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Welcome Word

We are pleased to welcome you in Rimouski, Canada, for thént&rnational
Conference in Arctic Fox Biolodggking placefrom October 19-15", 2017 on the
campus of the Université du Québec a Rimouski.

Why a conference about the arctic fox? This species is a central piece of the fo
web of most arctic ecosystems. It can be found in the tundra, on the sea ice, on tc
of mountains, on some of the most remote arctic islands, and even at the Nortl
Pole. As such, the arctic fox has long attracted the attention of scientists intereste
in northern ecology, in extreme physiological adaptations, or more recently in the
effects ofclimate change on ecosystems. The arctic fox lives in all countries wit
territory in the Arctic: Canada, Denmark (including Greenland), Finland, Icelan
Norway, Russia, Sweden and the United States. It is a symbol of the Arctic Cour
a highlevel inergovernmental forum, and appears prominently on its logo.

The International Conference in Arctic Fox Biology takes place every fourth ye
and is the most important forum for researchers, conservation managers, polic
makers, tour operators, students arahy other people interested in this unique
species and its northern habitats. Held for the first time in North America, this
edition has as central them&osteringnternational Collaborations

Building on productive discussions during the last Arcticto¥erence, held in the
Westfjords of Iceland in 2013, the conference starts with a-dag technical
workshop. We will continue with two full days of oral presentations and posters.
which will all address arctic fox research, conservation and management.

Saturday night will be a special night as thapes lagopubanquetwill be held in
downtown Rimouski. The conference will end by a pmsiference tour in Parc
national du Bic on Sunday. This poshference tour will be a great opportunity to
socializeand will celebrate the vibrant fall colors of the BaaintLaurent region, as
gStt a GKS KFNDB2dzNJ aSIE> tIFND yIFaAa2y

We hope that you will enjoy your stay and yqaarticipation in the conferende

Dominique Berteaux an8andra Lai
on behalf of the Organizing Committee
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Thursday 12 October

Program

Registration and icebreaker
Dinner (payyour-own) at Central Café

Registration (poster setip)

Session { Fennoscandian Arctic and RusgiessiorChair Sandra Lai

On the edge: The Arctic fox in the Fennoscandian Arctic

Rolf Ims and DorotheeEhrich

Vole abundance and reindeer carcasses determine breeding a
of arctic foxesn low arctic Yamal, Russia

Dorothee Ehrichet al.

Arctic foxes dominate the predator guild in low arctic Yamal, Rt
Aleksandr Sokolost al.

What resources subsidize arctic fox breeding in Sabetta, high ¢
Yamal (Russia)?

Natalia Sokolovat al.

Period of questions for Yamal

Summary of yesterday's workshop
Session i North America(Session ChaiRolf Ims)

Topdown regulation of lemmings by Arctic foxes and other
predators: observationand experiments on Bylot Island
Dominique Fauteugt al.

Are demographiparameters of adult Arctic foxes resource
dependent?

Clément Chevalliest al.

Finescale genetic structure of the arctic fox population of Bylot
Island(Nunavut, Canada)

Sandra Lagt al.

Are arctic fox reproductive dens vulnerable to climate change il
Canadian HiglArctic?

Florence Lapierre Poulet al.

07:3009:00 Registration
09:0010:30 Workshop
10:3011:30 Break
11:3013:00 Workshop
13:0014:00 Lunch
14:0015:30 Workshop
15:3016:00 Break
16:0017:00 Workshop
17:00-18:30
19:0022:00
Friday 13 October
07:30:09:00
09:0009:30 Welcome word
09:3010:30
9:30:9:45
9:459:57
9:57-10:09
10:0910:21
10:21-:10:30
10:3011:30 Break (poster seup)
11:30:12:00
12:00-13:00
12:0012:15
12:1512:30
12:3012:45
12:4513:00
13:0014:00 Lunch (posters)
14:00-15:30

Session I} North America(Session ChaiNataliaSokolova)

14:0014:15

14:1514:30

14:3014:45

Satellitetracking of Arctic foxes on the Canadian Arctic sea ice
Dominique Berteaux

Arctic foxes facilitate trophic and ndrophic interactions at the
edge of the Arctic

Jim Roth

Arctic fox rabies in a warming Canadian Arctic, 12634: from
surveillance teecological mechanisms

Audrey Simoret al.
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14:4515:00 Modeling rabies transmission in the arctic fox: toward a
comprehensive picture ok exposure for dogs and people
in the Canadian Arctic
Patrick Leightoret al.

15:0015:15 Transmission dynamics of Toxoplasma gondii in Arctic foxes (\
lagopus): Aong term mark recapture serological study
Emilie Boucharet al.

15:1515:30 Population status of the endemic Pribilof Fox Alopex lagopus
pribilofensisContinued decline amidst escalating threats is cau:
for concern
Paula White

15:3016:00 Break (posters)
16:0017:00 Session IV Svalbard and Greenlan(Session IGair: Ester Rut Unnsteinsdotjir
16:0016:15 Impact of harvesting on demographic and genetic structure of t
Svalbard arctic fox population
Eva Fuglegt al.
16:1516:30 An integrated approach for modeling environmental effects on
population dynamicsf the Arctic Fox in Svalbard
Chloé Nateet al.
16:3016:45 The responses of arctic foxes to lemming cycles in North East
Greenland as assessed through ayg8@r long term monitoring
Benoit Sittleret al.
16:4517:00 Space use of Arctic fax Greenland
Olivier Gilget al.
17:0017:05 In memoriam Pall Hersteinsson
17:0517:30 1-minute presentation of all posters
17:3019:00 Poster session and icebreaker
19:0022:00 Buffet dinner at UQAR
Saturday 14 October
08:3010:00 SessiorV ¢ ScandinavigSessiorChair: Jim Roth)
08:3008:45 The arctic fox conservation in Scandinaymanagement and
collaboration
Jan Paul Bolstad
08:4509:00 Status and conservation goals for the critically endangered Arc
fox in ScandinavidVhen is the mission completed?
Nina Eideet al.
09:00:09:15 Genetic consequences of conservation management: the case
the arctic fox (Vulpes lagopus) in Scandinavia
Elisa Keeling Hempht al.
09:1509:30 The Swedish arctic f@@a modelsystem for the extinction vortex?
Karin Norén
09:3009:45 Genetic rescue in an inbred arctic fox population
Malin Hasselgreat al.
09:4510:00 Demographic and genetic rescue in an arctic fox (Vulpes lagop
subpopulation
Johan Wallén
10:0011:00 Break (posters)
11:0012:30 Session Vt ScandinavigSessiorChair: Benoit Sittler)

11:0011:15 Conservation biology of the arctic fgeffects of sarcoptic mange
Anders Angerbjoret al.

11:1511:30 Seasonal camouflage and climate chagdgehenological mismatct
in the Arctidox?
Dick Moberget al.



11:3011:45

11:4512:00

12:0012:15

12:1512:30

Litter sizes and territory qualityls there a landscape effect on
reproductive investment in lemming foxes?

Rasmus Erlandssen al.

Parent personality influences juvenile behaviour and mortality i
Swedish arctifoxes

Seoyun Chat al.

Mutual relationships between tourism and arctic fox conservatis
Malin Larmet al.

Bringing thefield to your phone

Sandra Jonssen

Session VH Scandinavia, Iceland and the rest of the worl@hair: Paula White)

Individual use of feeding stationd K2 Q& St GAy 3 |
Kristine Ulvuncet al.

Survival of captivdred and released versus wihdrn Arctic foxes
in Norway

Arild Landeet al.

Is there hope for the arctic fox in Finland?

Heikki Henttoneret al.

Home rangesnd territoriality of island arctic foxes under
abundant foodconditions

Anton Pletene\et al.

Does it pay off to breed young? Demographic response to hea
hunting pressure during the breeding season

Ester Rut Unnsteinsdottir

Exploring different methods of visual storytelling to help
communicate Arctic fox (Vulpes lagopus) research

Megan Perra

Session VIH Methods and other specieSessiorChair: Anders Angerbjorn)

FoxMask image analysis softwaessisting ecologists in facinggb
data challenges

Eric Devoset al.

Genomics in arctic fox conservation and ecology: development
utility of the custom fox Affymetrix 702k array

Ingerid Julie Hagen Arnesenal.

Diversity of the Major Histocompatibility Complex gene, DRB1,
Arctic Fox (Vulpes lagopus)

Stephen Harrisoet al.

Impact of personality: relevance of findings from swift, San Joa
and island fox conservation to arctic fox

Samantha Bremmerarrison

Evaluation of invasive and namvasive methods to monitor
lemming abundance in the Canadian Arctic

Gilles Gauthieet al.

Vulpes lagopudpanquet atLes Complices
Bar (payyour-own) atLes Complices

Field trip at Parc National du Bic

Bus leaves Hotel Le Navigateur

12:3013:30 Lunch (posters)
13:30:15:00
13:30:13:45
13:4514:00
14:0014:15
14:1514:30
14:30:14:45
14:4515:00
15:0015:30 Break (posters)
15:30:16:45
15:30:15:45
15:4516:00
16:0016:15
16:1516:30
16:30-16:45
16:4517:00 Concluding remarks
17:0018:30 Poster removal
19:0022:00
22:00
Sunday 15 October
09:0017:30
09:00
17:30

Bus backo Hotel Le Navigateur
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Abstracts

Session

Fennoscandian Arctic and Yamal

On the edge: The Arctic fox in the Fennoscandian Arctic

Rolf A. Ims and Dorothee Ehrich

Department of Arctic and Marine Biology, WdiThe Arctic University of Norway; B037
Tromsg Norway

In Fennoscandia, tundra habitats are widely distributed from 59 teN7but of
which only the northeastern edge (at -/°N) is proper arctic, while the rest is
alpine tundra. Until a century ago, the Arctic fox was common in both alpine an
arctic Fennoscandia, but the latter appeared to be a stronghold for the species wit
presence of both the coastal and the lemming ecetypresently however, the
situation is quite the opposite; the arctic fox is on the edge of extinction in arctic
Fennoscandia, while it recently has been increasing in the alpine tundra furthe
south. We propose that the Norwegian lemming (the most impatrgarey species)

IS more severely impacted by climate warming in coastatdtikude arctic tundra
than in continental higkaltitude alpine tundra. Moreover, the red fox (the most
important natural enemy) has probably become most subsidized by anthropogen
food sources in the Fennoscandian Arctic. Less arctic sea ice may also have redu
the connectivity to large arctic fox source populations in the Russian Arctic. W
outline plans for research and management actions that may shed more light int
these fctors that appear to drive the arctic fox towards the edge in Arctic
Fennoscandia.

Rolf A. Ims, rolf.ims@uit.no
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Vole abundance and reindeer carcasses determine
breeding activity of arctic foxes in low arctic Yamal, Russia

Dorothee Ehrich Maite Cerezé, Anna Y. Rodniko%aNatalya A. Sokolo¥4 Eva
Fugle?, Victor G. Shtrband Aleksandr A. Sokofav

1 University of Tromsg The Arctic University of Norway, Department of Arctic and Marine
Biology, Tromsg, Norway
2 Facultyof Biology, Lomonosov Moscow State University, Moscow, Russia
3 Arctic Research Station of Institute of Plant and Animal Ecology, Ural Branch, Russian
Academy of Sciences, Labytnangi, Russia
“Arctic Research Center of Yamal Nenets Autonomous Distriekh@adl, Russia
> Norwegian Polar Institute, Fram Centre, Tromsg, Norway

Arctic foxes are critically endangered in subarctic Fennoscandia, where a fading c
of the characteristic lemming cycles and competition with abundant red foxes hav
been identifiedas main threats. We studied an arctic fox population at the Erkuta
Tundra Monitoring site in low arctic Yamal (Russia) in order to determine whic
resources support breeding activity in this population. At Erkuta, lemmings hav
been rare during the lastSlyears and red foxes are nearly absent, creating an
interesting contrast to the situation in Fennoscandia. Arctic foxes were breeding i
nine of the ten years of the study. The number of active deas on average 2.6
(range: O¢ 6) per 100 krhand increaed with small rodent abundance. It was also
higher after winters with many reindeer carcasses, which occurred when mortalit
was unusually high due to icy pastures following ‘@wmrsnow events. Average
litter size was 5.2 (SD = 2.1). Scat dissectionestgd that small rodents (mostly
Microtusspp.) were the most important prey category. Prey remains at dens shov
that birds, notably waterfowl, were also an important resource in summer. The
arctic fox in southern Yamal, which is part of a spedws low arctic food web,
seems at present ableotcope with a state shift of the small rodent community
from high amplitude cyclicity with lemming dominated peaks, to a vole community
with low amplitude fluctuations. Only continued ecosystéased monitoring will
reveal their fate in a changing tundra@system.

Dorothee Ehrich, Dorothee.ehrich@uit.no
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Arctic foxes dominate the predator guild
In low arctic Yamal, Russia

Aleksandr A. Sokol®é¥, Natalya A. Sokolo¥dand Dorothee Ehrich

IArctic Research Station of Institute of Plant and Anigtallogy, Ural Branch, Russian Academy
of Sciences, Labytnangi, Russia
2Arctic Research Center of Yaranets Autonomous District, Salekhard, Russia
3University of Tromsg The Arctic University of Norway, Department of Arctic and Marine
Biology, Tromsg, dtway

In the low Arctic, the expansion of boreal generalist predators is a trend of chang
often attributed to increased availability of anthropogenic subsidies, which ha:
possible cascading effects on other species both through predation on for instanc
ground nesting birds, or through competition with native arctic species. We
monitored the predator guild in late winter at Erkuta loeteym monitoring site in
southern Yamal peninsula (68,2 N) since 2008 to assess the importance of differe
predator spetes and suggest possible interactions among them. Every year,
cameras baited with reindeer remains were deployed from late February te mid
late April. Cameras were placed in a line from the seashore inland. Pictures we
taken every 5 or 10 min resulting 20000 ¢ 116000 pictures per year. The most
numerous species recorded were arctic foxes, red foxes, wolverines, crows, rave
and magpiesPreliminaryanalysisshowedthat the proportion of days with records

of arctic foxes were declining, whereas tappearance of red fox, wolverine and
raven at the camera stations increased. Magpies appeared only during the la
years of survey. We did not detect any signs of avoidance between differer
species, but observed series of pictures where arctic fox, o&dahd wolverine
used the same bait shortly after each other. At present, arctic foxes are still th
most numerous predator registered at our camera stations, but our results indicat
an ongoing trend of increase of subarctic and boreal generalist preslator

Aleksandr Sokol, sokhol@yandex.ru

13



What resources subsidize arctic fox breeding
In Sabetta, high arctic Yamal (Russia)?

