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ABSTRACT

The SEFALO+ project has focused on conservatio@Eto increase the viability of the threatened
Fennoscandian arctic fox. But one of the tasksalssbeen to evaluate the effect of supplementary
feeding and red fox culling for future managemdithe arctic fox population. Supplementary feeding
has been shown to have a positive effect on thebeuwf litters and an increase in juvenile survival

In addition to this we have also found an increéadge litter sizes. However, supplementary feeding
can also have an attracting effect on the red fokthereby have a negative effect on the arctic fox
Red foxes are known to kill both adult and juvenitetic foxes. When conducting both feeding and
red fox culling there was a strong effect with aaréase of litters. However, when we performed red
fox culling alone, no effect was found on the numtifitters. In areas with intensive feeding aed r
fox culling a doubling of the number of litters veen each rodent peak (every 3-4 year) were
recorded. In areas with no or a low intensity dfaas, the number of litters have had a slightly
negative trend or been stable. We therefore recordrttee combination of supplementary feeding and
red fox culling for the future management of tham@scandian arctic fox.



INTRODUCTION

The arctic fox Alopex lagopusin Fennoscandia is threatened to go extinct amomnsidered a priority
species according to the EC Habitat directive. Fenoscandian arctic fox mainly relies on voles and
lemmings as a food resource (EImhagen, Tanne@ehtgerbjorn, 2002) and its population

dynamics is therefore highly correlated to the mgmpulation cycles (Figure 1.). During the mid?19
century, the Swedish population size approxima#D4ndividuals during lemming peak
years(Tannerfeldt, 1997). However, as trading aitttic fox fur became profitable in the end of the
19" century, human hunting pressure was intensifiebtae population drastically declined to a few
hundred individuals (Zetterberg, 1945). The arfdichas been protected by law since 1928 in
Sweden, 1940 in Finland and 1930 in Norway, buit the@mbers has still not increased and the
situation deteriorated during the 1980s and 199@std absence of lemming peaks (Gérdenfors, 2005;
Hersteinssomt al, 1989; Kalas, Viken & Bakken, 2006). Today, there approximately 120 adult
arctic foxes in Fennoscandia, of which approximea®€l are found in Sweden, 50 in Norway, and less
than 10 in Finland (Angerbjorn, Hersteinsson & fiarfeldt, 2004; Kaikusalo, 2000; Linnell, 1999b).
Due to the species capacity for extensive migratithre arctic fox in Sweden, Finland and Norway
was previously regarded as a single populationdtderssoret al, 1989). However, according to
genetic analyses, these are fragmented into folatesd areas with no gene flow in between (Da&n
al., 2006). Each of these areas is inhabited of ab@®®0 individuals each and, accordingly, the risk
of negative effects directly or indirectly relateedthe low population size is substantial (Daddral,
2006).

There are several factors influencing the non-repgpef the Fennoscandian arctic fox, of which the
small population size constrained by low food alzlity in combination with inter-specific
interactions with red foxed/(Ipes vulpégsis considered the most prominent ones (Angerbgbrad,
2004). Due to the high degree of specializatioutilizing rodents as food resource, the number of
arctic foxes is dependent on the density phaskeofddent cycle and the population numbers can
differ drastically between good and bad rodenty€Angerbjornet al, 1995). The species has the
largest litter size of all carnivores, with capgaf raising as much as 19 cubs during years wigh h
food availability (Angerbjorret al, 2004). When rodent availability is high, the plapion size
increases rapidly, but is typically followed byrash one or two years later due to decreasing toden
density (Tannerfeldt & Angerbjorn, 1998). In Fencensdia, these population cycles are in general
repeated with a four years interval and, thus, ¢éaoh the rodent cycle crashes, the arctic fox
population collapses to extremely low numbers. @ealy basis, juvenile mortality rate due to
starvation and predation can reach 90% whereaadihie mortality rate is about 50% (Tannerfeldt,
Angerbjorn & Arvidson, 1994). The arctic fox alsepgnds on remains of carrion left by larger
predators such as the wolf and the wolverine(Elrahay Rushton, 2007; Hersteinssenal, 1989;
Tannerfeldt, EImhagen & Angerbjorn, 2002). Presewtnumbers of these predators may have
reduced the amount of available winter food fotiafox. Global warming is also assumed to affect
the climate in northern Fennoscandia through dseskanow cover, increased growing season and
increased primary productivity (Moeat al, 2004).

