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 The International Polar Year (IPY; ipy.arcticportal.org/) was a large scientific pro-
gramme focused on the Arctic and the Antarctic that officially ran from March 2007 to 
March 2009. IPY, organized through the International Council for Science (ICSU) and 
the World Meteorological Organization (WMO), is actually the fourth polar year, follow-
ing those in 1882-83, 1932-33, and 1957-58. This programme supported over 200 pro-
jects involving thousands of scientists from over 60 nations examining a wide range of 
physical, biological and social research topics. The project Arctic Wildlife Observatories 
Linking Vulnerable Ecosystems (ArcticWOLVES) and its Eurasian component Arctic 
Predators was one of these projects. This international project was co-chaired by Can-
ada and Norway and involved over 150 researchers, students and collaborators from 9 
different countries. Research activities extended from 2007 to 2010 in several circumpo-
lar regions of North America and Eurasia. This report presents the final synthesis of this 
major research initiative. Production of this report was supported by the Canadian Inter-
national Polar Year Programme. 

FOREWORD — AVANT-PROPOS — ᓯᕗᒧᑦ  

  
 ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓ (IPY; ipy.arcticportal.org/) ᐊᖏᔪᒻᒪᕆᐊᓘᓪᓗᓂ 
ᖃᐅᔨᓴᖅᑐᓕᕆᔨᒃᑯᓐᓂᒃ ᐊᐅᓚᓂᐅᔪᔪᖅ ᑐᕌᒐᖃᖅᓱᑎᒃ ᐅᑭᐅᖅᑕᖅᑐᒥᒃ ᓄᓇᕐᔪᐊᓪᓗ ᐊᑖᓂ ᐅᑭᐅᖅᑕᖅᑐᒥᒃ 
ᐱᒋᐊᖅᓱᓂ ᒫᑦᓯ 2007 ᑎᑭᑦᓱᒍ ᒫᑦᓯ 2009. ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓ, ᐸᕐᓇᑕᐅᑦᓱᓂ ᓄᓇᕐᔪᐊᒥ 
ᑲᑎᒻᒪᔨᖏᓐᓄᑦ ᖃᐅᔨᓴᖅᑏᑦ ᐊᒻᒪᓗ ᓄᓇᕐᔪᐊᕐᒥ ᓯᓚᓕᕆᓂᕐᒧᑦ ᑎᒥᐅᔪᑦ, ᐊᕐᕌᒍᖓᑦ ᓯᑕᒪᖏᓕᖅᑕᖓᑦ, 
ᑭᖑᕐᖓᓂ ᑕᐃᒃᑯᐊ 1882-83, 1932-22 ᐊᒻᒪᓗ 1957-58. ᑖᓐᓇ ᐊᐅᓚᓂᐅᔪᖅ ᐃᑲᔪᖅᓯᔪᔪᖅ ᐅᖓᑖᓃᑦᑐᓂᒃ 
200 ᐊᐅᓚᓂᐅᔪᑦ ᐱᖃᓯᐅᓱᑎᒃ ᑕᐅᓴᑎᖏᓐᓃᑦᑐᑦ ᖃᐅᔨᒪᔪᕐᔪᐊᑦ ᐅᖓᑖᓂ 60 ᓄᓇᓕᕐᔪᐊᑦ ᖃᐅᔨᓴᖅᓱᑎᒃ 
ᓱᓇᑐᐃᓐᓇᕐᓂᒃ ᑕᑯᑦᓴᒃᑯᑦ, ᐆᒪᓂᖏᑦᑎᒍᑦ ᐊᒻᒪᓗ ᐃᓅᓯᖏᑦᑎᒍᑦ. ᐊᐅᓚᓂᐅᔪᖅ ᐅᑭᐅᖅᑕᖅᑐᒥ ᐆᒪᔪᕐᓂᒃ 
ᖃᐅᔨᓴᕐᓂᐅᔪᑦ ᑲᓱᖅᑎᑦᓯᔪᑦ ᐊᑦᑕᓇᖅᑐᒦᑐᐃᓐᓇᕆᐊᓕᓐᓂᒃ ᐊᕙᑎᒥᒃ (ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᒪᕈᐃᑦ) ᐊᒻᒪᓗ 
ᐊᐃᑉᐸᐃᖏᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐃᓚᒋᔭᐅᔪᔪᑦ ᐅᑯᓄᖓ ᐊᐅᓚᓂᐅᔪᓄᑦ. ᑖᓐᓇ ᓄᓇᕐᔪᐊᕐᒥ 
ᐊᐅᓚᓂᐅᔪᖅ ᐊᐅᓚᑕᐅᖃᑕᐅᔪᔪᖅ ᑲᓇᑕᒥ ᓄᐊᕙᐃᒥᓪᓗ ᐃᓚᒋᔭᐅᑦᓱᑎᒃ 150 ᐅᖓᑖᓃᑦᑐᑦ ᖃᐅᔨᓴᖅᑏᑦ, 
ᐃᓕᓐᓂᐊᖅᑏᑦ ᐊᒻᒪᓗ ᑲᑐᔾᔨᖃᑕᐅᔪᑦ 9-ᓂᒃ ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ ᓄᓇᓕᕐᔪᐊᓂᒃ. ᖃᐅᔨᕐᓴᕐᓂᒧᑦ ᐊᐅᓚᓂᐅᔪᑦ 
ᐱᒋᐊᔪᔪᑦ 2008-ᒥᒃ 2010-ᒧᓄᑦ ᖃᑦᓯᒐᓛᓂ ᐅᑭᐅᖅᑕᖅᑐᒦᑦᑐᓄᑦ ᓄᐊᕐᖦ ᐊᒥᐊᕿᑲᒥ ᔪᕋᐃᓯᐊᒥᓗ. ᐅᑯᐊ 
ᐅᓂᒃᑳᑦ ᐊᑐᐃᓐᓇᐅᑎᑦᓯᔪᑦ ᑭᖑᓪᓕᖅᐹᒥ ᐱᒻᒪᕆᐊᓗᒻᒧᑦ ᖃᐅᔨᓴᕐᓂᕐᒧᑦ ᐊᐅᓚᔾᔭᑦᑕᐅᓯᒪᔪᒧᑦ. ᓴᓇᔭᐅᓂᖏᑦᑕ 
ᐅᑯᐊ ᐅᓂᒃᑳᑦ ᐃᑲᔪᖅᑐᖅᑕᐅᓯᒪᔪᑦ ᑲᓇᑕᒥ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓᓄᑦ ᐊᐅᓚᓂᕐᒧᑦ. 

  
 L’Année Polaire Internationale (API; ipy.arcticportal.org/) a été un vaste programme 
scientifique centré sur l’Arctique et l’Antarctique et qui s’est officiellement étendu de 
mars 2007 à mars 2009. L’API, chapeauté par le Conseil International des Sciences 
(ICSU) et l’Organisation Météorologique Mondiale (OMM), est en fait la quatrième année 
polaire, après celles de 1882-3, 1932-3, et 1957-8. Ce programme a supporté plus de 
200 projets impliquant des milliers de scientifiques provenant de 60 pays dans les do-
maines des sciences physiques, biologiques et sociales. Le projet Arctic Wildlife Obser-
vatories Linking Vulnerable Ecosystems (ArcticWOLVES) et son pendant Eurasien, Arctic 
Predators, a été un de ces projets. Ce projet international, codirigé par le Canada et la 
Norvège, a regroupé plus de 150 chercheurs, étudiants et collaborateurs provenant de 9 
pays différents. Les activités de recherche se sont étendues de 2007 à 2010 dans plu-
sieurs régions du monde circumpolaire de l’Amérique du Nord et de l’Eurasie. Ce rapport 
présente la synthèse finale de cette initiative de recherche majeure. La production de ce 
rapport a été financée par le programme canadien de l’Année Polaire Internationale. 
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IN MEMORIAM 

Robert L. Jefferies (1936-2009) 

 Bob Jefferies was a significant person in the lives of many of those involved in the 
ArcticWOLVES collaboration. During his long career in ecology and plant biology, he was 
teacher, mentor, colleague and great friend, and stood out as an exemplary gentleman 
scientist and academic. He provided a model for all of us to emulate both in work ethic 
and integrity, and in his caring approach to people. His fundamental contributions to the 
study of northern ecosystems have stimulated and challenged our undertakings. His 
plant-herbivore studies of geese set standards of investigative procedure and problem 
solving in the field which we have sought to maintain. He was involved with all aspects 
of ArcticWOLVES including development of protocols, field work, reporting and admini-
stration. He was particularly emphatic about the value of the ArcticWOLVES comparative 
approach across multiple sites and multiple years and the value of the collaborative ap-
proach to synthesis and reporting. His untimely passing has robbed us of the opportu-
nity to benefit from his unique experience and insight, but we trust his legacy of learn-
ing will carry us through the tasks that lie ahead. 
 

Kenneth F. Abraham 
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 The International Polar Year project ArcticWOLVES (www.cen.ulaval.ca/
arcticwolves/) is a study of tundra ecosystems aimed at understanding food webs and 
associated ecosystem processes, and assessing current and future impacts of climate 
change on tundra wildlife. The project involved a coordinated effort by an international 
team of over 150 researchers, students and collaborators at 15 field sites across the cir-
cumpolar regions of Canada, Fennoscandia, Russia and Greenland. Our project focused 
on the small to mid-size tundra wildlife, primarily small mammals, geese, shorebirds, 
birds of prey, foxes, weasels, and insects. ArcticWOLVES was highly successful in foster-
ing collaborations among researchers from many institutions spread over 9 countries 
and in developing strong partnerships with northern organizations and communities. 
 A new pattern emerging from our study is that, when large mammalian herbivores 
are absent, the tundra food web appears more likely to be dominated by predator-prey 
than by plant-herbivore interactions. However, we encountered large variations among 
sites in this pattern, depending of local features. The combined predation rate of several 
species appears an important regulating factor of small mammal populations at several 
Canadian sites but certain snow conditions also seem necessary for the occurrence of 
peak lemming populations during the summer. Geese are another important summer 
herbivore at many sites and several populations have increased considerably in recent 
decades due to events occurring on their wintering ground. At very high goose density, 
predator limitation weakens and the system becomes dominated by herbivore-plant in-
teractions, with potentially strong negative impact on tundra vegetation. Arctic arthro-
pods play essential ecological roles in the functioning of the tundra, for instance as the 
main prey of many birds. As temperatures increase, diversity and overall biomass of ar-
thropods in the Arctic should increase and peaks in abundance may shift or broaden. 
These changes in resource availability may have a negative impact on the reproduction 
of insectivorous birds. However, shorebird populations may even be more affected by 
change in predator abundance. We found a large variation in nest predation risk across 
the Canadian Arctic as predation risk for shorebird eggs decreased considerably at 
higher latitudes. Shorebird predator-prey relationships could be altered via changes in 
the abundance of predators or of alternative prey for predators. Another key conclusion 
is that the functioning of an ecosystem cannot be understood in isolation as subsidies 
from adjacent ecosystems can shape the structure and dynamic of food webs. This is 
most evident for top predators such as the arctic fox and several avian predators, for 
which the marine ecosystem may provide essential foraging ground during the winter. 
Therefore, a broader, cross-ecosystem perspective may be required when assessing the 
status or threats faced by these predators. Competition between predators is also an 
important issue as the northward expansion of some species may pose a significant 
threat to native tundra predators. Traditional ecological knowledge collected at several 
sites also allowed us to corroborate, complement or find contrasts with the scientific re-
sults that we gathered at those sites for a few key tundra species. 
 Besides the new scientific findings presented in this report, our project also provided 
other significant legacies. These include (1) a full database of most of the information 
that we collected on the abundance, distribution, reproduction and ecology of a large 
number of wildlife species; (2) the development of durable international collaborations 
that will extend well beyond the International Polar Year and will increase our scientific 
capacity in the North; and finally, (3) upgraded research facilities along with new scien-
tific equipment at some of our field sites that will allow a continuation of several of the 
objectives of our project beyond the International Polar Year.  

EXECUTIVE SUMMARY 
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 Le projet de l’Année Polaire Internationale ArcticWOLVES (www.cen.ulaval.ca/
arcticwolves/) est une étude de l’écosystème de la toundra visant à mieux comprendre 
les réseaux trophiques et les processus qui y sont associés, et à évaluer les impacts ac-
tuels et futurs du changement climatique sur la faune arctique. Le projet a été l’œuvre 
d’un effort coordonné par une équipe internationale de plus de 150 chercheurs, étu-
diants et collaborateurs mené à 15 sites de terrain dispersés à travers le monde circum-
polaire au Canada, en Scandinavie, en Russie et au Groenland. Notre projet s’est 
concentré sur la faune de petite et moyenne taille de la toundra, principalement les pe-
tits mammifères, les oies, les oiseaux de rivage, les oiseaux de proies, les renards, 
l’hermine et les insectes. Le projet ArcticWOLVES a réussi à mettre en place des collabo-
rations fructueuses entre les chercheurs de nombreuses institutions provenant de 9 
pays différents et à développer des partenariats solides avec les organisations et les 
communautés nordiques. 
 Un nouveau patron émergeant de notre étude est que, en l’absence de gros mam-
mifères herbivores, le réseau trophique de la toundra semble davantage dominé par les 
interactions prédateur-proie que plante-herbivore. Nous avons néanmoins observé de 
fortes variations dans ce patron entre les sites dépendant des conditions locales. La 
pression de prédation combinée de plusieurs espèces ressort comme un facteur de ré-
gulation important des populations de petits mammifères à plusieurs sites au Canada 
quoique des conditions spécifiques d’enneigement semblent aussi nécessaires pour 
qu’un pic d’abondance de lemmings survienne durant l’été. Les oies sont un autre herbi-
vore important à plusieurs sites pendant l’été et de nombreuses populations ont consi-
dérablement augmenté au cours des dernières décennies, principalement à cause d’évé-
nements qui se sont produits sur leurs sites d’hivernage. Lorsque les densités d’oies de-
viennent très élevées, la limitation par les prédateurs s’atténue et le système devient 
dominé par les interactions plante-herbivore, avec potentiellement un fort impact néga-
tif sur les plantes de la toundra. Les arthropodes arctiques jouent un rôle écologique es-
sentiel dans le fonctionnement de l’écosystème de la toundra, notamment en étant la 
proie principale de nombreuses espèces d’oiseaux. Avec l’augmentation de la tempéra-
ture, la diversité et la biomasse totale d’arthropodes devraient augmenter dans l’Arcti-
que et le pic d’abondance devrait se déplacer ou s’élargir. Ces changements dans la dis-
ponibilité des ressources pourraient avoir un impact négatif sur la reproduction des oi-
seaux insectivores. Toutefois, les populations d’oiseaux de rivage pourraient être encore 
plus affectées par le changement dans l’abondance des prédateurs. En effet, nous avons 
trouvé une forte variation spatiale dans le risque de prédation de leurs nids à travers 
l’Arctique canadien avec une diminution importante de ce risque aux latitudes les plus 
hautes. Les relations prédateur-proie des oiseaux de rivage devraient être altérer par 
des changements dans l’abondance des prédateurs ou de leurs proies alternatives. Une 
autre conclusion clé est que le fonctionnement d’un écosystème ne peut pas être com-
pris de façon isolée car les subsides d’écosystèmes voisins peuvent affecter la structure 
et la dynamique des réseaux trophiques. Ceci est le plus évident pour les prédateurs au 
somment du réseau comme le renard arctique et plusieurs oiseaux de proies pour qui 
l’écosystème marin peut fournir une aire d’alimentation essentielle pendant l’hiver. 
Conséquemment, l’évaluation du statut et des menaces qui pèsent sur ces prédateurs 
va nécessiter une perspective plus large et qui transcende les écosystèmes. La compéti-
tion entre les prédateurs est aussi une préoccupation importante parce que l’expansion 
vers le nord de certaines espèces peut poser une menace significative pour les préda-
teurs indigènes de la toundra. Le Savoir Traditionnel autochtone nous a aussi permis de 
corroborer, complémenter ou parfois de trouver quelques différences avec les résultats 
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scientifiques que nous avons récoltés à plusieurs sites pour certaines espèces clés de la 
toundra.   
 En plus des nouvelles découvertes scientifiques présentées dans ce rapport, notre 
projet a généré plusieurs autres réalisations significatives. Celles-ci incluent une base de 
données complète regroupant la grande majorité des informations recueillies sur l’abon-
dance, la distribution, la reproduction et l’écologie d’un grand nombre d’espèces fauni-
ques; le développement de collaborations internationales durables qui vont se poursui-
vre dans le futur et qui vont augmenter notre capacité scientifique dans le nord; finale-
ment, des infrastructures de recherche améliorées incluant plusieurs nouveaux équipe-
ments scientifiques à certains de nos sites d’étude, lesquelles vont permettre la pour-
suite de plusieurs des objectifs de notre projet au-delà de l’Année Polaire Internationale. 
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 ᓄᓇᕐᔪᐊᕐᒥ ᓇᓄᓕᕆᓂᕐᒧᑦ ᐊᐅᓚᓂᐅᔪᖅ ArcticWOLVES (www.cen.ulaval.ca/arcticwolves/) 
ᖃᐅᔨᓴᕐᓂᐅᔪᖅ ᓇᑎᕐᓇᕐᒥ ᐆᒪᓇᓱᐊᖃᑎᒌᑦᑐᓄᑦ ᑐᕌᒐᖃᖅᓱᑎᒃ ᑐᑭᓯᓇᓱᐊᕐᓂᕐᒥᒃ ᓂᕿᒋᖃᑎᒌᑦᑐᓂᒃ 
ᐊᑦᑐᐊᔪᓂᓪᓗ ᐊᕙᑎᒥ ᐊᐅᓚᓂᐅᔪᒥᒃ, ᖃᐅᔨᓴᕐᓂᕐᓗ ᒫᓐᓇ ᓯᕗᓂᑦᑎᓐᓂᓗ ᐊᑦᑐᐃᓂᕆᓂᐊᖅᑕᖓᓐᓂᒃ ᓯᓚᐅᑉ 
ᐊᓯᔾᔨᕐᓂᖓᑕ ᓇᑎᕐᓇᒥ ᐆᒪᔪᕐᓂᒃ. ᐊᐅᓚᓂᐅᔪᒧᑦ ᐃᓚᒋᔭᐅᔪᒧᖅ ᑐᑭᒧᐊᑦᑎᑕᐅᑦᓱᑎᒃ ᓄᓇᕐᔪᐊᕐᒥ 
ᑲᑐᔾᔨᖃᑎᒌᑦᑐᓄᑦ 150 ᐅᖓᑖᓃᑦᑐᓄᑦ, ᐃᓕᓐᓂᐊᖅᑎᓄᑦ ᑲᑐᔾᔨᖃᑕᐅᔪᓂᓪᓗ 15-ᓂ ᐃᓂᒋᔭᐅᔪᓂ 
ᐅᑭᐅᖅᑕᖅᑐᖓᓂ ᑲᓇᑕᐅᑉ, ᕙᓄᔅᑳᓐᑎᐊ, ᕋᓴ ᐊᒻᒪᓗ ᑲᓛᖡᑦ ᓄᓇᖓᓐᓂ. ᐊᐅᓚᓂᕆᔭᕗᑦ ᑐᕌᒐᖃᔪᔪᖅ 
ᒥᑭᔫᑎᓂᒃ ᐊᑯᓐᓈᕿᓂᓪᓗ ᓇᑎᕐᓇᕐᒥ ᐆᒪᔪᕐᓂᒃ, ᐱᓗᐊᖅᑐᒥᒃ ᕿᑐᕐᖓᓕᓪᓚᑑᑏᑦ, ᑲᖑᐃᑦ, ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ, 
ᑎᒻᒥᐊᑦ ᐆᒪᔪᕐᓂᐊᓲᑦ, ᑎᕆᒐᓐᓂᐊᑦ, ᑎᕆᐊᑦ ᖁᐱᕐᕈᐃᓪᓗ. ArcticWOLVES ᑲᔪᓯᓂᖃᑦᓯᐊᔪᔪᖅ 
ᑲᑐᔾᔨᖃᑎᒌᓐᓂᖏᑦᑎᒍᑦ ᖃᐅᔨᓴᖅᑏᑦ ᐊᒥᓱᓂᒃ ᑎᒥᐅᔪᓂᒃ ᓯᐊᒻᒪᑎᖅᓯᒪᔪᓂ 9-ᓂ ᓄᓇᓕᕐᔪᐊᓂ 
ᓴᓐᖏᔪᒻᒪᕆᒻᒥᓪᓗ ᑲᑐᔾᔨᖃᑎᒌᓐᓂᖃᓕᖅᓱᑎᒃ ᐅᑭᐅᖅᑕᖅᑐᒥ ᑎᒥᐅᔪᓂᒃ ᓄᓇᓕᓐᓂᓪᓗ.   
 ᐊᐅᓚᓂᖅᑖᖅᑲᐅᖅ ᓴᖅᑭᐸᓪᓕᐊᔪᖅ ᖃᐅᔨᓴᕐᓂᑎᓐᓂᒃ, ᐊᖏᔫᑏᑦ ᐱᕈᖅᑐᑐᖅᑐᑦ ᐆᒪᔪᐃᑦ 
ᐱᑕᖃᓐᖏᒐᐃᒻᒪᑕ, ᓇᑎᕐᓇᒥ ᓂᕿᒋᖃᑎᒌᑦᑐᑦ ᐊᐅᓚᑕᐅᓂᖅᓴᐅᔮᖅᑐᑦ ᓂᕿᑦᓴᓯᐅᖅᑎᓄᑦ ᐱᕈᖅᑐᑐᖅᑐᐃᑦ 
ᓴᓂᐊᓂ. ᑭᓯᐊᓂᓕ, ᑕᑯᖃᑦᑕᔪᒻᒥᔪᒍᑦ ᐊᖏᔪᐊᓗᓐᓂᒃ ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ ᑕᒪᒃᑯᓇᓂ ᑕᐃᒫᒃ ᐊᐅᓚᓂᐅᔪᓂᒃ, 
ᑐᓐᖓᕕᖃᖅᓱᑎᒃ ᓄᓇᓕᓐᓂ ᖃᓄᐃᑦᑑᓂᖏᓐᓂᒃ. ᑲᑎᑦᓱᑎᒃ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ ᐆᒪᔪᕐᓂᒃ 
ᑕᑯᑦᓴᐅᑎᑦᓯᔪᖅ ᐱᒻᒪᕆᒻᒥᒃ ᐊᐅᓚᑦᓯᔾᔪᑕᐅᔪᒥᒃ ᒥᑭᔫᑕᐅᓂᖅᓴᓂᒃ ᐆᒪᔪᕐᓂᒃ ᖃᑦᓯᒐᓛᓂ ᑲᓇᑕᒥ ᐃᓂᒋᔭᐅᔪᓂᒃ 
ᑭᓯᐊᓂ ᐊᐳᑎᖃᕆᐊᖃᖅᑑᔮᕐᒥᔪᖅ ᐊᐳᑎᑐᐃᓐᓇᐅᖏᑦᑐᓂᒃ ᐊᕕᓐᖓᐃᑦ ᐊᒥᓱᓐᖑᑲᓐᓂᕐᓂᐊᖅᐸᑕ ᐊᐅᔭᒃᑯᑦ. 
ᑲᖑᐃᑦ ᐱᒻᒪᕆᐊᓗᒻᒥᒃ ᐊᐅᓚᓂᖃᕐᒥᔪᑦ ᐅᐱᕐᖔᒃᑯᑦ ᐊᒥᓱᓂ ᐃᓂᒋᔭᐅᔪᓂ ᐱᕈᖅᑐᑐᖅᑎᐅᑦᓱᑎᒃ ᐊᒻᒪᓗ ᐊᒥᓱᑦ 
ᑲᖒᖃᑎᒌᑦᑐᑦ ᐊᒥᓱᓐᖑᐹᓪᓕᖅᓯᒪᔪᑦ ᐊᕐᕌᒍᓂ ᐊᒥᓱᓂ ᐊᓂᒍᖅᑐᓂ ᐱᔾᔪᑕᐅᓪᓗᑎᒃ ᐊᐅᓚᓂᕆᕙᑦᑕᖏᑦ 
ᐅᑮᕕᒻᒥᓂ. ᐊᒥᓲᓗᐊᓐᖑᐊᑎᓪᓗᒋᑦ ᑲᖑᐃᑦ, ᓂᕿᑦᓴᖅᓯᐅᑎᖃᑦᓯᐊᖏᓐᓂᒃ ᓴᓐᖐᓕᖅᐹᓪᓕᑎᑦᓯᓲᖅ ᐊᐅᓚᓂᕐᓗ 
ᐊᐅᓚᑕᐅᓂᖅᓴᐅᓕᖅᓱᓂ ᐱᕈᖅᑐᑐᖅᑐᓄᑦ, ᓴᓐᖏᔪᒻᒪᕆᒻᒥᒃ ᐊᑦᑐᐃᓂᕐᓗᓐᓂᖃᕈᓐᓇᖅᓱᓂ ᓇᑎᕐᓇᒥ ᐱᕈᖅᑐᓂᒃ. 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᖁᐱᕐᕈᐃᑦ ᐊᑑᑎᖃᓪᓚᕆᒻᒥᔪᑦ ᐊᕙᑎᒥ ᑲᒪᒋᔭᒥᓐᓄᑦ ᐊᐅᓚᓂᐅᔪᓄᑦ ᓇᑎᕐᓇᒥ, ᓲᕐᓗ 
ᓂᕿᒋᔭᓪᓗᐊᑕᐅᑦᓱᑎᒃ ᐊᒥᓱᓄᑦ ᑎᒻᒥᐊᓄᑦ. ᓯᓚ ᓂᕈᒥᑦᓯᕙᓪᓕᐊᑎᓪᓗᒍ, ᖃᓄᐃᑦᑐᑐᐃᓐᓇᐃᑦ ᐃᓘᓐᓈᒍᑦ 
ᖁᐱᕐᕈᐃᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓂᐊᖅᑐᑦ ᐊᒻᒪᓗ ᐊᒥᓲᓂᖏᑦ ᓄᑦᑕᑐᐃᓐᓇᕆᐊᓖᑦ 
ᓯᐊᒻᒪᐹᓪᓕᕐᓗᑎᓪᓘᓐᓃᑦ. ᑖᒃᑯᐊ ᐊᓯᔾᔨᕐᓂᐅᔪᑦ ᐊᑐᐃᓐᓇᖃᕐᓂᕐᒨᖓᔪᑦ ᐊᑦᑐᐃᓂᕐᓗᓐᓂᖃᑐᐃᓐᓇᕆᐊᓖᑦ 
ᖁᐱᕐᕈᑐᖅᐸᑦᑐᓂᒃ ᑎᒻᒥᐊᓂᒃ. ᑭᓯᐊᓂᓕ, ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᐊᑦᑐᖅᑕᐅᓂᖅᓴᐅᑐᐃᓐᓇᕆᐊᖃᕐᒥᔪᑦ 
ᐊᓯᔾᔨᕐᓂᐅᔪᓄᑦ ᐊᒻᒪᓗ ᓂᕿᑦᓴᖅᓯᐅᖅᑐᑦ ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓂᖏᓐᓄᑦ. ᐊᒥᓱᐊᓗᓐᓂᒃ ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ 
ᐅᓪᓗᖅᓯᔪᔪᒍᑦ ᐅᓗᕆᐊᓇᖅᑐᒦᑦᑐᓂᒃ ᐅᑭᐅᖅᑕᖅᑯᖓᓂ ᑲᓇᑕᐅᑉ ᓯᓈᓂ ᒪᓐᓃᑦ ᑎᒻᒥᐊᓄᑦ 
ᐃᓄᐃᓴᓪᓕᕚᓪᓕᓪᓚᕆᔪᒻᒪᑕ ᖁᑦᓯᓂᖅᓴᓃᑦᑐᑦ. ᓯᓈᓂ ᑎᒻᒥᐊᕐᓂᐊᖅᐸᑦᑐᑦ ᐊᓯᔾᔨᕐᓂᖃᑐᐃᓐᓇᕆᐊᓖᑦ 
ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓂᖏᓐᓄᑦ ᓂᕿᑦᓯᓴᖅᓯᐅᖅᑏᑦ ᐱᔭᐅᖔᓕᕐᓗᑎᓪᓘᓐᓃᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ . 
ᐃᓱᒪᒋᔭᐅᒻᒥᔪᖅᑕᐅᖅ ᐊᐅᓚᓂᖓᑦ ᐊᕙᑎᐅᑉ ᑐᑭᓯᔭᐅᒍᓐᓇᖏᑦᑐᑦ ᐃᒻᒥᒃᑰᖅᑎᓪᓗᒍ ᐊᑦᑐᐊᔪᓂᒃ ᐊᕙᑎᒻᒦᑦᑐᓂᒃ 
ᐊᓯᔾᔩᓂᖃᕈᓐᓇᖅᑐᓂᒃ ᐋᖅᑭᑦᓯᒪᓂᖏᓐᓂᒃ ᐊᐅᓚᓂᖏᓪᓂᓪᓗ ᓂᕿᒋᖃᑎᒌᑦᑐᑦ. ᑕᑯᑦᓴᐅᓗᐊᓐᖑᐊᕐᒥᔪᖅ ᒪᑯᓇᓂ 
ᓂᕿᑦᓴᖅᓯᐅᑎᓂᒃ ᓲᕐᓗ ᑎᕆᒐᓐᓂᐊᑦ, ᐊᓯᖏᓪᓗ ᑎᒻᒥᐊᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ, ᑕᕆᐅᕐᒥᐅᑕᐃᑦ 
ᓂᕿᑦᓴᖅᓯᐅᕐᕕᐅᓗᐊᓐᖑᐊᕐᓂᐅᓴᑦᓱᑎᒃ ᐅᑭᐅᒃᑯᑦ. ᑕᐃᒪᐃᓐᓂᖓᓄᑦ, ᐃᓗᓕᖅᑐᓂᖅᓴᒥᒃ ᐊᕙᑎᒥᐅᖃᑎᒌᓂᒃ 
ᑕᑯᓐᓇᕐᓂᖅᑕᖃᕆᐊᓕᒃ ᕿᒥᕐᕈᔭᐅᓕᖅᐸᑕ ᖃᓄᐃᓕᖓᓂᐅᔪᑦ ᐅᓗᕆᐊᓇᖅᑐᒦᒍᑕᐅᔪᓄᑦ ᓂᕿᑦᓯᓴᖅᓯᐅᑎᓄᑦ. 
ᓵᓚᒋᖃᑎᒌᑦᓯᒪᒐᓱᐊᕐᓂᖏᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐱᒻᒪᕆᐅᒻᒥᔪᖅ ᐅᑭᐅᖅᑕᖅᑐᒨᖅᐸᓪᓕᐊᑐᐃᓐᓇᒋᑦ ᐃᓚᖏᑦ 
ᐆᒪᔪᐃᑦ ᐅᓗᕆᐊᓇᑐᐃᓐᓇᕆᐊᖃᕐᒪᑕ ᓇᑎᓇᕐᒥ ᓂᕿᑦᓯᓴᖅᓯᐅᑎᓄᑦ. ᐊᕙᑎᒥᐅᑕᕐᓂᒃ ᖃᐅᔨᒪᓂᐅᔪᑦ ᓄᐊᑕᐅᔪᑦ 
ᖃᑦᓯᒐᓛᓂ ᐃᓂᐅᔪᓂ ᐅᖃᖃᑎᒌᒍᑎᒋᒍᓐᓇᖅᓯᒪᒻᒥᔭᕗᑦ, ᕿᒥᕐᕈᓪᓗᒋᓪᓗ ᖃᐅᔨᒪᔪᕐᔪᐊᕐᓃᓐᖔᖅᑐᑦ ᓄᐊᑦᓯᑦᓱᑕ 
ᑕᐃᒃᑯᓇᓐᖓᑦ ᐃᓂᐅᔪᓂᒃ ᓇᑎᕐᓇᒥ ᖃᐅᔨᓴᖅᑕᑎᓐᓄᑦ.  
 ᓴᓂᐊᓂ ᓄᑖᑦ ᖃᐅᔨᓴᖅᑎᓄᑦ ᖃᐅᔨᔭᐅᔪᑦ ᐅᓂᒃᑳᖑᔪᑦ ᐅᕙᓂ ᐅᓂᒃᑳᓂ, ᐊᐅᓚᓂᑦᑎᓐᓂᑦᑕᐅᖅ 
ᐱᓯᒪᒻᒥᔪᒍᑦ ᐊᓯᖏᓐᓂᒃ ᐊᓚᒡᒐᐃᑦᑐᓂᒃ. ᐱᖃᓯᐅᑎᑦᓱᑎᒃ (1) ᐊᑕᖏᖅᑐᑦ ᐃᓘᓐᓇᒐᓚᑎᒃ ᑐᓴᖅᓯᒪᔭᕗᑦ 
ᓄᐊᓯᒪᔭᕗᑦ ᐊᒥᓲᓂᖏᓐᓅᖓᔪᑦ, ᐃᓂᖏᓐᓄᑦ, ᕿᑐᕐᖏᐅᕐᓂᖏᓐᓄᓪᓗ ᐊᒥᓱᑦ ᐆᒪᔪᐃᑦ; (2) ᐱᕙᓪᓕᐊᓂᖏᑦ 
ᓄᓇᕐᔪᐊᕐᒥ ᑲᑐᔾᔨᖃᑎᒌᓐᓂᐅᔪᑦ ᐅᖓᑖᓅᓪᓚᕆᓐᓂᐊᖅᑐᑦ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓᑕ ᐊᒻᒪᓗ 
ᐊᖏᓪᓕᕚᓪᓕᕈᑕᐅᓂᐊᖅᓱᑎᒃ ᖃᐅᔨᒪᔪᕐᔪᐊᖁᑎᑦᑎᓐᓂᒃ ᐅᑭᐅᖅᑕᖅᑐᒥ; ᐊᒻᒪᓗ ᑭᖑᓪᓕᖅᐹᒥ (3) 
ᓄᑖᕈᕆᐊᖅᓯᒪᔪᑦ ᖃᐅᔨᓴᕐᕖᑦ ᓱᓇᒃᑯᑎᑖᖅᓯᒪᑦᓱᑎᒃ ᓄᑖᓂᒃ ᐃᓚᖏᓐᓂ ᓇᔪᖅᑕᑎᓐᓂ ᓄᓇᒥ 
ᑲᔪᓯᒍᑕᐅᓂᐊᖅᓱᑎᒃ ᖃᑦᓯᒐᓛᓄᑦ ᑐᕌᒐᕆᔭᑦᑎᓐᓄᑦ ᐅᖓᑖᓅᑦ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐅᑭᐅᖓᑕ.  

ᐃᓘᓐᓈᒍᑦ ᓇᐃᓪᓕᑎᖅᓯᒪᔪᑦ 
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 The arctic tundra biome spans over 3 con-
tinents and 8 countries. It extends over more 
than 3,500 km from the tree-line to the north-
ernmost land masses of the planet. Harsh cli-
matic conditions prevail in the arctic tundra, 
as average annual temperature ranges from 
about -2°C at its southern limit to ‑18°C at its 
northern limit and the ground is covered by 
snow during 6 to 9 months. Despite these ex-
treme conditions, there is a rich diversity of 
habitats, from dense shrubs to wetlands and 
polar semi-deserts. The tundra also harbours 
a surprising animal biodiversity, especially 
during summer when many migratory birds 
come to nest. The need to feed links species 
though complex food webs. The tundra food 
web remains one of the least known, largely 
due to the logistic difficulties involved in con-
ducting scientific studies in the Arctic. The 
environmental knowledge gained by people 
inhabiting the North, through their use and 
observation of wildlife and the land, is some-
times considerable (Gagnon and Berteaux 
2006). But most of it is not written, and eco-
logical relations are sometimes too complex to 
be understood without experiments or the 
help of sophisticated equipment. 
 This lack of scientific knowledge is espe-
cially worrying because the tundra could 
change very quickly in the near future. The 
exploitation of minerals and energy, and the 
increasing exchanges between the Arctic and 
the rest of the planet are threatening the en-
vironment in several ways. However, human-
induced climate warming is probably the most 
important source of future changes in this re-
gion. No other place on the planet is currently 
warming faster than the Arctic, and the Inter-
governmental Panel on Climate Change (IPCC 
2007) projects for the area a 3°C to 6°C in-
crease in annual average surface air tempera-
tures during this century. 
 Studying the impact of climate change on 
wildlife is difficult (Berteaux et al. 2006). 
Physical systems such as the permafrost or 
the oceans should respond to temperature 
increases in a predictable manner, following 
well-known physical laws. But the situation is 

different for living systems. Although plants 
and cold-blooded animals such as insects can 
sometimes respond in straight ways to tem-
perature change, the response of warm-
blooded animals is generally more complex. 
These animals have indeed evolved an ability 
to regulate their body temperature, which 
partly buffers them from short-term tempera-
ture variations. In many situations, indirect 
effects brought about by climate change may 
have a greater impact on animal populations 
than direct ones. For instance, if climate 
warming changes the timing at which plants 
are most nutritive more quickly than it 
changes the timing at which the energy de-
mand of herbivores is greatest, this may lead 
to a loss of synchrony (a trophic mismatch) 
between the two groups of organisms, with 
negative consequences for herbivore popula-
tions (Durant et al. 2007, Post and Forchham-
mer 2008). Similarly, invasion of the food web 
by new competitors or predators moving up 
north may disrupt the food web and cause the 
demise of some species (Post et al. 2009). In 
this case, a single, difficult-to-predict event 
such as the arrival of a new species can have 
dramatic effects on the ecosystem. The food 
web may also respond very differently de-
pending on whether it is primarily regulated 
by predators (top down control) or by plants 
(bottom up control). For instance, invasion of 
the system by a new predator would have a 
much greater impact in a food web with a top-
down control than in one with a bottom-up 
control. In the former case, the effects could 
trickle down the food chain, leading to a so-
called trophic cascade (Bazely and Jefferies 
1996, Ims et al. 2007). The control of the tun-
dra food web remains a controversial issue 
(Gauthier et al. 2009, Krebs 2011), in part 
due to the lack of empirical evidence. 
 It is in this context that we developed the 
International Polar Year (IPY) project Arctic 
Wildlife Observatories Linking Vulnerable Eco-
Systems (ArcticWOLVES). The major aims are 
to improve our understanding of the tundra 
food web and to assess current and future 
impacts of climate change on wildlife. The pro-

CHAPTER 1. INTRODUCTION 
Gilles Gauthier and Dominique Berteaux 
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ject involves a coordinated effort by an inter-
national team of over 150 researchers, stu-
dents and collaborators at 16 primary field 
sites and several secondary sites across the 
circumpolar regions of Canada, Norway, Rus-
sia and Greenland (Fig. 1). The component of 
the project that took place in Eurasia is also 
referred to as the Arctic Predators project. 
ArcticWOLVES is primarily a field-based pro-
ject involving intensive data collection primar-
ily over the period 2007-2009. Using common 
and standardized methodologies at most field 
sites we applied a comparative approach to 
work at a very large spatial scale. Moreover, 
many of the sites used for the project already 
had a history of wildlife-related studies, which 
added a temporal perspective in several 
cases. In some instances, we conducted ma-
nipulative experiments to address more thor-
oughly some specific questions. In other in-
stances, we used innovative methods such as 
satellite-tracking to study animal movement 

or stable isotopes (proportion of primary ele-
ments [i.e. atoms] that make up all living and 
inert matter) to measure trophic relationships. 
 Wildlife is closely linked to the culture and 
health of northern people across the Arctic. 
These people thus have a vested interest in 
the changes that are currently occurring or 
will occur in the tundra food web because 
these changes will undoubtedly affect their 
way of life. Northern people also have an inti-
mate knowledge of wildlife species surround-
ing them. Therefore, our project has at-
tempted to merge western scientific method-
ology with the traditional knowledge of north-
ern inhabitants whenever possible. One ad-
vantage of this approach is that it can provide 
information that allows us to expand our tem-
poral and spatial resolution of wildlife popula-
tion studies (Gagnon and Berteaux 2009). 
 Our project is focused on the small to 
mid-size wildlife species of the tundra food 
webs, and on their food resources. This mainly 

Figure 1. ArcticWOLVES and Arctic Predators study sites (red star) located on a circumpolar Arctic map of 
bioclimate sub-zones. Blue star indicates secondary study sites. Sub-zone A (herb barrens) is the coldest, and 
sub-zone E (erect low shrub tundra) is the warmest.  Common descriptions for other zones are: B – prostrate 
dwarf shrub; C – hemi-prostrate dwarf shrub; D – erect dwarf shrub (modified from Walker et al. 2005). 
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includes small mammals, geese, shorebirds, 
birds of prey, foxes, weasels and insects. 
Large mammals like caribou, muskox and 
wolves were not among the species of prime 
interest in this project but incidental informa-
tion on these species was gathered at field 
sites where they were a significant component 
of the food web. Even though the project was 
structured into sub-components often focus-
sing on specific species or groups of closely-
related species, we strived to study the inter-
actions among species and how each species 
or functional group affect each other in the 
food web. 
 The goal of this report is to present a syn-
thesis of the key findings of our project and 
their implications. More specifically, our objec-
tives are to: (1) provide up to date informa-
tion on the status and trend of the wildlife 
species that we studied, (2) provide new in-
formation on the dynamics of the tundra food 
web, and (3) identify vulnerabilities to climate 
change and other perturbations in our focus 
species and discuss the implications for their 
future. The report is structured into 10 core 
chapters in addition of this introductory chap-

ter. Chapter 2 presents the human dimension 
and the challenges associated with the com-
pletion of such a large scale project in some of 
the most remote parts of the planet. Chapters 
3 to 8 focus on the key taxonomic groups that 
we studied (small mammals, geese, insects, 
shorebirds, birds of prey and foxes). Chapter 
9 presents a global food web perspective and 
examines how trophic interactions will likely 
be impacted by a changing environment. 
Chapter 10 addresses the interface between 
wildlife and people and relies primarily on tra-
ditional knowledge information. Finally, we 
present the key conclusions of the project in 
Chapter 11.  
 We tried to present our science in a lan-
guage as simple as possible, so that the re-
port becomes accessible to a wide audience. It 
is our hope that the information presented 
here will be of interest to decision-makers, 
governmental and private organizations and 
northern communities. We included references 
to the scientific literature to allow those inter-
ested into the details of our work to track the 
scientific facts and data analyses supporting 
our conclusions. 

Introduction 



   

 



   

 

 ᐅᑭᐅᖅᑕᖅᑐᒥ  ᓇᑎᕐᓇᖅ  ᓯᐊ ᒻᒪᖅᓯᒪᔪᖅ 
ᐊᕕᑦᑐᖅᓯᒪᔪᕐᔪᐊᓂ ᐱᖓᓱᓂ 8-ᓂᓗ ᓄᓇᓕᕐᔪᐊᓂ. 
ᐊᖏᓂᖃᖅᑐᖅ  ᐅᖓᑖᓃ  3 , 500 ᑭᓗᒦᑕᐃᑦ 
ᓇᐹᖅᑐᖃᕐᕕᐅᑉ ᑭᓪᓕᖓᓂᒃ ᐅᑭᐅᖅᑕᖅᑑᓂᖅᐹᓂ ᓄᓇᓄᑦ 
ᓄᓇᕐᔪᐊᕐᒥ. ᓯᓚ ᖃᓄᐃᑦᑐᑐᐃᓐᓈᓘᓲᖅ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᓇᑎᕐᓇᖓᓂ , ᐊᕐᕌᒍᒥ ᐃᒃᑮᓇᖅᓯᑎᒋᕙᑦᓱᓂ -2 
ᑲᓇᓐᓇᖓᓂ  - 1 8 -ᒧ ᑦ  ᐅᐊᓐᓇᖓᓂ  ᓄᓇᓗ 
ᐊᐳᑎᖃᓲᖑᑦᓱᓂ ᑕᖅᑭᓂᒃ 6-9. ᑕᐃᒪᐃᒐᓗᐊᖅᑎᓪᓗᒍ, 
ᖃᓄᐃᑦᑐᑐᐃᓐᓇᑦᓯᐊᓄᑦ ᐃᓂᒋᔭᐅᔪᖅ, ᓇᐹᖅᑐᑲᓪᓚᐃᑦ 
ᒪᓴᐃᑦ ᐊᒻᒪᓗ ᐅᑭᐅᖅᑕᖅᑐᒥ ᓄᓇᑐᐃᓐᓇᒐᓚᐃᑦ. 
ᓇᑎᕐᓇᕐᒥ ᖃᓄᐃᑦᑐᑐᐃᓐᓇᑦᓯᐊᓂᕐ ᐆᒪᔪᖃᕐᒥᔪᖅ, 
ᐱᓗᐊᖅᑐᒥᒃ ᐊᐅᔭᒃᑯᑦ ᐊᒥᓱᑦ ᑎᒻᒥᐊᑦ ᑐᓛᔪᑦ 
ᕿᑐᕐᖏᐅᕆᐊᖅᑐᓕᕋᐃᒻᒪᑕ .  ᓂᕿᖃᕆᐊᖃᕐᓂᖅ 
ᑲ ᓲ ᒪ ᒍ ᑕ ᐅ ᔪ ᖅ  ᐆ ᒪ ᔪ ᕐ ᓄ ᑦ  ᐃᓗᓕᖅ ᑐ ᔪ ᑎ ᒍ ᑦ 
ᓂᕿᒋᖃᑎᒌᓐᓂᒃᑯᑦ . ᓇᑎᕐᓇᒥ ᓂᕿᐅᖃᑎᒌᑦᑐᑦ 
ᖃᐅᔨᒪᔭᐅᓗᐊᓐᖏᑦᑐᑦ, ᐱᔾᔪᑕᐅᓪᓗᓂ ᐱᔭᕆᐊᑐᓂᖏᓐᓂ 
ᖃᐅᔨᓴᕐᓂᐅᔪᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ. ᐊᕙᑎᒥ ᖃᐅᔨᒪᓂᐅᔪᖅ 
ᐱᔭᐅᓯᒪᔪᖅ ᐅᑭᐅᖅᑕᖅᑐᒥᐅᑕᕐᓄᑦ, ᐊᑐᖅᐸᓐᓂᒃᑯᑦ 
ᑕᑯ ᓐᓇᖃᑦᑕ ᕐᓂ ᒃ ᑯ ᓪᓗ  ᐆᒪ ᔪ ᕐᓂ ᒃ  ᓄᓇᒥ ᓪᓗ , 
ᐊᖏᔪᒻᒪᕆᐊᓘᒐᔪᑦᑐᖅ (Gagnon and Berteaux 2006). 
ᑭᓯᐊᓂ ᑎᑎᕋᖅᓯᒪᓐᖏᑦᑐᐃᓐᓇᒐᓚᐅᒻᒪᑕ, ᐊᕙᑎᒨᖓᔪᓪᓗ 
ᐃ ᓗ ᓕ ᖅ ᑐ ᒐ ᔪ ᑦ ᓱ ᑎ ᒃ  ᑐ ᑭ ᓯ ᒐ ᓱ ᐊ ᕆ ᐊ ᖏ ᑦ 
ᐆᑦᑐᕋᖅᑐᖃᖃᑦᑕᑎᓐᓇᒍ ᐅᕝᕙᓗ ᐃᑲᔪᖅᑎᖃᓐᖏᓪᓗᑎᒃ 
ᖃᐅᔨᓴᕈᑎᒻᒪᕆᓐᓂᒃ.  
 ᐊᒥᒐᖅᓯᓂᖅ ᖃᐅᔨᒪᔪᒻᒪᕆᓐᓂᒃ ᖃᐅᔨᒪᓴᓂᕐᒥᒃ 
ᐃᓱᒫᓗᓐᓇᓪᓚᕆᑦᑐᖅ ᓇᑎᕐᓇᖅ ᓱᑲᑦᑐᐹᓗᒻᒥᒃ 
ᐊᓯᔾᔨᕐᓂᖃᕈᓐᓇᕐᒪᑦ ᓯᕗᓂᑦᑎᓐᓂ. ᐱᔭᐅᕙᓪᓕᐊᓂᖏᑦ 
ᐅᔭᕋᑦᓯᐊᕙᐃᑦ ᐆᒻᒪᖅᑯᑏᓪᓗ , ᐊᒻᒪᓗ ᓱᑲᑦᑐᒥᒃ 
ᐊᓯᔾᔨᐸᓪᓕᐊᓂᐅᔪᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᓄᓇᕐᔪᐊᕐᒥᓗ 
ᐅᓗᕆᐊᓇᖅᑑᒻᒪᑦ ᐊᕙᑎᒧᒃ ᐊᑕᐅᓯᐅᓐᖏᑦᑐᒻᒪᕆᑦᑎᒍᑦ. 
ᑭᓯᐊᓂᓕ, ᐃᓄᓐᓄᑦ ᓱᑲᓕᖅᐹᓪᓕᑎᑕᐅᓂᖓ ᓯᓚᐅᑉ 
ᓂᕈᒥᑦᓯᕙᓪᓕᐊᓂᖓᓄᑦ ᐱᒻᒪᕆᐅᓂᖅᐸᐅᕙᓪᓚᐃᔪᖅ 
ᐊᓯᔾᔨᕐᓂᐅᒋᐊᖓᓕᓐᓂ ᑕᒫᓂ . ᐊᓯᐊᓂᒃ ᓄᓇᒥᒃ 
ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐅᖅᑰᓯᕙᓪᓕᐊᔪᖃᓐᖏᑦᑐᖅ 
ᓱᑲᑦᑐᒥᒃ ᐊᒻᒪᓗ ᒐᕙᒪᓃᓐᖔᖅᓯᒪᔪᑦ ᕿᒥᕐᕈᔩᑦ ᓯᓚᐅᑉ 
ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᓄᑦ (IPCC 2007) ᓂᕆᐅᑦᑐᑦ 3-ᒥᒃ 6-ᒧᑦ 
ᓯᓚ ᓂᕈᒥᑦᓯᕚᓪᓕᕐᓂᐊᕆᐊᖓ ᐊᕐᕌᒍᑕᒫᑦ ᑕᕝᕙᓂ 2000-
ᖏᓐᓃᑎᓪᓗᑕ.  
  ᕿᒥᕐᕈᓂᖅ  ᐊᑦᑐᐃᓂᖓᓂᒃ  ᓯᓚᐅᑉ 
ᐊᓯᔾᔨᕐᓂᖓᑕ ᐆᒪᔪᕐᓂᒃ ᐱᔭᕆᐊᑐᔪᖅ (Berteaux et al. 
2006). ᑕᑯᓴᒃᑯᑦ ᐊᐅᓚᓂᐅᔪᑦ ᒪᑯᐊ ᐊᐅᔪᐃᑦᑐᐃᑦ ᓄᓇᐃᑦ 
ᐅ ᕝ ᕙ ᓗ  ᐃ ᒪ ᕖ ᑦ  ᐊ ᐅ ᓚ ᔾ ᔭ ᓐ ᓂ ᖃ ᕆ ᐊ ᓖ ᑦ 
ᓂᕈᒥᑦᓯᕙᓪᓕᐊᓂᕐᒧᑦ ᓂᕈᐊᓇᖅᑐᒃᑯᑦ, ᑐᓐᖓᕕᒋᓗᒋᑦ 
ᖃᐅᔨᒪᔭᐅᑦᓯᐊᖅᑐᑦ ᐊᐅᓚᓂᐅᔪᓄᑦ ᐱᐅᓯᐅᓲᑦ. ᑭᓯᐊᓕ 
ᐊᔾᔨᒋᓐᖏᒻᒪᐅᒃ ᐆᒪᔪᓄᑦ. ᐱᕈᖅᑐᐃᑦ ᓂᓪᓕᓇᖅᑐᓂᓪᓗ 
ᐊ ᐅ ᓖ ᑦ  ᒪ ᑯ ᐊ  ᖁ ᐱ ᕐ ᐳ ᐃ ᑦ 
ᐊᐅᓚᔾᔭᒋᐊᑐᐃᓐᓇᑦᓯᐊᓲᖑᒐᓗᐊᑦ ᓯᓚᐅᑉ ᐊᓯᔾᔨᕐᓂᖓᓄᑦ, 
ᑭᓯᐊᓂ ᓂᕈᒥᑦᑐᓂᒃ ᐊᐅᓖᑦ ᐃᓗᓕᖅᑐᓂᖅᓴᐅᒐᔪᒻᒪᑦ. 