Natalia A. Sokolov&, Dorothee Ehrich Ivans . FufacheV
and Aleksandr A. Sokofed/

IArctic Research Station of Institubé Plant and Animal Ecology, Ural Branch, Russian Academ:
of Sciences, Labytnangi, Russia
2Arctic Research Center of Yarhanets Autonomous District, Salekhard, Russia
3University of Tromsg The Arctic University of Norway, Department of Arctic Matine
Biology, Tromsg, Norway

Arctic fox is the most numerous terrestrial predator in the north of Yamal
Peninsula, but since the 1980s, no data exist about the population in this are:
where major industrial development projects are being realizecaent years. We
monitored the breeding activity of arctic foxes in Sabetta, which is located on the
border between the low and high arctic (71°N). In this mainland tundra, avea
expected to find typical lemming foxes increasing their breeding activity ir
accordance with lemming density. We surveyed from 24 (2014) to 31 (2017) der
each year Automatic cameras were used to confirm breeding and determine litter
size. The number of active dens varied from 1.5 to 9.6 per 100 &ndl litter size
varied from 1to 15 and was on average 6.3. In 2€2016 the number of active
dens and litter size of arctic foxes varied in accordance with the abundance of smi
rodents (lemming®icrostonyx torquatusnd Lemmus sibiricysut alsoMicrotus
voles). However, in 2017Feproductive activity was surprisingly high despite low
abundance of small rodents. This observation suggests the availability ¢
considerable amounts of subsidies. We discuss the potential role of human was
from the growing settlement of Sabettas wdl as the access to marine subsidies
such as seal carcasses or inland carrion such as reindeer carcasses. Dets
investigations of the diebf these arctic foxes in their specific ecosystem context
will be necessary to determine the importance of theskbedent resources.

NataliaSokolova, nasokolova@yandex.ru
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Sessionl

North America

Top-down regulation of lemmings by Arctic foxes and other
predators: observations and experiments on Bylot Island

Dominique Fauteux Gilles Gauthiér RudyBoonstr&, Rupert Palm&and
Dominique Berteauk

Y SYGNBS RQSUdzRSE y2NRAldzSas ! yASGSNEAGS [ |
Canada
2Centre for the Neurobiology of Stress, Department of Biological Sciences, University of
Toronto Scarborough, 186Military Trail, Toronto, ON, Canada M1C 1A4
3Institute of Biochemistry, Department of Natural Sciences, University of Veterinary Medicine
A-1210 Vienna, Austria.
Y4 FylFrRFEF wS&SIFNDODK / KFEANI 2y b2NIUKSNY . A2EAOQS
Québec a Rimouski, 300 Allée des Ursulines, Rimouski, QC, Canada

Lemmings are generally considered key herbivores of the Arctic because the
provide food for both mammalian (arctic fox, ermines) and avian (snowy owls
long-tailed jaegers) predatorand, in some areas, can have dramatic effects on the
tundra vegetation. Assessing their regular population fluctuations is of primar
importance to understand demographics of Arctic predators due to very strong
seasonal trophic interactions. We present alata from a longerm summer live
trapping and winter nest monitoring of brown lemmings (2€2B1L7) conducted on
Bylot Island and discuss the relationship between their population cycles and the
predators. We present the most recent results from an dngo(since 2013)
BeforeAfter Controlimpact experiment to reduce predation in a 9 ha area. In
contrast with some Greenlandic and Fennoscandian populations, our result
indicate that brown lemmings of the Canadian high Arctic did not experience
collapse ofcycles. Our works also support strong 4pwn regulation of lemmings
that prevent them from reaching densities high enough to cause food shortage. W
suggest that the high inteseasonal mobility of Arctic predators is responsible for
the top-down contrd of small herbivores in the relatively unproductive High Arctic
tundra.

Dominique Fauteuxdominique.fauteux.1@ulaval.ca
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Are demographic parameters of adult
Arctic foxes resourcelependent?

Clément Chevalliér Dominique Berteautband Gilles Gauthiér

Y1 yFERI wSaSFENOK [/ KFANI 2y b2NIKSNY . A2RAQD¢
Québec a Rimouski, 300 Allée des Ursulines, Rimouski, Québec, Canada, G5L3A1
BZSLI NLGSYSYyldh RS 60A2t23AS YR / SYyiuNd R@; (Gdz
Médecine, Pavillon Vachon, Quebec city, Quebec, Canada G1V 0A6

Predator population dynamics are highly impacted by prey availability. Man
studies showed effects of food intake on reproduction, but due to difficulties of
monitoring simultaneously prey and predator populations, the influence of prey
abundance on surval is still unclear. Here, we investigate the effects of spatial and
temporal heterogeneity in prey abundance on the adult survival and reproductior
of a top arctic predator. We used a-Y8ars captureanark-recapture database on
an intensively monitored Atic fox population in the Canadian High Arctic. We
estimated survival and reproduction rates for adults with a meltent approach.
Using dummies occasions, we used multisource encounters data in a sing
analysis. Our results confirm a strong influermdeboth spatial and temporal prey
abundances on reproduction rate. However, survival rate variability appear:
slightly explained by resources heterogeneity.

Clément Chevalliechevallier.clement@gmail.com
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Finescale genetic structure of the arctic fox
population of Bylot Island (Nunavut, Canada)

Sandra Laj Adrien Quiles Josie LambourdiefeDominique Berteaux
and Aude Lalfs

1Canada Research Chair on Northern Biodiversity, Centre for Northern Studies and Quebe:
Center for Biodiversitcience, Université du Québec a Rimouski, 300 Allée des Ursulines,
Rimouski, QC, G5L 3A1l, Canada.
2UMR7205 ISYEB CNRSHNEPHEUPMCa dza SdzY bl dA2y Il RQI Aad
75231 Paris cedex 05, France
3t'a{ wWwTnn ha{L {SNWAOS RS {eaidSYlF(lAldzsS az2f
CP 26, 75231 Paris Cedex 05, France

The arctic fox \(ulpes lagopusis a circumpolar species inhabiting all accessible
Arctic tundra habitats. The species forms a panmictic population over area
connected by the sea ice, but recentkyn clustering and population differentiation
were detected even in regions where se&& iwas presen{Svalbard and Alaska)
The purpose of this study was to examine the fswale genetic structure of a
population in the High Arctic using a robust panel of highly polymorphic
microsatellites.We analyzed the genotypes @fl0 individués from Bylot Island
(73°N, 80W), Nunavut, Canadauysing 15 microsatellite loci. No pattern of
isolationby-distance was detected in our 680n° study area,but a spatial
principal component analysis (SPCA) revealed the presence of genetic subdivisio
Overall,the two first SPCA axes together revealed two spatially distinct genetic
clusters corresponding to the northern and southern parts of the study area, plu:
another subdivision within each of these two clustefie north-south genetic
differentiation in the population partly matched the distribution of a snow goose
nesting colony, which could reflect a preference for settling into familiar ecologica
environments (habitat imprinting). Secondary clusters may result flogher
order social structures (neigblirhoods) that use landscape features such as rivers
to delimit their borders. The cryptic genetic subdivisions found in our study
population may highlight ecological processes that deserve further investigations |
arctic foxes at larger, regional spatsdales Fne-scale genetic analysed a high
genetic resolutiorwill improve our understanding of the ecological factors inducing
genetic differentiation in populations.

Sandra Lai, laisandra@gmail.com
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Are arctic fox reproductive dens vulnerable to
climate change in the Canadian High Arctic?

FlorencelLapierre Poulihy Daniel Fortie and DominiqueBerteaux

BSLI NLISYSYyd RS o0A2f23AST OKAYAS SG 3IS23aNI
Québec a Rimouski, Rimouski, Québec G5L 3A1
BZSLI NGSYSYyd RS IS23IANILIKAS FYR /SYiNB RQ
Montréal, Québec H2V 2B8

Climate change has an impact on numerous faunal species not only throug
biological means, but also physical processes. Rising rates and magnaldes
warming and other changes in the climate system increase the risk of sevel
alterations to essential habitats, especially in the Arctic. One species likely to k
affected by these changes is the arctic fokilpes lagopus because of the close
bond it maintains with its habitat. In fact, arctic foxes use the same den year afte
year to raise their youngwhich is a crucial step of their life cycl€he increasing
frequency of geohazards like mass movements, thaw settlement, and therm:
erosion are a threat for the stability of these dens. On Bylot Island (NU, Canad:
we developed a simple vulnerability index to these hazards for arctic fox den:
based on observations both on the field and from aerial photographs. Of the 10
dens studied, 17% were classified as highly vulnerable while the majority (66%) w
2yfte atA3aIKGte @dz ySNIroftSd® ¢KSNB g4I a
probabilty of use for reproductive purposes. This study provides insights into the
geomorphological response to climatelated geohazards affecting arctic fox
ecology. Our method can eventually be used by other similar study sites to suppa
stakeholders when faeg major conservation issues resulting from global change.

Florence Lapierre Poulin, florence.lapierre.poulin@hotmail.com

18



Session Il

North America

Satellite tracking of Arctic foxes
on the Canadian Arctic sea ice

Dominique Berteaux

CanadaResearch Chair on Northern Biodiversity, Centre for Northern Studies and Quebec
Center for Biodiversity Science, Université du Québec a Rimouski, 300 Allée des Ursulines
Rimouski, QC, G5L 3A1, Canada.

The Arctic fox has long been known to forage on $lea ice, but until recently
formidable logistic challenges prevented any study of its winter ecology. We aske
when, how and why Arctic foxes use the sea ice. We tracked (Argos) >1:
individuals yearound during 10 years around North Baffin Island, Canada
Individuals could cover thousands of km on the sea ice during wintdrngatand
sustained travel rates reaching 90 km/day. They cod&tect carrion from
unexpected long distances (> 10 km), and they sometimes meotapots of fox
activity gatheringup to 12 individualsHowever, despite these strong movement
abilities, most individualgetained their tundra territory during winter, making
short commuting trips to the sea ice rather than engaging in4distance resource
tracking. Althoughfoxes livein pairs, extraterritorial excursions of pair members
were not synchronized and they foraged independently when on the sea ice. Th
wealth of new data generated by satellite tracking has opened many origine
research avenues at the individual, populatiand ecosystem levels. We now
intend to use GPS tracking and accelerometers to fine tune our understanding
the predatorpreyinteractions in which Arctic foxes are involved.

Dominique Berteaux, Dominique_bertea@uqar.ca
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Arctic foxes faclilitate tropht and nontrophic
Interactions at the edge of the Arctic

James D. Roth

University of Manitoba, Department of Biological Sciences, 50 Sifton Rd,
Winnipeg, MB R3T 2N2 Canada

Interactions between predators and their prey are strongly affected by alternative
prey or other predators, but notrophic mechanisms of interaction can also
influence species distributions and abundances in ways that may b
counterintuitive. As the mairterrestrial predator throughout the Arctic, Arctic
foxes impact survival and reproduction of their prey (lemmings, migratory birds i
summer, and seals on the sea ice in winter) and also facilitate indirect effects «
these prey on each other. Arctic foxakso impact other species by modifying the
physical environment. Through concentrating nutrients on dens, Arctic foxe:
enhance soil nutrients and increase plant productivity, which may attract lemming
and other herbivores. We are investigating indiresteractions involving Arctic
foxes and their prey near Churchill, Manitoba, on the west edge of Hudson Ba
where boreal forest transitions to Arctic tundra. This site is near the southern edg
2F YIFye I NOOAO aLISOASaEAQ Rmate dhidysisliibely oy :
be large. Climate change has been implicated in dampened lemming cycle
decreased seal availability, and expansion of mammalian predator ranges in tt
Arctic, all of which could strongly affect tundra predators and disrupt Afobd
webs. Understanding indirect interactions among fox and prey populations wil
help predict the wider consequences of climate change, and examining th
importance of fox den sites for other organisms will reveal the broader impact o
changes in fox papations at the southern edge of their distribution on Arctic
biodiversity.

Jim Roth, jim.roth@umanitoba.ca
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Arctic fox rabies in a warming Canadian Arctic, 195314
from surveillance to ecological mechanisms

Simon, Audrey C. Bouchai] G. BeauchampP. Lauziér C. FehlneGardine?,
E.Rees$, D. Bélangérand P. Leightoh

!Research Group on Epidemiology of Zoonoses and Public Health (GREZOSP), Université
Montréal, SairtHyacinthe, Québec J2S 2M2
2Public health Agency of Canada, S&igacinthe Québec J2S 2M2
3Centre of Expertise for Rabies, Ottawa Laboratory Fallowfield, Canadian Food Inspection
Agency, Ottawa, Ontario K2H 8P9

Arctic fox rabies is an ongoing public health concern for northern communities
Through various mechanisms, includeffects on population dynamics of different
species, climate change is expected to modify the ecology of arctic fox rabies. Tl
study provides a descriptive overview of the spaegmporal patterns in rabies
infection across the Canadian Arctic. Secondlyexplores possible mechanisms
driving the onset of rabies outbreaks in the fox populations, such as fox density ¢
influenced by lemming population dynamics, and climatic factors. In Canada, th
Canadian Food Inspection Agency is responsible for rabeegostic testing of
animals suspected to be rabid when there was potential human or domestic anim:
disease exposure. We present an analysis of rabies cases collected through t
surveillance system in Yukon, Northwest Territories, Nunavut, Nunavik an
Labrador from 1953 to 2014. This study provides the most complete portrait tc
date of rabies across the Canadian Arctic. We report on large 4paee
transmission dynamics, epidemiological links between arctic foxes, red foxes, ar
dogs, with synchronyni outbreaks occurring in these species, and disease
connectivity between Nunavik and Labrador. Results suggest that fox density ar
climate, via temperature, precipitation, snow depth, and sea ice extent, are
important factors driving rabies transmissiogiréhmics. We discuss implications for
forecasting rabies dynamics in northern ecosystems given ongoing climat
warming.

Audrey 8non, audrey.simon@umontreal.ca
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Modeling rabies transmission in the arctic fox:
toward a comprehensive picture of risk exposure
for dogs and people in the Canadian Arctic

Simon, AL, Allibert, AL, Bélanger, D, Hurford, A2, Jenkins, E.Lecomte N, Rees,
ELS5 Tardy, G, Whitney, Hand Leighton, P.A.