Moreover, the red fox is currently increasing @age above the tree line and threatens the acctic f
by competition for resources (Tannerfedtital, 2002)and intra-guild predation (Hersteinssoml,
1989). Basically, the arctic fox and the red foxdnghe same fundamental food niche (Frafjord, 2000)
although red fox is a generalist to a higher exéent can thus switch to alternative prey like birds
when rodent density is low (EImhagenal, 2002). Furthermore, the arctic fox and the redifave
similar habitat preferences and the dominant rectém thus exclude arctic foxes from their breeding
range by taking over dens. Regarding intra-guiktptions, there are two possible effects of which
the first conveys in a direct killing which causedirect demographic effect. A possible effect of
global warming is an increasing primary produciyivand prey availability on the mountain tundra,
which may benefit the red fox. This would causeraneased competition and predation of red fox on
the arctic fox with a predicted decrease in juvenihd adult survival as well as a lowered number of
breeding attempts would be expected. Alternativiéliing might take place but only relatively rayel



and the effect will rather be that of fear thattskitling could infer. For successful breeding, #retic
fox is dependent on specific large dens and studige shown that arctic foxes avoid breeding in the
vicinity of red foxes and are accordingly pushei iawreas at higher altitudes with lower produdjivit
(Elmhageret al, 2002). According to data from Finland, where feedabundance was compared to
arctic fox abundance (Figure 2.), the red fox hatkar effect on the arctic fox dynamics. When the
red fox appeared at the traditional arctic fox densinland, they first stayed only during the verg
but after a few years they stayed all year arountbadso reproduced at these dens. We saw similar
trends in the Swedish arctic fox areas (Angerbgiral, 2002). However, whether the red fox has a
direct effect on arctic foxes through intraguileégation or direct competition is had not yet been
investigated. Alternatively the effect shown in fianish data set could be due to indirect explioita
competition or even a case with no competitiorlat a

Management actions aiming to preserve the Fenndgraarctic fox were firstly implemented in the
EU/LIFE project SEFALO (1998-2002) by Sweden andldid and later on in SEFALO+ (2003-
2008) by Sweden, Finland and Norway. The aims @fitlst phase of SEFALO was to halt the present
declining population trend and enhance the chafocdble species to increase in numbers, by
supplementary feeding and red fox control (Angerbgi al, 2002). In the lemming peak year 2001,
recruitment to the population was good, especiallhe areas where SEFALO had combined
supplemental feeding with red fox culling. Duritnggtsecond project period, we have used a dynamic
management approach to monitor and allocate comd@nvactions to support the species in the most
efficient way. A supplementary feeding programmardyboth summer and winter has been used in
order to increase reproductive output and juvesulwival and a red fox control programme to
safeguard the best arctic fox territories. Thesiag were implemented within authorities to ensure
continuation of monitoring and conservation actiafier the proposed project. Supplemental feeding
has earlier been shown to confer an increasedwwival (Tannerfeldet al, 1994) and an increased
number of litters (Angerbjoret al, 1991). However, whether supplemental feeding edsweys in

an increased litter size has not yet been invdstig&upplementary feeding of the arctic fox,
however,jnvolves a risk of attracting red foxes to arcta territories. Therefore, we consider a
combined evaluation of both actions necessary sopplementary feeding of arctic foxes involves a
risk of attracting red foxes to arctic fox terrig®. We expect red fox culling to leam®re dens and
territories suitable for establishment of arctigds, which implies more litters born and higher
juvenile survival due to decreased predation frethfoxes. Hence, in combination with feeding, we
expect to increase the number of successful reptimhs. In this report, we aim to evaluate the affe
of supplemental feeding and red fox culling onrthenber and size of arctic fox litters on a locad an
regional scale. On a local scale, we also aimparsge the effects of supplemental feeding fronseho
connected to red fox culling.

MATERIAL AND METHODS

Arctic foxes at inhabited dens were fed during @iith commercial dog food (Dogman Dinner), or
in some cases remains from reindeer slaughterutiing out a plastic container within 100 m from an
active den. The containers were controlled foriamt red fox activity at least once a month. Red
foxes have been culled during winter in areas dosecent or previous arctic fox territories by
rangers in the county administration with specehpits for using snowmaobiles. All hunting has taken
the utmost caution as not to cause any disturb@nather wildlife. We have classified a territory a
being hunted if one or several red foxes had bkenvsithin 2.3 km from a specific den.

