noose
tight around the ibr d 6 sNo lateergps wasnade to catch equal numbers of both sexes
especially since usually only one bird was attending the territory at the time of the capture and
females tend to do most of the incubation (Furness 1@8fandheld GPS unit was used t
record the position of eamest where a bird was trapped to mark the territories so they could
be revisited next yedo recover the geolocators

Geolocators

Geolocators fronBritish Antarctic Surveyparticularly suited for legnounting on large and
medium sized seabirdwere attached to colour rings. Two types of geolocators were used,
Mk5 and Mk7 which both weigh 3.6 grantseolocators were deployed on breeding birds in
June 2008 in all study colonietn Iceland 40 geolocators were put on adult hirts on
Foulg Shetlandand 24 inBjgrngya The same typeof geolocators haduccessfullybeen
deployed on Great Skuas in Shetland using the same technique (fatrale2806).

In summer 2009 the same territories weerisited and returned birds loeat
Unfortunately, a vast majority of the Gredtuas had lost their geolocators, mostly because
the colour ring had brokewhere the logger was attaché&kspitethis, 11 geolocators were
retrieved in Iceland, #n Shetlandand 5 onBjgrngya In 201Q two more geolocators were
retrieved orBjgrngyawhichhad t wo yearsé data on t hem. Las
recovered aBjgrngyawi t h t hree yearsodo dat a.

Light data

Using geolocators it is possible to calculate the positighedbirds (twice per day) from light

level readings with reference to time. This has been a highly effective technique for the
tracking of long distance migratory species (Philbsl. 2004). The loggers measudight

level every minute, and recad the maximum light level at theend of every 10 minute
period (Magnusdottietal. 2012).



The data was decompressed after downloading using pdopdsesoftware from
BASTrak. The downloaded data were then run through the software TransEdit, a program
used toanalysethe decompressed data fileBg format) produced by BASTrak in order to
identify sunrise and sunset times, which are used to calculate position: latitude from day (or
night) length, and longitude from the time of local middaymidnight) relatre to GMT.The
data needed to lEhecked manuallgnd unrealistic points very farland were removed from
the dataet as well as points that can occur liseaof lightlevel interference, for example
from artificial light during the night or shadows ovbke daytime.

The edited .lig data were then &k from TransEdit and put into thgrogram
BirdTracker which convés the sunrise and sunset deti® location data that arghown on
an inbuilt world map.To isolate the winter areas of the birde th p esr 01.21c2008
01.02.200%nd 01.11.20091.02.2010 were used for the birelguipped with geolocatora
2008 and recovere2D09 and 2010 respectiveata from the bird caught 8jgrngya2011
have not been analysed in detail, although the winter aretsbbirdwereidentified.

Kernel densitywas usedo define the main winter area; four Kernels were used, 25%,
50%, 75% and 95%. The Kernel density tells us at what density tagdatts are by daily
records,25% Kernel being the densest, aB8% the east dense plac&o find the Kernel
density of the birds a progracalled HomeRanger was used@he HomeRanger calculates
the Kernel density of the birds from each colosg the global locations made by that were
then put in ArcGIS for mapping.

Activity data

As the geolocators measdrealtvater immersion every 3 seconds (Mk5 loggers) or every
second (Mk7 loggersihe activity of the birdswere recordedand classifiedinto two
categories 1) sitting osea surfaceesting;or 2) flying (not touching the sea surfacesreat
Skuas are not seen on land during the-@eding season and therefore it can be assumed
that trey spend all their time at se&@heir foraging effort (i.e. time spent flight) can
therefore be measureduring the winter For the activity data, only the time period
01.11.200801.02.2009 was used

The activity data were analysed with respectime of day andgroportion of time
spent in flight during daylight compared wipnoportion of time airborwluring darknessrhe
daylight period was dtermined fromthe light measurement®corded by the logger, and
corresponded approximately to the time from the start of civil twilight at dawn to the end of
civil twilight at dusk, i.e. when the sun is 6° below the horizon

Birds that were faithful to one area throughout the winter were used to compare
foraging effortbetween wintering areashus, activity data between winter areas and months,
analysis was restricted to the 17 birds that used only one winter area (heiezfighful) in
20082009.Birds that moved between wintering areas within the winter (hereafter
travellers) were examined to see if they maintaisiedlar, more or less foraging effort after
switching wintering areas. Furthermore, actiwtithin each area used by the five travellers
was compared to activitglataobtained for the same areas from the analysis of theité7
faithful birds.