!Research Group dipidemiology of Zoonoses and Public Health, Faculty of veterinary
medicine, University of Montreal, 3200 Sicotte, Sailyacinthe, J2S 2M2, Quebec, Canada
?Department of Mathematics and Statistics, Memorial University of Newfoundland, Box 133,
232 Elizabe&k ! @S> { P W2KYyQa ! mMm. o- PpZ bSoT2
3Department of Veterinary Microbiology, Western College of Veterinary Medicine, University o
Saskatchewan, Saskatoon, SK S7N5B4
4Canada Research Chair in Polar and Boreal Ecology, DepartrBiologfy, University of
Moncton, 18 avenue Antonin®laillet, Moncton, E1A 3E9, New Brunswick, Canada
>Public health Agency of Canada, Saigacinthe, Québec J2S 2M2
®*Memorial University of Newfoundland, St. John's, Newfoundland and Labrador A1B 3X9

Rabies is a major issue for human and animal health in the Arctic, yet little is know
about its epidemiology. In particular, how the rabies virus persists indiensity
and highly variable populations of Arctic fdku(pes lagopus the primary reservoir
host for Arctic rabies, is an ongoing debate. In this context, a mathematica
modeling approach can be useful to understand the complex dynamics of risk
rabies exposure at the interface between wildlife, dogs, and people of communitie
in the Canadian Arati We present two modelling approaches to capture different
aspects of rabies dynamics in the Arctic: a SuscepiikfmpsednfectedResistant
(SEIR) epidemiological model exploring temporal dynamics and a spatially expli
individuatbased model to capte the effects of individual behavior and geography
on spatiotemporal dynamics. We illustrate the types of questions that can be
answered using these modelling frameworks with the results from the SEIR mod
of rabies transmission, including the potenti@ir transmission to and within a
sympatric population of red foxes, another rabies host that is increasingly preser
in the Arctic. Our work suggests that disruption of prey cycles and increasin
interactions between Arctic and red foxes due to climate nge and northern
development may alter the epidemiology of Arctic rabies. Ultimately, these model:
provide new tools to predict how the transmission and impact of disease on anime
and human health are likely to change with rapid and accelerating clinhatege.

Patrick Leighton, patrick.a.leighton@umontreal.ca
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Transmission dynamics dfoxoplasma gondii
In Arctic foxes Yulpes lagopuk A long term
mark recapture serological study

Bouchard, E, EImore, S.&, Alisauskas, R4 .Samelius, G=3, Gajadhar, A.A,
Schmidt, K, Ross, S, Jenkins, E.3.

tUniversity of Saskatchewan, Department of Veterinary Microbiology, 52 Campus Drive,
Saskatoon, Saskatchewan, Canada, S7N 5B4
2Swedish University of Agricultural Sciences, Department of Ec@oigys6 Wildlife Research
Station, S&Z30 91 Riddarhyttan, Sweden
3Snow Leopard Trust, 4649 Sunnyside Ave. North, Suite 325, Seattle, WA 98103, USA
“Environment Canada, Prairie and Northern Wildlife Research Centre, 115 Perimeter Road
Saskatoon, Saskatchaw, Canada, S7N 0X4
SDepartment of Fish, Wildlife, and Conservation Biology, Colorado State University
USDA/APHIS/WS National Wildlife Research Center, 4101 Laporte Ave, Fort Collins, CO 80!
United States

Transmission dynamics ®dbxoplasma gondiia parasite of importance for wildlife
and human health, is enigmatic above the treeline in the Arctic, where felic
definitive hosts are rare. Through a muear markrecapture study (201-2017),

we conducted serosurveillance to investigate transmissionr.ofjondiiin Arctic
foxes Vulpes lagopusin the Karrak Lake region, Nunavut, Canada. Sera from adu
foxes and fox pups were tested via two serological methods, Indirect Fluorescel
Antibody Test (IFAT) and Modified Agglutination Test (MAT) for antibddid.
gondii. Mature foxes were more likely to be exposed (seroconvert) than youncg
foxes. Midaged foxes (& years) had the highest rate of seropositivity. In one
older fox that was initially seropositive, antibodies were not detected in a
subsequent reapture, implying thafl. gondiiantibodies might fade over time. This
research demonstrated seropositive pups on emergence from the den, suggestir
that vertical transmission might play a role in exposurelrtogondiiin the Karrak
Lake ecosystem. Sométbese pups were born of mothers that were seropositive
in previous years, suggesting that vertical transmission might not be limited t
litters of mothers exposed td. gondiifor the first time during pregnancy. This
work gives us a better understandirm§ how foxes are exposed 6. gondij the
dynamics of antibody persistence, and how the parasite maintains itself in ;
terrestrial High Arctic ecosystem in the absence of felid definitive hosts.

Emilie Bouchard, emilie_bou@hotmail.com
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Population status of the endemic Pribilof Fox
Alopex lagopus pribilofensigContinued decline
amidst escalating threats is cause for concern

Paula A. White

Center for Tropical Research, Institute of the Environment and Sustainability,
University of Cdlbornia, Los Angeles USA

The Pribilof FoxAlopex lagopus pribilofensis, a subspecies of arctic fox endemic
G2 1fLFLallrQa tNAROAfT2F LatlyRao® | A&ad2N
Due to concerns regarding population decline, in 1990, | initiated ishadd
surveys and monitored reproductive effort at 98 dens on St. Paul Island to asse
population status and documented sources of mortality and potential threats to
fox survival.n 1990, the total fox population on St. Paul Island was estimated a
487 adults. Den occupancy was 91% (87 of 98) and 55 litters were produced.
1991, den occupancy was 86% (83 of 97) and only 34 litters were produce
Subsequent surveys have documentszhtinued decline in population size in the
FIOS 2F S&aoOlftlriAy3d GKNBFGaD LY HAampZ
<150 adults. Two main causes of fox population decline appear to be reduction
natural food resources and direct persecutiddy humans. Additional factors
possibly inhibiting population recovery include reduction in the frequency of se:
ice events resulting in increased genetic isolation, and exposure to pathogens fro
domestic pets. High levels of environmental contaminarké® dave been found in
Pribilof fox tissues. A recently described disease suspected to be a bacteri
induced polyarthritis characterized by a severe chronic active polyarthritis an
leukocytoclastic vasculitis has been documented. This condition useslljts in
death of the fox. Barring intervention aimed at addressing the causes of populatio
decline, Pribilof foxes on St. Paul Island are at risk of extinction within the next 2
years.

Paula A. Whitepaw@carnivoreconservation.com
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SessionlV
Svalbad andGreenland

Impact of harvesting on demographic and genetic
structure of the Svalbard arctic fox population

Eva Fugléj Elain A. Meldrufmand Dorothee Ehrich

Norwegian Polar Institute, Tromsg, Norway
2University of Tromsg, Thirctic University of Norway, Tromsg, Norway

Arctic foxes have been harvested in Svalbard for several hundred years. Today th
hunting season lasts from 1 November to 15 March. At the Austfjordnes trapping
station, a lowintensity harvest that took fewramals was carried out from the
season 2002001 and up to 2008. In the 202®09 season, in contrast, hunting
intensified, resulting in a large offtake that continued over the next two seasons.
This gave us an opportunity to do an observational study witheforec after"”
comparison in this area.

We found significant effects of harvesting on the demographic structure of the
arctic fox population. The proportion of young foxes rose because of harvesting,
with the increase greater for females than for mal The most important effect

was that the proportion of older females in the population was significantly lower
AY KINWVBS&EGSR LRLzZ I dA2yas 6KAOK Yl @& |
growth potential. There were no clear effect of harvesting on theatie

composition of the fox population as a whole. However, when we examined the
sexes separately, we found a greater degree of genetic variation among males the
among females in the years immediately following harvesting. This indicates that i
is primaily the immigration of young males that rebuilds population numbers after
harvesting.

To date, our population monitoring data show no consistent declining trend in
population size. The results of our genetic analyses suggest that the immigration
that ocaurs following hunting compensates for the offtake, but it is also possible
that other compensatory mechanisms counteract the harvest.

Eva Fuglei, eva.fuglei@npolar.no
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An integrated approach for modeling
environmentaleffects on population dynamics
of the Arctic Fox in Svalbard

Chloé R. Natéy Eva Fugléi Nina E. EideNigel G. Yocchz

ICentre for Ecological and Evolutionary Synthesis (CEES), Department of
Biosciences, University of Oslo, 871 , Oslo, Norway
2Norwegian Polar Institute, Fra@enter, NG9296 Tromsg, Norway
3Norwegian Institute for Nature Research, PO Box 56857485 Trondheim, Norway
“Department of Arctic and Marine Biology, University of Tromsg98&Y Tromsg, Norway

Predicting the responses of animal populations to climate change requires linkir
population models to variation in underlying demographic rates. This, in turn, relie
on the availability of long time series of individdrsed data. In the absence of
continuous high quality data, Integrated Population Models (IPMs) become ver
valuable. They combine different sources of data into a joint likelihood, allowing
precise estimation of demographic rates that could not be estimated from single
datasets. We use th integrated approach to build an ag&uctured population
model for the Arctic fox in Svalbard by combiningy2@r timeseries of harvest
data, carcass autopsies and den surveys with sporadic data from shorter mar
recapture and telemetry studies. Bwrther modeling demographic rates as
functions of environmental variables, our population model becomes a tool tc
understand the drivers of past population dynamics and to make predictions abot
how Arctic foxes will respond to future changes in climatd harvesting regimes.

Chloé Rebecca Nater, c.r.nater@ibv.uio.no
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The responses of arctic foxes to lemming cycles
In North East Greenland as assessed through
a 30year long term monitoring

B. Sittler, J. Lang and O. Gilg

Chair for Nature Protection / Univ. of Freiburg (D) & Groupe de Recherche en Ecologie Arctiq

The Arctic Fox occurs throughout the entire fringe of coastal Tundra in Greenlan
from 60° to 83°N. In the higArctic lowlands of North and NortBast Greenland,

its range overlaps with the Collared Lemming, both species being majc
components of one of the most simple vertebrate terrestrial communities.

Our ongoing long term study of tle SYYA Yy 3 0@ Ot S& Ay NBf
responses (19832017, Traill Island, 72,5°24°W), provides unique insights on how
the Arctic Fox respond to its main and fluctuating prey.

In this part of its breeding range, the Arctic Fox has to cope wgh amplitude
annual changes in the availability of lemmings and with limited availability (both ir
diversity and abundance) of alternate prey, most being accessible only seasonally
Although it exhibits a generalist (type IllI) functional response to obsnig
lemming densities, the Arctic Fox is most strongly linked to the lemming populatio
dynamics during the low phase of thenyéar cycle, with lemmings accounting for
50 % of its diet even at densities as low as 0.1 ind./ha.

Lemming dynamics in thisite featured contrasting patterns including 4 years
cycles in the first half of the monitoring (192802) followed afterwards by a
fading of the cycles, with lemmings since then no longer achieving comparab
peak densities (of up to 15 ind/ha). As asssk by the monitoring of 7 to 8 dens
(area of 75 km?2) foxes responded by successful breeding in 9 out of 15 years dur
the 3 first cycles. Afterwards, they still reacted to more temporary recoveries of the
lemming population (densities above 1 ind/ha) syccessful breeding, but as a
whole, the number of weaned young probably declined.

Comparisons with responses reported from other parts of its breeding range als
provide interesting insights into the plasticity of the Arctic Fox and its ability tc
copewith changing availability of food resources.

Benoit Sittler Benoit.sittler@nature.unfreiburg.de
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Space use of Arctic fox in Greenland

Gilg, O'2, Schmidt, N.M, Sittler, B24, Lang, 3>, Hansen, L.R.Sabard, B, Dervaux, A.
2, Sage, M, Leguesdron, P, Gilg, \%, Bollache, E2and Dominique Berteaux, D.

1 University of Bourgogne Franche Comté, F
2 Groupe de Recherche en Ecologie Arctique, F
3 University of Aarhus, DK
4 University of Freiburg, D
® University of Giessen, D
® University du Québec a Rimouski, CAN

In Greenland, the Arctic Fox is a key predator found across all terrestrial biotope
Its population dynamics have been documented for decades in some regions of tr
country but with the exception of some radio tkang studies monitoring a limited
number of individuals over a few weeks, virtually nothing is known about its spac
use at different spatial and temporal scales.

During the summer 2016 we deployed nine Argos satellite PTT on breeding adu
in three diferent study areas (3 per site including one pair), all located in the N & |
Greenland National Park where they occur with the Collared Lemming and thre
other important terrestrial predators: Snowy Owls, Stoats and Larlgd Skuas (all
four species beingissing in W, S and SE Greenland).

As expected from the extensive satellite tracking studies in Canada (Bylot Islan:
most foxes remained territorial during the entire winter and only travelled short
distances (<100km) for shorter periods (a few daigwever, contrary to what has
been documented in Canada during some winters, the Greenland foxes made ve
little use of the nearby sea ice. We also discuss between year (two summers) a
betweensites differences in space use, likely resulting from ahauod sitespecific
differences in food abundance and availability.

During the summer 2017, we deployed GPS collars on four adult foxes (2 ind.
sites). Although technical problems prevented us to monitor these foxes for the

entire summer, preliminary mlts from this pilot study are promising and open
many new perspectives for future work.

Olivier Gilg, Olivier.gilg@gmail.com
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Session V

Scandinavia

The arctic fox conservation in Scandinayga
management and collaboration

Jan Paul Bolstad

Norwegian Environment Agency, Trondheim, Norway

The arctic fox is classified as endangered in Sweden and critically endangered in
Norway. In the 19th Century, it was a common species on the mountain tundra, bt
in response to intensive harvesting, thegudation declined severely at the end of
the 19th century. The arctic fox was protected by Swedish law in 1928 and
Norwegian law in 1930, but despite this, the population remains small. In 2015,
Sweden and Norway signed an agreement with the aim of sthesgthe

collaboration for arctic fox conservation.

During 19982008, conservation actions in the form of inventories, red fox culling
and supplementary feeding was implemented in Sweden and Finland. During 200
2012, red fox removal and supplementary de®g was financed through the

Swedish action plan. In Norway, conservation actions started in 2004, financed by
Norwegian Environment Agency. Since then, a combination of action has been
implemented in the different subpopulations, including captive bregdand

release of juveniles, supplementary feeding and red fox control. Within the EU
LYy dSNNB3I LINR 2S 02043} isdretsBdhactiond weref cofiBugtéd ino |
the county of Jamtland as well as Neathd SaTrgndelag, specifically focusing on
smdler mountain areas located between the core areas.

To reach a viable population in Scandinavia, Norwegian Environment Agency and
Swedish environmental protection agency made an action plan (2@021). The
vision of this plan is to reach a viable Sdaadian arctic fox population without

need for further conservation actions. The action plan emphasizes the importance
of continuing the central actions of supplementary feeding and red fox control.

Jan Paul Bolsth jan.paul.bolstad@miljodir.no

29



Status and conservation goals for the critically
endangered Arctic fox in Scandinavia.
When is the mission completed?

