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This thesis presents novel findings for the Arctic tern in Greenland. Included is a study on Arctic tern migration
— the longest annual migration ever recorded in any animal. The study documented how Greenland and Iceland
breeding terns conduct the roundtrip migration to the Weddell Sea in Antarctica and back. Although the sheer
distance (71,000 km on average) travelled by the birds is interesting, the study furthermore showed how the
birds depend on high-productive at-sea areas and global wind systems during their massive migration.
Furthermore included is the first quantified estimate of the capacity to produce a replacement clutch in Arctic
terns. We found that approximately half of the affected birds would produce a replacement clutch when the
eggs were removed late in the incubation period.

At a level of more national interest, the study produced the first estimates of the key prey species of the Arc-
tic tern in Greenland. Although zooplankton and various fish species were present in the chick diet of terns
breeding in Disko Bay, Capelin was the single most important prey species found in all age groups of chicks.
The thesis also includes a study on the fluctuating breeding found in Arctic terns. Breeding birds showed a
considerable variation in colony size between years in the small and mid sized colonies of Disko Bay. These
variations were likely to be linked to local phenomena, such as disturbance from predators, rather than to
large-scale occurring phenomena.

Included is also a study that documents the breeding association between Arctic terns and other breeding
waterbirds. At Kitsissunnguit a close behavioural response to tern alarms could be identified. These findings
imply that the altered distributions of waterbirds observed at Kitsissunnguit were governed by the distribution
of breeding Arctic terns.

Included in the thesis are furthermore results with an appeal to the Greenland management agencies. Along
with estimates of the Arctic tern population size at the two most important Arctic tern colonies in West Green-
land and East Greenland, the study produced recommendations on how a potential future sustainable egg
harvest could be carried out, and on how to monitor Arctic tern colonies in Greenland.
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Preface

This thesis is the result of my PhD conducted at the University of Copen-
hagen, Center for Macroecology, Evolution and Climate (UC), Greenland
Institute of Natural Resources (GINR) and National Environmental Re-
search Institute, Department of Arctic Environment (NERI). The PhD was
financially supported by Greenland Institute of Natural Resources (GNIR)
and the Commission for Scientific Research in Greenland (KVUG). The
principle supervisor was Carsten Rahbek (UC) whereas Morten Frederik-
sen (NERI) and Norman Ratcliffe (British Antarctic Survey) functioned as
external supervisors.

The pre-2002 level of knowledge on the Arctic tern in Greenland was rath-
er low and even rather basic biological information was unavailable for
the species. On the other side there’s an urgent need for more information
in the Greenland management of the living resources and protected areas.
This lack of knowledge has been decisive in my choice of study species,
study topic and study location at the planning of my PhD. It has been both
a strong motivation factor for me throughout my PhD, but also frustrating
at times where the lack of information made it difficult to approach topics
from a theoretical point of view.

Although my PhD officially started mid 2004, my work on Arctic terns
in Greenland is really a continuation of fieldwork conducted in 2002 and
2003. Concurrently with my PhD I have worked as seabird researcher at
GNIR, where I have been responsible for monitoring seabirds in Green-
land and ad-hoc advising the Greenland Government in a sustainable
use of the living resources. For this reason the delivery date of my PhD
has been prolonged to March 2010 — more than one year later than first
scheduled. Along the course of my PhD the topic included in the PhD
got extended. The technology in tracking devices for small-sized seabirds
advanced and from dealing only with breeding ecology and censusing
methods, my PhD got extended to include migration ecology as well.

During my PhD I have been physically placed in Greenland at GINR until
May 2008, where my family and I moved to Denmark and NERI was kind
enough to offer me a work seat.

The fieldwork in connection with my PhD was conducted at two very
different field sites in Greenland: Kitsissunnguit (Grenne Ejland) during
2002 to 2006 in the southern part of Disko Bay in the Arctic zone in West
Greenland and at Sand Island (Sandeen) during 2007 and 2008 in high
Arctic Northeast Greenland (see figure 1-3).

During my PhD I have produced papers, reports or book contributions as
a spin-off from the work on Arctic terns conducted during my PhD. These
are not included in my PhD thesis but are listed here:

Egevang, C. & D. Boertmann 2008. “Ross’s Gulls (Rhodostethia rosea) breed-
ing in Greenland: A Review, with Special Emphasis on Records from
1979 to 2007.” Arctic 61(3): 322-328.



Egevang, C. Kampp, K. & Boertmann D. 2006. ”"Declines in breeding
waterbirds following a redistribution of Arctic Terns Sterna paradisaea in
West Greenland” Waterbirds around the World. Eds. G. C. Boere, C. A.
Galbraith & D. A. Stroud. The stationery Office, Edinburgh, UK. P. 154
(http:/ /www.jncc.gov.uk/PDF/pub07_waterbirds_part3.3.1.6.pdf).

Egevang, C. , K. Kampp & D. Boertmann 2004 “The Breeding Associa-
tion of Red Phalaropes (Phalaropus fulicarius) with Arctic Terns (Sterna
paradisaea): Response to a Redistribution of Terns in a Major Greenland
Colony” Waterbirds 27 (4): 406-410.

Egevang, C., L. ]. Stenhouse, L. M. Rasmussen, M. W. Kristensen and F.
Ugarte 2009. ”"Breeding and foraging ecology of seabirds on Sandeen
2008”. in Jensen, L.M. & Rasch, M. (eds.) 2009: Zackenberg Ecological
Research Operations, 14" Annual Report, 2008. National Environmen-
tal Research Institute, Aarhus University, Denmark. 116 pp.

Egevang, C., L. . Stenhouse, Lars Maltha Rasmussen, Mikkel Willemoes
& Fernando Ugarte 2008. “Field report from Sand Island, Northeast
Greenland, 2008. http://www.natur.gl/UserFiles/File/feltrapporter/
Fieldreport_%?20SandIsland_2008_final.pdf.

Egevang, C.2008. “Forstyrrelser i grenlandske havfuglekolonier, med spe-
ciel fokus pa ynglende havterner pa Kitsissunnguit (Grenne Ejland),
Disko Bugt”. Teknisk rapport nr. 71, Grenlands Naturinstitut, 21 sider.
http:/ /www.natur.gl/UserFiles/File/Publlikationer /2008-02_GN_te-
knisk_rapport_71_final_forstyrrelser_fuglekolonier.pdf

Egevang, C. & Stenhouse, I. . 2008. Mapping long-distance migration in
two Arctic seabird species p. 74-76. In: Klitgaard, A.B. and Rasch, M.
(eds.)2008. Zackenberg Ecological Research Operations, 13" Annual Re-
port, 2007. Danish Polar Center, Danish Agency for Science, Technology
and Innovation, Ministry of Science, Technology and Innovation, 2008.
http:/ /www.zackenberg.dk/graphics/Design/Zackenberg/Publica-
tions/English/Zero%202007.pdf

Egevang, C. & L. ]. Stenhouse 2007. “Field report from Sand Island, North-
east Greenland, 2007”. http://www.natur.gl/UserFiles/File/feltrap-
porter/Fieldwork_Sand_Island_2007_1.pdf

Egevang, C., D. Boertmann & O. S. Kristensen 2005 “Monitering af
havternebestanden pa Kitsissunnguit (Grenne Ejland) og den sydlige
del af Disko Bugt, 2002-2004”. Teknisk rapport nr. 62, Grenlands Na-
turinstitut, 41 p. http:/ /www.natur.gl/filer/Havternemonitering.pdf

The study on the migration of the Arctic tern included novel findings and
had appeal to a broad public audience. Therefore I build a web site (www.
arctictern.info) especially dedicated to the communication of the results
originating from our study.