Result and discussion

Winter Areas of Great Skuas

Geolocators retrieved from 23 Great Skuas over the yearsZ9provided data showing

that that the birds spent the majority of the winter in five main winter areas. These areas are:
Area 1 off the coast of northwest Africa, Area 2 off the coast ofdbérea 3in the Bay of
Biscay, Area 4 off the eastern coast of North America and Area 5 west of Ireland (FRjure
Winter areas for Great Skuas from Shetland have been known for some time, both by ringing
recoveries and satellite transmitt¢i’SI T) and geolocation data loggers, indicating that adult
birds winter exclusively on the continental shelf of southern Europe and northwest Africa
(Magnusdottiret al.2012). However winter areas for Great Skuas fR)prngyawere almost
unknown and ringing recevies of Great Skuas from Iceland have been reported from both

sides of the Atlantic, indicating thatlulticelandic birds disperse more than Great Skuas from
Shetland.
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Figure 1-2. The winter areas of Great Sku&gercorarius skuaas determined by 2iddividuals
equipped with geolocators in winter 262809.

With the geolocators it was clear that the Shetland birds were only using two main
winter areas, both on the eastern coast of the Atlantic;AftWa (Area 1) and lberia (Area
2). The Icelandidirds show more distributiogoing to both sides of the Atlantic, to NW
Africa (Area 1), Iberia (Area 2), Bay of Biscay (Area 3) andAiMerica (Area 4). The
Bjgrngyabirdswere most widely distributed usiradl winter areas, and thdrgshowing more
similar distribution to the Icelandic birds, rather than the Shetland birds. However, the

Bjgrngyabirds tended to stay in greater proportion on the eastern Atlantic than Icelandic
birds.



The two Great Skuas capturedBjprngyain 2010 and the one in 201hmved site
fidelity to their wintering grounds over all the winters. It therefore seems that Great Skuas
tend tousethe same wintering grousdrom year to year. These birds did not travel between
winter areas, but it would be interesting to see if bihdg do travel between wintering areas
repeat thesametravelling patternthe next winter,or stay at the current area instead of
travelling. However, therés only one winter of data for the five travellers, so it remains
unknown whether travelling is andividual strategy, repeated between seasons, or behaviour
specific to a given winter for a given individual.

Migration information of the Gregbkuas is limited since equinoxescurwhen the
birds are migratingiMarch and SeptemberEquinoxesrender latitudinal positioning of
geolocators impossible due to equal length of day and aightherefore their locatiorsse
lost over few days during that time. Still some migratimovements were tracked which
indicate that not all the birdsavel the shodst routeo their wintering area®©ne Great Skua,
bird 4561, that breé in Icelandflew by the British Isledefore heading to wintering grounds
close to Nevfoundland and stayed there the whole winter. Another Icelandic Gtaatl$rd
5765, wintered clee to Newfoundlanthe whole winterput spent some time west of Ireland
before headingpackto the breedingrounds.

Foraging Activity of Great Skuas

With the saltwater sensor on the geolocators, estimations of the foraging acthegsured
asproportion of time spent flying;ould be made for the birds during winter. This could then

be used to compare the activity between different winter areas. There seemed to be no
difference in activity between winter areas, with the exception ofNk¢a (Area 1) where