To evaluate the effect of supplemental feedingraddox culling on the number and size of arctic fo
litters on a regional scale, we have used den gsneeinvestigate presence and breeding success of
the arctic fox in all areas. During the summer imeees, we surveyed all known dens in
Helagsfjallen (SE), Borgafjall (SE), Bargefjell (N/indelfjallen (SE) and parts of Norrbotten (SE)
for arctic fox activity between years 2001-2007.ndgement actions in Helagsfjallen (SE) and
Borgafjall (SE) have been intense and continuaihguthe entire study period, whereas actions have
been moderate in Vindelfjallen (SE) and Norrbo{t8k) (Tablel). In Bgrgefje(NO), no actions

have been implemented. These areas differ inisize&ymber of natal dens (defined as having at least



one arctic fox reproduction between 1981-2007 amdbrer of reproducing arctic foxes (Table 1).
However, since the areas are situated in discretentain areas and all of them contain high-quality
arctic fox habitats, we consider that they havelamprerequisites for arctic fox activity and dheis
valid for comparison. There are additional arotix habitats on the Finnish and Norwegian mountain
tundra as well but there are no records of arotiqresence in Finland since 1994 and in Norway, no
management actions have been implemented. Thuspmgder a comparison with these areas
uninformative.

Presence of arctic or red fox at dens has beemndieted by visual observation or DNA analysis of
faeces collected during surveys. A den was conasitlas inhabited when arctic fox presence was
documented by visual observations or faecal DNAyaigw When rodent abundance is increasing or
high, most adult arctic foxes try to reproduce arelstationary at dens during summer. A den survey
during a year of high or increasing rodent abundamiti thus provide a good approximate of the
number of adult arctic foxes. However, during aryeith low food availability, fewer individuals try

to reproduce and will therefore not be stationaha dens which conveys in difficulties to
approximate the number of individuals. Since vistaervations during summer are mainly restricted
to stationary and breeding adults, and the detegtiobability will thus be affected by the locabiemt
density. Tannerfeldt & Angerbjorn (1998) suggestet arctic fox reproduction mainly occurred
during years with high rodent availability. Gengraboth the male and the female participate in cub
rearing and, during this period, they are rathaticary (Angerbjorret al, 2004). Therefore, during
years with low rodent density, there is a risk tolerestimating the number of individuals alive ttue
the low number of breeding adults. When rodent itiersslow, it is likely that there is a higher

number of non-breeding adults that are not tiedhpeently to specific dens. We have therefore
focused on the years of increasing rodent densitissme of our analyses (i.e. 2001, 2004 and 2007)
Visual or audible observations of arctic fox culerevused for recording presence of litters. The
minimum litter size at weaning was determined bngcti counts of the number of cubs observed at the
den.

To evaluate the joint and separate effect of recctdling and supplemental feeding, we studied the
effect of supplemental feeding and red fox cullamgthe number and size of arctic fox litters in
Helagsfjallen in Jamtland county (SE) between 2P0Q7. Here, we aimed to investigate the joint
and separate effect of supplemental feeding anébsedulling in relation to specific territories
without any actions at all (Table 2). As can bengeeTable 2, the number of territories displayed t
management actions differed between years.

Of the 25 natal dens in the Helags area, we sup@lewith extra food for one or several years (all
together n=82) (Table 2). The arctic foxes useddtieeding stations in varying extent where at some
places up to 20 kg of dog food could be consumeshgB0 days but in other cases only a few kg was
used. However, in the following analyses, we havg included data on whatever a den was fed
during the winter or not. Furthermore, we have utaad provided by the county board administration
on red fox culling. Red foxes have been culledmythe winters in areas close to recent or previous
arctic fox territories by rangers in the county dwistration with special permits. All hunting has

taken the utmost caution as not to cause any dimtige to other wildlife. In total, 245 red foxevba
been shot in the area over all years (Table lthése analyses, we classified a territory as being
hunted if one or several red foxes had been shbtm2.3 km from a specific den. A characteristic
arctic fox territory is approximately 25 Km(Angerbjérn, Stroman & Becker, 1997), which giees
radius of 2.3 km around the den. In some territon@re than one red fox was shot, however, we have
in our statistical analyses only classified terrés as being hunted or not hunted.



Table 1.Description of study areas included in the regiatalle evaluation.

Area County Size Known Natal dens Natal dens  Natal dens
dens

(km?) 1990-2000  2000-2007  1980-2007
Helags (SE) z 1800 68 9 10 25
Borgafjall (SE) ZIAC 1676 45 - 14 16
Bargefiell (NO) NO 27 - - -
Vindelfjallen (SE)  AC 2100 115 23 8 33
Padjelanta (SE) BD 1984 48 3 3 13
Sitas (SE) BD 1680 23 0 1 6
Rousto (SE) BD 2448 49 0 1 10

Table 2.Number of litters in Helagsfjallen and intensityrohnagement actions (2001-2007).

