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Summary:

Little is know about wolvesQanis lupu¥ and brown beatJrsus arcto} interactions. The recovery of
wolves and brown bears population in Central Swed#er a good opportunity to study these
interactions. Because wolves and brown bears @ssaime resource, moogddes alcey in a similar
way, competition between both predators might bense. Knowledge about wolf kill rate on moose
in area of high density of brown bears is necessapgcially to adjust hunting harvest. This stugly i
the first to present detailed empirical data onfvamid brown bear interactions using modern Global
Positioning System (GPS collar techniques). Wolpesdation pattern have been studied in two
contrasted period without brown bears presencenwears are in dens, and with brown bears
presence, when brown bears are awake and actitegh®r wolf-kill rate on moose was observed in
spring compared to winter. This coincided with brolaear emergence but was probably more related
to a high snow depth in winter in an area with lmwose density limiting wolf and moose encounter
rate. GPS positioning data showed that wolves didget access to a food resource because of brown
bear presence. By using cameras trapping, browrs veare found feeding on half of wolf-moose
killed detected. The small dataset comprising @mg wolf pack did not allow strong conclusion, but
shape and methods used in this study showed emtognasults for further study.

Key words: graywolf (Canis lupus) - brown bear (Ursus arctos) teractions- kill rate -Movement
Résumé:

Les effets des interactions entre louBaiis lupu} et ours brunslrsus arcto¥ ne sont pas tres bien
compris. Le rétablissement des populations de laipd’'ours bruns en Suede Centrale, offre une
bonne opportunité pour étudier ces interactionscéP’que les loups et les ours utilisent une ressour
de facon similaire, I'élanX]ces alcel la compétition entre ces deux prédateurs peatigtense. Des
connaissances sur le taux de prédation des loupes@lans dans un territoire ou la densité d’ours
bruns est élevée est nécessaire en particuliergjoster les prélevements de chasse. Cette étutke es
premiére a présenter des données empiriques sumtégactions entre loups et ours par l'utilisation
d’'un systéme de positionnement global (techniqessadlliers GPS). Les mouvements de prédation
des loups ont été étudiés pendant deux périoddsast#es, sans la présence d’ours bruns, quand les
ours sont en taniere, et avec la présence d’oursspbguand les ours sont réveillés et actifs. Wi ta
plus élevé de prédation des loups sur les élant al¥servé au printemps comparé a la période
hivernale. Cela coincide avec I'émergence des lounss mais était probablement lié également a une
forte haute hauteur de neige en hiver et une falblesité d’élan, limitant le taux de rencontre entr
loups et élans. Les données de positionnement GP8antré que les loups n'ont pas obtenu l'acces a
une source de nourriture & cause de la présence dius brun. En utilisant des pieges
photographiques, les ours bruns ont été trouvésgeissant sur la moitié des élans tués par lgsslo

La petite base de données comprenant seulememheute de loups n'a pas permis la réalisation de
conclusion significative, mais le contour et lestiées de cette étude ont montré d’encourageants
résultats pour de futures études.

Mot clés: loup gris(Canis lupus) — ours brun (Ursus arctos) - intefaos- taux de prédation —-
mouvements
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1. Introduction
The gray wolf Canis lupu}is a flexible and opportunistic predator spe¢fsterson & Ciucci 2003

it inhabits all the vegetation types of the Northétemisphere, and it is one of the most adaptable
mammals flech & Boitani, 2003 Despite the wolf being a charismatic specie$ \aitarge support
from the public, it is also highly controversialdanften maintained in small fragmented populations
(Boitani 2003, Liberg et al., 20D3Bounties were commonly accorded by local autlesrior states for
killing wolves Boitani 2003, Wabakken et al., 2001n the Scandinavian Peninsula, hundreds of
wolves were killed every year in the nineteenthtegn(Vila et al., 2003 and the wolf population was
considered as functionally extinct in the late 19qUabakken et al., 2001The wolf became legally
protected in Sweden and in Norway in 1966 and 1@&pectively. In 1983, wolves successfully
reproduced in south-central Sweden for the firsetin more than 80 years in this regiddapakken

et al., 200). Between 1983 and 1991, the wolf population wasméled by only two individuals and
comprised only a single packi(a et al., 2003, Liberg et al., 20p5After 1991 and the arrival of a
new emigrant from the neighbouring wolf populatiom Finland, the wolves have regularly
reproduced, starting to grow exponentially (meanuah growth rate of 29%) and to increase their
range (Vabakken et al. 2001, Vila et al., 2003, Wikenrbsale 201(Q. Based on long distances of
ground tracking on snow, radio-telemetry and DNAgsis, a total of 252-291 wolves were estimated
in the Scandinavian Peninsula during the 2009-2Gih@er, 186-215 of which were located in Sweden
(Wabakken et al. 20)0After a 45 years wolf-hunting moratorium, woliriting was reopened with 27
and 19 wolves killed in 2010 and 2011 respectively.