Nina E. Eide Anders Angerbjor) Stefan Blumenthrat Arild Landg Bodil
Elmhaged, Karin Noref, Heikki Henttonefy Toumo Ollil4 Jystein Flagstad

Norwegian Institute for Nature Research, Norway
’Department of Zoology, Stockholm University, Stockholm, Sweden
3Vantaa Research Centre, Finnish Forest Research Institute, Vantaa, Finland
“MetsahallitusFinnish Park and Forest Servis@lo, Finland

The arctic fox is listed as critically endangered, despite 80 years of protection
Scandinavia. Following intensive action programs over the last 15 years, tf
population has increased from less than 50 to more than 250 reproductive
individuals. Suipopulations are reestablished and the connectivity is about to be
restored. Actions comprised red fox culling, supplemental feeding and release ¢
captive breed foxes.

Long lasting conservation programs need goals, to be targeted and effective,
keep priorty for funding within environmental agencies, as well as legitimacy in the
society. Although the Scandinavian arctic fox population has increased, th
population is still far from being viable. We have calculated the potential carrying
capacity of differeh subpopulations based on landscape productivity and the
Nature Index methodology. Restoring populations is by far most effective throug
release of captive breed foxes. Subpopulations with released cubs, also have t
highest growth rate compared to subpolations that achieved supplemental
feeding and/or red fox culling. But it is also the most intensive and costly
conservation measure, that need to be effectively used.

In this study we use distance from carrying capacity and connectivity/degree c
isoldion, to target the need for actions and define conservation goals at the leve
of subpopulations. Intensive actions will likely be needed over205/ears more,

to achieve a long lasting viable population of arctic foxes in Scandinavia.

Nina E. Eide,inaeide@nina.no
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Genetic consequences of conservation management:
the case of the arctic foxXMulpeslagopug in Scandinavia

Elisa Keeling HempHhifl Nina E. EideHenrik JensenJohan Fredrik Wallén Arild
Land&, Bodil EImhageh Tomas Meijet, Anders Angerbjorf) Karin Nored,
@ystein Flagstad

Norwegian Institute for Nature Research, Norway
2Centre for Biodiversity Dynamics, Department of Biology, NTNU, Norway
3Department of Zoology, Stockholm University, Stockholm, Sweden

The Arctic foXVulpes lagopuspopulation in Fennoscandia experienced a drastic
demographic and genetic bottleneck in the early 20th century as a result of high
hunting pressure. In 2000, despite almost 70 years of protection, the population
showed no signs of recoveryhe small and fragmented nature of the population,
making it highly susceptible to the risks of inbreeding, genetic drift, and Allee
effects.

Beginning in 1998 a number of conservation measures were implemented in ordel
to mitigate the population deatie and facilitate reestablishment. The positive
demographic impact of these strategies has been confirmed, and the population
has more than doubled in size during the past decade. This study compares
microsatellite data across 8 loci in Scandinavian @fott samples collected

between 2008 and 2015 in three core populations and five stepping stoess to
investigate whether the recent demographic success of the $uandinavian arctic
fox population has been complemented by changes in genetic divaysihgtic
differentiation,and connectivity between subpopulations.

The results suggest that genetic diversity at the subpopulation level has increased
substantially during the last decade, while genetic differentiation among
populations has decreased. tRans of dispersal complement these findings,
highlighting the important role of immigration in ensuring subpopulation and
metapopulation persistence. Indeed, the evidence of increased genetic diversity
and connectivity during the last decade indicateeatoration of metapopulation
dynamics in the Scandinavian arctic fmpulationand an increase in the lorigrm
viability of the species.

Elisa Keeling Hemphill, elisakeelinghemphill@gmail.com
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The Swedsh arctic foxg a model system
for the extinctionvortex?

Karin Norén

Department of Zoology, Stockholm University, 106 91 Stockholm, Sweden

Central themes in the field of conservation genetics are the small populatior
paradigm and the extinction vortex model. According to these, the decline of :
small population accelerates through an interplay between demographic anc
genetic processes. The &glsh arctic fox went through a population bottleneck in
the 19" century and was on the verge of extinction in the 1990s. One sub
population was rfounded by five individuals in the early 2000s, but is exposed to
inbreeding depression and genetic drithidugh isolation. Inbreeding influences
fundamental fitness traits like juvenile survival, reproduction and longevity. Despit
this, the population has, in contrary to the theoretical expectations, gone through ¢
four-fold increase in response to consengti actions. In this talk, genetic and
recently derived genomic data from this spbpulation is used to evaluate the
extinction vortex model in relation to the demographic population development.
Based on this, the support for the extinction vortex modeldaalternative
processes (i.e. balancing selection and inbreeding avoidance) acting on populati
dynamics as well as the role of the arctic fox as a potential model system fc
conservation genetics are emphasized.

Karin NorénKarin.noren@zoologi.su.se
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Genetic rescue in an inbred arctic fox population

Malin Hasselgreh Anders Angerbjorin Nina E. Eide @ystein Flagst&@&dRasmus
Erlandssof Arild Landg Johan Walléh Karin Noréh

Department of Zoology, Stockholm University;19691 StockholnSweden
2Norwegian Institute for Nature Research, N@85 Trondheim, Norway

Isolation of small populations can reduce fitness through inbreeding depressio
and impede population growth. Outcrossing with only a few unrelated individuals
can increase thelemographic and genetic viability substantially, but few studies
have documented such genetic rescue in natural populations. We investigate tr
effects of immigration in a subpopulation of the endangered Scandinavian arcti
fox (Vulpes lagopus founded byfive individuals and isolated for nine years at an
extremely small population size. Based on a lergn pedigree (105 litters, 541
individuals) combined with individual fitness traits, we found evidence for genetic
rescue. Natural immigration and genewl of three outbred males in 2010 resulted
in a reduction in population average inbreeding coefficient (f), from 0.14 to 0.08 ir
2015. Genetic rescue was further supported by 1.9 times higher juvenile surviv.
and 1.3 times higher breeding success in imramg) first generation offspring
compared to inbred offspring. Five years after immigration, the population has
almost doubled in size and allelic richness has increased by 37%. This is one of
studies that has documented genetic rescue in a natural mampopulation
suffering from inbreeding depression and contributes to a growing body of datz
demonstrating the vital connection between genetics and individual fitness.

Malin Hasselgren, malin.hasselgren@zoologi.su.se
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Demographic and genetic rescue in an arctic fox
(Vulpes lagopugssubpopulation

Johan Wallén

Department of Zoology, Stockholm University, Svante Arrhenius vag 18B,
106 91 Stockholm, Sweden

Living in a small population could mean a lot of problemsbfiin population and
individual level conservation. To prevent both low numbers and inbreeding the
population needs immigrants. Hence an immigrant can be said to rescue a declinil
population both numeric (demographic support) and genetic if they manage tc
reproduce successfully. To secure and facilitate genetic diversity and recolonizati
of former arctic fox habitats the Norwegian Institute for Nature Research (NINA
started a captive breeding program in 2005. Each year juveniles are released
important areas within Norway but sometimes a few of the released animals
immigrate to a Swedish arctic fox population. At late, genetic and observationg
data have revealed that immigrants from the Norwegian breeding program have
migrated into the Swedish Vindglflen/Junkererpopulation. From this population
demographic as well as genetic data have been collected for several years. T
study has examined how the influx of immigrants influences both demography an
genetic variation and also how many immigrantatthave established in the area.
Are we seeing both a numerical and a genetic rescue?

Johan Wallén, johan.wallen@zoologi.su.se
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Scandinavia

Conservation biology of the arctic fox
effects of sarcoptic mange

Anders Angerbjorn, Tomddeijer, Rasmus Erlandsson, Karin Norén

Department of Zoology Stockholm University, 391 Stockholm, Sweden

Arctic foxes have strong relationships with many other species. The most importal
food for arctic fox in mainland areas adbfferent species of lemmings. Most
lemming populations go through cyclic phases and the arctic fox biology is close
related to these cycles. Therefore, with fading population cycles for lemmings
there are strong consequences for arctic fox populatiohere are also
complicated relationships with the red fox with both competition and intra guild
predation, and this is also mediated by the lemming cycle. A third group of specis
interactions are with diseases and parasites. Sarcoptic mange is a paredican
reproduce in fox and wolf species with for example drastic population declines i
red foxes. In one of the Swedish subpopulations we have had two outbreaks
sarcoptic mange. In 2013 we found mange at 10 of 22 inventoried dens. W
treated the cens withbaits injected with Dectomax at all inhabited den sites every
third week during the spring and summeAfter three months the mange had
spread to 19 of 23 inhabited dens. We repeated the treatment 2014 after new
cases of mange with zero cases 24t However, the mange returned at three of
the same dens 2017 and we used a similar treatment again. The mange was spre
from diseased red foxes and this was also mediated by the lemming cycle. The
two outbreaks of mange have severely threatened gubpopulation with at least

a 50% decline.

Anders Angerbjormranders.angerbjorn@zoologi.su.se
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Seasonal camouflage and climate change
Phenological mismatch in the Arctic fox?

Dick Moberg, Marketa Zimovg Scott Mill8 and Anders Angerbjotn

Department of Zoology, Stockholm University, 10691 Stockholm, Sweden
2Wildlife Biology Program, University of Montana, Missoula,3@812, USA.

Camouflage mismatch may occur among seasonally color molting animals whe
snow duration and winter white coaphase are out of sync. This type of
phenological mismatch is expected to increase in the future, as snow duration wi
continue to shorten under anthropogenic climate change. The arctic fox is a colc
molting species naturally occurring in two color mosghblue and white. Only the
white color morph has a true seasonal color molt and can experience the high
O2 Yy & LIA OdzbamNRPUoyKA (1S O7 ANR dzy R YA ayYl 4§ OK:
blue color morph stays dark year round and is mismatched against th&e wh
background all winter, less snow will decrease its mismatch. Using remote came
traps, we monitored color molts and mismatch in two Swedish polymorphic
subpopulations of arctic foxes. We described high intend intrapopulation
variation in molt phaology during one spring and two fall seasons and found ar
effect of climate, sex and age on the molt phenology. Next, we quantifiec
mismatch frequency in both color morphs and showed that, currently, both
experience mismatch, but its timing and severitifets between morphs. Climate
change will likely result in increasing mismatch in the white morph, unless adaptiv
changes in molt phenology occur.

Dick Moberg, dick.moberg@zoologi.su.se
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Litter sizes and territory quality Is there a landscape
effect on reproductive investment in lemming foxes?

Rasmus ErlandssgriMarianne Stoess&lMaryline Le Vaillahdt Anders Angerbjorn

!Department of Zoology, Stockholm University, Sweden
2Department of Physical Geography, Stockholm University, Sweden.

Reproductive output; the number and quality of juveniles producediepends on

the resources the reproducing organism is able to allocate. In territorial animals th
general status of the mother depends on food availability and is thus mediated b
territory quality. Variation in litter size could therefore be expected to reflect
habitat quality in species with variable litter size. The lemming ecotype of the arcti
fox shows remarkable variation in litter sizes, spanning from 1 to ca 20 cub
making it anideal study species to investigate how recourse availability affects ant
interacts with reproductive investment. The connection between small rodent
abundance and litter size is well established. However, since prey is not ever
distributed in the landsqgae, densities could be expected to reflect local differences
in primary productivity. In this study, we assessed primary productivity using
satellite and aerial photos as an indicator of habitat quality. Together with long
term data of litter size from th&Swedish Arctic fox population we investigated if

there was a relationship between territory quality, and reproductive output during
the small rodent cycle.

Rasmus Erlandsson, rasmus.erlandsson@zoologi.su.se
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Parent personality influences juvele behaviour
and mortality inSwedish arctic foxes

Seoyun Choi, Emma Grocutt, Rasmus Erlandsson and Anders Angerbjorn

Department of Zoology, Stockholm University, Stockholm, Sweden

Life history theory predicts that individuals should adjust their-t&édéing behaviour

to their expected future fitness. Understanding consequences of such individus
variation within a spectrum of a behavioural trait is crucial in explaining potentia
trade-offs between different traits and in predicting future dynamics in changing
environments. Here we studied individuals in a wild arctic fox population to explore
if 1) individual variation in ristaking behaviours of adult arctic foxes and in stress
dealing behaviours of their juveniles exist and are consistent over time to verify the
existence of personality traits; 2) those behavioural traits in adults and juvenile
are correlated; 3) they can explain a fitnegstated component (i.e., juvenile
mortality rate). We presented simple field experiments extracting behavioural
traits by observing adult reactions toward approaching observers, and juvenil
0NF LILJISR OSKI @A2dzNBd® 2S TF2dzyR O2yaira
adults in their vigilancand boldness level, and inconsistent juvenile behavioural
traits categorized as investigating, passive, escaping. Bolder adults had mao
investigating and less passive juveniles. Lastly, juveniles with bolder parents a
with more investigating and lessagsive behavioural trait had significantly lower
mortality rates. This shows that interactions between parent personality anc
juvenile behavioural traits affect a fitnesslated component in the life history of
individuals. This provided the basic for @nstanding personalitgriven dynamics

of populations under fluctuating environments and different selection pressures
and highlights the need for further studying fitness consequences and -vHde
between different personality and behaviour traits o\gelonger period.

Seoyun Choi, seoyunchoibaek@gmail.com
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Mutual relationships between tourism
and arctic fox conservation

Malin Larm, Bodil EImhagenSandra M Granquisand Anders Angerbjétn

Department of Zoology, Stockholm University, Stockh@weden
°The Icelandic Seal Center, Hvammstangi, Iceland; Marine and Freshwater Research Institu
Reykjavik, Iceland

There are both positive and negative impacts on wildlife associated with wildlife
tourism. In Sweden, the endangered Arctic fox is stibje a growing tourist
interest, with some tour operators offering guided Arctic fox safari todrs.
investigate the effects of the tourism and the tours on the Arctic fox, five dens with
various levels of disturbance from tourism was monitored with auatic wildlife
cameras. The results show that the tourism did have an effect on the activity an
behavior of individual arctic foxes, while no negative impact was observed on the
distribution, breeding success or survival rate. Further, the resultsateticthat
Arctic fox predators and competitors might avoid areas with human disturbance
providing a refuge for the Arctic fox.

A survey about conservation knowledge and awareness was also distributed t
five separate groups of visitors in the region. The results revealed that knowledg
about the status of Arctic foxes and awareness of the behavioral guidelines fc
Arctic fox encourgrs improved after participation in a safari tour, which along with
economic contributions are important positive effects of wildlife tourism.

For the future study of human impact on wildlife, we propose a schematic
model summarizing the diverse ways in which wildlife tourism affects wildlife anc
their relative importance for conservation. The Arctic fox population in Sweden i
small and sensite& to disturbance, but the positive impacts of Arctic fox tourism
seem to compensate for the negative and contribute to their conservation undel
the current level of tourism pressure.

Malin Larm, malin.larm@zoologi.su.se
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Bringing the field to your phone

Sandra Jonsson

Communicator Felles Fjellrev editorial group

Communication, information and increased accessibility.

The Arctic fox is one of the most threatened mammals in Scandinavia. Hunted clo
to extinction a hundred years ago, there is now omig small breeding population
left in the EU, sparsely spread in the Scandinavian mountains.