there was much less activity. This seems to indicate that most areas provide similar feeding
opportunities with the exception of NWirica that seems to have particularly good feeding
grounds, allowing the birds to minimise theordging effort. Similarly, only one of five
travelling Great Skusa (bird 5749) that reduced its foragirgffort by changing wintering
grounds, when it travelled from Iberia (Area 2) to NMfica (Area 1). The other 4 travellers
showed no changes in their foragieffort after they relocated to a new winter area. Since
there is no evidence linking the activity pattern to breeding success of the birds, it is difficult
to assume that winter areas with léssging effortare really better for the birds. However,
where he birds minimise their foragirgffortt hey donét ri sk their | if
for areas where they have to work harder for their meals. Rateditie 2002 suggested from

afew recovered dead colour ringed Great Skuas, that highest moraadisyrappens during
migration or at the wintering areaBhese findings indicate thanhvironmentafactorsduring

winter affect survivabf Great Skuas

Compared to time spent flying during the day-@4%), Great Skuas spent most of
their time resting o the water at nights or 81% of the total time in darkness. This is in
agreementvith studies on albatrosses and petrels (Catryl. 2004, Phillipset al. 2008,
Mackley et al. 2011) and even one study of five Great Skuas from Shetland, where the birds
spent mordime flying during the day than the night (Meraz Hernando 2011).

Since the birds were caught at nest dutimg breedingseasonmore females were
caught than males,ub males tend to do little of the incubation (Furness 1987). However,
there seem to be no sexual segregation between winter areas or in foraging activity. Males
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tended to occupy same winter areas as females and looking at their foraging activity, no
obvious difference was between the forageftprtsof males versus females.

Conclusions

It is now clear that Great Skuas from different breeding grounds tendeddlifferent
wintering areasThe reason fothis is unknownbut it might bedue togenetic diffeences
between these populations or learned or imprinted behaviour. Even though breeding birds are
to some extent linked together between colonies, for example some birds that hatched in
Shetland now breed Bjgrngya there seem to betendency for eacpopulation to spend the
winter in particular areas.

Activity of Great Skuas over the winterirsgasorhad not been known and therefore
the results were really interesting. Only NAffica had statistically lower foraging activity
than all the othewinter areas, which can be concluded that this area provides good feeding
opportunities and is therefore relatively important. This area should therefore be studied in
more details since it might be a key areaorteringseabirds.
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Abstract

Our understanding of seabird migrations and winter habitat use has improved rapidly in recent
years with the deployment of satellite transmitters and of geolocationrlodgeers
Understanding the aea distribution and migrations of seabirddoé&coming increasingly
important as pressures on marine environments in@easpecially consideringeabird
movements and use of areas where they are at risk from a range of marine threats is critical to
ensuring their conservatioithe aims were to asss the winter distribution of adult Great
SkuasSterorarius skuabreeding inthreedifferent countries. Geolocation ddtagers were
deployed on breeding adults at colonies in Shetland (Scotland), southeast Iceland, and
Bjgrngya (Norway) in 2008. Loggekvere recoveredthen birds returned to breeéxt yeas

and downloaded data were processechép the location of each individual throughout the
winter period. Adult Great Skuas from Scotland wintered off northwest Africa and southern
Europe. Adults fromiceland mostly wintered off Canada, with small numbers visiting
northwest Africa and Europe. Althgh adults from Bjgrngyaigrated to similar areass did

birds from Iceland, a slightly greater proportion wintered off Europe, and most used areas
further north than birds from Scotland. Although three birds studied over consecutive winters
used the same small areaailh years, fourindividualsmoved betweeniflerent areas within

the sameavinter. Great Skuas show clear variation in migrations among breeding regions, and
some evidence of individual consistency.
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Introduction

Our understanding of seabird migrations and winter habitat use has improved rapedBnin

years with the deployment of satellite transmitters on large species (Pkhiiligls 2007,
Bugoniet al.2009) and of geolocation dal@ggers on avide range of seabirds (Philligs al.

2004, 2005, Burge& Shaffer 2008). Many species undertakad-distance migrations from
breeding colonies to wintering areas (Wernhethal. 2002, Burger & Shaffer 2008). They

may often show consistent use of clearly defined and relatively small winter home ranges
(Phillips et al. 2005, Kubetzkiet al. 2009), andin some cases clear evidence of regular
migration staging sites (Stenhoust al. 2011). Understanding the-s¢a distribution and
migrations of seabirds is becoming increasingly important as pressures on marine
environments increase. Such pressures iechmt only hazards of oil pollution for seabirds

and impacts of changes in fisheries practices and fish stocks (Migthadll2004), but now

also risk of collision with, or disturbance by, renewable energy devices (Masdér2010).