Year Arctic fox No. of dens

litters hunted fed both none
2001 2 7 1 4 13
2002 4 9 3 5 8
2003 1 6 3 3 13
2004 4 2 2 6 15
2005 6 10 0 9 6
2006 1 5 4 6 10
2007 9 4 7 3 11
RESULTS

Combined effects of hunting and feeding on a regaiscale

Coincidence of red fox appearance and a decreastcl fax population in the Finnish data set
(Figure 2.), initiated red fox culling at traditianarctic fox dens in both Finland and Sweden
(Appendix 1). The numbers of red foxes culled iohearea have varied in relation to red fox
abundance and due to different logistical problebrsa larger regional scale, we tested the effiect o
red fox culling (i.e. if a specific year was huntesd not hunted) on the number of occupied arotic f
dens in five areas in Sweden (Helags, Borgafjdhdélfjallen, Sitas, Rastojaure) from 1999-2006.
We found significantly more occupied dens in yeeingre at least one red fox had been culled in the
area (Figure 5.). The effect of red fox cullingidgrwinter was present both during winter and
summer, although there were fewer dens occupidadglthre summer (between seasons: F(1,76)=27.3,
p<0.001). Further, when we tested the quantitaffect of red fox hunting by using the number of
culled red foxes each winter per area, we agairaguasitive effect on the number of reproducing
arctic foxes (Table 3). However, the effect seamgvel out at about 20 red foxes shot per year in
single area (Figure 6.). Surprisingly, the roddntradance did not contribute to explain the variatio
arctic fox reproduction in this data set (Table 3).
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Figure 1. The number of arctic foxes that have reproducesvirden in 1983-2007.
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Figure 2. The number of arctic and red fox litters in Kasiy&inland 1985-2005.
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Figure 3. The number of occupied arctic fox dens in Helagsgafjall, Vindelfjallen, Sitas, Rastojaure (1999-
2006) in hunted vs. not hunted areas.

Since the management actions conducted have b&emgd by the impact on the arctic fox
population rather than being designed for scienéfialuation, it is difficult to separate the etfeof
hunting from those of feeding. Thus, there has lzeeombined effect of both supplemental winter
feeding and red fox culling in many cases. So, wksting both actions in the data set from 1999 —
2006 in the five Swedish areas (see above), wedfgignificant effects on both hunting and
supplementary feeding (Table 3B).



Table 3.Linear regression results for the number of repeath arctic foxes in five Swedish areas (1980-2006
tested againsfA: the no. of shot red foxes during previous wintee estimated number of red foxes and rodent
density (no. per 100 trap night8);, the no. of shot red foxes during previous wingerd the number of dens

with supplemental feeding during the winter.

A.

Factor Beta t P n

No. of red foxes 0.01 0.06 0.95 54
Rodents (no./100trapnights) -0.22 -1.25 0.23 28
No. of red foxes shot 0.73 4.16 0.0006 42
B

Factor Beta t P n

No. of fed dens 0.43 3.31 0.0018 51
No. of red foxes shot 0.40 3.05 0.0037 51
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Figure 4. The number of annual arctic fox reproductionséased with the number of red foxes shot in Helags,
Borgafijall, Vindelfjallen, Sitas, Raustojaure (192906).

So far our results demonstrate a clear effect tf hanting and feeding on the number of reproducing
arctic foxes. However, we were also interestedhéguantitative effect of our actions on the arfdic
population. In some areas, we have managed to coimtansive feeding and intensive red fox
hunting (Helags and Borgafjall SE) whereas in otveas the actions have been less intensive. In
Figure 7. the synchrony in the arctic fox populatio different areas is obvious with a peak inrsgro
increase in 2001 and 2005. As is argued aboventhease years are of greater interest and ousfocu
is thus on comparing the effect of both hunting smaplementary feeding in Helags and Borgafjall
(Appendix 1), with those of minor or no actionsalitduring the increase years (i.e. 2001, 2004 and
2007). We found that the number of arctic fox titt@s been doubled during each rodent cycle irethes
areas (Figure 8.). In the Helags area, the numienctic fox litters increased from two litters 20
four and nine in 2004 and 2007 respectively. Ingadjéll area the trend was from 0 to five and nine
litters during respectively years. In all the otheeas we saw no change in the number of litters
(Figure 8.). Accordingly, the arctic fox populat®im the areas with intense management actions (i.e



Helags and Borgafjéll: dashed lines in Figure &yehincreased considerable during one rodent cycle
of three or four years.
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Figure 5. Number of arctic fox litters in Helagsfjallen, Baf@ll (SE), Bargefjell (NO), Vindelfjallen and
Norrbotten (2001-2007).
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Figure 6.Number of arctic fox litters during years with ipasing numbers of small rodents. * area with high
intensity of actions ** area with no actions ***ea with low intensity of actions.