ᑖᒃᑯᐊ ᐆᒪᔪᐃᑦ ᐊᓯᔾᔨᐸᓪᓕᐊᓯᒪᔪᑦ ᑎᒥᒥ ᐆᓇᕐᓂᖏᓐᓂᒃ 
ᐊᐅᓚᑦᓯᖑᓐᓇᖅᓱᑎᒃ ,  ᑮᑕᑲᐃᓐᓇᖅ ᓂᕈᒥᓐᓂᒃ 
ᐊᔾᔨᒌᓐᖏᑦᑑᓕᖃᑦᑕᖅᓱᑎᒃ. ᐊᒥᓱᑎᒍᑦ, ᐊᑦᑐᖅᑕᐅᓂᔪᑦ 
ᓯᓚᐅᑉ ᐊᓯᔾᔨᕐᓂᖓᓄᑦ ᐊᑦᑐᐃᖃᓐᖅᓂᓴᐅᑐᐃᓐᓇᕆᐊᓖᑦ 
ᐆᒪᔪᖃᕐᕕᐅᔪᓂᒃ ᐃᒻᒥᒃᑯᐊᖅᑎᓐᖏᖔᕐᓗᑎᒃ. ᓲᕐᓗ, ᓯᓚ 
ᓂᕈᒥᑦᓯᕙᓪᓕᐊᑉᐸᑦ ᐱᕈᖅᑐᐃᑦ ᐱᕈᕐᓂᖅᐸᐅᓂᖏᓐᓂ 
ᖃᖓᒃᑯᑦ ᐱᕈᕐᓂᖏᓐᓂᒃ ᐊᓯᔾᔩᓂᐊᖅᑐᖅ ᐆᒪᔪᐃᑦ 
ᓂ ᕿ ᑦ ᓴ ᕐ ᓯ ᐅ ᓗ ᐊ ᓐ ᖑ ᐊ ᕐ ᕕ ᖓ ᑕ  ᐊ ᓯ ᐊ ᒍ ᑦ , 
ᐊᑲᐅᓈᓐᖏᓕᕈᑕᐅᒍᓐᓇᖅᑐᖅ ᑖᒃᑯᓅᖓ ᒪᕐᕉᓐᓄᑦ 
ᐆᒪᓂᐅᔫᓐᓄᑦ, ᐊᑦᑐᐃᓂᕐᓗᓐᓂᖃᕐᓗᓂ ᐱᕈᖅᑐᑐᖅᑎᓂᒃ 
(Durant et al. 2007, Post and Forchhammer 
2008 ) .  ᑕᐃᒫᑦᓴᐃᓐᓇᒐᓚᒃ ,  ᐅᓚᕕᑕᐅᓂᖏᑦ 
ᓂᕿᒋᖃᑎᒌᑦᑐᑦ  ᓄᑖᓄᑦ  ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ 
ᐅᑭᐅᖅᑕᖅᑐᒨᖅᐸᓪᓕᐊᔪᓄᑦ ᐅᓚᕕᑐᐃᓐᓇᕆᐊᓕᒃ 
ᓂᕿᒋᖃᑎᒌᑦᑐᓂᒃ ᐃᓚᖏᓐᓄᑦ ᐱᕈᖅᑐᐃᑦ ᓱᒃᑯᒍᑕᐅᓗᑎᒃ 
(Post et al. 2009). ᑕᐃᒪᐃᑉᐸᑦ, ᐊᑕᐅᓯᖅ, ᐱᔭᕆᐊᑐᔪᖅ 
ᐃᒪᐃᓚᖓᔫᓚᒐᓱᐊᕆᐊᖓ ᑎᑭᑉᐸᓪᓂᐊᖏᓐᓄᑦ ᓄᑖᑦ 
ᐊᑦᑐᐃᓂᖃᓪᓚᕆᒍᓐᓇᖅᓱᑎᒃ ᐊᕙᑎᒥᒃ. ᓂᕿᒋᖃᑎᒌᑦᑐᑦ 
ᐊᐅᓚᓂᖃᑐᐃᓐᓇᕆᐊᖃᕐᒥᔪᑦ ᐊᔾᔨᒋᓐᖏᑕᐹᓗᐊᓂᒃ 
ᑐᓐᖓᕕᖃᕐᓗᓂ  ᐊᐅᓚᑕᐅᓂᖏᓐᓄᑦ  ᐃ ᒻ ᒪᖃ 
ᓂᕿᑦᓯᓴᖅᓯᐅᖅᑎᓄᑦ (ᕐᑳᖓᓂᒃ ᐊᒻᒧᑦ ᐊᐅᓚᑦᓯᓂᖅ) 
ᐅᕝᕙᓗ ᐱᕈᖅᑐᓄᑦ (ᐊᑖᓂᒃ ᕐᑳᖓᓄᑦ ᐊᐅᓚᑦᓯᓂᖅ). ᓲᕐᓗ, 
ᐅᓚᕕᑕᐅᓂᖏᑦ ᓄᑖᓄᑦ ᐊᑦᑐᐃᖃᓪᓚᕆᓐᓂᖅᓴᐅᒐᔭᖅᑐᖅ 
ᓂᕿᖏᓐᓂᒃ ᕐᑳᖓᓂᒃ ᐊᒻᒧᑦ ᐊᐅᓚᑕᐅᓗᑎᒃ 
ᑕᐃᒪᐃᒐᔭᕐᒪᓂᑦ ᐊᑖᓂᒃ ᖁᒻᒧᑦ ᐊᐅᓚᑕᐅᖑᓂᖅ. 
ᓯᕗᓪᓕᕐᒥ, ᐊᑦᑐᐃᓂᐅᔪᑦ ᐃᖏᕐᕋᕙᓪᓕᐊᒍᓐᓇᖅᑐᑦ 
ᓂᕿᒋᖃᑎᒌᑦᑐᑎᒍᑦ, ᑎᑭᐅᑎᓗᑎᒃ ᑲᑕᓐᓂᕐᒧᑦ (Bazely 
and Jefferies 1996, Ims et al. 2007). 
ᐊᐅᓚᑕᐅᓂᖏᑦ  ᓇᑎ ᕐᓇᒥ  ᓂᕿᒋᖃᑎᒌ ᑦ ᑐ ᑦ 
ᐃᓱᒫᓗᓐᓇᐃᓐᓇᖅᑐᖅ (Gauthier et al. 2009, Krebs 
2 0 1 1 ) ,  ᐃᓚᖓ  ᐱ ᔾ ᔪ ᑕᐅ ᔫ ᑉ  ᐊᒥ ᒐᖅ ᓯᓂᖅ 
ᑕᑯᑦᓴᐅᑎᑦᓯᔾᔪᑎᑦᓴᓂᒃ.  
 ᑖᑦᓱᒪ ᐃᓗᐊᓂ ᓴᖅᑮᓯᒪᕗᒍᑦ ᓄᓇᕐᔪᐊᕐᒥ 
ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓᓂ ᐊᐅᓚᓂᐅᔪᒥᒃ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᐆᒪᔪᕐᓂᒃ ᖃᐅᔨᓴᕐᕕᓐᓂᒃ ᑲᓲᒪᔪᓂᒃ ᐊᕙᑎᒧᑦ 
(ArcticWOLVES). ᑐᕌᒐᓪᓗᐊᑕᐅᔪᑦ ᐱᕚᓪᓕᑎᑦᓯᓂᖅ 
ᑐᑭᓯᐅᒪᓂᑦᑎᓐᓂᒃ ᓇᑎᕐᓇᕐᒥ ᓂᕿᒋᖃᑎᒌᑦᑐᓂᒃ 
ᕿᒥᕐᕈᓂᐅᓪᓗᓂᓗ ᒫᓐᓇ ᓯᕗᓂᑦᑎᓐᓂᓗ ᐊᑦᑐᐃᓂᐅᔪᓂᒃ 
ᓯᓚᐅᑉ ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᓄᑦ ᐆᒪᔪᕐᓂᒃ. ᐊᐅᓚᓂᐅᔪᖅ 
ᐱ ᖃ ᓯ ᐅ ᔾ ᔨ ᔪ ᖅ  ᑐ ᑭ ᒧ ᐊ ᑦ ᑎ ᑦ ᓯ ᖃ ᑎ ᒌ ᑦ ᓱ ᑎ ᒃ 
ᓄᓇᕐᔪᐊᕐᒦᓐᖔᖅᑐᑦ 150 ᖃᐅᔨᓴᖅᑏᑦ, ᐃᓕᓐᓂᐊᖅᑏᑦ 
ᑲᑐᔾᔨᖃᑕᐅᔪᓪᓗ 15-ᓂ ᓄᓇᓂ ᖃᑦᓯᒐᓛᓂᓗ 
ᑭᖑᕝᕕᐅᑎᔪᑦᓴᓂ ᐅᑭᐅᖅᑕᖅᑐᖓᓂ ᑲᓇᑕᐅᑉ, ᓄᐊᕙᐃ, 
ᕋᓴ ᐊᒻᒪᓗ ᑲᓛᖡᑦ ᓄᓇᖓᑦᑕ (ᑎᑎᖅᑑᔭᖅᓯᒪᔪᖅ 1). 
ᐃᓗᓕᓪᓗᐊᑕᖓ ᐊᐅᓚᓂᐅᔫᑉ ᐊᑑᑎᔪᔫᑉ ᔨᐅᕈᐊᐃᓴᒥ 
ᐅᖃᐅᓯᐅᒻᒥᔪᖅ ᐅᑭᐅᖅᑕᖅᑐᒥ ᓂᕿᑦᓯᓴᖅᓯᐅᑏᑦ 
ᐊ ᐅ ᓚ ᓂᖓ ᓐ ᓂ .  A r c t i c W O L V E S  ᓄᓇ ᒥ 
ᐊᐅᓚᓂᓪᓗᐊᑕᐅᔪᖅ ᑲᑎᖅᓱᐃᑦᓱᑎᒃ ᐃᓗᓕᖅᑐᔪᓂᒃ 

ᓵᑉᑕ 1. ᓇᓗᓇᐃᔭᐃᓂᖅ 
Gilles Gauthier and Dominique Berteaux 
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ᓄᐊᑕᐅᔪᓂᒃ ᐊᕐᕌᒍᖓᓂ 2007-2009. ᐊᑐᖅᓱᑎᒃ 
ᐊᐅᓚᓂᐅᒐᔪᑦᑐᓂᒃ ᓄᓇᓂ ᐃᓗᓕᖅᑐᔪᒻᒪᕆᐊᓗᒻᒥᒃ 
ᑲᒪᔪᔪᒍᑦ, ᐊᒻᒪᓗ, ᐊᒥᓱᑦ ᓄᓇᐃᑦ ᐊᑐᖅᑕᐅᔪᑦ 
ᐊᐅᓚᓂᐅᔪᓄᑦ ᐊᑐᖅᑕᐅᖃᑦᑕᕇᖅᓯᒪᔪᑦ ᐆᒪᔪᕐᓅᖓᔪᓄᑦ 
ᕿᒥᕐᕈᓂᐅᔪᓄᑦ, ᐃᓚᖓᓂ ᐃᓱᒻᒪᓯᖃᕇᖅᓱᑎᒃ. ᐃᓚᖏᓐᓂ, 
ᐊᐅᓚᔾᔭᐃᒋᐊᖅᓱᑕ  ᖃᐅᔨᓴ ᕐᓂᖃᖃᑦᑕᔪ ᒻ ᒥᔪᒍ ᑦ 
ᑲᒪᒋᔾᔪᑎᒋᓪᓗᒋᑦ ᓇᓗᓇᐃᔭᖅᓯᒪᓗᐊᓐᖑᐊᖅᑐᓂᒃ 
ᐊᐱᖅᑯᑎᓂᒃ. ᐊᓯᖏᓐᓂ, ᐊᑐᖅᓯᒪᔪᒍᑦ ᓴᓇᑐᓂᓕᓐᓂᒃ 
ᐊᐅᓚᓂᐅᔪᓂᒃ ᒪᑯᓇᓐᖓᑦ ᖃᖓᑦᑕᖅᑎᑕᐅᓯᒪᔪᒃᑯᑦ 
ᖃᐅᔨᓴᕐᓂᐅᔪᓂᒃ ᖃᐅᔨᓴᖅᓱᒋᑦ ᐆᒪᔪᐃᑦ ᓄᑦᑕᕐᓂᖏᑦ 
ᐅᕝᕙᓗ ᒪᑭᒪᑦᓯᐊᕐᓂᐅᔪᓂᒃ (ᖃᓄᐃᓕᖓᓂᖏᑦ 
ᐃᓗᓕᓪᓕᐊᑕᖏᑦᑐ ᓲᕐᓗ ᐆᒪᓂᐊᕐᔪᐃᑦ) ᐆᒪᔾᔪᑕᐅᔪᓕᒫᑦ 
ᖃᐅᔨᓴᕈᑕᐅᑦᓱᑎᒃ ᑲᓲᒪᖃᑎᒌᓐᓂᐅᔪᓂᒃ.  
 ᐆᒪ ᔪᐃ ᑦ  ᑲ ᓲᒪᓂᖃᖅᑐ ᑦ  ᐱᖅᑯᓯᖏᓐᓄ ᑦ 
ᐃᓅᓯᖏᓐᓂᓪᓗ ᐅᑭᐅᖅᑕᖅᑐᒥᐅᑦ ᐅᑭᐅᖅᑕᖅᑐᓕᒫᒥ. 
ᑖᒃᑯᐊ ᐃᓄᐃᑦ ᑲᒪᓱᒻᒪᑕ ᐊᓯᔾᔨᕐᓂᐅᕙᓪᓕᐊᔪᓂᒃ 
ᐊᓯᔾᔨᕐᓂᐅᓂᐊᖅᑐᓂᓪᓗ ᓇᑎᕐᓇᒥ ᓂᕿᒋᖃᑎᒌᑦᑐᓂ 
ᑖᒃᑯᐊ ᐊᓯᔾᔨᕐᓂᐅᔪᑦ ᓇᓗᓇᓐᖏᑦᑐᑦ ᐊᑦᑐᐃᓂᖃᕐᓂᐊᕐᒪᑕ 
ᐃᓅᓯᖏᓐᓂᒃ . ᐅᑭᐅᖅᑕᖅᑐᒥᐅᑦ ᖃᐅᔨᒪᓂᖃᕐᒥᔪᑦ 

ᐅᒪᔪᕐᓅᖓᔪᓂᒃ ᐊᕙᑎᒥᓐᓃᑦᑐᓂᒃ. ᑕᐃᒪᐃᓐᓂᖓᓄᑦ, 
ᐊᐅᓚᓂᕿᔭᕗᑦ ᑲᑎᑎᑦᓯᒐᓱᐊᖅᓯᒪᔪᖅ ᖃᓪᓗᓈᓄᑦ 
ᖃᐅᔨᒪᓂᕆᔭᐅᔪᓂᒃ ᐊᒻᒪᓗ ᐃᓄᓐᓄᑦ ᖃᐅᔨᒪᓂᐅᔪᓂᒃ 
ᐅᑭᐅᖅᑕᖅᑐᒥᐅᓄᑦ ᐊᔪᕐᓇᓐᖏᑐᐊᕋᐃᒻᒪᑦ. ᐃᓚᖓᑦ 
ᐊ ᑑ ᑎ ᔪ ᖅ  ᑕ ᕝ ᕗ ᖓ  ᑐ ᓴ ᕈ ᑎ ᒋ ᒍ ᓐ ᓇ ᕋ ᑦ ᑎ ᒍ 
ᐊᖏᓪᓕᕚᓪᓕᕐᓗᓂ ᖃᐅᔨᒪᓂᕗᑦ ᐆᒪᔪᖃᕐᕕᐅᔪᓂᒃ 
ᖃᐅᔨᓴᕐᓂᐅᔪᓄᑦ (Gagnon and Berteaux 2009).  
 ᐊᐅᓚᓂᕆᔭᕗᑦ ᑐᕌᒐᖃᖅᑐᖅ ᐆᒪᔪᓪᓚᑑᑎᓂᒃ 
ᐊᑯᓐᓈᕿᓅᖓᔪᓂᒃ ᓇᑎᕐᓇᒥ ᓂᕿᖃᑎᒌᑦᑐᓄᑦ , 
ᓂᕿᑦᓴᖏᓐᓅᖓᔪᓄᓪᓗ . ᐱᖃᓯᐅᑎᓗᐊᓐᖑᐊᖅᓱᑎᒃ 
ᕿᑐᕐᖓᒥᓂᒃ ᐊᒫᒪᑦᑎᑦᓯᔪᑦ, ᑎᒻᒥᐊᑦ, ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ, 
ᑎᒻᒥᐊᑦ ᓂᕿᑦᓴᓯᐅᖅᑏᑦ, ᑎᕆᒐᓐᓂᐊᑦ, ᑎᕆᐊᑦ 
ᖁᐱᕐᕈᐃᓪᓗ. ᐱᓱᑦᑎᐸᐅᔭᐃᑦ ᒪᑯᐊ ᑐᑦᑐᐃᑦ, ᐅᒥᒻᒪᐃᑦ 
ᐊᒪᕈᐃᓪᓗ ᖃᐅᔨᓴᖅᑕᐅᓯᒪᓐᖏᑦᑐᑦ ᑕᕝᕙᓂ ᐊᐅᓚᓂᐅᔪᒥ 
ᑭᓯᐊᓂ ᑐᓴᕋᑦᓴᓂᑦᑕᐅᖅ ᓄᐊᑕᐅᔪᕐᑳᕐᔪᔪᒻᒥᔪᖅ 
ᐃᓂᒋᔭᐅᔪᓂ ᐃᓚᒋᔭᓪᓗᐊᑕᐅᒻᒪᑕ ᓂᕿᒋᖃᑎᒌᑦᑐᓄᑦ. 
ᐊᐅᓚᓂᐅᔪᖅ ᐃᒻᒥ ᒃᑯᐊᖅᑎᖅᓯᒪᔪᒐᓗᐊᖅᑎᓪᓗᒍ 
ᑐᕌᒐᖃᕐᓱᑎᒃ  ᓇᓗᓇᐃᖅᑕᐅᓯᒪᔪᓂᒃ  ᐆᒪᔪᕐᓂᒃ 
ᐊ ᑦ ᑐ ᐊᖃᑎ ᒌ ᑦ ᑐᓂ ᒃ ,  ᖃᐅ ᔨ ᓴᓗ ᐊ ᓐᖑᐊ ᔪ ᔪ ᒍ ᑦ 

ᓵᑉᑕ 1.  ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᒪᕈᐃᑦ ᐊᒻᒪᓗ ᓂᕆᓇᓱᐊᖅᑏᑦ ᖃᐅᔨᓴᖅᑕᐅᕕᕕᓃᑦ ᐃᓂᒋᑦ (ᐊᐅᐸᖅᑐᒥᒃ ᐅᓪᓗᕆᐊᖑᐊᓕᒃ) ᐅᑭᐅᖅᑕᖅᑐᒥᑦ 
ᓄᓇᖑᐊᓂᐊᕆᓯᒪᔪᒥᑦ ᓇᓗᓇᐃᖅᓯᒪᔪᖅ ᓄᓇᖅᔪᐊᑉ ᐊᓯᔾᔨᖅᐸᓪᓕᐊᓂᖓᓄᑦ ᓇᓗᓇᐃᖅᓯᒪᔪᓂᑦ ᐊᕕᒃᑐᓯᒪᓂᖏᓐᓂᑦ ᓄᓇᓐᖑᐊᑦ. ᑐᖑᔪᖅᑐᖅ 
ᐅᓪᓗᕆᐊᖑᐊᖅ ᓇᓗᓇᐃᖅᓯᓯᒪᔪᖅ ᐊᐃᐸᕆᔭᖓᓂᑦ ᖃᐅᔨᓴᕐᕕᐅᑲᐃᓐᓇᖃᖅᑕᖅᑐᒥᑦ. ᐊᕕᒃᑐᓯᒪᓂᖓᒍᑦ A-ᒥᑦ ᓇᑎᕐᓇᒥ (ᓂᕆᔭᒃᓴᓂᑦ 
ᐱᕈᕐᕕᒃ) ᑕᐃᔭᐅᔪᖅ ᓂᒡᓚᓱᒡᓂᐹ, ᐊᒻᒪᓗ ᐊᕕᒃᑐᓯᒪᓂᖓᒍᑦ E-ᒥᑦ (ᓇᑎᕐᓇᒥᑦ ᐅᖅᐱᒐᐃᑦ ᐱᕈᖅᑐᑦ) ᐅᖅᑰᓂᖅᐸᑦᑎᐊᖅ. ᑖᑯᐊ 
ᖃᐅᔨᒪᔭᐅᒐᔪᒃᑐᑦ ᐊᓯᖏᓪᓗ ᓇᓗᓇᐃᖅᓯᒪᒡᒥᔪᑦ : B – ᐱᕈᖅᑐᐃᑦ ᒥᑭᑦᑑᓗᑎ ᐱᕈᖅᑐ; C - ᐊᕝᕙᖏᑦ - ᐱᕈᖅᑐᐃᑦ ᒥᑭᑦᑑᓗᑎ ᐱᕈᖅᑐ; D - 
ᐱᕈᖅᐸᓪᓕᐊᔪᑦ ᐅᖅᐱᒐᐃᑦ ᐃᓂᖅᓯᒪᖏᑦᑐᑦ (Walker et al. 2005).   

[_[_

[_

[_

[_

[_

[_

[_
[_

[_

[_

[_

[_

[_

[_
[_

[_

ᕙᕌᓐᔪ

ᓇᓇᑦᓯᑭ

ᔭᒥᐅᓪ

ᑕᐃᒧᕐ

ᓖᓇ

ᕌᖕᒍᓪ ᕿᑭᖅᑕᖅ

ᐅᕐᓱᓪ
ᕿᑭᖅᑕᖅ

ᑯᒪᒃᑯᒃ

ᐅᐊᑲ ᕙᐃ

ᑲᐃᑉ ᓲᓯᐅᓪ

ᐊᑭᒥᔅᑭ
ᕿᑭᖅᑕᖅ

ᒥᑦᑎᒪᑕᓕᐅᑉ 
ᕿᑭᖅᑕᖓ

ᔪᕇᑲ

ᐊᓗᕐᑦ

ᑐᕆᐅᓪ 
ᕿᑭᖅᑕᖅ

ᔭᑲᓐᕗᕐᒡ

75°

60°

ᓴᓪᓕᖅ

ᐊᕕᑦᑐᖅᓯᒪᓂᖅ A

ᐊᕕᑦᑐᖅᓯᒪᓂᖅ B

ᐊᕕᑦᑐᖅᓯᒪᓂᖅ C

ᐊᕕᑦᑐᖅᓯᒪᓂᖅ D

ᐊᕕᑦᑐᖅᓯᒪᓂᖅ E

ArcticWOLVES final synthesis report 



  7 

 

ᑲᓲᒪᖃᑎᒌᓐᓂᖏᓐᓂᒃ ᐅᒪᔪᐃᑦ ᖃᓄᕐᓗ ᐊᑐᓂᑦ ᐆᒪᔪᐃᑦ 
ᐊᐅᓚᓂᖃᖃᑎᒌᒻᒪᖔᑕ ᓂᕿᖃᑎᒌᓐᓂᒃᑯᑦ.  
 ᑐ ᕌ ᒐ ᕆ ᔭ ᐅ ᔪ ᖅ  ᐅ ᑯ ᓄ ᖓ  ᐅ ᓂ ᒃ ᑳ ᓄ ᑦ 
ᐊᑐᐃ ᓐᓇᐅ ᑭ ᑦ ᓯᓂᖅ  ᖃᐅᔨ ᔭ ᐅ ᔪ ᓪᓗᐊᑕᐅ ᔪᓂ ᒃ 
ᐊᐅᓚᓂᑦᑎᓐᓂᒃ ᐃᓗᓕᖏᓐᓂᓪᓗ. ᓇᓗᓇᐃᕆᐊᒃᑲᓐᓂᕐᓗᒍ, 
ᑐᕌᒐᕆᔭᐅᕗᑦ ᐅᑯᐊ : (1) ᐊᑐᐃᓐᓇᐅᑎᑦᓯᓂᖅ 
ᐊᖑᒻᒪᑎᔪᓂᒃ ᑐᓴᕋᑦᓴᓂᒃ ᖃᓄᐃᓕᖓᓂᖏᓐᓄᑦ 
ᐊᐅᓚᓂᖏᓐᓄᓪᓗ ᐅᒪᔪᐃᑦ ᖃᐅᔨᓴᖅᓯᒪᔭᑦᑕ, (2) 
ᐊᑐᐃᓐᓇᐅᑎᑦᓯᓂᖅ ᓄᑖᓂᒃ ᑐᓴᕋᑦᓴᓂᒃ ᐊᐅᓚᓂᖏᓐᓄᑦ 
ᓇᑎᕐᓇᕐᒥ ᓂᕿᐅᖃᑎᒌᑦᑐᑦ, ᐊᒻᒪᓗ (3) ᓇᓗᓇᐃᕐᓗᒋᑦ 
ᐊᑦᑐᐃᓂᕆᑐᐃᓐᓇᕆᐊᓕᖏᑦ ᓯᓚᐅᑉ ᐊᓯᔾᔨᕐᓂᖓᑕ 
ᐊᓯᖏᑦᑕᓗ ᑐᕌᒐᑦᑎᓐᓂ ᐆᒪᔪᕐᓂ ᐅᖃᖃᑎᒌᒍᑎᒋᓗᒋᓪᓗ 
ᐊᑦᑐᖅᑕᐅᓯᒪᔾᔪᑎᖏᑦ ᓯᕗᓂᑦᓴᑎᓐᓄᑦ . ᐅᓂᒃᑲᑦ 
ᐋᖅᑭᑦᑕᐅᓯᒪᔪᑦ ᖁᓕᐅᓕᖅᑲᖓᑦᓱᑎᒃ ᕐᑳᖓᒍᒃᑲᓐᓂᖅ ᐆᒪ 
ᓇᓗᓇᐃᔭᐃᔾᔪᑎᐅᑉ ᓵᑉᑕᐅᑉ. ᓵᑉᑕ 2 ᐃᓗᓕᓕᒃ 
ᐃᓄᖃᕐᓂᐅᔪᓂᒃ ᐊᑦᓱᕈᕐᓇᖅᓱᓂᓪᓗ ᐊᑦᑐᐊᔪᓂᒃ 
ᐱᔭᕇᖅᑕᐅᓂᖓᓄᑦ ᐊᖏᔪᐊᓘᑉ ᐊᐅᓚᓂᐅᔪᑉ ᐃᓚᖏᓐᓂ 
ᐃᓄᖃᓐᖏᓂᖅᐹᓂ ᓄᓇᕐᔪᐊᒥ . ᓵᑉᑕ 3-8-ᒧᓄᑦ 
ᑐᕌᒐᖃᖅᑐᑦ ᐃᒻᒥᒃᑰᓕᖓᔪᓂᒃ ᖃᐅᔨᓴᖅᓯᒪᔭᑦᑎᓐᓂᒃ 
(ᐆᒪᔪᓪᓚᑐᐃᑦ, ᑲᖑᐃᑦ, ᖁᐱᕐᕈᐃᑦ, ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒧᐊᑦ, 

ᑎᒻᒥᐊᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᑎᕆᒐᓐᓂᐊᓪᓗ). ᓵᑉᑕ 9 
ᐃᓗᓕᓕᒃ ᓄᓇᕐᔪᐊᕐᒥ ᓂᕿᒋᖃᑎᒌᑦᑐᓂᒃ ᕿᒥᕐᕈᑦᓱᑎᓪᓗ 
ᖃᓄᖅ ᑲᓲᒪᓂᐅᔪᑦ ᐊᑦᑐᖅᑕᐅᓂᖃᕐᓂᐊᕐᒪᖔᑕ 
ᐊᓯᔾᔨᐸᓪᓕᐊᔪᒧᑦ ᐊᕙᑎᒧᑦ. ᓵᑉᑕ 10 ᐃᓗᓕᓕᒃ 
ᑲ ᓲ ᒪ ᖃ ᑎ ᒌ ᓐ ᓂ ᖏ ᓐ ᓂ ᒃ  ᐆ ᒪ ᔪ ᐃ ᑦ  ᐃ ᓄ ᓪ ᓗ 
ᓱᖏᖅᑑᑎᖃᓗᐊᓐᖑᐊᖅᓱᑎᒃ ᖃᐅᔨᒪᓂᑐᖃᐅᔪᓂᒃ . 
ᑭᖑᓪᓕᖅᐹᒥ, ᐊᑐᐃᓐᓇᐅᑎᑦᓯᕗᒍᑦ ᖃᐅᔨᔭᓪᓗᐊᑕᐅᔪᓂᒃ 
ᐊᐅᓚᓂᐅᔪᒥᒃ ᓵᑉᑕ 11-ᒥ.  
 ᐊᑐᐃᓐᓇᐅᑎᒐᓱᐊᖅᓯᒪᔭᕗᑦ ᖃᐅᔨᔭᕗᑦ ᐅᖃᐅᓯᕐᒥᒃ 
ᑐᑭᓯᓇᕐᓂᖅᐹᒥᒃ ᐊᑐᕋᓱᐊᖅᓱᑕ, ᑕᐃᒫᑦ ᑖᑯᐊ ᐅᓂᒃᑳᑦ 
ᑭ ᒃ ᑯᑐᐃᓐᓇ ᕐᓄ ᑦ  ᐅᖃᓕᒫᖅᑕᐅᔪ ᓐᓇ ᕐᓂᐊ ᕐ ᒪᑕ .  
ᐃᓱᒪᒋᔭᖃᖅᐳᒍᑦ ᑖᓇ ᑐᑭᓯᒋᐊᕈᑎ ᐅᖃᓕᒫᒐᖅ 
ᐊᑑᑎᖃᕈᓐᓇᕐᓂᐊᖅᑐᒋᓪᓗᒍ ᐃᓱᒪᓕᐅᖅᑎᐅᔪᓄᑦ , 
ᒐᕙᒪᓄᑦ ᐊᒻᒪᓗ ᓇᒡᒥᓂᖅᓱᖅᑐᓄᑦ ᑲᑐᔾᔨᖃᑎᒌᖑᔪᓄᑦ 
ᐊᒻᒪᓗ ᐅᑭᐅᖅᑕᖅᑐᒥ ᓄᓇᓕᒡᓄᑦ.  ᐃᓚᓕᐅᑎᓯᓚᔪᑦ 
ᖃᐅᔨᓚᔨᑕᐃᑦ ᐅᖃᐅᓯᖅᑕᖏᓐᓂᑦ ᑎᑎᕋᖅᓯᒪᔪᓂᑦ 
ᓇᓗᓇᐃᖅᓯᓯᒪᑦᓯᐊᖅᑐᑦ  ᑭᓲᓂᖏᓐᓂᑦ ᐱᓕᕆᐊᕆᕙᒃᑕᕗᑦ 
ᐊᒻᒪᓗ ᖃᕋᓴᐅᔭᒃᑯᑦ ᑐᖁᖅᓯᒪᔭᕗᑦ ᓴᐳᔾᔨᓯᒪᑦᓯᐊᒃᑐᑦ 
ᐅᓂᒃᑳᓕᐊᕆᓯᒪᔭᑦᑎᓐᓄᑦ. 
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 Arctic science is not just about collection 
and analysis of hard facts. It is also a rich hu-
man experience involving exchanges across 
cultures, exploration of our intellectual and 
physical limits, and reflections about our 
changing world. Scientific papers describe 
theories and observations through technical 
language, tables, graphs and statistics. They 
keep hidden large fractions of the scientific 
enterprise because of lack of space. Yet this 
eclipsed part of science is fascinating to many, 
especially when research takes place in re-
mote locations. Here we present a portfolio of 
images illustrating the human dimensions and 
some practical facets of the ArcticWOLVES 
project. This chapter provides a visual cover-
age of the journey that made the successes 
and limitations of ArcticWOLVES, as well as 
the joys and difficulties experienced by its par-
ticipants. 

  
 To an outsider, the Arctic looks very simi-
lar whether one is in Canada, Russia, Alaska 
or, for example, Svalbard. Yet the Arctic is an 
enormous area sprawling over one sixth of the 
earths' landmass and includes a human popu-
lation of about four million, with more than 
thirty indigenous peoples, dozens of lan-
guages, and myriads of ecosystems.  

CHAPTER 2. THE HUMAN DIMENSION 
ᓵᑉᑕ 2. ᐃᓄᓐᓅᖓᔪᑦ  
Lead author/ᑎᑎᕋᖅᑎᒻᒪᕆᒃ: Dominique Berteaux 
Co-authors / ᑎᑎᕋᖃᑕᐅᔪᑦ: Daniel Gallant, Nicolas Lecomte and/ᐊᒻᒪᓗ Arnaud Tarroux  
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Svalbard, Norway 

 ᐅᑭᐅᖅᑕᖅᑐᒥ ᖃᐅᔨᓴᕐᓂᖅ ᓄᐊᑦᓯᓂᑐᐃᓐᓇᐅᖏᑦᑐᖅ 
ᖃᐅᔨᓴᕐᓂᑐᐃᓐᓇᐅᒐᓂᓗ ᐃᓗᓕᖏᓐᓂᒃ. ᓴᓐᖏᔪᒻᒪᕆᒻᒥᒃ 
ᐃᓄᓐᓄᑦ ᐊᑑᑎᒍᑕᐅᒻᒥᔪᖅ ᐱᖃᓯᐅᑎᑦᓱᑎᒃ ᑕᐅᖅᓰᓃᑦ 
ᐱᖅᑯᓯᕐᓂᒃ, ᕿᒥᕐᕈᓂᖅ ᐃᓱᒻᒪᓯᑦᑎᓐᓂᒃ ᑎᒥᒃᑯᓪᓗ 
ᑭᓪᓕᒋᔭᓂᒃ, ᑕᑯᓐᓇᖅᑕᐅᔪᓪᓗ ᐊᓯᔾᔨᐸᓪᓕᐊᔪᒨᖓᔪᖅ 
ᓄᓇᕐᔪᐊᑎᓐᓂᒃ . ᖃᐅᔨᒪᔪᕐᔪᐊᓄᑦ ᑎᑎᕋᖅᓯᒪᔪᑦ 
ᓇᓗᓇᐃᔭᐃᔪᑦ ᑐᑭᓯᔭᐅᔪᓂᒃ ᑕᑯᓐᓇᖅᑕᐅᓯᒪᔪᓂᓪᓗ 
ᖃᐅᔨᒪᔭᕆᐊᓕᑦᑎᒍᑦ ᐅᖃᐅᓯᒃᑯᑦ, ᑎᑎᖅᑑᔭᖅᓯᒪᔪᑎᒍᑦ 
ᐊ ᒻ ᒪᓗ  ᑭ ᓪᓕ ᓯᓂᐊ ᕐᓂ ᒃ ᑯ ᑦ .  ᐊᖏᔫᑎᐊᓗᐃ ᑦ 
ᓴᖅᑭᔮᖃ ᑦᑕᖏᑦᑐ ᑦ  ᖃᐅᔨᒪᔪ ᒻ ᒪᕆᓐᓃᓐᖔᖅᑐ ᑦ 
ᐃᓂᑦᓴᖃᑦᓯᐊᖏᓐᓂᖅ ᐱᔾᔪᑕᐅᓪᓗᓂ. ᑭᓯᐊᓂᑦᑕᐅᖅ 
ᑐᓴᕈᒥᓇᖅᑐᓪᓚᕆᐊᓗᐃᑦ ᐊᒥᓱᓄᑦ , ᐱᓗᐊᖅᑐᒥᒃ 
ᖃᐅᔨᓴᕐᓂᖅ ᐊᑑᑎᓯᒪᑎᓪᓗᒋ ᐃᓄᖃᓐᖏᑦᑐᓂ. ᐅᕙᓂ 
ᑕᑯᑦᓴᐅᑎᑦᓯᔪᒍᑦ ᑎᑎᖅᑑᔭᖅᓯᒪᔪᓂᒃ ᐃᓄᓐᓅᖓᔪᓂᒃ 
ᐃᓚᖏᓪᓗ ᐊᑦᑐᐊᔪᑦ ArcticWOLVES ᐊᐅᓚᓂᖓᓐᓄᑦ. 
ᑖᓐᓇ ᓵᑉᑕ ᐃᓗᓕᓕᒃ ᑕᑯᑦᓴᐅᔪᓂᒃ ᐃᖏᕐᕋᓂᕐᒨᖓᔪᓂᒃ 
ᑲᔪᓯᑦᓯᐊᕈᑕᐅᓯᒪᔪᓂᒃ ᑭᓪᓕᒋᓯᒪᔭᖏᓐᓂᓪᓗ ArcticWOL-
V E S ,  ᐊ ᒻ ᒪ ᓗ  ᖁ ᕕ ᐊ ᓇ ᕐ ᓂ ᕆ ᔭ ᖏ ᓐ ᓂ ᒃ 
ᐊᑦᓱᕈᕐᓇᕐᓂᖏᓐᓂᓪᓗ ᐊᑑᑎᔭᐅᓯᒪᔪᓂᒃ ᐱᖃᑕᐅᔪᓄᑦ.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 ᑕᖅᑳᓐᖔᖅᑐᒧᑦ, ᐅᑭᐅᖅᑕᖅᑐᖅ ᐊᔾᔨᒐᓚᑐᐃᓐᓇᖓ 
ᑲᓇᑕᒥ, ᕌᓴᒥ, ᐊᓛᔅᑲᒥ, ᐅᕝᕙᓗ, ᐆᑦᑑᑎᒋᓗᒍ ᓯᕚᓪᕙᕐᑦ. 
ᑭᓯᐊᓂᑦᑕᐅᖅ ᐅᑭᐅᖅᑕᖅᑐᖅ ᐊᖏᔪᐊᓘᒻᒪᑦ ᓄᓇᕐᔪᐊᕐᒥ 
ᓄᓇᐅᑉ ᐱᖓᓲᔪᖅᑐᓪᓗᐊᖓᓂᒃ ᐊᖏᓂᓕᒃ ᐱᖃᓯᐅᑎᑦᓱᑎᒃ 
ᐃᓄᖏᑦ 4-ᒥᓕᐊᓐ ᒥᑦᓵᓃᑦᑐᑦ, ᓄᓇᖃᖅᑳᖅᓯᒪᔪᑦ 
ᐃᒻᒥᒃᑯᐊᖅᑐᑦ 30 ᒥᑦᓵᓃᑦᓱᑎᒃ , ᐅᖃᐅᓯᕋᓴᐃᑦ 
ᐊᔾᔨᒌᓐᖏᑦᑐᑦ, ᖃᓄᐃᑦᑐᑐᐃᓐᓇᕐᓂᓪᓗ ᐆᒫᔪᖃᐅᖅᓱᑎᒃ.  

ᓯᕙᕐᕙᕐᑦ, ᓄᐊᕙᐃ 
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 ᑐᓛ ᔪᓂ ᒃ  ᐆ ᒪ ᔪ ᓕᕆ ᔨ ᑕᓕ ᒃ  ᑐ ᑦ ᑑ ᔭ ᕐ ᓂ ᒃ 
ᐃᖏᕐᕋᔾᔪᑎᖃᖅᓱᑎᒃ ᑲᓕᑕᐅᑦᓱᑎᒃ ᖃᒧᑎᖏᑦ. ᓇᓇᑦᔅ 
ᑲᓲᒪᔪᐹᓘᕗᑦ ᐊᐅᓚᓂᑦᑎᓐᓄᑦ ᕋᓴᒥ , ᐃᓛᑎᒍᑦ 
ᐃᖅᑲᓇᐃᔭᖃᑦᑕᖅᓯᒪᒐᑦᑕ ᑐᑦᑐᕙᖃᐅᑎᓂ ᐊᑐᖅᓯᒪᑦᓱᑕᓗ 
ᐊᑐᖅᑕᐅᓲᑐᖃᕐᓂᒃ ᓇᓇᑦᔅᓂᒃ ᑐᐱᕐᓂᒃ ᓇᔪᒐᕆᑦᓱᑎᒍ. 
ᐊᑯᓂ ᑲᓲᒪᓂᕆᔭᖓᑦ ᓇᓇᑦᔅ ᐊᒻᒪᓗ ᑐᑦᑐᕙᐃᑦ 
ᓴᖅᑮᒍᑕᐅᓯᒪᔪᖅ ᐃᓅᓯᕐᒧᑦ ᐆᒪᖃᑎᒌᓐᓂᕐᒧᓪᓗ 
ᐊᐅᓚᓂᐅᔪᓂᒃ ᐊᔾᔨᖃᓐᖏᑦᑐᒥᒃ ᓄᐊᖦ ᐊᒥᐊᕆᑲᒥ.  
 
 ᖃᕆᑕᐅ ᔭᓕ ᒃ  ᑖ ᖅ ᑐ ᖅ ᓯ ᐅ ᑦ  ᐊ ᔾ ᔨᓕᐅ ᕈ ᑦ 
ᐋᖅᑭᑦᑕᐅᓯᒪᔪᖅ ᓴᓂᐊᓂ ᑎᕆᒐᓐᓂᐊᓄᑦ ᓯᑎᐅᑉ ᒪᐃ 
ᓄᓐᖑᖅᐸᓯᖓᓂ. ᑖᓐᓇ ᐊᔾᔨᓕᐅᕈᑦ ᐊᔾᔨᓕᐅᕆᓂᐊᖅᑐᖅ 
ᓄᑦᑕᕐᓂᓕᒫᖏᓐᓂᒃ ᑎᕆᒐᓐᓂᐊᑦ ᖃᑦᓯᒐᓛᒻᒪᕇᑦ 
ᐱᓇᓱᐊᕈᓰᑦ. ᓄᑖᑦ ᐊᑐᖅᑕᐅᒍᓐᓇᖅᑐᑦ ᐃᓄᓐᓄᑦ 
ᐱᔪᓐᓇᕈᑕᐅᕙᓕᕐᒪᑕ ᑐᑭᓯᓂᐊᕈᑕᐅᑦᓱᑎᒃ ᐆᒪᔪᐃᑦ 
ᐊᐅᓚᓂᖏᓐᓂᒃ. ᑭᓯᐊᓂ ᐃᓇᖏᖅᑕᐅᕕᖃᓐᖏᑦᑐᖅ 
ᐅᐊᔭᒨᖅᑐᓄᑦ ᖃᐅᔨᒪᓂᓪᓚᕆᐅᔪᖅ ᐆᒪᔪᐃᑦ ᐃᓅᓯᖏᓐᓂᒃ 
ᐱᔭᐅᕙᑦᑐᒥᒃ ᓄᓇᒦᓐᓂᒃᑯᑦ.  

 Migratory herders of domesticated rein-
deer travel with their reindeer-drawn sledge. 
Nenets were closely linked to our activities in 
Russia, as some of us worked in reindeer pas-
tures and used the traditional Nenets tents for 
lodging. The long association between rein-
deer and the Nenets has created a socio-
ecological system that has no parallel in North 
America.  
 
 A digital infrared camera is set near an 
arctic fox den in late May. This camera will 
record every fox movement during several 
weeks. New technologies give humans un-
precedented capacities to understand animal 
behaviour. But no technology can replace the 
intimate knowledge of animal life that is 
gained through field experience.  
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 ᓄᐊᑦᓯᓂᖅ ᖁᐱᕐᕈᓂᒃ ᐊᓯᖏᓐᓂᓪᓗ ᒥᑭᒋᐊᕐᒥᒃ 
ᑮᑕᑲᐃᓐᓇᕈᓘᓲᖅ. ᑭᓯᐊᓂ ᖃᑦᓯᒐᓛᓂᒃ ᑕᖅᑭᓂᒃ 
ᕿ ᓄ ᐃ ᓵ ᕐ ᓂ ᖅ ᑕ ᖃ ᕆ ᐊ ᓕ ᒃ  ᖃ ᐅ ᔨ ᓴ ᕐ ᕕ ᒻ ᒥ ᓗ 
ᑲᒪᒋᑦᓯᐊᕆᐊᖃᖅᓱᒋᑦ ᓈᓴᕐᓗᒋᑦ ᓇᓗᓇᐃᔭᕐᓗᒋᓪᓗ 
ᑕᐅᓴᑎᓃᑦᑐᑦ ᐆᒪᔪᐃᑦ ᐱᔭᐅᓯᒪᔪᑦ.  
 
 
 ᕿᑦᑕᐃᕐᔫᒥᓇᖅᑐᖅ ᓅᓯᒪᓂᕐᒨᖓᔪᖅ. ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᓇᑎᕐᓇᖅ ᐊᑦᓱᕈᕐᓇᓂᖅᐸᐅᖃᑕᐅᔪᖅ ᓄᓇᕐᔪᐊᕐᒥ 
ᖃᐅᔨᓴᕐᓂᕐᒧᑦ ᓄᓇᒥ. ᖃᐅᔨᓴᖅᑎᒻᒪᕇᑦ ᐃᓚᖓᓂ 
ᐊ ᑯ ᓂ ᐊ ᓗ ᒃ  ᐊ ᑦ ᑕ ᓇ ᖅ ᑐ ᒨ ᑦ ᑕ ᐃ ᓕ ᒪ ᑎ ᓲ ᑦ 
ᐅᖅᑰᑦᓯᐊᕋᓱᐊᖅᓱᑎᓪᓗ.  

 Collecting insects and other invertebrates 
from a trap takes only a few minutes. But sev-
eral months of patient and meticulous labora-
tory work will be needed to count and identify 
the thousands of animals that have been cap-
tured.  
 
 A refreshing view of camping. The Arctic 
tundra is undoubtedly one of the most chal-
lenging areas of the globe for conducting field 
research. Scientists sometimes spend consid-
erable time and energy keeping themselves 
safe and warm.  

The human dimension 
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 ᐅᓐᓄᐊᒃᑯᑦ 3-ᒥ, ᖃᐅᔨᓴᖅᑎ ᐅᑎᖅᐸᓪᓕᐊᔪᖅ 
ᓄᓇᓕᒻᒥᓄᑦ  ᓯᕿᓂᖅ ᓄᐃᑉᐸᓪᓕᐊᓕᖅᑎᓪᓗᒍ 
“ᐅᓐᓄᐊᓕᒫᖅ” ᐃᖅᑲᓇᐃᔭᓚᐅᖅᓱᓂ. 24-ᓂᒃ ᐃᑲᕐᕋᓂᒃ 
ᖃᐅᒪᖃᑦᑕᕐᓂᖅ ᑕᐸᐃᕐᓇᓂᖅᐸᐅᕗᖅ ᐊᐅᔭᒃᑯᑦ 
ᐅ ᑭ ᐅ ᖅ ᑕ ᖅ ᑐ ᒥ .  ᐊ ᐅ ᔭ ᒃ ᑯ ᑦ  ᓂ ᐅ ᕐ ᕈ ᓯ ᒪ ᔪ ᑦ 
ᓱᖏᐅᑎᒐᓱᐊᑲᐃᓐᓇᕆᐊᖃᓲᑦ ᐅᓐᓄᖃᓐᖏᑦᑐᒥ.  
 
 ᖃᐅᔨᓴᖅᑏᑦ ᐆᑦᑐᖅᓯᒪᔪᑦ ᓵᑦᑑᔭᖅᓯᒪᔪᓂᒃ 
ᑐᑦᑐᒥᓂᕐᓂᒃ ᖃᐅᔨᕚᓪᓕᕈᒪᓪᓗᑎᒃ ᐃᓄᕕᐊᓗᐃᑦ 
ᐱᖅᑯᓯᖏᓐᓂᒃ. ᑲᑐᔾᔨᖃᑎᒌᓐᓂᖏᑦ ᐅᑭᐅᖅᑕᖅᑐᒥᐅᑦ 
ᐊᒻᒪᓗ ᖃᐅᔨᓴᖅᑎᒻᒪᕇᑦ (ᑐᓐᖓᕕᖃᕋᔪᑦᑐᑦ ᖃᓪᓗᓈᓂ 
ᓯᓚᑦᑐᓴᕐᕕᔾᔪᐊᓂᒃ) ᐱᕕᖃᖅᑎᑦᓯᒍᑕᐅᒻᒪᑦ ᐱᖅᑯᓯᕐᒥᒃ 
ᑕ ᑯ ᑦ ᓴ ᐅ ᑎ ᑦ ᓯ ᖃ ᑎ ᒌ ᓐ ᓂ ᕐ ᒥ ᒃ .  ᕿ ᓂ ᕐ ᓂ ᖅ 
ᐃᑲᔪᖅᓯᖃᑎᒌᓐᓂᖏᓐᓂᒃ ᖃᐅᔨᓴᖅᑎᒻᒪᕆᓐᓃᓐᖔᖅᑐᑦ 
ᐊ ᒻ ᒪᓗ  ᓄᓇᖃᖅᑳᖅᓯᒪ ᔪ ᑦ  ᖃᐅᔨᒪᓂᖏᓐᓂ ᒃ 
ᑐᕌᒐᕆᔭᐅᓯᒪᔪ ᑦ  ᐃᓚᖓᑦ  A r c t i cWOL V E S 
ᐊᐅᓚᓂᖓᓐᓄᑦ.  

 At 3AM, a researcher is coming back to 
camp under the rising sun after a long “night” 
of work. The 24-hour daylight is one of the 
most striking characteristics of the arctic sum-
mer. It takes times for summer visitors to 
adapt to the absence of night.  
 
 Researchers try grilled caribou meat and 
get a taste of Inuvialuit culture. Collaboration 
between Northerners and scientists (usually 
based at southern universities) provides rich 
opportunities for cultural exchanges. Seeking 
complementarities between scientific and abo-
riginal knowledge was one goal of the Arctic-
WOLVES project.  
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 ᖁᓛᒎᓕᒻᒥ ᐊᖁᑎ ᐅᖅᓯᖅᑐᐃᔪᖅ ᖁᓛᒎᓕᒻᒥᒃ. 
ᐊᐅᓚᑦᓯᓂᖅ ᖃᐅᔨᓴᕐᓂᕐᒥᒃ ᓯᕕᑐᔪᐊᓗᒻᒥ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᐃᓗᓕᖃᖅᑐᖅ ᐸᕐᓇᑦᓯᐊᕐᓂᕐᒥᒃ ᑲᑐᔾᔨᖃᑎᒌᓐᓂᖏᓐᓂᓪᓗ 
ᖃᐅᔨᒪᔪᒻᒪᕆᐅᔪᑦ ᖃᓄᐃᑦᑐᑐᐃᓐᓇᕐᓂᒃ, ᖃᖓᑕᔫᖅᑎᓂᒃ 
ᑎᑭᐅᑎᑦᓱᑎᒃ ᓇᓄᕐᓂᒃ ᖃᐅᔨᓴᖅᑎᓄᑦ.  
 
 ArcticWOLVES ᐃᓚᒋᔭᖏᑦ ᑲᑎᖃᑦᑕᔪᔪᑦ 
ᐊᑕᐅᓯᐊᖅᓱᑎᒃ ᐊᕐᕌᒍᒥ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᑑᑉ 
ᐊᕐᕌᒍᖓᓂ (ᐄᑉᐳᕉᓪ 2007 ᑕᕝᕙᓂ). ᓄᓇᒥ 
ᖃᐅᔨᓴᕐᓂᖃᖃᑦᑕᖅᑐᑦ ᐊᒥᓲᒐᑎᒃ ᑲᑎᖅᓱᐃᓂᖅ ᐊᒻᒪᓗ 
ᐅᓂᒃᑳᓂᒃ ᑎᑎᕋᕐᓂᖅ ᐃᒻᒥᒃᑯᑦ ᐊᐅᓚᓂᐅᔪᑦ. ᑕᑯᓐᓇᖅᓱᒋᑦ, 
ᖃᐅᔨᓴᔪᕐᔪᐊᓄᑦ ᑲᑎᒪᓂᐅᔪᑦ ᑲᑎᖃᒌᒍᑕᐅᓪᓚᕆᑉᐸᑉᐳᑦ 
ᐃᓄᓐᓄᑦ ᐱᒻᒪᕆᐊᓘᑦᓱᓂᓗ ᐊᒥᖅᑲᐅᑎᖃᕐᓂᖅ 
ᐃᓱᒻᒪᓯᑖᖅᑲᐅᖑᔪᓂᒃ, ᑕᒻᒪᓕᖅᑭᑦᑖᑦᑕᐃᓕᓂᖃᖅᓱᓂ, 
ᐱᕈᖅᐸᓪᓕᐊᑎᑦᓯᓂᐅᑦᓱᓂᓗ ᑲᑦᓱᖓᐃᓐᓂᕐᒥᒃ ᐊᒻᒪᓗ 
ᑲᑐᔾᔨᖃᑎᒌᓐᓂᕐᒥᒃ.  

 A helicopter pilot is refueling his aircraft. 
Conducting ecological research in the wide 
expanses of the Arctic involves meticulous 
logistical planning and cooperation between 
experts of all kinds, from skilled pilots to vigi-
lant polar bear watchers.  
 
 ArcticWOLVES participants met once a 
year during the IPY program (April 2007 in 
this case). Field work is done in small teams 
and data analysis and report writing are soli-
tary exercises. In contrast, scientific meetings 
are highly social events that are of tremen-
dous importance to share good ideas, avoid 
repetition of mistakes, and build motivation 
and team spirit. 

The human dimension 
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Abstract 
 Small mammals (lemmings and voles) are a very important animal group of the 
tundra as they are the primary food source for a large number of tundra predators. We 
studied small mammals in northern Norway, Russia, Canada, and Greenland.  The spe-
cies at our study sites were not substantially different from previous records, but pat-
terns of change in abundance over time have changed, and show substantial variability. 
In eastern Greenland, high abundance of collared lemmings occurred every 4 or 5 years 
until 1998, but abundance has remained low since then at several sites. At Varanger, 
Norway, we noted a high abundance of Norwegian lemmings in 2006-07, something 
rarely observed since the 1970s. The frequency of high abundance populations at the 
Russian sites varied from 3 to 5 years. On Bylot Island, Nunavut, high abundance oc-
curred every 2 to 4 years over the last two decades. In northern Yukon, populations 
have been low at Komakuk Beach (mainland) for a few years, but we observed much 
greater range in lemming abundance across years on nearby Herschel Island.  At most 
sites with more than one species, high abundance occurred for all species in the same 
year. Population fluctuations in brown lemmings are wider than those in collared lem-
mings where the two species live together. Where collared lemmings are the only spe-
cies, they fluctuate more widely in abundance, suggesting that brown lemmings out-
compete collared lemmings. We investigated the winter ecology of small mammals, and 
found that certain snow conditions are likely necessary for strong winter population 
growth.  We used snow fencing to make snow deeper at three Canadian sites. The ani-
mals preferred areas where the fencing created deeper snow with resulting warmer 
ground temperatures, but there were no clear effects of deeper snow on winter repro-
duction. Models of winter population growth coupled with data on snow conditions 
showed that populations could grow at greater rates under deeper and less dense snow. 
In Greenland, the time at which winter snow starts, and the length of winter, appear to 
affect lemming population growth. We investigated the summer diet of lemmings and 
voles at Varanger, Norway, and found no strong influence of animal abundance on the 
range of foods in the diet, and no evidence that summer food availability could slow 
down the animals’ population growth.  We investigated the competitive interactions be-
tween brown and collared lemmings at two Canadian sites, and found that the strength 
of competition varied between sites and sometimes between years. Collared lemmings 
were more stable in their choice of drier upland habitats. Brown lemmings appeared 
more flexible in their habitat choice, which was influenced by predation risk. Our collec-
tive observations indicate that the patterns of change in population abundance of lem-
mings and voles are even more variable than previously recognized.  No single reason 
can apparently explain their impressive, periodic changes in abundance. The variability 
is largely found in the length of the period of low abundance between irruptions, and the 
range of abundance from lowest to highest.  These sources of variation require more 
focussed research. 
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ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᐆᒪᔪᓪᓚᑐᐃᑦ (ᐊᕕᓐᖓᐃᑦ ᐊᕕᓐᖓᐅᔭᐃᓪᓗ) ᐱᒻᒪᕆᐹᓗᐃᑦ ᐆᒪᕐᓃᓐᖔᖅᓱᑎᒃ ᓇᑎᕐᓇᒥ 
ᓂᕿᓪᓗᐊᑕᐅᓂᖏᓐᓄᑦ ᐊᒥᓱᓄᑦ ᓇᑎᕐᓇᒥ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ. ᖃᐅᔨᓴᖅᓯᒪᔪᒍᑦ ᐆᒪᔪᓪᓚᑑᑎᓂᒃ 
ᐅᑭᐅᖅᑕᖅᑐᖓᓂ ᓄᐊᕙᐃ, ᕋᓴ, ᑲᓇᑕ ᐊᒻᒪᓗ ᑲᓛᖡᑦ ᓄᓇᖓᓐᓂ. ᐆᒪᔪᐃᑦ  ᖃᐅᔨᓴᕐᕕᑎᓐᓃᑦᑐᑦ 
ᐊᔾᔨᐅᖏᑦᑑᔪᓐᖏᑦᑯᑦ ᓯᕗᕐᖓᓂ ᑎᑎᖃᖅᑕᐅᓯᒪᔪᓂᒃ, ᑭᓯᐊᓂ ᐊᐅᓚᓂᖏᑦ ᐊᓯᔾᔨᖅᓯᒪᔪᑦ ᐊᒥᓲᓂᖏᑦᑎᒍᑦ, 
ᑕᑯᑦᓴᐅᑦᓱᑎᓪᓗ ᐊᔾᔨᒌᓐᖏᓐᓂᒻᒪᕆᐅᒍᓐᓇᖅᑐᑦ. ᑲᓇᓐᓇᖓᓂ ᑲᓛᖡᑦ ᓄᓇᖓᑦᑕ, ᐊᒥᓱᓐᖑᓕᐅᒥᔮᖃᑦᑕᔪᔪᑦ 
ᐊᕐᕌᒍᐃᑦ 4-5 ᐊᓂᒍᕋᐃᒻᒪᑕ ᑎᑭᐅᑎᑦᓱᒍ 1998, ᑭᓯᐊᓂ ᐃᓄᐃᓴᓪᓕᓯᒪᐃᓐᓇᖅᑐᑦ ᑕᐃᒪᓐᖓᓂᑦ ᖃᑦᓯᒐᓛᓂ 
ᐃᓂᒋᔭᐅᔪᓂ. ᕙᕋᓐᔪ, ᓄᐊᕙᐃᒥ, ᑕᑯᓯᒪᔪᒍᑦ ᓄᐊᕙᐃᒥᐅᑦ ᐊᑯᓐᖓᖏᑦ ᐊᒥᓱᓐᖑᓕᐅᒥᔮᔪᔪᑦ 3-5 ᐊᕐᕌᒍᐃᑦ. 
ᒥᑦᑎᒪᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ, ᓄᓇᕗᒻᒥ ᐊᒥᓱᓐᖑᓕᐅᒥᔮᖅᐸᑦᑐᑦ ᐊᕐᕌᒍᐃᑦ 2-4 ᐊᓂᒍᕋᐃᒻᒪᑕ ᐊᕐᕌᒍᓂ ᐊᕙᑎᓂ 
ᐊᓂᒍᖅᑐᓂ, ᐅᐊᓐᓇᖓᓂ ᔫᑳᓐ, ᐊᕕᓐᖓᐃᑦ ᐃᓄᐃᓴᓪᓕᓯᒪᔪᑦ ᑯᒪᑯᒃ ᓯᓈᖓᓂ (ᓄᓇᒥ) ᐊᕐᕌᒍᓂ ᖃᑦᓯᒐᓛᓂᒃ, 
ᑭᓯᐊᓂ ᑕᑯᓯᒪᒻᒥᔪᒍᑦ ᐊᒥᓲᓂᖅᓴᓂᒃ ᐊᑯᓐᖓᕐᓂᒃ ᐊᕐᕌᒍᓂ ᐊᓂᒍᖅᑐᓂ ᓴᓂᐊᓃᑦᑐᒥ ᕼᐅᕐᓱᓪ ᕿᑭᖅᑕᖓᓂ. 
ᐊᒥᓲᓂᖅᓴᓂ ᐃᓂᐅᔪᓂ ᐊᑕᐅᓯᐅᓐᖏᑦᑐᒥᒃ ᐊᕕᓐᖓᖅᑕᓕᒻᒥ, ᐊᑕᐅᑦᓯᒃᑯᐊᓗᒃ ᐊᒥᓱᓐᖑᓕᐅᒥᖓᔪᔪᑦ 
ᐊᕕᓐᖓᐅᖃᑎᒌᑦ. ᑲᔪᐃᑦ ᐊᕕᓐᖓᐃᑦ ᐊᒥᓱᓐᖑᑕᕐᓂᖅᓴᐃᑦ ᐊᕕᓐᖓᐅᖃᑎᒥᓂᒃ ᑕᒫᓂᑦᓴᐃᓐᓇᖅ 
ᓄᓇᖃᕋᓗᐊᕋᒥᒃ. ᐊᐃᑉᐸᐃᖏᑦ ᖁᖓᓯᕈᑎᓕᐅᔮᖅᑐᑦ ᐊᕕᓐᖓᓲᑎᓪᓗᒋᑦ, ᐊᒥᓱᓐᖑᓕᐅᒥᔮᕐᓂᖅᓵᓗᐃᑦ, 
ᑐᑭᓯᓇᖅᓯᑦᓱᓂ ᑲᔪᐃᑦ ᓵᓚᖃᖅᓯᒪᓲᖑᒋᐊᖏᑦ ᐊᐃᑉᐸᐃᒥᓂᒃ. ᖃᐅᔨᓴᔪᒻᒥᒍᑦ ᐅᑭᐅᒃᑯᑦ ᖃᓄᐃᓕᖓᓂᖏᓐᓂᒃ 
ᐆᒪᔪᓪᓚᑑᑏᑦ, ᑐᑭᓯᓕᖅᓱᑕᓗ ᐊᐳᑎᐅᑉ ᖃᓄᐃᑦᑑᓂᖓᓂᒃ ᐊᑑᑎᔪᑦ ᐅᑭᐅᒃᑯᑦ ᐱᕈᑦᓯᐊᕐᓂᐊᕈᑎᒃ. ᐊᑐᖅᓱᑕ 
ᐊᐳᒻᒥᒃ ᐊᕙᓗᓕᐅᖅᓱᑕ ᐊᐳᑎ ᐃᑎᓂᖅᓴᐅᖁᓪᓗᒍ ᑲᓇᑕᒥ ᓄᓇᓂ ᐱᖓᓱᓂ. ᐆᒪᔪᐃᑦ ᐃᓂᖃᕈᒪᓂᖅᓴᐅᔪᑦ 
ᐊᕙᓗᒥᓄᑦ ᐃᑎᔫᓂᖅᓴᐅᑎᑕᐅᔪᓂᒃ ᓂᓪᓕᓇᓗᐊᓐᖏᓂᖅᓴᐅᒍᑕᐅᓪᓗᓂ, ᑭᓯᐊᓂ ᑐᑭᓯᓇᖅᑐᖃᓐᖏᑦᑐᑦ ᐊᐳᑦ 
ᐃᑎᓂᖅᓴᖅ ᐅᑭᐅᒃᑯᑦ ᐆᒪᔪᖃᓕᖅᐹᓪᓕᑎᑦᓯᓲᖑᒻᒪᖔᖅ. ᑕᑯᓐᓇᖅᓱᒋᑦ ᐅᑭᐅᒃᑯᑦ ᐊᒥᓱᓐᖑᐸᓪᓕᐊᓂᐅᔪᑦ 
ᑲᑎᓱᖅᑕᐅᓯᒪᔪᓪᓗ ᐊᐳᑎᓅᖓᔪᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᐆᒪᔪᐃᑦ ᐊᒥᓱᓐᖑᐹᓪᓕᕈᓐᓇᕆᐊᖏᑦ ᐊᐳᑎ 
ᐃᑎᔫᓂᖅᓴᐅᑎᓪᓗᒍ. ᑲᓛᖡᑦ ᓄᓇᖓᓐᓂ, ᐅᑭᐅᖅᓯᐅᑎᒥᒃ ᐊᐱᕙᓪᓕᐊᓕᖅᑎᓪᓗᒍ, ᐊᑯᓂᐅᓂᖓᓗ ᐅᑭᐅᑉ, 
ᐊᑦᑐᐃᓯᒪᔫᔮᖅᑐᖅ ᐊᕕᓐᖓᐃᑦ ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓂᖏᓐᓂᒃ. ᖃᐅᔨᓴᖅᓯᒪᒐᑦᑕ ᐊᐅᔭᒃᑯᑦ ᓂᕆᔭᖏᓐᓂᒃ ᐊᑯᓐᖓᐃᑦ 
ᐊᕕᓐᖓᐅᔭᐃᓪᓗ ᕙᕋᓐᔭ, ᓄᐊᕙᐃᒥ, ᖃᐅᔨᓇᖅᑐᖃᓪᓚᕆᔪᓐᖏᑦᑐᖅ ᓂᕿᒋᕙᑦᑕᖏᑦ ᐊᑦᑐᐃᓂᖃᖅᓯᒪᒻᒪᖔᑕ 
ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓂᐅᔪᓂᒃ, ᑕᑯᑦᓴᐅᔪᖃᕋᓂᓗ ᐊᐅᔭᒃᑯᑦ ᓂᕆᔭᖏᑦ ᓄᖅᑲᐅᒥᑎᑦᓯᒐᔭᕆᐊᖏᑦ ᐆᒪᔪᐃᑦ 
ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓂᖓᓐᓂᒃ. ᖃᐅᔨᓴᔪᒻᒥᔪᒍᑦ ᓵᓚᒋᖃᑦᑕᐅᑎᒐᓱᐊᕐᒪᖔᑕ ᐊᕕᓐᖓᐃᑦ ᑲᔪᐃᑦ ᖁᖓᓯᕈᑎᓕᐅᔭᐃᓪᓗ 
ᒪᕐᕉᓐᓂ ᓄᓈᓐᓂ ᑲᓇᑕᒥ, ᑐᑭᓯᓕᖅᓱᑕᓗ ᓴᓐᖏᓂᖏᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᑦ ᐃᓂᐅᔪᓂ ᐃᓚᖓᓂ ᐊᕐᕌᒍᐃᑦ 
ᐊᑯᕐᖓᓐᓂ. ᖁᖓᓯᕈᑎᐅᔭᓖᑦ ᐊᕕᓐᖓᐃᑦ ᐊᓐᓇᖑᓐᓇᓂᖅᓴᐃᑦ ᐃᓂᒋᔭᒥᓐᓂᒃ ᐸᓂᕐᓂᖅᓴᓂ. ᑲᔪᐃᑦ ᐊᕕᓐᖓᐃᑦ 
ᓇᒥᑐᐃᓐᓈᕈᓐᓇᓂᖅᓴᐅᔮᖅᓱᑎᒃ, ᑐᓐᖓᕕᖃᖅᓱᑎᒃ ᐆᒪᔪᖅᑕᐅᒐᓱᐊᕐᕕᒋᒍᓐᓇᖅᑕᖏᓐᓂᒃ. ᓄᐊᓯᒪᔭᕗᑦ 
ᓇᓗᓇᐃᖅᓯᒍᑕᐅᔪᑦ ᐊᐅᓚᓂᖏᑦ ᐊᓯᔾᔨᕐᓂᖏᑦᑕ ᐊᒥᓱᕈᖃᑦᑕᕐᓂᖏᑦᑕ ᖃᓄᐃᑦᑐᑐᐃᓐᓇᐅᒍᓐᓇᓗᐊᓐᖑᐊᕐᒥᔪᑦ 
ᐅᔾᔨᕆᔭᐅᓯᒪᔪᓂᒃ. ᐊᑕᐅᓯᕐᒥᒃ ᐱᔾᔪᑎᑕᖃᓐᖏᑦᑐᖅ ᐊᒥᓱᓐᖑᓕᐅᒥᔮᕐᓂᖏᓐᓂᒃ. ᑕᑯᔭᐅᓗᐊᓐᖑᐊᕐᒥᔪᑦ 
ᐊᑯᓐᓂᕆᔭᖏᑦ ᐃᓄᐃᓴᓪᓕᐅᒥᔮᕐᓂᖏᑦᑎᑕ ᐊᒥᓱᓐᖑᓕᐅᒥᔮᕐᓂᖏᑦᑕᓗ. ᖃᐅᔨᓴᖅᑕᐅᑦᓯᐊᑲᓐᓂᕆᐋᓖᑦ.  
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Species ranges 
 The small mammals of the circumpolar 
arctic tundra are mainly rodents (lemmings, 
voles and ground squirrels), but also include 
lagomorphs (hares) and insectivores (shrews). 
 In Eurasia there are five species of lem-
mings belonging to two genera (Jarrell and 
Fredga 1993).  Brown lemmings (genus Lem-
mus) are represented by three geographically 
disjunct species. The North American brown 
lemming (Lemmus trimucronatus) occurs in 
Siberia, east of the River Kolyma. The Sibe-
rian lemming (L. sibiricus) is distributed from 
the Kolyma River west to the White Sea. It 
occurs as a morphologically and genetically 
distinct subspecies (L. s. portenkoi) on 
Wrangel Island (Fedorov et al. 1999).  The 
Norwegian lemming (L. lemmus) is the only 
mammal endemic to Fennoscandia, where it 
inhabits arctic and subarctic tundra, but also 
alpine tundra further south.  The Eurasian col-
lared lemming (Dicrostonyx torquatus) occurs 
from the Bering Sea to the White Sea, but 
collared lemmings on Wrangel Island 
(sometimes named D. vinogradovi) belong to 
the North American species, D. groenlandicus. 
 In the shrub tundra zone of the Eurasian 
Arctic, several species of voles are common, 
often more so than lemmings. The tundra or 
root vole (Microtus oeconomus) is widespread 
from Fennoscandia to the Bering Strait and 
into western North America. In the southern 
Russian Arctic there are two other Microtus 
voles.  The narrow-skulled vole (M. gregalis) 
has a patchy distribution and also inhabits 
steppes further south in Asia. The Midden-
dorf’s vole (M. middendorffi) is ecologically 
distinct but morphologically very similar to the 
narrow-skulled vole. The grey-sided vole 
(Myodes rufocanus) is common in Fennoscan-
dian tundra, but extends only marginally into 
the tundra zone in Russia. 
 In Arctic North America, Dicrostonyx gro-
enlandicus is the most widespread species, 
occupying tundra from western Alaska to east 
Greenland, but is replaced by the closely re-
lated species, D. hudsonius, on the Ungava 
peninsula (northern Quebec and Labrador).  
The North American brown lemming (Lemmus 
trimucronatus) has a similar distribution but is 
absent from Ungava, the northern Canadian 
archipelago (Queen Elizabeth Islands) and 
Greenland.  In North America the tundra vole 

occupies true tundra habitats from the coastal 
plain of Alaska through the mainland west of 
Hudson Bay. This species also occupies the 
shrub tundra where it is joined in the west by 
the tundra red-backed vole (Myodes rutilus).  
The singing vole (Microtus miurus) lives pri-
marily in montane tundra and taiga forests of 
the Yukon and Alaskan cordillera. 
 Ground squirrels (genus Urocitellus, for-
merly Spermophilus; Helgen et al. 2009) only 
occupy mainland arctic tundra habitats, and 
only in Siberia and North America west of 
Hudson Bay.  Hares are found on tundra in 
Eurasia (Lepus timidus), western Alaska (L. 
othus), and Greenland and North America east 
of the Mackenzie River (L. arcticus).  Finally, 
various shrew species of the genus Sorex in-
habit southern arctic tundra, including 
mainland Fennoscandia, Russia, and North 
America west of Hudson Bay.  They are absent 
from Greenland, Ungava and most of the arc-
tic islands (Nowak 1991). 
 ArcticWOLVES project researchers work-
ing in the shrub tundra of southern Yamal 
(western Siberia) have noted that Siberian 
lemmings, abundant until the 1990s, have 
almost disappeared in the last decade. Further 
north on Yamal, they are still common 
(Sokolov et al. 2010). At Nenetsky we caught 
several birch mice (Sicista betulina) and water 
voles (Arvicola amphibious), neither a typical 
tundra species, in an area where no small 
mammal trapping had previously occurred. 
 On the north Yukon coastal plain 
(Komakuk), we caught northern red-backed 
vole and found evidence of singing vole, indi-
cating possible new distributions for these 
species as this region becomes increasingly 
shrub tundra in a warming climate.  We found 
that M. oeconomus reproduces under the 
snow in spring (probably April) (see also 
Krebs et al. 1995).  In north Yukon we docu-
mented a metapopulation dynamic for U. par-
ryii with a currently extinct population at Ko-
makuk (2006-2010) despite previous pres-
ence (1950s and 1960s), and long-distance 
male spring breeding dispersal (mainland to 
Herschel Island, >10 km) but apparent inabil-
ity to establish a population on the Island 
probably because of sex-biased dispersal 
when sea ice is present.  Our small mammal 
live-trapping in north Yukon provided new 
documentation for the distribution of both bar-

Small mammals 
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ren-ground shrew (S. ugyunak) and tundra 
shrew (S. tundrensis) on the coastal plain, 
and the latter species on Herschel Island. 
 
