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Forord

Arbetet med havsplanering 4r i full gang och beslutfattare &r i stort behov av
ytterligare underlag for havsplaneomréadet. For att uppfylla kravet pé en
hallbar och ekosystembaserad forvaltning behdvs i synnerhet grundlaggande
marinbiologisk information. Ett omrédde som é&r prioriterat att ta fram
underlag for 4r Svenska Hogarna och Svenska Bjorn, déir flera motstdende
intressen sammanstralar.

Lénsstyrelsen haller for nérvarande pa att utoka arealen av ett storre
naturreservat i omradet med stora marina viarden. Pa grund av olika
verksamheter i utsjon som exempelvis pelagiskt tralfiske, internationell
sjofart och planer péa vindkraft finns dock risk att sjofagel paverkas negativt
i havsplaneomradet. Detta har belysts i prelimindra modeller som
Léansstyrelsen publicerade 2017 (Lansstyrelsens rapport R2017:11).

I foreliggande studie vill Lansstyrelsen fortydliga tankbara konflikter och
uppdrog darfor &t tva forskare att i falt undersoka sjofaglarnas
fodosoksomraden. Filtarbetet och analyserna har utforts av forfattarna till
denna rapport, Dr. Tom Evans och Dr. Martina Kadin, som sjélva ansvarar
for underlaget i rapporten. Innehéllet har dock stamts av med Lansstyrelsen.
Huvuddelen av rapporten ar skriven pa engelska eftersom det 4r Toms
modersmal. Arbetet har utforts med anslag fran Havs- och Vatten-
myndigheten inom ramen for 1:11 anslaget, atgirder for havs- och
vattenmiljo, villkor 5 (havsplanering).
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http://www.lansstyrelsen.se/Stockholm/SiteCollectionDocuments/Sv/publikationer/2017/R2017-11-modellering-fodosok-sjofagel-sthlm-lan.pdf
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Svensk sammanfattning

Under sommaren 2017 genomfordes en studie av fodosdksomradena som
anvénds av sillgrisslor och tordmular som héickar i kolonier vid Svenska
Hogarna (59,444° N; 19,502° E) i Stockholms skérgard. Studien
genomfordes av Tom Evans, Lunds universitet, och Martina Kadin,
Naturhistoriska Riksmuseet, i samarbete med Claes Kyrk (ringmirkare) och
Skéargardsstiftelsen, pa uppdrag av Lénsstyrelsen i Stockholm och med
finansiering frén Havs- och Vattenmyndigheten.

Studiens syfte var att fa kunskap om vilka omraden som ar viktiga for
faglarna under hackningstiden och verifiera tidigare genomforda
modelleringsstudier (Lansstyrelsens rapport R2017:11).
Kunskapsunderlagen &r vésentliga for havsplanering och bidrar dven
specifikt till forvaltningen av omréadet kring Svenska Hogarna, dir det
nuvarande naturreservatet ska omarbetas och arealen utokas.

Alkfiglarna i Ostersjon ir utpriiglade havsfaglar. De tre arter som finns hir —
sillgrissla, tordmule och tobisgrissla - &r alla specialiserade pa att dyka och
fanga fisk. Tobisgrisslan soker foda ndrmare kuster och strinder medan
sillgrisslan och tordmulen ofta beger sig ldngre ut till havs. Ute till havs
fangar de framst skarpsill och mindre strommingar, arter som ocksé fangas i
stora volymer i yrkesfisket. For att undvika konflikter mellan naturvirden
och fisket ar det darfor viktigt att ha kunskap om fédos6ksomradena som
sillgrisslor och tordmular anvénder. Fodosoksomrddena kan ocksa ge viktig
information f6r planering och beslut om farleder och oljeskadeskydd.
Rumsliga beskrivningar av naturvirden, fiske och sjofart ér alla delar i det
pagéende arbetet med havsplanering, ddr myndigheter samordnar
forvaltningen av olika aktiviteter till de bast lampade platserna, dvs déir de
har minst miljopéverkan.

Under juni-juli 2017 utrustades 13 sillgrisslor och 9 tordmular med
aktivitetetsloggers. Varje logger innehdll en GPS-enhet och en tryckmatare.
Med hjélp av dessa samlas information om faglarnas flygturer och dyk
(platser och djup). Féglarna fdngades i kolonierna vid ordinarie
ringmarkningstillfdllen och fick utrustningen tejpad pa ryggfjddrarna. Dér
stor enheten inte fagelns rorelser och den faller sedan av senast nir figeln
ruggar, dvs byter fjddrar, 1 augusti.