The Arctic fox is an animal not very well known by the public. For future
management efforts, in order to restore the Arctic fox population in Scandinavia, i
is important to convey knowledge about and interest in the Arctic fox.
Communication with the public is therefore an important part of Felles Fjellrev.

2 SONB ONAYy3IAYI GKS FASER (2 @2dzNJ LIK2
{20AFf YSRAIFI &GNBIFYa FNBE 0SO02 ¥orydan LIS
important platform to use and also a way for us to understand how people connec
with nature. Even though bagkacking in the Scandinavian mountains is increasing,
a lot of people will never see the Scandinavian mountgiosthe rare Arctic f&.

By using social media we can connect people with the Scandinavian mountains, t
arctic fox, ongoing research projects and the daily life and work in the field. This
also provides people with the ability to connect with nature through their phones.
Not only to increase public awareness about the Arctic fox but to become familia
with a faraway place. What we like we want to preserve.

Felles Fjellrev editorial group, by Sandra J6nsson, sandra.jonsson@wwf.se
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Scandinavialceland
andthe restof the world

Individual use of feeding stationg
2 K2Qa SFiaAy3a it GKE

Kristine Ulvund, AnneMathilde Thierry, Roger Meds Roy Anderséen @ystein
Flagstad, Nina E. EideArild Landa

INorwegian Institute for Nature Research, TrondheWorway,

In Norway, the arctic fox is listed as critically endangered, with a minimun
population size of 108 individuals. The low population size and the collapse ¢
rodent-cycles in several mountain areas are considered as two of the main threa
to the arctic fox in Norway/Scandinavia. To increase the survival of both wild an
captive bred and released foxes, supplementary feeding of arctic foxes was starte
in 2007, in the mountain are of Snghetta, Norway. Supplementary feeding ha
been shown to have aeffect on reproduction and social organization in arctic
T2ESad |1 26SOSNE | f 6K2dzZAK GKS TFSSRAY:
expected to vary among individuals. This can be due to several factors, such
monopolizing of feeding resources by ald®@ more dominant individuals, distance
FNRY GKS AYRAQGARdzZIE Qa4 K2YS NIy3aS (2
skills and behavior. Knowledge about how and when individual foxes use th
feeding stations may help us better understand the effeofssupplementary
feeding. In Snghetta wild born cubs has been captured and marked withtagpit
since 2010. In addition, 60 captive bred cubs have been released in Snghetta in t
period 20072011. Using a pitag reading system we are thereby able tomrtor a
large percentage of the individuals using the feeding stations. Preliminary dat
show that 85% of the foxes registered on a feeding station are two years G
younger. This can point to a large number of floaters using the feeding stations.

KristineUlvund, kristine.ulvund@nina.no
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Survival of captivebred and released versus
wild-born Arctic foxes in Norway

Arild Landa, Anndathilde Thierry, Kristine Ulvund, Roger Meas, Nina E. Eide,
@ystein Flagstad, Roy Andersen

Norwegian institute for natureesearch (NINA), Post Box 5685, 7485 Trondheim, Norway

The Fennoscandian Arctic fox population was recently close to extinction, with a
estimate of 3585 adult foxes left in 1998. Several conservation actions have bee
implemented, including supplemenma feeding, red fox culling, and captive
breeding and reintroduction.The Norwegian captive breeding programme was
established in its current form in 2005 and has simeeestablished extinct
subpopulations and strengthened extant on€ebo date, 320 capterbred and
released and >700 wHdorn Arctic foxes descending from released foxes have
been monitored in different mountain areas. ldentifications of marked foxes are
routinely collected using a combination of techniques, including direct observation
and indirect observations from wildlife cameras, captures, DNA extracted from
scats, and identification of individuals using microchips detected by specifi
readers Using all identifications, 43% of released foxes survived until April 1
following the release. Released foxes had a significantly higher first year survi
than wildborn foxes (DNA data only, 0.22 vs. 0.14, respectively, p = 0.020
Released foxes were generally in very good body condition at a time when wil
foxes were akady subsisting on their body fat reserves (mean weight: 3.99 + 0.3
kg, n=250 vs. 3.59 %0.70,n=34, respectively), indicating that released foxes
probably did not suffer starvation during the harshest time of the year.
Surprisingly, adult survival was @alsignificantly higher for released compared to
wild foxes DNA data only, 0.15 vs. 0.09, respectively, p = 0.GAfther analysis
will allow to better predict the potential for future contribution of captive breeding
and reintroduction to the recoveryfdrctic fox populations in Fennoscandia.

Arild Landa, arild.landa@nina.no
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Is there hope for the arctic fox in Finland?

Heikki Henttoneh, Tuomo Ollild and Jukka Niemimaa

INatural Resources Institute Finland
2Forest and Park Service Finland

5dz8§ (G2 SEOSaaArgdsS KdzyiAy3a Ay SINIeé& mh
The species was protected in 1940, and after that the population stayed a
Y2RSNI 0S RSyaaide dzyiAft SIFENIe& wmpynQas
there was NoNS O2 OSNE (2 2t R RSyaAluASaed {i
started, and this was associated with the expansion of the red fox into the alpin
zone. The last breeding observation in NW Lapland took place in 1994 and
Lapland in 1996. Since then, tbehave been annually-55 observation of arctic
foxes in N Lapland, probably dispersers from Sweden and Norway, but no breedi
has been observed. Though, during last two winters, one or two pairs have bee
observed at the old breeding sites. We have meghghe old den sites of arctic
foxes and the new excavations/den sites of red foxes in NW and N Lapland. T
unfortunate fact for the arctic fox is that in Finnish Lapland almost all alpine
habitats are at quite low altitudes, and within the present rammjehe red fox. We
calculated the altitudinal range of dens sites of both species, and they overla
totally. In Finnish Lapland, where high mountains areas are missing, there are 1
high enough areas where the arctic fox could survive without the red fox
expansion. Consequently, with the present altitudinal distribution of the red fox,
the future of the arctic fox looks bleak though we could hope for some breedinc
efforts in good vole/lemming years.

Heikki Henttonenheikki.henttonen@Iluke.fi
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Home ranges and territoriality of island arctic foxes
under abundant food conditions

Pletenev A.A:2 Kruchenkova EF, Mikhnevich Y 1, Rozhnov V.¥.
Goltsman M.E:2

!Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia
2A N.Severtsounstitute of Ecology and Evolution, Moscow, Russia

Food distribution and predation pressure are usually considered as the mai
factors of spatial behavior. We examined range use of arctic fox, an apex predat
on Bering Island (North Pacifid@ihe study was conducted in Julkkugust 2014 and
2016 near the northern fur seals rookery. Thereby in summertime these foxes ha
an extraordinary abundant source of food (seal placentas and carcad$ées).
adult foxes (4 males and 5 females) from 3 biiegd(2014) and 4 nchreeding
(2016) family groups were equipped with GedHlars which collected fixes eveby
minutes. Foxes were tracked during 4§20 days eachHome range size (N=7,
number of family groups) was (MeanzSD) 48+29 {max: 1%490) ha by 9%%
Brownian bridge movement model (BBMM), 39+28q@H) ha by 95% fixed kernel
and 79x47 (28144) ha by MCP100. Size positively correlated with the distance
between home range activity centers and the most populated seal breeding site
The BBMM home rangeorders of males and females from the same mated pairs
were nearly identicalFor foxes from adjacent family groups HR ovenas 12+11
(1¢38) % by area and 8.7£12.7 (€b2.8) %by UD(7 families, N=24)Overlap for
non-breeding groups has a tendency to exceed ones for breeding families
Obtained summer home ranges are ones of the smallest for the species. Thou
island syndrome could be the main factor, the abundance of food resources he
also reduced home range size but notreriality which was strengthened by
presence of pups.

Anton Pletenev, aapletenev@yandex.ru
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Does it pay off to breed youngRemographic response to
heavy hunting pressure during the breeding season

Ester Rut Unnsteinsdottir

The Icelandic Institute dflatural History

In Iceland, the native Arctic fox is systematically killed, in order to reduce allege
damage on livestock. Hunting is conducted all year round in most regions, manag
and practiced by authorities. During the past 250 years, foxhuntagyaiso taken
place at breeding dens in May to July. The potential effects of intensive de
hunting on the demography of the local fox population is unknown. However
available data show surprisingly high proportion of emarold vixens killed as
breedels on a den.

Physically, both sexes become mature in their first winter but breeding may not b
an option until later. In order to have the chance to breed, the foxes need to no
only be healthy and strong, but also have access to available territory. Iemb
activity removes a breeding couple from a territory and provides increasec
opportunities for all individuals to take part in breeding, even at young age.

One might assume that energy demanding gestation and lactation period should k
hazardous for gung and inexperienced females. It is therefore interesting to try to
find out the cost of breeding at so young age. In order to do so, the survival rat
was compared between young breeding and fmreding females. The first result
are surprising, as itgpears that norbreeding females had lower survival than the
young breeding females. Therefore, it looks like it pays off for young foxes to see
the opportunity and breed at young age. Most likely, it will maximize their
reproductive output, but it mightlso be a lethal choice.

Ester Rt Unnsteinsdottir, ester@ni.is
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Exploring different methods of visual storytelling to help
communicate Arctic foxVWulpes lagopukresearch

Megan Perra*

“Independent Researcher, 97231, Portland Oregon USA

Communicating ongoing projects and research findings is an increasingly vital par
of science, and | explore how to use different mediums of visual storytelling (mainl
art and video) to relay that information to the public. Using past and future
projects2y LOStf I yRAO FT2ES& Fa 'y SEFYLX SS
art has the potential to be a useful tool for engaging communities, raising
awareness, and raising money. | emphasize the importance of finding a narrative
thread within reseach, since adding story to visual art can make it all the more
compelling to those not familiar with the subject matter. | will broaden this
discussion to review potential narrative®.g. adapting to global climate change
relevant to the entire species, dasing on how | might create visual art that would
benefit the whole arctic fox research community. This talk is meant to encourage
conversations about how best to visually communicate research, and whether or
not art can assist in fostering internatiorallaborations by generating similar
interests between different communities.

Megan Perra, megan.perra@gmail.com
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Methods ard other species

FoxMask image analysis software,
assisting ecologistin facing big dta challenges

EricDevost, Nicolas Casajus, Sandra Lai and Dominique Berteaux

Canada Research Chair on Northern Biodiversity, Centre for Northern Studies and Quebec
Center for Biodiversity Science, Université du Québec a Rimouski, 300 Allée des Ursulines
Rimouski, QC, GBIA1, Canada.

Camera traps are an efficient data gathering method and, as such, are widely us
by ecologists. They generate massive amounts of images, however, that a
impossible to analyze by humans or with traditional processing applicatior
software.Efficiently analyzing such data requires the implementation of an analysi
pipeline using an ETL (Extraction, Transformation and Loading) type method. V
developed an automated image analysis software (named FoxMask) that sits in tt
"Transformation" compoent of ETL type method. FoxMask can efficiently detect
animals on images, using background detection and foreground segmentatio
methods, as well as movement and an object size threshold to discriminate anima
from noise. On 30 sets of 500 images, thé&ware had a 92.6% rate of success in
identifying images containing animals (here, arctic foxes). The software can (
easily executed on cloud computing architectures, opening the possibility to rul
parallel analysis on multiple computers for mass datasfarmation. It is entirely
based on open source technologies, making its usage and future collaborati\
development free from any licensing constraints. FoxMask represents a first step
an integrated solution for automated image analysis pipeline in logpo
laboratories.

Eric Devost, ericdevost@gmail.com
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Genomics in arct fox conservation and ecology:
development and utility of the custom fox
Affymetrix 702k array

Ingerid Julie Hagen ArnesenHenrik JenseinLove Dalét) Anders Angerbjor)
Karin Noréf, Arild Landg Aleksandr A. Sokolo% Natalya A. Sokolo%&
Dorothee Ehrich Dominique Berteax Sigbjarn Lieh Nina E. Eide
@ystein Flagstad

Norwegian Institute for Nature Research, Norway
2Centre for Biodiversity Dynamiddepartment of Biology, NTNU, Norway
3Swedish Museum of Natural History, Stockholm, Sweden
“Department of Zoology, Stockholm University, Stockholm
>Science Center for Arctic Studies, State Organization of Yéemaits Autonomas District,
Salekhard, Russi
®Arctic Research Station of Institute of Plant and Animal Ecology, Ural Branch of Russian
Academy of Sciences, Yamal, Russia
‘Department of Arctic and Marine Biology, Unisigy of Tromsg, Tromsg, Norway
8Canada Research Chair on Northern Biodiversity@entre for Northern Studies, Université
du Québec a Rimsski, Rimouski, Québec, Canada
SCIGENE, Norwegian University of Life Science, As, Norway

The arctic fox is listed as endangered in Scandinavia, with a current populatic
census of approximately 300 individuals divided into several isolated population:
many of which are subject to intense conservation management such a
supplementary feeding rad release of captive bred individuals. Harsh alpine
conditions, stochastic prey availability and red fox competition is likely to impost
strong selection pressures on the arctic fox. We present a genomic tool of 507,0(
SNP markers for the detection of aative genetic variation in the arctic fox
genome. The panel is based on 12 individuals originating from seven locations
Scandinavia, as well as one individual each from Canada, the peninsulas of Kola
Yamal, and a fufarmed individual. These were-sequenced at 11x coverage and
aligned with the urannotated arctic fox reference genome, revealing 24 million
SNPs. The 507,000 arctic fox SNPs on the Affymetrix Axiom Fox 702k array w
selected to be 1) in proximity to all functional genes accordmght annotated
dog genome and 2) to be evenly distributed along the arctic fox reference genom
with a mean intermarker distance of 4,700 base pairs. This design is expected t
capture both functional and neutral genetic variation. We genotyped 700 carcti
foxes on the panel and achieved a call rate of 92%. We expect that this data w
elucidate the genetic architecture of important adaptive traits and aid the ongoing
conservation programme in making informed management decisions to ensure th
recovery ofthe arctic fox in Scandinavia.

Ingerid Julie Hagen Arnesen, ingerid.arnesen@nina.no
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Diversity of the Major Histocompatibility Complex gene,
DRB1, in Arctic FoX/(lpes lagopu}

Stephen WR HarrisénLorna J Kenneéy

Nottigham Trent University, School of Animal, Environmental and Rural Sciences,
Nottingham, UK.

2The University of Manchester, Centre for Integrated Genomic Medical Research,
Manchester, UK.

Sub arctic tundra populations of arctic fox are under increashreat of localized
extinction due to a variety of climatic and anthropogenic factors. These pressure
mean that captive breeding for release programmes are becoming essenti
components of long term recovery efforts for this species. As such itperiant

that stakeholders be provided with the information needed to limit the loss of
genetic diversity essential for lorigrm fitness and survival. Genes of the Major
Histocompatibility Complex (MHC) in particular have been identified as suitabl
targets for such genetic conservation in breeding programmes.