Patterns of population fluctuation and 
synchrony 
 Arctic lemmings and voles vary substan-
tially in population density over time.  These 
fluctuations often have remarkably constant 
period (3 to 5 years between peak densities), 
and wide amplitude (25 to 200 fold differences 
between low and peak phases), and are 
termed cycles (Stenseth and Ims 1993).  Vari-
ous demographic and behavioural parameters 
are associated with the phases of the cycles 
(Stenseth and Ims 1993).  Reproductive rates 
are highest in the increase phase and de-
crease rapidly at the peak.  The increase 
phase is often associated with winter repro-
duction.  Body mass for various age and sex 
classes is highest during late increase and 
peak phases.  Animals are more aggressive at 
higher densities. 
 Historically, cyclic dynamics have been 
reported for tundra lemmings and voles, espe-
cially towards the northerly portions of spe-
cies’ ranges and in species distributed at 
higher latitudes (Stenseth 1999).  However, it 
is also clear that such cycles are heavily 
dampened or non-existent in certain regions 
(e.g. Krebs et al. 1995, Krebs et al. 2002), 
and have exhibited less regularity in period 
and dampening amplitudes in recent years, 
possibly as a result of a changing climate (Ims 
et al. 2008, Kausrud et al. 2008, Schmidt et 
al. 2008, Gilg et al. 2009). 
 Where strong peaks occur they are gener-
ally synchronous among species at one site 
and often over fairly large regions, though 
certainly not over all arctic regions (Erlinge et 
al. 1999, Krebs et al. 2002, Gruyer et al. 
2008).  The dominant explanation for syn-
chrony is concurrent heavy predation pressure 
on all species brought about by strong aggre-
gative numerical response of nomadic and 
migratory predators, and strong breeding nu-
merical response of all predators (Ims and 
Steen 1990, Krebs et al. 2002). 
 During the ArcticWOLVES project we 
documented patterns of lemming abundance 
at many circumpolar sites, and expanded pre-
viously available time series.  In Greenland, 
cyclic lemming populations with peaks every 4 

to 5 years have been reported since the early 
20th century (Pedersen 1942), and docu-
mented more thoroughly by long term studies 
on Traill Island (Karupelv Valley) since 1988 
and Zackenberg since 1996, where densities 
ranged from <0.1 to >15 lemmings per hec-
tare (Sittler 1995, Gilg 2002, Schmidt et al. 
2008).  However the last strong peak occurred 
in 1998 and since then the cycle seems to 
have dampened at relatively low densities 
with no clear peak during IPY (Fig. 1A).  
 In Eurasia we studied small mammal dy-
namics in detail at six sites during IPY.  On 
the Varanger Peninsula in northern Norway, 
voles typically fluctuate with a period of five 
years whereas Norwegian lemmings reach 
high population densities only in some vole 
peak years.  Previous to IPY, lemmings 
peaked only 1 or 2 times since the 1970s, but 
in 2006-2007 they reached peak densities in 
Varanger (Fig. 1B).  Lemming populations 
started to grow later than the sympatric voles 
and followed a steeper increase, but all spe-
cies crashed simultaneously in 2008.   Lem-
ming populations grew more quickly at higher 
altitudes, and this effect was strongest for 
winter population growth rates, supporting 
previous findings about the importance of win-
ter climate and snow properties for Norwegian 
lemmings (Ims et al. 2011).  Interestingly 
lemming populations in northern Norway 
started to grow again in late summer 2010.  
 In Nenetsky, tundra voles were the most 
abundant small mammal, along with low num-
bers of collared lemmings, birch mice and wa-
ter voles. The last peak previous to IPY oc-
curred in 2004 and our data showed a peak in 
2008 (Fig. 1C), suggesting a period of four 
years and rather low amplitude of tundra vole 
fluctuations. Collared lemmings were trapped 
only in the peak years, 2004 and 2008, and 
occurred at low frequency in raptor pellets, 
indicating that they are regularly present but 
at low densities.  
 In the shrub tundra of southern Yamal, 
five species of small mammals were caught, 
with Middendorff’s and narrow-skulled voles 
being the most common. Their density in-
creased considerably over summer 2009 and 
possibly reached a peak in 2010 (Fig. 1D). 
The previous significant small mammal peak 
in the area had been recorded in 1999 
(Sokolov 2002). Densities have been low since 
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then, though somewhat higher in 2002 and 
2005, suggesting low amplitude dynamics in-
terspersed with peaks at long, possibly erratic, 
intervals (Sokolov et al. pers. comm.). Col-
lared lemmings were trapped in the area 
every year, but numbers did not fluctuate 

much. 
 On the coastal tundra of western Taymyr, 
lemming cycles were somewhat irregular since 
the 1990’s and occurred at longer intervals 
than the typical three to four year period de-
scribed for the area (Kokorev and Kukson 

Small mammals 

Figure 1. Time series of (A) collared lemming density estimates from two sites in eastern Greenland, Traill 
Island (Karupelv Valley) and Zackenberg, (B) vole and lemming abundance in Varanger Peninsula, northern 
Norway, estimated with snap-traps (data courtesy of projects Ecosystem Finnmark, Arctic fox in Finnmark and 
Arctic Predators (IPY)), and small mammal abundance in the Russian Arctic estimated using snap-traps at (C) 
Nenetsky, (D) Yamal and (E) Taymyr. For Yamal 2010, voles have not been identified to species yet, so only 
total Microtus numbers are shown. At Taymyr, the qualitatively observed peak is based on general observa-
tions, not trapping data. For Nenetsky and Yamal, data are courtesy of IPY project Arctic Predators. For 
Taymyr, data are courtesy of Igor Popov and Dutch Taymyr expeditions led by Bart Ebbinge. 
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2002), but they did not fade out (Fig. 1E). A 
large peak of Siberian lemmings was observed 
in 2005 (Ebbinge and Mazurov 2005). Densi-
ties started to increase again towards the end 
of summer 2007 and winter nests and grazing 
indicated that lemmings were very numerous 
during winter 2007-2008. The population 
crashed however before or at snow melt and 
densities in summer 2008 were low (Popov 
2009). 
 In the Lena Delta general observations 
and sign indices indicate that lemming cycles 
have a dominant period of three years 
(Pozdnyakov 2004). The last two cycles were 
however longer with Siberian lemming peaks 
in 2001, 2005, and unusually high densities in 
2010 (V. Pozdnyakov, A. Sokolov, V. Sokolov, 
pers. comm.). On Wrangel Island collared and 
Siberian lemmings are about equally abun-
dant.  Recent analysis of a long-term time 
series indicates that the period of their popu-
lation fluctuations has lengthened from 4-5 
year in the 1970s to 7-8 years in the 1990s 
and 2000s (Chernyavskii and Tkachev 1982, 
Menyushina 2007a). Only in very deep crash 
years do snowy owls not reproduce there 
(Menyushina 1997), which suggests that the 
low phase of lemming population fluctuations 
is generally at higher densities on Wrangel 
Island than the low phase in other regions. 
 During the ArcticWOLVES project we ex-
tended the time series of lemming density 
estimates from Bylot Island, a high arctic site, 
where collared and brown lemmings have 
shown relatively synchronous cyclic dynamics 
with a period of 3 to 4 years, and brown lem-
mings have reached considerably higher den-
sities than collared lemmings (Gruyer et al. 
2008).  During IPY, densities exhibited wide 
amplitude but shorter period, with peaks in 
both 2008 and 2010 (the previous peak being 
in 2004) (Fig. 2A and 2B).  Fluctuations of 
brown lemmings continued to exhibit wider 
amplitude than those of collared lemmings.  
Snap-trapping conducted opportunistically in 
north and central Baffin Island in July 2008 
indicated that the lemming peak that year was 
widespread across the island.  On Herschel 
Island, occasional snowy owl nesting during 
past decades and snap-trapping for lemmings 
in the 1980s indicated relatively abundant 
lemming populations in some years (Slough 
1987), but there are no long term population 

data.  Changes in density and body mass indi-
cated a peak population of brown lemmings in 
2008 and collared lemmings in 2007 and 
2010, with brown lemmings having wider am-
plitude of density change (Fig. 2C and 2D; 
Krebs et al. 2011).  This lack of synchrony is 
unusual, and may indicate different intensities 
of predation pressure on each lemming spe-
cies within a year.  Snowy owls only nested in 
2008.  On the coastal plain of Yukon, previous 
inventories have failed to identify a peak 
population or much amplitude in lemming 
densities (Krebs et al. 2002), but there are no 
long term data from Komakuk Beach.  Our 
data indicate a persistent low density popula-
tion of both brown lemmings and tundra voles 
at Komakuk, with the 2006 data being ques-
tionable because of lack of precision (Fig. 2E). 
 Our ability to compare data from different 
studies (specifically the amplitude of the cy-
cle) is limited because many studies are based 
solely on relative abundance indices (e.g. 
snap trapping; counts of winter nests) rather 
than absolute density estimation.  Nonethe-
less, our results indicate the following overall 
patterns: 

• Brown lemmings undergo much wider 
amplitude population fluctuations than 
collared lemmings when the two species 
are sympatric; collared lemmings living 
without brown lemmings (e.g. east 
Greenland) appear to be able to reach 
substantially higher densities at the peak 
than when sympatric with brown lem-
mings. 

• Vole fluctuations appear to have a 
strongly repeated annual pattern of sum-
mer population growth and winter de-
cline, which is superimposed on any 
longer-period cyclic fluctuations. 

• The periods of cycles in full tundra habi-
tats are quite diverse, both within and 
among sites, with most variation being in 
the length of the low phase.  This sug-
gests variable attenuation of possible 
delayed density-dependent factors influ-
encing the decline and persistence of the 
low (e.g. stress and maternal effects; 
induced plant defence chemicals; diet 
width of specialist predators), or inter-
annual variability in the co-occurrence of 
necessary conditions for winter popula-
tion growth (collapse of intense preda-
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tion; sufficient snow cover). 
• Inter-specific synchrony in density fluc-

tuations is the norm, and the odd excep-
tion (e.g. Herschel Island) requires spe-
cific explanation, perhaps different inten-
sities of predation on individual species in 
the same year. 

• The documented fading of small mammal 

cycles in some regions is not necessarily 
persistent (Brommer et al. 2010).  If re-
lated to climate change, there should be 
some changing weather or snow signal 
that may have limited population in-
creases only for the duration of the 
dampened dynamics. 

 

Small mammals 

Figure 2. Time series of (A) brown and (B) collared lemming density on Bylot Island, NU, Canada, based on 
mark-recapture, and of (C) brown and (D) collared lemming density on Herschel Island, Yukon, Canada, 
based on mark-recapture (Pauline Cove is a mesic erect willow-sedge tundra on an alluvial fan, and Ridgetop 
is an upland tundra with mix of tussock cotton-grass and dwarf shrub heath; modified from Krebs et al. 2011), 
and of (E) brown lemming and tundra vole densities in tussock tundra habitat at Komakuk Beach, Yukon, Can-
ada, based on mark-recapture.  
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Factors limiting population growth 
 The cyclic dynamics of many populations 
have stimulated a long history of explanatory 
hypotheses, with single factors initially aimed 
at explaining the entire dynamic (Stenseth 
and Ims 1993).  Factors have often been 
classed as intrinsic (e.g., behavioural or ge-
netic) or extrinsic (trophic or abiotic interac-
tions) (Stenseth and Ims 1993), but these can 
be intimately inter-related (e.g. Boonstra et 
al. 2007), and both appear necessary to ex-
plain cyclic dynamics (Stenseth et al. 1996). 
Our project tested only a few hypothesized 
factors influencing small mammal population 
dynamics, with a special emphasis on climatic 
factors.  
 The increase phase of small mammals 
populations cycles is almost always driven by 
reproduction under the snow at least in 
spring, but also in winter, and such winter 
reproduction may also be necessary to make 
up for summer declines independent of any 
strong cycle (Stenseth and Ims 1993, Krebs et 
al. 1995, Gruyer et al. 2010).  Lemmings 
clearly choose particular sites under the snow 
as a focus for their winter activities, as the 
distribution of their winter nests (mapped in 
spring) shows strong association with deeper 
snow, and the greatest probability of occur-
rence at snow depths from about 60 – 120 cm 
(Reid and Krebs 1996, Duchesne et al. 
2011b).  Many parts of the Arctic do receive 
less than 40 cm of snowfall during a winter, 
and this is often redistributed heavily by wind, 
creating a mosaic of habitat patches differing 
substantially in snow depth as snow is trapped 
by topography and vegetation.  Through a 
manipulation of the snow cover, we showed 
that increasing the snow depth in marginal 
winter habitat increased the habitat’s use by 
small mammals in winter, as expected, but did 
not affect their demography (reproductive 
rate, or mortality due to predation) (see Box 
1). 
 We also examined to what extent annual 
variation in snow depth and quality could af-
fect the amplitude and periodicity of lemming 
cycles. We used snow models developed by 
hydrologists, such as SNOWPACK© (Bartelt 
and Lehning 2002, Lehning and al. 2002a, 
Lehning and al. 2002b), to simulate snow con-
ditions from meteorological data inputs. We 
validated these models by comparing their 

outputs with data from snow profiles in the 
field. Using a 16-year time series of brown 
lemming abundance on Bylot Island, we mod-
elled the cyclic dynamics by imposing a term 
for cyclicity (either a sinusoidal or an autore-
gressive function) and adding snow parame-
ters (subnivean temperatures, snow depth 
and density).  Adding the snow parameters 
greatly improved the model fit for either func-
tion, and showed that greater snow depth, 
lower snow density and higher subnivean tem-
peratures, thus higher snow quality, all had a 
significant positive effect on the amplitude of 
the cycle (F. Bilodeau, in prep.).  In Zacken-
berg, Greenland, there is evidence that both 
the timing of the onset of winter and the 
length of winter affect lemming population 
growth, and these are weather parameters 
currently undergoing directional change (Berg 
et al. 2008).  These results strongly suggest 
that certain features of the timing, quantity 
and quality of snow can be considered as nec-
essary condition(s) for a population irruption 
in the high Arctic.  
 
Food and Habitat 
 We lack the data to thoroughly assess the 
role of small mammal-vegetation interactions 
on their population dynamics. In general, 
when animal population densities increase, 
the range of resources they use increases as 
well (i.e. their niche width increases) (Bolnick 
et al. 2003). If small mammals at high densi-
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Lemming winter nest found after snowmelt at Ko-
makuk, Yukon, Canada. 
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ties compete for food, fewer individuals can 
gain access to an optimal diet. This might 
have implications for the population reproduc-
tion rate through reduced individual body con-
dition, and thus it may limit population growth 
at peak densities. Such food limitation should 
increase the range of food items in the diet at 
peak densities compared to low density years. 
Using various techniques we examined the 
summer diet of small mammals at several 
sites. Our results indicate that variation in di-
ets between individuals was large in all spe-
cies and that density has no impact on the 
populations’ diet diversities (Soininen et al., in 
prep.). Thus, it seems unlikely that summer 
food availability could limit small mammal 
population growth, in spite of the low primary 
productivity in the Arctic. 
 Small mammals are known to have spe-
cific habitat preferences.  Collared lemmings 
generally inhabit upland, mesic to xeric, high 
arctic barrens, prostrate shrub and graminoid 
tundras (classification system of CAVM Team 
2003), where they feed on dwarf woody 
shrubs (often Dryas and Salix) and numerous 
forbs.  In the southern Arctic they prefer drier 
upland habitat with dwarf shrubs such as 
dwarf birch (Betula nana). Brown lemmings 
occupy more productive mesic to hygric sites 
with high cover of graminoids (often grasses, 
sedges and cotton-grasses) and mosses.  
These are frequently sites without erect 
shrubs, but Norwegian lemmings prefer wet 
tundra with erect shrubs such as B. nana. The 
tundra vole occupies both graminoid and erect 
shrub tundras, preferring wetter sites with 
graminoid foods amongst the shrub (often 
willow) thickets.  Other northern voles occupy 
erect shrub and wetland tundras.  All species 
occupy a greater variety of habitats when 
their densities are very high, or when poten-
tial competitor species are at very low densi-
ties or absent. 
  Inter-specific competition among coexist-
ing small mammal species alters their popula-
tion dynamics. Moreover, because each spe-
cies has specific habitat preferences, change 
in habitats caused by climate variation can 
greatly affect the abundance and distribution 
of these species. We conducted, therefore, a 
series of small scale experiments aimed at 
testing habitat selection in coexisting collared 
and brown lemmings (see Box 2).  

 Our analyses revealed that strength of 
competition among lemming species varied 
across sites. For instance, on Herschel Island, 
brown lemming abundance depended only 
upon its own density and was little affected by 
the presence of other species. In contrast, at 
Walker Bay, both brown and collared lem-
mings were influenced by interactions with 
their lemming competitor.  The interactions 
also vary through time. The temporal variation 
in competition corresponds with habitat 
change in a warming climate. We expanded 
our analysis of habitat selection at Herschel 
Island by assuming a climate-induced increase 
in the frequency of xeric upland habitat.  
Based on their habitat preferences (Fig. 3; 
Morris et al. 2011, Ale et al. 2011), our mod-
els predict, with future climate change, that 
the two wet habitat specialists (brown lem-
mings and tundra voles) will compete in con-
verging specialist niches while collared lem-
mings will avoid competition by selecting pri-
marily xeric habitat. 
 We assessed the joint effects of predators 
and climate change at Walker Bay where we 
have an intermittent temporal record of lem-
ming habitat selection beginning in 1996 
(Morris et al. 2000).  Collared lemmings domi-
nated the lemming community during most 
years (Fig. 4; Krebs et al. 2002).  Our analy-

Small mammals 

Figure 3. An illustration of the habitat preferences 
(that also corresponds to their fitness contours) by 
three species of small mammals at Herschel Island 
in the western Canadian Arctic.  An increase in the 
proportion of dry habitat will favour further speciali-
zation by xeric specialist the collared lemming but 
will provide less opportunities for divergence be-
tween the tundra vole and the brown lemming at 
the mesic end of the gradient  (after Ale et al., 
2011). 
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ses documented a partial replacement of dry 
habitat by wet habitat at Walker Bay, and a 
dramatic shift in habitat selection by brown 
lemmings during 2010 when, for the first 
time, brown lemmings were more numerous 
on our permanent plots than collared lem-
mings (Fig. 4).  
 Unlike brown lemmings, the strategy of 
habitat selection by collared lemmings has 
been constant through time in all of our study 
plots despite varying predation pressure.  In-
deed, 1996 was a year when predators such 
as snowy owls and arctic foxes were abundant 
on control plots but almost absent from plots 
inside a predator exclosure, whereas in all 
subsequent years migratory predators have 
been conspicuously absent.  Temporal stability 
of the collared lemming habitat selection 
strategy demonstrates that predation risk had 
no effect on their selection of dry and wet tun-
dra. These fundamental analyses of potential 
habitat and spatial responses by lemmings to 
predators provide rigorous tests of the as-
sumptions of our food-web models.  The 
analyses are also crucial to future assess-
ments of changing food webs such as those at 
Walker Bay where grizzly bears now appear to 
be a common and previously ignored summer-
time predator on lemmings. 
 Our research thus documents significant 
temporal and spatial dynamics in habitat, 
habitat selection, and trophic structure of ter-
restrial ecosystems in Canada’s Arctic.  The 
research points towards the potential of rather 
simple predictive models to forecast the future 
of habitat selection in these rapidly changing 

systems.   
 
Conclusion 
 The observation that brown lemmings 
undergo much wider amplitude population 
fluctuations than collared lemmings when the 
two species are sympatric even though col-
lared lemmings can reach substantially higher 
densities in absence of brown lemmings re-
quires further attention.  This pattern fits the 
notion that inter-specific competition for ac-
cess to preferred winter habitats limits col-
lared lemming population growth in sympatry. 
However, recent evidence from Bylot Island 
suggests that predator mediated apparent 
competition, whereby one prey item influ-
ences the abundance of another prey item via 
the response of their shared predator to their 
respective abundance (Holt 1977), may be 
involved (J.-F. Therrien, unpubl. data; see 
BIRDS OF PREY chapter). Indeed, due to their 
preference for collared lemmings, avian 
predators may maintain their populations to 
low levels in presence of brown lemmings as 
alternative prey. Possible explanations requir-
ing further research include some combination 
of:  (a) brown lemming winter habitat having 
better insulative snow cover; (b) competitive 
dominance of brown lemmings with resulting 
ability to occupy a wider range of habitats es-
pecially in winter; (c) higher mortality rates 
for collared lemmings in summer, and when in 
areas of shallower snow in winter, due to pre-
dation; (d) higher metabolizable energy con-
tent of brown lemming foods supporting larger 
litters and better litter growth rates.  
 Our increasing knowledge of the patterns 
of small mammal population fluctuation, both 
within and between sites, indicates that: (i) no 
single factor is likely to explain the entire cy-
clic dynamic (i.e. a number of necessary con-
ditions must be met for a cyclic population 
increase (irruption); changes in the same, or 
perhaps other, conditions may explain the 
decrease phase); (ii) interactions of extrinsic 
and intrinsic factors are likely involved in the 
complex demographic and behavioural 
changes observed; (iii) the insulative proper-
ties of snow are a key component of winter 
habitat, and further energetic studies are re-
quired to investigate the relationship to de-
mography; (iv) models of habitat selection 
can elucidate the influences of habitat struc-

1996 1997 1999 2004 2007 2009 2010

A
b
u
n
d
an

ce
 (

n
b
/s

ta
ti
o
n
)

0.0

0.1

0.2

0.3

0.4

0.5

Collared lemming
Brown lemming

Figure 4.  An illustration of changing summer abun-
dances of two lemming species living in mesic ver-
sus xeric tundra on 12 study plots at Walker Bay in 
the central Canadian Arctic. 
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ture and trophic interactions on habitat 
choice, and can be used to derive forecasts of 
future conditions; (v) climate change may 
provide insights because some changes in 
vegetative and abiotic conditions resulting 
from a changed climate are accompanied by 
changes in lemming behaviour and demogra-

phy; (vi) we must be cautious about inferring 
that climate warming is causing changing pat-
terns of demography based on a general cor-
relation through a time series (see Brommer 
et al. 2010); it is crucial that we test hypothe-
sized mechanisms of weather-induced effects. 

Small mammals 
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 To test the hypothesis that snow depth 
influences lemming habitat use and demogra-
phy we undertook a snow-fencing experiment 
at Bylot Island (NU), Herschel Island (YT) and 
Komakuk Beach (YT).  We erected parallel 
rows of snow fencing, perpendicular to the 
wind, on substantial portions (4.5 to 7.9 ha) 
of a small mammal live-trapping grid at each 
site. The fencing strongly increased snow 
depths, especially within 10 m of the fence 
lines. The density of lemming winter nests 
increased noticeably on the treated areas 
when compared to concurrent control areas, 
and the treatment effect was reversed when 
the fencing was withdrawn from Herschel (Fig. 
B1.1). The distribution of nests within 10 m of 
the fence rows showed no association with the 
fence before or after the treatment, but a sig-
nificant association with the fence during most 
treatment winters. Although the fencing ex-
periment showed that greater snow depth in-
fluences habitat choice by lemmings, it did not 
have any effect on their rates of reproduction 
(Bylot; inferred from winter nests, Duchesne 
et al. 2011a), or rates of predation by mus-
telids (Bylot and Herschel), judged by evi-
dence in the winter nests.  Subnivean tem-
peratures were on average about 1.9°C 
warmer on the experimental grids, but this 
difference might not have been enough to sig-
nificantly affect the lemmings’ energy balance, 
especially given the high insulative capacity of 
their winter nests (Casey 1981). Lemming 
demographic parameters in spring did not dif-
fer markedly between control and treatment 
grids, probably because some individuals 
move between winter and summer habitats so 

the animals in spring are not necessarily the 
same as those occupying the space in winter. 

Figure B1.1. Time series of small mammal winter 
nest counts in June on areas treated with snow 
fencing, joined control areas immediately adjacent 
to the treated areas and independent control ar-
eas, at our three study sites. Fencing was installed 
(arrow up) in late summer 2007 at Herschel and 
Bylot Islands, and 2008 at Komakuk. The fencing 
was removed (arrow down) from Herschel Island 
in summer 2009, providing one winter of post-
treatment monitoring (Reid et al. 2011). 

Box 1. Impact of winter snow cover on lemming and vole habitat use and population 
dynamics.  
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Snow fence section in the spring of 2008 at 
Herschel Island, Yukon, Canada. 
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Box 2. Patterns of habitat use by lemmings. 

 Habitat quality determines local birth and 
death schedules while the differences between 
habitats determine probabilities of dispersal 
and subsequent gene flow. Habitat-selection 
models based on “isodars” are built on these 
facts and investigate density-dependent 
strategies of habitat selection (e.g. Morris 
1988, Morris and MacEachern 2010). An iso-
dar emerges directly from logistic population 
growth models and includes complex intra and 
interspecific interactions (Morris 1988, 2003).  
Isodars are particularly relevant to issues of 
climate change (Morris et al. 2011) because 
they represent both ecological and evolution-
ary strategies of habitat selection. Isodars are 
also well suited to studying the abundances of 
northern small mammals because lemming 
habitat preferences correlate with the ex-
tremes of habitat along a single mesic or 
moist (brown lemming) to xeric or dry 
(collared lemming) gradient.    
 We ordinated vegetation along the domi-
nant wet-dry tundra gradient, then used the 
ordination scores to create the two habitats 
required to infer density-dependent habitat 
selection. At Herschel Island, Yukon, brown 
lemming habitat selection at the mesic-xeric 
scale depends only on its own density (Fig. 
B2.1). Neither the collared lemming nor the 
tundra vole alters its xeric-mesic preference 
with changes in density. In contrast, at Walker 
Bay, Nunavut, where the two lemming species 
periodically irrupt to high densities (Wilson et 
al. 1999), both are density-dependent habitat 
selectors, and each is influenced, at some 
times, by interactions with its inter-specific 
competitor (Fig. B2.2). 

Brown lemming abundance in xeric upland
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Figure B2.1. Relationship between brown lemming 
abundance (number of individuals per station per 
trapping session) in wet (mesic meadow) and dry 
(xeric upland) habitats at Herschel Island, Yukon, 
Canada (after Ale et al., 2011). Brown lemmings are 
approximately five times more abundant in ‘wet’ 
habitat than ‘dry’ habitat.  

Figure B2.2. Relationships between the abundance 
of (A) collared lemmings in dry (xeric) habitat, and 
(B) brown lemmings in wet (mesic) habitat with the 
strength of competitive interaction between the two 
species in the wet habitat, at Walker Bay, Nunavut, 
Canada, as revealed by isodar analysis. 
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Brown lemming. 



1 - Ross’s Goose © Jean Iron 
2 - Canada Goose © Kenneth F. Abraham 
3 - barnacle geese © Jean Iron 
4 - cackling goose © Jean Iron 
5 - greater snow geese © Jean Iron 
6 - brant geese © Jean Iron 
7 - white-fronted goose © Maria Leung 
8 - blue phase lesser snow goose © Ken-

neth F. Abraham 
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Abstract 
 Geese are a diverse group of migratory birds that breed in several areas throughout 
the Arctic and winter mainly in temperate regions. They are important herbivores of 
tundra wetlands. Many goose populations worldwide have experienced large population 
increases at the end of the 20th century. In North America, of 28 populations with suffi-
cient data, 11 are increasing, 16 are stable and only one is declining. In northern 
Europe and western Russia, of 21 populations with known long-term trends, 16 are 
showing increases, 4 are stable and one is declining. For most populations, the high-
quality food that geese obtain from agricultural lands in winter and during migration, 
away from the Arctic, appears to be the primary factor responsible for population ex-
pansions. The large increases in the abundance of snow geese in many parts of the Arc-
tic have considerable impacts on the tundra. Some of the strongest impacts have been 
documented in sub-arctic snow goose colonies of North America (southern/western Hud-
son and the Queen Maud Gulf). In several areas, goose density apparently largely ex-
ceeded the local capacity of the ecosystem, leading to habitat degradation, especially in 
coastal salt marshes. This provides a prime example of how changes due to human ac-
tivities occurring thousands of kilometres away from the Arctic may have strong impacts 
on the tundra due to migratory connectivity in bird populations. It appears that at very 
high goose density, predator limitation weakens considerably and the system becomes 
dominated by goose-plant interactions. Detailed analysis of the timing and magnitude of 
peak in soil nutrients in marshes heavily grazed by geese along the Hudson Bay re-
vealed that winter precipitation and warming events exert considerable control over the 
availability of plant nutrients in these systems, which in turn affects plant growth. In the 
High Arctic, goose reproduction is strongly affected by weather conditions, especially in 
spring. Predictive models previously suggested that anticipated increase in summer 
temperature should lead to an expansion in goose distribution, and thus higher abun-
dance for some populations. Our findings, however, indicate that other factors may miti-
gate these positive effects of climate warming on goose populations. First, we found 
that in years when the spring is earliest and warmest, the growth of goslings is reduced 
because they hatch too late in the summer to benefit from the period of highest nutri-
tive quality in plants (i.e. there is a lack of synchrony between plant growth and goose 
reproduction). Second, along west Hudson Bay and in Svalbard, a climate-driven in-
creased overlap between nesting geese and polar bears coming ashore after ice breakup 
now allows bears to forage on goose eggs, which sometimes result in widespread failure 
of goose nests. Third, we found that thermal erosion of the permafrost increasingly lead 
to the draining of low-center polygon wetlands in some areas, which result in the loss of 
grasses and sedges, the preferred foraging plants of geese. Thus, as the climate warms, 
we can expect that all these phenomena will intensify, which could lead to a reduction of 
recruitment in goose populations. 

CHAPTER 4. GEESE 
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ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᑲᖑᐃᑦ ᖃᓄᐃᑦᑐᑐᐃᓐᓇᐃᑦ ᑐᓛᔪᑦ ᑎᒻᒥᐊᑦ ᕿᑐᕐᖏᐅᖅᐸᑦᓱᑎᒃ ᖃᑦᓯᒐᓛᓂ ᓄᓇᐅᔪᓂ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᐅᑮᕙᑦᓱᑎᓪᓗ ᐃᑮᓇᓗᐊᓐᖏᑦᑐᓂ. ᐱᒻᒪᕆᐹᓗᐃᑦ ᐱᕈᖅᑐᑐᖅᑎᐅᓪᓗᑎᒃ ᓇᑎᕐᓇᒥ ᒪᓴᓂ. ᐊᒥᓱᑦ ᑲᓱᖑᐃᑦ 
ᓄᓇᕐᔪᐊᕐᒥ ᐊᑑᑎᓯᒪᓕᖅᑐᖅ ᐊᒥᓱᓐᖑᐹᓪᓕᓪᓚᕆᓐᓂᕐᒥᒃ ᑖᒃᑯᐊ 1900-ᖏᑕ ᓄᓐᖑᖏᓐᓂ. ᓄᐊᕐᖦ ᐊᒥᐊᕆᑲᒥ, 
28 ᑲᖑᖃᕐᕕᐅᔪᑦ ᑲᑎᖅᓱᐃᕕᐅᓯᒪᔪᑦ, 11 ᐊᒥᓱᓐᖑᐸᓪᓕᐊᑐᐃᓐᓇᖅᑐᑦ, 16 ᒪᑭᒪᑦᓯᐊᖅᑐᑦ ᐊᑕᐅᓯᑐᐊᖅ 
ᐃᓄᐃᓴᓪᓕᕙᓪᓕᐊᑦᓱᓂ. ᐅᑭᐅᖅᑕᖅᑐᖓᓂ ᔫᕋᑉ ᐊᒻᒪᓗ ᐱᖓᓐᓇᖅᐸᓯᖓᓂ ᕋᓴᐅᑉ, 21-ᓂ ᑲᖑᖃᕐᕕᐅᔪᓂ 
ᖃᐅᔨᒪᔭᑐᖃᐅᔪᓂ, 16 ᐊᒥᓱᓐᖑᐸᓪᓕᐊᔪᑦ, 4 ᒪᑭᒪᑦᓯᐊᖅᑐᑦ ᐊᑕᐅᓯᑐᐊᖅ ᐃᓄᐃᓴᓪᓕᕙᓪᓕᐊᑦᓱᓂ. 
ᐃᓘᓐᓇᒐᓚᖏᓐᓂ ᑲᖑᖃᕐᕖᑦ, ᓂᕿᑦᓯᐊᕙᓐᓂᒃ ᓂᕆᖃᑦᑕᕐᓂᖏᑦ ᑲᖑᐃᑦ ᐱᕈᖅᑐᓕᓐᓂ ᐅᑮᕕᒻᒥᓂ ᐊᒻᒪᓗ 
ᐅᑭᐅᖅᑕᖅᑐᒦᒍᓐᓃᕋᒥᒃ, ᐊᒥᓱᓐᖑᐹᓪᓕᕈᑕᐅᓗᐊᓐᖑᐊᖃᑦᑕᖅᑑᔮᖅᑐᖅ. ᐊᒥᓱᓐᖑᓗᐊᕐᓂᖏᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᑲᖑᐃᑦ ᐊᑦᑐᐃᓂᖃᓪᓚᕆᑦᑐᑦ ᓇᑎᕐᓇᓂᒃ. ᐃᓚᖏᑦ ᐊᑦᑐᖅᑕᐅᓯᒪᓪᓚᕆᑦᑐᑦ ᑎᑎᕋᖅᑕᐅᓯᒪᔪᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᑲᖑᖃᕐᕖᑦ ᓄᐊᕐᖦ ᐊᒥᐊᕆᑲᒥ (ᓂᒋᐊᓂ/ᐱᖓᓐᓇᖓᓂ ᑕᓯᐅᔭᕐᔪᐊᑉ ᐊᒻᒪᓗ Queen Maud Gulf). ᐊᒥᓱᒐᓛᓂ 
ᐃᓂᐅᔪᓂ, ᑲᖑᐃᑦ ᐊᒥᓲᓗᐊᕐᓂᑯᖏᓐᓄᑦ ᓈᒻᒪᓈᖅᓯᒪᒍᓐᓃᖅᑐᖅ ᐊᖑᒻᒪᑎᓂᕐᒧᑦ ᐊᕙᑎᒧᑦ, ᑎᑭᐅᑎᓕᕋᑕᖅᓱᓂ 
ᐊᕙᑎᐅᑉ ᓱᕋᑦᑎᕐᓂᖓᓄᑦ, ᐱᓗᐊᖅᑐᒥᒃ ᓯᓈᖅᐸᓯᑦᑐᓂ ᒪᓴᓂ. ᑖᓐᓇ ᑕᑯᑦᓴᐅᑎᑦᓯᓪᓚᕆᑦᑐᖅ ᖃᓄᖅ 
ᐊᓯᔾᔨᕐᓂᐅᑎᑕᐅᔪᑦ ᐃᓄᐃᑦ ᐊᐅᓚᓂᖏᓐᓄᑦ ᐊᑑᑎᔪᓄᑦ ᖃᑦᓯᑕᐅᓴᐃᑦ ᑭᓛᒥᑕᐃᑦ ᐅᖓᓯᓐᓂᓖᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᓴᓐᖏᔪᒻᒪᕆᐊᓗᓐᓂᒃ ᐊᑦᑐᐃᓂᖃᕈᓐᓇᖅᑐᑦ ᓇᑎᕐᓇᕐᒥ ᑎᒻᒥᐊᑦ ᑐᓛᔪᑦ. ᑲᖑᓕᐹᓘᑎᓪᓗᒍ, ᓂᕿᑦᓯᓴᖅᓯᐅᖅᑏᑦ 
ᓴᓐᖐᓕᕚᓪᓕᓲᑦ ᐊᐅᓚᓂᐅᔪᕐᓗ ᐊᐅᓚᑕᐅᓕᖅᓱᓂ ᑲᖑᕐᓄᑦ ᐱᕈᖅᑐᖅᑐᕐᓂᖏᓐᓄᓪᓗ. ᓇᓗᓇᐃᔭᖅᓯᒪᔪᑦ 
ᕿᒥᕐᖁᓂᐅᔪᑦ ᖃᖓᒃᑰᕐᒪᖔᑕ ᖃᓄᐃᓕᖓᓂᖏᓪᓗ ᐃᔾᔪᐃᑦ ᒪᓴᓐᓂ ᓂᕆᔭᐹᓗᐃᑦ ᑲᖑᕐᓄᑦ ᓯᓈᖓᓂ 
ᑕᓯᐅᔭᕐᔪᐊᑉ ᑕᑯᑦᓴᐅᑎᑦᓯᒧᖅ ᐅᑭᐅᒃᑯᑦ ᖃᐅᓯᕐᓇᖅ ᐊᒻᒪᓗ ᓂᕈᒥᑦᓯᕙᓪᓕᐊᓂᐅᔪᑦ ᐊᐅᓚᑦᓯᓪᓚᕆᑦᑐᑦ 
ᐊᑐᐃᓐᓇᐅᓂᖏᓐᓂᒃ ᐱᕈᖅᑐᐃᑦ ᑖᒃᑯᓇᓂ ᐊᐅᓚᓂᐅᔪᓂ, ᐊᑦᑐᐃᓂᖃᖅᓱᓂᓗ ᐱᕈᖅᑐᐃᑦ ᐱᕈᕐᓂᖏᓐᓂᒃ. 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᖁᑦᓯᑦᑐᒥ, ᑲᖑᐃᑦ ᕿᑐᕐᖏᐅᕈᓐᓇᕐᓂᖏᑦ ᐊᑦᑐᐊᔭᐅᓪᓚᕆᑦᑐᑦ ᓯᓚᐅᑉ ᖃᓄᐃᓐᓂᖓᓄᑦ, 
ᐱᓗᐊᖅᑐᒥᒃ ᐅᐱᕐᖔᒃᑯᑦ. ᓂᕆᐅᓇᖅᑐᓂᒃ ᕿᒥᕐᕈᓂᐅᔪᑦ ᓇᓗᓇᐃᖅᓯᒍᑕᐅᓯᒪᓕᕐᒥᔪᑦ ᓂᕆᐅᒋᔭᐅᔪᑦ ᓯᓚ 
ᓂᕈᒥᑦᓯᓕᐅᒥᓂᐊᕆᐊᖓ ᑎᑭᐅᑎᒍᑕᐅᓂᐊᖅᑐᑦ ᐅᓚᕕᑕᐅᓂᖏᓐᓄᑦ ᑲᖑᐃᑦ ᐃᓂᖏᑦᑕ, ᐃᒪᖓᓂᓗ 
ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓗᑎᒃ. ᖃᐅᔨᔭᑦᑎᒍᓪᓕ, ᑭᓯᐊᓂ, ᓇᓗᓇᐃᖅᓯᒍᑕᐅᔪᑦ ᐊᓯᖏᑦ ᒥᑭᓪᓕᑎᕆᒍᑕᐅᒍᓐᓇᖅᑐᑦ 
ᐊᑦᑐᐃᓂᑦᓯᐊᖏᓐᓂᒃ ᓯᓚᐅᑉ ᓂᕈᒥᑦᓯᕙᓪᓕᐊᓂᖓᑦᑕ ᑲᖑᖃᕐᓂᐅᔪᓂᒃ. ᓯᕗᓪᓕᕐᒥ, ᑐᑭᓯᔪᔪᒍᑦ ᐊᕐᕌᒍᓂ 
ᐊᓂᒍᖅᑐᓂ ᐅᐱᕐᖔᖅ ᐅᖅᑰᑦᓯᐊᑐᐊᕐᒪᑦ ᐅᐱᕐᖏᓴᕋᐃᑦᓱᓂᓗ, ᐱᕈᖅᐸᓪᓕᐊᓂᖏᑦ ᑲᖑᐊᕋᐃᑦ ᐃᓄᐃᓴᓪᓕᐅᒥᓲᑦ 
ᐃᓅᓕᖃᑦᑕᕐᓂᖏᓐᓄᑦ ᐊᐅᔭᑐᖃᐅᓗᐊᓕᖅᑎᓪᓗᒍ ᐊᓐᖑᑎᓇᑎᒃ ᓂᕿᑦᓯᐊᕙᐅᓇᕐᓂᖅᐹᖏᓐᓄᑦ ᐱᕈᖅᑐᐃᑦ 
(ᓲᕐᓗ, ᐊᑕᐅᑦᓯᒃᑰᖃᑎᒌᓐᖏᓗᐊᕐᒪᑎᒃ ᐱᕈᖅᑐᐃᑦ ᐱᕈᕐᓂᖏᑦ ᐊᒻᒪᓗ ᑲᖑᐃᑦ ᕿᑐᕐᖏᐅᕐᓂᖏᑦ). ᐊᐃᑉᐸᖓ, 
ᐱᖓᓐᓇᑕ ᓯᓈᖓᓂ ᑕᓯᐅᔭᕐᔪᐊᑉ ᐊᒻᒪᓗ ᓯᕚᓪᕙᕐᑦᒥ, ᓯᓚᒧᑦ ᐊᐅᓚᑕᐅᓪᓗᑎᒃ ᐅᓪᓗᓃᑦᑐᑦ ᑲᖑᐃᑦ ᐊᒻᒪᓗ 
ᓇᓄᐃᑦ ᓄᓇᓕᐊᖅᐸᑦᑐᑦ ᓯᑯᐃᔭᓚᐅᖅᑎᓪᓗᒍ ᐸᕝᕕᓴᑉᐸᓕᖅᑐᑦ ᓇᓄᐃᑦ ᑲᖑᐃᑦ ᒪᓐᓂᖏᓐᓂᒃ, ᑲᖑᐃᑦ 
ᐅᓪᓗᓕᒫᖏᑦ ᐸᕝᕕᓴᑦᑕᐅᑦᓯᐊᒻᒪᕆᓕᖅᓱᑎᒃ ᐃᓚᖓᓂ. ᐱᖓᔪᐊᑦ, ᖃᐅᔨᓯᒪᓕᕐᒥᔪᒍᑦ ᐊᐅᑉᐸᓪᓕᐊᓂᖓ ᓄᓇᐅᑉ 
ᐊᐅᔪᐃᑦᑑᑉ ᐃᒪᐃᔭᕈᑕᐅᒻᒪᑕ ᐊᑉᐸᓯᑦᑐᒦᑦᑐᓄᑦ ᒪᓴᓐᓄᑦ ᐃᓚᖏᓐᓂ, ᔭᒐᑉᐸᓪᓕᐊᒍᑕᐅᓪᓗᑎᒃ ᐃᕕᑦᓱᑲᓐᓄᑦ 
ᐱᕈᖅᑐᓄᓪᓗ, ᓂᕿᒋᔭᐅᒐᔪᑦᑐᑦ ᑲᖑᕐᓄᑦ. ᑕᐃᒪᐃᓂᖓᓐᓄᑦ, ᓯᓚ ᓂᕈᒥᑦᓯᕙᓪᓕᐊᑎᓪᓗᒍ, ᓂᕆᐅᒍᓐᓇᖅᑐᒍᑦ 
ᓱᓇᑐᐃᓐᓇᐃᑦ ᐱᕙᓪᓕᐊᑐᐃᓐᓇᕐᓂᐊᕆᐊᖏᑦ, ᐃᓄᐃᓴᓪᓕᕚᓪᓕᕈᑕᐅᒍᓐᓇᖅᓱᓂ ᑲᖑᕐᓄᑦ.  
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 Geese are a diverse group of migratory 
birds that breed in several areas throughout 
the circumpolar Arctic and winter in temperate 
or sub-Arctic regions. Eleven species nest in 
the arctic tundra. The most widespread and 
numerous species in North America are the 
snow goose (Chen caerulescens), Ross’s 
goose (Chen rossii), white-fronted goose 
(Anser albifrons), Canada goose (Branta cana-
densis), Cackling goose (Branta hutchinsii) 
and brant goose (Branta bernicla) and in 
Eurasia they are the white-fronted goose, 
pink-footed goose (Anser brachyrhynchus), 
bean goose (Anser fabalis), barnacle goose 
(Branta leucopsis) and brant goose. All goose 
species are strict herbivores year-round and 
many of them nest colonially or semi-
colonially. Snow and Ross’s goose are the 
most strictly colonial species and the density 
of nesting geese can often exceed 20 individu-
als/ha in colonies numbering several tens of 
thousands of individuals. Most goose popula-
tions are harvested, either by recreational 
hunters on their temperate wintering grounds 
or by subsistence hunters in the Arctic, sub-
Arctic and boreal breeding or migration areas. 
Although geese can use a variety of tundra 
habitats, their preferred feeding habitats are 
typically either coastal salt marshes or inland 
freshwater wetlands where various grasses 
and sedges form the bulk of their diet. 
 
Population status 
 Many goose populations worldwide have 
experienced large population increases in the 
past century with the most rapid increase 
generally occurring during the second half of 
the 20th century (Abraham and Jefferies 
1997, Reed et al. 1998, Madsen et al. 1999). 

In North America, of 28 populations with suffi-
cient data, 11 are increasing, 16 are stable 
and only one is declining (NAWMPC 2004). 
The colonially-nesting snow and Ross’s geese 
are the species that showed the strongest in-
crease. The mid-continent population of lesser 
snow geese (Chen c. caerulescens) has been 
growing at an annual rate of 3 to 5% over the 
last decades and may be as high as 
20,000,000 birds despite efforts to stop its 
growth and to decrease population size 
through increased harvest (Alisauskas et al. 
2011). However, there is evidence that growth 
has stopped at some southern colonies such 
as along the southwest coast of Hudson Bay 
due to habitat degradation caused by goose 
overgrazing and/or increased harvest. The 
population breeding in western Canada and 
eastern Russia (Wrangel Island) has also been 
increasing at a rate close to 5% during the 
past two decades (S. Boyd, pers. comm.). 
Population increases in snow geese resulted in 
an increase in the nesting density or in local 
expansion of existing colonies but also in the 
establishment of entirely new colonies such as 
the West Pen Island colony in Ontario, and the 
Air Force Island colony in Fox Basin (Abraham 
and Jefferies 1997, Reed et al. 1998). The 
population of greater snow geese (Chen c. 
atlantica) breeding in the High Arctic was in-
creasing at a rate of 9% until the end of the 
20th century but increased harvest over the 
last decade has stabilised the population 
around 800,000 birds (Calvert et al. 2007). 
The same dynamic has been reported for the 
Ross’s goose (Alisauskas and Rockwell 2001). 
In this case, an eastward expansion was also 
noted as the species now breed in large num-
bers in areas such as west Hudson Bay or 
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Greater snow goose nesting colony on Bylot Island, NU, Canada. 
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south Baffin Island where only snow geese 
used to breed (Kelley et al. 2001, Kerbes et 
al. 2006). Brant geese, in contrast to white 
goose populations, have been either relatively 
stable in western North America (Branta ber-
nicla nigricans, black brant) or increasing 
slowly in the eastern part (B. b. hrota, light-
bellied brant; Ward et al. 2005). 
 In northern Europe and western Russia, 
of 21 populations with known long-term 
trends, 16 are showing significant increases, 4 
are stable and only one declining, the threat-
ened lesser white-fronted goose (Anser 
erythropus) breeding in northern Scandinavia 
(Fox et al. 2010). There is evidence, however, 
that population growth rates may be slowing 
down in several populations in very recent 
years, possibly due to density-dependent de-
clines in productivity. Nonetheless, only two 
populations numbered less than 10,000 birds. 
Eighteen populations numbered 10,000–
100,000, eight 100,000–1,000,000 and the 
largest 1.2 million individuals. Range expan-
sion or shifts in use of staging areas during 
migration have been reported in some species 
over the last decade or so. For instance, the 
Russian/Baltic sea population of barnacle 
geese, which has been growing at about 8% 
per year recently, has expanded its breeding 
range in the Russian Arctic but also by colo-
nising temperate areas as the species now 
breeds on its wintering range in the Nether-
lands (van der Jeugd et al. 2009). Further-
more, birds that are still migratory now delay 
their departure from the wintering grounds, 
skip traditional stopovers and are still able to 
breed successfully in the Arctic (Eichhorn et 
al. 2009; M.J.J.E. Loonen, unpubl. data). 
Similar changes in the use of spring staging 

area has been noted in the pink-footed geese 
that migrate along the coastal area of Norway 
en route to their breeding ground in Svalbard 
(Bauer et al. 2008, Tombre et al. 2008). 
 There is a consensus that, for most goose 
populations, anthropogenic effects during the 
non-breeding season, away from the Arctic, 
are primarily responsible for population ex-
pansions. Although decreased harvest by rec-
reational hunters may be a factor in some 
cases, the food subsidy that geese now obtain 
from agricultural lands in winter and during 
migration appears to be the major driving fac-
tor (Jefferies et al. 2003, Abraham et al. 
2005, Fox et al. 2005, Gauthier et al. 2005). 
The intensification of agriculture due to an 
increase in the use of fertilizers and the ex-
pansion of some crops such as corn, rice and 
pulse crops (e.g., peas, lentils) now provide 
geese with highly nutritive food during the 
non-breeding season, which improves their 
survival and increases their body condition in 
spring when they prepare for breeding (Van 
Eerden et al. 2005, Gauthier et al. 2005). 
 
Goose-plant interactions 
 The large increase in goose density had 
considerable impacts on the tundra in many 
parts of the Arctic. Some of these strongest 
impacts have been documented in sub-arctic 
goose colonies along southern Hudson Bay 
(Jefferies et al. 2003), west Hudson Bay 
(Kerbes et al. 1990) and the Queen Maud Gulf 
bird sanctuary (Didiuk and Ferguson 2005). In 
several areas, goose density apparently 
largely exceeded the local carrying capacity of 
the habitat, leading to significant habitat deg-
radation. Habitat destruction due to goose 
overabundance appears most severe in 
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Houston Point area, Akimiski Island, NU, Canada before (1976) and after (1996) the salt marshes degrada-
tion by goose overabundance. 
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coastal salt marshes but has also expanded to 
contiguous freshwater marsh and fen (see Box 
1). The use of several sub-arctic coastal areas 
by spring staging birds en route to more 
northern breeding colonies has also contrib-
uted significantly to the habitat degradation at 
some southern colonies (Jefferies et al. 2006) 
as staging birds often dig for underground 
rhizomes and roots (a feeding technique called 
grubbing), which is especially damaging for 
the plants (Gauthier et al. 2006). This situa-
tion provides a prime example of how changes 
due to human activities occurring thousands 
of kilometres away from the Arctic may have 
strong impacts on the tundra due to migratory 
connectivity in bird populations. In the High 
Arctic, even though snow goose populations 
have also increased considerably over the past 
3 decades, such as on Bylot Island (Reed et 
al. 2002), the population apparently has not 
yet reached the carrying capacity of the habi-
tat. Although goose grazing has had an impact 
on the primary production and specific compo-
sition of wetlands (Gauthier et al. 1995, 2004, 
Valéry et al. 2010), there is no sign of habitat 
degradation yet. When goose grazing is pre-
vented by fencing off some plots permanently, 
production increases and species composition 
changes over a few years (Gauthier et al. 

2004).  
 At very high goose density, predator limi-
tation weakens considerably and the system 
becomes dominated by goose-plant interac-
tions. In the spring, prior to extensive above-
ground shoot growth, snow geese largely feed 
on the swollen shoot bases of inland fresh-
water sedges (this is called “shoot-pulling”), 
particularly Carex aquatilis, which are rich in 

soluble carbohydrates and total nitrogen 
(Gadallah and Jefferies 1995, Kotanen and 
Jefferies 1997).  In some areas, especially 
those immediately inland from the coastal 
marshes of West Hudson Bay, intensive shoot-
pulling has led to the replacement of sedge 
communities by moss carpets, exposed peat 
or standing water (Kotanen and Jefferies 
1997).  At High Arctic sites such as Bylot Is-
land, shoot-pulling in the spring also affects 
other graminoids such as the grass Dupontia 
fisheri and the sedge Eriophorum scheuchzeri. 
To better understand how different species of 
forage plants respond to shoot-pulling events, 
and the threshold at which vegetation can re-
cover from this type of herbivory, we meas-
ured the impact of different intensities of 
shoot removal (0, 20, and 50%) on shoot 
density near Churchill, MB and on Bylot Is-
land, NU over several years. The density of C. 
aquatilis shoots was depressed at both levels 
of shoot pulling in most years at a dry site but 
not at a wet site, which suggests that the ab-
sence of high water levels in dry sedge mead-
ows limits the recovery of C. aquatilis. E. 
scheuchzeri showed no decline in shoot den-
sity by the end of the third summer of shoot-
pulling but D. fisheri density declined in all 
years in the high removal treatment.  Differ-
ences in the physiology of these three species 
coupled with annual fluctuations in abiotic 
conditions (i.e. timing of snow melt, and the 
availability of water and nutrients) likely have 
the most influential role on the observed 
growth responses to herbivory. 
 Snow geese that stage and breed on the 
western coast of Hudson Bay are relying in-
creasingly on fresh-water forage species dur-
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Evidence of shoot-pulling of Carex aquatilis by 
geese at Cape Churchill, MB, Canada. 
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Evidence of grubbing on a vegetation mound on 
Akimiski Island, NU, Canada. 
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ing the summer, including the sedge C. 
aquatilis, following the destruction of tradi-
tional salt-marsh habitat. A full understanding 
of the ecological constraints on plant produc-
tion and nutritional quality of C. aquatilis for 
geese requires knowledge of when and how 
soil resources, including nitrogen, become 
available to these plants and what strategies 
are employed by plants to maximize access to 
nitrogen in this low-nutrient environment. 
Controlled experiments conducted near Chur-
chill (MB), revealed that plant-available nutri-
ents were most abundant in late winter, when 
soils are still frozen, coincident with annual 
peaks of soil microbial biomass (Edwards et 
al. 2006). Decompositional processes continue 
throughout winter months, with the products 
of decomposition being available for plant 
growth in early spring. We further demon-
strated that C. aquatilis is able to take up in-
organic nitrogen during or just after soil thaw, 
at a time of temporary abundance, and prior 
to the commencement of shoot growth 
(Edwards and Jefferies 2010). The seasonal 
processes that govern nitrogen mineralization 
(i.e. the process by which organic nitrogen is 
converted to inorganic forms available to 
plants) and retention in late winter along with 
the physical processes of soil thaw are thus 
important for nitrogen acquisition by C. 
aquatilis and subsequent growth of biomass 
(Jefferies et al. 2010). We observed that in-
ter-annual differences in the timing and mag-
nitude of nutrient peaks were consistent 
across the landscape in both wet and dry 

sedge meadows, revealing that climatic driv-
ers, such as winter precipitation and warming 
events, exert considerable control over the 
availability of nutrients in these systems 
(Edwards 2010). Changes in these climate 
features will thus impact the timing and mag-
nitude of soil nitrogen availability in early 
spring and could have deleterious effects on 
the growth and/or nutritional quality of C. 
aquatilis in these sedge meadows. This in turn 
could affect the reliability of this food source 
for snow geese and other wildlife that cur-
rently exploit C. aquatilis throughout the Hud-
son Bay Lowlands. 
 In the western Palearctic, the effect of 
increased goose grazing on the tundra vegeta-
tion depends on habitat type (Sjögersten et 
al. 2008). In the preferred wet sedge habitat 
there is a strong decrease in carbon dioxide 
(CO2) assimilation and foraging conditions 
rapidly decline with increasing grazing pres-
sure due to depletion of high quality food 
plants (Kuiper et al. 2009). After exclosing 
heavily grazed vegetation, these plots showed 
a rapid recovery of the above ground biomass 
and CO2 fluxes. This demonstrates the plastic-
ity of the high arctic ecosystem in response to 
changing herbivore grazing pressure 
(Sjögersten et al. 2011). A brief period of 
early season grubbing by pink-footed geese is 
sufficient to strongly reduce carbon sink 
strength and soil carbon stocks. Repeated 
grubbing opens the soil organic layer to ero-
sion and will thus lead to progressive carbon 
loss of arctic tundra (Van der Wal et al. 2007). 
 