Effects of hunting and feeding on a local scale

The Helags arctic fox population has gone througimaarkable increase after the years with very few
reproductions around 2000, mainly through intensia@magement actions (Figure 4.). The intensive
studies in this area have also enabled us to eedlbe effects of red fox culling and supplementary
winter feeding in a more detailed manner. We ingastd under what circumstances that there will be
an arctic fox litter on the 25 natal dens in theeafTable 1).

In this analysis we have considered three variafiles first is the red fox hunting within the sgeci

territory (hunted vs. not hunted), measured asoorseveral red foxes shot within 2.7 km from the
den, which is equivalent to an arctic fox home maof25 kni (Angerbjérnet al, 1997). The second

10



variable is whether winter feeding has taken pktdde den (yes or no) and the third variableés th
phase of the rodent population density (high or)low

Surprisingly, the supplementary feeding had a gtignificant effect on the number of reproductive
events in the Helags area (Table 4), but the roclgié was contributing as well. Red fox cullinglha
a significant effect when it was treated separdtelgrginal =4.22, p=0.04; Table 4), but when
looking at the combined effect of red fox huntimglavinter feeding, there is a strong effect but the
effect of hunting without feeding disappear (partia=0.33, p=0.56; Table 4, Figure 7.).

Table 4. There were significant effects of rodent phasediieg and hunting on the reproductive events in the
Helags area in a log linear statistical analysis.

Associations Partial ° P Marginal ° P
Rodent phase (high-low) 5.84 0.016 4.85 0.028
Hunting vs Feeding 6.49 0.010 10.24 0.0014
Hunting (yes-no) 0.33 0.56 4.22 0.040
Feeding (yes-no) 32.5 0.0000 35.2 0.0000
0.7 n=76 n=43 n=20 n=36
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Figure 7.The proportion of breeding dens dived into théedént treatment groups: no treatment, only hunting
only feeding, vs. hunting and feeding. The lightssshow cases with a high rodent population phdszreas the
dark bars show cases with high rodent phase.

For litter size at weaning, we found a significaffect of supplementary feeding during the winter
(Figure 8; F(1,22) = 6.60, p=0.017) with about ®vas many cubs at dens with extra food compared
to control dens. There was also a tendency thattihse of the rodent cycle had an effect (p=0.06),
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but we saw no effect of hunting (p=0.54; TableVB§ also tested if a reproduction previous year at
the same den had an effect which could have irgtictat maternal quality or territory quality was
important, but found no effect (p=0.46).

Table 5.The effect of hunting, feeding, rodent phase apdaguction last year on arctic fox litter size.

Source of variation SS Df MS F p
Feeding (yes-no) 51.6 1 51.6 6.60 0.017
Rodent phase (high-low) 29.6 1 29.6 3.79 0.064
Reproduction last year (yes-no) 4.4 1 4.4 0.57 0.459
Hunting (yes-no) 3.1 1 3.1 0.39 0.538
Error 172.0 22 7.8 0.064
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Figure 8. Arctic fox litter size +SE in relationship to thepetimental supplemental feeding, F(1,22) = 6.60,
p=0.017.

Behavioural response

We have earlier showed that arctic foxes avoidiogds during reproduction (Tannerfektal,

2002). Genetic analyses on faecal samples (Dal@theBtrom & Angerbjorn, 2004) were used to
determine the spatial and temporal distributioaratic and red foxes on the mountain tundra. An
initial study (Daléret al, 2004) found that red foxes inhabit mountain sugfaintermediate altitude
during both summer and winter. Arctic foxes inhalithe same altitudes as red foxes during winter,
but seemed to move to higher elevations during seinfifukeypost-hocest p = 0.01; Figure 9.).