We have combined previously published partial arctic fox sequences with ne
complete sequence data derived from new primers for exon 2 of the class |l DRI
gene for 120 arctic foxes and 300 red fexe

We have identified 20 DRB1 alleles to date, of which eight match the publishe
sequences. However, we have three different alleles that match one publishe
seguence, indicating that much variation remains undetected in the publishec
populations. The nmber of alleles per population range from1%, with the
highest number in the largest population tested (F65).

Interestingly, one allele found in arctic foxes from Sweden, was also found in re
foxes from several European countries. Another wide raggirctic fox allele, was
also found in Alaskan red foxes.

Preliminary data for DRA shows that the Arctic fox has one allele which is al
found in the Kit fox. This allele is different from the single allele shared by
number of other canid species.

Stefhen W R Harrn, stephen.harrison@ntu.ac.uk
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Impact of personality: relevance of findings from swift,
San Joaquin and island fox conservation to arctic fox

Samantha BremneHarrison

School of Animal, Rural and Environmental Sciences, NottinghamUmesarsity,
Brackenhurst Lane, Southwell, Nottinghamshire, UK

The study of personality in nemuman animals has broadened in discipline over
recent years, with theoretical and applied advances in behavioural ecology ar
conservation. Integrating consideration of personality into conservation
management may increase the likelihood of survival at the individual level, thu
ultimately assisting with achieving population level goals. Findings fron
personality and conservation focused studies are ulised with particular
emphasis on relevance to arctic foXulpes lagopusconservation threats. Post
release survival and movements of reintroduced capbwved swift fox Yulpes
velo® were shown to relate to individual boldness levels, wiighnboldnes being
detrimental. Captive California Channel Island fddrdcyon littoralis catalinde
released on Catalina Island with no predators, showed opposite patterns to swi
fox, with increased boldness being positively associated with faster pairing c
mates and higher reproduction. Boldness influenced survival, dispersal an
reproduction of freeliving San Joaquin kit foX/lpes macrotis mutigain two
habitats with differing selection pressures, with a traol effect between higher
levels of boldness ral survival or reproduction observed. Understanding how
individual personality may impact conservation strategies for arctic fox, fol
example on release from captive breeding facilities, or in habitats with differing
selection pressures may allow for sgies to be tailored at the habitat or even
the individual level to facilitate success.

Samantha Bremnerarrison, Samantha.bremnerharrison@ntu.ac.uk
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Evaluation of invasive and nemvasive methods to
monitor lemming abundance in the Canadian Arctic

Gilles Gauthiéy Dominique FauteuxJoél Béts; Dominique Berteatfx
Marc Mazerolle and MarieChristine Cadieux

B5SLI NGYSYyG 2F oAzft23@8 YR /SYiNB RQSGdzRS
Médecine, Québec, QC, Canada G1V. 0A6
Canadav S &SI NOK [/ KIF AN 2y b2NIKSNY . A2RAOGSNAEAI
Québec a Rimouski, 300 Allée des Ursulines, Rimouski, QC, Canada G5L 3A1.
BSLI NLOYSYd 2F 622R YR FT2NBad aOASyOS | yF
ruede la Terrasse, Québec, QC, Canada G1V 0A6

Lemmings are the primary prey of arctic fox®sllpes lagopusin many areas and
have a strong influence on their demography. Annual lemming abundance is a ki
parameter to monitor when studying arctic fgopulation dynamic and trophic
interactions in arctic ecosystems. We evaluated the performance of variou
methods (snagrapping, winter nests counts, burrow counts and incidental
observations) to assess lemming abundance with the-teng data availabldérom

the Bylot Island monitoring program over ay@ar period. To do this, we correlated
estimates obtained with these methods to animal density estimated with spatially
explicit capturerecapture models based on I|atepping data, which was
considered tle most precise and least biased method. Methods using direct
observations in the field, namely snap trapping £ 0.90) and incidental
observationsi(= 0.92), yielded the highest correlations with Hvapping densities.
Indices from winter nests and buaws were also correlatedr & 0.50) with live
trapping densities, but to a lesser degree. We also evaluated the impact of reduce
sampling effort on the bias and precision of each abundance estimate. Based ¢
this work, we developed two manuals to promaaead facilitate the monitoring of
lemming abundance across the Canadian Arctic. The first one describes in dete
and in simple terms several methods to sample lemming abundance in the fielc
The second one describes analytical methods to estimate lemmamgdance
using capturerecapture methods and winter nest density using distance sampling.

Gilles Gauthiemilles.gauthier@bio.ulaval.ca
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Poster Session

Poster 1

The effect of management on effective population size
In the Arctic fox Vulpeslagopus metapopulation
In Scandinavia

Ida Pernille @ystese Anderskégdystein FlagstddKarin Noref, Johan Fredrik
Wallér?, Arild Landg Anders Angerbjof Nina E. EideHenrik Jenséen

Norwegian Institute for Nature Research, Norway
2Centre for Biodiversity Dynamics, Department of Biology, NTNU, Norway
3Department of Zoology, Stockholm University, Stockholm, Sweden

Estimates of effective population sizé | may provide insight to patterns of
changes in allele frequencies and heterozygosity in a populafiorthermore, by
estimatingd , one can predict future changes in genetic diversity because
determinesthe rate of random genetic drift) is usially smaller than the census
population sizep , typically ranging from 0.2§ 0.75 in vertebrate species, most
often below 0.51n this study, two approaches were applied to estimaten three
arctic fox populations in Scandinavia from 2008 to 20The Scandinavian arctic
fox has been protected for more than 80 years. Around year 2000, implementatio
of conservation actions were initiated as a part of the national action plans for the
arctic fox, which have been intensified since 2007. Over théysperiod, there was

an increase i , closely linked to the implemented management actions, applied
at different intensity in the three subpopulations. In general, my results showec
that there was an increase in the in all three subpopulations,ral further an
increase in the ratio of effective to census population sine/§§ from the
implementation of management actions and throughout the study period.
However, in 2015, the arctic fox subpopulations have still not reached a viabl
population size and hence continued actions are needed. Nevertheless, th
observed increase in thé /0 ¢ ratio within each subpopulation and the
metapopulation over the last decade, may suggest an improved chance fc
persistence of the Scandinavian arctic pmpulation in the future.

Ida Pernille @ystese Anderskog, ida.andersskog@ gom
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Poster 2

Felles Fjellre a borderless management project to
Increase the Arctic fox population in Scandinavia

Felles Fjellrev core group

Project owners
CountyAdministrative Board of Jamtland, Sweden
Norwegian Environment Agency, Norway

Felles Fjellrev is supported by EU and Interreg Swé&teway

Arctic fox in the EU

¢KS I NDGAO F2E A& 2yS 2F (GKS 9! Qa
extinction ahundred years ago, there is now only one small breeding populatior
left in the EU. This population is located on the border between Sweden an
Norway. Thanks to successful conservation efforts, the situation is slowly startir
to look brighter.

Concrete spport measures and managemetibcused research.

Felles Fjellrev (201R014) had excellent results and Felles Fjellrev |l (ZIR)
gAff FdzZNIKSNI aGNBYy3IGKSY GKS ! NOGAO ¥
field are necessary to improve the Adti F2 EQa OKI yOSa 2F &
supplemented by research relating to the future management of the species. I
these areas, we work with the Norwegian Institute for Nature Research (NINA) ar
Stockholm University.

Communication, information andncreased accessibility.

Communication with the public, by Felles Fjellrev website, Facebook, Instagrar
printed information material and an animated short film, are important parts of the
LINE 2S5 00 @ d CedbaelibhsBddntetdiscipBhary eSub@nal materials for
schools, where children, through Arctic foxes, learn about mountain ecology an
threatened specieg has been produced and will be adapted for Norwegian and
Swedish schools.

Mats Ericson, mats@taigaphoto.se
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Poster 3

Weather variability has no direct impact
on adult survival in Arctic foxes

Clément Chevallié?, Gilles Gauthiér Dominique Berteaux

Y1yFERI wSaSFENDODK [/ KFANI 2y b2NIKSNY . A2RAQS
Québec a Rimouski, 3@0lée des Ursulines, Rimouski, Quebec, Canada, G5L3A1
BZSLI NGSYSYyld RS o0A2t23AS YyR / SYyidNB RQSU dzF
Médecine, Pavillon Vachon, Quebec city, Quebec, Canada G1V 0A6

Natural causes of mortality in carnivores ai@ well known, thereby causing a lack
of understanding of their demography. Indeed, the majority of studies on the
sources of carnivore mortality were done on populations facing anthropologica
threats, such as hunting or car collisions. Moreover, resewariation sometimes
fails to explain survival patterns. Here, we evaluated the role of weather as
possible factor causing mortality in Arctic foxes. To do so, we used satellite colla
to determine monthly survival of individuals during aryéar stugy in the High
Canadian Arctic. In a knowate capturerecapture analysis, we tested local
(temperature, wind speed and snow precipitation) and regional (Arctic Oscillation
weather variables at a monthly and seasonal time scale. Because food resourc
are critical to the life history of carnivores, we also tested the interactions of these
variables with prey availability. We found no strong evidence showing that weathe
variables affected monthly survival of this carnivore even in interaction with prey
abundance.Given that weather does not significantly impact mortality in Arctic
foxes, it is unlikely that climate change has any direct effects on individual mortalit
in this species, at least in the center of its distribution range where we conducte
this study.Despite the technical difficulties underlying the close monitoring of top
LINBRFU2NBRS A0 NBYFAyYya SaaSyaialrt az
order to understand and predict the impacts of global changes on ecosystems.

Clement Chevallier, challier.clement@gmail.com
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An individuatbased model of the population dynamiasf
the Arctic fox Yulpes lagopus semenowon Mednyi Island
(Commander Islands, North Pacific)

Goltsman Mikhail.B, Sushko Elena.B.Doronina Liliya.3, Kruchenkova Elena .
Rodnikova Anna.Y.

IM.V.Lomonosov Moscow State University, Moscow, Russia
2Central Economg&andMathematics Institute ofhe Russian Academy of Sciences
Moscow, Russia
3University ofMunster, Miinster, Germany

A spatially explicit individuddased model was developed for the population
dynamics of theendangered Arctic fox on Mednyi Island. The model is based ot
field data collected during 19 years. Annual marking of cubs allowed us to identi
up to 80% of animals individually and to collect their -history data. We
determined mortality rates of mak and females of all age classes, sex ratios for
each age class, probabilities of breeding and litter sizes. In addition, we mappe
social structures, dispersal distances, and patterns of selection of social partne
and habitat patches. The model is siadlyy explicit, i.e., heterogeneity of habitat
patches is defined in an explicit form. In simulagosuch demographic parameters
as population dynamsg; population age structure, sex ratio in different age classes,
and structure and size of families conined to the empirical data.

The analysis of the model sensitivity to changes in mortality rates in different ag
classes showed that the sensitivity to increased mortality of cubs is much highe
compared to adults of all age classes. Increasing the autality rate to 95% over

a period of one to five years, we simulated the effect of an otodectic mange
epizootic, which was observed in the real population of Mednyi Arctic fox. Th
population recovery time after the end of the impact was significanthgénn the
simulations compared to the field data. We suggésat in reality, with a low
population size, the productivity of the population increases, and the mortality of
cubs may decrease

Anna Rodnikova, Anna.Rodnikova@gmail.com
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Populationdynamics of the Bering arctic fox
(Vulpes lagopus beringengis

Alexander Shiendk, Evgeny MamaéyJulia Mikhnevichand Anna Ploshnit3a

Lomonosov Moscow State University, Moscow, Russia
The Commander Islands Nature and Biosphere Reserve, Russia

The arctic fox population on Bering Island is one of two ancient endemic arctic fc
subspecies on Commander Islands. Although there was no population crash like
the case of arctic foxes on neighboring Medny Island, similar risks in bot
populations exis and monitoring the Bering population is needed.

Currently such monitoring is performed in two ways: springtime counting of
individuals and summertime counting of litters. Springtime counting has beer
conducted more or less regularly since 1995, but tm®st complete and
representative data was collected in 202816. The litters were counted in 2009,
20122014 and 2016. The litters monitoring throughout the island was performed
in 2014.

There was no stable trend towards population decline or growth m ldst few
years. The total population is estimated at about 41D adults, with minor annual
fluctuations. Total number of litters was estimated at aboutiD in 2014, near
the same number in 2009, 2013 and 2016, but only half of this in 2012, prespmab
due to weather conditions of that year. This is a typical coastal arctic fox populatio
without drastic fluctuations because of abundant and stable food sources.

On the other handsome facts speak in favor ofpmpulation decrease that could
have takenplace in the last 25 years. For instance, litter density in 1991 and 199
was estimated twice higher than compared to our datherefore it is necessary to
continue with annual monitoring of the population and of state of the
environment.

AlexanderShenok anshienol@gmailcom
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Selection of breeding dens in different habitat types
by Arctic foxes in southern Yamal, Russia

Stijn Hofhuis, Dorothee Ehrich Aleksandr A. Sokold¥ Natalya A. Sokolo¥a
and Ronald C. Ydenbéfy

1 Wageningen University, Resource Ecology Group, Wageningen, The Netherlands
2 University of Tromsg The Arctic University of Norway, Department of Arctic and Marine
Biology, Tromsg, Norway
3 Arctic Research Station of Institute of Plant and Animal Ecoldigy Branch, Russian
Academy of Sciences, Labytnangi, Russia
4 Arctic Research Center of Yarm&dnets Autonomous District, Salekhard, Russia
® Simon Fraser University, Department of Biological Sciences, Burnaby, British Columbia,
Canada

Choices made in the selection of breeding sites are likely to affect reproductiv
success, but are not always well understood. Better understanding of the factor
that influence breeding site selection may therefore benefit conservation efforts of
specieaunder threat of environmental changes, such as Arctic foxes in much of th
circumpolar North.
We investigated denning site selection of Arctic foxes in Southern Yamal Peninst
(Russia) by using an-Y&ar dataset on den occupancy, and den locations withi
habitat map of the study area. This map includes five distinct vegetation types an
water bodies. The availability of resources for foxes in each vegetation type wz
indirectly quantified using faeces counts (hare and ptarmigan) and small roder
trapping. In addition, small scale den characteristics such as slope, aspect and ©
size were analysed against den occupancy.

We expected that dens in closer proximity to willow thickets, dwarf birch shrubs
and water bodies were selected by arctic foxes during low phases of the sme
rodent cycle, as these habitats are thought to have higher densities of alternativ
prey speciessuch as ptarmigan, hare and waterfowl. During high phases of the
small rodent cycle, active dens are expected to be found near wet habitats as we
which is the preferred habitat dflicrotus middendorffiione of the common voles
species in the area. Rhermore, southerlyslope exposure and den size are
expected to be potively correlated with den occupancy.