Climate change and goose populations 
  Most areas used by goose populations in 
the Arctic have experienced significant warm-
ing in recent years. For instance, on Bylot Is-
land, one of our key study sites, the summer 
temperature (June, July and August) has in-
creased by 2.8°C over a 35-year period 
(1976-2010; Gauthier et al. 2011). During the 
period 1990 to 2010, primary production in 
wetlands used by geese has almost doubled at 
this site (85% increase; Fig. 1), most likely a 
direct consequence of the warming tempera-
ture because the cumulative number of thaw-
ing degree-days during the summer is an im-
portant determinant of plant biomass at the 
end of the summer (Gauthier et al. 2011). 
Reproduction of geese is strongly affected by 
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weather conditions, especially in spring. When 
the spring is early and warm, the probability 
of laying eggs increases, laying is early and 
individuals lay larger clutches, thereby usually 
resulting in a high reproductive effort at the 
population level (Skinner et al. 1998, Reed et 
al. 2004, Madsen et al. 2007, Dickey et al. 
2008). Predictive models based on habitat 
utilization during feeding (Speed et al. 2009) 
and nesting (Wisz et al. 2008) have been 
linked with climate change scenarios in some 
goose populations. Jensen et al. (2008) re-
cently attempted to predict the future distri-
bution of pink-footed geese in Svalbard taking 
into account that warm temperature should 
allow a longer summer season, thereby in-
creasing the probability that geese will be able 
to complete their breeding cycle, and increase 
food availability. According to their model, a 
2°C increase in summer temperature should 
lead to an expansion in goose distribution and 
ultimately an enhanced population growth. 
 Some of our recent findings, however, 
indicate that other factors may mitigate these 
potentially positive effects of climate warming 
on goose populations. As climate warms, vari-
ous trophic levels (such as plants and herbi-
vores or herbivores and predators) may re-
spond differently, which may lead to a mis-
match in the timing of events between trophic 
levels. We documented two contrasting exam-
ples of that in snow geese. We found evidence 
that in years when the spring is earliest and 
warmest, the growth of goslings is reduced 
because they hatch too late in the summer to 
benefit from the period of highest nutritive 
quality in plants (i.e. a mismatch; see Box 2). 
This will have a negative impact on the re-
cruitment of young in the population in those 
years because survival of young during the fall 
migration is dependent on their mass at the 
end of the summer. Thus, as the climate 
warms, we can expect an increasing mis-
match, which could lead to a reduction of re-
cruitment in goose populations. The south-
ward expansion of the breeding range of bar-
nacle geese to its wintering range also led to a 
clear mismatch between reproductive timing 
and food supply (Van der Jeugd et al. 2009) 
and in temperate areas geese seem more vul-
nerable to parasites and infections (M.J.J.E. 
Loonen, unpubl. data). Juvenile growth is also 
much slower in temperate areas than in the 

Arctic. Increasing summer temperature in 
Greenland have resulted in a similar trophic 
mismatch between caribou (Rangifer taran-
dus) and their food plants, which has been 
linked to recent population decline (Post and 
Forchhammer 2008, Post et al. 2008). This 
suggests that plant-herbivore mismatch may 
be a general phenomenon impacting many 
arctic wildlife herbivores. 
 Along west Hudson Bay, a climate-driven 
increased overlap between nesting geese and 
polar bears coming ashore after ice breakup 
provides a different example of trophic mis-
match (see Box 3). Increased overlap allows 
bears to forage on energy-rich goose eggs, 
but sometimes result in widespread failure of 
goose nests. In this case, the increase match 
between bears and geese is beneficial to the 
predator but highly detrimental to the prey as 
it can ultimately lead to population decline 
(see Box 3). On Svalbard, increased presence 
of polar bears at barnacle goose colonies in 
recent years has also resulted in an augmen-
tation of depredation of goose nests, which 
contributed to a decline in goose numbers in 
some coastal areas (Drent and Prop 2008). 
 Lecomte et al. (2009) recently showed 
that water availability and rainfall could affect 
the interaction between geese and another 
important predator, the arctic fox. They found 
that egg predation was reduced in years of 
high rainfall because fox predation occurs 
mostly when incubating females leave their 
nest to drink or feed and the probability of a 
successful attack increases with distance of 
the female from her nest. High rainfall in-
creases water availability near the nest, which 
reduces the distance traveled by females to 
drink and increase her ability to defend her 
nest from a predator attack. Because climate 
change should affect precipitation regimes in 
the Arctic (ACIA 2005, IPCC 2007), this may 
impact nesting success of geese by changing 
water availability for incubating females. How-
ever, the direction of the effect is difficult to 
predict because, although the total precipita-
tion should increase, it may be concentrated 
in fewer, more intense rainfall events. 
 Freshwater wetlands are one of the habi-
tats most intensively used by geese in the 
High Arctic. Many wetlands typically occur in 
poorly drained areas where water movement 
is impeded by small scale topography often 
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due to underlying permafrost (Gauthier et al. 
1996). A prominent example of that are the 
rich fens that develop in low-center polygons, 
a form of patterned ground created by the 
growth of ice-wedges in the permafrost 
(Fortier and Allard 2004). The stability of 
these wetlands depends on the integrity of the 
frozen ground and they are vulnerable to the 
rapid melting of ice-wedges (Fortier et al. 
2007). Degradation of ice-wedge polygon net-
works strongly impacts local hydrology by in-
ducing rapid drainage of affected polygons 
and their subsequent erosion. We found that 
gullies created by thermal erosion are affect-
ing a significant number of wetland areas (up 
to 21 ha or 3-5% of the wetland in a prime 
brood-rearing area on Bylot Island; Godin and 
Fortier 2010). The development of thermo-
erosion gullies modifies the local hydrographic 
network by draining low-center polygons. This 
can lead to a rapid shift in plant communities 
towards more mesic vegetation and a de-
crease, over a few years, of more than 60% in 
the cover of grasses and sedges, the preferred 
foraging plants of geese (N. Perreault and E. 
Lévesque, unpubl. data). Climate warming will 
likely enhance and accelerate these processes, 

which could have far-reaching consequences 
for the habitat of geese and possibly other 
wildlife species of the tundra. 
 
Conclusion 
 Geese are important herbivores of tundra 
wetlands. Most goose populations (though not 
all of them) are healthy, in part due to anthro-
pogenic changes in their wintering habitats. 
High goose numbers can affect the tundra 
food web in several ways. High goose num-
bers generally result in a negative impact on 
plants such as severe loss in vegetation at 
dense colonies but may be beneficial for 
predators feeding on geese or their eggs and 
allow the maintenance of their populations at 
critical times (see TUNDRA FOOD WEBS chap-
ter). Predicting how goose abundance will 
change as a result of climate warming remains 
challenging because we documented both 
positive impacts of warming (e.g. increased 
length of the breeding season and total food 
availability) and negative ones (e.g. increased 
mismatch between timing of goose breeding 
and plant phenology, increased overlap be-
tween nesting geese and predatory polar 
bears coming ashore or loss of wetland habitat 
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Low-center polygons on Bylot Island, NU, Canada. 
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Box 1. Overgrazing in dense goose colonies. 

 In sub-Arctic and Arctic migration areas 
and breeding colonies, foraging by high num-
bers of snow and Ross’s geese has led to sig-
nificant loss of vegetation, adverse changes in 
soil properties and the establishment of alter-
native stable states (Jefferies et al. 2003). In 
spring, geese forage in salt marshes and su-
pratidal marshes inundated by melt water us-
ing a method termed grubbing, whereby they 
uproot whole plants and destroy swards of turf 
forming grasses and sedges. At this time, 
most plant nutrients are still stored in below 
ground parts. Repeated grubbing over several 
years leaves the salt marsh denuded with de-
pauperate seedbanks. They are open to sec-
ondary changes including transfer of nutrients 
to algal blooms, hypersalinity, decreased infil-
tration, erosion of organic soils, increased soil 
compaction and death of willows. These 
changes create an alternate state of exposed 
sediments that is resistant to re-colonization 
by plants. Geese also feed in inundated fresh-
water marshes and fens in spring using a 
method termed shoot-pulling, whereby they 
uproot the perennial shoots of taller sedges 

and consume the basal tissues which are rich 
in carbohydrates. Repeated shoot-pulling 
eventually overcomes the plants’ capacity to 
compensate, and areas are overtaken by 
mosses. Subsequently, the exposed mosses 
are exposed to increased evaporation and so-
lar drying and except in the wetter environ-
ments, eventually die after which large areas 
are eroded by wind and water, leaving areas 
of exposed peat soils, a similar phenomenon 
as in salt marshes. In breeding colonies where 
tundra vegetation on permafrost or well 
drained sediments predominates, geese nest-
ing in dense aggregations are resident for five 
weeks during egg-laying and incubation. Be-
cause they are site-faithful, repeated use over 
many years leaves a virtual desert, as they 
remove virtually all above ground stems of 
grasses, sedges and most forbs, leaving only 
some woody vegetation and mosses. In the 
worst cases, even the mosses are pulled up to 
make nest mounds. A large proportion of the 
west coast of Hudson Bay has been adversely 
affected by overgrazing by snow geese (Fig. 
B1.1). 

Figure B1.1. Effect of snow goose grazing on the salt marshes of the west coast of Hudson Bay, Canada. Col-
ours refer to the grams per square metre of aboveground biomass in July 2009 as an index to the grazing 
level and state of habitat degradation (red=overgrazed and heavily damaged, yellow=overgrazed and moder-
ately damaged, green=grazed but not damaged, blue=little or no grazing). Symbols refer to change in stand-
ing crop since 1995 (triangle=negative, square=no change, circle=positive, diamond=no 1995 data). (Hudson 
Bay Project, unpubl. data). 
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Box 2. A trophic mismatch between goose and plant phenology.  

 In many herbivores such as geese, the 
growth of young is dependent upon a good 
synchrony between hatching and the seasonal 
change in plant nutritive quality, especially 
protein, an essential nutrient for growth 
(Lepage et al. 1998). If plants respond more 
quickly than geese to global warming, this 
may lead to a mismatch between the availabil-
ity of high quality food and the hatching date 
of goslings. We tested the mismatch hypothe-
sis by increasing surface temperature using 
plexiglass open-top chambers that act as 
small greenhouses. Warming significantly in-
creased graminoid plant biomass by 19% in 
wetlands and 17% in mesic prairies. There 
was no difference in nitrogen concentration 
early in the growing season, but plants in 
warmed plots had 7% to 14% less nitrogen 
(an index of protein) than in control plots in 
July, which suggests that warming speeds up 
the seasonal decline in nutritive quality. We 
also examined how the synchrony between 
hatching date of young and peak in nutritive 
quality of plants affects the growth of gos-
lings. We found that gosling size and mass 
near fledging was negatively related to the 
mismatch between their hatching date and the 
date of peak nitrogen content in plants (Fig. 
B2.1). These results suggest that an acceler-
ated decline in plant nutritive quality due to 
increased temperatures could have significant 
negative impacts on the growth of young. 

Figure B2.1. Relationship between the difference 
in hatching date of goose nests and date of peak 
nitrogen concentration of plants, and (A) body 
mass and (B) an index of structural size of goslings 
shortly before fledging on Bylot Island, NU, Can-
ada. The dashed line indicates a perfect synchrony 
between hatching date of goslings and the date of 
peak nitrogen concentration of plants (M. Doiron et 
al. unpubl. data). 
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Box 3. Trophic matches between geese and predatory polar bears.  

 Polar bear (Ursus maritimus), which pri-
marily feed on seals on the sea ice, face a 
strong energy deficit when they are forced to 
come ashore during the summer following ice 
break-up. In Hudson Bay, where climate 
warming has been especially strong over the 
past decades, the date of ice break up has 
advanced, forcing bears to come ashore ear-
lier than in the past. In response to this 
warming trend, snow geese breeding in the 
colonies along the west coast of Hudson Bay 
have also been nesting earlier. However, the 
advance of the ice breakup date has been 
more rapid than the advance laying date of 
the geese (Fig. B3.1). Consequently, whereas 
in the past bears came ashore after most 

goose nests had hatched, they now increas-
ingly overlap with the period that geese are 
incubating their eggs, thereby providing them 
with energy-rich, easily obtained goose eggs. 
In years of high overlap, the predation rate on 
goose nests in areas such as Cape Churchill 
can be very high and can potentially lead to 
an almost complete failure of goose nests. 
Even though stochasticity associ-ated with the 
asymmetrical advances in polar bear onshore 
arrival and the snow goose incubation period 
will lead to alternating years of high and low 
matches between bears and geese, in the long 
run this will have negative effects on the 
goose population, which is expected to decline 
in areas exposed to polar bear predation. 

Figure B3.1. Time series for the mean dates of lesser snow goose hatch in the Cape Chur-
chill region, and dates of sea ice break-up in the relevant portions of the West Hudson 
Bay, Canada (modified from Rockwell et al. 2011). 
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1 - male long-legged fly © Robert Chabot 
2 - house fly © Robert Chabot 
3 - winter crane fly © Robert Chabot 
4 - non-biting midge © Robert Chabot 
5 - fungus gnat © Robert Chabot 
6 - mosquitoe © Robert Chabot 
7 - wolf spider © Laura McKinnon 
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Abstract 
 Arctic arthropods play key ecological roles in the functioning of the arctic tundra and 
changes in their distribution and abundance have the potential for far reaching ecologi-
cal consequences across the arctic ecosystem. For example, because arthropods are the 
main prey of many shorebirds and songbirds, climate induced changes in their seasonal 
abundance could have negative effects on a considerable proportion of arctic-nesting 
birds. Our project sets out to provide a more comprehensive understanding of arctic ar-
thropod communities and their environmental determinants with an emphasis on under-
standing seasonal variation in arthropod availability in relation to reproduction of insec-
tivorous birds. We investigated spatial and inter-annual variability in their phenology 
and availability by systematically collecting arthropods with the same modified pitfall 
traps at 6 sites in the Canadian Arctic.  We also constructed environmental based mod-
els in order to explain seasonal changes in arthropod availability. Our data indicated 
that most sites shared the same dominant arthropod groups (spiders, house flies, non-
biting midges and fungus gnats), but diversity was higher at lower latitudes.  Six spe-
cies of butterflies, previously unrecorded, were caught on Herschel Island, making a to-
tal of 21 butterfly species now known to the island. Maximum arthropod availability was 
also up to 8 times greater at the lower latitude sites compared to high latitude sites.  At 
most sites, abundance of arthropods peaked in late June - early July and the duration of 
this peak was longer at lower latitudes.  Based on Bylot Island data, synchrony between 
shorebird hatch dates and peaks in arthropod availability was relatively low between 
2005 and 2008. Environmental based models of arthropod availability indicated that 
daily mean temperature, cumulative temperatures above 0°C, mean daily wind speed, 
total daily precipitation, mean daily relative humidity and mean daily incidental radiation 
were the best predictors of their availability. The latitudinal trends in arthropod diver-
sity, abundance and phenology revealed by our data may provide some insight into the 
expected short-term impacts of climate warming at least at higher arctic sites. As tem-
peratures increase across the Arctic, our data indicate that diversity and overall biomass 
of arthropods may increase, especially in the High Arctic. The short lived peaks in abun-
dance of arthropods currently characteristic of High Arctic sites may shift or broaden to 
resemble the longer period of abundance characteristic of lower arctic sites. However, 
given the great diversity of arctic arthropods, and their range of complex adaptations to 
the extreme arctic environment, it will be difficult to predict exactly how these commu-
nities will respond to changes in climate in the long term. Understanding the long-term 
impacts of climate change on Arctic arthropods will likely require more data on their ba-
sic life history at lower taxonomic levels such as genus and, if possible, species. 

CHAPTER 5. ARTHROPODS 
Lead author: Laura McKinnon  
Co-authors: Kenneth F. Abraham, Joël Bêty, Élise Bolduc, Christopher Buddle, Stacy 
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ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᐅᑭᐅᖅᑕᖅᑐᒥ ᖁᐱᕐᕈᐃᑦ ᑎᒍᒥᐊᖅᑎᓪᓗᐊᑕᐅᔪᑦ ᐊᕙᑎᐅᑉ ᐊᐅᓚᓂᖏᓐᓂᒃ ᐅᑭᐅᖅᑕᖅᑐᒥ ᓇᑎᕐᓇᓂ 
ᐊᓯᔾᔨᕐᓂᖏᓪᓗ ᐃᓂᖏᑦᑲ ᐊᒥᓲᓂᖏᑦᑕᓗ ᐊᑦᑐᐃᓂᓪᓚᕆᒍᓐᓇᖅᑐᖅ ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᐅᓚᓂᐅᔪᓕᒫᓂᒃ. ᓲᕐᓗ, 
ᖁᐱᕐᕈᐃᑦ ᐱᔭᐅᒐᔪᒻᒪᑕ ᓯᓈᒥᐅᑕᕐᓄᑦ ᑎᒻᒥᐊᓄᑦ ᖁᐸᓄᐊᓄᓪᓗ, ᓯᓚᒧᑦ ᐊᓯᕐᓂᐅᔪᑦ ᐊᒥᓲᓂᕆᕙᑦᑕᖏᓐᓂᒃ 
ᐊᑦᑐᐃᓂᕐᓗᓐᓂᖃᑐᐃᓐᓇᕆᐊᓖᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᐅᓪᓗᖃᖅᐸᑦᑐᑦ ᑎᒻᒥᐊᑦ. ᐊᐅᓚᓂᕆᔭᕗᑦ ᐱᓕᕆᐊᖃᕋᓱᐊᖅᑐᖅ 
ᐃᓗᓕᖅᑐᓂᖅᓴᒥᒃ ᑐᑭᓯᓂᖅᑕᖃᖁᓪᓗᒍ ᐅᑭᐅᖅᑕᖅᑐᒥ ᖁᐱᕐᕈᓂᒃ ᐊᕙᑎᖏᓐᓂᓪᓗ ᐅᓚᕕᑦᑐᓂᒃ 
ᐊᑦᓱᕉᑎᒋᒃᑲᓐᓂᕐᓗᒍ ᑐᑭᓯᓂᖅ ᓯᓚᐅᑉ ᐊᓯᔾᔨᖅᑕᕐᓂᖓᓄᑦ ᐊᔾᔨᒌᖏᓐᓂᖏᑦ ᖁᐱᕈᐃᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᑦᑕ 
ᐊᑦᑐᐊᓪᓗᑎᒃ ᕿᑐᕐᖏᐅᕐᓂᖏᓐᓄᑦ ᖁᐱᕐᕈᑐᖅᑏᑦ ᑎᒻᒥᐊᑦ. ᕿᒥᕐᕈᔪᔪᒍᑦ ᐃᓘᓐᓈᒍᑦ ᐊᒻᒪᓗ ᐊᕐᕌᒍᒥ 
ᐊᔾᔨᒌᓐᖏᓐᓂᖏᓐᓂᒃ ᐊᑐᐃᓐᓇᐅᓂᖏᑦᑎᒍᑦ ᓄᐊᑦᓯᑦᓱᑕ ᖁᐱᕐᕈᕐᓂᖅ ᒥᑭᒋᐊᖅᑎᖃᑦᑕᖅᓱᒋᖅ 6-ᓂ ᐃᓂᐅᔪᓂ 
ᑲᓇᑕᐅᑉ ᐅᑭᐅᖅᑕᖅᑐᖓᓂ. ᓴᓇᓯᒪᒻᒥᔪᒍᑦ ᐊᕙᑎᒥᒃ ᑐᓐᖓᕕᖃᖅᓱᑕ ᑐᑭᓯᓇᖅᑎᑲᓐᓂᖁᓪᓗᒋᑦ ᓯᓚᐅᑉ 
ᐊᓯᔾᔨᕐᓂᖓᓄᑦ ᐊᕐᕌᒍᒥ ᐊᑐᐃᓐᓇᐅᓂᖏᓐᓂᒃ ᖁᐱᕐᕈᐃᑦ. ᑲᑎᖅᓱᖅᓯᒪᔭᕗᑦ ᓇᓗᓇᐃᖅᓯᒍᑕᐅᔪᑦ 
ᐃᓘᓐᓇᒐᓚᖏᓐᓂ ᑕᐃᒫᑦᓴᐃᓐᓇᖅ ᑖᒃᑯᓇᓐᖓᓴᐃᓐᓇᖅ ᖁᐱᕐᕈᓂᒃ (ᐋᓯᕙᐃᑦ, ᖃᐅᒪᔭᐃᑦ, ᐊᓇᓐᖐᑦ, 
ᒥᓐᖑᐃᓪᓗ), ᑭᓯᐊᓂ ᖃᓄᐃᑦᑐᑐᐃᓐᓇᐅᓗᐊᓐᖑᐊᕐᒥᔪᑦ ᐊᑉᐸᓯᓐᓂᖅᓴᓂ. ᐃᓘᓐᓇᒐᓚᖏᓐᓂ, ᖁᐱᕐᕈᐃᑦ 
ᑕᕝᕙᐅᓕᖅᓯᒪᔪᑦ ᓄᓐᖑᐊᓂ ᔫᓂᐅᑉ - ᔪᓚᐃᕈᖅᐸᓪᓕᐊ ᐊᒻᒪᓗ ᐊᑯᓃᕐᓂᖅᓴᐅᒋᓪᓗᑎᒃ ᐊᑉᐸᓯᓐᓂᖅᓴᓂ. 
ᑐᓐᖓᕕᒋᑦᓱᒋᑦ ᓄᐊᑕᐅᔪᑦ ᒥᑦᑎᒪᑕᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ, ᐊᑕᐅᓯᒃᑰᕐᓂᖏᑦ ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᕿᑐᕐᖏᐅᕐᓂᖏᑦ 
ᐊᒻᒪᓗ ᐊᑐᐃᓐᓇᐅᓂᖏᑦ ᖁᐱᕐᕈᐃᑦ ᐊᑉᐸᓯᑦᑑᓯᒪᔪᑦ ᐊᑯᕐᖓᓐᓂ 2005 ᐊᒻᒪᓗ 2008. ᐊᕙᑎᒥᒃ 
ᑐᓐᖓᕕᖃᖅᓱᑎᒃ ᕿᒥᕐᖁᕿᓂᐅᔪᑦ ᖁᐱᕐᕈᐃᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᓐᓂᒃ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᖃᐅᑕᒫᑦ ᓯᓚᐅᑉ 
ᓂᕈᒥᓐᓂᖓ, ᓂᕈᒥᓐᓂᐅᔪᑦ 0 ᐅᖓᑖᓂ, ᖃᐅᑕᒫᑦ ᐊᓄᕆᐅᑉ ᐃᖏᕐᕋᓂᖓ, ᑲᑎᑦᓱᑎᒃ ᐅᓪᓗᕐᒥ ᖃᐅᓯᕐᓇᐅᔪᑦ, 
ᓇᓗᓇᐃᕈᑎᑦᓴᑦᓯᐊᕙᐅᓂᖅᐸᐅᔪᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᓐᓂᒃ . ᓄᓇᓐᖑᐊᑎᒍᑦ ᐃᓂᖏᑦ ᖁᐱᕐᕈᐃᑦ 
ᐊᔾᔨᒌᓐᖏᓐᓂᖏᓐᓄᑦ, ᐊᒥᓲᓂᖏᓐᓄᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ. ᐱᖓᓲᔪᖅᑐᑦ ᑕᕐᕋᓕᑭᑖᑦ, ᑎᑎᕋᖅᑕᐅᓯᒪᓐᖏᑦᑐᑦ, 
ᐱᔭᐅᓯᒪᔪᑦ ᕼᐅᕐᓱᓪ ᕿᑭᖅᑕᖓᓂ, ᑲᑎᑦᓱᑦᑎᒃ 21-ᖑᓕᖅᑐᑦ ᑕᕐᕋᓕᑭᑖᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᑦ ᖃᐅᔨᒪᔭᐅᔪᑦ ᕿᑭᖅᑕᒥ. 
ᐊᖏᓂᖅᐹᖏᑦ ᖁᐱᕐᕈᐃᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᑦᑕ 8-ᖏᕋᑦᓱᑎᒃ ᐊᒥᓲᓂᖅᓴᐅᓯᒪᔪᑦ ᐊᑦᓯᓂᖅᓴᓂ ᑕᑯᓐᓇᖅᓱᒋᑦ 
ᖁᑦᓯᓂᖅᓴᒦᑦᑐᑦ. ᐃᓘᓐᓇᒐᓚᖏᓐᓂ ᐃᓂᐅᔪᓂ, ᐊᒥᓲᓂᖏᑦ ᖁᐱᕐᕈᐃᑦ ᐊᒥᓲᓂᖅᐸᐅᔪᔪᑦ ᔫᓂᐅᑉ ᓄᓐᖑᐊᓂ - 
ᔪᓚᐃ ᐱᒋᐊᖅᐸᓪᓕᐊᓂᖓᓂ ᐊᑯᓃᕐᓂᖅᓴᐅᑦᓱᑎᓪᓗ ᐊᑦᓯᓂᖅᓴᓂ. ᑕᓐᖓᕕᒋᑦᓱᒋᑦ ᒥᑦᓯᒪᑕᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ 
ᓄᐊᑕᐅᔪᑦ, ᐊᑕᐅᑦᓯᒃᑰᕐᓂᖏᑦ ᓯᓈᓂ ᑎᒻᒥᐊᑦ ᒪᓐᓂᓕᐅᕐᓂᖏᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᓪᓗ ᖁᐱᕐᕈᐃᑦ ᐊᑦᓯᑦᑑᔪᔪᖅ 
ᐊᑯᕐᖓᓐᓂ 2005 ᐊᒻᒪᓗ 2008. ᐊᕙᑎᒥᒃ ᑐᓐᖓᕕᖃᖅᓱᑎᒃ ᖁᐱᕐᕈᐃᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᓐᓂᒃ ᓇᓗᓇᐃᖅᓯᔪᖅ 
ᖃᐅᑕᒫᑦ ᓂᕈᒥᓐᓂᖅ, ᓄᐊᑉᐊᓪᓕᐊᔪᑦ ᓂᕈᒥᓐᓃᑦ ᖁᓛᓃᑦᑐᑦ 0, ᖃᐅᑕᒫᑦ ᐊᓄᕆᐅᑉ ᓱᑲᓐᓂᖓ, ᐅᓪᓗᑕᒫᖅ 
ᖃᐅᓯᕐᓇᖅ ᓇᓗᓇᐃᕈᑎᑦᓯᐊᕙᐅᓂᖅᐸᐅᓯᒪᔪᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᓐᓄᑦ. ᖁᐱᕐᕈᐃᑦ ᖃᓄᐃᑦᑐᑐᐃᓐᓇᐅᓂᖏᑦ, 
ᐊᒥᓲᓂᖏᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᑲᑎᖅᓱᖅᓯᒪᔭᕗᑦ ᑕᑯᓐᓇᕈᑕᐅᒍᓐᓇᖅᑐᑦ ᓂᕆᐅᒋᔭᐅᔪᓂᒃ ᑮᑕᑲᐃᓐᓈᖅᑐᓂᒃ 
ᐊᑦᑐᐃᓂᐅᔪᓂᒃ ᓯᓚᐅᑉ ᓂᕈᒥᑦᓯᕙᓪᓕᐊᓂᖓᓄᑦ ᖁᑦᓯᓂᖅᓴᓂ. ᓂᕈᒥᓐᓂᐅᔪᑦ ᐱᕙᓪᓕᐊᑐᐃᓐᓇᑎᓪᓗᒋᑦ 
ᐅᑭᐅᖅᑕᖅᑐᒥ, ᑲᑎᖅᓱᖅᓯᒪᔭᕗᑦ ᓇᓗᓇᐃᖅᓯᔪᑦ ᐊᔾᔨᒌᓐᖏᓐᓂᐅᔪᑦ ᐃᓘᓐᓈᒍᓪᓗ ᖁᐱᕐᕈᐃᑦ 
ᐊᒥᓱᓐᖑᐹᓪᓕᑐᐃᓐᓇᕆᐊᓖᑦ, ᐱᓗᐊᖅᑐᒥᒃ ᖁᑦᓯᑦᑐᒥ ᐅᑭᐅᖅᑕᖅᑐᒥ. ᑮᑕᑲᐃᓐᓇᕈᓗᒃ ᐆᒪᕙᑦᑐᑦ ᐊᒥᓲᑦᓱᑎᒃ 
ᖁᐱᕐᕈᐃᑦ ᖁᑦᓯᑦᑐᒥ ᓅᑐᐃᓐᓇᕆᐊᓖᒃ ᓯᐊᒻᒪᐹᓪᓕᕐᓗᑎᓪᓘᓐᓃᑦ ᐊᑯᓃᕐᓂᖅᓴᖅ ᐊᒥᓲᓂᖃᕐᓗᑎᒃ ᐊᑦᓯᓂᖅᓴᓂ. 
ᑭᓯᐊᓂᓕ, ᑕᑯᓐᓇᖅᓱᒋᑦ ᐊᔾᔨᒌᓐᖏᑦᑑᓂᖏᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᖁᐱᕐᕈᐃᑦ, ᐊᒻᒪᓗ ᐃᓗᓕᖅᑐᔪᓂᒃ 
ᓱᖏᐅᑎᒋᐊᖃᕐᓂᖏᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ, ᐱᔭᕆᐊᑐᓚᖓᔪᖅ ᓇᓗᓇᐃᖅᓯᒐᓱᐊᕐᓂᖅ ᖃᓄᖅ ᑖᒃᑯᐊ ᓄᓇᓖᑦ 
ᐊᐅᓚᔾᔭᒋᐊᕐᓂᐊᕐᒪᖔᑕ ᓯᓚᐅᑉ ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᓄᑦ ᐊᑯᓃᖅᑐᒥ. ᑐᑭᓯᓂᖅ ᐊᑯᓃᖅᑐᒧᑦ ᐊᑦᑐᖅᑕᐅᓂᐅᔪᓂᒃ 
ᓯᓚᐅᑉ ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᓂ ᐅᑭᐅᖅᑕᖅᑐᒥ ᖁᐱᕐᕈᕐᓄᑦ ᑲᑎᖅᓱᐃᒍᑕᐅᒃᑲᓐᓂᕆᐊᖃᕐᓂᐊᖅᑐᖅ 
ᐃᓅᓯᖏᓐᓅᖓᔪᓂᒃ ᐊᑦᓯᓂᖅᓴᓂ.  

ᓵᑉᑕ 5. ᖁᐱᕐᕈᐃᑦ 
ᑎᑎᕋᖅᑎᒻᒪᕆᒃ: Laura McKinnon  
ᑎᑎᕋᖃᑕᐅᔪᑦ: Kenneth F. Abraham, Joël Bêty, Élise Bolduc, Christopher Buddle, Stacy 

Gan, Grant H. Gilchrist, Josée Lefebvre, Maria Leung, R.I. Guy Morrison 
ᐊᒻᒪᓗ Donald G. Reid 
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Arthropods in the Arctic 
 Arctic terrestrial arthropods (insects and 
spiders) are no doubt the most diverse group 
in the arctic ecosystem.  Despite exhibiting 
the same decrease in species diversity with 
latitude as other arctic organisms (Bowden 
and Buddle 2010), over 2000 species of ar-
thropods have been identified in the North 
American Arctic alone (Danks 1992) and many 
more remain undescribed.  Among the small-
est year-round residents of the Arctic, arthro-
pods have, like their counterparts in the 
south, developed interesting adaptations to 
over wintering in the polar night where tem-
peratures can drop to -60°C.   While some 
species let themselves essentially freeze for 
the winter (Block et al. 1990), others can 
‘supercool’ and remain unfrozen even in ex-
tremely low temperatures (Ring 1982).   De-
spite their amazing adaptations to the cold 
arctic environment (Somme 1999, Danks 
2004), arthropods are expected to be among 
the first organisms to respond to future 
changes in climate because they depend on 
heat from the environment to warm up their 
body (i.e. they are ectothermic). Conse-
quently, many species depend on climatic pa-
rameters for spring emergence and subse-
quent reproductive activity (Holmes 1966, 
Hodkinson et al. 1996, Schekkerman et al. 
2004).   Because the distribution of many ar-
thropod species is driven by temperature, this 
makes them model taxa to use as ecological 
indicators, especially in the north (Danks 
1992). 
 Arctic arthropods play key ecological roles 
in the functioning of the arctic tundra as they 
can be decomposers (O'lear and Seastedt 
1994, Hodkinson and Wookey 1999), pollina-
tors (Kevan 1972, 1973), predators 
(Hodkinson et al. 1998) or prey (Tulp and 
Schekkerman 2008). Changes in their distri-
bution and abundance have the potential for 
far reaching ecological consequences across 
the arctic ecosystem.  For example, one of the 
keystone species of the arctic tundra is the 
lemming, which relies on abundant plant food 
resources for reproduction.  Some of these 
plants, especially those in the High Arctic, rely 
on insect pollination for population persistence 
(flies, midges and bees; Kevan 1972, 1973). 
Arthropods are also the main prey for many 
insectivorous birds, which comprise a consid-

erable proportion of the avian biodiversity in 
the Arctic. Changes in seasonal abundance of 
arthropods, which is expected to occur with 
changes in climate, could have detrimental 
effects on insectivorous birds such as passer-
ines or shorebirds (Meltofte et al. 2007, 
Pearce-Higgins et al. 2009; see SHOREBIRDS 
chapter).  On the other hand, as temperatures 
increase in the Arctic, the overall abundance 
of insects as well as their biodiversity will 
likely increase as new species expand their 
range northward. 
 
Spatial and temporal variability in arthro-
pod phenology and availability 
 The main goal of the ArcticWOLVES ar-
thropod studies was to provide a more com-
prehensive understanding of arctic arthropod 
communities and their environmental determi-
nants, with an emphasis on understanding 
seasonal variation in arthropod availability in 
relation to reproduction of insectivorous birds.  
To meet this goal we investigated spatial and 
inter-annual variability in arthropod phenology 
and availability by systematically collecting 
arthropods across 6 sites in the Canadian Arc-
tic (Akimiski Island, Southampton Island, 
Herschel Island, Bylot Island, Eureka and 
Alert). Unfortunately, no similar sampling 
could be conducted in Eurasia during our pro-
ject. We also constructed environmental 
based models in order to explain seasonal 
changes in arthropod availability. 
 Given that our sampling sites were spread 
across such great distances in the Arctic, it is 
not surprising that there was considerable 
variation in arthropod family diversity among 
sites. Lower latitude sites such as Akimiski, 
Southampton and Herschel Islands boasted a 
high diversity of families at 63, 40 and 89 
families respectively.  Higher latitude sites 
such as Bylot Island, Eureka and Alert exhib-
ited lower diversity with only 35, 29 and 26 
families respectively.  Across all sites, a total 
of 117 families were identified during 2007 
and 2008.  Dominant families present across 
all sites included Aranae (spiders: 4 to 13% of 
the total sampled across all sites; Fig. 1), Chi-
ronomidae (non-biting midges: 18 to 61%), 
Muscidae (house flies: 1 to 17%) and Myceto-
philidae (fungus gnats: 1 to 24%).  Dytiscidae 
(predaceous diving beetles) were found in 
high proportions at more southern sites such 
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as Southampton and Herschel Islands (17 and 
40% respectively) but were absent at all other 
sites (Fig.1).  
 There was considerable inter-annual 
variation in seasonal trends of arthropod 
availability in terms of timing, duration, and 
magnitude of peaks in total biomass both 
within and between sites (see Box 1).  For the 
three sites where we sampled throughout the 
entire summer season, arthropod availability 

was the highest between June 29 and July 9 
(Fig. B1.1).  For example, on Bylot Island 
peaks were short-lived each year (2 to 7 
days) and usually fell within the same 14 day 
period (June 28 to July 14).  The duration of 
the peak in arthropod availability appears to 
be longer at lower latitudes (see Fig. B1.1 in 
Box 1), which might allow breeding birds 
greater flexibility in breeding phenology with 
respect to the pulse of prey for fledglings. 

Figure 1. Proportion of arthropod families sampled at 6 sites in the Canadian Arctic during 2007 and 2008 
combined.   Due to the high diversity at some sites, only families representing greater than 1% of totals sam-
pled (per trap/day) are presented.   
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Maximum arthropod availability was also 
greater at the lower latitude sites.  At Akimiski 
(53°N), Southampton (64°N) and Herschel 
Islands (69°N) maximum arthropod availabil-
ity throughout the season ranged from 187 to 
902 mg/trap/day, which was up to 10 times 
greater than at the higher latitude sites, Bylot 
Island (73°N), Eureka (80°N) and Alert (82°
N) with 85 to 119 mg/trap/day (see Box 1).  
Maximum arthropod availability at Herschel 
Island, which was located almost 55° of longi-
tude further west than all the other sampling 
sites, was more than twice as high than at the 
sites located at the same or lower latitude in 
the eastern Arctic.  However, the lack of other 
sampling sites along an east-west gradient 
prevents further examination of a longitudinal 
trend in arthropod availability in North Amer-
ica.  When we excluded Herschel Island data, 
we found an almost linear decreasing latitu-
dinal trend in maximum arthropod availability 
as we move from south to north in the eastern 
Canadian Arctic (Fig. 2). 

 Based on arthropod samples collected 
over a period of 4 years on Bylot Island, we 
found that the seasonal availability of arthro-
pods was determined primarily by the follow-

ing environmental parameters: daily mean 
temperature, cumulative temperatures above 
0°C, mean daily wind speed, total daily pre-
cipitation, mean daily relative humidity, mean 
daily incidental radiation and the interaction 
between daily temperature and cumulative 
temperatures above 0°C. A model including all 
these variables was able to predict when the 
peak in arthropod availability would occur in a 
given season with considerable accuracy (up 
to 88% of the variability in the dataset was 
explained by these variables; Fig. B2.1 in Box 
2).  These results are similar to those found at 
another arctic site in the eastern hemisphere 
where temperature, wind speed and cumula-
tive temperature were also important deter-
mining factors of seasonal arthropod abun-
dance (Tulp and Schekkerman 2008). Such a 
model will now allow us to simulate past 
trends and, more importantly, to forecast fu-
ture changes in arthropod availability in rela-
tion to changes in climate. 
 On Bylot Island, we found that synchrony 
between shorebird hatch dates and peak ar-
thropod abundance was relatively low.  Over a 
4-year period, synchrony was relatively good 
in two years but poor in two other years (see 
Box 2). Synchrony between hatch and peaks 
in arthropod abundance are important for 
chick growth. We found that chicks hatching in 
synchrony with peaks in Tipulidae (crane flies) 
biomass had higher growth rates than chicks 
hatching outside these peak periods (see 
SHOREBIRDS chapter).  Many arctic-nesting 
birds rely on insects as their primary prey 
(e.g. songbirds, shorebirds), thus it will be 
important to investigate whether a mismatch 
between hatch and peaks in insect abundance 
could be important in other arctic-nesting 
birds.  
 On Herschel Island and Komakuk, spring 
temperatures were also relatively warm in 
2008 and snow persistence was relatively 
short, which was likely the reason behind the 
accelerated emergence of butterfly species in 
2008.  The same weather pattern is associ-
ated with the higher abundance of butterflies 
recorded in late June - early July of 2008, 
compared to 2007 and 2009.  Butterflies were 
most commonly found in habitats rich with 
flowering plants. We caught six species of but-
terflies not previously recorded for Herschel 
Island, making a total of 21 species known to 

Arthropods 

Figure 2. Latitudinal variation in maximum arthro-
pod availability (mg/trap/day). Each point corre-
sponds to the maximum reached at a given site and 
year (2006-2008). Sampling was interrupted during 
the summer of 2008 at Eureka (80°N) and Akimiski 
Island (53°N) thus the actual maximum may have 
been underestimated. Data from Herschel Island 
were excluded in order to obtain a latitudinal gradi-
ent within similar longitudes.  
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the island.  One of these, Nymphalis vaual-
bum, was considerably further north than pre-
viously documented (Layberry et al. 1998). 

Arthropods and climate change 
 Due to their complex adaptations to the 
extreme arctic environment, it is suggested 
that climate change may have several effects 
on arthropods (Danks 2004).  In zones of per-
mafrost, ground-dwelling arthropods are lim-
ited to a thin layer of unfrozen soil, the active 
layer (Chernov 1972). A reduction in perma-
frost due to increasing temperatures could 
increase the depth of soil available for arthro-
pods, potentially providing a buffer against 
extreme weather events.  However, Danks 
(2004) has suggested that warmer summer 
temperatures could increase cloud cover and 
thus decrease solar radiation, which would 
then lead to a reduction in the activity and 
reproduction of some insect populations.  
Changes in precipitation regimes, such as de-
creased precipitation or increased evapora-
tion, may also have significant effects because 
many arthropods in the north with aquatic life 
stages rely upon temporary ponds which may 
decline in abundance or availability.  Alterna-
tively, in the event of increasing precipitation, 
large expanses of tundra could become satu-
rated thus limiting access to oxygenated mi-
cro-sites.  
 The latitudinal trends in arthropod diver-
sity, abundance and phenology revealed from 
our ArcticWOLVES data may provide some 
insight into the expected short-term impacts 
of climate warming at least at higher arctic 
sites.  As temperatures increase in the High 

Arctic, we may expect to see increases in both 
arthropod diversity and overall arthropod bio-
mass.  The short lived peaks in abundance of 
arthropods currently characteristic of High 
Arctic sites such as Bylot Island may shift or 
broaden to resemble the longer period of 
abundance characteristic of lower arctic sites 
such as Herschel Island.  However, as previ-
ously mentioned, it will be difficult to predict 
exactly how arthropod communities will re-
spond to changes in climate, not only because 
of the great diversity of species in question, 
but also due to the number of climatic vari-
ables at play (i.e. changes in precipitation, 
cloud cover, temperature, solar radiation, 
etc.). 
 
The collaborative Northern Biodiversity 
Project 
 The Northern Biodiversity Project 
(www.northernbiodiversity.com) was initiated 
in 2010.  This project's objective is to under-
stand how northern biodiversity has and is 
adapting to a changing environment. Arthro-
pods are being sampled across three major 
ecoclimatic zones in northern Canada, and 
data will be compared with baseline invento-
ries from Canada’s 1947-1962 Northern Insect 
Survey (NIS). We expect that some northern 
species will have declined drastically in abun-
dance or disappeared, while more southern 
species may have extended their ranges 
northward. Both of these types of changes 
should result in new ecological relationships 
and possible ecosystem changes. Assessment 
of such ecological changes in the north is only 
possible by renewed monitoring and compari-
son to the baseline conditions as understood 
from the original NIS initiative.  The Northern 
Biodiversity Program has finished its first year 
of sampling.  Preliminary data suggest some 
"southern" species are firmly establishing 
populations in the North; for example, nests 
of the Arctic Yellowjacket (Dolichovespula nor-
wegica), a largely northern boreal wasp spe-
cies, were discovered on the tundra of Baffin 
Island, well away from the town of Iqaluit.  In 
other words, although the species has been 
recorded previously in the town-site, its pres-
ence beyond the borders indicates the species 
is well adapted to completing its full life cycle 
on the open tundra. The project is also report-
ing high diversity and abundance of certain 
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Compton's tortoiseshell (Nymphalis vaualbum) 
caught on Herschel Island, Yukon, Canada. 
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biting fly species relative to past collections.  
These preliminary findings show that arthro-
pods are suitable for monitoring biodiversity 
change in Canada's Arctic.  The Northern Bio-
diversity Program will paint an important por-
trait of northern arthropod biodiversity and 
future work on food-web ecology in northern 
systems will benefit from this kind of biodiver-
sity "benchmark". 
 
Conclusion and future research 
 As key ecological players in the function-
ing of the arctic tundra, changes in the 
phenology and abundance of arthropods have 
the potential to affect several trophic levels 
within the tundra food web.  Our research has 
highlighted the great spatial and inter-annual 
variation in arthropod abundance throughout 
the Canadian Arctic, along with the impor-
tance of arthropods as prey for one of the 
most diverse groups of arctic-nesting birds, 
the shorebirds.  With samples collected over 
multiple years at up to 6 sites across the Ca-
nadian Arctic, we have initiated a unique and 

extensive standardized inventory of the abun-
dance of arctic arthropods.  Though impres-
sive, the data reported here (timing and mag-
nitude of abundance and biomass of all spe-
cies combined) represent only the tip of the 
iceberg.  The basic life history of the vast ma-
jority of arctic arthropods remains understud-
ied. This is a significant road block because 
understanding the effects of climate change 
on arctic food webs requires baseline data on 
the biology of keystone species.  For example, 
the actual environmental controls on phenol-
ogy of key species such as Tipulidae (crane 
flies), which are an important prey species for 
many shorebirds, are still not well understood.   
Future research should continue to refine our 
understanding of seasonal variation in arthro-
pod availability and attempt to study variation 
at lower taxonomic levels such as genus and, 
if possible, species.  However, with over 2000 
species of arthropods in arctic North America 
(Danks 1992), this could prove to a be a very 
interesting, though rather challenging task. 

Arthropods 
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Transect of arthropod traps on Bylot Island, NU, Canada. 
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Box 1. Arthropod phenology and availability in the Arctic. 

 To observe seasonal changes in the avail-
ability of arthropods, pitfall traps constructed 
in conjunction with modified Malaise traps 
were used to capture surface active and low-
flying arthropods.  Traps were composed of a 
38 cm × 5 cm × 7 cm plastic pitfall trap above 
which extended a 40 cm × 40 cm vertical 
mesh screen topped with a white plastic cone 
funnelling into a bottle trap to capture flying 
insects.  At most sites, we set two transects of 
5 traps each,  with 20 metres between traps, 
in the two dominant shorebird nesting habi-
tats, for a total of 10 traps. Traps were sam-
pled every 2 days throughout the summer. To 
account for variable sampling effort, total ar-
thropod biomass was divided by the number 
of traps sampled and is presented as arthro-
pod biomass (mg/trap/day). Results show 
considerable variability in insect abundance 

among sites but also among years at the 
same site. 

Figure B1.1. Seasonal variation in arthropod availability for 6 sites in the Canadian Arctic. 
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Trap used to capture arthropods. 
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Arthropods 

Box 2. Synchrony between arthropod seasonal abundance and shorebirds reproduction. 

 Between 2005 and 2008 on Bylot Island, 
we simultaneously monitored the phenology of 
arthropod abundance and shorebird nesting. 
Hatching dates of shorebird species occurred 
prior to the peak in arthropod abundance in 
2005 and 2006, and after the peak in 2007 
and 2008 (Fig. B2.1).  In 2007, later arrival 
times for birds (likely due to bad weather con-
ditions during migration) and an earlier emer-
gence of arthropods led to the asynchrony 
between hatch and peaks in arthropod abun-
dance (Fig. B2.1).  In 2008, birds did not ar-
rive late, however, arthropods emerged al-
most two weeks earlier than usual due to an 
abnormally warm spring on Bylot Island. This 
illustrates the large inter-annual variation in 
synchrony between hatch and peaks in arthro-
pod abundance.  

Figure B2.1. Seasonal abundance of arthropod availability predicted by a model based on environmental vari-
ables (solid blue line) compared to the seasonal abundance of arthropod measured in the field throughout the 
summer (dashed red line). The model is based on 4 years of data (2005-2008) for Bylot Island.  Data is pre-
sented for wet and mesic habitats for 2007 and 2008.  Hatching periods of Baird’s (orange) and white-rumped 
sandpipers (green) are also shown.  The open circle indicated the average hatch date of each species. 
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White-rumped sandpiper chicks. 



1 - male pectoral sandpiper © Mikhail Soloviev 
2 - curlew sandpiper © Mikhail Soloviev 
3 - pacific golgen plover © Mikhail Soloviev 
4 - red knot © Jean-Rémi Julien 
5 - semipalmated plover © Nicolas Lecomte 
6 - grey plover © Mikhail Soloviev 

7 - bar-tailed godwit © Peter Romanow 
8 - Wilson’s snipe © Jean Iron 
9 - dunlin (breeding adult) © Jean Iron 
10 - terek sandpipers © Peter Romanow 
11 - ruddy turnstone (breeding adult) © Jean Iron 
12 - greater yellow leg © Kenneth F. Abraham 
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Abstract 
 With over 50 species nesting throughout the circumpolar arctic region each summer, 
shorebirds form an important component of arctic biodiversity. Unfortunately, popula-
tions of many of these species are currently in decline and the reasons for these de-
clines are not yet well documented. As champion migrants, flying up to 30,000 km per 
year between their wintering grounds in the southern continents to their breeding 
grounds in the Arctic, shorebird populations may be limited by numerous factors occur-
ring across the entire migratory flyway.  Habitat degradation and loss at migratory stop-
over sites and on the wintering grounds is suspected to be one of the key factors affect-
ing survival of shorebirds, whereas on the breeding grounds, reproduction may be lim-
ited by predation, resource availability and severe weather events. During this project, 
we collected data on the abundance, distribution and reproductive ecology of shorebirds 
at several sites throughout the Canadian and Russian Arctic. Our goal was to better un-
derstand the factors limiting arctic shorebird populations, as well as provide insight into 
the potential effects of climate change on their populations. In Canada, shorebird spe-
cies diversity varied across sites, with the greatest diversity of breeding shorebirds at 
the most southern sites and the lowest at the most northern sites. At one southern site, 
Herschel Island, new records of breeding birds included least sandpiper and buff-
breasted sandpiper. Where measured, abundance of nests was generally low, and de-
creases in abundance since earlier studies were detected for ruddy turnstone, Baird’s 
sandpiper and red-necked phalarope at the Herschel Island site. In Russia, changes in 
abundance and distribution of shorebirds were also documented. Advancements in lay 
dates were found for several species at the Herschel Island site (semipalmated sandpi-
per, Baird’s sandpiper and American golden plover) but for only one species at the Bylot 
Island site (white-rumped sandpiper), likely attributable to rising temperatures over the 
last few decades. Synchrony between hatch dates and peaks in food resources at one 
High Arctic site, Bylot Island, was relatively low and resulted in reduced growth rates for 
Baird’s sandpiper chicks. On Bylot Island, arctic fox were identified as the main predator 
of shorebird eggs and nest predation varied with the abundance of alternative prey such 
as goose eggs and lemmings. We documented large variation in nest predation risk 
across Arctic Canada as predation risk for shorebird eggs was highest at low latitude 
sites and decreased considerably with latitude. Our results suggest that the costs of mi-
grating farther north are compensated for by decreases in predation risk for shorebirds 
breeding at higher latitudes. Though habitat loss across the migratory pathway will con-
tinue to be a conservation concern for shorebird populations, factors threatening repro-
duction may become more important in the context of expected changes to the arctic 
climate. Shorebird predator-prey relationships could be altered via changes in predator 
and alternative prey communities and/or changes in the timing of resource availability.   

CHAPTER 6. SHOREBIRDS 
Lead author: Laura McKinnon  
Co-authors: Kenneth F. Abraham, Joël Bêty, Frank I. Doyle, R.I.Guy Morrison, Erica 

Nol, Lisa Pollock, Paul A. Smith, Vasiliy Sokolov, Mikhail Soloviev and Do-
nald G. Reid 



   

 

 
 
ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᐅᖓᑖᓃᑦᑎᓪᓗᒋᑦ 50 ᐊᔾᔨᒌᓐᖏᑦᑐᑦ ᒪᓐᓂᓕᐅᖅᑐᖅ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑐᖓᓂ ᐊᐅᔭᑕᒫᑦ, ᓯᓈᒥᐅᑕᐃᑦ 
ᑎᒻᒥᐊᑦ ᐱᒻᒪᕆᐹᓘᒻᒥᔪᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᔾᔨᒌᓐᖏᑦᑐᓄᑦ ᐃᓚᐅᓪᓗᑎᒃ. ᑭᓯᐊᓂᓕ, ᐊᒥᓲᓂᖏᑦ ᑖᒃᑯᐊ ᐊᒥᓱᑦ 
ᑎᒻᒥᐊᑦ ᓄᖑᑉᐊᓪᓕᐊᑐᐃᓐᓇᖅᑐᑦ ᐱᔾᔪᑎᖏᑦ ᓱᓕ ᑎᑎᕋᖅᑕᐅᓯᒪᓪᓚᕆᒐᑎᒃ. ᑐᓛᔨᐅᓪᓗᑎᒃ, ᑎᒻᒥᑦᓱᑎᒃ ᐅᖓᑖᓃ 
30,000 ᑭᓗᒦᑕᐃᑦ ᐊᕐᕌᒍᑕᒫᑦ ᐅᑮᕕᒻᒥᓄᑦ ᐅᑎᖅᑕᖅᓱᑎᒃ ᖃᓪᓗᓈᓄᑦ ᕿᑐᕐᖏᐅᕐᕕᒻᒥᒧᓄᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ, 
ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᑭᓪᓕᖃᖅᑎᑕᐅᑐᐃᓐᓇᕆᐊᓖᑦ ᓱᓇᑐᐃᓐᓇᐃᑦ ᐱᔾᔪᑕᐅᓪᓗᑎᒃ ᐊᖅᑯᑎᖓᓐᓂ 
ᑐᓛᓂᕆᕙᑦᑕᖏᑦᑕ. ᐃᓂᖏᑦ ᓱᕋᑉᐸᓪᓕᐊᑎᓪᓗᒋᑦ ᐊᒻᒪᓗ ᑐᓛᔪᑦ ᓄᖅᑲᑲᐃᓐᓇᕕᑦᓴᖃᖃᑦᑕᕈᓐᓃᖅᐸᑕ 
ᐅᑮᕕᖏᓐᓂᓪ.ᓗ ᑲᖐᒋᔭᐅᔪᑦ ᐱᔾᔪᑎᓪᓗᐊᑕᐅᒋᐊᖏᑦ ᐊᑦᑐᐃᓯᒪᓂᖏᓐᓂᒃ ᐊᓐᓇᒍᓐᓇᕐᓂᖏᓐᓂᒃ ᓯᓈᒥᐅᑕᐅᔪᑦ 
ᑎᒻᒥᐊᑦ, ᕿᑐᕐᖏᐅᕐᕕᖏᓐᓂ, ᕿᑐᕐᖏᐅᕐᓂᖏᑦ ᐊᐳᖅᑕᕐᕕᖃᑐᐃᓐᓇᕆᐊᓖᑦ ᓂᕿᒋᔭᐅᓂᕐᒧᑦ , 
ᓂᕿᑦᓴᖃᑦᓯᐊᕐᓂᕐᒥᒃ ᐊᒻᒪᓗ ᓯᓚᐅᑉ ᖃᓄᐃᓐᓂᖏᓐᓂᒃ. ᑖᑦᓱᒪ ᐊᐅᓚᓂᐅᑉ ᐃᓗᐊᓂ, ᓄᐊᑦᓯᓯᒪᔪᒍᑦ 
ᑲᑎᖅᓱᐃᑦᓱᑕ ᐊᒥᓲᓂᖏᓐᓅᖓᔪᓂᒃ, ᓇᒦᓐᖏᓐᓂᒃ ᕿᑐᕐᖏᐅᕐᓂᖏᓐᓄᓪᓗ ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᖃᑦᓯᒐᓛᓂ 
ᐃᓂᐅᔪᓂ ᑲᓇᑕᒥ ᕌᓴᒃᑯᓪᓗ ᓄᓇᖓᓐᓂ ᐅᑭᐅᖅᑕᖅᑐᒥ. ᑐᕌᒐᕆᔭᕗᑦ ᑐᑭᓯᑦᓯᐊᑲᓐᓂᕈᒪᑦᓱᑕ ᐱᔾᔪᑕᐅᔪᓂᒃ 
ᓯᓈᒥᐅᑕᕐᓄᕐᑦ ᑎᒻᒥᐊᓄᑦ ᐊᒥᓱᓐᖑᓕᐅᒥᓂᕆᕙᑦᑕᖏᓐᓄᑦ, ᐊᒻᒪᓗ ᖃᐅᔨᒐᓱᐊᖅᓱᑕ ᐊᑦᑐᐃᓂᐅᑐᐃᓐᓇᕆᐊᓕᓐᓂᒃ 
ᓯᓚᐅᑉ ᓂᕈᒥᑦᓯᕙᓪᓕᐊᓂᖓᓄᑦ ᑎᒻᒥᐊᓂᒃ. ᑲᓇᑕᒥ, ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᑦ ᐃᓂᐅᔪᓂ, 
ᐊᔾᔨᒌᓐᖏᑦᑑᓂᖅᐸᐅᑦᓱᑎᒃ ᕿᑐᕐᖏᐅᕐᕕᐅᔪᓂ ᐅᑭᐅᖅᑕᖅᑐᒦᓐᓂᖅᐹᓂ ᐊᒻᒪᓗ ᐊᑦᓯᓂᖅᐹᓂ. ᐃᓚᖓᓐᓂ 
ᓂᒋᖅᐸᓯᒻᒥ, ᕼᐅᕐᓱᓪ ᕿᑭᖅᑕᖓᓂ, ᓄᑖᑦ ᑎᑎᕋᖅᑕᐅᓯᒪᔪᑦ ᕿᑐᕐᖏᐅᖅᑐᓄᑦ ᑎᒻᒥᐊᓄᑦ ᐱᖃᓯᐅᔾᔨᔪᑦ 
ᓯᔾᔭᕆᐊᓕᒃ. ᖃᐅᔨᓴᖅᑕᐅᑦᓱᑎᒃ ᐊᒥᓲᓂᖏᑦ  ᐅᓪᓗᐃᑦ ᐊᑦᓯᑦᑑᔪᔪᑦ, ᐊᒻᒪᓗ ᐃᓄᐃᓴᓪᓕᕚᓪᓕᖅᓴᑎᒃ 
ᖃᐅᔨᓴᖅᑐᖃᖃᑦᑕᓯᔪᒻᒪᓂᑦ ᐃᓚᖏᑦ ᓯᔾᔭᕆᐊᑦ ᕼᐅᕐᓱᓪ ᕿᑭᖅᑕᖓᓂ. ᕋᓴᒥ, ᐊᓯᔾᔨᕐᓂᐅᔪᑦ ᐊᒥᓲᓂᖏᓐᓂ 
ᓇᒦᓐᓂᖏᓪᓗ ᓯᓈᓂ ᑎᒻᒥᐊᑦ ᑎᑎᕋᖅᑕᐅᔪᒻᒥᔪᑦ. ᓯᕗᕙᖅᓯᒪᔪᑦ ᒪᓐᓂᓕᐅᕐᓂᖏᑦ ᕼᐅᕐᓱᓪ ᕿᑭᖅᑕᖓᓂ 
ᐅᔾᔨᕆᕙᐅᔪᒻᒥᔪᑦ ᖃᑦᓯᒐᓛᓄᑦ ᑎᒻᒥᐊᓄᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᓄᑦ (ᓯᔾᔭᕆᐊᑦ ᑎᒻᒥᐊᕋᐃᓪᓗ) ᑭᓯᐊᓂ ᐊᑕᐅᓯᑐᐊᖅ 
ᑎᒻᒥᐊᑦ ᒥᑦᑎᒪᑕᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ (ᖃᑯᖅᑕᓕᒃ ᓯᔾᔭᕆᐊᖅ), ᐱᔾᔪᑕᐅᔪᑦᓴᐅᓪᓗᓂ ᐅᖅᑰᓯᕙᓪᓕᐊᓂᖅ ᐊᕐᕌᒍᓂ 
ᐊᓂᒍᖅᑐᓂ. ᐊᑕᐅᑦᓯᒃᑰᕐᓂᖏᑦ ᒪᓐᓃᑦ ᐃᓅᓕᕐᓂᖏᑦᑕ ᐊᒻᒪᓗ ᓂᕿᑦᓴᖃᑦᓯᐊᕐᓂᖅ ᐃᓚᖓᓐᓂ ᖁᑦᓯᑦᑐᒥ, 
ᒥᑦᑎᒪᑕᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ, ᐊᑦᓯᑦᑐᒐᓚᐅᔪᔪᑦ  ᐃᓄᐃᓴᓪᓕᕚᓪᓕᕈᑕᐅᑦᓱᑎᒃ ᐱᕈᖅᑐᓄᑦ ᓯᔾᔭᕆᐊᑦ 
ᕿᑐᕐᖓᖏᓐᓄᑦ. ᒥᑦᑎᒪᑕᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ, ᑎᕆᒐᓐᓂᐊᑦ ᓇᓗᓇᐃᖅᑕᐅᔪᔪᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓪᓗᐊᑕᐅᒋᐊᖏᑦ 
ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᒪᓐᓂᖏᓐᓂᒃ ᐅᓪᓗᖏᑦᑕᓗ ᐸᕝᕕᓴᑦᑕᐅᓂᖏᑦ ᐊᔾᔨᒌᓐᖏᑦᑑᔪᔪᑦ ᑐᓐᖓᕕᖃᖅᓱᑎᒃ 
ᐊᒥᓲᓂᖏᓐᓂᒃ ᐊᓯᖏᑦ ᓂᕆᔭᑦᓴᐃᑦ ᓲᕐᓗ ᑲᖑᐃᑦ ᒪᓐᓂᖏᑦ ᐊᕕᓐᖓᐃᓪᓗ, ᑎᑎᕋᖅᓯᒪᒻᒥᔪᒍᑦ ᐊᒥᓱᐊᓪᓗᓂᒃ 
ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ ᐅᓪᓗᓂᒃ ᓂᕿᑦᓴᖅᓯᐅᖅᐸᑦᖅᑐᓂᒃ ᐅᑭᐅᖅᑕᖅᑐᖓᓂ ᑲᓇᑕᐅᑉ ᐅᓗᕆᐊᓇᖅᑐᒦᓐᓂᖏᑦ 
ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᒪᓐᓂᖏᑦᑕ ᖁᑦᓯᓂᖅᐸᐅ)ᖅᓴᑦ ᐊᑦᑎᒥᖅᑕᒥ ᐃᓄᐃᓴᓪᓕᕙᓪᓕᐊᓪᓚᕆᑦᓱᑎᒃ ᐊᑉᐸᐸᓪᓕᐊᓂᖅ 
ᒪᓕᑦᓱᒍ. ᖃᐅᔨᔭᕗᑦ ᑐᑭᓯᓇᖅᓯᔪᑦ ᑐᓛᓂᖅ ᑕᑉᐸᐅᖓᒋᐊᒃᑲᓐᓂᖅ ᐅᐊᓐᓇᒧᑦ ᐃᑲᔪᖅᓯᔭᐅᔫᔮᕐᒥᔪᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑎᖃᑦᓯᐊᖏᓐᓂᖓᓂᒃ ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᕿᑐᕐᖏᐅᖅᑐᑦ ᖁᑦᓯᓂᖅᓴᓂ. ᐃᓂᒋᔭᐅᔪᑦ 
ᔭᒑᕙᓪᓕᐊᑐᐃᓐᓇᕐᓂᐊᕋᓗᖅᑎᓪᓗᒋᑦ ᑐᓛᑎᓪᓗᒋᑦ ᐊᖅᑯᑎᖏᓐᓂ ᓄᖑᑕᐅᓗᐊᑦᑕᐃᓕᓂᖏᓐᓄᑦ 
ᐃᓱᒫᓗᓐᓇᐃᓐᓇᕐᓂᐊᖅᓱᓂ ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ ᑲᑎᒪᐅᕐᕕᖏᓐᓄᑦ, ᐃᓗᓕᕆᔭᐅᔪᑦ ᐅᓗᕆᐊᓇᖅᑐᖅ 
ᕿᑐᕐᖏᐅᕈᓐᓇᕐᓂᕐᒧᑦ ᐱᒻᒪᕆᕈᑐᐃᓐᓇᕆᐊᓖᑦ ᐃᓗᓕᖃᕐᓗᑎᒃ ᓂᕆᐅᒋᔭᐅᔪᓂᒃ ᐊᓯᔾᔨᕐᓂᐅᔪᓂᒃ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᓯᓚᒧᑦ. ᓯᓈᒥᐅᑕᐃᑦ ᑭᒻᒥᐊᑦ ᕿᓂᑦᓴᖅᓯᐅᕐᓂᖏᑦ ᓂᕿᑦᓴᖅᓯᐊᖑᓂᖏᑦ ᐊᑦᑐᖅᑕᐅᑐᐃᓐᓇᕆᐊᓖᑦ ᐊᓯᔾᔨᕐᓂᐅᔪᓄᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ ᐊᒻᒪᓗ/ᐅᕝᕙᓗ ᐊᓯᔾᔨᕐᓂᖏᓐᓄᑦ ᓂᕆᔭᑦᓴᐃᑦ ᐊᑐᐃᓐᓇᐅᓂᖏᑦᑕ.  