One prediction from this hypothesis is that arfiides should stay at the same, more productive,
altitude if red foxes are absent. To test thisjiwestigated the spatio-temporal distribution @rébix
faeces in the Helags mountain area, where red foxes been experimentally removed as part of the
SEFALO+ conservation program. The results showatltttere was no altitudinal difference between
seasons in the area where red foxes were culldeeyost-hodest p = 0.59; Figure 10.).
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Figure 9. Mean relative altitude of arctic and red fox faesainples in winter and summer. Altitude estimates
from different mountain regions in Sweden were radised to control for latitudinal differences amawegions.
Faeces from red foxes were found at the samedstitiuring winter and summer, whereas arctic fordaavere
found at higher altitudes during summer than winter
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Figure 10. Mean relative altitude of arctic fox faecal sampiesvinter and summer, divided between areas
where red foxes are present and where they have egperimentally removed. Altitude estimates were
normalised as described in Figure 1. In areas wigetéoxes have been removed, arctic foxes staydoe same
altitude between seasons.
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DISCUSSION
Effects of red fox hunting

Red foxes are twice the size of arctic foxes aeg ttave about twice the size of home range as well.
Further, the are known do be dominant over arotie$ (Rudzinsket al, 1982; Schamel & Tracy,
1986) and even suggested to work as a biologicalai(Bailey, 1992). There are many studies
supporting the view as red foxes dominating angbsegsing arctic foxes (Hersteinsson & Macdonald,
1992; Linnell, 1999a; Schmidt, 1985; Tannerfadtlal, 2002). However, there are no studies
investigating demographic effects of competitiobwsen these two canids.

The SEFALO+ project focused on conservation acttoriacrease the viability of the Fennoscandian
arctic fox. But, one of the tasks has also beesvaiduate the actions for future management of the
population. For an evaluation of the different @i, a robust field experimental with independent
areas and different treatments is warranted. Fatit@ population size at start, climate and prey
density should be reasonable equivalent in the=ssdp be able to evaluate the implemented actions.
However, a robust experimental design has not pessible to obtain due to a trade off between
conservation and evaluation. We have used supplahferding and red fox culling as an effective
way to increase the number of arctic foxes in dha. However, in Helagsfjallen we have been able t
monitor actions and arctic foxes in a detailed neaim a local scale. This has given us the
opportunity to analyse what effect the two actibage both separately and combined.

The local scale experiment in Helagsfjallen shoa&tear response on red fox hunting. At the arctic
fox dens where we decreased the abundance of xed ¥ee had significantly more arctic fox litters.
We know from personal observations and from otheties (Frafjord, 1989; Tannerfeldt al, 2002),
that red foxes sometimes kill adult arctic foxes dmpecially cubs. However, it is difficult to evate
how often this is and what effect it can have andtctic fox population. In our data, we could not
detect any effect from red foxes on litter size #nd suggests that such behaviour have no direct
demographic effect although it can have a considerf@ar effect. Furthermore, genetic analyses of
faeces showed a temporal shift in arctic fox distibn due to red fox presence. One explanation to
this pattern is that the threat from interactionththe dominant red fox varies between seasons.
Therefore arctic foxes are forced to retreat thvé@igelevations during summer to reduce the risledf
fox predation on their cubs (Daléhal, 2004). So our results suggest that red foxes aatmong
effect on arctic fox reproduction, but probably thpsglue to a fear effect. Still, conservation asto
with red fox control give positive effects on thetéc fox population, partly since it allow arcfioxes
to breed at lower, and thus more productive, alétu

Effects of supplemental feeding

Earlier studies have demonstrated positive efigicssipplemental feeding for arctic foxes with
increasing number of reproductive females and nurobliters (Angerbjorret al, 1991) and an
increase in juvenile survival (Tannerfekdtal, 1994). In addition to this we also found a streffgct
of supplemental feeding on the litter sizes. Tregeemany studies showing the strong effect of
maternal physical condition on litter size in can{d.g. (Tannerfeldtt al, 1998)) so it is not
surprising to find that the supplementary feeditsg affected arctic fox litter size. Our data also
demonstrates that the amount of food that we heswddqed have been appropriate to reach the
positive effect on the arctic foxes. The abundafasatural food, i.e. rodent density, would prolyabl
also have effects if it could be tested on a metaitkd scale. We have only classified years vait |
vs. high rodent abundance.

Combined effects of feeding and hunting

The number of reproductive events was affecteceldyfox culling when treated the management
actions separately. However, looking at the combféect of red fox hunting and winter feeding,
there was a strong effect but the effect of huntitout feeding disappeared. Thus, hunting works
only together with winter feeding, but feeding addras also an effect, probably in absence of red
foxes. This suggests that red foxes affect arotiaéproduction through exploitative competition
rather than interference competition or througheiguiild predation. Further, our results on the
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regional scale, including the larger part of th&tritbution range, also supports the combined efiect
red fox hunting and supplemental feeding duringwirger. We had positive effects in several areas
and especially in the two areas where we have neghtagkeep intensive actions during several years.