The cumulative imacts of these devices on seabird populations will depend on the extent to
which seabirds utilize specific areas where they are constructed. Understanding seabird
movements and use of areas where they are at risk from a range of marine threats i® critical t
ensuring their conservation. SHyased surveys are expensive, and hence the most effective
means of obtaining detailed data on habitat use is to deploy tracking devices on birds of
known origin and breeding status.

Great SkuasStercorarius skuaare enémic to the northeast Atlantic, breeding in
colonies from western Scotland (58), to Svalbard, Norway (80N). The species is one of
the worldbés rarer birds, with a total etpopul a
al. 2004). Great Skuas are closely associated with marine fisheries, where they scavenge
behind fishing vessels (Votiest al. 2008), and they also fly at heights that make them
potentially vulnerable to collision with wind turbinéSarthe & Hippop 2004). Th largest
numbers breed off northern Scotland in Orkney and Shetland (about 90QQVpiminell et
al. 2004), in southeast Iceland (about 5000 paiwsid-Hansen & Lange 1991, Mitchedt al.

2004) and on Bjgrngya (Bear Island), Norway (at least 350, ggirgam 2007). Within
Scotland, 80% of the breeding Great Skuas are located within Special Protection Areas
(SPAs), so are strongly protected by European law. Numerical trends of the two major
populations, in Scotland and Iceland, have been differenttbeelast 150 years. Numbers
have approximately doubled every 12 years from 1900 to 1990 in Scotland but they have
remained approximately stable in Iceland (Mitchetllal. 2004). Very few birds ringed as
chicks in one of these countries have been recowesaatults in the other (Wernhanhal.

2002). In contrast, the Bjgrngya colony was only founded in 1970 (Vader 1980) and numbers
have increased very rapidly and, therefore, must have received many immigrants. Empirical
evidence for this comes from sigtgs of birds breeding at Bjgrngya and other Barents Sea
colonies that were originally ringed as chicks in Scotland and Iceland (Strgm 2006).

Ring recovery data (Klomp & Furness 1992, Wernteral. 2002) indicate that adult
Great Skuas from Scotland winexclusively on the continental shelf of southern Europe and
northwest Africa. This conclusion was supported by deployment of satellite transmitters
(PTTs)and geolocation dataggers on breeding adults in Foula, Shetland, in 20026648
(Crane 2005). 8ven of those birds wintered off northwest Africa, five off Iberia and two in
the Bay of Biscay (Crane 2005). Wintering areas of Icelandic birds are less certain, but ring
recovery data suggest that some of these birds may visit the western North Adtheti¢chan
Europe (Furness 1987). Wintering areas of birds from Bjgrngya are almost unknown,
although there are a few recoveries of ringed birds from the North Sea (Bzikke2003; H.

Stram unpubl. data). Here we present data from geolocation daedoghich were deployed
in 2008 on breeding adult Great Skuas at colonies in Shetland (Scotland), Iceland and
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Bjgrngya to determine the winter distributions of individuals from these three distinct
breeding areas. We specifically test the hypothesis, etefrom previous ringing, that Great
Skuas breeding in Iceland show different migration routes and wintering areas from Great
Skuas breeding in Scotland.

Methods

Study areas

This study was conducted at three study sites over the year$1200Bhe studysite in
Scotland, was Foula (808N, 2°05Ny) a small peatovered island west of mainland
Shetland. It holds the largest Great Skua colony in Scotland. The study site in Iceland was in
Oreefi, southeast Iceland, with the main study area at Breidamerkurs@rsaN|,
16°29\Y). This area has the largest concentration of Great Skuas breeding in Iceland (Lund
Hansen & Lange 1991). The study site in Norway was at Bjgrngya, Svalbard Ny4°26
19°02%j), which is located in the Barents Sea about 450 km northaofland Norway.