ᓵᑉᑕ 6. ᓯᓈᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ 
ᑎᑎᕋᖅᑎᒻᒪᕆᒃ: Laura McKinnon  
ᑎᑎᕋᖃᑕᐅᔪᑦ: Kenneth F. Abraham, Joël Bêty, Frank I. Doyle, R.I.Guy Morrison, Erica 

Nol, Lisa Pollock, Paul A. Smith, Vasiliy Sokolov, Mikhail Soloviev ᐊᒻᒪᓗ 
Donald G. Reid 
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Arctic-nesting shorebird populations 
 Shorebirds form a very important compo-
nent of arctic biodiversity, with approximately 
50 species nesting throughout the circumpolar 
arctic region each summer (Meltofte et al. 
2007).  In the western hemisphere, shorebirds 
breed commonly in all arctic tundra habitats 
from the subarctic northern edge of the boreal 
forest to the northernmost tip of Ellesmere 
Island in the High Arctic.  Canada’s arctic tun-
dra provides essential breeding grounds for 42 
species of  shorebirds whose annual migra-
tions along various flyways take them to win-
tering destinations as far east as the Wadden 
Sea in northern Europe, or even as far south 
as Tierra del Fuego, Argentina (Fig. 1).  
Shorebirds breeding in the eastern hemi-
sphere exhibit equally impressive migrations 
from their wintering grounds in southern Af-

rica and Australia to their breeding grounds in 
the Siberian Arctic (Fig. 1).  Although shore-
birds are abundant in the Arctic, their nests 
are dispersed, well camouflaged, and can be 
difficult to find, so that considerable effort is 
required to systematically estimate abundance 
of breeding birds.  As a result, few studies 
have been conducted over a long enough pe-
riod to provide estimates of breeding popula-
tions of shorebirds in the Arctic (Gratto-Trevor 
et al. 1998, Pattie 1990).  
 Much of the current trend information for 
arctic-nesting shorebirds in the western hemi-
sphere is based on analyses of birds counted 
during migration or on the wintering grounds 
(Howe et al. 1989, Morrison et al. 1994, 2001, 
2006).  The few studies that have provided 
local indices of population trends on the 
breeding grounds have generally indicated 

Shorebirds 

Figure 1. Shorebird flyways of the world (from van de Kam et al. 2004). 
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declines in the breeding populations of several 
species, especially between the 1970s and the 
1990s (Pattie 1990, Hitchcock and Gratto-
Trevor 1997, Gratto-Trevor et al. 1998, 
2001).  The one exception to these studies is 
that of Latour et al. (2005) where shorebird 
densities did not decline between the 1970s 
and 1990s at Cresswell Bay, Nunavut.  
Though a recent assessment of breeding 
populations from Arctic PRISM (Program for 
Regional and International Shorebird Monitor-
ing) suggests that previous estimates of popu-
lation size may have been low (Bart and Smith 
2011), there is still a general consensus re-
garding population declines for many species.  
 In general, trends available for arctic 
breeding populations have been consistent 
with those found for migrating populations, 
though the latter have been slightly more 
alarming.  Analyses of the ISS (International 
Shorebird Survey) and MSS (Maritime Shore-
bird Survey) data from 1974 to 1998 indicated 
declines in 22 of 30 (73%) Atlantic popula-
tions (9 significant), and in 11 of 29 (38%) 
Mid-West Interior populations in North Amer-
ica (Bart et al. 2007).  One notable population 
decline is that of the wintering population of 
the North American red knot, which has de-
clined from ~67,000 to ~30,000 birds in just 
over two decades (Morrison et al. 2004). Al-
ternative hypotheses have been proposed for 
these documented changes, i.e. that the de-
clines are associated with shifting distributions 
of birds or changes in rates of detection of 
birds, instead of actual population declines 
(Bart et al. 2007), but there is little hard evi-
dence to date to support these hypotheses.  
Changes in behaviour caused by avian preda-
tors, however, have been reported (Lank et 
al. 2003, Ydenberg et al. 2004).  Shifting dis-
tributions have only been documented for a 
few North American species such as American 
golden plovers (northward range extension to 
Devon Island; Pattie 1990) and stilt sandpiper 
(Calidris himantopus; westward shift in distri-
bution; Klima and Jehl Jr 1998) and at least 
one Eurasian species, the ruff (Philomachus 
pugnax; eastward shift of breeding popula-
tion; Rakhimberdiev et al. 2010). 
 
Population limitation/regulation 
 As with many migratory birds, factors 
limiting shorebird populations can occur 

across the entire migratory flyway including 
the summer breeding grounds, migratory 
stopover sites and wintering areas.  Habitat 
degradation and loss at migratory stopover 
sites and on the wintering grounds is sus-
pected to be one of the key factors limiting 
shorebird populations (Donaldson et al. 2001, 
Baker et al. 2004). Shorebirds rely heavily on 
both inland and coastal wetland areas as refu-
elling sites during migration.  It has been esti-
mated that almost half of the marshes present 
on the Atlantic and Gulf coasts of the USA 
have disappeared since 1900 (Dahl 1990, 
GLCF 2005). Remaining sites used by shore-
birds may be threatened by habitat degrada-
tion leading to reduced food resources (Baker 
et al. 2004), high levels of contaminants 
(Braune and Noble 2009) and/or toxic levels 
of trace elements (Ohlendorf et al. 1986).   
 On the breeding grounds, reproduction is 
limited primarily by predation, resource avail-
ability and severe weather events.  Predation 
is an important factor affecting several stages 
of the life cycle of shorebirds. For example, 
population increases of peregrine falcons 
(Rowell et al. 2003) have resulted in reduced 
feeding rates of shorebirds at stopover sites 
during migration and increased mortality 
(Ydenberg et al. 2002).  Though predation of 
adults by avian predators can occur year 
round (Lank et al. 2003), nest predation may 
be an even greater limiting factor in popula-
tion growth of shorebirds.  In years of high 
predator abundance in the Arctic, nest success 
can be reduced to near 0%, limiting recruit-
ment of young and resulting in cycles in an-
nual population size (Summers et al. 1998, 
Blomqvist et al. 2002, Meltofte et al. 2007).  
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Stilt sandpiper on its nest. 
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Food resources appear to be most limiting 
during migration where individuals have a 
short period of time to gain body reserves for 
long, sometimes non-stop, flights to the 
breeding grounds (Baker et al. 2004, Morrison 
2006, Atkinson et al. 2007).  Resources can 
also limit growth and survival of young on the 
breeding grounds (Pearce-Higgins and Yalden 
2004, Tjorve et al. 2007).  Extreme weather 
events during migration and especially on arri-
val on arctic breeding grounds can also se-
verely reduce adult body condition and sur-
vival (Morrison et al. 2007) and even result in 
years of complete breeding failure (Ganter 
and Boyd 2000) or direct mortality from star-
vation (Morrison 1975). While extreme 
weather can affect demography, more typical 
variability in weather was not found to have a 
dominant influence on reproductive success at 
a low arctic site (Smith 2009, Smith and Wil-
son 2010). 
 
Shorebird distribution and abundance 
during IPY years 
 The ArcticWOLVES project generated im-
portant new data on the abundance, distribu-
tion and reproductive ecology of arctic-nesting 
shorebirds, which will aid us in understanding 
the potential effects of climate change on arc-
tic shorebird populations.  In North America 
we collected data on shorebird abundance 
along with nesting phenology at Bylot Island, 
Herschel Island, Akimiski Island and Alert.  On 
Akimiski Island, data were also collected on 
timing of shorebird migration. Shorebird spe-
cies diversity varied across sites, with Akimiski 
Island boasting the greatest diversity of 
breeding shorebirds at 11 species, and Alert 
the lowest at 4 breeding species (Table 1). 
New records of breeding birds included least 
sandpiper and buff-breasted sandpiper at 
Herschel Island. Where recorded, nesting den-
sities were generally low, ranging from 0.4 to 
1.0 nests/ha on Herschel Island and 0.01 to 
0.07 nests/ha on Bylot Island. Marked 
changes in abundance since earlier studies 
were noted on Herschel Island, where shore-
birds such as ruddy turnstone and red-necked 
phalaropes (Phalaropus lobatus), common in 
the mid-1980s (Talarico and Mossop 1986), 
were no longer nesting in many of the same 
areas during IPY years. As these species nest 
on beaches or close to tidally flooded wet-

lands, it is possible that populations have de-
clined because of rising sea levels and more 
frequent summer flooding of these habitats. 
For instance, a summer storm surge in 2008 
destroyed numerous beach-nesting common 
eider (Somateria mollissima) nests and a 
semipalmated plover nest.  Baird’s sandpiper, 
one of the most abundant shorebirds on 
Herschel Island, also appears to have de-
clined, likely associated with the documented 
increase in plant cover and proliferation of 
prostrate woody shrubs noted since the 1980s 
(Kennedy et al. 2001). Results during migra-
tion monitoring at Akimiski Island revealed 
that this is an important migration stopover 
site of regional if not hemispheric importance. 
 At an eastern hemisphere IPY site on the 
Yamal Pensinsula in Russia, changes in abun-
dance and distribution of shorebirds have also 
been documented. Whimbrel and bar-tailed 
godwit (Limosa lapponica), which were quite 

Shorebirds 
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Juvenile buff-breasted sandpiper. 
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rare on the forest-tundra zone in the 1970s, 
have dramatically increased in number and 
are now rather common (Ryzhanovsky and 
Paskhalniy 2007). Other, typically boreal 
breeding shorebirds, such as the terek sandpi-
per (Xenus cinereus) and greenshank (Tringa 
nebularia), have recently been detected on 
the tundra at the Erkuta field station on 
south-western Yamal (2005; V. Sokolov, un-
publ. data).  At the same time, species with 
southern ranges covering the Erkuta area, 
such as pacific golden plover (Pluvialis fulva) 
and curlew sandpiper (Calidris ferruginea), are 
no longer being detected as breeders and ob-
servations of other formerly abundant species 
such as the grey plover (Pluvialis squatarola), 
dunlin (Calidris alpina) and little stint (Calidris 

minuta), have become rare in south-western 
Yamal (Sokolov 2006) compared to previous 
observations (Ryabitsev 1993). 
 
Food resources and synchrony with hatch 
 At some sites, we collected data on nest-
ing phenology in relation to the seasonal 
abundance of food resources in order to 
evaluate synchrony between shorebird hatch 
dates and peaks in food resources. On Bylot 
Island, although temperatures during the lay-
ing period were 1.2 to 2.6°C higher in 2005 to 
2008 compared to data available from 1954 
(Drury 1961), advances in lay dates could 
only be documented in one of three shorebird 
species studied, the white-rumped sandpiper. 
Shorebirds main prey (arthropods) are char-

Table 1. Shorebird species composition across sites of the ArtcitcWOLVES project in North America.  1 indica-
tes species recorded as breeders and 0 indicates the absence of species. 

46711Total

0001Wilson’s snipe, Gallinago delicata

0010Common snipe, Gallinago gallinago

0010Buff-breasted sandpiper, Tryngites subruficollis

0100Pectoral sandpiper, C. melanotos

1110Baird's sandpiper, C. bairdii

0100White-rumped sandpiper, C. fuscicollis

0011Least sandpiper, C. minuta

0010Semipalmated sandpiper, C. semipalmatus

1000Sanderling, C. alba

1000Red knot, Calidris canutus

0100Red phalarope, Phalaropus fulicarius

1000Ruddy turnstone, Arenaria interpres

0001Spotted sandpiper, Actitus macularia

0001Greater yellowlegs, T. melanoleuca

0001Lesser yellowlegs, Tringa flavipes

0001Whimbrel, Numenius phaopus

0001Short-billed dowitcher

0001Marbled godwit, L. fedoa

0001Hudsonian godwit, Limosa haemastica

0001Killdeer, C. vociferous

0011Semipalmated plover, Charadrius semipalmatus

0110American golden plover, P. dominica

0100Black-bellied plover, Pluvialis squatarola
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acterized by sharp, short-lived peaks of abun-
dance. Synchrony between hatch dates and 
peaks in food resources varied considerably 
between 2005 and 2008 on Bylot Island and 
only 1 out of 4 years (2006) exhibited rela-
tively high synchrony (see ARTHROPODS 
chapter). Growth of shorebird chicks was 
negatively affected when there was a mis-
match between hatch and peaks in food re-
sources (Box 1). Higher growth rates in the 
presence of higher Tipulidae (crane flies) bio-
mass were consistent with previous studies 
(Pearce-Higgins and Yalden 2004, Pearce-
Higgins et al. 2005) confirming that synchrony 
with peak food resources is an important fac-
tor affecting chick growth in arctic-nesting 
shorebirds and requires further investigation.   
 On Herschel Island, both shorebird and 
passerine lay dates varied substantially be-
tween years (5 to 10 days) and were well cor-
related with timing of snow melt.  Advances in 
lay dates (6 to 12 days) since 1986 (Talarico 
and Mossop 1986) were detected for three 
species, semipalmated sandpiper, Baird’s 
sandpiper and American golden plover.  De-
spite this advance, median hatch dates for 
semipalmated sandpiper and American golden 
plover were still in advance of the peak in ar-
thropod abundance.  The summer flush of ar-
thropods at this low arctic site is spread out 
over a period of at least thirty days, and accu-
mulated arthropod biomass throughout the 
season is much higher than at High Arctic 
sites, so any potential mismatch of nesting 
and arthropod phenologies might be less se-
vere at Herschel Island. Mean June tempera-
tures at Alert have also risen steadily since 
the 1970s, though no changes have been ap-
parent in the arrival dates of shorebirds in this 
area. 
 
Effect of predation at various spatial 
scales 
 Intensive studies on Bylot Island allowed 
us to document temporal and spatial variation 
in nest survival in relation to changes in pre-
dation risk and alternative prey abundance 
(lemmings and geese) for predators.  Camera 
monitoring of shorebird nests over a period of 
4 years revealed the arctic fox as the primary 
predator of shorebird eggs (McKinnon and 
Bêty 2009).  Predation of nests by arctic fox 
on Bylot Island appears to be influenced by 

the abundance of their preferred and alternate 
prey, lemmings and geese, respectively.  By 
monitoring artificial nests at two sites on Bylot 
Island, we found that predation risk was lower 
in years of high lemming abundance. Simi-
larly, inter-annual variation in daily nest sur-
vival of real nests was best explained by lem-
ming abundance, with survival lowest in years 
of low lemming abundance.  In years of low 
lemming abundance, we also demonstrated 
that predation risk on artificial nests was ele-
vated in areas of high goose nest density 
within a snow goose colony. Camera monitor-
ing of predator activity confirmed that arctic 
fox activity increased as goose nest density 
increased. These data provide evidence for a 
hierarchical alternative prey hypothesis which 
suggests that when preferred prey (lemmings) 
decrease in abundance, the main alternative 
prey in the system (goose eggs) become the 
second order preferred prey and the incidental 
prey (shorebird eggs) become the second or-
der alternative prey.   

 At Alert, where geese are not present, the 
most important factors influencing shorebird 
breeding success appeared to be predation 
(principally by arctic foxes and long-tailed jae-
gers), which varied with lemming abundance, 
and early spring weather conditions. On 
Herschel Island, an increase in populations of 
peregrine falcons (Falco peregrinus), one of 
the focal predators of adult shorebirds, was 
also documented during the ArcticWOLVES 
project.   In the mid 1980s, peregrines were 
absent from the island (Talarico and Mossop 
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Arctic fox caught by one of our automatic cam-
eras while predating a shorebird nest on Bylot 
Island, NU, Canada. 
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1986) but in 2007-2009 several pairs were 
located and recent prey remains analysis con-
firmed that they were feeding on shorebirds. 
 The role of predation on the reproductive 
ecology of shorebirds was also investigated on 
a large spatial scale by monitoring predation 
risk at 7 ArcticWOLVES sites in North America.  
By systematically measuring predation risk 
along a 3350 km north-south gradient across 
Arctic Canada, we provided the first quantita-
tive evidence that the risk of nest predation 
decreases with increasing latitude, indicating 
that birds migrating farther north may acquire 
reproductive benefits in the form of reduced 
predation risk (Box 1; McKinnon et al. 2010).  
Never before has predation risk been meas-
ured experimentally across such a large geo-
graphic range. In addition to providing valu-
able and interesting insight into the ecology 
and evolution of migration in birds, publication 
of these results has provided quantitative evi-
dence to renew the debate regarding the rela-
tive importance of predation versus competi-
tion in several fields of ecology.  The magni-
tude of this scientific contribution can be 
measured not only in the high impact factor of 
the journal in which it was published, but also 
in the extensive scientific and international 
news media coverage which has followed.    
 
Climate change and conservation issues 
 Shorebirds are income breeders (Klaassen 
2001, Morrison and Hobson 2004), which 
means that they depend upon resources ac-
quired on the breeding grounds for production 
of eggs. They are therefore particularly vul-
nerable to changes in early season weather 
and food availability (i.e. arthropods), and 
later in the summer to timing of food re-
sources, which often reach peak in availability 
during the hatch and growth of young as 
shown above.  Seasonal abundance of arthro-
pods is driven by environmental conditions 
(Holmes 1966, Hodkinson et al. 1996, Schek-
kerman et al. 2004), thus changes in climate 
could easily alter synchrony between hatch 
and peaks in food resources (mismatch), re-
sulting in reduced growth and survival of 
chicks and juveniles (Pearce-Higgins and Yal-
den 2004). Consequences of a mismatch be-
tween hatch and peaks in food resources, ow-
ing to changes in climate, have already been 
documented for southern breeding shorebird 

populations (Pearce-Higgins et al. 2009), al-
though there are fewer studies of  High Arctic 
populations despite documented changes in 
breeding phenology associated with changes 
in climate (Hoye et al. 2007).  In contrast to 
Herschel Island, our results from Bylot Island 
suggest that most shorebird species do not 
appear to be advancing their breeding phenol-
ogy in response to summer temperatures in-
crease, even though peaks in arthropod avail-
ability occur earlier in summers with warmer 
temperatures (see ARTHROPODS chapter).  
This differential response to increasing sum-
mer temperatures indicates a high likelihood 
for a mismatch between hatch and peaks in 
resources in the near future. That we found 
lower growth rates for chicks hatching outside 
peak periods of Tipulidae biomass on Bylot 
Island provides additional evidence for the 
negative consequences of this potential mis-
match for shorebird populations.  
 Because predation on the breeding 
grounds is an important limiting factor for 
shorebirds, there are also concerns that cli-
mate induced northward expansion of preda-
tors may increase predation risk on shorebirds 
in the High Arctic (Meltofte et al. 2007). The 
strong latitudinal trend in predation risk re-
vealed across our ArcticWOLVES sites indi-
cates that shorebird populations could be de-
pendent upon High-Arctic sites as a safe ha-
ven from high predation risk at southern sites. 
Any climate-induced changes in arctic preda-
tor communities, be the changes in composi-
tion or density, could be catastrophic in the 
arctic ecosystem where many bird species 
have likely co-evolved migratory and breeding 
strategies in the presence of a predictable 
range of nest predation risk.  On Bylot Island, 
our data indicate that shorebirds also benefit 
from reduced predation risk when lemming 
populations increase, and that this indirect 
relationship can also be influenced by the 
abundance of other alternative prey such as 
snow goose eggs.  These data suggest that 
changes in frequency and/or amplitude of 
lemming cycles and the abundance of alterna-
tive prey species, which may occur with 
changes in climate, could also affect the bal-
ance between shorebirds and their predators 
(Gilg et al. 2009, Gilg and Yoccoz 2010).  A 
changing climate may also influence thermo-
static costs for shorebirds, which have been 
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shown to influence the distribution and mor-
phology of shorebirds on the Arctic breeding 
grounds (Cartar and Morrison 2005). Yet, an-
other potential effect of climate change which 
may be important during the entire migratory 
cycle is the loss of coastal foraging habitat 
due to rising sea levels (Galbraith et al. 2002, 
Austin and Rehfisch 2003).  Other non-climate 
related conservation concerns for shorebirds 
include  illegal harvesting of some species 
(Ottema and Spaans 2008, Zöchler et al. 
2010). 
 
Conclusion and research needs 
 Though habitat loss and illegal harvest of 
shorebirds across the migratory pathway will 
continue to be a conservation concern for 
shorebird populations, factors threatening re-
production and recruitment of new individuals 
into the breeding population may become 
more important in the context of expected 
changes to the Arctic climate. Our Arctic-
WOLVES project has documented some 
mechanisms through which the reproductive 
ecology of arctic-nesting shorebirds can be 
affected by trophic interactions.  In the face of 
a changing climate, shorebird predator-prey 

relationships may be altered via changes in 
predator and alternative prey communities 
and/or changes in the timing of resource 
availability.  As arctic-nesting goose popula-
tions continue to increase (Gauthier et al. 
2005),  and lemming cycles are predicted to 
dampen as arctic temperatures increase 
(Hörnfeldt et al. 2005), future research should 
focus on  investigating whether predator me-
diated apparent competition can lead to the 
exclusion of shorebirds from areas of low lem-
ming abundance and high goose nesting den-
sity.  Also, as anticipated changes in climate 
risk to alter the synchrony between hatch and 
peak food resources in arctic-nesting shore-
birds, future ecological studies on shorebirds 
should continue to investigate potential fitness 
effects of this mismatch on shorebird repro-
duction, especially chick growth, survival and 
recruitment.  Effort should also be directed 
towards a better understanding of both intrin-
sic (hormonal, genetic etc.) and extrinsic 
(temperature, snow melt, etc.) cues for timing 
of breeding in arctic-nesting shorebirds, how 
these cues relate to peaks in food abundance 
and how this latter relationship may be al-
tered in the face of a changing Arctic climate. 
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Adult spotted sandpiper. 
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Box 1. Effects of arthropod availability on growth of shorebird chicks. 

 During the summers of 2006 to 2008 on 
Bylot Island, Baird’s sandpiper nests were vis-
ited at hatch so that chicks could be banded at 
age 0 in the nest and weighed.  Marked birds 
were recaptured periodically during the growth 
period and reweighed. We analysed the 
growth of chicks in relation to the abundance 
of Tipulidae (crane flies; an important prey 
item for shorebirds) during the hatching pe-
riod. Chicks that hatched in synchrony with 
the period of highest biomass for Tipulidae 
had greater mass (29.4 ± 2.0 g) after day 8 
and a faster growth rate (Fig. B1.1) than 
chicks hatching outside the period of highest 
biomass (24.5 ± 0.7 g).  Reduced juvenile 
growth rates in birds are a concern because 
they can lead to reduced survival between 
hatch and fledgling due to increased exposure 
to predation during the pre-fledgling period as 
well as reduced post-fledgling survival or fer-
tility (Starck and Ricklefs 1998). 

Figure B1.1. Plot of the growth curves for two groups of Baird’s Sandpiper chicks 
(n=41), those with hatch dates falling within the defined peak period for Tipulidae 
(solid line; ideal period) and chicks with hatch dates outside the defined peak period 
for Tipulidae (dashed line). Raw data points are provided for chicks hatching within 
the ideal period (solid circle) and chicks hatching outside the ideal period (open cir-
cle; from McKinnon et al. in prep.). 
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Baird’s sandpiper chicks in hatching nest. 
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Crane flies (Tupilidae). 
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Shorebirds 

Box 2. Latitudinal variation in predation risk. 

 As predation risk is a dominant force in 
the evolution of avian life history, we pre-
dicted that the risk of nest predation could 
play a key role in balancing the costs of long-
distance migration. To test this, we systemati-
cally measured predation risk by monitoring 
the survival of 1555 artificial nests for a mini-
mum of 2 summers at 7 shorebird breeding 
sites over a latitudinal gradient of 29° (~ 3350 
km) in the Canadian Arctic. By monitoring ar-
tificial nests, we controlled for the heterogene-
ity in survival associated with real nests to 
yield a controlled effect of predation risk.  We 
found that predation risk reduced by as much 
as 65% over the latitudinal gradient studied 
(Fig. B2.1). These results provide evidence 
that the costs of migrating farther north could 
be compensated for by decreases in predation 
risk when shorebirds breed at higher latitudes.  

Figure B2.1. Average latitudinal decrease in preda-
tion risk and map of the shorebird breeding sites 
where artificial nests were monitored. The decrease 
in predation risk (3.6 % per degree relative to the 
southernmost site, Akimiski Island) is indicated at 5 
degree intervals on the latitudinal scale to the right 
(from McKinnon et al. 2010). 
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Hudsonian godwit nest. 
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Whimbrel nest. 
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Abstract 
 Arctic predatory birds are a diverse group that includes raptors (falcons, hawks, ea-
gles and owls) and tundra seabirds (jaegers and gulls). Many species show irruptive be-
haviour, which makes it difficult to assess population trends and possible range expan-
sion or contraction. A few species such as the peregrine falcon in North America and 
Russia, the short-eared owl in Nunavut, the great skua in Greenland and the parasitic 
jaeger in Greenland and the Russian Far East have nonetheless shown recent range ex-
pansion and/or population increase. In contrast, there is evidence that populations of 
the gyrfalcon in the Yukon North Slope and some parts of Russia, the snowy owl in 
Europe and the Russian Far East and the pomarine jaeger in the Russian Far East may 
have recently declined. Population cycles of lemmings and voles have a strong impact 
on the local abundance and reproduction of most avian predators. However, this varies 
according to the degree of specialisation of predatory birds on small mammals and 
among sites. Snowy owls showed the strongest response to fluctuations in small mam-
mal abundance. Rough-legged hawks and long-tailed jaegers also showed a strong re-
sponse at some sites but not at others such as in northern Yukon and in some parts of 
Siberia. Intensive studies on Bylot Island showed that avian predators consume a very 
high proportion of the annual lemming production and could regulate the abundance of 
collared lemmings during the snow-free period. Satellite-tracking of snowy owls in North 
America allowed us to measure the scale of their annual movements. Female owls 
moved over long distances between consecutive breeding seasons (from 18 to 2224 
km) and always settled and bred in areas where lemmings were abundant. Most owls 
attempted to breed every year in far apart areas, which confirms that when small mam-
mals crash in an area, owls will not forego breeding but will rather move over long dis-
tances to find suitable breeding conditions (i.e. high small mammal populations). During 
winter, most female owls remained in the Arctic (north of 55° of latitude) but, surpris-
ingly, they extensively used the sea ice for up to 101 days in the Eastern Canadian Arc-
tic. Birds of prey are top predators and could act as indicator species for the tundra eco-
system. Climate induced changes such as increase in shrub abundance, shift in the dis-
tribution of small mammal species or collapse of lemming population cycles in some ar-
eas could negatively impact the populations of several birds of prey. An additional 
source of concern in some areas is illegal killing or trapping for trade. The new links re-
vealed by our study between the terrestrial and marine ecosystems also suggest that 
some populations of predators such as the snowy owl may be supported by the marine 
ecosystem in winter. Therefore, a broader, cross-ecosystem perspective may be re-
quired when assessing the status or threats faced by these predators. Monitoring of 
avian predators should not only provide information on the status of their populations 
but also on the health of the whole Arctic ecosystem. 
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ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᐅᑭᐅᖅᑕᖅᑐᒥ ᓂᕿᑐᖅᑐᑦ ᑎᒻᒥᐊᑦ ᐊᔾᔨᒌᓐᖏᑦᑑᕗᑦ ᐱᖃᓯᐅᑎᑦᓱᑎᒃ ᑯᑭᓖᑦ (ᕿᓐᓄᐊᔪᐊᑦ, ᑭᒡᒐᕕᑦ, 
ᓇᑦᑐᕋᓖᑦ, ᐅᑉᐲᓪᓗ) ᓇᑎᕐᓇᕐᒥᑦᑐᓪᓗ ᑕᕆᐅᕐᒥᐅᑕᐃᑦ ᑎᒻᒥᐊᑦ (ᐃᒥᖅᑯᑕᐃᓚᐃᑦ ᓇᐅᔭᐃᓪᓗ). ᐊᒥᓱᑦ ᑎᒻᒥᐊᑦ 
ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᐱᐅᓯᕐᒥᓂᒃ, ᐱᔭᕆᐊᑐᒍᑕᐅᑦᓱᓂ ᖃᐅᔨᓴᕆᐊᑦᓴᖅ ᐃᓂᖏᑦᑕ ᑎᒻᒥᐊᖃᕐᕖᑦ ᐊᐅᓚᓂᖏᓐᓂᒃ 
ᐊᒻᒪᓗ ᐊᖏᓪᓕᒋᐊᕐᓂᐅᑐᐃᓐᓇᕆᐊᓕᒻᒥᒃ. ᖃᑦᓯᒐᓛᑦ ᑎᒻᒥᐊᑦ ᒪᑯᐊ ᕿᓐᓄᐊᔪᐊᑦ ᓄᐊᕐᖦ ᐊᒥᐊᕆᑲᒥ ᕋᓴᒥᓗ, 
ᓯᐅᑎᑭᑦᑐᖅ ᐅᑉᐱᒃ ᓄᓇᕗᒻᒥ, ᔅᑯᐊ ᑲᓛᖡᑦ ᓄᓇᖓᓐᓂ ᐊᒻᒪᓗ ᐃᒥᖅᑯᑕᐃᓚᖅ ᑲᓛᖡᑦ ᓄᓇᖓᓐᓂ ᐊᒻᒪᓗ 
ᕋᓴᐅᑉ ᑲᓇᓐᓇᖓᓂ ᑕᑯᑦᓴᐅᑎᑦᓯᓯᒪᔪᑦ ᐃᓂᖏᑦᑕ ᐊᖏᓪᓕᕚᓪᓕᕐᓂᖏᓐᓂᒃ ᐊᒻᒪᓗ/ᐅᕝᕙᓗ ᑎᒻᒥᐊᖃᕐᕖᑦ 
ᐊᒥᓱᓐᖑᐹᓪᓕᕐᓂᖏᓐᓂᒃ. ᐃᓪᓗᐊᓄᖔᕐᓕ, ᑕᑯᑦᓴᐅᒻᒥᔪᖅ ᑭᒡᒐᕕᖃᕐᕕᐅᔪᑦ ᔫᑳᓐᒥ ᐃᓚᖓᓂᓗ ᕋᓴᐅᑉ, 
ᐅᑉᐱᔾᔪᐊᖅ ᔫᕈᑉᒥ ᐊᒻᒪᓗ ᕋᓴᐅᑉ ᑲᓇᓐᓇᖓᓂ ᐊᒻᒪᓗ ᐃᒥᖅᑯᑕᐃᓚᖅ ᕋᓴᐅᑉ ᑲᓇᓐᓇᖓᓂ 
ᐃᓄᐃᓴᓪᓕᕚᓪᓕᕋᑖᖅᑐᒥᓂᐅᑐᐃᓐᓇᕆᐋᓖᑦ. ᐊᒥᓲᓂᖏᑦᑕ ᐊᐅᓚᓂᕆᔭᖏᑦ ᐊᕕᓐᖓᐃᑦ ᐊᕕᓐᖓᐅᔭᐃᓪᓗ 
ᓴᓐᖏᔪᒻᒪᕆᒻᒥᒃ ᐊᑦᑐᐃᓂᖃᖅᑐᑦ ᐊᒥᓲᓂᖏᓐᓂᒃ ᕿᑐᕐᖏᐅᕐᓂᖏᓐᓂᓪᓗ ᐃᓘᓐᓇᒐᓚᑎᒃ ᑎᒻᒥᐊᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ. ᑭᓯᐊᓂᓕ, ᑕᒪᓐᓇ ᐊᔾᔨᒌᓐᖏᒻᒥᔪᖅ ᑕᑯᓐᓇᖅᓱᒋᑦ ᖃᓄᐃᑦᑐᓂᖏᑦ ᑎᒻᒥᐊᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ 
ᐆᒪᔪᕋᓛᓂᒃ ᐃᓂᒋᔭᖏᓐᓂᓗ. ᐅᑉᐱᔾᔪᐊᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᓯᒪᔪᑦ ᓴᓐᖏᔫᓂᖅᐹᓂᒃ ᐊᓯᔾᔨᑕᕐᓂᐅᔪᓂᒃ 
ᐆᒪᔪᓪᓚᑐᖅᑕᓕᓐᓂ. ᑭᒡᒐᕖᑦ ᐃᒥᖅᑯᑕᐃᓚᐃᓪᓗ ᑕᑯᑦᓴᐅᑎᑦᓯᓯᒪᔪᑦ ᓴᓐᖏᔪᒻᒪᕆᒻᒥᒃ ᐊᐅᓚᔾᔭᒋᐊᕐᓂᐅᔪᒥᒃ 
ᐃᓚᖏᓐᓂ ᑭᓯᐊᓂᑦᑕᐅᖅ ᐊᓯᖏᓐᓂ ᑕᐃᒪᐃᓕᐊᕐᒥᒐᑎᒃ ᓲᕐᓗ ᐅᑭᐅᖅᑕᖅᑐᖓᓂ ᔫᑳᓐ ᐊᒻᒪᓗ ᐃᓚᖓᓂ 
ᓴᐃᕕᐅᕆᐊ. ᐃᓗᓕᖅᑐᓂᒃ ᖃᐅᔨᓴᕐᓂᐅᔪᑦ ᒥᑦᑎᒪᑕᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᑎᒻᒥᐊᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐊᒥᓱᒻᒪᕆᓐᓂᒃ ᓂᕿᖃᖃᑦᑕᕆᐊᖏᑦ ᐊᕕᓐᖓᕐᓂᒃ ᐊᕐᕌᒍᑕᒫᑦ ᐊᐅᓚᑦᓯᔾᔪᑕᐅᒍᓐᓇᖅᓱᓂᓗ 
ᖁᖓᓯᕈᑎᓕᓐᓂᒃ ᐊᕕᓐᖓᕐᓂᒃ ᐊᐳᑎᖃᓐᖏᓐᓂᖓᓂ. ᖃᖓᑦᑕᖅᑎᑕᐅᓯᒪᔪᒃᑯᑦ ᖃᐅᔨᓴᕐᓂᐅᔪᑦ ᐅᑉᐱᔾᔪᐊᕐᓂᒃ 
ᓄᐊᕐᖦ ᐊᒥᐊᕆᑲᒥ ᐱᕕᖃᕈᑎᒋᒍᓐᓇᖅᓯᒪᔭᕗᑦ ᖃᐅᔨᓴᕐᓂᕐᒥᒃ ᓄᑦᑕᕐᓂᖏᓐᓂᒃ ᐊᕐᕌᒍᑕᒫᑦ. ᐊᕐᓇᕕᐊᑦ ᐅᑉᐱᔾᔪᐊᑦ 
ᐅᖓᓯᑦᑯᐊᓗᒻᒧᑦ ᓄᑦᑕᖃᑦᑕᖅᓯᒪᔪᑦ ᐊᑯᕐᖓᓐᓂ ᕿᑐᕐᖏᐅᕐᓇᐅᑉ (18-224 ᑭᓗᒦᑕᐃᑦ ᑎᑭᑦᓱᒋᑦ) 
ᐃᓂᓪᓚᒐᔪᖃᑦᑕᖅᓯᒪᑦᓱᑎᓪᓗ ᕿᑐᕐᖏᐅᖅᓱᑎᒃ ᐊᕕᓐᖓᖅᑕᓕᐹᓗᓐᓂ. ᐊᒥᓲᓂᖅᓴᐃᑦ ᐅᑉᐱᔾᔪᐊᑦ 
ᕿᑐᕐᖏᐅᕋᓱᐊᖃᑦᑕᖅᓯᒪᔪᑦ ᐊᕐᕌᒍᑕᒫᑦ ᐅᖓᓯᒌᑦᑑᑎᓂ, ᓇᓗᓴᐃᖅᓯᒍᑕᐅᑦᓱᓂ ᐆᒪᔪᓪᓚᑑᑏᑦ ᓄᖑᑉᐸᑕ 
ᐃᓚᖓᓂ ᕿᑐᕐᖏᐅᔾᔮᖏᑦᑐᑦ  ᑭᓯᐊᓂ ᓅᓐᓂᐅᓴᑐᐃᓐᓇᖅᑐᑦ  ᐅᖓᓯᑦᑐᐊᓗᒻᒨᒐᓗᐊᖅᐸᑦ 
ᕿᑐᕐᖏᐅᕕᑦᓴᑦᓯᐊᕙᑦᓯᐅᖅᓱᑎᒃ (ᓲᕐᓗ ᐆᒪᔪᓪᓚᑑᑎᑕᓕᒻᒥ). ᐅᑭᐅᒃᑯᑦ, ᐊᒥᓲᓂᖅᓴᐃᑦ ᐊᕐᓇᕕᐊᑦ ᐅᑉᐱᔾᔪᐊᑦ 
ᐅᑭᐅᖅᑕᖅᑐᒦᖏᓐᓇᓲᑦ (ᐅᐊᓐᓇᖓᓂ 55 ᓄᓇᓐᖑᐊᑎᒍᑦ ᑐᑭᒧᑦ), ᑭᓯᐊᓂᓕ, ᑕᐸᐃᕐᓇᒻᒪᕆᑦᓱᓂ, 
ᐊᑐᖅᓯᒪᓪᓚᕆᑦᑐᑦ ᑕᕆᐅᑉ ᓯᑯᖓᓂᒃ ᐅᓪᓗᓄᑦ 101-ᓄᑦ ᑎᑭᐅᒪᔪᓄᑦ ᑲᓇᓐᓇᖓᓂ ᑲᓇᑕᐅᑉ ᐅᑭᐅᖅᑕᖅᑐᖓᑕ. 
ᑎᒻᒥᐊᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᓂᕿᑦᓯᖅᓴᓯᐅᖅᓯᑕᐅᓂᖅᐸᐅᕗᑦ ᓇᓗᓇᐃᕈᑕᐅᒍᓐᓇᖅᓱᑎᒃ ᐅᒪᔪᕐᓄᑦ ᓇᑎᕐᓇᕐᒦᑦᑐᓄᑦ. 
ᓯᓚᒧᑦ ᐊᐅᓚᑕᐅᔪᑦ ᐊᓯᔾᔨᕐᓂᐅᔪᑦ ᒪᑯᐊ ᐊᖏᓪᓕᕚᓪᓕᕐᓂᖏᑦ ᕿᔪᑦᑖᑦ, ᓅᓪᓗᑎᒃ ᐆᒪᔪᓪᓚᑑᑏᑦ ᐅᕝᕙᓗ 
ᑲᑕᓪᓗᑎᒃ ᐊᕕᑦᓴᐃᑦ ᐃᓚᖏᓐᓂ ᐊᑦᑐᐃᓂᕐᓗᓐᓂᖃᕈᓐᓇᖅᑐᑦ ᑎᒻᒥᐊᖃᕐᕕᐅᔪᓂᒃ ᓂᕿᑦᓴᖅᓯᐅᑎᓂᒃ. 
ᐃᓱᒫᓘᑕᐅᒃᑲᓐᓂᕐᒥᔪᖅ ᐃᓚᖏᓐᓂ ᑕᖁᑕᐅᒋᐊᖃᕋᑎᒃ ᑐᖁᑕᐅᕙᓐᓂᖏᑦ ᐅᕝᕙᓗ ᐱᔭᐅᕙᓐᓂᖏᑦ 
ᑕᐅᖅᓰᒍᑕᐅᓂᐊᖅᓱᑎᒃ. ᓄᑖᑦ ᑲᓲᒪᓂᐅᔪᑦ ᖃᐅᔨᔭᐅᔪᑦ ᖃᐅᔨᓴᕐᓂᑎᓐᓂ ᐊᑯᕐᖓᓐᓂ ᐱᓱᑦᑏᑦ ᐊᒻᒪᓗ 
ᐃᒪᕐᒥᐅᑕᐃᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᒻᒥᔪᑦ ᐃᓚᖏᑦ ᐆᒪᔪᖃᕐᕕᐅᔪᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓂᒃ ᓲᕐᓗ ᐅᑉᐱᔾᔪᐊᑦ 
ᐃᑲᔪᖅᓯᔭᐅᑐᐃᓐᓇᕆᐊᓖᑦ ᑕᕆᐅᕐᒦᓐᖔᖅᑐᓄᑦ ᐅᑭᐅᒃᑯᑦ. ᑕᐃᒪᐃᓐᓂᖓᓄᑦ, ᓯᕕᑐᓂᖅᓴᖅ, ᐊᕙᑎᒥᒃ 
ᑕᑯᓐᓇᕐᓂᐅᔪᖅ ᐱᔭᕆᐊᖃᑐᐃᓐᓇᕆᐊᓕᒃ ᕿᒥᕐᕈᔭᐅᓕᖅᐸᑕ ᖃᓄᐃᓕᖓᓂᖏᑦ ᐅᓗᕆᐊᓇᕐᓂᐅᔪᓪᓘᓐᓃᑦ 
ᓵᓐᖓᔭᐅᔪᑦ ᑖᒃᑯᓄᖓ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ . ᖃᐅᔨᕐᓴᓂᖅ ᑎᒻᒥᐊᓂᒃ ᓂᕿᑦᓴᖅᓯᐅᖅᑐᓂᒃ 
ᑐᓴᐅᒪᔾᔪᑕᐅᑐᐃᓐᓇᕐᓂᐊᖏᑦᑐᖅ ᖃᓄᐃᓕᖓᓂᖏᓐᓄᑦ ᑎᒻᒥᐊᖃᕐᕖᑦ ᑭᓯᐊᓂᑦᑕᐅᖅ ᖃᓄᐃᓐᓂᖓᓂᒃ 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᕙᑎᐅᑉ.  
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 Predatory birds of the tundra fall into two 
broad taxonomic groups. They are the rap-
tors, which include primarily the gyrfalcon 
(Falco rusticolus), peregrine falcon (Falco 
peregrinus), rough-legged hawk (Buteo 
lagopus), snowy owl (Bubo scandiacus), 
golden eagle (Aquila chrysaetos) and the sea-
birds, which include the pomarine jaeger 
(Stercorarius pomarinus), parasitic jaeger 
(Stercorarius parasiticus), long-tailed jaeger 
(Stercorarius longicaudus) as well as several 
species of gulls such as the glaucous gull 
(Larus hyperboreus). In Eurasia, the white-
tailed sea eagle (Haliaeetus albicilla) and the 
great skua (Stercorarius skua) are also impor-
tant. All predatory birds (except perhaps parts 
of the more southerly populations of the gyr-
falcon) are migratory though the amplitude of 
their migrations is variable among species and 
sometimes among individuals. For instance, 
most snowy owls remain in arctic or sub-arctic 
areas in winter, and thus have relatively short 
migration, whereas rough-legged hawks mi-
grate to temperate areas and peregrine fal-
cons range from temperate to tropical areas in 
winter. Gulls generally migrate to temperate 
coastal areas but all jaegers migrate to pe-
lagic areas in the tropics during winter. 
 
Species ranges 
 Many birds of prey show irruptive behav-
iour in response to fluctuations in the abun-
dance of their prey, which leads to large an-
nual variations in the size of local populations. 
Such behaviour complicates the evaluation of 
their population status and trend or the detec-
tion of range expansion or contraction. In 
North America, the peregrine falcon has re-
cently expanded its range in several areas 
(e.g. Mossop 1988, White 1994) though this 
may be largely a recolonization of its former 
range (Carrière et al. 2003). On Herschel Is-
land in north Yukon, the ArcticWOLVES project 
documented successful nesting by several 
pairs of peregrines in 2007-2009, whereas 
Talarico and Mossop (1986) reported no nest-
ing in the mid-1980s. This represents a popu-
lation recovery following population decline in 
the mid 20th century because nesting had 
been documented on the Yukon North Slope in 
the 1930s. Similar northern expansion has 
been reported in eastern Greenland where 
peregrines have recently been reported breed-

ing north of 70°N (O. Gilg, pers. obs.). The 
gyrfalcon apparently expanded its range in 
parts of the Northwest Territories of Canada in 
the late nineteen hundreds (Norment et al. 
1999). We also documented a possible range 
expansion of the short-eared owl (Asio flam-
meus), a species more typical of temperate 
areas, in the eastern Canadian Arctic. A pair 
showing signs of territorial behaviour was ob-
served for two years on Bylot Island, 1000 km 
north of the previously documented northern 
limit of their range in eastern North America 
(Therrien 2010).  
 In Eurasia, the snowy owl moved north-
ward in Yamal, with possibly a contraction of 
its range in the south. For instance Os-
molovskaya (1948)  found several nests as far 
to the south as 67.5° but in recent decades all 
those reported were north of 69.5°. Several 
reports also suggest that other raptors species 
may be expanding their range northward. In 
Yamal, a nest of the endangered pale harrier 
(Circus macrourus) was found in shrubby tun-
dra (67.3°) in 1998 (Morozov 1998), at least 
1000 km north of the previously known breed-
ing limit. Birds showing signs of territorial be-
havior were also found farther north (Erkuta 
river, 68.2° N, Sokolov et al. 2002; Yuribey 
river, 68.9° N, Golovatin et al. 2004). Along 
the Erkuta river, an unsuccessful nesting at-
tempt by a sea eagle was recorded in 2009 
(Sokolov et al. in prep.), which is at least 100 
km north of its known breeding range. These 
changes in the Yamal region may be in part 
due to a local shift in small rodents commu-
nity as the Siberian lemming (Lemmus sibiri-
cus) has been replaced by voles (Microtus 
spp) in some areas (Sokolov et al. 2010). An 
expedition to the Lena Delta in 2010 con-
firmed for the first time 4 active nests of gyr-
falcon in an area where it was previously only 
reported as a rare breeder (Dixon et al. in 
prep.). On Wrangel Island, the short-eared 
owl has been reported as an irregular visitor 
(Portenko 1973, Krechmar et al. 1979, 
Dorogoi 1983) and 3 cases of nesting were 
recorded in1970s - 1980s. In recent years, its 
status has remained the same as birds are 
occasionally observed on the island, though 
not every year, and 4 nesting attempts (3 
successful) have been recorded during the 
period 1990 to 2010. The great skua has been 
expanding both eastward and westward from 
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northern Europe. In Siberia, it is now present 
up to Obskaya Bay (72°E; Ryabitsev and Pok-
rovskaya 1995). In Northeast Greenland, 
there has also been a recent increase in ob-
servations of great skuas, especially in the 
North East Water Polynia (ca. 80°N). These 
birds most probably originate from Svalbard 
where great skua populations are rapidly in-
creasing. They do not breed yet in Greenland 
but this might soon change. 
 
Population status 
 Population status and trend of most spe-
cies of birds of prey is poorly known. In North 
America, tundra populations of the peregrine 
falcon have been increasing over the last few 
decades as they recovered from declines that 
occurred during the mid 20th century due to 
pesticides (Bromley 1992, Shank et al. 1993, 
Kirk and Hislop 1998, Rowell et al. 2003). In 
some areas (e.g. eastern North America, 
Yukon), successful reintroduction contributed 
to the increases (Sinclair et al. 2003). Popula-
tions of the rough-legged hawk and snowy owl 
have been generally thought to be relatively 
stable (Kirk and Hislop 1998) and, in accor-
dance with that, the abundance of these two 
species on Herschel Island did not appear to 
have changed much from the mid-1980s 
(Talarico and Mossop 1986) to the current IPY 
period. The short-eared owl was also recorded 
breeding at low densities on Herschel Island in 
2007-2008, and has bred there in the past 
(Sinclair et al. 2003), but due to the lack of 

survey effort the population trend is unknown. 
On the Yukon north slope (British Mountains 
and coastal plain), historical data indicate a 
cyclic pattern of population change in nesting 
gyrfalcons, attributed to cyclic changes in the 
abundance of their primary prey, the willow 
ptarmigan (Lagopus lagopus). During the Arc-
ticWOLVES project D. Mossop re-surveyed 
gyrfalcon nests in 2007 and 2008, and found 
remarkably low numbers of nesting birds and 
low productivity of nests (Fig. 1). This may be 
a low phase of another population cycle, or 
may represent an overall decline in the abun-
dance of this species. In 2008, 5 of 24 nesting 
sites historically occupied by gyrfalcons were 
then occupied by golden eagles (Aquila chry-
saetos). 
 In Eurasia, tundra populations of the 
peregrine falcon have also increased, in par-
ticular in the Yamal region over the past 10 
years (Sokolov et al., in prep.), for the same 
reasons as in North America. Populations of 
the sea eagle and golden eagle show a slow 
positive trend in the forest-tundra zone of Ya-
mal (Mechnikova 2009) whereas populations 
of the rough-legged hawk seem to be rather 
stable. Populations of the gyrfalcon have de-
creased in some parts of Eurasia (Mechnikova 
2009), possibly due to illegal trapping. Snowy 
owl populations show a negative trend in 
some part of Eurasia. For instance, owls 
breeding in the tundra area of northernmost 
Norway and especially in the Fennoscandian 
mountain tundra further south have decreased 

Figure 1. Long-term trend in gryrfalcon population (number of breeding adults) and 
productivity (number of young near fledging) on the Yukon North Slope, Canada (D. 
Mossop, unpubl. data). 
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considerably over the last decades (Jacobsen 
2005). A slight decreasing trend in snowy owl 
abundance has also been observed on 
Wrangel Island in eastern Russia (see Box 1). 
 Little information is available on popula-
tion trends of predatory seabirds of the tun-
dra. Among the 3 jaeger species, long-tailed 
jaeger is the species that has the most wide-
spread distribution and the highest density 
(Wiley and Lee 1998). Local variations in 
abundance of nesting jaegers are thought to 
be largely related to fluctuations of their main 
prey (lemmings) though less so in the para-
sitic jaeger, which has a more generalist diet 
than other jaegers (Wiley and Lee 1999). 
Nesting density of long-tailed jaegers on 
Herschel Island during the IPY years was simi-
lar to the mid-1980s (Talarico and Mossop 
1986). On Wrangel Island, the long-tailed jae-
ger population also appears stable. However, 
the two other jaeger species present at the 
latter site show opposite trends. The pomarine 
jaeger has been decreasing as densities dur-
ing peak lemming years declined from 2.7 
nests/km2 in the early 1980s to 0.67 nests/
km2 in recent years. In contrast, the parasitic 
jaeger has apparently increased as up to 20 
nests per year have been recorded in recent 
years compared to 1-3 in the 1980s and 
1990s (I. Menyushina, unpubl. data). This 

may be an indication of a northward expan-
sion of the species range in this part of the 
Arctic. Parasitic jaegers may also be increas-
ing and expanding their range northward in 
eastern Greenland. On Hochstetter Forland 
(75°N), for example, where it was only a rare 
summer visitor until the late 1970s, it is now 
regularly breeding (O. Gilg, pers. obs.). For 
the glaucous gull, populations at the southern 
limit of its range such as those nesting on the 
Belcher Islands in Hudson Bay have experi-
enced a decline, possibly due to change in 
sea-ice condition and the strong decline of 
eider populations, a major source of food for 
gulls there (Gilchrist and Robertson 1999). 
Further north, the only other information 
available comes from Bylot Island, where 
breeding densities of glaucous gulls have re-
mained stable over the last 6 years. On 
Herschel Island, glaucous gulls appeared to be 
as abundant during IPY years as they were in 
the mid-1980s. 
 
Predator-prey interactions 
  The investigation of trophic relations in a 
food web requires a good understanding of 
the diet of predators and of the role of change 
in prey availability in their reproduction and 
movements. Therefore, considerable effort 
was spent by the ArcticWOLVES project to 
document temporal and spatial variation in 
the diet of birds of prey (see Box 2). During 
the summer, the snowy owl and rough-legged 
hawk are small mammal specialists in North 
America as lemmings and voles make up 
>90% of their diet (Therrien et al., in prep.). 
However, some spatial variation in this pat-
tern was found as rough-legged hawks in 
some parts of Russia appear to have a much 
broader diet, possibly due to a more diversi-
fied prey base at this low tundra site (see Box 
2). Lemmings are also a major component of 
the diet of the long-tailed jaeger in North 
America (up to 70% in a year of peak lem-
ming abundance) but this proportion de-
creases considerably during years of low lem-
ming abundance. However, long-tailed jaegers 
can be somewhat opportunistic as we found 
that in presence of a rich and stable anthropo-
genic food source, they can modify considera-
bly their diet (see TUNDRA FOOD WEB chap-
ter). Tundra-nesting gulls are the most gener-
alist as their diet includes a large proportion of 
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birds (especially geese when they are present) 
though they also consume small mammals. 
 Population cycles of lemmings and voles 
have a strong impact on the local abundance 
and reproduction of most avian predators. 
However, this varies according to the degree 
of specialisation of predatory birds on small 
mammals, and also among sites. On Bylot and 
Herschel Islands and in northeast Greenland, 
snowy owls show the strongest numerical re-
sponse to fluctuations in small mammal abun-
dance as they usually nest in a given area 
only in years of peak lemming abundance and 
move elsewhere between those peaks (Gilg et 
al. 2003, Gauthier et al. 2004). In contrast, 
on Wrangel Island snowy owls apparently nest 
in most years (see Box 1), possibly because 
lemming densities are higher there (see 
SMALL MAMMALS chapter). Rough-legged 
hawks showed a similar though less extreme 
numerical response to lemming abundance as 
some individuals also nested in low lemming 
years. However, a tight link between the 
abundance of nesting hawks and small mam-
mals was not observed in all regions. On 
Herschel Island, hawk density fluctuated little 
and independently of small rodent abundance, 
as well as in Nenetsky, possibly because of 
the broader diet of hawks at the latter site 
(see Box 2). Despite their slightly more gener-
alist diet, the reproduction of long-tailed jae-
gers on Bylot and Herschel Islands is also 
strongly affected by fluctuations in small 
mammal abundance as very few individuals 
nest in years of low abundance and those that 
do so usually fail to fledge young. As found for 
snowy owls, long-tailed jaeger populations on 
Wrangel Island appear to fluctuate less in re-
sponse to changes in lemming abundance. 
Finally, the number of nesting gulls is gener-
ally more stable from year to year than that of 
other predatory birds and they are only 
weakly affected by small mammal abundance, 
although their nests tend to be less successful 
in low lemming years.  
 There is increasing evidence in the litera-
ture that avian predators can have a strong 
impact on the abundance of small mammals 
(e.g. see Gilg et al. 2003, 2006 for 
Greenland). On Bylot Island, results of the 
ArcticWOLVES project show that avian preda-
tors consume a very high proportion of the 
annual lemming production (J.-F. Therrien et 

al. unpubl. data). In collared lemmings, the 
species preferred by predators, daily con-
sumption by avian predators even exceeds the 
maximum daily potential growth rate over a 
wide range of abundance, thereby suggesting 
that predators could regulate this species dur-
ing the snow-free period. The presence of 
brown lemmings, an alternative prey in this 
system, may enhance the impact of predators 
on collared lemmings. Finally, results obtained 
from modeling the flux of biomass in the tun-
dra food web also suggest that the combined 
impact of avian and mammalian predators on 
small mammal is very strong (see TUNDRA 
FOOD WEBS chapter) and that they likely play 
a role in the regulation of cyclic populations. 
 
Movements of birds of prey 
 The satellite-tracking of breeding snowy 
owls allowed us to measure the scale of their 
movements. We marked 12 adult females on 
Bylot Island in 2007 and 4 on Herschel Island 
in 2008 and tracked their movements for peri-
ods ranging from 1 to 3 years (Fig. 2). Female 
owls moved over long distances between 
breeding seasons, as birds marked on Bylot 
Island moved on average 725 km (range: 18 
to 2224 km) between breeding sites in con-
secutive years and those marked on Herschel 
525 km (range 270-780 km) (Therrien et al. 
in prep.). To our knowledge, these are the 
longest average breeding dispersal distances 
reported for any bird species. We should point 
out that Herschel Island has proven to be a 
rather anomalous arctic habitat for snowy 
owls in that substantial numbers of non-
breeders settled there for prolonged periods in 
spring and summer of many years, and nest-
ing is sporadic, with low reproductive success, 
and coincident with the relatively low ampli-
tude lemming population peaks at this site 
(see also Talarico and Mossop 1986). We were 
able to confirm that most owls attempted to 
breed every year in far apart areas over a 4-
year period (2007-2010; Therrien et al. sub-
mitted). Birds breeding on Bylot Island in 
2007 nested in subsequent years in areas 
ranging from northern Quebec to the south, 
Prince Patrick Island to the west and the 
northern tip of Greenland to the north. Owls 
always settled in areas where lemmings were 
known to be abundant that year, which shows 
their ability to track fluctuations in small 
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mammal abundance over large areas. This 
also confirms that when small mammals crash 
in an area, females will not forego breeding 
but will rather move to other areas to find 
suitable breeding conditions, even if this en-
tails movements exceeding 1000 km. 
 Satellite-tracking further revealed that 
most adult females wintered at high latitudes 
in North America (i.e. north of 55° of lati-
tude). In the East, most birds spent the winter 
in the south Baffin/northern Quebec region 
though one bird wintered on Ellesmere Island, 
one in Newfoundland and one in the Great 
Plains (Fig. 2). In the west, owls wintered in 
central Alaska and Yukon south of the Brook 
Range, in the Ogilvie Mountains, and in Denali 
National Park. Their relatively restricted core 
winter ranges were often in areas with high 
abundance and habitat quality for snowshoe 
hares (Lepus americanus) and ptarmigans 
(Lagopus spp.). However, the most striking 
and surprising result was the extensive use of 
sea ice by owls wintering in the Eastern Cana-
dian Arctic (see Box 3). This pattern, however, 
appears region-specific because snowy owls 

marked in the West made little use of the sea 
ice. Four satellite-tracked owls marked during 
winter in northern Norway made little use of 
the sea ice in winter (Solheim et al. 2008, 
Jacobsen et al. 2009). During the summer, 
these birds moved east over the European 
part of the Russian Arctic up to western Tai-
myr (82°E). 
 Information on scale of movements of 
other species is limited as we were not able to 
track them with satellite transmitters, except 
for a few peregrine falcons marked in Yamal. 
These birds spread over a huge area in winter 
from southern Portugal in the west to the Per-
sian Gulf in the east and central Africa in the 
south to southern Russia in the north (Sokolov 
et al. in prep.). Observations of long-tailed 
jaegers marked with colour bands suggest 
that these birds are faithful to their breeding 
territory and return to nest on average 90 m 
from where they bred in previous years. In 
contrast to snowy owls, jaegers apparently 
remain at their usual breeding site when lem-
mings crash and simply forego breeding. 

Birds of prey 

Figure 2. Year-round tracks of 10 adult female snowy owls marked on Bylot Island, NU, Canada (A) in sum-
mer 2007 and of 4 marked on Herschel Island (B) in summer 2008. 
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Anticipated threats, effects of climate 
change and conservation issues 
 In many areas of the circumpolar world 
such as northern Fennoscania or northeast 
Greenland, a recent collapse of lemming 
population cycles has been reported (Ims et 
al. 2008, Kausrud et al. 2008, Gilg et al. 
2009; see SMALL MAMMALS chapter for possi-
ble causes), though we have found no clear 
evidence yet for that in the Canadian Arctic 
archipelago. This may represent a significant 
threat for the populations of most species of 
predatory birds as their breeding success is so 
closely tied to the abundance of small mam-
mals. The decline of snowy owls reported in 
Fennoscania is mainly due to the absence of 
lemming peaks in these areas (Jakobsen 
2005) though during the lemming peak of 
2007 several pairs were breeding successfully 
in Finnmark. In central East Greenland (Traill 
Island), no snowy owls and very few long-
tailed jaegers have successfully nested since 

the collapse of the lemming cycles in the early 
2000s (B. Sittler and O. Gilg, pers. obs.). Spe-
cies that exhibit high breeding philopatry like 
the long-tailed jaeger are expected to disap-
pear from this area within 10-20 years (i.e. 
the remaining life expectancy of breeding 
adults) if there is no recruitment or immigra-
tion. Snowy owls may be able to cope with 
such changes because they can track lemming 
outbreaks over vast areas, as shown above. 
However, if the spatial scale of the collapse in 
lemming cycles increases, they may also face 
population decline. 
 Another threat facing some species of 
raptors may be the collapse of nesting struc-
tures during the nesting season. Rough-
legged hawks, peregrine falcons and snowy 
owls often build their nests on mud or sandy 
cliffs. In all three field seasons on Herschel 
Island, we observed that up to half of the 
nests failed when the soil cliffs collapsed due 
to the melting of permafrost under these 
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Partly collapsed nest of rough-legged hawk on Herschel Island, Yukon, Canada. 
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slopes. All cliffs on Herschel are mud and clay, 
with high permafrost ice content, exposed by 
sea or stream erosion. However, such nest 
loss was not reported in the 1980s (Talarico 
and Mossop 1986). We hypothesize that two 
forces are speeding up the collapse of these 
cliffs: (i) increased rates of coastal erosion 
because of the documented longer ice-free 
season, rising sea level, and more intense 
storm activity that increase the eroding action 
of waves (Comiso et al. 2008); (ii) greater 
heat absorption and consequent melting in 
ice-rich soils directly exposed to sun because 
of reduced coastal fog which often forms 
above early summer pan ice. These two forces 
may interact since melted permafrost is much 
more susceptible to erosion by waves. Similar 
observations have been made in the Yamal 
region of Russia, suggesting that this may be 
a widespread phenomenon. These forces are 
directly related to climate warming and likely 
to become more and more problematic. 
 The large inter-individual variability in 
migratory patterns and the high breeding dis-
persal depicted by snowy owls suggest that 
this species does not exhibit distinct sub-
populations across its circumpolar range. This 
statement is also supported by Marthinsen et 
al. (2009), who reported no phylogeographic 
genetic structure in Siberian, North American 
and Scandinavian snowy owls. This suggests 
that management of this species should be 
global rather than regional or local. 
 