Utrustningen pa faglarna samlade information om flygturer och dyk under
den fortsatta hickningen. Tva ganger om dagen skickades data automatiskt
till forskarna, i forsta hand som mobildata via 3G-natet. Nar 3G-data inte var
tillgéngligt forsokte enheterna istéllet skicka en mindre médngd data via sms.
Data kunde ocksa lagras for att skickas vid senare tillféllen.



Data skickades fran 21 loggers och totalt foljdes 45 dagar for samtliga
sillgrisslor respektive 194 dagar for samtliga tordmular, dvs sdndarna satt
kvar langre pa tordmularna. Fran sillgrisslorna erh6lls information mellan en
och tretton dagar per fagel, medan tordmularna behéll sina séndare minst sex
dagar och som langst fem veckor.

Storre delen av fodosdoksomradena dr grunda — med ett djup som mestadels
ar grundare dn 60 meter — och faglarnas dyk var darfor ocksa grunda jamfort
med de dykdjup som uppmidtts for arterna pa andra platser (Hedd m.fl. 2009,
Evans m.fl. 2013). Sillgrisslornas dykdjup var i snitt 17,2 m medan
tordmularnas var 10,4 m. Detta monster — att sillgrisslorna dyker djupare dn
tordmularna — &r typiskt for arterna och har observerats i flera andra studier
(Thaxter m.fl. 2010, Linnebjerg m.fl. 2013). Virt att notera ar ocksé att
dykdjupen foljer en sé kallad bimodal fordelning, dvs de flesta dyk &r
antingen grunda eller djupa medan fa dyk ligger néra medelvéardet.

Positionerna visade att bada arterna framst utnyttjade omraden Gster och
soder om kolonierna vid Svenska Hogarna for sina f6dosdk, men de flog
ibland dven norrut och inat skdrgarden. De flesta fodosoksturer var som
langst 20 km fran hackningskolonierna, vilket dock betyder att faglarna
anvénde havsomradet &nda ut i svensk ekonomisk zon. De yttre
fodosoksomréadena sammanfaller bl.a. med omréden dér fiske efter
strdmming och skarpsill bedrivs under delar av éret. Att beakta alkfaglarnas
behov dr darfor betydelsefullt i ekosystembaserad forvaltning av dessa
fisken.



Abstract

A seabird tracking study was performed at the Svenska Hogarna (59.444° N,
19.502° E) area in the outer Stockholm Archipelago to learn more about
which offshore areas are most important to these nationally important
breeding populations. In June and July 2017 22 guillemots and razorbills
were tracked during their foraging trips by activity loggers recording their
movements (by global position system tracking) and dives (using integrated
depth/pressure sensor). Of these, data were recovered for 21 birds, with a
total of 45 days tracked for the guillemots and 194 days for the razorbills.
This included many foraging trips and dives.

Most foraging activity was within 20 km of the islands, but extended up to
nearly 40 km from the islands. The foraging trips mostly travelled out to the
east and south. Dive depths were relatively shallow compared with dives
recorded at other sites for these species. In common with other areas the
guillemots dived deeper on average than the razorbills.



Introduction

Svenska Hogarna is a marine protected area (MPA) in the eastern part of the
outer Stockholm Archipelago. The area is composed of a series of small
islands, most uninhabited, together with the surrounding sea. It is an
important area for breeding birds, especially for marine birds, with
nationally important numbers of common guillemots and razorbills.

There are proposals to develop the MPA further. To inform on these plans a
number of ecological and environmental studies have been commissioned by
the Stockholm County Administration (Lansstyrelsen i Stockholms 1dn).
This report summarizes how two seabird species breeding on the archipelago
islands forage around the islands. The aims of the study are to:

e map the most important foraging areas for the two species, thus
describe the foraging range of the species and briefly what types of
habitat within the area are most important.

e give a general description of foraging behavior focusing on aspects
of potential relevance to the management of the area, and briefly
compare the results of the two species.
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Methods

Location and Species

Svenska Hogarna (59.444° N, 19.502° E) is a group of small rocky islands
lying in the extreme east of the Stockholm Archipelago, in the north of the
Baltic Sea. Seabirds breed across a range of the islands. In this study, we
worked with birds from three of the islands: Kalken (59.453° N, 19.520° E)
the most northerly; Skvimparskér (59.439° N, 19.510° E), a central island
lying off the east coast of the main island of Stordn; and Lill6 (59.412° N,
19.467° E) the southernmost of the Svenska Hogarna islands.