Catching techniques

The birds were caught on the nest during incubation with electronic noose traps. Eggs were
temporarily placed in an insulated box padded with cotton wool, and replaced by dummy
eggs. When the bird came back to incebatradio control activated the trap, pulling a noose
tight around the birdodos | egs. Birds were se
under appropriate national licences in each country) after DNA extraction and PCR
amplification of CHD genessing primers 2550F (Fridolfsson & Ellegren 1999) and 2757R

(R. Griffiths pers. comm.).

Tracking devices
Using geolocators, it was possible to calculate the position of each bird (twice per day) from
light level readings with reference to calendar dakés has been a highly effective technique
for the tracking of longlistance migratory species (Phillipsal. 2004). The loggers measure
light level every minute, and record the maximunhtigevel at the end of every Iinute
period. In June 200&eolocators (British Antarctic Survey, Cambridge, UK) were deployed
attached by cable ties to colour rings lmeeding birds in Iceland (49), Shetland (#®16),
and Bjgrngya (n24). We deployed fewest loggers in Shetland because migrations of these
birds were already known from ring recoveries and from tracking in 2002 and 2003, and most
in Iceland because we suspected that some birds (but possibly a small proportion) from
Iceland might winter in the western North Atlantic. In summer 2009 the areas atwind t
same territories were revisited and returned birds located. Unfortunately, many of the skuas
had removed their geolocators, mostly by breaking the colour ring where the logger was
attached or stretching the cable tie allowing the logger to fall offspite of this, 11
geolocators were retrieved in Iceland, 4 in Shetland, and 5 in Bjgrngya. In 2010, another two
geolocators were retrieved in Bjgrngya, providing two years of data. Logger recovery rates
were, therefore, similar at all three sites (arou@&2 In 2011 another logger was retrieved
in Bjgrngya, providing data for three consecutive winters. Data from that logger have not yet
been analyzed in detail and are only mentioned briefly in the present paper in the context of
consistent use of wintereas.

The data were decompressed after downloading using BASTRAK software. The
downloaded data were then run through the software TRANSEDIT to identify sunrise and
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sunset times, which were used to calculate position: latitude from day (or night) lexjth, a
longitude from the time of local midday (or midnight) relative to GMT, with
BIRDTRACKER software. To map the winter areas of the birds, we selected data from 1
November 2008 to 1 February 2009, and for the two birds recaptured in 2010, also the winter
from 1 November 2009 to 1 February 2010. Data were filtered to remove the few data points
that were affected by ligHevel interference. Mapping was performed in ARCGIS, with
kernel density analysis used to map 25%, 50%, 75% and 95% winter home rangeds of b
from each breeding area. In order to exclude any effect of year when comparing distribution
of birds from different colonies, kernel analyses were restricted to data from the 2008/09
winter.

Results
All geolocators that were retrieved provided data throughout our defined winter period. All 7
birds from Bjgrngya were females, as were 8 of 11 birds from Iceland, and 3 of the 4 from
Shetland. However, there was no obvious sexual segregation: the maleSfretland
wintered off northwest Africa, as did two Shetland females, and two males from Iceland
wintered off Newfoundland, which was an area also used by females from that colony.

The tracked birds spent the majority of the winter in five main areaa Amwas off
the coast of northwest Africa; Area 2 was off the coast of Iberia; Area 3 was the Bay of
Biscay; Area 4 was off the eastern coast of North America; and Area wegf Ireland
(Fig. 2-1). The Great Buas from Shetland showed the smallestrall winter distribution
(Fig. 2-2) using only two main regions in the east Atlantic; close to the coastline of Iberia
(Area 2) and off northwest Africa (Area 1). Two birds spent the winter off northwest Africa,
mainly by the coast of Morocco and West&ahara. One bird stayed by the coast of Iberia,
and another began its winter off Iberia but then moved inDaicember to northwest Africa,
where it remained for the rest of the winter.