My thesis deals with an array of different topics within the field of ecology.
From small-scale issues, like egg harvesting by local Inuit at the breeding
grounds, to large-scale occurring phenomena, such as global wind sys-
tems and global marine biological productivity. Although, it may seem
like a conflicting cocktail of topics, it is all focused on the same species —
the gracious Arctic tern.
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Summary

This PhD thesis presents the results of a study performed on the Arctic
tern (Sterna paradisaea) in the period 2002-2008. Data in the study were ob-
tained from fieldwork conducted at two study sites in Greenland: Kitsis-
sunnguit (Grenne Ejland), Disko Bay in Arctic West Greenland and Sand
Island (Sandeen) in high-Arctic Northeast Greenland.

The level of knowledge of the Arctic tern in Greenland before 2002 was to
a large extent poor, with aspects of its biology being completely unknown
in the Greenland population. This thesis presents novel findings for the
Arctic tern, both on an international scale and on a national scale.

The study on Arctic tern migration (Manus I) — the longest annual mi-
gration ever recorded in any animal — is a study with an international
appeal. The study documented how Greenland and Iceland breeding
terns conduct the roundtrip migration to the Weddell Sea in Antarctica
and back. Although the sheer distance (71,000 km on average) travelled
by the birds is interesting, the study furthermore showed how the terns
depend on high-productive at-sea areas during their massive migration.
On the southbound migration, the birds would stop for almost a month
(25 days on average) in the central part of the North Atlantic Ocean before
continuing south. Close to Equator (~10° N) a divide in the migration path
way occurred: seven birds migrated along the coast of Africa, while four
birds crossed the Atlantic Ocean to follow the coast of South America. The
northbound migration from the winter quarters to the breeding grounds
was performed particular fast (520 km per day on average) following a
route of favourable wind systems.

Included in this thesis is also the first quantified estimate of the capacity to
produce a replacement clutch in Arctic terns (Manus II and III). Although
it is often mentioned in the literature that the species willingly relays, this
study is the first where the reproductive response of experimentally ma-
nipulated breeding pairs is monitored. We found that approximately half
(53.3%) of the affected birds would produce a replacement clutch when
the eggs were removed late in the incubation period. Surprisingly, growth
and survival rates in chicks from these clutches did not differ from chicks
reared four weeks later in the breeding season, although a shift in foraging
pattern and prey size was apparent (Manus III).

At a level of more national interest, the study produced the first estimates
of the key prey species of the Arctic tern in Greenland. Although zoo-
plankton and various fish species were present in the chick diet of terns
breeding in Disko Bay, Capelin (Mallotus villosus) was the single most im-
portant prey species found in all age groups of chicks (Manus III).

The thesis also includes a study on the fluctuating breeding found in Arc-
tic terns (Manus IV). Although the Arctic tern may show an overall fidelity
to the breeding region, our study showed a considerable variation in col-
ony size between years in the small and mid sized colonies of Disko Bay.
These variations were likely to be linked to local phenomena, such as dis-
turbance from predators, rather than to large-scale occurring phenomena.

From the long periods spent in Arctic tern colonies it was furthermore
possible to document the breeding association between Arctic terns and
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Figure 1. An Arctic tern nest at
Kitsissunnguit, Disko Bay, Arctic
West Greenland where fieldwork
was conducted in 2002-2006.
Note the lush vegetation sur-
rounding the nest.

Photo: Carsten Egevang.
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other breeding waterbirds. In a study conducted on breeding phalaropes
(Phalaropus fulucarius and P. lobatus) at Kitsissunnguit (Manus V) a close
behavioural response to tern alarms could be identified. These findings
imply that the altered distributions of waterbirds observed at Kitsis-
sunnguit were governed by the distribution of breeding Arctic terns as
suggested by Egevang et al. (2004).

Included in the thesis are furthermore results with an appeal to the Green-
land management agencies. Along with estimates of the Arctic tern popu-
lation size at the two most important Arctic tern colonies in West Green-
land and East Greenland, the study produced recommendations on how
a potential future sustainable egg harvest could be carried out (Manus II),
and on how to monitor Arctic tern colonies in Greenland (Manus 1V).



Dansk resume

Denne afhandling praesenterer resultater fra studier udfert pa havterne
(Sterna paradisaea) i perioden 2002-2008. Data i forbindelse med afhand-
lingen er indsamlet gennem feltarbejde pa to lokaliteter i Grenland: Kit-
sissunnguit (Grenne Ejland), Disko Bugt i arktisk Vestgrenland samt pa
Sandeen i hej-arktisk Nordestgrenland.

Vidensgrundlaget for havternen i Grenland for 2002 var gennemgdende
ringe, med aspekter af artens ynglebiologi ubeskrevet for den grenland-
ske bestands vedkommende. Denne afhandling praesenterer ny viden for
havternen bade pa en international skala, sdvel som pa en national skala.

Forst og fremmest er studiet af havternens treek (Manus I) — det leengste
treek registreret hos noget dyr — et studie med international appel. Studiet
dokumenterer hvorledes terner, der yngler i Nordestgrenland og Island,
gennemforer treekket til Weddell Havet ved Antarktis, og tilbage igen.
Alene den tilbagelagte distance (gennemsnitlig 71.000 km) er interessant,
men studiet kunne ogsd dokumentere, hvordan ternerne under deres lan-
ge treek er afthaengige af havomrader med saerlig hej biologisk produktion.
Pa det sydgdende traek stopper fuglene traekket og opholder sig i naesten
en maned (25 dage i gennemsnit) i den centrale del af Nordatlanten, for
de fortseetter mod syd. Teet ved Zkvator (~10° N) opstér en opdeling af
treekvejen: Af 11 meerkede individer fortseetter syv langs Afrikas kyst,
mens fire individer krydser Atlanten, for at fortseette langs ostkysten af
Sydamerika. Det nordgdende treek fra vinterkvarteret til ynglepladserne
blev gennemfort med seerlig hej hastighed (gennemsnitligt 520 km per
dag) og fulgte en rute med favorable vindretninger.

Denne afhandling indeholder ogsa det forste kvantificerede estimat af
havternens evne til at producere et sdkaldt omleegskuld — et erstatnings-
kuld hvis ferste kuld gar tabt (Manus II og III). Pa trods af, at det ofte naev-
nes i litteraturen at havternen villigt omlaegger, er dette studie det forste
der overvager det reproduktive respons pa eksperimentalt manipulerede
ynglepar. Vi fandt, at omtrent halvdelen (53,3 %) af fuglene producerede
et omleegskuld, nar det forste kuld blev fjernet i den sidste del af rugepe-
rioden. Overraskende viste det sig, at veekstrater og overlevelse hos unger
fra omleegskuldene ikke var forskellige fra unger opfostret fire uger tid-
ligere, pa trods af, at et skifte i bade fourageringsmenster og storrelse af
byttedyr kunne identificeres (Manus III).