Common guillemots (Uria aalge, sillgrisslor) and razorbills (4/ca torda,
tordmular) are both diving seabirds of the alcid (alkor) family. They breed in
pairs with both parents caring for their single egg, then chick, clutch. Their
breeding strategy is unusual for they are semi-precocial, whereby the chick
leaves the nest before they can fly or fully care for themselves, the male
parent then travels with the chick out to sea where he continues to feed the
chick for around two months while the chick grows to adult size. This study
focuses on the parents’ foraging behavior during late incubation and in
chick-rearing when they make central-place foraging trips, travelling out
from the nest on an island to feed in the surrounding sea.

Activity Loggers

To record both where the birds went to forage and their diving activity we
used an activity logger recording both global position system (GPS)
locations and water pressure, used to record the vertical dimension of dives
(i.e. depth). These were OrniTrack-T20D 3G transmitter activity loggers
(Ornitela, UAB, Vilnius, Lithuania). These devices allowed us to maximize
the period over which we could follow the individual birds by including
solar panels to recharge the batteries and a 3G/GSM (mobile phone data
technology) to upload data when in range of a base-station.

The recording intervals of the GPS varied, both from testing different
configurations and from reduced intervals when the battery power was low.
The majority of tracks away from the colony (where GPS recording was
reduced) were of 10 minutes or better. Dives were logged automatically at 1
Hz (one reading per second) once pressure exceeded the equivalent of 0.2 m.

—-11 -



Fig. 1. Aktivitetslogger med solpanel och dyksensor (den vita cirkeln till vénster pa
utrustningen). Pappret i bakgrunden har 5 mm rutor. (Foto: Tom Evans).

Fig. 1. The activity logger used, note solar panel and diving sensor (small white circle
at left). This is photographed on a 5 mm square paper background (Photo: Tom
Evans)

Tagging Birds

Two visits were made to the Svenska Hogarna islands, on June 27 and on
July 7. On the first visit only Kalken island was visited where ten guillemots
were tagged with the activity loggers. On the following visit two guillemots
and two razorbills were tagged at Kalken, seven razorbills at Lillo, and one
guillemot at Skvimparskér. Thus, in total 9 razorbills and 13 guillemots were
tagged. Adults were caught by ambush, by approaching the nesting areas
quickly with a group of fieldworkers, thus allowing the adults to be trapped
in their nesting sites (caves and beneath boulders). They were then removed
either by hand or with a wire rod with a hook allowing them to be pulled out
by their legs. Because of this approach the breeding status of birds was not
certain, especially as the guillemots typically breed close together in groups,
where some may have young chicks, others older chicks. Most razorbills
were incubating, with eggs; we estimated these to be close to hatching, but
hatching dates are unknown.

During handling the birds were ringed for identification (if not already
ringed), weighed, and activity loggers were attached. The activity loggers
were attached by first taping a thin rigid plastic sheet, a platform, to the back
feathers, then the activity logger was glued and taped at the ends to this
platform. This allowed secure attachment without obscuring the solar panel
on the device. Taping to feathers means that even without recapturing the
birds, devices will fall off after weeks, or at most a few months, when
feathers are exchanged during feather moult.
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Fig. 2. Féltarbetare och sillgrissla som precis har férsetts med aktvitetslogger. (Foto:
Matilda Valman).

Fig. 2. A guillemot after having an activity logger attached together with fieldworkers
(photo: Matilda Valman)

Analysis

Data from the activity loggers was uploaded to a server over the mobile
phone data network. The unprocessed data was then downloaded from this
and processed locally to separate the GPS and diving data. The data were
classified into foraging trips (GPS data) and individual dives (diving
pressure data). Then various summary statistics were extracted for each
foraging trip and dive, such as trip duration, the maximum distance reached
from the nesting island, and maximum depth reached during each dive.
Foraging trips were defined as any out and back movement reaching at least
1 km from the bird’s nest, with trip start and end times defined as the first
and final location >0.3 km from the nest. Dives were defined as any increase
and decrease in pressure reaching at least 1 m deep.