Icelandic Great Skuas used four of the areas (T&lleFig. 2-3): five birds wintered
close to Newfoundland and south of Greenland; two wintered in the Bay of Bisaay;
wintered off northwest Africa, mainly by the coast of Mauritania and Western Sahara; two
used both the east and west Atlantic Ocean. Of these lastotveobird was close to
Newfoundland until mieDecember, it then travelled across the Atlantic Ocean to waters off
the Iberian Peninsula where it remained for the rest of the winter. The other bird spent the
early winter in the east Atlantic Ocean, clos¢hi Bay of Biscay, but then travelled across to
the west Atlantic in mieNovember, staying close to Newfoundland until 7 January before
then migrating back to the east Atlantic for several weeks prior to its return to the breeding
colony in Iceland.

The fve Great Skuas recaptured in 2009 on Bjgrngya spent the winter in two main
areas, on either side of the Atlantic Ocean (Bi¢). One migrated to Newfoundlaridrea
4), asdid the majority of Icelandic GreatkGas. One travelled to Newfoundland, where it
remained until mieDecember before crossing the Atlantic to spend the rest of the winter
close to he Bay of Biscay (Area 3). Two Greakiuas from Bjgrngya spent the whole winter
west of Ireland (Area 5), and one started west of Ireland then movedBayhe Biscay and
afterwards to the Iberian Peninsula (Area 2). Both birds from Bjgrngya for which there were
two years of data returned to the same wintering grounds in consecutive years. One of these
was close to Newfoundland (Area 4), while the othes wf& northwest Africa, mainly by the
coast of Morocco, Western Sahara and Mauritania &%). The bird for which we obtained

A

three yearso6 worth of data also returned co

Area 5) each year.
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Discussion

Trapping Great Skuas on their nests tends to catch females because males do little of the
incubation (Furness 1987). The strong bias in our sample towards females makes it
impossible to be sure that both sexes show the same winter distributions, kaw timales

we sampled seemed to show much the same distribution as females from the same colony.
Data on carbon stable isotope ratios in whg@wn feathers from Great Skuas breeding in
Shetland showed no evidence of sexual segregation during winter fRuWvess unpubl.

data). Similarly, there is no evidence from either tracking or stable isotope analysis of feathers
that male and female Brown Sku&gercorarius lonnbergexhibit sexual segregation during

the nonbreeding period (Phillipst al.2007).

Adult Great Skuas from Shetland wintered off northwest Africa, Iberia or, to a smaller
extent,in the Bay of Biscay. Adults from Iceland predominantly wintered off Newfoundland,
but even on the east of the Atlantic frequented a wider range of areas, asdi tenadnter
further north than birds from Shetland (compare Fiy&. & 2-3). Adults from Bjgrngya
showed a distribution more similar to that of birds from Iceland rather than Shetland, but with
a slightly greater representation on the eastern side oAtthstic than seen in birds from
Iceland (Figs2-3 & 2-4). The more northerly winter distribution of Great Skua adults from
Bjgrngya and more southerly winter distribution of adults from Shetland correlated with the
differences in latitudes of the thréeeeding populations. On average, birds from Bjgrngya
travelled the furthest, and those from Shetland the least, from breeding colony to wintering
areas (Figs2-2, 2-3 and2-4). The present data do not suggest a pattern of chain migration or
of leapfrog migration (Newton 2007), but show consistent differences among populations in
preferred wintering areas as well as considerable, but apparently consistent, individual
variation. It is unclear whether the differences in migration routes of Icelandic atidnghe
Great Skuas to distinct wintering areas on opposite sides of the Atlantic reflect genetic
differences in migratory direction, or represent learned behaviours. Whatever the explanation,
the differences have the potential to reduce competition forifoaehter between birds from
these two major populations. Given that at least some of the Great Skuas breeding in
Bjgrngya were hatched in Shetland, it is perhaps surprising that their winter distribution
matches much more closely that of Icelandic birdswever, some immigrants to the
expanding colony at Bjgrngya are known to have originated from Iceland (Strgm 2006).