Af mere national interesse producerede studierne i forbindelse med af-
handlingen de forste undersogelser af havternens fodevalg i Gronland.
Pa trods af at flere forskellige fiske- og zooplanktonarter var til stede i den
fode der blev bragt til ungerne i Disko Bugt, Vestgronland, viste det sig,
at lodde (Mallotus villosus) var neglefodearten for alle aldersgrupper af
unger (Manus III).

Afhandlingen omhandler ogsa et studie af den fluktuerende ynglefore-
komst som forekommer hos havternen (Manus IV). Selv om havternen
udviser en overordnet trofasthed mod yngleregionen, viste vores studier,
at der forekommer en betydelig variation i antallet af ynglefugle i kolo-
nien mellem seesonerne i de sma og mellemstore kolonier i Disko Bugt-
omradet. Disse variationer er sandsynligvis koblet til lokalt forekommen-
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Figure 2. An Arctic tern nest at
the barren Sand Island, High-arc-
tic Northeast Greenland, where
fieldwork was conducted in 2007
and 2008.
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de feenomener, eksempelvis forstyrrelse fra preedatorer, mere end de er
forklaret af forhold der forekommer pa storre skala.

Gennem de lange perioder, tilbragt i havternekolonierne i forbindelse
med feltarbejdet, var det muligt at dokumentere det positive ynglefor-
hold mellem havterner og andre ynglende vandfugle. I et studie udfert
pa ynglende thors- og odinshane (Phalaropus fulucarius og P. lobatus) pa
Kitsissunnguit (Manus V), kunne et teet adfeerdsmaessigt respons pa hav-
ternens advarselskald identificeres. Disse resultater sandsynligger, at den
observerede ezendrede fordeling af svommesnepper pa Kitsissunnguit fel-
ger havternens udbredelse pd oerne, som foresldet af Egevang et al. 2004.

Afhandlingen indeholder desuden resultater mentet pa de gronlandske
forvaltningsmyndigheder. Foruden estimater af ynglebestanden i de to
vigtigste havternekolonier i Vest- og Nordestgrenland, praesenteres an-
befalinger til hvordan en fremtidig beeredygtig udnyttelse af havternezeg-
samling kan tenkes udfert (Manus II), og konkrete forslag til hvordan
overvagningen af havternekolonierne i Grenland kan udferes (Manus IV).




Eqikkaaneq

Ilisimatuutut allaatigisaq manna imeqqutaallanik (Sterna paradisaea) 2002-
2008-mi misissuinerit inernerinik saqqummiussivoq. Allaatigisamut
atatillugu paasissutissat Kalaallit Nunaanni piffinni marluusuni: Kitsis-
sunnguit, Qeqertarsuup Tunuani Kitaata issittortaani aamma Sandeen-
imi Tunup avannaani issittorsuarmi, misissuiartornikkut katersorneqar-
simapput.

Kalaallit Nunaanni imeqqutaalaq pillugu 2002 sioqqullugu ilisimasanut
tunngaviusut annikitsuinnaasimapput, pissuseqatigiit nunatsinni uumas-
uusut kinguaassiornikkut pissusaat arlalitsigut nassuiarneqarsimanatik.
Allaatigisaq manna imeqqutaalaq pillugu paasisanik nutaanik nunap ilu-
ani nunallu tamat akornanni nallersuussinnaasunik sagqummiussivoq.

Siullertut pingaarnertullu imeqqutaallap ingerlaartarnera pillugu misis-
suineq (Manus I) — uumasuni tamani ingerlaarnerit nalunaarsorneqar-
simasut tannersaat — misissuineruvoq nunat tamat akornanni soqutigi-
naateqartussaq. Misissuinerup nassuiarpaa qanoq imeqqutaallat Tunup
avannaaniit Islandimiillu, Sikuiuitsumi kujallermiittumut Weddelip Ima-
rtaanut, utimullu, ingerlaartarnersut. Ingerlaarnerup takissusaa immini
(agguaqatigiissillugu 71.000 km) soqutiginarpoq, misissuinerulli aamma
nassuiarpaa, qanoq imeqqutaallat ingerlaarnermi nalaanni imartat im-
mikkut pinngorarfiulluartut pinngitsoorsinnaanngikkaat. Kujammut in-
gerlaarnerminni timmissat qaammatingajammik (agguaqatigiissillugu
ulluni 25-ni) sivisussusilimmik ingerlaarnertik unitsittarpaat Atlantikul-
lu avannaata giterpasissuani, kujammut ingerlaqqinnginnerminni, un-
inngaartarlutik. ZAkvatorip ganittuani (~10° N) ingerlaarnerup aqqutaa-
ni avissaarfeqartarpoq: Nalunaaqutserneqarsimasuni 11-usuni arfineq
marluk Afrikap sineriaa atuarlugu ingerlaqqipput, sisamallu Atlantiku
ikaarlugu Amerikkap kujalliup sineriaa atuarlugu ingerlaqqiffigalugu.
Avannamut ukiivimmiit piaqqgisarfimmut ingerlaarneq sukkangaatsiartu-
mik ingerlavoq (agguaqatigiissillugu ullormut 520 km) ingerlaarfillu ilu-
aqutaasunik sammivilinnik anoreqarfiusoq atuarsimallugu.

Allaaserisap massuma aamma imarivaa imeqqutaallap mannilioqqissin-
naaneranik — piaqqinerit/manniliornerit siulliit iluatsinngippata man-
nilioqqgissinnaaneq - Kkisitsisinngorlugu missingersuinerit siullersaat
(Manus II aamma III). Naak allaatigisani imeqqutaallat ajornasaaratik
mannilioqqittarnerarlugit oqaatiginiarneqartaraluartut, misissuinerup
massuma, aappariit piaqqisut misileraatigalugit uukapaatinneqartut
kinguaassiornikkut qgisuariarnerannik nakkutiginninnerit siullersaraat.
Paasivarput, timmissat affaasa missaat (53,3 %) ivanerup naggataata tun-
gaani manniliaat peerneqaraangata mannilioqqittartut. Tupaallannar-
tumik paasinarsivoq, piaqqat mannilioqginnerniit tukersimasut alliar-
tornerat umaannarsinnaanerallu piaqqanit sapaatit akunnerini sisamani
siusinnerusukkut allisarsimasuninngarnit allaanerunngitsut, naak, ner-
iniarnikkut piniagaasalu angissusiisigut allaanerussutit ilisarineqarsin-
naasimagaluartut (Manus III).Nunap iluani soqutiginaateqarnertut allaa-
tigisamut atatillugu imeqqutaallat Kalaallit Nunaanni neriniartagaannik
misissuinerit siulliit suliarineqarput. Naak aalisakkat uumasuaqqallu
ikerinnarsiortut assigiinngitsut arlallit Kitaani, Qeqertarsuup Tunuani
piaqqanut apuunneqartartunut ilaagaluartut, paasinarsivoq ammassak
(Mallotus villosus) piaqqani tamanik angissuseqartuni nerisassat pingaarn-
ersarigaat (Manus III).
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Figure 3. Map of study areas
where field work in the thesis
were conducted. Inset map in up-
per left corner shows the location
of A) Kitsissunnguit in Disko Bay
and B) of Sand Island in North-
east Greenland. The map scale
(lower right corner) applies to
both A and B
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Allaatigisami aamma sammineqarput imeqqutaallat piaqqiortartut amer-
lassutsimikkut ilaatigut allanngorartarnerisa, misissuiffigineqarnerat
(Manus IV). Naak imeqqutaalaq piaqqisarfimminut amerlanertigut aala-
jaattaraluartoq, misissuinitta takutippaat, Qeqgertarsuup Tunuani piag-
gisarfinni minnerni akunnattunilu timmissat piaqqisut piaqqinermiit pi-
aqqinermut malunnaatilimmik allanngorartut. Allanngorarnerit tamakku
piffimmi annikitsumi pisunut attuumassuteqarnissaat ilimanaateqarput,
assersuutigalugu kiisortunit akornusersorneqarneq, piffimmilu anner-
tunerusumi pisut nassuiaataasinnaanerat ilimanaateqannginnerulluni.