 
 

Conclusion 
 Birds of prey are top predators and could 
act as indicator species for the tundra ecosys-
tem. For instance, climate induced changes to 
the tundra ecosystem such as increase in 
shrub abundance, shift in the distribution of 
small mammal species or collapse of lemming 
population cycles in some areas could nega-
tively impact the populations of several birds 
of prey. Results of our project also support an 
increasing body of evidence suggesting that 
avian predators may regulate their prey popu-
lations, at least in some areas, and thus are 
key players in the functioning of the tundra 
food web. Our project allowed us to uncover 
new links between the terrestrial and marine 
ecosystems and suggest that some predator 
populations, such as the snowy owl in eastern 
North America, are subsidized by the arctic 
marine ecosystem in winter. Therefore, a 
broader perspective may be required when 
assessing the status or threats faced by some 
of these predators. At the moment, the popu-
lations of several raptors such as the gyrfalcon 
and the snowy owl are a source of concern in 
some areas. In contrast, populations of sev-
eral tundra seabirds such as the parasitic jae-
ger and the great skua may be doing better. 
An additional source of concern for some rap-
tors, especially in Russia, is illegal killing or 
trapping for trade. Therefore, special conser-
vation measures may be required in some ar-
eas. Monitoring of avian predators should not 
only provide information on the status of their 
population but also on the health of the whole 
Arctic ecosystem. 

Birds of prey 
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Peregrine falcon. 
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Box 1. Long-term study of snowy owls on Wrangel Island, eastern Russia. 

 Snowy owl populations have been moni-
tored continuously on Wrangel Island since 
1990 (Menyushina 1997, 2007b). This long-
term study provides good background infor-
mation for examining the reaction of local 
populations to recent climatic changes. Al-
though snowy owl numbers on the island fluc-
tuate in synchrony with fluctuating lemming 
populations, they nonetheless breed in most 
years except in years of very low lemming 
abundance (Fig. B1.1). There were some indi-
cations of a decline in the snowy owl popula-
tion on the island. During the 1990-2000 pe-
riod, the average number of nesting owls re-
corded annually was 71 (maximum: 121) for 9 
years of presence but this number decreased 
to 60 (maximum: 107), for the period 2001-
2010. Frequency of snowy owl occurrence re-
corded during route surveys also declined 
(0.58 owl/km during 1990-2000 vs. 0.48 
owls/km during 2001-2010). Males always 
prevail among adults present on the island 
during the breeding season and the annual 

number of breeding pairs is determined by the 
number of arriving females. The higher pro-
portion of males may be an indication that 
female mortality during winter is higher than 
that of males. Although their clutch size does 
not fluctuate with lemming abundance, the 
number of chicks that fledge is dependent on 
lemming numbers (I. Menyushina, in prep.). 
High amount of cold rain during the breeding 
season also has a negative impact on survival 
of young in the nest. However, prolonged 
warm fall, as recently recorded on the island, 
may be a positive factor for the survival of 
young owls. In recent years, birds that started 
nesting as late as 22 June were successful in 
raising their brood due to the delayed onset of 
fall. Changing climate may also influence 
snowy owls through change in prey availability 
during winter. For instance, low numbers of 
ptarmigans in the Chukotka region of Russia 
where owls from Wrangel are thought to win-
ter, possibly caused by climate change, may 
negatively influence their winter survival. 

Figure B1.1. Dynamics of snowy owl nests (n=1192) on Wrangel Island during seasons of different abun-
dance of lemmings from 1990-2010 (Menyushina 1997, 2007b; I. Menyushina and N. Ovsyanikov, unpubl. 
data). 
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Birds of prey 

Box 2. Analysis of the rough-legged hawk diet. 

 During our project, we investigated diets 
at many sites in North America and Eurasia 
using a variety of techniques: regurgitation 
pellets, prey remains, cameras at nests, and 
stable isotopes. As an example of application 
of these techniques, we show results obtained 
for the rough-legged hawk breeding in the 
low-shrub tundra zone of the Nenetsky Nature 
Reserve (68°20’N 53°18’E) in Russia.  
 Rough-legged hawk is believed to be a 
small rodent specialist during the breeding 
season but this inference has been mostly 
based on the analysis of pellets. Our results 
show that pellet analysis bias the diet towards 
small rodents. In fact, larger herbivores, such 
as hares and willow ptarmigan, made up a 
more important part of their diets according to 
stable-isotope analysis and prey remains 
analyses (Fig. B2.1). Thus, monitoring of 
rough-legged hawk based on diets ought to 
include other methods than pellet analysis. 
Their broad diet may indicate that it is more 
indicative of the composition of the commu-
nity of small to medium-sized herbivores than 
was previously thought. Thus, rough-legged 
hawk diet, when assessed by a suitable com-
bination of methods, may be a valuable indi-
cator of the state of the tundra food web.  

Figure B2.1. (A) Diet composition of the rough-
legged hawk inferred by various methods (SIA = 
stable isotope analysis) and (B) stable isotope sig-
natures of down and blood of chicks in comparison 
to the mean signatures of various prey species in 
the Nenetsky Nature Reserve, Russia, 2007-2009 
(I. Pokrovsky, unpubl. data). 
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Young rough-legged hawk at nest with an auto-
matic camera in the background. 

I. Pokrovsky processing a blood sample from a 
young rough-legged hawk. 

©
 O

lg
a 

K
u
lik

o
va

 

Prey remains (A) and regurgitation pellet (B) found 
at a nest of rough-legged hawk. 
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Box 3. Use of sea ice by snowy owls in Eastern North America.  

 Terrestrial predators such as the snowy 
owl need to find sufficient prey throughout the 
year to sustain their basic metabolic needs 
and withstand the extreme Arctic conditions. 
This is especially critical during the long Arctic 
winter because the availability of the primary 
prey species of the tundra such as small 
mammals and migratory birds becomes very 
low due to protection offered by the snow 
cover or the departure of migratory species. 
Satellite tracking of snowy owls marked on 
Bylot Island revealed that most individuals 
breeding there overwinter at high latitudes in 
the Arctic and spend several weeks (up to 101 
days) on the sea ice between December and 
April (Fig. B3.1). Females concentrated their 
activity in the Hudson and Davis straits and in 
Hudson Bay at a median distance of 40 km 
from the coast but sometimes as far as 210 
km. Analysis of high-resolution satellite im-
ages of sea ice indicated that owls were pri-
marily gathering around open water patches, 
which are commonly used by wintering sea-
birds (especially eiders), their potential prey in 
these areas. Such extensive use of sea ice by 
a tundra predator considered a small mammal 
specialist was unexpected, and suggests that 

marine resources subsidize the populations of 
this predator in winter. As sea ice regimes in 
winter are expected to change over the next 
decades due to climate warming, this may 
affect the wintering strategy of this top preda-
tor and ultimately the functioning of the tun-
dra ecosystem. Furthermore, satellite tracking 
of owls over a 3-year period allowed us to de-
termine for the first time the annual survival 
rate of adult females, which was estimated 
between 85% and 92% (Therrien et al. sub-
mitted). 

Figure B3.1. Satellite tracked movements of 9 adult female snowy owls overwintering in the Eastern Cana-
dian Arctic during two consecutive winters. Individuals were tracked from 11 December 2007 to 28 April 2008 
(A), and from 4 December 2008 to 27 March 2009 (B). Owls used extensively the sea ice in both years; 2007-
2008: median = 41 days, range = 8 to 71 days; 2008-09: median = 59 days, range = 30 to 101 days (at that 
time of the year, the area used by owls is almost entirely covered by sea ice; modified from Therrien et al. 
2011). 
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Adult female snowy owl fitted with a satellite trans-
mitter on Bylot Island, NU, Canada. 
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1 - arctic fox pups © Nicolas Lecomte 
2 - adult arctic fox in its winter coat © Dominique 

Berteaux 
3 - adult arctic fox in its summer coat © Eva Fuglei 
4 - adult red fox at its den, Bylot Island, NU, Canada   

© Arnaud Tarroux 
5 - red fox pups playing at their den, Herschel Island, 

Yukon, Canada © Daniel Gallant 
6 - red fox den on the bank of Erkutayaha River, Yamal 

Peninsula, Russia © Ivan Pokrovsky 
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Abstract 
 The arctic and red foxes are two different species that occur in the Arctic. The arctic 
fox inhabits virtually all arctic habitats whereas the red fox distribution is wider, cover-
ing the entire northern hemisphere. The status of arctic fox populations is believed to be 
good in most areas, although the species is critically endangered in Fennoscandia and in 
a few islands of the Northern Pacific. Red foxes have expanded their distribution during 
the 20th century, including in the Arctic. During this project, both species were heavily 
studied in Canada, Fennoscandia, and Russia. We confirmed that most arctic fox popula-
tions fluctuate widely in numbers between years in response to varying small mammal 
numbers. Long-time series established on Bylot Island (Canada) since 1996 and on 
Wrangel Island (Russia) since 1980 suggest that these population fluctuations follow 
cycles of varying length among locations. We also confirmed the importance of sea ice 
to arctic foxes, and documented through satellite telemetry their extraordinary winter 
movements between arctic islands. These movements are important for foraging pur-
poses, but also for genetic mixing between populations. Arctic terrestrial predators live 
from a scarce prey base in the tundra, because the short growing season only allows for 
a small vegetation production, which in turn only allows for a small herbivore produc-
tion. Competition between predators is thus an important aspect of their ecology. Arctic 
and red foxes compete where their distributions overlap. The red fox is dominant over 
the arctic fox and can exclude it from overlapping areas, such as in Scandinavia. How-
ever, in Northern Yukon, the two species seem to co-exist. These differences remain to 
be clearly explained. The warming climate is a source of threat to the arctic fox, be-
cause it tends to increase the area of overlap between these two competing species. Be-
cause the arctic fox plays an important role in the tundra, populations of this species are 
sometimes used as indicators of health of the tundra. For example, Sirmilik National 
Park of Canada uses data on the length and amplitude of arctic fox fluctuations, as well 
as on the proportion of dens used by arctic and red foxes, as local indicators of ecosys-
tem integrity. Conservation and management actions are very intensive in Fennoscan-
dia, where culling of red foxes and a combination of food supplementation, captive 
breeding, and local introductions of arctic fox are underway. We have identified impor-
tant needs for future research. Among them are the importance of rabies to arctic fox, a 
better understanding of the competition between arctic and red fox, the importance of 
changing sea ice conditions to the ecology of arctic fox, and the need for long-term 
monitoring of key populations in relation to global environmental changes. Finally, since 
many of the changes affecting arctic and red foxes have a global perspective, it is im-
portant that the research and action programs are coordinated over a global scale. The 
International Polar Year has allowed us to make a first step in that direction. 
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ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᑎᕆᒐᓐᓂᐊᑦ ᐋᕐᖓᓴᐃᓪᓘ ᐊᔾᔨᒌᓐᖏᑦᑑᒋᕘᒃ ᐅᑭᐅᖅᑕᖅᑐᒦᑦᑑᒃ. ᑎᕆᒐᓐᓂᐊᖅ ᓄᓇᖃᓲᖅ ᓇᒥᓕᒫᑦᓯᐊᖅ 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᐆᒪᔪᖃᕐᕕᐅᔪᓂ ᐊᒻᒪᓗ ᐋᕐᖓᓴᐃᑦ ᐃᓂᖃᖅᑐᑦ ᓯᕕᑐᓂᖅᓴᒥᒃ, ᐅᑭᐅᖅᑕᖅᑐᓕᒫᑦᓯᐊᒥ. 
ᑎᕆᒐᓐᓂᐊᑦ ᖃᓄᐃᖏᑦᑑᓂᕋᖅᑕᐅᔪᑦ ᐃᓘᓐᓇᒐᓚᖏᓐᓂ ᐃᓂᖏᓐᓂ , ᑖᒃᑯᐊ ᑎᕆᒐᓐᓂᐊᑦ 
ᐅᓗᕆᐊᓇᖅᑐᒦᒃᑲᓗᐊᖅᓱᑐᒃ Fennoscandia-ᒥ ᐊᒻᒪᓗ ᐃᓄᐃᓴᑦᑐᓂ ᕿᑭᖅᑕᓂ ᐅᐊᓐᓇᖓᓂ ᐸᓯᕕᒃ. ᐋᕐᖓᐃᑦ 
ᐃᓂᖏᑦ ᓯᐊᒻᒪᐹᓪᓕᖅᓯᒪᔪᑦ 1900-ᖏᓐᓃᑎᓪᓗᑕ, ᐱᖃᓯᐅᑎᑦᓱᓂ ᐅᑭᐅᖅᑕᖅᑐᒥ. ᐊᐅᓚᓂᐅᑉ ᐃᓗᐊᓂ, ᑕᒪᕐᒥᒃ 
ᑎᕆᒐᓐᓂᐊᑦ ᐋᕐᖓᓴᐃᓪᓗ ᖃᐅᔨᓴᖅᑕᐅᓪᓚᕆᑦᓯᒪᔪᑦ ᑲᓇᑕᒥ, Fennoscandia, ᕋᓴᒥᓗ. ᓇᓗᓇᐃᖅᓯᓯᒪᔪᒍᑦ 
ᐃᓘᓐᓇᒐᓚᓯᒃ ᑎᕆᒐᓐᓂᐊᖃᕐᕕᐅᔪᑦ ᐊᒥᓱᓐᖑᐹᓪᓕᐸᑦᑐᑦ ᐃᓄᐃᓴᓪᓕᕚᓪᓕᐸᑦᓱᑎᒃ ᐊᕐᕌᒍᓂ ᐊᓂᒍᖅᑐᓂ 
ᑐᓐᖓᕕᖃᖅᓱᑎᒃ ᐆᒪᔪᓪᓚᑑᑏᑦ ᑕᕝᕙᐅᓂᖏᓐᓂᒃ. ᐊᑯᓃᖅᑐᒨᖓᔪᑦ ᓴᖅᑭᖅᑕᐅᓯᒪᔪᑦ ᒥᑦᑎᒪᑕᓕᐅᑉ ᕿᑭᖅᑕᖓᓂ 
(ᑲᓇᑕ) 1996-ᒥᓂᑦ ᐊᒻᒪᓗ Wrangel ᕿᑭᖅᑕᖓᓂ ᕋᓴᒥ 1980-ᒥᓂᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᑖᒃᑯᐊ ᑎᕆᒐᓐᓂᐊᑦ 
ᖁᕝᕙᑕᕐᓂᖏᑦ ᐊᑉᐸᑕᕐᓂᖏᑦ ᒪᓕᑐᐃᓐᓇᖅᑐᑦ ᐊᑯᓂᐅᓂᐅᔪᓂᒃ ᐃᓂᐅᔪᓂ. ᓇᓗᓇᐃᖅᓯᓯᒪᒻᒥᔪᒍᑦ 
ᐱᒻᒪᕆᐅᓂᖏᓐᓂᒃ ᑕᕆᐅᑉ ᓯᑯᖏᑦᑕ ᑎᕆᒐᓐᓂᐊᓄᑦ, ᑎᑎᕋᖅᑕᐅᓯᒪᑦᓱᑎᓪᓗ ᖃᖓᑦᑕᖅᑎᑕᐅᓯᒪᔪᑎᒎᖅᑐᑎᒍᑦ 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᓄᑦᑕᖅᓯᑕᐅᓂᐊᓗᖏᑦ ᕿᑭᖅᑕᐃᑦ ᐊᑯᕐᖓᓐᓂ. ᑕᒃᑯᐊ ᓄᑦᑕᕐᓂᐅᔪᑦ ᐱᒻᒪᕆᐅᒻᒪᑕ 
ᕿᓂᕈᓐᓇᕐᓂᖏᓐᓄᑦ ᐊᒻᒪᓗ ᓄᓕᐊᖃᑎᒌᓐᓂᖏᓐᓂᖏᓐᓄᑦ. ᐅᑭᐅᖅᑕᖅᑐᒥ ᐱᓱᑦᑎᓐᓂᒃ ᐆᒪᔪᖅᓯᐅᖅᑏᑦ 
ᐊᒥᒐᖅᓯᑦᓱᑎᒃ ᐱᓇᓱᐊᖅᑐᑦ ᓇᑎᕐᓇᕐᒥᒃ, ᐱᕈᖅᐸᓪᓕᐊᒍᓐᓇᕐᓂᖏᑦ ᑮᑕᑲᐃᓐᓇᕈᓗᒃ ᐃᓄᐃᓴᑦᑐᓂᒃ 
ᐱᕈᕐᕕᐅᓲᖑᒻᒪᑕ, ᐊᖏᓗᐊᓐᖏᑦᑑᓚᕿᓕᖅᓱᑎᒃ ᓂᕿᑦᓴᐃᑦ. ᓵᓚᒋᖃᑎᒌᑦᓯᒪᒐᓱᐊᕐᓂᖏᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ 
ᑕᐃᒪᐃᒻᒪᑦ ᐱᒻᒪᕆᐅᕗᖅ ᐊᕙᑎᖏᓐᓄᑦ. ᑎᕆᒐᓐᓂᐊᑦ ᐋᕐᖓᓴᐃᓪᓗ ᓵᓚᒋᐅᑎᓯᒪᒐᓱᐊᖃᑦᑕᕐᒪᑕ 
ᓄᓇᖃᖃᑎᒌᑐᐊᕈᑎᒃ . ᓵᓚᖃᖃᑎᒌᑦᓯᒪᒐᓱᐊᕐᓂᖓ ᐱᒻᒪᕆᐊᓘᒻᒥᔪᖅ ᐊᕙᑎᖓᓐᓄᑦ. ᐋᕐᖓᓴᐃᑦ 
ᓵᓚᖃᖅᓯᒪᓂᐅᓴᔪᑦ ᑎᕆᒐᓐᓂᐊᓂᒃ ᐃᓚᐃᓐᓈᕈᓐᓇᖅᓱᑎᒃ ᓇᔪᖅᑕᒥᓐᓂᒃ, ᓲᕐᓗ ᓯᑳᓐᑕᓇᐃᕕᐊᒥ. ᑭᓯᐊᓂᓕ, 
ᐅᐊᓐᓇᖓᓂ ᔫᑳᓐ, ᒪᕐᖂᒃ ᑎᕆᒐᓐᓂᐊᒃ ᐆᒪᖃᑎᒌᑦᑑᔮᖅᑑᒃ. ᓱᓕ ᓱᒻᒪᐅᒻᒪᖔᖅ ᑐᑭᓯᔭᐅᒋᐊᓖᑦ. 
ᓂᕈᒥᑦᓯᕙᓪᓕᐊᔪᖅ ᓯᓚ ᐅᓗᕆᐊᓇᕐᒪᑦ ᑎᕆᒐᓐᓂᐊᒧᑦ, ᐊᖏᓪᓕᕙᓕᐊᑎᑦᓯᔫᔮᕐᒪᑦ ᓄᓇᒦᖃᑎᒌᓐᓂᖓᓂᒃ. 
ᑎᕆᒐᓐᓂᐊᖅ ᐱᒻᒪᕆᒻᒥᒃ ᑲᒪᒋᔭᖃᕐᒥᒻᒪᑦ ᓇᑎᕐᓇᒥ, ᑎᕆᒐᓐᓂᐊᖃᕐᕕᐅᔪᑦ ᐊᑐᖅᑕᐅᓚᐅᓲᖑᒻᒥᔪᑦ 
ᓇᓗᓇᐃᒃᑯᑕᐅᑦᓱᑎᒃ ᖃᓄᐃᓐᖏᑦᓯᐊᕆᐊᖏᑦ ᓇᑎᕐᓴᒥ. ᓲᕐᓗ, ᓯᕐᒥᓕᒃ ᒥᓐᖑᐃᕐᓯᕐᑯᒃ ᑲᓇᑕᒥ ᐊᑐᓲᑦ 
ᑲᑎᖅᓱᖅᓯᒪᔪᓂᒃ ᐊᑯᓂᐅᓂᖏᓐᓄᑦ ᐊᐅᓚᓂᖏᓐᓂᓪᓗ ᑎᕆᒐᓐᓂᐊᑦ ᐊᐅᓚᓂᖏᑦᑕ, ᐊᒻᒪᓗ ᓯᑎᓂᒃ 
ᐊᑐᖅᑕᐅᔪᓂᒃ ᑎᕆᒐᓐᓂᐊᓄᑦ ᐋᕐᖓᓴᓐᓄᓪᓗ, ᓇᓗᓇᐃᒃᑯᑕᐅᑎᓪᓗᒋᑦ ᐊᕙᑎᒧᑦ. ᓄᖑᕈᑎᓗᐊᑦᑕᐃᓕᓂᖅ 
ᐊᐅᓚᑕᐅᓂᖏᓪᓗ ᐃᓗᓕᖅᑐᔪᐹᓘᔪᑦ Fennoscandia-ᒥ, ᐱᕈᐃᔭᐅᕙᒻᒪᑕ ᐋᕐᖓᓴᐃᑦ ᐃᓚᖓᓂ ᓂᕿᑦᓴᐅᑦᓱᑎᒃ, 
ᐱᕈᐃᔭᐅᕙᑦᓱᑎᒃ, ᐊᒻᒪᓗ ᐊᑐᖅᑕᐅᕙᓪᓕᐊᓕᕐᒥᔪᑦ ᑎᕆᒐᓐᓂᐊᑦ. ᓇᓗᓇᐃᖅᓯᓯᒪᔪᒍᑦ ᐱᒻᒪᕆᐅᔪᓂᒃ ᓯᕗᓂᑦᑎᓐᓂ 
ᖃᐅᔨᓴᕐᓂᐅᔪᓄᑦ. ᐃᓚᖏᔭᖓᑦ ᐱᒻᒪᕆᐅᓂᖏᑦ ᓯᓇᐅᓐᖓᑦᓯᒪᓃᑦ ᑎᕆᒐᓐᓂᐊᓄᑦ, ᑐᑭᓯᓇᕐᓂᖅᓴᖅ 
ᓵᓚᒋᐅᑎᓯᒪᒐᓱᐊᕐᓂᖏᑦ ᑎᕆᒐᓐᓂᐊᑦ ᐋᕐᖓᓴᐃᓪᓗ, ᐱᒻᒪᕆᐅᓂᖏᑦ ᑕᕆᐅᑉ ᓯᑰᑉ ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᑕ 
ᐊᕙᑎᖓᓄᑦ ᑎᕆᒐᓐᓂᐊᑉ, ᐊᒻᒪᓗ ᖃᐅᔨᓴᖅᑕᐅᒋᐊᕐᓂᐅᔪᑦ ᐊᑯᓃᖅᑐᒥᒃ ᑎᕆᒐᓐᓂᐊᖃᕐᕕᐅᔪᑦ ᑕᑯᓐᓇᕐᓗᒋᑦ 
ᐊᑦᑐᐊᓂᖏᑦ ᓄᓇᕐᔪᐊᕐᒥ ᐊᕙᑎᒧᑦ ᐊᓯᔾᔨᕐᓂᐅᔪᑦ. ᑭᖑᓪᓕᖅᐹᒥ, ᐊᒥᓱᐊᓗᐃᑦ ᐊᓯᔾᔨᕐᓂᐅᔪᑦ ᐊᑦᑐᐃᔪᑦ 
ᑎᕆᒐᓐᓂᐊᓂᒃ ᐋᕐᖓᓴᓐᓂᓪᓗ ᓄᓇᕐᔪᐊᕐᒥ ᑕᑯᓐᓇᖅᑕᐅᒻᒪᑕ, ᐱᒻᒪᕆᐅᕗᖅ ᖃᐅᔨᓴᕐᓂᐅᔪᑦ ᐊᐅᓚᔾᔭᒋᐊᒃᓂᐅᔪᓪᓗ 
ᑐᑭᒧᐊᑦᑎᑕᐅᓂᖏᑦ ᓄᓇᕐᔪᐊᕐᒥ. ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓ ᓯᕗᓪᓕᖅᐹᒥ ᐊᐅᓚᔾᔭᒋᐊᕈᑎᒋᓯᒪᕙᕗᑦ 
ᑕᐃᑯᖓ.  
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 The wide distribution of arctic and red 
foxes (Vulpes lagopus and Vulpes vulpes) in 
the circumpolar North, their major role in the 
trophic dynamics of the tundra, and the strong 
sensitivity of their relationship to climate 
change stimulated several ArcticWOLVES 
teams to study these two species in North 
America, Europe, and Russia. After briefly re-
viewing the status of these species, we pre-
sent here some selected results that demon-
strate very well the research benefits of inter-
national collaborations fostered by the Inter-
national Polar Year and their implications in 
terms of conservation of these species. 
 
Species ranges and recent changes 
 The arctic fox has a circumpolar distribu-
tion, occupying all types of arctic tundra habi-
tats and ranging from northern Greenland at 
88°N to the southern tip of Hudson Bay, Can-
ada, 53°N (Angerbjörn et al. 2008). It also 
lives in the alpine tundra of Fennoscandia and 
on several islands of the Bering Sea 
(Angerbjörn et al. 2008). The arctic fox was 
introduced by the fur industry to some islands 
in the Aleutian chain at the end of the 19th 
century (Bailey 1992). The southern edge of 
the species' distribution may have moved 
north in most of the circumpolar North during 
the 20th century, resulting in a smaller total 
range (Chirkova 1967, Hersteinsson and Mac-
donald 1992). About ten subspecies of arctic 
foxes exist, each inhabiting a particular region 
of the species range (Geptner and Naumov 
1967). 
 In contrast, the red fox is distributed 
across the entire northern hemisphere, from 
the Arctic Circle to North Africa, Central Amer-
ica, and the Asiatic steppes (Macdonald and 
Reynolds 2004). European subspecies were 
introduced into eastern United States and 
Canada in the 17th century, and subsequently 
mixed with local subspecies (Kamler and Bal-
lard 2002). They have expanded their distri-
bution during the 20th century, especially 
northward, both in North America and Eurasia 
(Marsh 1938, Macpherson 1964, Chirkova 
1967, Hersteinsson and MacDonald 1992, 
Macdonald and Reynolds 2004). Red foxes are 
adaptable omnivores and can be closely asso-
ciated with man, even thriving in agricultural 
and urban areas (Macdonald and Reynolds 
2004). They have even been reported on the 

northernmost island of Ellesmere (Macpherson 
1964). 
 
Recent population trends 
 The world population of arctic foxes is in 
the order of several hundred thousand ani-
mals. Most populations fluctuate widely in 
numbers between years in response to vary-
ing lemming numbers (Angerbjörn et al. 
2008). Although only a few populations have 
been studied directly, population status is be-
lieved to be good in most areas (Angerbjörn 
et al. 2008). The species is common in the 
tundra areas of Russia, Canada, coastal 
Alaska, Greenland, Iceland and Svalbard. Ex-
ceptions are Fennoscandia, Mednyi Island 
(Russia) and Pribilof Islands (USA), where 
populations are at critically low levels. The 
world population of red foxes probably counts 
in the millions and the status of the species is 
very good. 
 
Primary factors known or suspected to 
limit these species 
 Hunting and trapping for fur has long 
been a major mortality factor for the arctic 
fox. However, with the decline of the fur in-
dustry, the threat of over-exploitation is low-
ered for most arctic fox populations 
(Angerbjörn et al. 2008). In Yukon, for exam-
ple, the total value of all fur production de-
creased from $1.3 million in 1988 to less than 
$300,000 in 1994. Because of their large re-
productive capacity, arctic foxes can maintain 
population levels under high hunting pressure. 
In some areas, 50% of the total population 
was harvested sustainably (Nasimovič and 
Isakov 1985). Genetic pollution (gene swamp-
ing) by farm-bred arctic foxes may threaten 
native populations in some places of Fenno-
scandia (Norén et al. 2009). There can also be 
indirect threats such as diseases and high lev-
els of organochlorine contaminants, or direct 
persecution (for example on St. Paul Island, 
Alaska; Angerbjörn et al. 2008). Due to their 
long-range migrations, arctic foxes are impor-
tant carriers of diseases and parasites affect-
ing humans. The arctic fox is a reservoir spe-
cies and main vector of rabies in the Arctic, 
where the disease is widespread. It is also 
host to the cestode Echinococcus multilocu-
laris, which in humans causes the often fatal 
disease alveolar echinococcosis. 

Arctic and red foxes 
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 In contrast to arctic foxes, red foxes’ ver-
satility and generalist diet are likely to ensure 
their persistence despite changes in landscape 
and prey base. Culling can reduce numbers in 
large regions but this has never threatened 
species persistence on any geographical scale 
(Macdonald and Reynolds 2004). 
 
Dependence of arctic foxes on lemmings 
 The trophic dynamic on most tundra eco-
systems is dominated by large fluctuations in 
lemming abundance (see SMALL MAMMALS 
chapter). Foxes and other predators quickly 
track these fluctuations, so that their abun-
dance and reproductive activity increase dra-
matically in peak lemming years (Ims and 
Fuglei 2005). Long-term research on arctic 
foxes has been carried out since the 1980s on 
Wrangel Island, Russia (Ovsyanikov, 1993) 
and Scandinavia (Angerbjörn et al. 1995), and 
since 1996 on Bylot Island, Canada. These 
studies provide unique opportunities to detect 
recent changes of processes in arctic fox 
populations in response to environmental 
changes. 
 The tight relation between lemmings and 
foxes is clear on our two long-term study sites 
(Fig. 1 and 2). While fluctuations of arctic fox 
populations on the islands strictly followed 
fluctuations of lemming numbers, for the last 
decade, density and litter size of arctic foxes 
have decreased on Wrangel Island. This de-
crease is thought to be caused by cumulative 
negative effects of global environmental 
changes. Immediate mechanism of population 
decline may be reduced survival of foxes dur-
ing winter and reduced return of young foxes 
to their breeding areas on the island. A similar 
population decrease was not detected on Bylot 
Island. 
 
Importance of sea ice to arctic foxes 
 From May 2007 to August 2010 we fitted 
more than 60 arctic foxes with satellite track-
ing collars on Bylot Island to record their 
movements over complete annual cycles. We 
found that summer food abundance influenced 
both summer home range size and the extent 
of movements outside the home range in win-
ter. Foxes had larger home ranges and trav-
eled further away on the sea-ice in winter dur-
ing years of low food abundance or if territo-
ries were located in low-food areas (Tarroux 

Figure 1. Temporal trends in lemming abundance 
(combined brown and collared lemmings) and arctic 
fox reproductive activity (known dens with pups) on 
Bylot Island, Nunavut, Canada from 1993 to 2009. 
Numbers in parentheses are the total number of fox 
dens known annually. Orange bars are years with 
owl nesting activity in our core study area (numbers 
within bars indicate number of owl nests found). 

Figure 2. Temporal trends in lemming abundance 
and arctic fox reproductive activity (known dens 
with pups) on Wrangel Island, Russia, from 1980 to 
2008. Lemming estimates is given for the same 
areas where fox were surveyed. 
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2011). All individuals used sea ice in winter, 
although at various degrees. Some individuals 
performed spectacular movements (Fig. 3), 
demonstrating the large movement capacity 
of the species. For example, one female and 
one male traveled extensively from February 
to July 2009, covering minimum distances of 
4,599 km and 2,193 km, respectively 
(Tarroux et al. 2010). We recorded high and 
sustained travel rates on both land and sea ice 
that reached about 90 km/day for these two 
individuals. These results have implications for 
our understanding of navigational abilities, 
foraging ecology, trophic interactions with 
lemming populations, and genetic population 
structure of arctic foxes (Tarroux et al. 2010, 
Norén et al. 2011a, 2011b). 
 The population-level effects of individual 
movements are of particular interest. There is 
indeed remarkably low genetic differentiation 
between the world arctic fox populations 
(Dalén et 2005), which is a likely function of 
the species capacity of long distance move-
ment across the sea ice. Between populations 

connected by sea ice, geographic distance 
seems to be the only factor determining the 
degree of genetic differentiation. A recent 
study (Norén et al. 2011a, 2011b) showed 
that Iceland and Scandinavia were the most 
distinct populations, which is likely explained 
by these populations being surrounded by 
year-round open waters, preventing immigra-
tion. The distinctiveness of Scandinavia is 
likely further enhanced by a severe population 
bottleneck caused by heavy hunting at the 
end of the 19th and beginning of the 20th 
century (Nyström et al. 2006). 
 
Role of other large predators in the dy-
namics of arctic foxes 
 Arctic terrestrial predators generally live 
from a scarce prey base in the tundra because 
the short growing season only allows for a 
small vegetation (or primary) productivity, 
which in turn only allows for only a small her-
bivore (or secondary) productivity. Among 
arctic terrestrial predators, mammals have a 
disadvantage over birds since they cannot fly 

Arctic and red foxes 

Figure 3. Locations and estimated straight-line movements of a female (black line) and a male (red line) 
adult arctic foxes tracked using satellite telemetry in the Eastern Canadian Arctic from 17 July 2008 to 17 July 
2009  (modified from Tarroux et al. 2010). 
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to the south in winter. Competitive relations 
among them are thus a critical component of 
their ecology. Possible consequences of com-
petition are a reduction in survivorship, 
growth and reproduction of at least one of the 
competitors. The close interactions between 
red and arctic foxes in the Arctic tundra 
(Skrobov 1960) are a typical example of com-
petition between two species which share 
similar resources. 
 Competition by interference (this is when 
individuals are aggressive between each 
other) is preeminent between the two fox spe-
cies, with arctic foxes being excluded from the 
richest areas by dominant red foxes 
(Elmhagen et al. 2002, Tannerfeld et al. 2002, 
Killengreen et al. 2007). Such interference can 
take the form of expulsion, with red foxes 
ousting breeding arctic foxes from their dens, 
as we observed during the ArcticWOLVES pro-
ject (Rodnikova et al. 2011). Killing of arctic 
fox adults or pups by red foxes has also been 
reported (Pamperin et al. 2006). In Sweden, 
the arctic fox recently retreated to the highest 
parts of the alpine tundra, likely due to an 
increased competition for suitable dens and 
habitats at the lowest and richest parts of the 
mountains ranges, just above treeline 
(Elmhagen et al. 2002, Tannerfeldt et al. 
2002). Similarly, in the low Arctic tundra of 
Norway, on Varanger peninsula, red foxes now 
have excluded arctic foxes from the richest 
and most productive areas, located close to 
the coast (Killengreen et al. 2007). On Bylot 
Island (Canada), red foxes have been ob-

served breeding since 1996, but their popula-
tion has remained low and stable since then. 
They usually occupy some of the biggest and 
well located dens in the study area, with no or 
limited breeding of arctic foxes around. This 
exclusion around red fox dens was also ob-
served in Fennoscandia (Tannerfeldt et al. 
2002). Surprisingly, on Hershel Island and 
adjacent coastal areas of the north Yukon, red 
and arctic foxes are both present and relative 
densities of the two species seem to have re-
mained unchanged for the last four decades 
(D. Gallant et al. unpubl. data). 
 We know little about the other form of 
competition, which is called competition by 
exploitation. This is when individuals deplete 
resources used by the other species, but with-
out overt aggressions between competitors. 
When a shared resource is in short supply (as 
it is happening during low phases of lemming 
cycles or far from large bird colonies), individ-
ual arctic foxes are affected by the amount of 
resource (e.g. hares) remaining after it has 
been exploited (or depleted) by other species 
such as the red fox. From most of our study 
sites hosting sympatric red and arctic foxes, 
we collected tissues (mostly fur), which can 

Figure 4. Five sites used during ArcticWOLVES to 
monitor the diet overlap between red and arctic 
foxes. The area in black shows the arctic fox distri-
bution, while the sizes of red fox drawings roughly 
represent the relative abundance of the species at 
the five study sites. Note that no red fox was pre-
sent at the Taymyr study site, which was thus cho-
sen as control. The years indicated under each site 
name indicate the period during which foxes were 
monitored.  

Adult female red fox at her den on Herschel Is-
land, Yukon, Canada. 
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reflect their diet via chemical analyses. At the 
circumpolar scale (Fig. 4), we showed that 
there is a large diet overlap between the two 
fox species, even at low red fox abundance. In 
addition, when red foxes are at high densities, 
arctic foxes are confined to a very narrow 
range of prey, some of them being in fact rare 
in several tundra sites (such as hares in Va-
ranger). Overall, we showed that even without 
habitat exclusion by red foxes, arctic foxes 
were limited in terms of prey choice and quan-
tity. We therefore found that both interference 
and exploitation competition led red foxes to 
exclude arctic foxes. This is important to un-
derstand how red foxes expand into the native 
land of arctic foxes. 
 Increased pressure from other large 
predators may also be detrimental to arctic 
fox. For example, on Wrangel Island, wolves 
and wolverines were observed to kill arctic 
foxes, and wolves were observed to use arctic 
fox dens in the last 5-6 years. In 2007-2008, 
about one third of arctic fox mortality (foxes 
found dead) was due to killing by wolves on 
Wrangel Island, and 12.5% of foxes were 
killed by wolverines. Red fox is a rare visitor 
on Wrangel Island since 1982 (Ovsyanikov 
and Menyushina 1987), with no sustained 
presence and no breeding attempts ever re-
corded. The pressure on arctic fox from other 
large predators increases from north to south, 
as the number of predators increases with 
primary and secondary productivities (see Box  
1). Due to the absence of larger predators, 
Svalbard and Iceland are therefore important 
populations from a long-term conservation 
perspective. 
 
Climatic effects on arctic fox 
 In 2009, the arctic fox was classified as a 
climate change flagship species (IUCN 2009). 
Like many other species adapted to polar life, 
the arctic fox will come under pressure as the 
globe is warming up. This species highly de-
pends on open tundra habitats. If climate 
change induces shrinking of the tundra biome 
due to a northward expansion of forests 
(Callaghan et al. 2004a), the arctic fox is at 
risk. 
 In inland tundra, arctic foxes rely on peak 
abundance of lemmings to sustain viable 
populations (Braestrup 1941, Angerbjörn et 
al. 2004). In the short term, warmer and 

more unstable winters with repeated freeze-
thaw events will result in lemming peak years 
becoming rarer or cycles fading out all to-
gether (Ims et al. 2008, Kausrud et al. 2008, 
see SMALL MAMMALS chapter) and probably 
reduced opportunities for successful breeding. 
The lack of regular lemming peak years ap-
pear to be one of the problems of a declining 
arctic fox population in Fennoscandia, on the 
southern edge of the tundra (Tannerfeldt et 
al. 2002, Ims et al. 2008, Henden et al. 
2008). 

 Freeze-thaw events associated with global 
warming result in the formation of ice crusts 
making food plants less accessible. Such proc-
esses will limit the forage availability not only 
for small herbivores but for large herbivores 
as well and may lead to increased winter mor-
tality. In the short-term, this should benefit 
some arctic fox populations due to an in-
creased availability of carcasses. Dramatic 
population crashes in reindeer and muskox 
following ice-crusting and “locked” pastures 
have been reported in the Arctic 
(Forchhammer and Boertmann 1993, Aanes et 
al. 2000) and resulted in increased breeding 
success of the arctic fox (Fuglei et al. 2003). 
In the longer term, a warmer climate will in-
crease plant productivity and more herbivore 
prey for competitive dominant predators may 
move in from the south. The expansion of 
shrubs such as willows and dwarf birch are 
reported in the Alaskan tundra (Sturm et al. 
2005, Chapin et al. 2005). Increased popula-
tions of typically shrub-browsing herbivores 
such as hare, grouse, vole and moose is likely 

Arctic and red foxes 

Arctic fox in its winter coat. 
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to increase the overall biomass, diversity and 
stability of herbivore prey for carnivores. This 
could have benefited the arctic fox if it had not 
been for the invasion of more southerly-
distributed species acting as competitors and 
predators of the arctic fox. 
 Loss of sea ice (Serreze et al. 2007, Stro-
eve et al. 2007, Screen and Simmonds 2010) 
can have many effects on arctic fox. Two po-
tential positive effects are that with increased 
storm activity at sea, more organic material is 
cast to the beaches, providing additional food 
resources for arctic foxes, which may be par-
ticularly important for young during dispersal. 
Another potential positive effect is that loss of 
connexion between islands may prevent red 
foxes from invading some arctic fox habitats. 
In the long term, some arctic islands may 
then become the last refuges for several, iso-
lated populations of arctic foxes in a warmer 
globe. Unfortunately however, negative ef-
fects are probably much more important than 
positive ones. The sea ice is indeed a very 
important foraging habitat used by arctic 
foxes during winter. For example, on many 

islands located in the Arctic Ocean, arctic 
foxes rely on rich and temporally stable ma-
rine food resources (Tarroux 2011). Ice-free 
sea prevents arctic foxes from dispersing off 
the islands in seasons of lemming scarcity, 
thus inducing increased mortality. Weakening 
of the arctic sea ice also makes travelling on 
sea ice more risky for foxes and fewer foxes 
may have a chance of returning to land for the 
breeding season even if they could manage to 
survive the winter on sea ice. In addition, the 
sea ice constitutes an important connection 
between arctic islands and continents (Tarroux 
et al. 2010), allowing the currently strong flow 
of genes between circumpolar arctic fox popu-
lations (Dalén et al. 2005, Carmichael et al. 
2007,Geffen et al. 2007, Norén et al. 2011a, 
2011b). 
 Another effect of climate warming on arc-
tic fox is habitat loss due to permafrost melt-
ing. This can cause collapse of long existing 
optimal dens, which are a limited resource in 
the Arctic, as well as erosion and loss of hunt-
ing habitats, as was observed on Wrangel Is-
land (E. Menyushina and N. Ovsyanikov, pers. 

Erosion of tundra due to permafrost melting on Wrangel Island, Russia resulted in destruction of arctic fox 
denning and hunting habitats. 

©
 N

ik
it
a
 O

vs
ya

n
ik

o
v 

ArcticWOLVES final synthesis report 



  85 

 

obs.).  
Anticipated threats in the future and im-
plications for conservation 
 There are no important threats docu-
mented for the red fox. Threats to the arctic 
fox (indirect effects of climate change such as 
disappearance of sea ice or weakening of lem-
ming cycles, competition with other predators 
such as red fox, direct persecution, genetic 
pollution, rabies) vary locally and drive the 
agenda of arctic fox research in some parts of 
the world. For this reason, they have for the 
most part been described in earlier sections of 
this chapter. 
 It is interesting to note that because of 
the keystone role of arctic fox in the tundra 
ecosystem (see TUNDRA FOOD WEBS chap-
ter), populations of this species are some-
times used as indicators of ecosystem func-
tioning and health. For example, Sirmilik Na-
tional Park of Canada uses the length and am-
plitude of arctic fox fluctuations, as well as the 
proportion of dens used by arctic and red 
foxes, as local indicators of ecosystem integ-
rity. Conservation and management actions 
are very intensive in Fennoscandia, where 
culling of red foxes and a combination of food 
supplementation, captive breeding, and local 
introductions of arctic fox are underway (see 
Box 2). However, the global scale and com-
plex causality of the main threat to the spe-
cies (climate change) raise many questions on 
how to manage and conserve a polar species 
in a warming world. 
 
Conclusion and research needs 
 In a conservation context, Angerbjörn et 
al. (2008) identified three main knowledge 

gaps for the arctic fox: (1) little is known 
about the epidemiology of arctic rabies and 
the impact of diseases introduced by humans 
on fox populations; (2) given the current 
northward expansion of red foxes, studies are 
needed to determine the effects of competi-
tion between red and arctic foxes on various 
population parameters of arctic fox; (3) the 
non-recovery of the Fennoscandian population 
requires specific attention, especially in terms 
of disease and genetics. The ArcticWOLVES 
project has identified the following additional 
knowledge gaps: (4) research is needed to 
better understand the importance of changing 
sea ice conditions on the foraging ecology, 
dispersal behaviour and genetic structure of 
arctic fox populations; (5) there is a need for 
satellite tracking of arctic foxes to better un-
derstand large-scale movements; (6) long-
term, circumpolar monitoring of trends and 
processes in key arctic fox populations in rela-
tion to global environmental changes are 
needed to understand changes in arctic food 
webs, including the expansion of red foxes 
into the Arctic; (7) studies are needed to deci-
pher the role of different resource subsidies 
into maintaining viable populations of both fox 
species; (8) behavioral studies on arctic fox 
interactions with other predators in changing 
tundra ecosystems are needed; (9) research 
is needed to document levels of genetic vari-
ability in local arctic fox populations and popu-
lation fragmentation under global environ-
mental changes; (10) finally, since many of 
the changes affecting arctic and red foxes 
have a global perspective, it is important that 
the research and action programs are coordi-
nated over a global scale. 

Arctic and red foxes 

Arctic fox. 
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Box 1. Change in the guild structure of arctic scavengers across a latitudinal gradient. 

 During three winters, ArcticWOLVES re-
searchers used photo cameras with reindeer 
(caribou) baits to analyze the guild structure 
of arctic scavengers. We chose four field sites 
distributed in three tundra zones. One site 
was located in the High-Arctic (Svalbard, Nor-
way), two sites were in shrubby tundra 
(Nenetski and Yamal, Russia), and one was in 
the arctic-alpine transition (Varanger, Nor-
way) (see map of ArcticWOLVES study sites in 
INTRODUCTION). This allowed us to get infor-
mation from a large range of climates and 
food web structures. 
 We found a gradient in species richness of 
carnivores following the High-Arctic/sub-Arctic 

gradient (Fig. B1.1). While we recorded only 
two scavenger species in Svalbard, sub-Arctic 
Varanger harbored ten species, most of which 
have their core distribution further south. 
Species richness in Nenetsky and Yamal was 
intermediate with four and five species re-
spectively. Arctic fox was numerically domi-
nant in all sites except Varanger. At this 
southernmost site, the red fox was the most 
common mammal, whereas raven was over-
whelmingly dominant if we consider the whole 
carnivore guild. This disproportionate use of 
reindeer by boreal species bears conse-
quences for the functioning of the native, arc-
tic food web (Killengreen et al. 2011). 

Figure B1.1. Gradient in species richness of carnivores following a latitudinal gradient from the High-
Arctic (top) to the sub-Arctic (bottom). Pictures were taken at four ArcticWOLVES study sites. First (top) 
row: Svalbard (arctic fox, glaucous gull), second row: Nenetsky (arctic fox, red fox, wolverine, raven), 
third row: Yamal (arctic fox, crow, wolverine, raven, red fox), fourth (bottom) row: Varanger (raven, red 
fox, white-tailed eagle, crow, golden eagle, wolverine, arctic fox). 

ArcticWOLVES final synthesis report 



  87 

 

 

Arctic and red foxes 

Box 2. Arctic fox conservation in Fennoscandia. 

 In Fennoscandia, the arctic fox population 
declined early in the 20th century and was 
close to extinction. Though the species was 
protected more than 80 years ago, the popu-
lation has not yet recovered and was again 
close to extinction in the late nineties. There 
are three main reasons for this: (1) changes 
in rodent dynamics that have reduced access 
to this important prey (Henden et al. 2008), 
(2) increased competition with red foxes 
(Hersteinsson et al. 1989) and (3) the nega-
tive effects of being a small and very frag-
mented population (Herfindal et al. 2010). The 
red fox has a negative impact on the geo-
graphical distribution (Elmhagen et al. 2002, 
Dalén et al. 2004) because it takes over den 
sites in the most productive environments 
(Frafjord 2003, Killengreen et al. 2007), re-
sulting in fewer arctic fox litters (Tannerfeldt 
et al. 2002). 
 The arctic fox population has started to 
increase in some areas due to intensive ac-
tions between 2001 and 2008 (Fig. B2.1A). 

This increase is related to a combination of 
positive changes in the lemming density, red 
fox culling, and supplementary feeding during 
winter (each component contributing to about 
a third of the increase). In areas with inten-
sive red fox culling, the number of arctic fox 
litters has more than doubled during the pro-
ject period (Fig. B2.1B). In comparable areas 
with lower intensity of actions, the number of 
litters was stable or decreased (Fig. B2.1B). A 
reintroduction program where arctic fox cubs 
born in captivity were released into the wild 
has also restored two extinct populations (A. 
Landa et al. unpubl. data). Even though local 
populations responded well to the actions, the 
Fennoscandian population is still too small for 
long-term survival, and actions should be im-
plemented in several other sub-populations. 
Red fox hunting is of major importance to stop 
the decline of the arctic fox population and to 
facilitate its recovery (A. Angerbjörn et al. un-
publ. data). The results demonstrate the im-
portance of red fox intraguild competition. 

Figure B2.1. (A) Numbers of arctic fox litters in various regions of Sweden and Norway from 2001 to 2007 
and (B) Average number of arctic fox litters in years with increasing numbers of rodents and differences be-
tween areas with high and low or no management actions (A. Angerbjörn et al. unpubl. data). 
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1 - snowy owl hunting a small mammal © Nicolas Lecomte 
2 - arctic fox with a duck head and part of a gosling in its mouth © Maarten J.J.E. Loonen 
3 - weasel with a small mammal in its mouth © Niels Martin Schmidt 
4 - reindeers grazing on Varanger peninsula, Norway © Leif-Einar Støvern 
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Abstract 
 Food web describes the network of trophic interactions among species: who eats 
whom within an ecosystem. Because of their harsh climate, tundra ecosystems support 
a low biodiversity and their structure thus appears to be relatively simple. However, we 
illustrate in this chapter several features that may complicate the view that the tundra is 
a simple food chain. One of the main goals of our project was to understand what proc-
esses controlled tundra food webs, whether plant production (bottom forces) or preda-
tors (top forces) were the main driving factors. A consequence of large variations in 
body size among herbivores is that predators cannot consume all species of herbivores 
equally. Indeed, because large herbivores like caribou or muskoxen can virtually escape 
from predation, they tend to be more limited by resource or climate whereas predation 
would tend to act as a major force driving the population dynamic of small herbivores. 
For instance, lemming (a key herbivore species) populations appear primarily regulated 
by predators at several sites such as on Bylot Island, Nunavut. Therefore, where large 
mammalian herbivores are absent, the food web appears more likely to be dominated 
by predator-prey interactions. The relative importance of plant-herbivore or predator-
prey interactions in the dynamic of tundra ecosystems nonetheless varies spatially and 
is dependent upon the local species assemblage. Primary production, which varies with 
latitude and altitude, contributes to this spatial heterogeneity as food webs are simpler 
in the North or in high elevation areas compared to more southern or lower elevation 
areas. A key conclusion is also that the functioning of an ecosystem cannot be under-
stood in isolation as subsidies from adjacent ecosystems can shape the structure and 
dynamic of food webs. Marine resources such as beached marine animals are important 
food resource that may sustain large predator populations. Humans can also have indi-
rect and direct impacts on the food web dynamic. A first example of indirect effects is 
how the populations of tundra predators are influenced by large populations of migra-
tory birds such as geese, which are driven by food resource acquired in southern agri-
cultural landscapes during winter.  Another example is provided by semi-domesticated 
reindeers (or caribous) in Fenoscandia, an important resource for local human popula-
tions. Their high densities can limit shrub expansion on the summer pastures and sup-
port predators through increasing availability of carcasses due to winter mortality. Fi-
nally, humans can also have direct impacts. For example, the presence of an anthropo-
genic food source (human waste) at the most northerly, permanently inhabited settle-
ment on the planet (Alert, Nunavut) influenced the breeding activity of the long-tailed 
jaeger, an avian predator, by dampening the influence of cyclic fluctuations in lemming 
abundance. An important feature emerging from our project is the large amount of 
variation among sites. Ecosystem processes will respond differently to environmental 
changes depending on which component (plants, herbivores, predators) is primarily af-
fected. Therefore, the impact of climate warming on food web dynamic may differ 
among study sites and depends on the main forces that structure the local ecosystem. 

CHAPTER 9. TUNDRA FOOD WEBS 
Lead authors: Pierre Legagneux and Nicolas Lecomte  
Co-authors: Gilles Gauthier, Jean-Rémi Julien, Charles J. Krebs, Douglas W. Morris, 
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ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᓂᕿᐅᖃᑎᒌᑦᑐᑦ ᓇᓗᓇᐃᔭᐃᔪᖅ ᑲᓲᒪᓂᖏᓐᓂᒃ ᐆᒪᔪᐃᑦ: ᓱᓇ ᓂᕆᕙᑉᐸ ᓱᓇᒥᒃ ᐊᕙᑎᐅᑉ ᐃᓗᐊᓂ. 
ᓇᔪᖅᑕᖓ ᐱᔾᔪᑕᐅᓪᓗᓂ, ᓇᑎᕐᓇᒦᑦᑐᑦ ᐃᑲᔪᖅᓯᔪᑦ ᐊᑦᓯᑦᑐᒦᑦᑐᓂᒃ ᐋᖅᑭᑦᓯᒪᓂᖏᓪᓗ ᑕᑯᑦᓴᐅᓂᖃᖅᓱᑎᒃ 
ᐱᔭᕆᐊᑭᑦᑑᔮᖅᑐᒥᒃ. ᑭᓯᐊᓂᓕ, ᑕᑯᑦᓴᐅᑎᑦᓯᕗᒍᑦ ᐅᕙᓂ ᓵᑉᑕᒥ ᖃᑦᓯᒐᓛᓂᒃ ᐃᓗᓕᖏᓐᓂᒃ 
ᐃᓗᓕᖅᑐᓕᕈᑕᐅᑐᐃᓐᓇᕆᐊᓕᓐᓂᒃ ᑕᑯᓐᓇᕈᓯᐅᔪᒧᑦ ᓇᑎᕐᓇᖅ ᐃᓗᓕᖅᑐᐊᓗᕋᓂ ᓂᕿᖃᕐᕕᐅᒋᐊᖓ. ᐃᓚᖓᑦ 
ᑐᕌᒐᓪᓗᐊᑕᕆᔭᕗᑦ ᐊᐅᓚᓂᑦᑎᓐᓂ ᑐᑭᓯᓂᖅ ᐊᐅᓚᓂᐅᔪᓂᒃ ᐊᐅᓚᑕᐅᔪᓂᒃ ᓇᑎᕐᓇᒥ ᓂᕿᒋᖃᑎᒌᑦᑐᓄᑦ, 
ᐱᕈᖅᑑᒍᑎᒃ (ᐊᑖᓃᓐᖔᖅᑐᑦ) ᐅᕝᕙᓗ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᐅᒍᑎᒃ (ᕐᑳᖓᓃᓐᖔᖅᑐᑦ) ᐃᖏᕐᕋᔾᔪᑎᓪᓗᐊᑕᐅᓯᒪᔫᒃ. 
ᐊᖏᓂᖏᑦ ᑎᒥᖏᑦᑕ ᐱᕈᖅᑐᑐᖅᑏᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᓂᕆᒍᓐᓇᖏᒻᒪᑕ ᐃᓘᓐᓇᖏᓐᓂᒃ ᐱᕈᑦᑐᑐᖅᑐᓂᒃ 
ᑕᐃᒫᑦᓴᐃᓐᓇᓪᓗᐊᖅ. ᑕᐃᒪᐃᓐᓂᖓᓄᑦ, ᐆᒪᔪᐸᐅᔭᐃᑦ ᐱᕈᖅᑐᑐᖅᑐᐃᑦ ᓲᕐᓗ ᑐᑦᑐᐃᑦ ᐅᒥᒻᒪᐃᓪᓗ ᕿᒫᒍᓐᓇᖅᑐᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓂᒃ, ᓂᕿᑦᓴᓂᒃ ᑐᓐᖓᕕᖃᕐᓂᐅᓴᑐᐃᓐᓇᕐᒪᑕ ᓯᓚᐅᓪᓘᓐᓃᑦ ᖃᓄᐃᓐᓂᖓᓂᒃ ᓂᕿᑦᓴᖅᓯᐅᕐᓂᖅ 
ᓅᔾᔪᑕᐅᓗᐊᕋᔭᖅᑑᔮᖅᓱᓂ ᐆᒪᔪᐃᑦ ᐊᐅᓚᓂᖏᓐᓄᑦ ᐱᕈᖅᑐᑐᖅᑑᑎᓛᑦ . ᓲᕐᓗ ᐊᕕᓐᖓᐃᑦ 
(ᐱᕈᖅᑐᑐᖅᑎᓪᓗᐊᑕᐃᑦ) ᐊᐅᓚᑕᐅᔫᔮᖅᑐᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ ᖃᑦᓯᒐᓛᓂ ᐃᓂᐅᔪᓂ ᓲᕐᓗ ᒥᑦᑎᒪᑕᓕᐅᑉ 
ᕿᑭᖅᑕᖓᓂ, ᓄᓇᕗᒻᒥ. ᑕᐃᒪᐃᓂᖓᓐᓄᑦ, ᐆᒪᔪᐸᐅᔭᐅᑎᖃᓐᖏᑉᐸᑦ ᐱᕈᖅᑐᑐᖅᑐᓂᒃ, ᓂᕿᐅᖃᑎᒌᑦᑐᑦ 
ᐊᐅᓚᑕᐅᓂᖅᓴᐅᔮᖅᑐᖅ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐊᐅᓚᓂᖏᓐᓄᑦ. ᐱᒻᒪᕆᐅᓂᖓ ᐱᕈᖅᑐᑐᖅᑏᑦ ᐅᕙᓗ ᓂᕿᑐᖅᑏᑦ 
ᑲᓲᒪᓂᖏᑦᑕ ᓇᑎᕐᓇᒥ ᐊᔾᔨᒌᓐᖏᑦᑐᖅ ᓇᒥᑐᐃᓐᓇᖅ ᓱᖏᖅᑑᑎᖃᖅᓱᑎᓪᓗ ᐆᒪᔪᕐᓂᒃ ᓇᔫᑎᔪᓂᒃ. ᓂᕿᑦᓴᐃᑦ, 
ᐊᔾᔨᒌᓐᖏᑦᑑᑦᓱᑎᒃ ᓄᓇᕐᓐᖑᐊᑎᒍᑦ ᑕᐅᑐᑦᓱᒍ, ᐃᑲᔪᖅᓯᒻᒥᔪᖅ ᖃᓄᐃᓕᖓᓂᖏᓐᓄᑦ ᓂᕿᐅᖃᑎᒌᑦᑐᑦ 
ᐱᔭᕆᐊᑭᓐᓂᖅᓴᐅᒻᒪᑕ ᐅᐊᓐᓇᒥ ᐅᕝᕙᓗ ᖁᑦᓯᑦᑑᑎᓂ ᑕᑯᓐᓇᖅᓱᒋᑦ ᓂᒋᖅᐸᓯᑦᑐᑦ ᐊᑉᐸᓯᑦᑐᓪᓘᓐᓃᑦ. 
ᑐᑭᓯᔭᐅᒻᒥᔪᖅ ᐊᐅᓚᓂᖓ ᐊᕙᑎᐅᑉ ᑐᑭᔭᐅᒍᓐᓇᖏᑦᑐᖅ ᐃᒻᒥᒃᑰᖅᑐᑑᑎᓪᓗᒍ ᐊᑦᑐᐊᔪᑦ ᐱᖃᓯᐅᑎᑎᓐᓇᒋᑦ 
ᐋᖅᑭᑦᓯᒪᔾᔪᑕᐅᒍᓐᓇᖅᑐᑦ ᖃᓄᐃᓕᖓᓂᐅᔪᓄᑦ ᓂᕿᐅᖃᑎᒌᓄᑦ. ᑕᕆᐅᒥᐅᑕᐃᑦ ᓲᕐᓗ ᓯᓗᐃᑦ ᐳᐃᔩᑦ 
ᐱᒻᒪᕆᐅᒻᒥᔪᑦ ᓂᕿᒋᔭᐅᑦᓱᑎᒃ ᐆᒪᔪᕋᓴᓐᓄᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ. ᐃᓄᐃᑦ ᑐᕋᐃᓐᓇᖏᑦᑐᒥᒃ ᑐᕋᐃᓐᓇᖅᑐᒥᓪᓗ 
ᐊᑦᑐᐃᓂᖃᖁᓐᓇᕐᒥᔪᑦ ᓂᕿᐅᖃᑎᒌᑦᑐᓂᒃ. ᓯᕗᓪᓕᖅᐹᖅ ᐆᑦᑑᑕᐅᔪᖅ ᑐᕋᐃᓐᓇᖏᑦᑐᒥᒃ ᐊᑦᑐᖅᑕᐅᓂᕐᒧᑦ ᖃᓄᖅ 
ᐃᓂᖏᔭᖏᑦ ᓇᑎᕐᓇᒥ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐊᑦᑐᖅᑕᐅᓯᒪᒻᒪᖔᑕ ᐆᒪᔪᖃᕐᕕᐅᔪᓄᑦ ᑐᓛᔪᓄᑦ ᑎᒻᒥᐊᓄᑦ, ᒪᑯᓄᖓ 
ᑲᖑᕐᓄᑦ, ᓂᕿᑦᓴᓄᑦ ᐊᐅᓚᑕᐅᔪᓄᑦ ᖃᓪᓗᓈᑦ ᓄᓇᖓᓐᓂ ᐅᑭᐅᖑᑎᓪᓗᒍ. ᐊᓯᐊᑦᑕᐅᖅ ᐆᑦᑑᑎᑦᓴᐅᒻᒥᔪᖅ 
ᑐᑦᑐᕙᐃᑦ ᐃᓄᒻᒥᐅᑕᐃᑦ (ᑐᑦᑐᐃᓪᓘᓐᓃᑦ) Fenoscandia-ᒥ, ᐱᒻᒪᕆᐹᓗᐃᑦ ᓂᕿᑦᓴᕆᔭᐅᓪᓗᑎᒃ ᐃᓄᓐᓄᑦ. 
ᐊᒥᓲᓗᐊᖅᐸᑕ ᐱᕈᖅᑐᓄᑦ ᓯᐊᒻᒪᓐᖏᒍᑕᐅᒍᓐᓇᖅᑐᑦ ᐊᐅᔭᒃᑯᑦ ᐃᑲᔪᖅᓯᓗᑎᓪᓗ ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓂᒃ 
ᐊᑐᐃᓐᓇᐅᓂᖅᓴᐅᓂᖏᓐᓄᑦ ᓂᕐᑮᑦ ᐅᑭᐅᒃᑯᑦ ᑐᖁᕋᖅᑐᒥᓂᕐᓂᒃ. ᑭᖑᓪᓕᖅᐹᒥ, ᐃᓄᐃᑦ ᐊᑦᑐᐃᓂᖃᕈᓐᓇᕐᒥᔪᑦ 
ᑐᕋᐃᓐᓇᖅᑐᒥᒃ. ᓲᕐᓗ, ᓇᔫᑎᔪᖃᖅᐸᑦ ᑭᓈᓗᓐᓂᒃ ᓂᕿᑦᓴᓂᒃ (ᐃᓄᓐᓄᑦ ᑭᓈᓗᐃᑦ) ᐅᐊᓐᓇᖅᐸᓯᓐᓂᖅᐹᒥ, 
ᐃᓄᖃᐃᓐᓇᖅᑐᒥ ᓄᓇᕐᒧᐊᕐᒥ, (ᐊᓘᑦ, ᓄᓇᕗᑦ) ᐱᕚᓪᓕᑎᑦᓯᓯᒪᔪᖅ ᕿᑐᕐᖏᐅᕐᓂᖏᓐᓂᒃ ᐃᒥᖅᑯᑕᐃᓚᐃᑦ, 
ᑎᒻᒥᐊᑦ ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐊᑦᑐᐃᓯᒪᓂᖃᖅᓱᑎᒃ ᐊᕕᓐᖓᐃᑦ ᐊᒥᓲᒍᓐᓇᕐᓂᖏᓐᓂᒃ ᐊᕕᓐᖓᐃᑦ, ᐱᒻᒪᕆᐹᓗᒃ 
ᐱᓯᒪᔪᖅ ᐊᐅᓚᓂᖏᑦᑎᓐᓂᒃ ᐊᔾᔨᒌᓐᖏᑦᑑᓂᖏᑦ ᐃᓂᒋᔭᐅᔪᓂ. ᐊᕙᑎᖃᑎᒌᓐᓂᕐᒧᑦ ᐊᐅᓚᓂᐅᔪᑦ 
ᐊᔾᔨᒌᓐᖏᑦᑑᓂᐊᖅᑐᑦ ᐊᕙᑎᐅᑉ ᐊᓯᔾᔨᕐᓂᖓᓂᒃ ᑐᓐᕕᖃᕐᓗᑎᒃ (ᐱᕈᖅᑐᐃᑦ, ᐱᕈᖅᑐᑐᖅᑐᑦ, ᓂᕿᑐᖅᑐᑦ) 
ᐊᑦᑐᖅᑕᐅᑉᐸᑕ .  ᑕᐃᒪᐃᓂᖓᓄᑦ , ᐊᑦᑐᖅᑕᐅᓂᔪᑦ ᓯᓚᐅᑉ ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᓄᑦ ᓂᕿᓄᑦ 
ᐊᔾᔨᒌᓐᖏᑦᑑᑐᐃᓐᓇᕆᐊᓖᑦ ᖃᐅᔨᓴᕐᕕᐅᔪᓂ ᑐᓐᖓᕕᖃᖅᓱᑎᓪᓗ ᐊᐅᓚᓂᓪᓗᐊᑕᐅᔪᓂᒃ ᐊᖅᑭᑦᓯᒪᓂᐅᔪᓄᑦ.  
  