The ecology of Great Skuas during winter is not well known. Observations suggest
that they often associate with trawlers discarding wiista demersal fish catches (Veen
al. 2003, Camphuysen & van der Meer 2005). All of the five main wintering areas in the
present study (Fig2-1) support large fisheries for demersal fish, but also hold large stocks of
pelagic fish (Caddy & Garibaldi 20, Food and Agriculture Organization [FAO] 2008).
Amounts of fish being discarded by trawlers catching demersal fish have changed very
considerably in many areas over recent decades; for example, with the collapseGafdbed
morhuastocks on the Grand Banks, reductions in fishing effort in the North Sea (¥btakr
2004), and increases in trawl fisheries on the northwest African continental shelf (Kelleher
2005). It seems unlikely that the relative advantages of foraging inoédbbese areas have
remained constant over time. However, there is as yet no evidence to suggest that individuals
wintering in a particular area gain fitness benefits over birds using a different area (cf.
Bogdanoveet al.2011).

The high proportion of S#land adults shown to winter off northwest Africa in the
present study was unexpected, since ring recovery data had suggested that very few adults
from any Scottish colony winter that far south (Klomp & Furness 1992) and recent ring
recovery data do nohew any marked change in recovery locations (Meraz Hernando 2011).
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The logger data suggest that there has been a recent change in wintering areas, with Scottish
Great Skuas moving further south, perhaps to exploit the increased amounts of discards from
fishing boats on the northwest African continental shelf (ter Hofstede & DiCkdlgs 2006)
and increasing pelagic fish stocks there (FAO 2008). Unfortunately there were too few ring
recoveries from the same time period as our tracking study to test wiretlaistribution of
recoveries has changed. However, the lack of ring recoveries of adult Great Skuas from West
Africa is not simply because dead birds from that region are not reported. There have been
numerous recoveries of juvenile and immature GreaaSkrom West Africa, indicating that
younger birds have been visiting that region during the decades when adults were not
recovered there (Klomp & Furness 1992, Wernlamal. 2002). This supports the inference
that many Scottish adult Great Skuas hawemdy changed their winter distribution from
southern Europe to West Africa.

Although we have detailed data over two successive winters for only two individuals,
both these birds returned to the same general area in 2009/10 as they had used in 2008/09;
each had quite distinct migration strategies, preferring eitheE#stor the West Atlantic
Ocean (Fig.2-5). A third bird providing data for three successive winters also showed
consistent use of the same small area (in the Celtic Sea, west of Iretaad5 A Fig.2-1)
each winter. Consistent use by individual birds of the same wintering range each year may
allow them to develop an intimate knowledge of the local foraging opportunities and so may
enhance their survival and body condition, and has la¢s®m seen in some other seabirds
(Phillips et al. 2005, Hatchket al.2010, Bogdanovat al.2011, Diaset al.2011).
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Tables and figures.

Table 2-1. Wintering distributions of Great Sku&sercorarius skuagquipped with geolocators,
from Bjgrngya, Iceland and Shetland by areas defined in FijlireBirds that movedbetween

areas are allocated as 0.5 to each of the two areas used, or in one case 0.3 to each of the three
areas used.

. North West of
NW Africa Iberia Bay of Biscay America Ireland Total
(Area 1) (Area 2)

(Area 3) (Area4) (Areab)
Bjarngya2008/09 1 0.3 0.8 2.5 2.3 7
Iceland 2008/09 2 0.5 2.5 6 0 11
Shetland 2008/09 3 0.5 0.5 0 0 4
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Figure 2-2. Kernel density distribution of Shetland Great Sk8&srcorarius skuarackedin
winter 2008/09.
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Figure 2-3. Kernel density distribution dtelandic Great SkuaStercorarius skuarackedin

winter 2008/09.
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Figure 2-4. Kernel density distribution of Bjgrngya Great Sk&srcorarius skuarackedin

winter 2008/09.
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Figure 2-5. Distribution of Great Skua$tercorarius skugrom Bjgrngya tracked in two
consecutive winters, 2008/09 and 2009/10.
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