To allocate locations to dives, the GPS position closest in time to the start or
the end of the dive was chosen where the time difference was less than ten
minutes. Once locations had been gained the water depth at these locations
was extracted from a bathymetry (sea depth) dataset (Baltic Sea
Hydrographic Commission, 2013, Baltic Sea Bathymetry Database version
0.9.3. Downloaded from http://data.bshc.pro/ on 2017-09-19) which
provides relatively high-resolution sea depth data, at 500 m grid resolution
or better.
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To summarize the most important areas for foraging from the GPS tracking
data, utilization distribution (UD) kernels were produced. These represent
probabilities of where birds are most likely to be found during foraging trips,
with e.g. 25% contour representing the core area where birds will be found
25% of the time, with additional 50% and 95% contours. The UD were
calculated with R package adehabitatHR, using a random subset of pooled
GPS locations for each species, taking 200 locations (or fewer if <200
locations were gained for an individual) per individual. In this way, the
contours are reasonably representative of the species as a whole, and not
biased by e.g. GPS tracking time intervals (more GPS locations would be
gained at short time intervals) or dominated by individuals for which more
tracking data were collected.

All analysis and figures were produced in the statistics and programming
environment, R. Data were summarized in tables in a Microsoft Access
database.

Dataset Summary

Data was recovered from all but one of the 22 deployed loggers, though with
much variation in the period that birds were tracked, thus in how much data
were logged (Table 1, Appendix).

On average, the razorbills were tracked for much longer time periods than
the guillemots, thus more dives and trips were recorded for the razorbills
despite slightly fewer individuals being tracked. One razorbills were tracked
for five weeks, while four others were tracked for over two weeks.
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Results

Foraging Distribution
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Fig. 3. Samtliga fédosbksturer som registrerades for sillgrisslor (orange) och
tordmular (lila) dér dykplatser markerats med cirklar. Hdckningslokaler &r markerade
enligt: Kalken (A), Skvimparskér (B) och Lill6 (C).

Fig. 3. All foraging trips tracked for guillemots (orange) and razorbills (violet/purple),
with diving locations indicated (small circles). The three deployment locations are
indicated (red X), with Kalken (A), Skvimparskér (B), and Lill6 (C).
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Dive Locations and Sea Depth

Fig. 4. Dykplatser (cirklar) for sillgrisslor (orange) och tordmular (svart) med havsdjup
(férgskalan till héger visar djup i meter). Hackningslokaler &r markerade enligt:
Kalken (A), Skvimparskar (B) och Lill6 (C).

Fig. 4. Dive locations (circles) of guillemots (orange) and razorbills (black) with sea
depth indicated by background colour (see scale to right, values in metres). The
three deployment locations are indicated (red X), with Kalken (A), Skvimparskér (B),
and Lillé (C).
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Important Areas
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Fig. 5. Huvudsakliga fédosékomraden for sillgrisslor (orange) och tordmular (lila).
Omradena baseras pa utilization distribution kernels”, som visar var respektive art
framst uppehdll sig, ddr mérkaste skuggningen visar kdrnomraden (25 % av
fédosbken), medium skuggning visar 50 % och ljusaste skuggningen omfattar 95 %
av fédos6ken. Omradena &r relativt ndra hdckningslokalerna och strécker sig frémst
oster och séder om Svenska Hégarna.

Fig. 5. Core foraging areas indicated by utilization distribution kernels, which indicate
areas where foraging guillemots (orange) and razorbills (violet/purple) are likely to be
found, with darkest area representing the 25% core area, intermediate shading 50%
area, and the lightest 95%. Foraging is concentrated quite close to the breeding
islands, stretching out to the east and the south.
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Foraging Distances and Dive Depths

300

Number of dives

Number of dives
200

Number of dives

Number of trips
0 100 200 300 400 500

0 50 100 150 200 250

0 50 100

r T T T v r T T T —T—T—1 T T ]
0 10 ] £l w0 o o 20 0 0 0 2 4 & 80 100 120 o W W X 4
Maximum distance from nest (km) Distance from nest (km) Sea depth (m) Dive depth (m)

1000 1500

500
Number of dives

Number of trips

o 10 20 2 4 50
Number of dives

0 500 1000 1500 2000 2500

Number of dives
0 500 1000 1500 2000

r T T d T [ e e e ] T T 1
0 10 20 £ 40 [ 10 20 a0 a0 6 20 40 & 80 100 120 o 10 20 1 40

Maximum distance from nest (km) Distance from nest (km) Sea depth (m) Dive depth (m)

Fig 6. Férdelningen av hur langt fran hdckningsplatsen faglarna flog under
fédosdksturer (A, E), hur langt frdn hdckningsplatsen faglarna dék under turerna (B,
F), havsdjupet vid dykplatserna (C, G) samt dykdjupen (D, H). Sillgrisslor visas i
orange i 6vre raden (A-D) och tordmular i lila i nedre raden (E-H).