Results will be presented at the conference.

Stijn Hofhuis, stijn.hofhuis@wur.nl
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Developing a vulnerability index to climate change
for arctic fox dens

Lapierre Poulin,';, D. Fortietand D. Berteaux
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Vulnerability is commonly defined as the combination of exposure, sensitivity, an
adaptive capacity of a system to one or more specified hazards (IPCC 200
Knowing that climate change enharscéhe range and occurrence of many arctic
geohazards affecting permafrost, we decided to conduct a climate chang
vulnerability assessment in our study area, Bylot Island (NU, Canada). Our spec
of interest is the arctic foXMulpes lagopus which highy depends on a stable and
perennial denning site for protection and breeding in the harsh arctic environment
Since arctic foxes are very mobile organisms that can cope with slow alterations
their dens by digging out new or collapsed holes, we onlyidensd moderately
fast to fast permafrost degradation processes (specifically theenosion, mass
movements and thaw settlement) as having a potential impact on den
vulnerability. We conducted our assessment using an approach calledaritdtia
decisian analysis (MCDA), which combines the information from several criteria tc
form a single index. The first step was to identify a set of indicators (criteria) a
having the greatest impact on arctic fox dens through climatated hazards,
namely slope, arsion, ground ice content, and surficial deposit. The second stef
was to compare these criteria against each other to determine criteria weights
Finally, our four criteria were evaluated for each den (n = 102) with observation
both on the field and fromaerial photographs to produce an output map
representing the distribution of den vulnerability in the study area.

Florence Lapierre Poulin, florence.lapierre.poulin@hotmail.com
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Contact between wildlife, domestic animals, and people in
Arcticcommunities: implications for disease transmission

Frenette, MarieChristiné-?, E. Avaré] D. Bélangér D. BerteaukX H. Déry, B.
ForcP, E. Jenkits A. Mass& A. Simoh N. Lecomteéand P.Leightort
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2Canada Research Chair in Polar and Boreal Ecology, Department of biology, Campus of

Moncton, Université de Moncton, Moncton E1A 3E9
3Nunavik Research Centre, Makivik CorpomatKuujjuaq JOM 1CO
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SDepartment of Veterinary Microbiology, Western College of Veterinary Medicine, University o
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In the Arctic, wildlife may enter communities in order to access resources, resultin
in interactions between wildlife, domestic animals and humans thatemse the
risk of transmission for zoonotic diseases such as rabies. The objectives of tli
project are to characterize distribution of foxes in northern communities to asses
the spatiotemporal risks for foxdog contacts and to identify the factors
influencing the distribution of foxes and dogs around communities. We set
network of trail cameras on a spatial grid surrounding Kuujjuaq (close to the
treeline) and Inukjuak (>100km away from the treeline) to detect the presence o
both carnivores. From Mahcto August, we accumulated a total of 3,092 and 443
cameranights (CN) in Kuujjuag (202®17) and Inukjuak (2017), respectively. All
foxes observed in Kuujjuaqg were red foxes and 56% were Arctic foxes in Inukjue
The mean coefficient of daily activityerlapping between dogs and foxes was
0.51(x0.22) while seasonal activity was highest at the end of April for foxes (0.0z
obs/CN) and at the beginning of June for dogs (0.058 obs/CN). In bot
communities, foxes can be observed <l1km from human settlemants 15% of
camera station in Kuujjuaq had presence of dogs and foxes at the same static
compare to 4% in Inukjuak. These results suggest that contacts between foxes a
dogs may be higher at the end of winter, and contacts could occur very close 1
town, increasing disease risk for humans. This study provides the firs
documentation of fox activity and their interactions with dogs and humans in Arctic
communities.

Frenette, MarieChristine, mariechristine.frenette@umontreal.ca
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Patterns of hostgenetic structure in relation to virus
variation in fox rabies epizootics in northern Canada

Thaneah AlanaziEmilie Falarde&uChristine FehineGardine?, Alexander Flyrin
Patrick Leightof) Ariane Massg Susan NadiDavis, Sarah PredhaimAudrey
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Newfoundland and Labrador A1B 3X9

2Animal Health Microbiology, Canadian Food Inspection Agency, Ottawa,
Ontario K2H 8P9

3Centre of Expertise for Rabies, Canadian Food Inspection Agency, Ottawa,
Ontario K2H 8P9

“Research Group on Epidemiology of Zoonoses and Public Health, Université de
Montréal, SairtHyacinthe, Québec J2S 2M2
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Although rabies is endemic in the Arctic, origins and spread of epizootics of th
lethal zoonotic disease are little understood. We report thepulation genetic
structure of coloured Yulpes vulpgsand arctic foxesMulpes lagopus across
northern Canada, and compare it with virus variant distribution, to better
understand the movements of vector and virus across the landscape. Analysis
MtDNA revealed some genetic structure in coloured foxes on a broad scale, b
little genetic variation within Labrador, and no host genetic structure among arctic
foxes. Microsatellite analysis of coloured foxes provided finer scale resolution c
host genetic structure in eastern subarctic and was able to differentiate
southeastern populations from each other and from western and northern
locations. Viral genome sequencing identified a variety oftgpbs of the arctic A3
lineage that has circulated across ttmrn Canada since the late 1990s. In areas of
fox host range overlap, both coloured and arctic foxes shared many of the san
viral subtypes, while distinct sultypes did occur in areas of host allopatry.
However from 2010 onwards only two viral stypes circulated across
northeastern Canada and only one of these was responsible for all rabies cas
from Labrador over this period. This work provides baseline data on fox populatio
structures and their correlation with virus distribution, information thaill inform
modeling studies for the prediction of future fox rabies outbreaks which will in turn
aid the development of strategies for managing a disease affecting wildlife
domestic animal and public health in the Arctic.

Ariane Massé, ariane.masse@mffp.gouv.gc.ca
OR Patrick Leighton, patrick.a.leighton@umontreal.ca
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Linking largescale movement strategies of arctic foxes
and epidemiology of rabies: A spatially explicit
Individual-based approach

OliviaTardy, Agathe Allibeft Audrey Simoh Erin Re€<’, Patrick A. Leightdn

!Research Group on Epidemiology of Zoonoses and Public Health, Faculty of Veterinary
Medicine, University of Montreal, 3200 rue Sicotte, S&lgacinthe (Québec), J2S 2M2, Canada
’Publc Health Agency of Canada, 3200 rue Sicotte, $gjatinthe (Québec), J2S 2M2, Canada

Arctic fox rabies is an ongoing threat to human populations and domestic anima
in northern polar areas, where arctic foxagu{pes lagopusare the main reservoir
hosts. Climate change is shifting the distributions of arctic species, and this mzg
affect the risk of rabies transmission and spread. Our understanding of the effec
of climate change on spaaese patterns of arctic foxes and their consequences on
the dynanics of rabies epidemiology remains limited, in part, due to the difficulty
of obtaining ecological data from such a remote and expansive region. Simulatic
models help study ecological complexity of hpsthogen systems. In this
perspective, we apply apatially explicit individuabased model to assess the
interplay between largescale movement strategies of arctic foxes and
epidemiology of rabies in the context of climate change. The model is
parameterized using a combination of field data collected Bylot Island and
published empirical studies from other arctic regions. Here, we will provide ar
overview of different ecological and epidemiological processes of the model an
will describe the general framework for integrating lagmale movement
strategies of arctic foxedJltimately, our study will provide new insights into the
mechanisms of rabies transmission and spread among arctic foxes, and will help
develop more coseffective prevention strategies for rabies in the Arctic.

Olivia &rdy,olivia.tardy@umontreal.ca
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Intestinal parasites of the arctic fox
(Vulpes lagopus beringengisn Bering Island

Olga E. DavydoVaAlexander N. Shienék

Moscow state academy of veterinary medicine and biotechnology named K.I. Skryabin,
Moscow, Russia
2 omonosov Moscow State University, Moscow, Russia
3The Commander Islands Nature and Biosphere Reserve, Russia

There are rather few studies on the parasite fauna of endemic arctic fdx (
beringensiy on Bering Island. Due to possilméluence of @rasite loadon Bering
arctic fox mortality and subsequent population dynamics, analysis of the specie
composition and the prevalence of parasites in the population is needed.

Arctic fox feces were collected on the northern part of Betsignd in the summer

of 2015 (3 samples) and the spring of 2017 (85 samples). The prevalence
helminth eggs was 71.6%, and 9 helminth species were found. Dominant sgecie
cestodes Diphillobothrium sp. (prevalence 23.9%)Taenia sp. Echinococcus
multiloculari®?) (19.3%) and nematod&oxascaris leonin&22.7%); subdominant
spp. ¢ nematodes Ancylostoma caninumUncinaria stenocephalaSpirocerca
arctica (17%, 14.8% and 9.1% respectively); rsppC nematodesToxocara canis
(2.3%) andPhysaloptera sibica (1.1%). Anisakissp. larvae were found at the
incomplete helminthological autopsy of a single fox. More than one species wer
recorded in 27.3% of all the samples (more oftéhspecies, less often3 species).

A. caninumsS. arcticaT. canisand P.sibiricawere found inV.l. beringensifor the

first time.

The possible belonging of the taeniid type eggs to Ehenultiloculariss based on
the fact of the previously described high prevalence of this species in Bering arct
fox, with accidentally ntroduced northern redbacked voléMyodes rutilusas
intermediatehost

Species predominated in the Bering arctic fox are specific for the Yakut arctic f
helminth faunal complex. This can be related to certain biotopic features.

Olga EDavydova, o.davydova66@mail.ru
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Competition between Arctic and red foxes at the
expanding front of the red fox in the Canadian Arctic

AnneMathilde Thierry-?, Joél Béty; Dominique Berteaux

1UQAR, Canada Research Chair in Northern Biodiversity
2 Norwegian Institute for Nature Research, Department of Terrestrial Ecology

Arctic wildlife species possess a number of morphological, physiological, ar
behavioural adaptations to the harsh and variable Arctic climate, but are
considered particularly vulnerable to ongoing environmental changes. Thi
expansion of boreal species mnthe tundra can have severe consequences on
endemic species. During the past century, the red(ftxipes vulped)as expanded

its distribution into alpine and arctic tundra. Red foxes usually exclude Arctic foxe
(Vulpes lagopusat the regional level, lt several cases of local sympatry have
been reported, corresponding to a relatively narrow overlap zone of their
distribution ranges. There is a need to improve our capacity to predict the
ecological consequences of northward changes in boreal spectebuli®ns. The
Arctic tundra is an ideal arena to test the concept of how ecosystem productivit
can limit the expansion of a generalist mesopredator, and promote the coexistenc
of two competing mesopredators. We will present preliminary results of aystu
based on data collected since 1993 on Bylot Island, Nunavut, Canada, at t
northern limit of the expanding front of the red fox. The aims of thisy&ar study
were to: (i) estimate and compare the energetic requirements of sympatric arctic
and red foes in the Arctic tundra, at the northern limit of the red fox range; (ii)
describe the ecological niches of both fox species during the breeding season; a
(i) assess how the presence of red foxes affects arctic foxes at the scale of t
study site.

Anne-Mathilde Thierry annemathilde.thierry@nina.no
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Influence of the distribution of mediurrsized prey species
on the presence of red foxes in the south plain
of Bylot Island, Nunavut, Canada

Cédric Darboh Sandra Laj Dominique Berteaux

!Canada Research Chair on Northern Biodiversity, Université du Québec a Rimouski

In the south plain oBylot Island, the Arctic fox is tltlominant predator, but a few
red foxes are established in the northern part of the study area. The goal of thi
study was to assess if mediugized prey species (arctic hatepus arcticusock
ptarmigan Lagopus mutusand sandhill craneGrus Canadensiswhich should
provide a good energy source for red foxes in sprinfipjenced their presence in
that particular part of our study area. We analyzed 200,000 pictures taken by 6
automatic infrared cameras placed on dens in 2013 (end of-&&ady July). We
mapped both an activity index and an index of presence/absence drémndens

for these three mediunsized prey species. We focused on the critical period of
late May, when energetic needs of reproductive foxes are high but migratory bird
have not yet arrived. The results showed important arctic hare concentrations
areas displaying a sharp topography, but no marked increase in their activity ne:
red fox dens. However, sandhill cranes were highly found in the red fox range. N
significant result emerged for the rock ptarmigan, mainly because 2013 was a lo
density yearfor this species in the study area. These results suggested that th
distribution of mediumsized prey species did not seem to explain the distribution
of the red fox in our study area. The study should however be replicated acros
years to validate theasults. Yet, our preliminary results open up an intriguing
research question.

Cédric Darbon, cedricdarbon06@hotmail.fr

64



Poster &

Plovers with broader distribution breed away
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Don-Jean LeandifBreton and JodBéty

University ofQuebec in Rimouski and Center for Northern Studies

The importance of biotic interactions for species distribution and range limits is sti
highly debated and their effects at broad spatial scale are often overwhelmed b
abiotic factors like climate adifficult to assess because of the complexity of inter
specific interactions. In the Arctic tundra, characterized by relatively few vertebrate
species, the Arctic FoX(lpeslagopus A & (G KS 1S@& LINBRF G2
wide circumpolar distribubn. We hypothesized that arctizesting birds which can
persist over most of the Arctic Fox distribution range are less vulnerable ft«
predation because they use safer nesting habitat (partial refuge against predatior
compared to those having more rested breeding distribution. During a four
years study, we tested this hypothesis in the Canadian-Aighc (Bylot Island,
Nunavut) by quantifying nest survival rate of two shorebird species with
contrasting distribution range, and by conducting field expents with artificial
nests to quantify predation risk in the main nesting habitat used by each specie
As predicted, we found that the widely distributed Ringed Plov@hafadrius
hiaticula) nesting along stony riverbanks showed much higher nest\alrvate
(with 87% hatching probability) than the Golden Plover (Pluvialis sp) nesting |
mesic tundra (with 28% hatching probability). Using artificial nests, we confirme
that such differences in nest survival were at least partly driven by habitatggpe
se with 71% higher survival in riverbanks than in mesic tundra. Overall, our stuc
provides evidence that some species with wider distribution are less vulnerable t
predation because they use safer nesting habitat. This supports the idea the
predation can be an important biotic factor affecting bird species distribution
range.

DonJean LéandiBreton, Dj.leandri.breton@gmail.com
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The genetic basis of litter size in Scandinavian
arctic fox {ulpes lagopu}
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Conservinggeneticdiversityis animportant part of biodiversity,especiallyin small
populations wheregenes can be lost to genetic drift. Application of genetic
management of threatened species in the wild is lewer still in its early stages.