Imeqqutaalaqarfinnut misissuiartortarnerni sivisoqisuni, imeqqutaal-
lat timmissallu naluusillit piaqqisut allat imminnut iluaqusersoqatigiit-
tarneri nalunaarsorneqarsinnaasimapput. Naluumasortut Kajuaqqallu
(Phalaropus fulucarius aamma P. lobatus) piaqqisut Kitsissunnguani mis-
issuiffiginerisigut (Manus V), imeqqutaallat kalerrisaarinerinut gisuari-
aatit ersarissut ilisarineqarsinnaasimapput. Inernerit taakkua qularnaal-
lisippaat, naluumasortukkut Kitsissunnguani siammarsimaffimmikkut
allannguutaasa imeqqutaallat gegertani sumiinneri malittarigaat, soorlu
Egevang et al. 2004-mi siunnersuutigineqarsimasoq.

Allaatigisap aamma imarai inernerit Kalaallit Nunaanni oqartussanut
saaffiginnittut. Kitaani Tunullu avannaani imeqqutaalaqgarfinni pingaarn-
erpaani piaqqisut amerlassusaannik missingersuinerit saniatigut, siunis-
sami piujuartitsilluni imeqqutaallanik manissarluni atuisinnaanermik
inassuteqaatit saqqummiunneqarput (Manus II), Kalaallillu Nunaanni
imeqqutaalaqarfiit nakkutigineqarsinnaanerannut tigussaasunik siunner-
suuteqartoqarluni (Manus IV).



1 Synopsis

1.1 Introduction

There are several compelling reasons to study the migration and breed-
ing biology of the Arctic tern in Greenland. From a global perspective, the
Arctic tern is the very epitome of long-distance migration in birds, and
no other animal species connects the two Polar Regions, as the Arctic tern
does. Thus, the study of Arctic tern migration is not only an examination
of migrating animals at the edge of their physical performance, it is also an
exploration of a species moving through a vast proportion of the world’s
marine areas in a single calendar year, experiencing a rapidly changing
environment with altered foraging opportunities on both the breeding
and wintering grounds.

Atalocal scale, no other bird species in Greenland encapsulates the feeling
of summer in the Arctic. The cry of the Arctic tern is for many in Green-
land the ultimate sign of the end of a long winter and the onset of sum-
mer, the return of the sun and warmer temperatures. Although tern eggs
are small and may not contribute much as a source of protein, the habit of
harvesting Arctic tern eggs in summer has a long tradition in Greenland,
and is considered one of the highlights of the summer season. There is no
doubt that, to the people of Greenland, the Arctic tern has a special status
amongst birds.

From a more scientific point of view, the Arctic tern is interesting to study
due to its obvious appearance on the landscape and the placement of
its nest directly on the ground. This makes the species relatively easy to
study, compared with many other seabird species, where the nest is con-
cealed in a rocky crevice or burrow, or on rocky ledges of high steep cliffs.
Furthermore, the Arctic tern is a surface feeder and only capable of for-
aging in the top half meter of the water column. Theoretically, this two-
dimensional feeding niche makes the species more vulnerable to changes
in prey availability, and a direct response in breeding performance can be
detected within a breeding season.

From an environmental management perspective, the Arctic tern is inter-
esting because of its function as a “biodiversity generator”. Smaller spe-
cies, such as shorebirds, apparently benefit from the agonistic behaviour
of the Arctic tern, and increased breeding densities of other species are
often found within the boundaries of an Arctic tern colony (Nguyen et al.
2006, Egevang et al. 2008, Egevang et al. 2004, Egevang et al. 2006).

The Greenland Institute of Natural Resources generates specific knowl-
edge on the Greenland marine and terrestrial fauna to provide the Green-
land Government with management advice on the sustainable use of liv-
ing resources. In Greenland, there is a long traditional of bird harvesting,
and research on seabirds has mainly focused on the two most harvested
species, Briinnich’s Guillemot (Uria lomvia) and Common Eider (Somateria
mollissima), with little attention directed towards other harvested species,
such as the Arctic tern. As monitoring programmes for guillemots and ei-
ders developed over the last decade, opportunities to expanding research
activities of GINR (to species like little auks, black-legged kittiwakes, and
Arctic terns) arose.
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1.2  Objectives

Aim of the thesis: The initial aims of and motivations for my research
were to illuminate a number of issues regarding the biology of the Arc-
tic tern in Greenland, particularly from a management perspective. Basic
questions, like “What is the current status of the Arctic tern population
in Greenland?”, “What is the key prey species for Arctic terns in Green-
land ?” and “Do Arctic terns relay in the Arctic ?” were unanswered. Later
in the process, technological advances rapidly reduced the mass of geolo-
cators, and allowed the Arctic tern to be targeted as a study subject, and
the focus of my research broadened to also include this aspect.

Aim of the synopsis: The aim of this synopsis is to present background
information on the biology of the Arctic tern and highlight how the re-
sults of this work have contributed to an improved understanding of this
species, either globally or specifically in Greenland. In this context, the
synopsis also includes results generated during the course of my research,
but not presented in the manuscripts — especially those relating to issues
specific to Greenland.

1.3 Distribution

The Arctic tern has a circumpolar distribution between the Boreal and
High Arctic zones. The breeding range in Greenland is large (more than
350,000 km?), and the species is found breeding in a variety of habitats.

In Greenland, Arctic terns are found breeding throughout the country. In
West Greenland, the Arctic tern shows a patchy distribution with large
gaps evident. The core breeding areas are in Disko Bay and in Uperna-
vik District (Boertmann et al. 1996, Egevang and Boertmann 2003). In East
Greenland, the colonies are fewer, more scattered, and smaller than in
West Greenland. Typically, colonies in Greenland are found at small, iso-
lated islets along the coast, and range from a few tens of pairs to a few
hundred pairs. Large colonies of more than 2,000 pairs are rare, and even
solitary breeding has been recorded in Greenland (Boertmann 1994).

1.4  Population status in Greenland

The total world population of Arctic terns is estimated at 1 to 2 million
pairs (Lloyd et al. 1991). Global estimates of the Arctic tern population are
rough, however, and some large populations (e.g. in Russia and Alaska
are difficult to estimate (Wetlands International 2006).