Management implications

The SEFALO+ project have shown that extensive amasen actions can be an important tool to
save the endangered Fennoscandian arctic fox gapulin areas where intensive and continuous
actions have been performed the number of littassdeen doubled during a small rodent cycle, i.e.
three to four years. It is however of major impno@to disseminate the results to be able to
implement the most efficient actions in the fut@ae of the most important standpoints is that evint
feeding must be combined with red fox culling. Thding should be performed to avoid attraction of
red foxes into inhabited arctic fox territoriesciflling is not performed, the effect of winter diéey

can be reversed and even have a negative effexttio foxes. Further, to avoid attraction of other
carnivores, like the wolverine, lynx, raven andesthaptors that also are potential threats to tbica
fox, feeding has to be carefully applied. For fegdiith commercial dog pellets, it is important to
built feeding stations that reduce the possibdifigr other species to reach the food. Severaltgoun
rangers have built and tested their own feedingpsts with good results. When using carcasses for
supplementary feeding, it is important to hidefthed to avoid attracting other carnivores, for
example by digging it under the snow (at least 1Pal}ting carcasses or meat directly at the dens,
without hiding it, can be negative for the arcoads by attracting for example golden eagles
(observed to kill arctic foxes).

Another issue connected to feeding is the locadimh how many feeding stations that should be used
in an area. The goal during the SEFALO+ projectlieen to put supplementary feeding stations in
connection to all inhabited dens. This can be déificult since breeding pairs often move between
several dens. In the Helagsfjallen and Borgafjé@ha a larger number of dens have been fed than the
number of inhabited dens. However, this enabldicdiaxes to seek food in a natural way and to
move between dens, further, it can also give jueatispersing arctic foxes a chance to settle m ne
areas. The feeding using carcasses can be inctomith the interest of reindeer management sihce i
might attract other carnivores such as the woleeiiinis there important to keep a discussion betwe
the county rangers and the reindeer herders taldutire conflicts.

The arctic fox in Fennoscandia is spread over aaras and they are often far away from human
settlements. For both logistical and economicaeea it is thus difficult to implement intensive
actions in the whole distribution area. An alteiveimight therefore be to channel extra resourges t
core areas of the arctic fox. A positive populatie@nd in such core areas will then hopefully have
positive effect on more remote areas and on thedzmandian populations as a whole. Before starting
large scale actions, however, it is important testigate if there are enough number of arcticgoxe

for a population increase. If not, translocatioramdtic foxes might be necessary (Dalén & Angeijor
2007) in combination with other actions.

Intensive conservation actions can increase thebausrof arctic foxes and thus reduce the risk that
the Fennoscandian population go extinction. Howexanserving threatened specie is a long time
obligation that must span over several years. BEveuagh intensive actions are implemented, most of
the demographic parameters will still follow theadhnodent cycle with high survival and strong
reproduction during peaks every 3-4 year. If foaraple actions start with one litter, it will theake a
minimum of nine years of actions to reach eigheid, if the number of litters can be doubled betwe
every rodent peak as our data suggests. We wddddistress that actions are important during all
phases of the rodent cycle. During low rodent yedaensive support will increase adult surival and
during increase and peak years actions will inereagroductive output with both more and larger
litters. During crash years adult survival is dteportant but actions can also increase the pdisgibi
for juvenile foxes to settle down in new areas.

15



REFERENCES

Angerbjorn, A., Arvidson, B., Norén, E., & Stromgren, L. (19%h effects of winter food
on reproduction in the arctic fox (Alopex lagopus): a field expent.J. Anim. Ecol.
60, 705-714.

Angerbjorn, A., Hersteinsson, P., & Tannerfeldt, M. (2004) iarcix (Alopex lagopus).
Canids: Foxes, Wolves, Jackals and Dogs - Status survey and corseagibn
plan. IUCN, Gland.117-123.

Angerbjorn, A., Stroman, J., & Becker, D. (1997) Home rangepaith arctic foxesJournal
of Wildlife Researci?, 9-14.

Angerbjorn, A., Tannerfeldt, M., Bjarvall, A., Ericson, Nfrom, J., & Noren, E. (1995)
Dynamics of the Arctic Fox Population in Swed&nnales Zoologici FennicB2, 55-
68.