ᓵᑉᑕ 9. ᓇᑎᕐᓇᕐᒥ ᓂᕿᐅᖃᑎᒌᑦᑐᑦ 
ᑎᑎᕋᖅᑎᒻᒪᕆᒃ: Pierre Legagneux ᐊᒻᒪᓗ Nicolas Lecomte  
ᑎᑎᕋᖃᑕᐅᔪᑦ: Gilles Gauthier, Jean-Rémi Julien, Charles J. Krebs, Douglas W. Morris, 

Niels Martin Schmidt ᐊᒻᒪᓗ Nigel Gilles Yoccoz  
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The tundra ecosystem 
 The arctic tundra biome (hereafter tun-
dra) is characterized by short, treeless vege-
tation and is thus located north of the tree 
line, from ~55° of latitude in the south to 80° 
to the north. The word tundra primarily refers 
to areas with permanently frozen ground 
(permafrost), either continuous or discontinu-
ous. Tundra vegetation is generally dominated 
by dwarf shrubs, sedges, grasses, mosses and 
lichens. Because of their harsh climate (low 
temperatures and precipitations, strong 
winds), tundra ecosystems support a low bio-
diversity and are thus relatively simple in their 
structure and processes (Elton 1927, Oksanen 
and Oksanen 2000, Krebs et al. 2003, 
Gauthier et al. 2004, but see Hodkinson and 
Coulson 2004). Therefore, it is often argued 
that studying the whole terrestrial plant and 
animal community and their interactions (i.e. 
the food web) should be less challenging there 
than in other terrestrial biomes. However, as 
we explain below, such a simplistic view of the 
Arctic food web may actually be hampering 
our efforts to understand it.  
 A food web describes the network of tro-
phic interactions between species: who eats 
whom within an ecosystem (Loreau 2010). 
Figure 1 provides an example of the food web 

for one of our study sites, Bylot Island. Food 
chains describe how biomass and energy is 
passed on through trophic levels in the eco-
system, from plants at the bottom of the 
chain to herbivores and predators at the top. 
Major tundra herbivores include caribou 
(Rangifer tarandus, named reindeer in Eura-
sia), muskoxen (Ovibos moschatus), arctic 
geese, arctic hares (Lepus arcticus) and small 
mammals (primarily lemmings). Weasels 
(Mustela erminea or ermines), jaegers 
(Stercorarius sp.), rough-legged hawks (Buteo 
lagopus), snowy owls (Bubo scandiacus) and 
arctic foxes (Vulpes lagopus) constitute the 
most common predators. Lemmings are of 
special interest because in many areas their 
populations undergo cyclic fluctuations of 
large amplitude over a period of 3 to 6 years 
(Gilg et al. 2003, Ims and Fuglei 2005, Gruyer 
et al. 2008, Schmidt et al. 2008) that strongly 
affect the abundance of many predators or at 
least their breeding outputs. For example, 
snowy owls typically breed only during years 
of peak lemming abundance (see BIRDS OF 
PREY chapter) and the number of active arctic 
fox dens is often directly related to lemming 
abundance (see ARCTIC AND RED FOXES 
chapter). 
 A key question of our project was to un-
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Figure 1. Summary of the food web of Bylot Island (Nunavut, Canada) during a typical lemming peak year. 
Line width is scaled based on the relative importance of each species in the diet. Purple = insectivorous birds, 
red = avian predators, yellow = mammalian predators, green = herbivores, grey = arthropods, blue = pri-
mary producers and brown = detritus (including marine subsidies) (from Legagneux et al. submitted). 
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derstand what processes controlled food webs, 
that is whether plant production (bottom 
forces) or predators (top forces) were the 
main driving factors. The diversity in herbi-
vore and predator communities encountered 
across our multiple study sites suggests that 
variation in body size among herbivores may 
be an important determinant of these proc-
esses. The simple food chain view of preda-
tor–prey interactions ignores the fact that all 
predators are not equivalent and they cannot 
consume all species of herbivores equally. In-
deed, because large herbivores like caribou or 
muskoxen can virtually escape from preda-
tion, they will tend to be more limited by re-
source or climate (Tveraa et al. 2007) 
whereas predation would tend to act as a ma-
jor force driving the population dynamic of 
small herbivores (Gilg et al. 2003, Schmidt et 
al. 2008). On Bylot Island, where large mam-
malian herbivores are absent, the food web 
appears dominated by predator-prey interac-

tions (see Box 1). 
 Body size could also drive the impact of 
herbivores on plant production. For instance, 
lemmings generally have a limited impact on 
vegetation except at some sites such as 
northern Fennoscandia or Alaska where they 
can occasionally reach very high densities 
(Moen et al. 1993, Turchin et al. 2000, Ok-
sanen et al. 2008). In contrast, the highly 
gregarious caribou consume high amount of 
lichens during winter that can be easily over-
grazed, exceeding the carrying capacity of 
their habitat (Manseau et al. 1996, Arseneault 
et al. 1997). Accordingly, we found that on 
Herschel Island, where caribou are present, 
plant-herbivore interactions play a dominant 
role in the food web (Legagneux et al. in 
prep.). Snow geese, which are an intermedi-
ate body size herbivore, are interesting be-
cause they exert a strong pressure on plants 
at some sites (e.g. West Hudson Bay) but 
much less at others (e.g. Bylot Island; see 
GEESE chapter). Although their smaller body 
size expose them more to predation than 
large mammalian herbivores, their highly co-
lonial tendency can buffer predation while in-
creasing their local impact on plants. On the 
other hand, muskoxen, a more solitary animal 
compared to caribou, does not seem directly 
limited by plant production (Kristensen 2009), 
but rather by the unavailability of forage dur-Muskox. 
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ing winter, in part related to climatic condi-
tions. Therefore, it appears that the relative 
importance of plant-herbivore or predator-
prey interactions in the dynamic of tundra 
ecosystems varies spatially and is dependent 
upon the local species assemblage. Primary 
productivity is also affected by latitude and 
altitude and contributes to spatial heterogene-
ity as food webs are simpler in the North or in 
high elevation areas compared to southern or 
lower elevation areas. 
 
Effects of global warming on producers 
and consumers 
 Ecosystem processes respond differently 
to environmental changes such as those in 
climate, species composition or abundance, 
depending on which component (plants, herbi-
vores or predators) is primarily affected. One 
of the most conspicuous effects of climate 
warming is the “greening up” of the Arctic, 
especially in the low Arctic (Sturm et al. 2001, 
Tape et al. 2006). The increase in plant pro-
duction induced by global warming may result 
in higher herbivore abundance and ultimately 
more predators in the system. However, de-
spite the clear trend for an increase in plant 
production reported at many arctic sites (e.g. 
Hudson and Henry 2009; see GEESE chapter), 
this has not yet translated into increases in 
herbivore populations at those sites. Although 
this lack of response may simply be because 
herbivore populations are lagging behind, it is 
also possible that other factors are preventing 
herbivore populations of responding to this 
increase in plant biomass. Hence, even in the 
simple tundra ecosystem, such mechanistic 
links may not be that simple (see a detailed 
example in Box 1). If herbivores do not re-
spond to increase in plant biomass, this could 
lead to the expansion of shrubs and in turn to 
a decline in vascular plant diversity due to 
shading effect at ground level (Tape et al. 
2006, Walker et al. 2006). 
 In addition to increases in temperature 
and primary production, changes in precipita-
tion regimes are likely to be part of global 
changes. This includes snow, a key feature of 
the tundra ecosystem during most of the year, 
which could be drastically modified in terms of 
quantity and quality (see SMALL MAMMALS 
chapter). Snow cover provides lemmings with 
insulation and partial refuge against predators 

like foxes. Reduction in snow quality in recent 
years is thought to be largely responsible for 
the collapse of lemming cycles (or at least to 
major changes in their dynamics) in several 
parts of the Arctic (Ims et al. 2008, Kausrud 
et al. 2008, Gilg et al. 2009), with potentially 
strong cascading effects on other groups of 
the food web, particularly predators (Ims and 
Fuglei 2005, Gilg et al. 2009, Post et al. 
2009). However, collapse of the lemming cy-
cle appears limited to some sites and no evi-
dence for it was found at several study sites of 
the ArcticWOLVES project, most notably those 
located in the High Arctic region (see SMALL 
MAMMALS chapter). Nonetheless, finding con-
clusive evidence for population decline re-
quires long term data, especially for cyclic 
species, and many of the sites that we studied 
were monitored only during a short time pe-
riod (i.e. during one or two cycles).  
 
Marine subsidies 
 It is being increasingly recognized that 
the functioning of an ecosystem cannot be 
understood in isolation (Polis et al. 1997, Jef-
feries 2000, Polis et al. 2004). Frequently, a 
species belonging to a given ecosystem can be 
subsidized by allochthonous (synonym of 
alien, i.e. coming from other, neighbouring 
ecosystems) resources, which can have con-
siderable effects on the dynamic of both its 
own population and of its local prey or preda-
tors (Polis et al. 1997, Polis et al. 2004, 
Gauthier et al. 2011). Subsidies can thus 
shape the structure and dynamic of food 
webs, especially when two ecosystems differ-
ing in productivity are connected (Polis and 
Hurd 1996). The impact of top predators on 
lower levels of the food chain can be strongly 
affected by the flow of energy from adjacent 
ecosystems (Leroux and Loreau 2008). Subsi-
dies are particularly common between marine 
and terrestrial ecosystems (Polis et al. 1997, 
Anderson and Polis 1998). In fact, all Arctic-
WOLVES and Arctic Predators study sites are 
located within 25 km from the sea (Fig. 2), 
and thus can potentially benefit from alloch-
thonous subsidies from the marine environ-
ment. Such biased distribution has historical 
and logistical causes and may have conse-
quences on our understanding of the tundra 
ecosystem. However, this also reflects a real-
ity because most of the arctic tundra is spa-
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tially close to the marine environment as 
Walker et al. (2005) calculated that approxi-
mately 80% of non-alpine tundra is located 
within 100 km of a coastline, making it essen-
tially a coastal biome (Walker et al. 2005). 
 Marine nutrients enter terrestrial habitat 
in the forms of beached marine animals, dead 
organisms and detritus. In addition, several 
species such as seabirds acquire their energy 
at sea and rest or breed inland or in coastal 
areas, thereby providing a local abundance of 
marine-derived resources that can be ex-
ploited by terrestrial predators. Such subsidies 
can be especially significant in low-
productivity ecosystems such as the arctic 
tundra (Gauthier et al. 2011). The Varanger 
peninsula (Fig. 2) represents a typical exam-
ple of coastal arctic tundra, with the added 
peculiarity of an absence of sea ice year-
round. The ocean surrounding the peninsula 

harbours large stocks of pelagic fishes that 
sustain abundant seabird populations, likely to 
enter into the diet of terrestrial predators like 
foxes (see Box 2). Coastal areas thus repre-
sent a rich, productive and almost unlimited 
food source for many predators. It is possible 
that these subsidized areas facilitated the 
northward progression of red foxes (Vulpes 
vulpes) and its expansion toward the inland 
arctic tundra, which increased competition 
with the arctic foxes (Vulpes lagopus) and led 
to its exclusion in some areas (Killengreen et 
al. 2007, Killengreen et al. 2011). 
 
Humans as components of the tundra 
ecosystem 
 Apart from the rich marine inputs, terres-
trial ecosystems are also recipient of other 
subsidies, for instance from freshwater eco-
systems (most of the insect communities de-
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pend on freshwater lakes, ponds or wetlands 
at some point in their life cycle). However, 
human activities can also be a major source of 
subsidies for terrestrial ecosystems (Gompper 
and Vanak 2008, Weiser and Powell 2010), 
especially in locations where the human foot-
print is large (see Box 3). We present three 
cases showing that anthropogenic subsidies 
can significantly affect the tundra food web, 
either directly or indirectly. 
 Migratory connectivity: how southern hu-
man influence is transported by birds to the 
Arctic — Because migratory animals move 
across large distance encompassing whole 
continents or even more, they can bring up 
north human influences affecting southern 
ecosystems. Arctic geese accumulate endoge-
nous energy reserves necessary to breed on 
staging areas prior to reaching their arctic 
breeding grounds (Drent et al. 2003). Most of 
their reserves are now acquired in agricultural 
landscapes, a human-created ecosystem. The 
food subsidy provided by modern agriculture 
is thus a form of allochthonous subsidy 
brought by the geese to the arctic tundra 
(Jefferies et al. 2004). This artificial food 
source fuelled population increases in many 
goose species resulting in very large breeding 
populations in the Arctic, which led to habitat 
degradation due to overgrazing at some sites 
(see GEESE chapter). For predators such as 
arctic foxes, high goose numbers represents a 
stable, predictable alternative prey source that 
may help them maintaining their populations 
during bottlenecks (such as low years of lem-
ming abundance: Bêty et al. 2002, Gauthier et 
al. 2004, 2011) and increase their impact on 
other prey species of the food web (see 
SHOREBIRDS chapter). 
 Semi-domestic reindeers — Reindeer is 
an important resource (both culturally and 
economically) for many indigenous peoples in 
the Eurasian Arctic and their dynamic has in-
creasingly reflected social changes that oc-
curred in recent years. Reindeer abundance 
has for example increased in northern Fenno-
scandia or on Yamal peninsula whereas it has 
collapsed in some parts of Arctic Russia. Den-
sities of semi-domesticated reindeer are now 
so high in Fennoscandia (10 to 50 times 
higher than for most wild populations) that 
they could prevent shrub expansion on the 
summer pastures (Ims et al. 2007). They can 

also subsidize predators through increasing 
winter mortality of animals left overwinter on 
the summer pastures (see Box 2).  
 Tundra exploitation and provision — The 
two previous cases are examples of indirect 
impacts of human activities on the tundra food 
web. However, humans may also have direct 
impacts through exploitation (e.g. sport or 
commercial hunting) or the provision of sup-
plementary food sources (e.g. human waste). 
 Overhunting or harvest can negatively 
impact wildlife populations and create a sink if 
hunting pressure is too high, thereby disrupt-
ing food webs. Several terrestrial Arctic spe-
cies such as the wolverine (Gulo gulo, 
COSEWIC 2003)  or the barren-ground brown 
bear (Ursus arctos, McLoughlin et al. 2003) 
are especially sensitive to sustained harvest 
and slight increase in quotas can quickly re-
duce their populations. In the past century, 
some snow goose populations have almost 
been hunted down in the south until a ban 
and effective protection allowed them to show 
a formidable come-back, with the unexpected 
outcome of the present-day overabundant 
populations (Gauthier et al. 2005). 
 The gradual decline in plant productivity 
as we go north (Fig. 2) is the main reason for 
the reduction in biodiversity and the impover-
ishment of food webs with latitude. The poten-
tial impact of human food subsidies on food 
webs is therefore expected to increase with 
latitude. Previous studies have shown that 
direct food inputs from human activity (e.g. 
industrial fisheries, refuse dumps or urban 
waste) can increase populations of opportunist 
seabird species (Pons and Migot 1995, Garthe 
et al. 1996). The presence of an anthropo-
genic food source (human waste) at the most 
northerly site of the ArcticWOLVES project, 
Alert, allowed us to show how such a food 
subsidy can impact a tundra predator (see 
Box 3). 
 
Conclusion and perspectives 
 A key feature emerging from our Arctic-
WOLVES project is the large amount of varia-
tion among sites. In our effort to look for gen-
eral patterns, we developed models of bio-
mass fluxes to help us determine the major 
forces that drive tundra food webs (see Box 
1). Although this research is still in progress, 
our first results highlight the importance of 
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body size. The primary factors regulating her-
bivore populations may vary according to their 
body size (Caughley and Krebs 1983). Be-
cause large herbivores can partially escape 
predation, they are more likely to be regu-
lated by resources (or climatic conditions) 
whereas smaller ones (especially small mam-
mals) suffer a lot more from predation, which 
is more likely to limit or regulate their popula-
tions. This pattern is in accordance with what 
was found in other terrestrial ecosystem (e.g. 
African savannas) where regulation processes 
(either from plants or predators) greatly de-
pend on herbivore body size (Sinclair et al. 
2003, Hopcraft et al. 2010). We also showed 
that the tundra ecosystem could heavily de-
pend on other systems (mainly the marine 
ecosystem, but also freshwater ones). Assum-
ing that ecosystems are closed can lead to 
erroneous conclusions, especially when pro-
ductivity is low such as in the Arctic (Loreau 
and Holt 2004). Future tundra ecosystems 

models should incorporate allochthounous in-
puts (meta-ecosystems, Loreau et al. 2003, 
Gauthier et al. 2011) to fully understand tun-
dra food webs.  
 Processes occurring during winter likely 
have a strong influence on the functioning of 
tundra food webs, but fieldwork took place 
only during the summer months at most of 
our study sites. Hence, we are missing pre-
cious data during a critical period of the year. 
For instance, weasels are the main lemming 
predator and are present year round, but we 
know very little on the interaction between 
these two groups during winter. Spatial and 
temporal variation in snow quality, including 
conditions in the subnivean space, would be 
another avenue to be investigated in the com-
ing years. Future research will have to over-
come the logistic difficulties associated with 
winter work as this could shed some light on 
the variability observed across the Arctic.  

Varanger, Norway. 
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Tundra food webs 

Box 1. Modelling of the Bylot Island food web. 

 We used a modelling tool (called ECO-
PATH; Christensen and Pauly 1992; 
www.ecopath.org) to develop food web mod-
els based on the flux of biomass among vari-
ous trophic levels at several of our study sites. 
Our aim was to answer four key questions: (i) 
What fraction of plant production is consumed 
by herbivores? (ii) What fraction of herbivore 
production is consumed by predators? (iii) 
Which species are keystones (i.e. a species 
that has an effect on other taxa much larger 
than expected given its biomass)? (iv) Do 
these patterns have changed over time, most 
notably in response to climate change? We 
show here the results of our model at one of 
our study site, Bylot Island, NU. The key ter-
restrial wildlife and plant production have 
been monitored at this site from 1993 to 2009 
(Gauthier et al. 2004). The main feature of 
Bylot Island is the absence of large mammal-
ian herbivores (muskoxen and caribous) and 
the presence of a relatively large snow goose 
colony (see Fig. 1 for a schematic representa-
tion of the food web). Results from the model 
show that less than 10 % of the annual plant 
production at the landscape level is consumed 
by herbivores (lemmings, geese), but 20 to 
100% of the annual herbivore production is 
consumed by predators. Lemmings in particu-
lar are heavily depredated. Our results high-
light that the two sympatric lemming species 
occurring on Bylot Island do not show similar 
patterns. Collared lemmings are heavily pre-
dated regardless of the lemming phase and 

also show limited fluctuations (7.2 fold be-
tween crash and peak years) compared with 
brown lemmings, which show higher ampli-
tude fluctuations (44.3 fold between crash and 
peak years). Predation alone is likely to limit 
collared lemming abundance while additional 
mechanisms (such as delayed predation by 
weasels or maternal effects) may be required 
to account for the decline phase of brown lem-
mings. The proportion of plant production con-
sumed by herbivores showed a decreasing 
trend over time whereas the proportion of 
herbivores consumed by predators remained 
high and fairly constant. The decreasing trend 
in herbivore consumption is largely explained 
by the climate-driven increase in plant pro-
duction observed on Bylot Island (see GEESE 
chapter), which apparently has not affected 
yet the higher levels of the food web. Thus, 
plant production is apparently not regulating 
ecosystem processes on Bylot Island. In con-
trast, some predators act as keystone species. 
During years of peak lemming abundance, the 
snowy owl is a keystone species because it 
negatively impacts other predators (such as 
the arctic fox through intra-guild predation or 
competition, Fig. B1.1) and it reduces preda-
tion rate on alternative prey species, such as 
snow geese, through indirect interactions 
(Bêty et al. 2001). These results show that 
predation is likely to play a dominant role in 
the functioning and structuring of the tundra 
food web on Bylot Island. 

Figure B1.1. Simplified food web of Bylot Island in relation to lemming 
abundance: peak years (left diagram) vs. crash years (right diagram). 
Thickness of the arrows is proportional to the strength of the interactions. 
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Box 2. Semi-domesticated reindeer in Norway: an example of human-induced subsidy 
for the tundra ecosystem. 

 Despite a relatively simple structure, 
processes driving tundra food webs can be 
affected by temporal fluctuations occurring at 
several spatio-temporal scales (Ims and Fuglei 
2005). Among those, the seasonal migrations 
of several species can be a major source of 
temporal fluctuations. For instance, in many 
areas reindeer uses the tundra as summer 
pasture and migrates south in the boreal for-
est during the winter (Callaghan et al. 2004b). 
The semi-domestication of these large herbi-
vores, mostly in the Eurasian Arctic, has 
modified these seasonal movements, caused 
shifts in their range and resulted in increase in 
numbers, sometimes by several orders of 
magnitude (Moen and Danell 2003, Forbes et 
al. 2009). For instance, over the past 30 
years, the herds on the Varanger peninsula, 
Northern Norway, have increased by 300%, 
reaching ca 3.6 reindeers/km2, a high density 
for such a low productivity area. Furthermore, 
some reindeer now inhabit summer pastures 
all year round. Consequently, reindeer provide 
an abundant and predictable food source for 
several tundra predators, which turn to scav-
enging on carcasses from animals dying dur-
ing winter months. This food subsidy is espe-
cially beneficial for predators during harsh 
winters. In several locations, this human-
driven resource likely has a strong impact on 
predator guild structure as well as on the en-
ergy flux in the food web due to the thou-

sands of kilograms of meat readily available 
for consumption. This can be viewed as a 
mechanism driven by bottom-up processes 
(food to the predators provided by the car-
casses; Fig. B2.1), potentially shifting the re-
gime of predator-prey interactions for preda-
tors like the arctic fox and their other prey 
species (Killengreen et al. 2011). 

Predators and scavengers

Reindeer

Plants

Other herbivores

Marine detritus and seabirds

Human 
driven 

subsidies

Terrestrial food web

Marine subsidies

Figure B2.1. Simplified terrestrial food web in Va-
ranger, Northern Norway, subsidized by marine and 
human-induced (reindeer) inputs. Consumers are 
then subsidized to higher abundances and to 
greater diversity than would be possible from in situ 
resources alone.  

Semi-domesticated reindeers. 
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Tundra food webs 

Box 3. Impact of anthropogenic food sources on an arctic predator. 

 The Canadian military base of Alert, Elles-
mere Island, Canada (83° N, 62° W; Fig. 2), 
is the most northerly, permanently inhabited 
settlement on the planet. The sewage of the 
base (which includes semi-liquid food refuse) 
represents a potentially rich and stable source 
of nutrients for predatory species living in this 
very low productivity environment. We used 
stable isotopes to determine to what extent 
this anthropogenic food source was used by 
long-tailed jaegers, the most abundant preda-
tor at this site, and if it could affect food web 
interactions. Because lemmings are an impor-
tant prey item for jaegers (see BIRDS OF 
PREY chapter), we contrasted the diet and 
reproductive activity of jaegers in years of 
high and low lemming abundance. Jaegers 
switch from a diet dominated by marine prey 
in winter to one dominated by terrestrial prey 
in the summer. A large proportion of the sum-
mer diet of jaegers at Alert comes from the 
sewage but this anthropogenic source was 
much more important in years of low lemming 
abundance than in years of high lemming 
abundance (Fig. B3.1). This food subsidy ap-
parently dampens the effect of lemming abun-
dance on jaeger reproduction, because nest 
density was 2.5 times less between years of 
low and high lemming abundance compared to 
65 times less on Bylot Island, a control site 
without any anthropogenic food source. These 
results suggest that anthropogenic food sub-
sidy can affect the interaction between preda-
tors and their primary prey, here lemmings, 
and thus the stability of the food web. 

Figure B3.1. (A) Summer diet of the long-tailed jaeger during lemming peak or crash at Alert, Nunavut and 
(B) the nest density at Alert and Bylot Island according to lemming phase (Julien 2011). 

Long-tailed jaegers and shorebirds feeding at 
the military base sewage at Alert. 
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Abstract 
  The Arctic is home to numerous indigenous communities who still maintain close 
cultural, economic, and spiritual ties to local ecosystems. Over the past 25 years, the 
idea of combining traditional ecological knowledge and scientific knowledge to better 
understand arctic ecology and to manage natural resources has gained a growing recog-
nition. Several sub-projects have combined scientific and traditional ecological knowl-
edge in our International Polar Year project. These studies have attempted to better un-
derstand the ecology of the arctic fox in the North Baffin region and to study the im-
pacts of climate change on geese in the Hudson Bay Lowland. We have also started to 
investigate the contribution to environmental knowledge of the Arctic Borderlands Eco-
logical Knowledge Coop, a Yukon community-based monitoring program. We inter-
viewed local experts from Pond Inlet (Nunavut) about cultural use and importance of 
Arctic foxes, changes in abundance and distribution, winter feeding habits, moult, and 
arrival of red fox in the area. The integration of TEK and scientific knowledge expanded 
the spatial and temporal scales of documented scientific knowledge about arctic foxes. 
For instance, TEK pertaining to the winter ecology of arctic foxes provided insight into 
the existence of two distinct strategies, one marine and one terrestrial, which expanded 
current scientific knowledge at both the spatial (from tens to hundreds of kilometres) 
and temporal scales (from summer to annual).  Our research in the Hudson Bay Low-
land examined how climate change and its impacts on natural habitat may be affecting 
the spatial distribution of snow goose and Canada goose populations, and how this im-
pacts access and harvest by Cree communities. We conducted interviews with local ex-
perts in Moose Factory and Peawanuck (Ontario). Hunter reported significant changes in 
goose distribution during both spring and fall migration, likely due to changes in climate 
and local habitats used by geese. In this case, TEK and scientific observations largely 
corroborated each other. Our project examining the Arctic Borderlands Ecological Knowl-
edge Coop is analysing the 12 years of indigenous hunters' observations collected by 
the Coop program to better understand variations in the body condition of the Porcupine 
Caribou Herd and availability to communities. The Porcupine Caribou is a particularly 
important resource for Native people living in the Northern Yukon area and is one of the 
only long-term monitoring programs in the Arctic based on the knowledge of aboriginal 
people. Results will contribute insights into the benefits and drawbacks of community-
based monitoring programs in terms of scientific and indigenous knowledge integration. 
We conclude from our studies that a strategic cycling between the collection of TEK and 
the acquisition of scientific knowledge should be organized to enhance our overall 
knowledge about the ecology of a given wildlife population. Bridging scientific and tradi-
tional knowledge not only has value to better understand species and ecosystems. It 
also gets people with similar interests (wildlife and the land) but different cultures to 
better know each other, in a context that needs the collaboration of all to better under-
stand the origin and implications of extremely quick environmental changes currently 
affecting the circumpolar North. 

CHAPTER 10. INTEGRATING SCIENTIFIC AND 
TRADITIONAL ECOLOGICAL KNOWLEDGE 
Lead authors: Dominique Berteaux  
Co-authors: Kenneth F. Abraham, Catherine-Alexandra Gagnon and Jennifer Robus  



   

 

 
 
ᓇᐃᓪᓕᑎᖅᓯᒪᔪᖅ 
 ᐅᑭᐅᖅᑕᖅᑐᖅ ᐃᓂᒋᔭᐅᔪᒻᒪᑦ ᐊᒥᓱᓄᑦ ᓄᓇᖃᖅᑳᖅᓯᒪᔪᓄᑦ ᓄᓇᓕᓐᓄᑦ ᓱᓕ ᑲᔪᓯᑎᑦᓯᔪᓄᑦ ᐱᖅᑯᓯᕐᒥᒃ, 
ᖃᑭᒪᓇᓱᐊᕐᓂᒥᒃ, ᐊᒻᒪᓗ ᐅᑉᐱᕈᓱᓐᓂᕐᒥᒃ ᐊᑦᑐᐊᔪᓂᒃ ᐊᕙᑎᒧᑦ. ᐊᕐᕌᒍᐃᑦ 25 ᐊᓂᒍᖅᑎᓪᓗᒋᑦ, ᐃᓱᒻᒪᓯᐅᔪᖅ 
ᑲᑎᖅᓱᐃᓂᕐᒧᑦ ᖃᐅᔨᒪᓂᑐᖃᕐᓂᒃ ᐊᕙᑎᒨᖓᔪᓂᒃ ᐊᒻᒪᓗ ᖃᐅᔨᒪᔪᕐᔪᐊᓄᑦ ᖃᐅᔨᒪᓂᐅᔪᓂᒃ 
ᑐᑭᓯᒃᑲᓐᓂᕈᑕᐅᖁᓪᓗᒋᑦ  ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᕙᑎᒥᒃ ᐊᐅᓚᑦᓯ ᔾᔪᑕᐅᓪᓗᑎᓪᓗ  ᓄᓇᒥᑕᒥᒃ 
ᐃᓕᑕᕆᔭᐅᕙᓪᓕᐊᓯᒪᑐᐃᓐᓇᖅᑐᑦ. ᖃᑦᓯᒐᓛᑦ ᐊᐅᓚᓂᐅᔪᑦ ᑲᑎᖅᓱᐃᓯᒪᔪᑦ ᖃᐅᔨᒪᔪᕐᔪᖓᓂᒃ ᐊᒻᒪᓗ ᐃᓄᐃᑦ 
ᖃᐅᔨᒪᓂᖏᓐᓂᒃ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑐᖅ ᐊᕐᕌᒍᖃᖅᑎᓪᓗᒍ .  ᑖᒃᑯᐊ ᖃᐅᔨᓴᕐᓂᐅᔪᑦ 
ᑐᑭᓯᒃᑲᓐᓂᕈᑕᐅᒐᓱᐊᖅᓯᒪᔪᑦ ᑎᕆᒐᓐᓂᐊᓂᒃ ᐅᐊᓐᓇᖓᓂ ᕿᑭᖅᑖᓘᑉ ᖃᐅᔨᓴᖅᓱᒋᓪᓗ ᓯᓚᐅᑉ ᐊᓯᔾᔨᕐᓂᖓᑕ 
ᐊᑦᑐᐃᓂᖏᑦ ᑲᖑᕐᓂᒃ ᑕᓯᐅᔭᕐᔪᐊᒥ ᐊᑉᐸᓯᓐᓂᖓᓂ. ᖃᐅᔨᓴᖅᐸᓪᓕᐊᓯᒪᓕᕐᒥᔪᒍᑦ ᓇᒦᖏᓐᓂᒃ ᐊᕙᑎᒧᑦ 
ᖃᐅᔨᒪᐅᓂᐅᔪᑦ ᐅᑭᐅᐅᖅᑕᖅᑐᒥ Borderlands Ecological Knowledge Coop-ᒥᒃ, ᔫᑳᓐᒥ ᓄᓇᓕᓐᓂᒃ 
ᑐᓐᖓᕕᖃᖅᓱᑎᒃ ᖃᐅᔨᓴᕐᓂᐅᔪᖅ. ᐊᐱᖅᓱᖅᓯᒪᔪᒍᑦ ᓄᓇᓕᓐᓂ ᖃᐅᔨᒪᔪᒻᒪᕆᓐᓂᒃ ᒥᑦᑎᒪᑕᓕᒻᒥᒃ (ᓄᓇᕗᑦ) 
ᐱᖅᑯᓯᖅᑎᒍᓪᓗ ᐊᑐᖅᑕᐅᓂᕆᕙᑦᑕᖏᓐᓂᒃ ᐱᒻᒪᕆᐅᓂᖏᓐᓂᓪᓗ ᑎᕆᒐᓐᓂᐊᑦ, ᐊᓯᔾᔨᕐᓂᖏᑦ ᐊᒥᓲᓂᖏᑦᑕ 
ᐃᓂᖏᑦᑕᓗ, ᐅᑭᐅᒃᑯᑦ ᓂᕆᓂᕆᕙᑦᑲᖏᑦ, ᒥᖅᑯᐃᔭᕐᓂᖏᑦ ᐊᒻᒪᓗ ᑎᑭᓐᓂᖏᑦ ᐋᕐᖓᓴᐃᑦ ᑕᒪᐅᖓ. 
ᑲᑎᑕᐅᓂᖏᑦ TEK ᐊᒻᒪᓗ ᖃᐅᔨᒪᔪᕐᔪᐊᑦ ᖃᐅᔨᒪᓂᖓᑦᑕ ᐊᖏᓪᓕᕚᓪᓕᕈᑕᐅᓯᒪᒻᒪᑦ ᑎᑎᕋᖅᑕᐅᓯᒪᔪᓄᑦ 
ᑎᕿᒐᓐᓂᐊᑦ ᒥᑦᓴᐃᓐᓄᑦ. ᓲᕐᓗ, TEK ᐊᑦᑐᐅᐊᔪᑦ ᐅᑭᐅᒃᑯᑦ ᓇᔪᒐᖏᓐᓄᑦ ᑎᕆᒐᓐᓂᐊᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᒍᑕᐅᒻᒪᑕ 
ᒪᕐᕉᓐᓂᒃ ᐅᐸᓗᖓᖏᔭᐅᑏᓐᓂᒃ, ᐊᐃᑉᐸᖓ ᐳᐃᔨᓅᖓᔪᖅ ᐊᐃᑉᐸᖓ ᐱᓱᑦᑎᓄᑦ, ᐊᖏᓪᓕᕚᓪᓕᕈᑕᐅᑦᓱᑎᒃ ᒫᓐᓇ 
ᖃᐅᔨᒪᔪᕐᔪᐊᓄᑦ ᖃᐅᔨᒪᓂᐅᔪᓄᑦ ᑕᒪᒃᑮᑎᒍᑦ (10-100 ᑭᓗᒦᑕᓄᓄᑦ) ᓇᔪᒐᕆᔭᐅᑲᐃᓐᓇᖅᑐᓪᓗ (ᐊᐅᔭᒃᑯᑦ 
ᐅᑭᐅᓕᒫᕐᓗ). ᖃᐅᔨᓴᕐᓂᕗᑦ ᑕᓯᐅᔭᕐᔪᐊᒥ ᐊᑉᐸᓯᓐᓂᖓᓂᒃ ᕿᒥᕐᕈᑦᓴᑕ ᖃᓄᖅ ᓯᓚᐅᑉ ᐊᓯᔾᔨᕐᓂᖓ 
ᐊᑦᑐᐃᓂᖏᓐᓂᓪᓗ ᐆᒪᔪᖃᕐᕕᐅᔪᓂᒃ ᐊᑦᑐᐃᓂᖃᑐᐃᓐᓇᕆᐊᖃᕐᒪᖔᑕ ᑲᖑᐃᑦ ᓇᔪᒐᖏᓐᓂᒃ ᓂᕐᓖᓪᓗ, ᖃᓄᕐᓗ 
ᑕᒪᓐᓇ ᐊᑦᑐᐃᓂᐅᔪᖅ ᐊᑐᐃᓐᓇᖃᕈᑕᐅᒻᒪᖔᖅ ᐊᖑᓇᓱᒍᑕᐅᕙᒻᒪᖔᕐᓗ ᐊᓪᓚᐃᑦ ᓄᓇᓕᖏᓐᓂ. 
ᐊᐱᖅᓱᖃᑦᑕᖅᓯᒪᔪᒍᑦ ᓄᓇᓪᓕᓐᓂ ᖃᐅᔨᒪᔪᒻᒪᕆᐅᔪᓂᒃ ᒨᔅ ᕚᒃᑐᕆᒥ ᐊᒻᒪᓗ ᐱᕙᓇᒃᒥ (ᐋᓐᑎᐅᕆᐅ). 
ᐊᖑᓇᓱᑦᑏᑦ ᐅᖃᖃᑕᖅᓯᒪᔪᑦ ᐊᓯᔾᔨᖅᓯᒪᒋᐊᖏᑦ ᑲᖑᖃᕐᕕᐅᔪᑦ ᐅᐱᕐᖔᒃᑯᑦ ᐅᑭᐅᒃᑯᓪᓗ ᑐᓛᑎᓗᒋᑦ 
ᐱᔪᑎᓪᓗᒋᓪᓗ, ᐱᔾᔪᑕᐅᔪᑦᓴᐅᑦᓱᓂ ᓯᓚᐅᑉ ᐊᓯᔾᔨᕐᓂᖓ ᓇᔪᒐᐅᕙᑦᑐᓪᓗ ᑲᖑᓇᕐᓄᑦ. ᑕᕝᕙᓂᓕ, TEK ᐊᒻᒪ 
ᖃᐅᔨᒪᔪᕐᔪᐊᓂᒃ ᐅᔾᔨᕆᔭᐅᓯᒪᔪᑦ ᐊᑕᐅᑦᓯᒃᑰᖃᑎᒌᑦᓯᒪᔪᑦ. ᐊᐅᓚᓂᑦᑎᓐᓂ ᕿᒥᕐᕈᓂᖅ ᐅᑭᐅᖅᑕᖅᑐᒥ Border-
lands Ecological Knowledge Coop-ᑯᓐᓄᑦ ᕿᒥᕐᕈᓂᖅ ᐊᕐᕌᒍᓂᑦ 12-ᓂᒃ ᓄᓇᖃᖅᑳᖅᓯᒪᔪᑦ ᐊᖑᓇᓱᑦᑏᑦ 
ᐅᔾᔨᕆᔭᖏᓐᓂᒃ ᓄᐊᑕᐅᔪᓂᒃ ᐊᐅᓚᓂᐅᔪᒃᑯᑦ ᑐᑭᓯᒃᑲᓐᓂᕈᑕᐅᒍᒪᓪᓗᑎᒃ ᐊᔾᔨᒌᓐᖏᑦᑑᓂᖏᓐᓂᒃ ᑎᒥᖏᑦᑕ 
ᖃᓄᐃᓐᓂᖏᑦᑕ Porcupine ᑐᑦᑐᐃᑦ ᐊᒻᒪᓗ ᐊᑐᐃᓐᓇᐅᓂᖏᑦ ᓄᓇᓕᓐᓄᑦ. Porcupine ᑐᑦᑐᐃᑦ 
ᐱᒻᒪᕆᐅᓗᐊᕐᒥᔪᑦ ᓄᓇᖃᖅᑳᖅᓯᒪᔪᓄᑦ ᓄᓇᖃᖅᑐᓄᑦ ᐅᐊᓐᓇᖓᓂ ᔫᑳᓐ ᑖᓐᓇᑑᑦᓱᓂᓗ ᐊᑯᓃᖅᑐᒧᑦ 
ᖃᐅᔨᓴᖅᑕᐅᓂᖃᖅᓱᓂ ᐅᑭᐅᖅᑕᖅᑐᒥ ᑐᓐᖓᕕᒋᑦᓱᒋᑦ ᓄᓇᖃᖅᑳᖅᓯᒪᔪᑦ. ᖃᐅᔨᔭᐅᔪᑦ ᐃᑲᔪᕐᓂᖃᕐᓂᐊᖅᑐᑦ 
ᐱᕚᓪᓕᕈᑕᐅᓗᑎᒃ ᖃᐅᔨᒍᑕᐅᓗᓪᓗ ᓄᓇᓕᓐᓂᒃ ᑐᓐᖓᕕᖃᖅᑐᑦ ᖃᐅᔨᓴᒃᓂᐅᔪᓂᒃ ᖃᐅᔨᒪᓂᕐᔪᐊᕐᒨᖓᔪᑦ 
ᓄᓇᖃᖅᑳᖅᓯᒪᔪᓪᓗ ᖃᐅᔨᒪᔭᖏᑦᑕ ᑲᑎᑕᐅᓂᖏᓐᓄᑦ. ᖃᐅᔨᓕᖅᐳᒍᑦ ᖃᐅᔨᓴᕐᓂᑎᓐᓂᒃ ᐅᐸᓗᖓᐃᔭᐅᑏᑦ 
ᐊᐅᓚᓂᖓᑦ ᓄᐊᑕᐅᓂᖏᓐᓄᑦ TEK ᐊᒻᒪᓗ ᐱᔭᐅᓂᖏᓐᓄᑦ ᖃᐅᔨᒪᔪᕐᔪᐊᑦ ᖃᐅᔨᒪᓂᖏᑦᑕ ᐸᕐᓇᑕᐅᒋᐊᓖᑦ 
ᐱᕚᓪᓕᑎᑦᓯᒍᑕᐅᓗᑎᒃ ᐃᓘᓐᓈᒍᑦ ᖃᐅᔨᒪᓂᑦᑎᓐᓂᒃ ᐊᕙᑎᑦᑕ ᒥᑦᓵᓄᑦ ᑕᑯᓐᓇᕐᓗᒋᑦ ᐆᒪᔪᐃᑦ. ᑲᓱᖅᑎᑦᓯᓂᖅ 
ᖃᐅᔨᒪᔪᕐᔪᐊᓃᓐᖔᖅᑐᓂᒃ ᖃᐅᔨᒪᓂᑐᖃᐅᔪᓂᓪᓗ ᐊᑑᑎᖃᑐᐃᓐᓇᖏᑦᑐᖅ ᑐᑭᓯᕚᓪᓕᕐᓂᕐᒧᑦ ᐆᒪᔪᕐᓂᒃ 
ᐊᕙᑎᒥᓪᓗ. ᐃᓄᓐᓂᑦᑕᐅᖅ ᑕᐃᒫᑦᓴᐃᓐᓇᖅ ᐱᔪᒪᓂᖃᖅᑐᓂᒃ (ᐆᒪᔪᕐᓂᒃ ᓄᓇᒥᓪᓗ) ᐱᖅᑯᓯᖃᖃᑎᖐᑦᑑᒐᓗᐊᓂᒃ 
ᑐᑭᓯᒪᖃᑎᒌᓐᓂᖅᓴᐅᓕᖅᓱᑎᒃ, ᑲᑐᔾᔨᖃᑎᒌᒍᑕᐅᒋᐊᖃᓪᓚᕆᑦᑐᖅ ᑐᑭᓯᒃᑲᓐᓂᖁᓪᓗᑕ ᓇᑭᓐᖔᖅᓯᒪᓂᖓᓂᒃ 
ᐊᑦᑐᐃᓂᖓᓂᓪᓗ ᓱᑲᑦᑐᒥᒃ ᐊᕙᑎᐅᑉ ᐊᓯᔾᔨᕐᓂᖓᑕ ᐊᒃᑐᐊᔪᑦ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑐᒧᑦ.  
  

ᓵᑉᑕ 10. ᑲᑎᑎᑦᓯᓂᖅ ᖃᐅᔨᒪᔪᕐᔪᐊᕐᓃᖔᖅᑐᓂᒃ 
ᖃᐅᔨᒪᓂᑐᐊᐅᔪᓂᓪᓗ 
ᑎᑎᕋᖅᑎᒻᒪᕆᒃ: Dominique Berteaux 
ᑎᑎᕋᖃᑕᐅᔪᑦ: Kenneth F. Abraham, Catherine-Alexandra Gagnon ᐊᒻᒪᓗ Jennifer Robus  
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 The Arctic is home to numerous indige-
nous communities who still maintain close cul-
tural, economic, and spiritual ties to local eco-
systems. These interrelated systems of human 
and nature are now experiencing social and 
environmental changes, occurring at rates 
which may challenge their capacity to adapt. 
To foster the sustainability of these northern 
social-ecological systems, it is critical to better 
detect and predict changes affecting them. 
This task is complex and requires information 
from various sources, including scientific infor-
mation and the knowledge and perspectives of 
local indigenous people.  
 Over the past 25 years, the idea of com-
bining traditional ecological knowledge (TEK, 
see Box 1 for definitions) and scientific knowl-
edge to better understand arctic ecology and 
to manage natural resources has gained a 
growing recognition (references in Gagnon 
and Berteaux 2006). In Canada for example, 
the increased appreciation of TEK, coupled 
with native political and cultural claims, has 
led to legislation and policies requiring that 
TEK be considered alongside science in certain 
resource management decisions (Usher 
2000). A cornerstone of the Nunavut Land 
Claims Agreement was the creation of a coun-
cil that would ensure Inuit involvement in de-
cisions regarding the preservation and devel-
opment of land covered in the agreement 
(Gouvernement du Canada 1993). Further-
more, following the creation of the territory in 
1999, Inuit traditional knowledge (see Box 1) 
has emerged as a guiding principle of the 
Government of Nunavut (Wenzel 2004). 
 This chapter summarizes three Arctic-
WOLVES projects integrating TEK and scien-
tific knowledge. These projects reached differ-
ent stages of development during the Interna-
tional Polar Year (IPY). The first project, which 
ended at the beginning of IPY, investigated 
the complementarities between TEK and sci-
entific knowledge to better understand the 
ecology of arctic fox and snow geese in the 
North Baffin region. The second project, which 
nearly entirely unfolded during IPY, linked sci-
ence and TEK in understanding impacts of cli-
mate change on geese in the Hudson Bay 
Lowland. The third project started during IPY 
and is still at an early stage of development. 
It investigates the contribution of an interna-
tional (Alaska-Yukon-Northwest Territories) 

community-based monitoring program (the 
Arctic Borderlands Ecological Knowledge 
Coop) to the adaptive capacity of an arctic 
social-ecological system.  
 
Project 1: Ecology of arctic fox in the 
North Baffin region 
 It is now a legislative requirement that 
Inuit knowledge be included in the manage-
ment of Canada’s National Parks in Nunavut 
(Nunavut Field Unit of Parks Canada 2004). In 
this project, we combined the interests of Mit-
timatalik (Pond Inlet) residents, Sirmilik Na-
tional Park (Fig. 1), and academic scientists to 
investigate Inuit TEK pertaining to arctic foxes 
(Vulpes lagopus). This project was a crucial 
step in integrating Inuit TEK into the manage-
ment of Sirmilik National Park because it put 
in place an approach to TEK collection and 
gathered abundant information on a species 
central to the local ecosystem. 

 Inuit from the Mittimatalik area formerly 
trapped arctic foxes extensively. From the 
1920s, when the Hudson’s Bay Company es-
tablished a trading post in Mittimatalik, to the 
mid 1970s, fox fur represented the most im-
portant asset traded by Inuit to secure cash 
and other valuable goods (Sawtell 2005). Only 
a few hunters still trap foxes around Mitti-

Scientific and traditional knowledge 

Figure 1. Study area of Project 1. (A) Location of 
the Nunavut territory (darker beige), in which the 
red circle indicates the general study area location. 
(B) Close-up of the study area showing north Baffin 
Island and Bylot Island, Nunavut, Canada. The com-
munity of Mittimatalik is the closest and largest set-
tlement located near the Sirmilik National Park 
(from Gagnon and Berteaux 2009). 
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matalik, and trapping is no longer a major 
economic activity in the area. Nonetheless, 
foxes are highly visible and are frequently ob-
served by local hunters traveling on the land 
(Panipakoocho 2005). This made the species 
an ideal one to be the focus of a TEK project 
(see Box 2). 
 Ecological systems operate on a multitude 
of spatial and temporal scales (Wiens 1989, 
Levin 1992, 2000), and understanding how 
processes differ and interact among these 
scales is one of the great difficulties of eco-
logical research (Wilbanks 2006). We tried to 
integrate TEK and scientific knowledge by em-
phasizing their complementarities across spa-
tial and temporal scales. An observer can usu-
ally specialize in only a subset of existing 
scales because of the nature of economic mo-
tivations, time and logistical constraints, or 
personal and cultural interests. In particular, 
scientists and local community members usu-
ally have very different motives and access to 
different observational equipment for studying 
the natural world. 
 We interviewed 21 local experts who were 
selected from recommendations by Elders, 
members of the Mittimatalik Hunters and 
Trappers Organization, people from the Ham-
let Office, and community members working 
for Parks Canada and the Nunavut Wildlife 
Management Board. Interviews conducted on 
the land were particularly effective in stimu-
lating conversation. Gagnon and Berteaux 
(2009) give a detailed description of our 
methods. 
 We concentrate here on one of the key 
results of this study dealing with winter feed-
ing ecology and distribution of the arctic fox. 
According to 16 local experts who mentioned 
at least one item eaten by arctic foxes, their 
winter diet is made up of various sources. 
Among these experts, 11/16 mentioned lem-
mings (Dicrostonyx groenlandicus and Lem-
mus trimucronatus), 12/16 mentioned car-
casses of sea mammals, 2/16 referred to cari-
bou (Rangifer tarandus), and 1/16 cited arctic 
hare (Lepus arcticus). One expert said that 
arctic foxes eat birds, although the species 
were not identified, and another referred to 
food caches. Three of the 16 experts called 
foxes scavengers who feed on anything they 
can find. Of the dozen informants who indi-
cated that arctic foxes fed on the carcasses of 

sea mammals, 7/12 specified that the animal 
remains originated from beached animals, 
5/12 said that they were leftovers from polar 
bear kills, and 3/12 referred to carcasses left 
behind by hunters.  
 When discussing the winter diet of arctic 
foxes, 11 of 21 informants reported the exis-
tence of two overwintering strategies, one 
involving mainly the use of tundra and the 
other the use of sea ice (Fig. 2). They also 
mentioned physical characteristics that distin-
guished the two types of foxes. Of the respon-
dents commenting on the “land” fox, 8/11 
said that it had thicker fur, 4/11 reported that 
its fur was whiter, and 1/11 described it was 
longer. Two of them said that the land fox was 
larger, and one each said that it had less oily 
fat, had a thinner skin, was better to eat, and 
turned white earlier in the winter. Seven out 
of 11 informants provided potential reasons 
for the physical variations between the “land” 
and “sea” fox. Six out of seven mentioned 
differences in food sources as the main rea-
son, and one stated that temperature differ-
ences between the floe edge and the land 
could explain variations in fur thickness. A 
large proportion of informants (17 of 21) also 
reported on a migration occurring in March–
April, during which foxes move toward the sea 
ice to feed on newborn ringed seal pups. 
 We found many points of complementar-
ity between the TEK we collected and current 
scientific knowledge. The integration of TEK 
and scientific knowledge expanded the spatial 

Figure 2. General spatial distribution of “land” and 
“sea” arctic fox, according to the TEK reported by 
local experts from Mittimatalik, Nunavut, Canada 
(NPC = National Park of Canada). 
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and temporal scales of documented knowl-
edge about arctic foxes. For instance, TEK 
pertaining to the winter feeding ecology of 
arctic foxes expanded current scientific knowl-
edge at both the spatial (from tens to hun-
dreds of kilometres) and temporal scales 
(from summer to annual). Indeed, the winter 
diet of arctic foxes has rarely been quantified 
(Roth 2002), and never in the Mittimatalik 
area. Based on studies conducted elsewhere, 
the arctic fox is considered an opportunistic 
omnivore (Angerbjörn et al. 1994, Roth 
2002), and its winter diet can consist of vari-
ous items depending on the habitat occupied. 
Studies have suggested that two foraging 
strategies, one terrestrial and one marine, 
may be adopted by different segments of arc-
tic fox populations, although this has not been 
shown to occur in the winter (Roth 2002). Sci-
entists have also documented that arctic foxes 
may prey on ringed seal pups by entering 
their subnivean birth lairs in the spring (Smith 
1976, Hammill and Smith 1991). However, 
because arctic foxes are opportunistic omni-
vores that occupy various habitats, it is diffi-
cult to generalize findings across populations 
(Angerbjörn et al. 1994, Roth 2002, Eide et al. 
2005). 
 TEK added to our knowledge regarding 
the ecology of the fox population near Pond 
Inlet by providing: (i) evidence that local ani-
mals use a variety of habitats during winter, 
from land to sea ice; (ii) an overview of the 
food items consumed during winter; (iii) in-
sight into the importance of seal pup con-
sumption in early spring, and (iv) insight into 
the existence of two distinct winter foraging 
strategies. TEK also provided information re-
garding differences in fur characteristics be-
tween foxes adopting these two strategies; to 
our knowledge, this has not been documented 
scientifically. The existence of two strategies 
had only been documented by scientists out-
side of this study region based on fox summer 
diets in areas where they had access to large 
bird colonies (Fay and Stephenson 1989, Eide 
et al. 2005), or at a pan-arctic scale across 
fox populations living in very different habitats 
(Angerbjörn et al. 1994). Roth (2002, 2003) 
suggested that distinct segments of fox popu-
lations might use different winter foraging op-
tions, one terrestrial and one marine, in west-
ern Hudson Bay, Canada. However, his analy-

sis found no evidence of the two strategies in 
this population. 
 To gain the most benefits from comple-
mentarities, a strategic cycling between the 
collection of TEK and the acquisition of scien-
tific knowledge could be organized to enhance 
our overall knowledge about the ecology of a 
given wildlife population. For example, TEK 
collected during this study expanded our 
knowledge about the ecology of the regional 
fox population by providing evidence that local 
animals use both the tundra and sea ice in 
winter. This was not documented by scientists 
working locally. However, since this study was 
performed, some Bylot Island foxes have been 
fitted with satellite transmitters (see ARCTIC 
AND RED FOXES chapter). The scientific 
knowledge provided by satellite data was con-
gruent with TEK. The satellite data also 
showed how individual foxes use terrestrial 
and marine habitats throughout the winter, 
knowledge that is largely inaccessible to local 
experts, who cannot easily differentiate be-
tween individual foxes seen at different loca-
tions. In contrast, satellite data cannot pro-
vide behavioural or dietary information. Local 
experts could help interpret satellite data us-
ing TEK, leading to further novel research pro-
jects that may, in turn, again benefit from 
collecting additional TEK. If designed strategi-
cally, this cycle of enquiry can help overall 
knowledge grow more quickly than can the 
input of either local hunters or scientists 
alone. Furthermore, the involvement of local 
experts in all stages of the cycle can increase 
the likelihood that research will address topics 
that are locally relevant and that results will 
be transferred to local communities. This part-
nership may also strengthen mutual under-
standing between scientists and local inhabi-
tants. 
 
Project 2: Impacts of climate change on 
geese in the Hudson Bay Lowland 
 This project drew on both traditional eco-
logical knowledge and scientific knowledge to 
better understand the impact of a changing 
climate on goose abundance, distribution and 
habitat in the Hudson Bay Lowland, and how 
these changes affect local coastal communi-
ties in terms of their access and harvest of 
geese. The communities involved included the 
Weenusk First Nation in Peawanuck, located 
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on the southern coast of Hudson Bay, and the 
Moose Cree First Nation in Moose Factory, lo-
cated at the tip of James Bay. 
 The First Nations (Cree) of the Hudson 
Bay Lowland rely heavily on waterfowl for 
subsistence, as much in overall weight as 
moose (Alces alces) or caribou (Thompson 
and Hutchison 1987, Berkes et al. 1992).  The 
proportion of community members who par-
ticipate in the spring goose hunt has also re-
mained high, as land and hunting tradition 
remains an important part of Cree culture 
(Berkes et al. 1992).  
 The wetlands of the Lowland are both 
breeding and staging grounds for several 
goose species of the Mississippi Flyway of 
North America, where individuals acquire criti-
cal reproductive fat reserves before reaching 
their arctic breeding grounds (Thomas and 
Prevett 1982). Canada geese (Branta cana-
densis) of the Mississippi Valley Population 
(MVP) and Southern James Bay Population 
(SJBP), as well as lesser snow geese (Chen 
caerulescens) of the mid-continent population, 
migrate through the region, and nest within 
hunting range of the coastal communities. 
Habitat changes have occurred on the winter-
ing grounds in the United States and along 
migration corridors, as well as on the breeding 
grounds (Kerbes et al. 1990, Abraham and 
Jefferies 1997).  The climate of the Hudson 
Bay region is also experiencing change at an 
accelerated rate (ACIA 2005). Localized im-
pacts, however, are less well known. Also less 
known are the impacts on the communities in 
terms of their access and harvest of geese.  
 We conducted interviews in Moose Fac-
tory and Peawanuck. Participants were chosen 
based on their experience on the land 
(Creswell 2009). Verification of the informa-
tion collected in the interviews is critical, and 
several trips to the communities were made 
for this purpose. The themes from the local 
observations were compared to primarily 
quantitative data sources if they were at the 
same temporal, geographical and phenome-
nological scale (Duerden and Kuhn 1998). In-
stances where datasets were at the same 
scale were first identified, and then it was de-
termined if the information was corroborating 
(the same), complementary (potentially the 
same but one of the scales was different), or 
contradictory. The final phase was to confirm 

where the datasets agreed, or assess and 
speculate as to why they might disagree. 
 In Moose Factory, local observations and 
aerial surveys agree that there has been a 
decrease in the number of snow geese seen in 
the area since the 1980s. Local observations 
for Canada geese also indicate that there has 
been a decrease since the 1980s.  Aerial sur-
veys indicate that SJBP Canada geese de-
creased since the 1970s but have remained 
stable since the early 1990s.  There were also 
local observations of a shift in the pattern of 
the spring migration for Canada geese, where 
the geese are being observed as flying inland 
as opposed to along the coast as they have in 
the past. Additionally, hunters have observed 
geese now following the power line along the 
west coast of James Bay. This observation 
could not be corroborated by scientific evi-
dence, although a possible explanation could 
be that the open areas by the power lines 
melt faster and therefore attract the geese to 
feed earlier than on the coast. Hunters also 
reported spring temperatures being warmer, 
with the Moose River breaking up significantly 
sooner. These observations are corroborated 
by local weather station data and records of 
the river break up. Local observations on 
changes to the composition of the grasses on 
the coast are also corroborated by preliminary 
localized studies on the coastal vegetation.  
 In Peawanuck, hunters reported an in-
crease in the number of both snow geese and 
Canada geese in the area since the 1970s, 
which is corroborated by aerial surveys. Hunt-
ers have also reported a shift in the fall migra-
tion, with snow geese leaving Hudson Bay in 
August and early September, as opposed to 
mid-October. Hunters have attributed this 
shift to changes occurring to the vegetation on 
the summer feeding grounds of the geese. 
There have been no local vegetation studies 
with which to compare this observation, al-
though this observation is complementary as 
regionally the coastal vegetation has been 
documented as changing (see GEESE chap-
ter). Similar observations were given by hunt-
ers on the increase in spring temperatures, 
and are corroborated by local weather station 
data. 
 This study found many areas of conver-
gence between TEK and science.  The few ar-
eas of divergence were mostly based on a lack 
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of information at the same scale. This study is 
significant in terms of providing insight into 
trends of goose population abundance, distri-
bution and habitat change.  It has also shown 
that there is spatially and temporally limited 
scientific data on changes occurring on the 
Hudson Bay coast, and has identified a need 
for future work. The vegetation and tempera-
ture are changing, as was made clear in the 
interviews, and it is important to understand 
how this will impact the feeding and nesting 
behaviours of the geese. While they have not 
yet impacted the success of the spring goose 
hunt, it is likely that these changes have also 
not yet met the critical threshold of a mis-
match.  This study is a good example of how 
drawing on multiple knowledge systems has 
improved our understanding of goose-
community-environment interactions. Such 
linkages are important, as they will improve 
the collective understanding of both communi-
ties and research partners in changing envi-
ronmental conditions in these coastal regions. 
 