Prior to 2002, there was little effort to monitor the Arctic tern population
in Greenland. Counts were opportunistic and only performed in single
years. The total Arctic tern population in Greenland is estimated to in-
clude at least 65,000 pairs (Egevang and Boertmann 2003), but limited data
is available. However, three studies provide information that can be used
to address population status: Salomonsen (1950) visited Kitsissunnguit,
the largest Arctic tern colony in Greenland, for a short (1% day) period in
1949, and estimated the population to be 100,000 pairs. This high number
of breeding birds has never been encountered again in censuses conduct-



ed between 1980 and 2009, where estimates range from 0 to 25,000 pairs
(Kampp 1980, Frich 1997, Hjarsen 2000, Egevang et al. 2004, Manus IV).
Burnham et al. (2005) revisited Arctic tern colonies censured in Uumman-
naq District by Berthelsen (1921) in the period 1905 to 1920, to find that
population numbers had declined to less than one-third between counts.
Egevang and Boertmann (2003) compared Arctic tern colony counts in
the Greenland Seabird Colony Database (GSCD) between 1921 and 2002,
and concluded that a long-term decline was present, but the population
seemed to stabilize in more recent counts, between 1986 and 2002.

Although the above studies provide only circumstantial evidence of a de-
cline, it seems reasonable to conclude that the Arctic tern population in
Greenland has undergone a decline since the middle of the last century.
However, the magnitude of this decline is difficult to quantify and attempts
to estimate the historical population size should be treated with caution.

The Arctic tern is categorized as “near threatened” in the Greenland Red
List (Boertmann 2007).

1.5  Population status at Kitsissunnguit

The Arctic tern population at Kitsissunnguit has been followed with spe-
cial interest by both managers in Greenland and international, non-gov-
ernment environmental organisations. The archipelago is home to one of
the largest Arctic tern colonies in the world, and has been designated both
as a Ramsar site, a special protected area for breeding birds in national
legislation, and an Important Bird Area (IBA). Despite these designations,
there was little effort to monitor the Arctic tern population in a systematic
way prior to 2002. The sparse historical information on population size
available from Kitsissunnguit indicated a crash in the population, with
numbers going from 100,000 pairs in 1949 (Salomonsen 1950) to no breed-
ing birds in 2000 (Hjarsen 2000), and a great concern arose within govern-
ment and non-governmental institutions.

The Greenland Institute of National Resources introduced a modified dis-
tance sampling and line transect method to estimate population size at
Kitsissunnguit in 1996 (Frich 1997), and annual counts were performed
between 2002 and 2006 (Manus IV). This series of consecutive population
estimates showed that the Arctic terns at Kitsissunnguit had not suffered
a complete population crash, and found breeding numbers to be relatively
stable between 15,000 and 22,000 pairs (Manus IV). Although these es-
timates are not in the same magnitude as the former estimate by Salo-
monsen in the mid 20th century, it is within the same magnitude as the
estimate of roughly 25,000 pairs by Kampp et al. in 1980.

1.6  Fluctuating breeding

The Arctic tern is often referred to as a species with fluctuating colony
attendance, large variation in breeding numbers, and years of skipped
breeding (Manus IV). Breeding site fidelity at a regional level is high in
Arctic terns, but dispersal to neighbouring breeding colonies occurs fre-
quently (Devlin et al. 2008, Meller et al. 2006, Brindley et al. 1999, Ratcliffe
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2004). Although poorly understood and documented in the literature, it
is important to address whether variations in colony size may be caused
by locally occurring phenomena, such as predation and disturbance, or if
these variations are linked to large scale events, such as food availability
or climatic variations. In order to make sense of counts at Arctic tern colo-
nies where variation occurs, it is important to understand the scale (from
within-colony to regional scale) at which variations in colony attendance
occur. A particular combination of factors makes it difficult to address
population size, status, and trends in Arctic terns (Ratcliffe 2004). This is
most pronounced in the Arctic zone where Arctic tern breeding sites may
be difficult to access and colonies can be widely distributed.

In addition to estimates of population size from the two study sites, Kitsis-
sunnguit (2002-2006) and Sand Island (2006-2009), it was possible to con-
duct annual counts in 14 Arctic tern colonies in the southern part of Disko
Bay (the Akunnaaq area) in the period 2002-2005 (Manus IV). Consider-
able fluctuation was found between years in these small and mid-sized
colonies (mean CV of individual colonies equalled 117.5 %), whereas the
colonies at Kitsissunnguit only showed minor annual variation (47.4 % at
sub-colony level, 14.6 % at overall level). When combined, however, the
total population size of the Disko Bay colonies (more that 80 % of the Ar-
tic tern colonies in Disko Bay), varied little (CV 6.7 %), indicating local
movements between the colonies and that annual variation was linked to
locally occurring phenomena.

Variation at high-arctic Sand Island was even more pronounced, with com-
plete breeding failures recorded in two out of four seasons (Manus IV).

1.7  Plausible cause of decline in population size

Arctic tern populations in Greenland are affected by numerous factors reg-
ulating population size and the observed long-term decline is likely to be
caused by more than one factor. Arctic foxes (Alopex lagopus) are known to
cause devastating predation when they are able to access a colony (Bianki
and Isaksen 2000, Manus IV), and multiple avian predators are known to
depredate egg, chicks, and, to a lesser degree, adult Arctic terns (Cramp
1985, Hatch 2002). Although these predators have always been present in
Greenland, local Inuit claim that the number of predators in Greenland
has increased, causing terns to decline. Although the relationship between
food availability and reproductive performance in Arctic terns in Green-
land is poorly documented, the study on chick diet and chick survival at
Kitsissunnguit (Table 2, Manus III) indicates that productivity is low com-
pared with other studies abroad (Appendix I in Hatch 2002). Food short-
age or inaccessibility of suitable prey items can occur in Greenland waters
and may affect the ability of Arctic terns to reproduce in some years.

In Greenland, harvesting of Arctic tern eggs for consumption has prob-
ably taken place as long as humans have inhabited the country (Manus II).
The impact of this harvesting was initially constrained by a small human
population size and limited forms of transportation. The human popula-
tion in Greenland has more than quadrupled since the 1950’s (Feegteborg
2000), however, and the number and size of motorized boats has increased
rapidly, allowing greater mobility, and likely increasing pressure on the
Arctic tern population.



The extent of the annual egg harvest in Greenland remains undocument-
ed, although a few references may provide indications of its magnitude:
Salomonsen (1950) estimated the annual harvest at Kitsissunnguit to be
as high as 100,000 eggs, while Frich (1997) estimated that 150-200 persons
visited the archipelago between 6 and 25 June 1996, and harvested be-
tween 3,000 and 6,000 eggs. Since 2002, the level of (illegal) harvesting has
declined at Kitsissunnguit (pers. obs.).

Conservation concerns for the Arctic tern population in Greenland led to
an altered managing of the resource: from an open season for egg harvest
until 1 July before 2001, a ban on Arctic tern harvesting was introduced in
2002. Egg harvesting in Greenland is very much a cultural activity, where
several generations participate in gathering eggs during summer. The ban
on Arctic tern egg harvesting has been met by opposition in Greenland
where some even consider it a violation of basic human rights. Since 2002,
there has been a considerable pressure on national politicians to re-open
the Arctic tern egg harvest season in Greenland.

Aharvest of Arctic tern eggs is also carried out in Iceland, and, apparently,
this is conducted without an adverse effect on the population. The egg
harvest in Iceland differs from the Greenland harvest in several ways: in
Iceland the season closes on 15 June, the harvest is only conducted by pri-
vate landowners, and a high degree of predator control (foxes, gulls, and
ravens) takes place (Aevar Petersen pers. com.).