Fig. 6. Histograms showing the distribution of how far from their nest birds travel
during foraging trips (A, E), the same but for dives (B, F), the sea depth at dive
locations (C, G), and the depth of dives (D, H). Given separately for guillemots
(orange, upper row, A-D) and razorbills (violet/purple, lower row, E-H).

Foraging Range

For both guillemots and razorbills, the majority of foraging was performed
within 20 km of the colony (Fig. 6 A, E; measured from the nest location of
each bird), with guillemot trips at 7.3+6.3 km (mean + standard deviation)
and razorbill trips a little further 8.2+7.5 km. However, diving activity (Fig.
6 B, F) was concentrated a bit more distantly, with 7.8+7.0 km for
guillemots and 10.2+7.3 km for razorbills. For both species dives did occur
up to 34 km from the colony.

Dive Depths and Sea Depth at Diving Locations

The majority of the sea around the colony is <60 m deep (Fig. 4), which is
reflected in the depth distribution of where both the guillemots and razorbills
are diving (Fig. 6 C, G), with mean depths 36.6+16.2 m for guillemots and
38.8+21.5 m for razorbills. Elsewhere guillemots have been recorded diving
to over 100 m, and razorbills up to around 40 m. Here both species are
making relatively shallow dives, with mean dive depths 17.2+9.6 m for the
guillemots, and 10.4+7.0 m for the razorbills (Fig 6 D, H). Though both
show a bimodal distribution in dive depths, performing both shallow and
deep dives, so the mean somewhat underestimates the mode of the deeper
dives.
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Appendix

1a Common guillemot

Activity logger ID

17479
17951
17956
17950
17481
17480
17952
17954
17482
17959
17962
17964

Ring ID

AAS829
ADC637
ABX317
AAC490
AAC491
ABX723
90B14816
ADH501
ABX307
ADH681
ADH644
ABL219

Deployment time

2017-06-27
2017-06-27
2017-06-27
2017-06-27
2017-06-27
2017-06-27
2017-06-27
2017-06-27
2017-06-27
2017-07-07
2017-07-07
2017-07-07

13:05
13:22
13:34
13:38
13:45
14:10
14:21
14:36
15:02
10:12
10:40
17:50

Island

Kalken
Kalken
Kalken
Kalken
Kalken
Kalken
Kalken
Kalken
Kalken
Kalken
Kalken
Svimparskar
Total

Dives (n)

167
624
64
512
520
13
102
292
923
218
224
70
3729

Trips (n)

N W WO U N EFP O R EFEN

w
(o]

GPS points (n)
All
215
678
119
804
762
62
191
404
2424
934
492
177
7262

GPS points (n)
On trips
38

8

27

613

690

58

96

307
1613
447

310
131
4338

Tracking period (days)

15
3.8
0.9
4.3
5.9
0.4
1.2
43
13.0
6.4
2.6
0.9
45.2

Tabell 1a. Oversikt av information om loggers och data som skickats fidn sillgrisslorna som fingats i kolonierna vid Svenska Hogarna under héickningssdsongen 2017.

Table 1a. Summary of logger deployment and data received from common guillemots (Uria aalge) captured at Svenska Hogarna during the 2017 breeding season.
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1b Razorhbill

Activity logger ID

17963
17961
17992
17994
17993
17958
17953
17966
17955

Ring ID

8126534
8126533
8126535
8103826
8126538
8126513
8126516
8126519
8126520

Deployment time

2017-07-07 09:54
2017-07-07 10:26
2017-07-07 13:25
2017-07-07 13:49
2017-07-07 14:10
2017-07-07 14:52
2017-07-07 15:07
2017-07-07 15:20
2017-07-07 15:53

Island

Kalken
Kalken
Lillo
Lillé
Lillé
Lillé
Lillé
Lillé
Lillé
Total

Dives (n)

1714
212
2143
718
436
1212
465
4498
1420
16617

Trips (n)

22
4
25
9

7
14
9
38
28
196

GPS points (n)
All
2075
949
3801
1858
794
2322
501
8284
1477
29500

GPS points (n)
On trips
1628
396
2828
1613
481
1839
426
5885
1062
20627

Tracking period (days)

20.5
5.8
20.7
14.2
11.9
12.0
6.1
42.4
145
194.3

Tabell 1b. Oversikt av information om loggers och data som skickats frin tordmularna som fangats i kolonierna vid Svenska Hogarna under hickningssisongen 2017.

Table 1b. Logger deployment and summary of data received from razorbills (Alca torda) captured at Svenska Hogarna during the 2017 breeding season.
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