Project 3: The Arctic Borderlands Ecologi-
cal Knowledge Coop case study 
 This project examines how a community-
based monitoring program involving scientists 
and indigenous communities contributes to 
knowledge acquisition and transmission about 
a northern social-ecological system, and how 
it contributes to build trust and a sense of 
community among its participants. More spe-
cifically, we are analysing the 12 years of in-
digenous hunters observations collected by 
the Arctic Borderlands Ecological Knowledge 
Coop (ABEKC) program, which was originally 
designed to better understand variations in 
body condition of the Porcupine Caribou Herd 
and its availability to communities. 
 The ABEKC was created in 1994 when 
representatives from First Nations, Inuvialuit, 
government agencies, scientists and co-
management groups started an ecological 
monitoring program within the range of the 
Porcupine Caribou Herd, which includes parts 
of Alaska, the Yukon and Northwest Territo-
ries. The Porcupine Caribou is a particularly 
important resource for Native people living in 
this area, but the herd is declining in size 
since 1989. Causes of the decline remain un-
certain. Three main issues were identified in 
1994 as being central to the program: climate 

change, contaminants, and regional develop-
ment. It was also decided that an important 
aspect of the ABEKC would be to bring scien-
tific and local knowledge together. Formally, 
the goals of the ABEKC are to (i) monitor and 
assess ecosystem changes in the range of the 
Porcupine Caribou Herd and adjacent coastal 
and marine areas, (ii) encourage use of both 
science-based studies and studies based on 
local and traditional knowledge in ecological 
monitoring and ecosystem management, (iii) 
improve communications and understanding 
among governments, aboriginal and non-
aboriginal communities and scientists with 
regard to ecosystem knowledge and manage-
ment, and (iv) foster capacity-building and 
training opportunities in northern communities 
in the context of the above-listed goals 
(Kofinas et al. 2002, Arctic Borderlands Eco-
logical Knowledge Society 2008). 
 The ecological monitoring program of the 
ABEKC includes two aspects. First, it devel-
oped a database of 65 scientific indicators 
(collected by different sources), updated an-
nually, that cover a wide range of topics in-
cluding weather information, plant growth, 
bird abundance, etc. Second, the ABEKC, via 
community researchers, runs a community-
based monitoring program during which an 
average of 17 local experts per community are 
interviewed each year in 4 to 8 communities 
on topics including weather, caribous, fishes, 
berries, etc. During each interview, maps are 
produced that identify important areas men-
tioned by the interviewee. At the beginning of 
the ABEKC, communities who participated to 
this monitoring program included Aklavik, Old 
Crow, Fort McPherson and Arctic Village. Since 
2003, the ABEKC expanded to include Inuvik, 
Kaktovik, Tuktoyaktuk and Tsiigehtchic. As of 
2008, 1190 interviews were conducted by the 
program. There is now a strong desire to ana-
lyse and synthesise the information collected 
to make it more readily available to manage-
ment agencies and the public, and our project 
is contributing to this endeavour. In 2005, the 
ABEKC contracted an independent firm to per-
form a survey on how ABEKC data could be 
made relevant to decision-makers. Eighteen 
individuals involved in environmental manage-
ment in the Borderlands region answered the 
questionnaire, which revealed that ABEKC 
data played a limited role in decision-making. 
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Recommendations were then made to in-
crease data accessibility and use. 
 The ABEKC is an excellent case study for 
ArcticWOLVES because it is, to our knowledge, 
one of the only (perhaps the only) long-term 
ecological monitoring program based on the 
knowledge of aboriginal people implemented 
in the Arctic, and much has to be learned 
about this initiative. Results from this research 
currently underway will also contribute in-
sights into the benefits and drawbacks of 
community-based monitoring programs in 
terms of scientific and indigenous knowledge 
integration, and in terms of increased adap-
tive capacity in face of change. 
 
Conclusion 
 During the ArcticWOLVES project, we 
learned many lessons from our attempts to 
bridge scientific and traditional ecological 
knowledge. The following are two interesting 
lessons. First, the boundary between the two 
knowledges was not always as clear as antici-

pated. For example, scientists often use their 
intuitions and field experience to better under-
stand their study systems, while indigenous 
hunters sometimes use scientific methods 
(such as comparing the success of various 
trapping methods through repeated trials) for 
the same reason. It is thus not always easy to 
assign a given piece of knowledge as being of 
scientific or non-scientific origin, especially 
when it comes to knowledge of local value. 
Second, the value of bridging scientific and 
traditional knowledge is not only limited to 
gaining a better understanding of wildlife spe-
cies and the ecosystem. It also has great 
value in getting people with similar interests 
(wildlife and the land) but different cultures to 
interact and better know each other. In a con-
text that needs the collaboration of all to fully 
understand the causes and implications of the 
extremely quick environmental changes cur-
rently affecting the circumpolar North, mean-
ingful interactions between scientists and in-
digenous people are extremely valuable. 
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Box 1. TEK, LEK, ITK, IK, IQ: what is this? 

 Traditional ecological knowledge (TEK), 
local ecological knowledge (LEK), Inuit tradi-
tional knowledge (ITK), Inuit or indigenous 
knowledge (IK) and Inuit Qaujimajatuqangit 
(IQ) are some of the common terms referring 
to the non-scientific knowledge that Northern 
people have about wildlife and ecosystems, 
and that is increasingly of interest to scien-
tists. What are the definitions of those terms 
and which one should be used? Answering this 
question is difficult and context-specific. This 
box gives some definitions generally found in 
the literature, and explains our choice of 
terms in the chapter. 
 
• Traditional ecological knowledge (TEK): of-

ten defined as “a cumulative body of knowl-
edge, practice, and belief, evolving by adap-
tive processes and handed down through 
generations by cultural transmission, about 
the relationship of living beings (including 
humans) with one another and with their 
environment”. In this definition, the word 
‘traditional’ emphasizes ancient roots and 
generational continuity in knowledge con-
tent. TEK thus encompasses factual knowl-
edge about ecological components and 

processes, practices of environmental use, 
and cultural values, ethics, and philosophies 
defining human relationships within the 
natural world (Berkes 2008). 

• Local ecological knowledge (LEK): like TEK 
but refers more specifically to a place-based 
knowledge acquired more recently over the 
lifetime of individuals. 

• Inuit traditional knowledge (ITK) or Inuit 
knowledge (IK): like TEK but refers to the 
knowledge of the Inuit people. 

• Indigenous knowledge (IK): like Inuit 
knowledge but refers to all indigenous peo-
ple. 

• Inuit Qaujimajatuqangit (IQ): often consid-
ered similar as ITK. 

 
 In this chapter, we often use TEK to refer 
to all the non-scientific ecological knowledge 
that was shared with us by Northern people 
during ArcticWOLVES. Other terms may have 
been more appropriate on some occasions (B. 
Archie, pers. comm.). Our choice was mostly 
motivated by the desire to keep things simple 
and did not entail any strong opinion about 
the relative merits of the terms. 

Catherine-Alexandra Gagnon interviews hunter M. Qaunaq during an elder-youth camp on 
Bylot Island, NU, Canada. 

Scientific and traditional knowledge 
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Box 2. How easy is it to gather TEK about a given species? 

 Gagnon and Berteaux (2009) proposed a 
conceptual graph (Fig. B2.1) showing how the 
level of the local community’s interest and 
contact with a given species influences the 
ease with which it is possible to gather TEK 
about this species in an unbiased way. When a 
community has little interest in or contact with 
a given species (for example, a cryptic insect), 
TEK is low and therefore cannot be gathered 
productively (left side of the curve). On the 
other hand, when the community has a very 
high interest in a species (for example, polar 
bears, Ursus maritimus), issues surrounding 
the species can also be strongly politically 
charged, and TEK becomes difficult to acquire 
without bias (right side of the curve). The arc-
tic fox and geese studied in Projects 1 and 2 
provided an ideal context to collect TEK (gray 
area, center of the graph), because these spe-
cies are visible and harvested but do not elicit 
very strong reactions. 

Figure B2.1. Conceptual graph showing how the level of a community’s interest in and contact 
with a species influences the ease with which it is possible to gather TEK about this species (from 
Gagnon and Berteaux 2009). 

Elisapee Ootoova and Lucy Quasa participating 
to an interview held at an old goose hunting 
location, Bylot Island, NU, Canada. 
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 The International Polar Year program pro-
vided an unprecedented opportunity for col-
laborative and comparative research. The pro-
ject ArcticWOLVES was highly successful in 
fostering collaborative research among more 
than 150 researchers and students coming 
from a large array of institutions spread over 
9 countries. All these people worked on a 
common theme across the circumpolar Arctic, 
effectively linking through research more than 
16 primary field sites that constituted privi-
leged observatories of wildlife in vulnerable 
ecosystems (see Fig. 1 in INTRODUCTION 
chapter). Our project created strong partner-
ships with several northern organizations and 
communities, especially in Canada. Despite 
the immense difficulties and challenges asso-
ciated with such a large-scale endeavour, we 
are proud of the results achieved by our pro-
ject, which shows the added value of large 
international programs. The results summa-
rized in this report provide a glimpse of the 
most significant achievements of our project. 
The international dimension of ArcticWOLVES 
is clearly shown by the diverse nationalities of 
the chapter authors for this report, with 8 
countries involved. Although most of what is 
presented in our synthesis report has been 
published in the scientific literature (our team 
has already published 51 papers in scientific 
journals), a continuous flow of publications is 
expected over the next few years. A full list of 
the publications issued from ArcticWOLVES 
can be found on our web site 
(www.cen.ulaval.ca/arcticwolves/), which will 
continue to be updated in the future. 
 A new pattern emerging from our study is 
that, when large mammalian herbivores are 
absent, the food web appears more likely to 
be dominated by predator-prey than by plant-
herbivore interactions. However, we encoun-
tered large variations among sites in this pat-
tern depending of local features. Among the 
small to mid-size wildlife of the tundra food 
web, small mammals are the most important 
herbivores. Populations of tundra small mam-
mals generally exhibit strong amplitude cycles 
of abundance but these patterns show consid-

erable variability among sites, with recent 
changes occurring at some sites. The variabil-
ity among sites largely comes from differences 
in the length of the period of low abundance 
between irruptions and from the range of 
abundance between the lowest and highest 
years. In Canada, the combined predation 
rate of several species appears an important 
regulating factor of both cyclic and non-cyclic 
small mammal populations at several sites. 
However, certain snow conditions such as a 
deep and low-density snow pack also appear 
to be necessary for strong winter population 
growth leading to peak populations during the 
summer. Competitive interactions among co-
habiting species of small mammals also influ-
ence the patterns of change in population 
abundance. 
 Geese are another important herbivore at 
many arctic sites but, in contrast to lemmings, 
their abundance varies enormously through 
space, from near absence at some sites to 
very high abundance at sites with nesting 
colonies. Geese only come to the Arctic to 
breed during the summer and the populations 
of several species have increased considerably 
in recent decades due to events occurring on 
their wintering ground. At very high goose 
density, predator limitation weakens consid-
erably and the system becomes dominated by 
goose-plant interactions, with potentially 
strong negative impact on tundra vegetation. 
This provides a prime example of how 
changes due to human activities occurring 
thousands of kilometres away from the Arctic 
may impact the tundra due to migratory con-
nectivity in bird populations. However, as the 
climate warms, we uncover new mechanisms 
that will likely affect the synchrony of events 
between goose reproduction and either their 
food plants or their predators, which could 
eventually lead to a reduction of recruitment 
into goose populations. 
 Arctic arthropods play essential ecological 
roles in the functioning of the tundra, for in-
stance as the main prey of many shorebirds 
and songbirds. Therefore, changes in their 
distribution and abundance have the potential 

CHAPTER 11. GENERAL CONCLUSION 
Gilles Gauthier and Dominique Berteaux 
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for far reaching ecological consequences 
across the arctic ecosystem.  As temperatures 
increase across the Arctic, our data indicate 
that diversity and overall biomass of arthro-
pods should increase and  their short-lived 
peaks in abundance currently characteristic of 
High-Arctic sites may shift or broaden to re-
semble the longer period of abundance char-
acteristic of lower arctic sites. These changes 
in resource availability may have a negative 
impact on the reproduction of insectivorous 
birds. However, arctic shorebird populations 
may be even more affected by change in 
predator abundance. We found a large varia-
tion in nest predation risk across the Canadian 
Arctic as predation risk for shorebird eggs de-
creased considerably with latitude. Our results 
suggest that the costs of migrating farther 
north are compensated for by decreases in 
predation risk for individuals breeding at 
higher latitudes. Shorebird predator-prey rela-
tionships could be altered via changes in the 
abundance of predators or of alternative prey 
for predators, especially at High-Arctic sites. 
 Another key conclusion of our project is 
that the functioning of an ecosystem cannot 
be understood in isolation as subsidies from 
adjacent ecosystems can shape the structure 
and dynamic of food webs. This is most evi-
dent for top predators of the tundra such as 
the arctic fox (Vulpes lagopus) and several 
avian predators. The extensive use of the sea 
ice by arctic foxes and snowy owls (Bubo 
scandiacus) that we documented show that 
the marine habitat may provide essential for-
aging ground for the maintenance of several 
of these predator populations during the win-
ter. Therefore, a broader, cross-ecosystem 
perspective may be required when assessing 
the status or threats faced by these predators. 
Competition between predators is also an im-
portant aspect of their ecology. A prominent 
example is provided by arctic and red foxes 
(Vulpes vulpes) as the two species compete 
where their distributions overlap, with the red 
fox being dominant over the arctic fox. Be-
cause red foxes will likely expand their distri-
bution northward and their abundance with a 
warming climate, this will tend to increase the 
area of overlap between these two competing 
species, which will be a threat for the arctic 
fox. 
 Several projects within ArcticWOLVES col-

lected traditional ecological knowledge, espe-
cially in Canada. This allowed us to corrobo-
rate, complement or find contrasts with the 
scientific results that were already present in 
the literature or were generated by our pro-
ject. This also allowed us to develop some of 
the methodology that is now needed to inte-
grate into a coherent framework the scientific 
and non scientific knowledge that is available 
about Arctic ecosystems. 
 Although an improved understanding of 
the fundamental processes regulating the tun-
dra food web and several key wildlife species 
and of their vulnerabilities to a changing envi-
ronment represent our most significant 
achievements, our project has provided a 
number of other significant legacies. Among 
those, our project is leaving a comprehensive 
database of most of the information collected 
at the Canadian sites during the International 
Polar Year program and, in some cases, dur-
ing previous years as well. This database, 
which is available on line (www.cen.ulaval.ca/
arcticwolves/arcticwolveswebbd.htm), in-
cludes data on the abundance, distribution, 
reproduction and ecology of a large number of 
arctic wildlife species that will be useful for 
future studies. These data were collected us-
ing standardised sampling protocols 
(www.cen.ulaval.ca/arcticwolves/) across 
sites, which constitute another significant leg-
acy of our project because they provide a set 
of tested methodologies for monitoring the 
status or trends of several arctic species in the 
future. 
 The cross-institutional engagement within 
Canada and abroad gave strong research out-
put resulting from research replicated across 
different and diverse sites, as well as opportu-
nities for group meetings to discuss the sci-
ence. The international engagement of the IPY 
program allowed the development of durable 
international collaborations, especially among 
Canadian, Norwegian, Russian and Danish 
colleagues. Several of these collaborations will 
extend well beyond the International Polar 
Year and will increase our scientific capacity in 
the north. This certainly represents another 
enduring legacy of the program.  
 The International Polar Year was also a 
unique opportunity to enhance arctic research 
infrastructure, and some of our field sites 
benefitted from that, especially in Canada. 
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Improved and upgraded research facilities 
along with new scientific equipment will allow 
a continuation of several of the objectives of 
our project beyond the International Polar 
Year. This is very important because we be-
lieve that our synthesis report clearly shows 
the added value of long-term studies, such as 
those that have been carried out at several 
field sites of the ArcticWOLVES project. Long-
term studies are essential to assess and de-
tect the effects of a changing climate on the 

tundra food web and ultimately on the ecosys-
tem services to human beings.  
 In closing, we believe that our project 
easily met, and in most cases exceeded, the 
objectives initially set out by the International 
Polar Year program. We feel privileged to have 
been part of this ambitious international pro-
gram and we trust that the output from the 
ArcticWOLVES project met the highest stan-
dards and will provide a lasting legacy to Arc-
tic science. 

Conclusion 
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 ᓄᓇ ᕐ ᔪ ᐊ ᕐ ᒥ  ᐅ ᑭ ᐅ ᖅ ᑕ ᖅ ᑑ ᑉ  ᐊ ᕐ ᕌ ᒍᖓ 
ᐱᕕᖃᖅᑎᑦᓯᒍᑕᐅᓯᒪᒻᒪᑦ ᐊᑐᖅᑕᐅᓚᐅᖅᓯᒪᓐᖏᑦᑐᒥᒃ 
ᑲᑐᔾᔨᖃᑎᒌᓐᓂᕐᒥᒃ ᕿᒥᕐᕈᖃᑎᒌᓐᓂᕐᒥᓪᓗ ᖃᐅᔨᕐᓴᕐᓂᕐᒥᒃ. 
ᐊ ᐅ ᓚ ᓂ ᐅ ᔪ ᖅ  A r c t i c W O L V E S 
ᑲᔪᓯᓂᖃᑦᓯᐊᖅᓯᒪᔪᓪᓚᕆᐊᓗᒃ  ᑲᔪᓯᑎᑦᓯᓂᒃᑯ ᑦ 
ᑲᑐᔾᔨᖃᑎᒌᑦᓱᑎᒃ ᖃᐅᔨᕐᓴᕐᓂᕐᒥᒃ ᐅᖓᑖᓃᑦᑐᓄᑦ 150 
ᖃᐅᔨᓴᖅᑏᑦ ᐃᓕᓐᓂᐊᖅᑏᓪᓗ ᐱᓯᒪᔪᑦ ᓇᑭᑐᐃᓐᓇᖅ 
ᑎᒥᐅᔪᓂᒃ ᓯᐊᒻᒪᑦᓯᒪᔪᓂᒃ 9-ᓂ ᓄᓇᓕᕐᔪᐊᓂ . 
ᑖ ᒃᑯᐊᓕᒫᑦᓯᐊᖅ  ᐃᓄᐃᑦ  ᑖᑦᓱᒪᓐᖓᓴᐃᓐᓇᖅ 
ᐱᓇ ᓱ ᐊ ᒐᖃᖅ ᓯ ᒪ ᔪ ᑦ  ᐅ ᑭ ᐅ ᖅ ᑕ ᖅ ᑐᓕ ᒫ ᑦ ᓯ ᐊ ᒥ , 
ᑲᓲᒪᖃᑎᒌᓕᖅᓱᑎᒃ ᖃᐅᔨᓴᕐᓂᒃᑯᑦ ᐅᖓᑖᓃᑦᑐᓂ 15 
ᐃ ᓂ ᐅ ᔪ ᑦ  ᖃ ᐅ ᔨ ᓴ ᕐ ᕕ ᐅ ᑦ ᓱ ᑎ ᒃ  ᐆ ᒪ ᔪ ᕐ ᓂ ᒃ 
ᐊᑦᑐᖅᑕᐅᒋᐊᑭᑐᐃᓐᓇᕆᐊᓕᓐᓃᑦᑐᓂᒃ  (ᑕᑯᓗᒍ 
ᑎᑎᖅᑑᔭᖅᓯᒪᔪᖅ 1 ᓇᓗᓇᐃᔭᐃᔪᓂ). ᐊᐅᓚᓂᕆᔭᕗᑦ 
ᓴᖅᑭᕈᑕᐅᓯᒪᔪᖅ ᓴᓐᖏᔪᒻᒪᕆᓐᓄᑦ ᑲᓲᒪᓂᐅᔪᓄᑦ ᐊᒥᓱᓂ 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᑎᒥᐅᔪᓂ ᓄᓇᓕᓐᓂᓗ, ᐱᓗᐊᖅᑐᒥ 
ᑲᓇᑕᒥ. ᐊᑦᓱᕈᕐᓇᖅᑐᐊᓗᐃᑦ ᐱᒐᓗᐊᖅᑎᓪᓗᒋᑦ ᐊᑦᑐᐊᔪᑦ 
ᐊᖏᔪᐊᓗᒻᒧᑦ ᐱᓕᕆᐊᑦᑎᓄᑦ , ᐱᒃᑯᓱᓪᓚᕆᑉᐳᒍᑦ 
ᖃᐅᔨᔭᐅᔪᓂᒃ ᐱᓯᒪᔪᓂᒃ ᐊᐅᓚᖤᑦᑎᓐᓂᒃ, ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ 
ᐃᑲᔪᖅᓯᑲᓐᓂᕐᓂᖏᓐᓂᒃ ᓄᓇᕐᔪᐊᓕᒫᒧᑦ ᑐᕌᖓᔪᑦ 
ᐊᐅᓚᓂᐅᔪᑦ. ᖃᐅᔨᔭᐅᔪᑦ ᓇᐃᓪᓕᑎᖅᑕᐅᓯᒪᔪᑦ ᐅᑯᓇᓂ 
ᐅᓂᒃᑳᓂ ᑕᑯᒍᑕᐅᕗᑦ ᐱᒻᒪᕆᐅᓂᖅᐹᓂᒃ ᐊᐅᓚᓂᑦᑎᓐᓂᒃ. 
ᓄᓇᕐᔪᐊᕐᒥ ᑲᑐᔾᔨᖃᑎᒌᓐᓂᖅ Arct icWOLVES 
ᑕᑯᑦᓴᐅᑎᑕᐅᓪᓚᕆᑦᑐᖅ ᐊᔾᔨᒌᓐᖏᑦᑐᓄᑦ ᓄᓇᕐᔪᐊᕐᒥᐅᓄᑦ 
ᑎᑎᕋᖅᑎᓄᑦ ᑖᒃᑯᓂᖓ ᐅᓂᒃᑲᓂᒃ, 8 ᓄᓇᓕᕐᔪᐊᑦ 
ᐱᖃᑕᐅᑦᓱᑎᒃ. ᐃᓘᓐᓇᒐᓚᑎᒃ ᐅᓂᒃᑳᖑᔪᑦ ᑖᒃᑯᓇᓂ 
ᑎᑎᕋᖅᑕᐅᓯᒪᒐᓗᐊᖅᓱᑎ ᒃ  ᑲᑐ ᔾ ᔨᖃᑎᒌ ᑦᑐᓄ ᑦ 
ᑎᑎᕋᖅᓯᒪᓕᕇᖅᑐ ᑦ  5 1 -ᓂᒃ  ᖃᐅᔨᒪ ᔪ ᕐ ᔪᐊ ᑦ 
ᑎᑎᖅᑲᖁᑎᖏᓐᓄᑦ), ᑲᔪᓯᓯᒪᐃᓐᓇᖅᑐᖅ ᐃᖏᕐᕋᓂᖓᑦ 
ᑎᑎᕋᖅᑕᐅᕙᓪᓕᐊᔪᑦ ᑲᔪᓯᓂᐊᕆᐊᖏᓪᓗ ᐊᕐᕌᒍᓂ 
ᖃᑦᓯᒐᓛᓂ ᐊᒡᒋᖏᖅᑐᓂ. ᐊᑕᖏᖅᑐᑦ ᑎᑎᕋᖅᓯᒪᔪᑦ 
ᐱ ᓯ ᒪ ᔪ ᑦ  A r c t i c W O L V E S  ᐱ ᔭ ᑦ ᓴ ᐅ ᔪ ᖅ 
ᓄ ᓇ ᕐ ᔪ ᐊ ᕐ ᒨ ᖓ ᔪ ᖁ ᑎ ᑦ ᑎ ᓐ ᓂ ᒃ , 
ᓄᑖᕈᕆᐊᖅᑕᐅᕙᓪᓕᐊᖏᓐᓇᕐᓂᐊᖅᓱᓂ ᓯᕗᓂᑦᑎᓐᓂ  
(www.cen.ulaval.ca/arcticwolves/).  
 ᓄᑖᖅ ᐊᐅᓚᓂᐅᔪᖅ ᐱᓯᒪᔪᖅ ᖃᐅᔨᓴᕐᓂᑎᓐᓂᒃ, 
ᐊᖏᔫᑏᑦ  ᐱᕈᖅᑐᑐᖅᑏᑦ  ᐱᑕᖃᓐᖏᒐᐃᒻᒪᑕ , 
ᓂᕿᐅᖃᑎᒌᑦᑐᑦ ᐊᐅᓚᑕᐅᓂᖅᓴᐅᓂᐅᓴᑐᐃᓐᓇᖅᑐᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ ᐱᕈᖅᑐᑐᖅᑎᓅᓐᖏᑦᑐᖅ. ᑭᓯᐊᓂᓕ, 
ᖃᐅᔨᓯᒪᒻᒥᔪᒍᑦ ᐊᖏᔫᓂᒃ ᐊᔾᔨᖐᓐᖏᑦᑐᓂᒃ ᐃᓂᐅᔪᓂ 
ᑐᓐᖓᕕᐅᑦᓱᑎᒃ ᐃᓂᒋᔭᖏᓐᓃᑦᑐᑦ .  ᐊᑯᕐᖓᓐᓂ 
ᐆᒪᔪᓪᓚᑑᑏᑦ ᐊᑯᓐᓈᖀᓪᓗ ᓂᕿᑦᓴᐃᑦ ᓇᑎᕐᓇᕐᒥ, 
ᐆᒪᔪᓪᓚᑐᐃᑦ ᐱᒻᒪᕆᐅᓂᖅᐸᐅᕗᑦ ᐱᕈᖅᑐᑐᖅᑎᐅᑦᓱᑎᒃ. 
ᐊᒥᓲᓂᖏᑦ ᓇᑎᕐᓇᕐᒥ ᐆᒪᔪᓪᓚᑑᑏᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᒐᔪᑦᑐᑦ 
ᓴᓐᖏᔪᒥᒃ ᐊᐅᓚᓂᐅᔪᓂᒃ ᐊᒥᓲᓂᖏᓐᓄᑦ ᑭᓯᐊᓂᑦᑕᐅᖅ 
ᑖ ᒃ ᑯ ᐊ  ᐊ ᐅ ᓚ ᓂ ᐅ ᔪ ᑦ  ᑕ ᑯ ᑦ ᓴ ᐅ ᑎ ᑦ ᓯ ᒻ ᒥ ᔪ ᑦ 
ᐊᔾᔨᒌᓐᖏᑦᑐᑎᐅᔪᓂᒃ ᐃᓂᐅᔪᓂ, ᐊᓯᔾᔨᕐᓂᖅᑕᖃᕋᑖᖅᓱᓂ 
ᐃᓚᖏᓐᓂ ᐃᓂᐅᔪᓂ. ᐊᔾᔨᒌᓐᖏᓐᓂᖏᑦ ᐱᓯᒪᔪᑦ 

ᐊᔾᔨᒌᓐᖏᓐᓂᖏᓐᓂᒃ ᐃᓄᐃᓴᓐᓂᖏᑦ ᐅᓚᕕᑕᐅᓂᖏᑦᑕ 
ᐊᑯᕐᖓᓐᓂ ᐊᒻᒪᓗ ᐊᒥᓲᓂᖏᑦ ᐊᑯᕐᖓᓐᓂ ᐊᑦᓯᓂᖅᐹᖅ 
ᖁᑦᓯᓂᖅᐹᓪᓗ ᐊᕐᕌᒍᐃᑦ ,  ᑲᓇᑕᒥ ,  ᑲᑎᑦᓱᑎᒃ 
ᓂᕿᑦᓴᖅᓯᐊᖑᓂᕆᕙᑦᑕᖏᑦᑕ ᖃᑦᓯᒐᓛᑦ ᐆᒪᒧᐃᑦ 
ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᐱᒻᒪᕆᐹᓗᒻᒥᒃ ᐊᐅᓚᑦᓯᔾᔪᑕᐅᒻᒥᔪᒥᒃ 
ᑕᒪᒃᑮᓐᓄᑦ ᐆᒪᔪᓪᓚᑑᑎᓄᑦ. ᑭᓯᐊᓂᓕ, ᐊᐳᑎᐅᑉ 
ᖃᓄᐃᓐᓂᖓ ᓲᕐᓗ ᐃᑎᔫᑉᐸᑦ ᐊᑉᐸᓯᑉᐸᓪᓘᓐᓃᑦ 
ᑕᐃᒪᐃᑦᓴᕆᐊᖃᖅᑑᔮᖅᑐᖅ ᐅᑭᐅᒃᑯᑦ ᐊᓐᓇᓂᐊᖅᐸᑕ 
ᐱᕈᖅᐸᓪᓕᐊᓂᖏᑦ ᐊᐅᔭᒃᑯᑦ. ᓵᓚᖃᖃᑎᒌᑦᓯᒪᒐᓱᐊᕐᓂᖏᑦ 
ᐆᒪᔪᓪᓚᑑᑏᑦ ᐊᑦᑐᐃᓂᖃᖅᓯᒪᒻᒥᔪᑦ ᐊᐅᓚᓂᖏᓐᓂᒃ 
ᐊᓯᔾᔨᖅᑕᕐᓂᖏᑦᑕ ᐊᒥᓲᓂᖏᑦᑕ.  
 ᑲᖑᐃᑦᑕᐅᖅ ᐱᒻᒪᕆᐊᓘᒻᒥᔪᑦ ᐱᕈᖅᑐᑐᖅᑎᐅᑦᓱᑎᒃ 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᒥᓱᓂ ᐃᓂᐅᔪᓂ, ᑭᓯᐊᓂ ᑕᑯᓐᓇᖅᓱᒋᑦ 
ᐊᕕᓐᖓᐃᑦ, ᐊᒥᓲᓂᖏᑦ ᐊᔾᔨᒌᓐᖏᑦᑯᑦ ᓯᓚᑐᐃᓐᓇᒃᑯᑦ, 
ᐱᑕᖃᓐᖏᑲᓴᑦᓯᐊᖅᓱᑎᒃ ᐃᓚᖏᓐᓂ ᐃᓚᖏᓐᓂ 
ᐊᒥᓱᐊᓘᑦᓱᑎᒃ ᒪᓐᓂᓕᐅᖅᑐᑦ. ᑲᖑᐃᑦ ᐅᑭᐅᖅᑕᖅᑐᓕᐊᓲᑦ 
ᕿ ᑐ ᕐ ᖏ ᐅ ᕆ ᐊ ᖅ ᑐ ᑐ ᐃ ᓐ ᓇ ᖅ ᓱ ᑎ ᒃ  ᐊ ᐅ ᔭ ᒃ ᑯ ᑦ 
ᑎᒻᒥᐊᖃᐅᕐᕕᐅᔪᓪᓗ ᐊᒥᓱᓐᖑᐹᓪᓕᖅᓯᒪᑦᓱᑎᒃ ᐊᕐᕌᒍᓂ 
ᐊᓂᒍᖅᑐᓂ ᐱᔾᔪᑕᐅᓪᓗᓂ ᐊᐅᓚᓂᐅᔪᑦ ᐊᑑᑎᓯᒪᔪᑦ 
ᐅᑮᕕᖏᓐᓂ. ᑲᖑᓕᐹᓘᑎᓪᓗᒍᖏ, ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ 
ᓴᓐᖐᓕᕚᓪᓕᓲᑦ ᐊᕙᑎ ᐊᐅᓚᑕᐅᓂᖅᓴᐅᓕᓲᖑᒻᒪᑦ 
ᑲᖑᕐᓄᑦ ᐱᕈᖅᑐᑐᖅᑐᓄᑦ, ᐊᑦᑐᐃᓂᖃᕐᓗᓐᓂᖃᕈᓐᓇᖅᓱᓂ 
ᓇᑎᕐᓇᒥ ᐱᕈᖅᑐᓂᒃ. ᑖᓐᓇ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᖅ ᖃᓄᖅ 
ᐊᓯᔾᔨᕐᓂᐅᔪᑦ ᐃᓄᐃᑦ ᐊᐅᓚᓂᖏᑦ ᐱᔾᔪᑕᐅᓪᓗᑎᒃ 
ᐊᑑᑎᔪᑦ ᐊᕙᓂᐊᓗᒃ ᑕᐅᓴᑎᐅᑦᓱᑎᒃ ᑭᓗᒦᑕᐅᑦ 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᐊᑦᑐᐃᓂᖃᑐᐃᓐᓇᕆᐊᓖᑦ ᓇᑐᑎᕐᓇᒥᒃ 
ᑐᓛᔪᑦ ᐱᔾᔪᑕᐅᓪᓗᑎᒃ ᑎᒻᒥᐊᑦ. ᑭᓯᐊᓂᓕ, ᓯᓚ 
ᓂᕈᒥᑦᓯᕙᓪᓕᐊᑎᓪᓗᒍ, ᖃᐅᔨᕙᓪᓕᐊᒻᒥᔪᒍᑦ ᓄᑖᓂᒃ 
ᐊᐅᓚᓂᐅᔪᓂᒃ  ᐊᑦᑐᐃᓂᐅᓴᑐᐃᓐᓇᕐᓂᐊᖅᑐᓂᒃ 
ᐊᐅᓚᓂᐅᔪᓂᒃ ᑲᖑᐃᑦ ᕿᑐᕐᖏᐅᕐᓂᖏᓐᓄᑦ ᐅᕝᕙᓗ 
ᓂᕿᖏᑦ ᐅᕝᕙᓗ ᓂᕆᔨᖏᑦ, ᑎᑭᐅᑎᒍᑕᐅᒍᓐᓇᖅᓱᑎᒃ 
ᐃᓄᐃᓴᓪᓕᕚᓪᓕᕐᓂᖏᓐᓄᑦ ᑲᖑᐃᑦ.  
 ᐅᑭᐅᖅᑕᖅᑐᒥ ᖁᐱᕐᕈᐃᑦ ᐱᒻᒪᕆᐅᒻᒥᔪᑦ ᐊᕙᑎᒧᑦ 
ᐊᐅᓚᓂᐅᔪᑦ ᓇᑎᕐᓇᒥ, ᓲᕐᓗ ᓂᕿᓪᓗᐊᑕᐅᓪᓗᑎᒃ 
ᐊᒥᓱᓄᑦ ᓯᓈᒥᐅᓄᑦ ᑎᒻᒥᐊᓄᑦ ᖁᐸᓄᐊᓄᓪᓗ . 
ᑕᐃᒪᐃᓐᓂᖓᓄᑦ, ᐊᓯᔾᔨᕐᓂᖃᖅᐸᑕ ᐊᒥᓲᓂᖏᓪᓗ, 
ᐊᑦᑐᐃᓂᖃᕈᓐᓇᖅᑯᑦ ᐊᕙᑎᒥᒃ ᐅᑭᐅᖅᑕᖅᑐᒥ. ᓯᓚ 
ᓂᕈᒥᑦᓯᕙᓪᓕᐊᑎᓪᓗᒍ ᐅᑭᐅᖅᑕᖅᑐᒥ, ᑲᑎᖅᓱᖅᓯᒪᔭᕗᑦ 
ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ ᐃᓘᓐᓈᒍᓪᓗ 
ᖁᐱᕐᕈᖃᕐᓂᐅᔪ ᑦ  ᐊᒥᓱᓐᖑᐹᓪᓕᕆᐊᖃᕆᐊᖏᑦ 
ᐆᒪᑲᐃᓐᓇᕐᓂᕆᕙᑦᑲᖏᓪᓗ ᖁᑦᓯᑦᑐᒥ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᐊᓯ ᔾ ᔨᑐᐃᓐᓇᕆᐊᓖᑦ  ᓯᐊ ᒻᒪᐹᓪᓕ ᕐᓗᑎᓪᓘᓐᓃᑦ 
ᐊᔾᔨᖃᒐᓚᒋᐊᓕᕐᓗᑎᒃ ᐊᑯᓃᕐᓂᖅᓴᐅᓂᖏᓐᓂᒃ ᑐᒻᒥᐊᑦ 
ᖁᐱᕐᕈᑐᖅᑐᑦ. ᑭᓯᐊᓂᓕ. ᐅᑭᐅᖅᑕᖅᑐᒥ ᓯᓈᒥᐅᑕᐃᑦ 
ᑎᒻᒥᐊᑦ ᐊᑦᑐᖅᑕᐅᓂᖅᓴᐅᑐᐃᓐᓇᕆᐊᓖᑦ ᐊᓯᔾᔨᕐᒃᓂᐅᔪᓄᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓂ . ᖃᐅᔨᔪᔪᒍᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ 
ᐅᓪᓗᓐᓂᐊᖅᑕᐅᓂᐅᔪᓂᒃ ᑲᓇᑕᒥ ᐅᑭᐅᖅᑕᖅᑐᖓᓂ 
ᓂᕿᑦᓯᓴᖅᓯᐅᖅᑎᓄᑦ ᐅᓗᕆᐊᓇᖅᑐᒦᒋᐊᖏᑦ ᓯᓈᒥᐅᑕᐃᑦ 

ᓵᑉᑕ 11. ᐃᓘᓐᓈᒍᑦ ᓄᖅᑲᐅᓯᖅ 
Gilles Gauthier ᐊᒻᒪᓗ Dominique Berteaux 
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ᑎᒻᒥᐊᑦ ᒪᓐᓂᖏᑦ . ᖃᐅᔨᔭᕗᑦ ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᑐᓛᔪᑦ 
ᑎ ᒻ ᒥ ᐊ ᑦ  ᖁ ᑦ ᓯ ᑦ ᑐ ᓕ ᐊ ᕐ ᓂ ᖅ ᓴ ᐅ ᒍ ᑎ ᒃ 
ᐸᕝᕕᓴᑦᑕᐅᓐᖏᓂᖅᓴᐅᔪᑦ ᕿᑐᕐᖏᐅᕐᕕᖏᑦ. ᓯᓈᒥᐅᑕᐃᑦ 
ᑎ ᒻ ᒥ ᐊ ᑦ  ᓂᕿ ᑦ ᓯ ᓴ ᖅ ᓯ ᐅᖅᑏ ᓪᓗ  ᑲ ᓲ ᒪᓂᖏ ᑦ 
ᐊᑦᑐᖅᑕᐅᑐᐃᓐᓇᕆᐊᓖᑦ ᐊᓯᔾᔨᕐᓂᖏᑦᑎᒍᑦ ᐊᒥᓲᓂᖏᑦᑕ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐅᕝᕙᓗ ᐱᔭᐅᖓᕋᓱᐊᓕᕐᓗᑎᒃ 
ᓂᕿᑦᓯᓴᖅᓯᐅᖅᑎᓄᑦ ᐱᓗᐊᖅᑐᒥᒃ ᖁᑦᓯᑦᑐᒥ.  
 ᑐᑭᓯᔭᓪᓗᐊᑕᐅᒻᒥᔪᖅᑕᐅᖅ  ᐊᐅᓚᓂᑦᑎᓐᓂ 
ᐊᐅᓚᓂᖏᑦ ᐅᕙᑎᐅᑉ ᑐᑭᓯᔭᐅᒍᓐᓇᖏᑦᑯᒃ ᐃᒻᒥᒃᑰᕐᓗᑎᒃ 
ᐊᑦᑐᐊᔪᓂᒃ ᐊᕙᑎᓂᒃ ᐋᖅᑭᑦᓱᐃᒍᓐᓇᖅᑐᓂᒃ ᓴᓇᒪᓂᐅᔪᓂᒃ 
ᐊ ᐅ ᓚ ᓂ ᖏ ᓐ ᓂ ᓪ ᓗ  ᓂ ᕿ ᐅ ᖃ ᑎ ᒌ ᑦ ᑯ ᒃ . 
ᑕᑯᑦᓴᐅᓗᐊᓐᖑᐊᖅᑐᖅ ᓂᕿᑦᓴᖅᓯᐅᖅᓯᑕᐅᓂᖅᐹᓂ 
ᓇᑎᕐᓇᕐᒥ ᒪᑯᓇᓂ ᑎᕆᒐᓐᓂᐊᑦ ᐊᓯᖏᓪᓗ ᑎᒻᒥᐊᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ. ᐊᑐᖅᑕᐅᒐᔪᓐᓂᖓ ᑕᕆᐅᑉ ᓯᑯᖓᑕ 
ᑎᕆᒐᓐᓂᐊᓄᑦ ᐅᑉᐱᔾᔪᐊᓄᓪᓗ ᑎᑎᕋᖅᓯᒪᔭᕗᑦ 
ᑕᑯᑦᓴᐅᑎᑦᓯᔪᑦ ᐃᒪᕐᒥᐅᑕᐃᑦ ᐱᒻᒪᕆᐊᓘᓪᓗᑎᒃ 
ᓂᕿᑦᓴᖅᓯᐅᕐᕕᐅᓲᑦ ᖃᑦᓯᒐᓛᓄᑦ ᐅᑭᐅᒃᑯᑦ ᐆᒪᔪᕐᓄᑦ. 
ᑕ ᐃ ᒪ ᐃ ᓐ ᓂ ᖓ ᓄ ᑦ ,  ᓯ ᕕ ᑐ ᓂ ᖅ ᓴ ᒥ ᒃ 
ᑕᑯᓐᓇᕈᓯᖅᑕᖃᕆᐊᖃᑐᐃᓐᓇᕆᐊᓕᒃ ᕿᒥᕐᕈᔭᐅᓕᖅᐸᑕ 
ᖃᓄᐃᓕᖓᓂᖏᑦ ᐅᓗᕆᐊᓇᖅᑐᑦ ᓵᓐᖓᔭᐅᔪᑦ ᑖᒃᑯᓄᖓ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑎᓄᑦ .  ᓵᓚᖃᖃᑎᒌᒐᓱᐊ ᕐᓂᖏᑦ 
ᓂᕿᑦᓴᖅᓯᐅᖅᑏᑦ ᐱᒻᒪᕆᐹᓘᒻᒥᔪᖅ ᐊᕙᑎᖓᓐᓄᑦ . 
ᐊᓚᒡᒐᐃᑦᑐᖅ  ᐆᑦᑑᑎᑦᓯᐊᖅ  ᑕᑯᑦᓴᐅᑎᑕᐅᔪᖅ 
ᑎᕆᒐᓐᓂᐊᓄᑦ ᐋᕐᖓᓴᓄᓪᓗ ᓵᓚᖃᖃᑎᒌᒐᓱᐊᖅᑎᓪᓗᒋᑦ 
ᓄᓇᒥ ᓇᔪᖅᑕᒥᓐᓂ , ᐋᕐᖓᓴᒃ ᓵᓚᖃᖅᓯᒪᑦᓱᓂ 
ᑎᕆᒐᓐᓂᐊᒥᒃ. ᐋᕐᖓᓴᐃᑦ ᓯᐊᒻᒪᓐᓂᐅᓴᒻᒪᑕ ᐅᐊᓐᓇᒧᑦ 
ᐊᒥᓱᓐᖑᐸᓪᓕᐊᑦᓱᑎᓪᓗ ᓯᓚ ᓂᕈᒥᑦᓯᕙᓪᓕᐊᑎᓪᓗᒍ, ᓱᓕ 
ᐊ ᖏ ᓪ ᓕ ᕙ ᓪ ᓕ ᐊ ᑐ ᐃ ᓐ ᓇ ᓚ ᖓ ᔪ ᖅ  ᑖ ᒃ ᑯ ᐊ 
ᓵᓚᒋᖃᑎᒌᒐᓱᖓᖅᓯᒪᑎᓪᓗᒋᑦ ᐅᓗᕆᐊᓇᖅᑑᓂᐊᖅᓱᓂ 
ᑎᕆᒐᓐᓂᐊᒧᑦ.  
 ᖃᑦᓯᒐᓛᑦ ᐊᐅᓚᓂᐅᔪᑦ ᐃᓗᐊᓂ ArcticWOLVES 
ᓄᐊᑦᓯᓂᐅᓯᒪᔪᑦ ᖃᐅᔨᒪᓂᑐᖃᐅᔪᓂᒃ ᐊᕙᑎᒥᒃ , 
ᐱᓗᐊᖅᑐᒥ ᑲᓇᑕᒥ. ᑕᒪᓐᓇ ᑲᑐᔾᔨᖃᑎᒌᒍᑎᒋᓯᒪᔭᕗᑦ, 
ᐃᑲᔪᖅᓯᒍᑎᒋᑦᓱᒋᑦ ᑕᑯᒍᑎᒋᑦᓱᒋᓪᓘᓐᓃᑦ ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ 
ᖃᐅᔨᒪᔪ ᕐ ᔪᐊᓃᓐᖔᖅᑐᓂ ᒃ  ᑕ ᕝᕙᐅᒌᖅᓯᒪ ᔪᓂ ᒃ 
ᑎᑎᕋᖅᓯᒪᑦᓱᑎᒃ  ᐅᕝᕙᓗ ᐊᐅᓚᔾᔭᑕᐅᓯᒪᔪᓂᒃ 
ᐊᐅᓚᓂᑦᑎᓐᓄᑦ. ᐱᕕᖃᕈᑎᒋᓯᒪᒻᒥᔭᕗᑦ ᓴᖅᑮᒍᑎᒋᑦᓱᒍ 
ᐃᓚᖏᓐᓂᒃ ᑐᑭᓯᔾᔪᑕᐅᔪᓂᒃ ᒫᓐᓇ ᐱᔭᕆᐊᓕᓐᓂᒃ 
ᐃᓚᒍᑦᓯᐅᑎᓗᒋᑦ ᑐᓐᖓᕕᐅᔪᒧᑦ ᖃᐅᔨᒪᔪᕐᔪᐊᓂᒃ 
ᐃᓄᐃᓪᓗ ᖃᐅᔨᒪᓂᖏᓐᓂᒃ ᐊᑐᐃᓐᓇᐅᔪᓂᒃ ᐅᑭᐅᖅᑕᖅᑐᒥ 
ᐊᕙᑎᒥ.  
 ᐱᕚᓪᓕᖅᓯᒪᔪᒥᒃ ᑐᑭᓯᓂᖅᑕᖃᕋᓗᐊᖅᑎᓪᓗᒍ 
ᐊᐅᓚᓂᐅᔪᓄᑦ ᐊᐅᓚᑦᓯᔾᔪᑕᐅᔪᓄᑦ  ᓇᑎᕐᓇᕐᒥ 
ᓂᕿᐅᖃᑎ ᒌᓄ ᑦ  ᐊ ᒻ ᒪ ᓗ  ᐆ ᒪ ᔪ ᓪ ᓗ ᐊ ᑕ ᕐ ᓄ ᑦ 
ᖃᓄᐃᑦᑑᒍᓐᓇᕐᓂᖏᓐᓂᓪᓗ ᓯᓚ ᐊᓯᔾᔨᐸᓪᓕᐊᑎᓪᓗᒍ 
ᑕ ᑯ ᑦ ᓴ ᐅ ᑎ ᑦ ᓯ ᒍ ᑕ ᐅ ᕗ ᑦ  ᐊ ᓚ ᒡ ᒐ ᐃ ᓂ ᖅ ᐹ ᓂ ᒃ 
ᑎᑭᐅᑎᓯᒪᔭᑦᑎᓐᓂᒃ , ᐊᐅᓚᓂᕆᔭᕗᑦ ᖃᑦᓯᒐᓚᓂᒃ 
ᐊᓚᒡᒐᐃᑦᑐᓂᒃ ᖃᐅᔨᒍᑕᐅᓯᒪᔪᖅ. ᐃᓚᖓᑦ, ᐊᐅᓚᓂᕗᑦ 
ᐃᓗᓕᖅᑐᔪᓂᒃ ᑲᑎᖅᓱᐃᓂᖃᖅᓯᒪᒻᒪᑦ ᑐᓴᕋᑦᓴᐃᑦ 
ᓄᐊᑕᐅᓯᒪᑦᓱᑎᒃ ᑲᓇᑕᒥ ᐃᓂᐅᔪᓂᒃ ᓄᓇᕐᔪᐊᕐᒥ 
ᐅᑭᐅᖅᑕᖅᑐᖅ ᐊᕐᕌᒍᖃᖅᑎᓪᓗᒍ, ᐊᒻᒪᓗ ᐃᓚᖓᓂ, 
ᐊᕐᕌᒍᓂᑦᑕᐅᖅ ᓯᕗᕐᖓᓂ ᐊᓂᒍᖅᓯᒪᔪᓂ. ᑖᒃᑯᐊ 
ᑲᑎᖅᓱᖅᑕᐅᓯᒪᔪᑦ ᐊᑐᐃᓐᓇᐅᔪᖅ ᖃᕆᑕᐅᔭᒃᑯᑦ 

ᐱᖃᓯᐅᔾᔨᔪᖅ ᑲᑎᖅᓱᖅᓯᒪᔪᓂᒃ ᐊᒥᓲᓂᖏᓐᓂᒃ , 
ᓇᒦᓐᓂᖏᓐᓂᒃ, ᕿᑐᕐᖏᐅᕐᓂᖏᓐᓂᒃ ᐊᕙᑎᖏᓐᓂᓪᓗ 
ᐊ ᒥ ᓱ ᓗ ᐊ ᐃ ᑦ  ᐅ ᑭ ᐅ ᖅ ᑕ ᖅ ᑐ ᒥ  ᐆ ᒪ ᔪ ᐃ ᑦ 
ᐊᑐᕐᓂᖃᕐᓂᐊᖅᓱᑎᓪᓗ ᓯᕗᓂᑦᑎᓐᓂ ᖃᐅᔨᓴᕐᓂᐅᔪᓄᑦ. 
ᑖᒃᑯᐊᖅ ᑲᑎᖅᓱᖅᑕᐅᓯᒪᔪᑦ ᐊᑐᖅᓱᑎᒃ ᖃᐅᔨᓴᕐᓂᕐᒧᑦ 
ᒪᓕᒐᕐᓂᒃ ᐃᓂᐅᔪᓕᒫᓂ ,  ᐊᓚᒡᒐᐃᒍᑕᐅᒻᒥᑦᓱᓂ 
ᐊᐅᓚᓂᑦᑎᓐᓄᑦ ᐱᕕᖃᖅᑎᑦᓯᒻᒪᑕ ᖃᐅᔨᓴᖅᑕᐅᓯᒪᔪᓂᒃ 
ᐊᐅᓚᓂᐅᔪᓂᒃ ᖃᐅᔨᓴᕐᓂᕐᒧᑦ ᖃᓄᐃᓕᖓᓂᐅᔪᓄᑦ 
ᐊᐅᓚᓂᖏᓐᓄᓘᓐᓃᑦ ᖃᑦᓯᒐᓛᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᐆᒪᔪᐃᑦ 
ᓯᕗᓂᑦᓴᑎᓐᓂ.  
 ᑲᑐᔾᔨᖃᑎᒌᓐᓂᖅ ᑲᓇᑕᐅᑉ ᐃᓗᐊᓂ ᓯᓚᑖᓂᓪᓗ 
ᓴᓐᖏᔪᒻᒪᕆᒻᒥᒃ ᖃᐅᔨᓴᕐᓂᖃᕈᑲᐅᔪᒻᒪᑦ ᓇᒥᑐᐃᓐᓇᖅ 
ᐊᔾᔨᒌᓐᖏᑦᑐᓂᒃ ᖃᐅᔨᓴᕐᓂᖃᖅᓱᑎᒃ, ᐱᕕᑦᓴᖃᖅᓱᑎᓪᓗ 
ᑲᑎᒪᖃᑦᑕᕐᓂᕐᒥᒃ ᐅᖃᖃᑎᒌᑦᓱᑎᒃ ᖃᐅᔨᒪᓂᐅᔪᑦ 
ᒥᑦᓴᐃᓐᓄᑦ. ᓄᓇᕐᔪᐊᕐᒥ ᑲᓲᒪᓴᓂᖓᑦ ᓄᓇᕐᔪᐊᕐᒥ 
ᐅ ᑭ ᐅ ᖅ ᑕ ᖅ ᑑ ᑉ  ᐊ ᕐ ᕌ ᒍ ᖓ ᑕ  ᐊ ᐅ ᓚ ᓂ ᖓ ᑦ ᑕ 
ᐱᕕᖃᖅᑎᑦᓯᒍᑕᐅᓯᒪᒻᒪᑦ ᐱᕙᓪᓕᐊᑎᑦᓯᒍᑕᐅᑦᓱᓂ 
ᐊᑑᑎᓪᓐᓂᒃ ᓄᓇᕐᔪᐊᕐᒥ ᑲᑐᔾᔨᖃᑎᒌᓐᓂᐅᔪᓂᒃ , 
ᐱᓗᐊᖅᑐᒥ ᑲᓇᑕᒥ, ᓄᐊᕙᐃ, ᕋᓴ ᐊᒻᒪᓗ ᑲᓛᖡᑦ 
ᓄᓇᖓᓐᓂ .  ᖃᑦᓯᒐᓛ ᑦ  ᑲᑐ ᔾ ᔨᖃᑎᒌᓐᓂᐅᔪ ᑦ 
ᐅᖓᑖᓅᕐᓂᐊᖅᑐᑦ ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓᑕ 
ᖃᐅᔨᒪᓂᑦᑎᓂᓪᓗ ᐱᕚᓪᓕᑎᑦᓯᓂᐊᖅᓱᓂ ᐅᑭᐅᖅᑕᖅᑐᒥ. 
ᑕᑯ ᑦᓴᐅᑎᑦᓯᒍᑕᐅ ᒻᒥᔪᖅ  ᑭᖑᓂᕆᓂᐊᖅᑕᖓᓂᒃ 
ᐊᐅᓚᓂᐅᔫᑉ.  
 ᓄᓇᕐᔪᐊᕐᒥ ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓ ᐊᔾᔨᐅᖏᑦᑐᒥᒃ 
ᐱᕕᑦᓴᖃ ᕐᕕᒋᔪ ᒻ ᒥ ᔭᕗ ᑦ  ᐱᕚᓪᓕᑎᑦᓯᒍᑕᐅ ᑦᓱᓂ 
ᐅᑭᐅᖅᑕᖅᑯᒥ ᖃᐅᔨᓴᕐᓂᕐᒧᑦ ᐋᖅᑭᐅᒪᓂᐅᔪᓂᒃ , 
ᖃᐅᔨᓴᕐᕕᒋᔭᕗᓪᓗ ᐱᕚᓪᓕᖅᓯᒪᑦᓱᑎᒃ ᑕᒪᑦᓱᒪᓐᖓᑦ, 
ᐱ ᓗ ᐊ ᖅ ᑐ ᒥ  ᑲ ᓇ ᑕ ᒥ .  ᐱ ᕚ ᓪ ᓕ ᖅ ᓯ ᒪ ᔪ ᑦ 
ᓄᑖᕈᕆᐊᖅᑕᐅᓯᒪᔪᓪᓗ ᖃᐅᔨᕐᓴᕖᑦ ᓄᑖᓂᓪᓗ 
ᖃᐅᔨᓴᕈᑎᑖᖅᓯᒪᑦᓱᑕ ᑲᔪᓯᒍᑕᐅᓂᐊᕐᒪᑦ ᖃᑦᓯᒐᓛᓄᑦ 
ᑐᕌᒐᕆᔭᑦᑎᓐᓄᑦ ᐊᐅᓚᓂᑦᑎᓐᓂ ᐅᖓᑖᓄᑦ ᓄᓇᕐᔪᐊᑉᒥ 
ᐅᑭᐅᖅᑕᖅᑑᑉ ᐊᕐᕌᒍᖓᑕ . ᑕᒪᓐᓇ ᐱᒻᒪᕆᐹᓗᒃ 
ᐅᑉᐱᕈᓱᒃᑲᑦᑕ ᐅᓂᒃᑲᓕᐊᕗᑦ  ᑕᑯᑦᓴᐅᑎᑦᓯᒻᒪᑦ 
ᐃᓚᒍᑦᓯᐅᑎᓯᒪᔪᓂᒃ ᐊᑑᑎᓕᓐᓂᒃ ᐊᑯᓃᖅᑐᒧᑦ 
ᖃᐅᔨᓴᕐᓂᐅᔪᓄᑦ, ᓲᕐᓗ ᑕᐃᒃᑯᐊ ᑲᔪᓯᑎᑕᐅᓯᒪᔪᑦ 
ᖃᑦᓯᒐᓛᓂ ᓄᓇᓂ ArcticWOLVES ᐊᐅᓚᓂᖓᓐᓂ. 
ᐊᑯᓃᖅᑐᒥᒃ ᖃᐅᔨᓴᕐᓂᐅᔪᑦ ᐊᑑᑎᖃᓪᓚᕆᒻᒪᑕ 
ᖃᐅᔨᓴᕐᓂᕐᒧᑦ ᖃᐅᔨᓂᕐᒧᓪᓗ ᐊᑦᑐᖅᑕᐅᓂᐅᔪᓂᒃ ᓯᓚᐅᑉ 
ᐊᓯ ᔾᔨ ᕐᓂᖓᓄᑦ  ᓇᑎᕐᓇᒥ  ᓂᕿᒋᖃᑎᒌᑦᑐᓄᑦ 
ᐱᓗᐊᖅᑐᒥᓪᓗ ᐊᕙᑎᐅᑉ ᐊᑑᑎᒋᕙᑦᑕᖓᓂᒃ ᐃᓄᓐᓄᑦ.  
 ᓄᖅᑲᐅᑎᒋᓗᒍ, ᐅᑉᐱᕈᓱᑉᐳᒍᑦ ᐊᐅᓚᓂᕆᔭᕗᑦ 
ᐱᔭᕆᐊᑭ ᑦ ᑐᑎᒍ ᑦ  ᑎᑭᐅᑎᔪᔪᖅ ,  ᐃᓚᖓᓂᓗ 
ᐅᖓᑖᓅᖅᓱᓂ, ᑐᕌᒐᐅᒋᐊᓐᖓᖅᓯᒪᔪᓂᒃ ᓄᓇᕐᔪᐊᕐᒥ 
ᐅᑭᐅᖅᑕᖅᑑ ᑉ  ᐊ ᕐ ᕌ ᒍᖓᓄ ᑦ  ᐊᐅᓚᓂᐅᔪᒧ ᑦ . 
ᖁᔭᓕᓪᓚᕆᑉᐳᒍᑦ ᐃᓚᒋᔭᐅᓯᒪᒋᐊᑦᓴᖅ ᑲᑦᓱᖓᐃᑦᑐᒧᑦ 
ᓄᓇᕐᔪᐊᕐᒥ ᐊᐅᓚᓂᐅᔪᒧᑦ ᓱᓕᔪᖅᓴᖅᐳᒍᓪᓗ ᑐᓴᖅᑕᐅᔪᑦ 
ArcticWOLVES ᐊᐅᓚᓂᖓᓐᓂᒃ ᑎᑭᐅᑎᓯᒪᒋᐊᖏᑦ 
ᖁᑦᓯᓂᖅᐹᓄᑦ ᐊᑯᓃᖅᑐᒥᓪᓗ ᐃᑲᔪᖅᓯᓂᐊᖅᓱᑎᒃ 
ᐅᑭᐅᖅᑕᖅᑐᒥ ᑐᑭᓯᓇᓱᐊᕐᓂᐅᔪᒥᒃ.  
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