The outcome of a model dealing with egg harvesting at Kitsissunnguit
(Manus II) indicates that a fairly high number of eggs could be removed
from the breeding population each year as long as egg harvesting is only
conducted early in season. The model predicted 7 June as a date for har-
vest closure — the date where 92% of the maximum number of eggs would
be available to harvesters, but the impact on productivity would be minor.
The highest number of eggs could be harvested on 16 June, whereas har-
vest until 22 June would negatively affect population productivity. Based
on the results of the model, high effort egg harvesting until 1 July (as was
the case prior to 2002), is very likely to have placed an unsustainable pres-
sure on the population, and could very well explain the observed decline.

1.8  Renesting in Arctic terns

In order to address the impact of egg harvesting on the Arctic tern popu-
lation in Greenland, basic parameters of breeding biology are required
for the species. Although the Arctic tern is often mentioned as a species
that willingly produces a replacement clutch if the first clutch is lost (e.g.
depredated or flooded) this is in fact very poorly described in the litera-
ture. The only scientific reference to my knowledge relating to relaying
in Arctic terns is a paper by Bianki (1967) in Russian, quoted by Cramp
(1985) and Hatch (2002), showing that relaying only occurs if eggs are lost
during the first 10 days of the incubation period. Cramp (1985) also states
(without references) that relaying mainly takes place at lower latitudes,
but is “unlikely in the high Arctic”. Population dynamic parameters (such
as 1) what proportion of the population will relay, 2) at what stage in the
incubation period relaying will occur, and 3) growth and survival rates of
chicks originating from replacement clutches), remain largely unknown
in Arctic terns.
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Renesting in Arctic terns was an important component in the fieldwork at
Kitsissunnguit (Manus II and III). By experimentally removing eggs and
monitoring the response of the breeding birds, the first estimates of relay-
ing rate, and chick growth and survival rates were obtained for Arctic terns
(Manus III). However, this challenge was not without large logistical dif-
ficulties. The laying date in Arctic terns breeding in Disko Bay varied (see
section “Variation in breeding phenology”) by as much as three weeks,
making the onset of fieldwork difficult to plan. If breeding terns were to
be followed from early incubation, and egg removal experiments allowing
the birds to mate, egg formation to take place, an incubation period of 22
days, and chicks were to be followed until fledging, the field season had
to be of two to three months in duration. In practice, the demands of such
a long field period proved difficult to meet, and not all aspects of renest-
ing in Arctic terns could be covered within the framework of this research.

Despite the fact that eggs were removed in the latter half of incubation,
and past the 10 day period suggested by Bianki (1967), at least 16 out of 30
breeding pairs (53.3%) at Kitsissunnguit produced a replacement clutch
(Manus III). The clutch size (1.6) at these nests was significantly lower
than in control nests (2.1), as was the total Internal Egg Volume (IEV).
None of the replacement eggs were relayed in the original nest cup, but
were instead placed in a new nest at an average distance of 23.4 meters
from the original nest cup.

The results from Kitsissunnguit verify the general perception that Arc-
tic terns do produce a replacement clutch — even if the eggs are removed
relatively late in the breeding season. Although the long term impact of
relaying, such as the post-fledging survival of chicks, and the extra energy
expenditure required of adult females, are not accounted for in this study,
it does indicate that the birds are cable of compensating for the loss of
eggs to some extent. The findings in Manus III, where chicks from replace-
ment clutches did not differ in their growth and survival (at least to eleven
days), further support this conclusion.

1.9  Variation in breeding phenology

The fieldwork at Kitsissunnguit and at Sand Island also revealed that
breeding phenology may vary considerably between years, with consid-
erable variation in egg laying between breeding seasons, as also seen in
Arctic terns in Shetland (Suddaby and Ratcliffe 1997). At Kitsissunnguit,
the majority of eggs hatched in the first week of July (indicating that egg
laying took place in mid-June), but in some years early breeding takes
place — as was the case in 2004, where eggs hatched three weeks earlier
in mid June (Egevang et al. 2005). At Sand Island, hatching took place ap-
proximately two weeks earlier in 2008 than in 2007, with a broader dis-
tribution of hatching dates observed (Egevang et al. 2008, Egevang and
Stenhouse 2007).

The onset of egg laying is likely correlated with sea ice conditions in Arctic
regions (Hatch 2002) and this may explain the observed variation in this
study. The variation of up to three weeks difference in egg laying may
have implications for population monitoring at Arctic tern colonies. If
pair formation is not completed, flush count estimates will underestimate
population numbers. In line transect estimates (Manus IV), both the count



before (not all pairs will have laid their eggs) and after (eggs will have
hatched and chicks not recorded by the observer) the median incubation
period will produce underestimates. Before conducting counts in a given
year it is recommended that the stage of incubation is addressed — prefer-
ably by estimating egg age (Egevang et al. 2005).

1.10 Clutch size

From the study in Disko Bay and in Young Sund (Tab. 1) information on

average clutch size was obtained. The distribution of one-, two-, and three-
egg clutches differed significantly (x*=126.02, df=8, p=<0.001) between
seasons. At high-arctic Sand Island, no 3-egg clutches were observed in
the study plots (nor in random observations) during the field seasons in
2007 and 2008, but a difference (y*=5.99, df=1, p=<0.014) in the propor-
tion of one- and two-egg clutches was identified. The overall clutch size
at Sand Island (1.51, SD=0.50, n=169) was lower than at Kitsissunnguit
(1.84, SD=0.50, n=1752), and the distribution of one-, two-, and three-egg
clutches differed significantly (3*=66.45, df=2, p=<0.001).

From the findings in this study from Greenland, it seems reasonable to
conclude that investment in a 3-egg clutch only occurs on a regular basis
at lower latitudes in the Arctic zone and rarely in the High Arctic. This
hypothesis supported by a summary of clutch sizes found in Arctic terns
across North America (Hatch 2002, Appendix 1), where 3-egg clutches are
absent from locations north of 70°N.

Table 1. Average clutch size (+ Standard Deviation) and sample size (n = no. of nests) and
the distribution of one-, two-, and three-egg clutches in Arctic tern nests from Kitsissunnguit,
western Greenland, 2002-2006, and Sand Island, northeast Greenland, 2007-2008.

Location Year Clutch size (SD) Clutch size % (n)

1 2 3
Kitsissunnguit 2002 1.80 (0.50) n=292 24.3(71)  72.2(208) 4.5(13)
Kitsissunnguit 2003 1.73 (0.45) n=413  26.9 (111)  72.9 (301) 0.2 (1)
Kitsissunnguit 2004 1.76 (0.55) n=446 29.6 (132) 64.6 (288) 5.8 (26)
Kitsissunnguit 2005 1.94 (0.41) n=234 12.0(28) 82.5(193) 5.6 (13)
Kitsissunnguit 2006 2.04 (0.49) n=367 9.8 (36) 76.0 (279) 14.2(52)
Sand Island 2007 1.44 (0.50) n=109 56.0 (61) 44.0 (48) 0
Sand Island 2008 1.65 (0.50) n=60 35.0 (21) 65.0 (39) 0

1.11 Hatching and fledging success

Hatching success (Tab. 2) at Kitsissunnguit did not differ between years
(x*=0.32, df=3, p=0.956), but hatching success at Sand Island in 2008
was significantly lower (y*=4.04, df=1, p=0.045) than Kitsissunnguit (all
years combined). Fledging success in 2002, 2005, and 2006 (2003 data ex-
cluded due to short field season) at Kitsissunnguit did not differ between
years (x*=0.19, df=2, p=0.911), whereas fledging success turned out to be
significantly higher at Sand Island (¥*>=5.06, df=1, p=0.0259).