Angerbjorn, A., Tannerfeldt, M., EImhagen, B., HenttonengHDalén, L. (2002). SEFALO
Bevarandet av Alpex lagopus i Sverige och Finland - FinedrteDepartment of
Zoology, Stockholm.

Bailey, E.P. (1992) Red foxes, Vulpes vulpes, as biological @amgents for introduced
arctic foxes, Alopex lagopus, on Alaskan Islar@snadian Field NaturalistL06
200-205.

Dalén, L., Gotherstrom, A., & Angerbjorn, A. (2004) Identifysecies from pieces of
faecesConservation Genetic$, 109-111.

Dalén, L., Kvaloy, K., Linnell, J.D.C., EImhagen, B.r&é8td, O., Tannerfeldt, M., Henttonen,
H., Fuglei, E., Landa, A., & Angerbjorn, A. (2006) Populationcure in a critically
endangered arctic fox population: does genetics ma#tel&cular Ecology15, 2809-
2819.

Elmhagen, B. & Rushton, S.P. (2007) Trophic control of mesopresiat terrestrial
ecosystems: top-down or bottom-upéology Letters10, 197-206.

Elmhagen, B., Tannerfeldt, M., & Angerbjorn, A. (2002) Food-aiolierlap between arctic
and red foxegCanadian Journal of Zoology-Revue Canadienne De Zoql8Qie
1274-1285.

Frafjord, K. (1989) Arctic fox Alopec lagopus L. color phasesoiatls Norway.Fauna norv
Ser A10, 13-17.

Frafjord, K. (2000) Do arctic and red foxes compete for fab&augetierk65, 350-359.

Gardenfors, U. (2005) The 2005 red list of Swedish spe&ré3atanken, SLU, Uppsala

Hersteinsson, P., Angerbjorn, A., Frafjord, K., & Kaikus#10(1989) The Arctic Fox in
Fennoscandia and Iceland - Management ProblBrakgical Conservatiopd49, 67-
81.

Hersteinsson, P. & Macdonald, D.W. (1992) Interspecific cortipetand the geographical
distribution of red and arctic foxes Vulpes vulpes and AlopgrpusOikos 64, 505-
515.

Kaikusalo, A., Mela, M., Henttonen, H. (2000) Haviaako naali Sasia? [Status Report with
English summary: Will the arctic fox become extinct in Fnald). Suomen Riistad6,
57-65.

Kalds, J.A., Viken, A., & Bakken, T. (2008lorsk radliste 200@rtsdatabanken, Norway.

Linnell, J.D.C., Strand, O., Landa, A. (1999a) Use of dengthy}/ulpes vulpes and arctic
Alopex lagopus foxes in alpine enviornments: Can inter-spedfigpetition explain
the non-recovery of Norwegian arctic fox populatiowgill. Biol., 5, 167-176.

Linnell, J.D.C., Strand, O., Loison, A., Solberg, E.J. &by, P (1999b). A future for arctic
foxes in Norway?A status report and action plan, Rep. No. 578|M&\.

16



Moen, J., Aune, K., Edenius, L., & Angerbjorn, A. (2004) Potéefiects of climate change
on treeline position in the Swedish mountalsology and Society.

Rudzinski, D., Graves, H., Sargent, A., & Strom, G. (1982)aB®ral interactions of penned
red and arctic foxed. Wildl Manage46, 877-884.

Schamel, D. & Tracy, D.M. (1986) Encounters between arotied, Alopex lagopus, and red
foxes, Vulpes vulpe€anadian Field-NaturalistL00, 562-563.

Schmidt, R.H. (1985) Controlling arctic fox populations with introduestifoxesWildl.
Soc. Bull, 13, 592-594.

Tannerfeldt, M. (1997Population fluctuations and life history consequences in the amtic f
PhD, Stockholm University, Stockholm.

Tannerfeldt, M., Angerbjorn, A., & Arvidson, B. (1994) The EffeESummer Feeding On
Juvenile Arctic Fox Survival - a Field ExperimeBtography 17, 88-96.

Tannerfeldt, M. & Angerbjorn, A. (1998) Fluctuating resourcesthadevolution of litter size
in the arctic foxOikos 83, 545-559.

Tannerfeldt, M., EImhagen, B., & Angerbjorn, A. (2002) Exclusignnterference
competition? The relationship between red and arctic f@xesologia 132 213-220.

Zetterberg, H. (1945)va FredlosaAlmquist & Wiksell, Uppsala.

Appendix

Figure 1. Feeding station for commercial pellets (Photo: Tomasdy)eij
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