The arctic fox captive breeding programme has been an important contributor tc
the gene pool of the arctic fox population at Snghetta, through release of captiv
born cubs (n= 102). The population is however founded by a&6lyindividuals
originating from different subpopulations in Scandinavia. Genetic drift is expectel
to lead to a loss of genetic diversity, and adaptive genetic variation may therefor
also be lost by pure chance.

The litter size in arctic foxes is hightyependent on fluctuations in the
environment, with many cubs born in years with high rodent densities. If gene:
contribute to some of this variation, and any alleles that make Scandinavian arct
foxes enable to fully exploit years with high prey density last, this may reduce
the ability of the arctic fox population to increase in size to be viable in the long
term. Examining the genetic basis for, and trying to identify genes that contribute
to litter size may thus be important for the future consenest and management

of this species in Scandinavia.

This planned MSwill focuson the geneticbasisof variationin litter sizein arctic
foxes.l will examine thegeneticarchitectureby: 1. Measureadditive varianceand
heritability, 2. Chromosomepartitioning and3. Genomewide associatiorstudy.

Live Ruelohansen, live.rud.johansen@gmail.com
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Fitness correlates of Arctic fox fur coloration in Norway

Cecilia Di Bernarti#, AnneMathilde Thierry, Nina E. EideLuigi Boitari
Arild Land&
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Arctic foxes exist in two distinct colour morphs, white and blue, and the proportior
of the two morphs varies geographicallgince 2007, both white and blue Arctic
foxes have been released in Norway through the capbneeding and
reintroduction programne, as part of the national action plan to support
threatened Arctic fox populations. The main objective of this study is to assess tt
contribution of the two colour morphs to the recovery of the Arctic fox population
of Dovrefjell, central Norway. | witlescribe the current distribution of the two
colour morphs and compare it to the proportion of released foxes in this mountair
area where the Arctic fox was practically absent until (2007). | will compare th
fitness of the two colour morphs according toetaverage snow cover, in looking at
both survival and reproductive succe3sis will allow us taliscuss the influence of
released foxes on the proportion of white and blue morphs and estimate theit
contribute to the wild population.The results of thisstudy may offer unique
Ayarakaa Ayiaz2 GKS ' NOGAO T2EQ& FoAf Al
changes.

Cecilia Di Bernardi, cecilia.dibernardi@gmail.com
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The underlying basis of seasonal color molts in Arctic fox

Marketa Zimové, Dick Moberg Scott Mills and Anders Angerbjorn
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Arctic foxes, as well as over 20 other species of bmdd mammals, undergo
seasonal coat color molts to match snowy backgrounds. Not all individual:
however, become white in the winter and color polymorphism is widespread
across species. The arctic fox has two major color morphs; the invariantdride
the color changing white morph. We reviewed the functional, physiological anc
molecular basis of seasonal color molting and polymorphism in arctic foxes ar
pinpointed analogous underlying mechanisms as in other color molting specie
Next, we described thehgnology of seasonal molts in both white and blue foxes in
Sweden and compared our findings to previous empirical studies on color moltin
mammals. Based on two years of nearly continuous field monitoring, we showe
similar progression and effects of vangfactors on the molt phenology in the two
morphs as in other molting species. Lastly, we identified key areas regarding tl
color molts and polymorphism that deserve further attention, especially for
understanding the impacts of climate change.

MarketaZimova, marketzimova@gmail.com
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Dietary exposure to persistent organic pollutants increase
asymmetry and affect periodontal disease in farmed
Arctic foxes Yulpes lagopuk
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We examined mandibles from brother pairs of farmed arctic foxadpes lagopus During
ontogeny, one brother was exposed to dietary POP's (persistent organic pollutants) vi
naturally contaminated minke whaldBélaenoptereacutorostartg blubber (n=10), while the
other was fed a diet of pigSis scrofa  FIF 4 & | O2yiNRBft O6yTwmno
802 ng/g w.w. in the whale blubber, compared to 24 ng/g w.w. in the control diet.
Qualitatively, we observed a high idence of periodontal disease in both groups with a
greater severity of susanine alveolar bone deterioration in the P@®&posed group. There
was also a high incidence of abnormal, but likely -pathogenic, normetric variants in the
exposed group; foxesnissing caudal mental foramina, and elongate bone spurs on the
condyloid and coronoid processes were observed. The sample size was too small to ass
differences between the two groups using traditional methods. To quantify these changes, ar
more subtleshape disruptions, we conducted a twiamensional geometric morphometric
(GM) analysis of shape and asymmetry between the two groups.

The GM analysis found that asymmetry between the left and right halves-\VayoANOVA,
F=8.93, p=0.095) in the exposedogp was greater than the controls (Twday ANOVA,
F=4.39, p=0.3267) though not statistically significant. The overall mandibular shape betwe
groups is significantly different when a discriminant function analysis is perfornfe8§52,
p=0.04, 1000 perniations).

These findings provide a basis for further GM studies of natural populations that experienc

exposure to environmental contaminants during development as an alternative to traditiona
morphometric methods.

Madison M.Bradley, mmbradle@ucalgaca
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AnneMathilde Thierry, Alexandra Jeannii, Fabrice HelfenstefnNina E. Eide
@ystein Flagstdd Arild Landa

INorwegianinstitute for Nature Research, Department of Terrestrial Ecology
2University of Neuchatel, Institute of Biology

Hair cortisol in mammals and feather corticosterone in birds are increasingly used
biomarkers of longerm stress, although the relationghbetween glucocorticoids,
environmental conditions, and the biology or health of individual animals is ofter
unclear. The aim of this study was to evaluate the utility of hair cortisol as al
integrated biomarker of longerm stress and to assess its potih to serve as a
practical conservation tool of wildlife species, using the management of the Arcti
fox (Vulpes lagopush Norway as a case study. To address this, we measured ha
cortisol in 56 captivdred and 116 wileborn juvenile Arctic foxes and first
assessed whether individual state and environmental conditions could predict ha
cortisol levels. Environmental pameters reflected food availability, intreand
inter-specific competition, human presence around den sites, and weathel
conditions. Second, we tested if hair cortisol levels could predict future survival an
breeding success of Arctic foxes. Hair cortisgkls were on average 6.03 £ 2.81
pg/mg hair (mean + SD; range: 1.620.4). In captivity, hair cortisol levels were
correlated to fox age and average air temperatures during the past 30 days befol
hair sampling. For wildorn foxes, we did not idengf any clear relationship
between hair cortisol levels and available individual state and environmenta
parameters. Finally, for witdorn, but not for captivdored foxes, hair cortisol
significantly predicted survival after the first winter. We will dischew measuring
hair cortisol levels could be used as a tool to support and adapt managemelt
decisions in the future.

AnneMathilde Thierry annemathilde.thierry@nina.no
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Methods of assessing personality in the arctic fox
(Vulpes lagopukin acaptive breeding programme

Seoyun Chéi Marianne Haagk Anders Angerbjérn Arild Landa

!Department of Zoology, Stockholm University, Stockholm, Sweden
’Norwegian Institute for Nature Research, Trondheim, Norway

Releasing captivbred individualsis one of crucial conservation actions for an
endangered population. It has been suggested that personality of an animal coul
be a release criterion affecting its fithess and dispersal, and releases of a mixture
personalities would provide a greater agotability in a population. The arctic fox
(Vulpes lagopusis critically endangered in Norway and has been cajiireel and
released across Norway since 2005 from Seeterfjellet captive breeding statiol
Norway located in their natural habitat. To assessspaality of arctic foxes, here
we present three different ways of measuring individual variation in personality
along with behavioural observation. For behavioural observation (BO), w
observed behaviours of juvenile arctic foxes in the station beforsass from 2012

to 2016 and calculated behavioural budgets for each individual. Then, we teste
personality of juvenile and adult foxes by novel object test (NO), movement ratin
(MR), and human test (HT) from 2014/15 to 2016 to measure exploration, gctivit
and boldness scores for all individuals. We found no difference between sexes in
personality scores but found litters are significantly different in exploration levels
(NO; k37 = 2.73, p = 0.018, MR s =2.546 p = 0.04492). The results provale
basic for measuring personality traits of individuals in captivity and further studie:
linking this variation with postelease survival and dispersal would be needed for a
better conservation plan.

Seoyun Choi, seoyunchoibaek@gmail.com
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Implementing measures of individual behavioural
variation in the Arctic ecosystem: can we assess
personality in arctic foxes?

Charline CouchodxJeanne ClermohtSandra Laj Florence Lapierre Poufin
Clément Chevalliér Dominigue Berteaifx

lUniversité du Québec a Montréal, Département des Sciences Biologiques, CP 8888, succ
Centreville, Montréal (QC) H3C 3P8, Canada.
2Université du Québec a RimoudRépartement de biologie, chimie et géographie, 300, allée
des Ursulines, CP 3300, susgRimouski (QC) G5L 3A1, Canada.

Intraspecific variation is predominant in natural populations, and the consideratior
of behavioural diversity at the individual scale has recently shed light on man
ecological processes. The integration of anip@lsonality to community ecology
however remains relatively scarce, although consistent individual differences i
behaviour could be important in shaping predafmey interactions among trophic
dynamics. With the aim to initiate discussion on the integmatof such questions
within studies at the ecosystem scale, we present preliminary results fron
behavioural tests and measures implemented during captures of arctic foxe
(Vulpes lagopusmonitored on Bylot island, Nunavut, Canada. We first found a
positive correlation between the two aggressiveness scores independentl
measured during fox captures and manipulations. Additionally, the more aggressi\
juveniles tended to show an aggressive reaction towards an object introduced |
the cage, and adults’' aggsiveness was positively associated to -tang
tendency displayed by individuals upon release. Individual fox reactions could tht
reflect a behavioural syndrome, although it would be necessary to obtain repeate
measures of each test to further invegate personality effects. We finally present
how these promising exploratory measures could be coupled to behaviour
recorded during natural observations and through technological devices, whils
hoping that they could stimulate a potential implementationother circumpolar
surveys.

Charline Couchoux, charline5@msn.com

72



Poster 22

Picking the right cache: hoardingjte selection for
egg predators in the Arctic

ClaireCécile JuhaszAmbroise Lycke Vincent Careal) Gilles Gauthiér Jean
FrancoisGiroux¥ and Nicolas Lecomte
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of Moncton, NewBrunswick, Canada.
2Canada Research ChaiSustainable Forest Management, University of Québec at Trois
RivieresQuébec, Canada
3Canada Research Chair in Functional Ecology, Department of biology, University of Ottaws
Ontario, Canada
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® Department of biological sciences, Univeysif Québec at Montréal, Québec, Canada

Food caching is often considered as an adaptive behaviour to extend the period
food resources availability. Finding the right spot to cache resources for storag
and retrieval is paramount. Yet how cache habits#lection occurs is poorly
documented in canids. The Arctic fdxu(pes lagopusis a toppredator living in the
tundra. In such habitat, foxes face large fluctuations in prey availability, which the
overcome by caching food. During the short Arsticnmer, eggs laid by breeding
birds represent a pulse of resources, used by foxes for both immediat
consumption and caching. Our objective was to investigate caching site selection
Arctic foxes. We recorded the main features of tundra habitats at 48ies and
control sites within the breeding colony of Greater Snow goosthe(
caerulescens

Food caches were mainly located in sites with shorter vegetation and a larger mo
cover compared to control sites. Cache sites were also characterized by high
hummocks (i.e. small mounds typical of the tundra landscape) and shallowe
permafrost than control sites. Our results suggest that foxes use-large smal
scale visual cues in the vegetation size, shape of ground and landscape features
select cacheites. Such characteristics of cache sites may also facilitate the creatio
and camouflage of the cache, as well as improve conservation of the cached eg:
We provide baseline information for food cache habitat selection in a colc
environment by canids. Qustudy illustrates predator adaptation to extreme
habitats characterized by strong variations in resource availability.

ClaireCécile Juhas clrccljuhasz@gmail.com
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Red and Arctic fox sea ice use and
spatial interactions at the edge of Arctic

Chloé WarretRodrigues & James D. Roth

University of Manitoba, Biological Sciences, 50 Sifton Road, University of Manitoba,
Winnipeg, MB R3T 2N2 Canada

Rapid changes are occurring in the northern ecosystems in response to glok
warming and anthropogaic disturbance. As taiga species encroach onto the
tundra, competition with tundra dwellers may occur. In northern Manitoba, where
tundra, taiga and marine ecosystems merge, red fareently increased their use
of tundra dens along the coast of HudsoayBhat were historically occupied by
Arctic foxes, but little is known about their habitat use or possible impact on
sympatric Arctic foxes. In May 2017 we deployed satellite collars (Telonics Ine
USA) on 6 foxes (one female and two males per spe@ex)rmpare the use of the
sea ice between red and arctic foxes, and understand interspecific interactions. W\
targeted occupied dens in an area where both species used adjacent dens a
caught individuals from both species on the same dens. Sea ice wadysedh
species, but less by red foxes. Home range overlap between species was high (uf
52% overlap). Despite the high level of ecological similarity between the tw«
species, red and Arctic foxes may cohabitate in our study area. However, continus
dedines of fox prey and loss of sea ice could induce competition between the tw
species, which could become detrimental to Arctic foxes.

Chloé Warret Rodrigues, warretrc@myumanitoba.ca
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Aleksandr A. Sokolé¥, Takuchi LaptandérNatalya A. Sokolo¥8 Dorothee
Ehrict, Ilvan A. Fufachéwand Vasiliy A. Sokolov

1 Arctic Research Station of Institute of Plant and Animal Ecology, Ural Branch, Russian
Academy of Sciences, Labytnangi, Russia

2 Arctic Research Center of Yarhmnets Autonomous District, Salekhard, Russia
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4 University of Tromsg The Arctic University of Norway, Department of Arctic and Marine
Biology, Tromsg, Norway

® Institute of Plant and Animal Ecology, Ural Branch, Russian Academy of Sciences,

Ekaterinburg, Russia

On March, 28, 2017 we equipped the first arctic fox with a satellite collar (Argo
PTT) at the Erkuta lorigrm monitoring site (68,2 N; 68,9 E), southeYamal,
Russia. he actic fox was trapped in a cage, and the collar was programmed with :
duty cycle consisting of 6 h on and 42 h off. After release, the fox stayed in clo:
vicinity from where it was trapped for 12 days. Then it performed severalelong
trips. It moved west over the Baidaratskaya Bay for a trip of ca 280 km, returned t
the vicinity of the capture location and later moved east and north, over the
Obskaya Bay to Gydan Peninsula. Overall the probablybreeding arctic fox
travelled exensively both over land and sea ice covering at least 1000 km (700 k
in a period of 30 days), before the signals stopped on 25 of July.

Aleksand Sokolov, sokhol@yandex.ru
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