The highest proportion (14.2 %) of 3-egg clutches was found in 2006 —the
same year the highest average chick survival was encountered. Further-
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Figure 4. Growth of Arctic tern
chicks in 2005 at Kitsissunnguit,
Disko Bay, West Greenland. The
figure shows average mass and
SE bars in chicks (15.2 daily
measurements on average) from
hatching to fledgling. In the linear
growth period (4-14 days) the
equation describing daily mass
increase is inserted.
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Table 2. Hatching success (proportion of eggs hatched), fledging success (proportion of
chicks fledged) and productivity (number of fledglings per nest) from Kitsissunnguit, western
Greenland, 2002-2006, and Sand Island, northeast Greenland, 2007-2008.

Location Year Hatching success? Fledging success® Productivity (SD) n
Kitsissunnguit 2002 0.90 (n=65) 0.37 (n=59) 0.56 (0.50) n=39
Kitsissunnguit 2003 0.93 (n=54) 0.58° (n=50) 0.58° (0.319) n=24
Kitsissunnguit 2004 * * *
Kitsissunnguit 2005 0.91 (n=46) 0.38 (n=42) 0.75 (0.433) n=20
Kitsissunnguit 2006 0.93 (n=73) 0.43 (n=68) 0.85 (0.595) n=46
Sand Island 2007 * * *

Sand Island 2008 0.84 (n=85) 0.69 (n=71) 1.04 (0.771) n=48

aProductivity and Hatching/Fledging success is not necessary based on measurements in the same eggs/nests.
®In 2003 chicks could only be followed to the age of 7-15 days old. Values of fledging success and productivity
may not be representative.

* = no data on chick production in 2004 and 2007.

more, the year with the second highest recorded chick production (2005)
was also the season with the second highest proportion of 3-egg clutches.
Although the few data points in the study may not be sufficient to test if
Arctic terns are able to adjust their clutch size to food availability in the
current breeding season (Suddaby and Ratcliffe 1997, Kilpi et al. 1992), the
results suggest that this may in fact the case.

1.12 Growth rate and chick survival

During the course of fieldwork, estimates of hatching success, chick
growth and chick survival were obtained. Arctic tern chicks becomes agile
and mobile after less than two days and will immediately start running
away from the nest site if a land predator (humans included) approaches
(Bianki and Isaksen 2000). In order to obtain consistent daily measure-
ments of chick growth and survival, a small enclosure made from chicken
wire was set up around Arctic tern nests at the study site. This method has
previously been applied (Monaghan et al. 1989 4, b) in Arctic tern stud-
ies, and the birds adapt well to the enclosure after a short habituation
period. Nests were found during the incubation period and the nest area
was enclosed prior to hatching. As land predators were absent from the
study sites during the chick rearing period, and the nest area could easy be
approached from the air, it is unlikely that the enclosures induced biased
estimates of the level of predation.
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Table 3. Table of average growth daily rates (mass and wing) in Arctic tern chicks aged 4-14
days at Kitsissunnguit, West Greenland (see Fig. 4). The number of daily measurements de-
creases over the season. Average daily measurements are presented in parenthesis.

Year MASS WING
2002 5.32 (n=15.5) 7.61 (n=15.5)
2003 5.87 (n=25) 8.05 (n=19)
2005 5.56 (n=15.2) 6.83 (n=15.6)
2006 6.30 (n=39.8) 7.66 (n=34.4)

Arctic tern chick growth rates were measured as the daily increase in mass
and wing length. As growth is known to follow a sigmoidal pattern, with
little increase in the first 3 days and levelling off after age 15 days (Fig.
4), the linear period between 4 and 14 days was used to compare groups
and seasons (Manus II and III, Tab. 3). This period was also used in terns
at Shetland (Suddaby and Ratcliffe 1997) to address differences in growth
rates between seasons. In Shetland, chick growth varied with year and
ranged between 6.9 and 7.8 g per day — the same order of magnitude as
recorded at Kitsissunnguit (Tab. 3).

When obtaining measures for chick survival (Tab. 2), the enclosures were
an essential tool in keeping track of the chicks from hatching to fledging.
As the chicks grow older they become very mobile and difficult to find
and information on their fate (alive or dead) becomes almost impossible
to achieve without enclosures.

1.13 Feeding

The Arctic tern is an opportunistic, plunge-diving and surface-dipping
feeder, with a diet comprising mainly small fish and large zooplankton
(Cramps 1985, Hatch 2002). The species shows a high diversity of food
items throughout its breeding distribution and during migration. The key
prey species of the Arctic tern varies with its distribution, but fish is re-
ported to be important in the diet throughout the breeding range (Hatch
2002). There are no systematic studies on the foraging range of the Arctic
tern available, but “most” feeding is reported to take place within a 10 km
(Boecker 1967) or 20 km (Pearson 1968) radius of the colony.

The literature on the diet of Arctic Terns in Greenland is very limited
(Salomonsen (1950) mentioned zooplankton as important), which makes
the results of the fieldwork at Kitsissunnguit and Sand Island relevant
in a general context. At Kitsissunnguit, capelin (Mallotus villosus) was the
single most important prey item over the study period (2002-2006). More
detailed studies (Manus III) revealed that capelin accounted for up to
99.9 % of the energy intake of Arctic tern chicks in periods. The study at
Kitsissunnguit also revealed variation in diet composition between sea-
sons (Manus III and unpubl. data). In some years, other prey items (e.g.
Stichaeidae sp. in 2005 and 2006, Wolffish (Anarhichas spp.) in 2006) may
become important for shorter periods during chick rearing. Even discards
from shrimp vessels appear in the chick diet when the commercial catch is
sorted close to colony islands. Although these occasional influxes of alter-
native prey items appear in the diet, the importance of capelin is unques-
tionable as the key prey species of Arctic terns in Disko Bay, and probably
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Figure 5. Arctic tern chick fed with polar cod at Sand Island. Photo: Carsten Egevang.
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across most of West Greenland, where capelin constitutes the link between
zooplankton and higher trophic levels (Carscadden et al. 2002; Friis-Rodel
and Kanneworff 2002).

At high-arctic Sand Island, opportunistic observations of prey items car-
ried by adult birds during 2007 and 2008 were conducted, along with sys-
tematic observations of chick diet in 2008 (Egevang and Stenhouse 2007,
Egevang et al. 2008). Polar cod (both larvae and juvenile fish) appeared
to be the most important prey species in the chick diet, with crustaceans
(especially Thysanoessa ssp.) as secondary prey items (Egevang et al. 2008).

1.14 Breeding association

The Arctic tern shows a strong antagonistic, anti-predator behaviour to-
wards potential predators within the colony boundaries. Both land mam-
mals and avian predators are fiercely attacked from the air (Hatch 2002).
Shorebirds such as purple sandpiper (Calidris maritima), semipalmated
plover (Charadrius semipalmatus), and red phalarope (Phalaropus fulicarius)
are known to breed in higher densities and with reduced nest predation
when found within or close to an Arctic tern colony (Nguyen et al. 2006,
Smith et al. 2007, Summer and Nicoll 2004). In Greenland, Sabine’s gulls
(Xema sabini) breed almost exclusively with Arctic terns (Levermann and
Tettrup 2007), with 21 out of 24 colonies found in association with tern
colonies. Ross’s gull (Rhodostethia rosea) has only been found breeding ten
times in Greenland, and nine of these breeding records have been in asso-
ciation with breeding Arctic terns (Egevang and Boertmann 2008). At Kit-
sissunnguit, there is a strong breeding association between Arctic terns and
red-necked phalaropes (Phalaropus lobatus) and red phalarope (Egevang et al.



2006, Egevang et al. 2004). Analysis of the historical and present distribution
of breeding terns and phalaropes at Kitsissunnguit showed that phalarope
breeding densities are higher on islands where terns breed. In the case of the
red phalarope, the breeding association is particularly strong and breeding
only occurred where breeding terns are found (Egevang et al. 2004). Breed-
ing association and higher breeding densities are also documented for mal-
lards (Anas platyrhynchos) and red-breasted mergansers (Mergus serrator),
while long-tailed ducks (Clangula hyemalis) are exclusively found breeding
at islands withterns (Egevang et al. 2006).

At Kitsissunnguit, where high numbers of Arctic terns breed, the re-
sponse to predators within the boundaries of the colony is very strong.
The presence of an avian predator results in mobbing behaviour of hun-
dreds, sometimes thousands, of terns with intense vocalisation. In order
to document the breeding association between phalaropes and terns, we
conducted a study (Manus V) on phalarope behavioural response to tern
alarm calls. Potential avian predators over-flying the colony and both land
and avian predators at the outskirts of the colony do not trigger a response
from the terns. As soon as the predator enters an area with breeding terns,
alarm calls and mobbing is initiated by the terns. These alarm calls vary,
not only in duration, but also in the character of the call (Hatch 2002).
Alarm calls in the study were divided into three groups originating from:
1) falcons or gulls, 2) human disturbance, or 3) dreads (false alarms). By
recording behavioural response from both red-necked and red phalaropes
to tern alarm calls, we were able to document a strong relationship be-
tween the species. Phalaropes did not respond differently to alarms
caused by a predator compared to false alarms, but extended tern alarms
caused stronger phalarope response than short ones. In conclusion, pha-
laropes benefit from both a higher predator detection rate and aggressive
defence in the tern nesting area. This supports the hypothesis (Egevang et
al. 2004, Egevang et al. 2006) of a decline in phalarope numbers and shift
in phalarope distribution at Kitsissunnguit, governed by the distribution
of breeding Arctic terns (Manus V).

1.15 Migration

The Arctic tern is known to perform the longest annual migration in the
animal kingdom. The distance alone, from the breeding colonies at high
latitudes of the northern hemisphere to the winter quarters at high lati-
tudes in the southern hemisphere, makes the Arctic tern a candidate for
the longest annual roundtrip (Berthold 2001, Newton 2008). There were
several early attempts to interpret the migration of the species (Kullenberg
1946, Storr 1958), but the first comprehensive review was presented by
Salomonsen (1967). Based on ringing recoveries and observations from
the southern seas, Salomonsen suggested that the southbound migration
follows the coast of West Europe and later West Africa, with the birds ar-
riving in the waters off South Africa in November. Salomonsen suggested
the main wintering areas to be off the southern tip of Africa and South
America, and that Arctic terns might circumnavigate the Antarctic con-
tinent in early spring before initiating their northbound migration. This
hypothesis was later supported by radar and visual observations of terns
migrating from the Bellingshausen Sea to the Weddell Sea (Gudmunds-
son et al.1992). It has been suggested that Arctic terns complete the south-
bound migration in a step-wise fashion, moving between rich feeding
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Figure 6. An Arctic tern equipped
with a geo-locator in 2007 returns
to the breeding site at Sand Is-
land in Northeast Greenland the
following year, after having com-
pleted a round-trip migration of
more than 70,000 km.
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grounds (Alerstam 1985). Crossing over land areas and the Greenland
inland ice at high altitude was suggested to take place in the migration
of the Arctic tern in the mid-1980s using radar observations (Alerstam et
al. 1986). There was little evidence of the northbound migration of the
Arctic tern in spring available for Salomonsen, but a ringing recovery of a
Greenland ringed bird from Columbia in the highland of South America,
led him to speculate that at least some birds may end up in the Pacific
Ocean and cross over land to enter the Atlantic Ocean. However, the major
northbound migration was believed to be initiated in March in the At-
lantic Ocean and occur more rapidly and over a wider front compared to
autumn (Kampp 2001, Bourne and Casement 1996).

Several authors (e.g. Berthold 2001, Newton 2008) have attempted to esti-
mate the total distance travelled during the annual migration of the Arctic
tern. As the flight path was largely unknown, these estimates vary, but
typically a figure of 40,000 km was quoted as the annual trip from breed-
ing grounds to the wintering grounds, and back.

As advances in technology make devices for mapping animal migration
smaller and lighter, the chance of documenting the long migration of the
Arctic tern crept closer. The ideal tool for this would be a satellite transmit-
ter with a full year of battery capacity. However, at present, satellite trans-
mitters are still too heavy for birds with a mass under 250 gram to carry on
migration. Instead, the less accurate, but much lighter geolocators (mini-
ature archival light loggers), have proven to be an effective tool (Richards et
al. 2004). By recording and storing ambient light intensity, the geolocators
reveal information on sunrise and sunset. When these data are combined
with time recordings, two daily geographical positions can be calculated
and migration routes can be mapped. The disadvantage of geolocators is
that they cannot transmit data, and the tagged bird has to be caught again
at the end of the study period - a logistical challenge that normally requires
that the bird nest at the same location two years in a row.

Although often quoted in both scientific and popular literature as the
longest migration performed by any bird in the world, a study (Shaffer et
al. 2006) questioned the Arctic tern’s status as the longest migrant. Using
geolocators, Shaffer et al. (2006) were able to document that sooty shear-
waters (Puffinus griseus) make an annual round trip from New Zealand to
the waters in the northern Pacific Ocean and back, of 64,037 (£ 9,779) km

on average.




Figure 7. Simplified figure show-
ing migration patterns of the
Arctic tern, along with ap-
proximate position of the
birds each month, from
the breeding sites in
Greenland and Iceland
to the winter grounds
at Antarctica. After
initiating the south-
bound migration
(yellow line) the

birds paused their
migration in the

central part of

the North Atlantic
(small circle) for
almost a month

before they con-

tinue towards the
wintering sites at
Antarctica (large
circle). In spring, the
northbound migration
(white line) is conducted
more than twice as fast
in a gigantic “S” shaped
pattern through the Atlantic
Ocean. Areas particularly
rich in biological productiv-
ity are indicated by yellow
and green colours.

At Sand Island, we conducted a study (Manus I) which recorded a full
year of migration in Arctic terns.

Prior to deploying geolocators on Arctic terns, however, a small-scale
dummy test (Egevang 2006) was conducted on terns breeding at Kitsis-
sunnguit in 2006. In order to observe how the birds would respond to ob-
jects attached to the leg, eleven arctic terns were equipped with dummies
with the approximate mass and physical dimensions as loggers sched-
uled to be manufactured in 2007. Although some negative behavioural
response (“leg-lifting”) to the loggers were observed the days following
the deployment, the overall conclusion was that very little or no effect
could be d