The brown bearlrsus arcto¥is an omnivorous carnivore speci@efsson et al. 20Dand originally
occurred throughout EuropeZddrosser et al., 20D1 Its distribution and numbers decreased
considerably during the 19th century, particulanyEurope, mainly through overhunting and habitat
loss due to human population grow8wenson et al., 1995, Zedrosser et al., 20Die extermination

of the brown bear was even encouraged to decregmedhtion on livestock, with bounties offered for
brown bears killed4edrosser et al., 20D1The brown bear population in the Scandinavianiri®eila

in the mid 1800s was about 4700 bears, of which 46étirred in Sweden. This population declined in
the second half of the 1800’s with an annual rdtabmut 4.8% $wenson et al., 1995Hence, the
population was exterminated in the south of Swdnethe end of the 1800'S{venson et al., 1994
and was restricted to the northwest mountains céd&n in the beginning of the 1900Swenson et

al., 1995. The brown bear population declined in Sweden W#7 when stricter protective measures
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were introduced §wenson et al., 1994, 199%Considering 1930 as the low point of brown bear
presence in Sweden, the population bottleneck aasded by only 130 brown beaSwenson et al.,
1995. Even if brown bears have been hunted in Swetlee 9943 through a strict quota system, the
population in Sweden has grown since 1930, to aB6Qtanimals in 1942, and 1000 bears in 1990
(Swenson et al., 1995In 2008, the brown bear population size in Swedas estimated through
DNA analysis to about 3200 (2,950-3,500) individyatith an estimated growth rate of 4.5% between
1998 and 2007Kindberg et al. 2009

The geographic overlapping between wolves and beassrelatively common in the past however the
overhunting and habitat losses often separatecetibasnivores, and restricted them to small and
isolated populations\fabakken et al., 2001, Swensson et al., 1994, )13&nce both wolves and
bears were gone from central Scandinavia by thetmldte 1800s. The recent protection of those
species allowed their expansion and recovery butls® inducing new questions about the
management and coexistence of these two pred#tow&ellowstone National Park (North America),
where wolves were recently reintroduc&ajlard et al., (2003)eported a significant difference in the
proportion of types of interactions between browsans and wolves to that reported outside the
Yellowstone National Park. Competition between Emspecies of predators is one the most common
types of interactionsBallard et al., 2008 Both direct interactions (interference interant) for
example interspecific killingRalomares & Caro, 1999, Ballard et al., 2088d indirect interactions
(exploitation competition) may occur because bgcges utilize the same food resources or through
cleptoparasitism by the dominant speciBsaliard et al., 2003, Kortello et al., 2007, Mattiset al.,
2011)). Both of these interactions may influence popatasize and structure, and cause the exclusion
or modification of behaviour of competing individsigPalomares & Caro, 1999, Ballard et al., 2003
Most of the direct interactions involving brown bgeand wolves reported are bears and wolves
chasing or fighting each other, mostly near theirsikes Ballard et al., 2003

Wolves and brown bears are members of groups dfiepéguilds) using common resources in a
similar way Ballard et al., 2008 Moose Alces alcep are the main prey of wolves in Scandinavia
(Sand et al. 2005, 20p&nd during the spring, moose may also be an itapbprey for the brown

bear, making up 85% of the brown bear’s estimatethd energy Persson et al. 2001, Svensson et

al., 2007. The brown bear is also known to usurp kills mhgevolves, and when wolves lose kills to
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bears, wolf kill rates may be higher than in a eystvithout bearsBallard et al., 2008 Accordingly,

in an area of low moose density, exploitative cotitipa between wolves and brown bears could be
intense. One expected response may be that scageinggractions between wolves and brown bears
at kill sites will occur frequently and may resuft change of the predation pattern of wolves.
Furthermore, the body mass of an adult brown ®#&2Q0kg) is 2-4 times greater than the body mass
of an adult wolf (35-50kg), and competition betweannivores has shown that larger species usually
are dominant towards smaller speci®al¢mares & Caro, 1999, Ballard et al., 2003, Sendl.,
20068).

The understanding and the effect of wolf and brdwar coexistence have strong implications and
involve new challenges in management, especialfjulates management. Large predators are known
to largely cause additive mortality on prey popolas (Jedrzejewski et al., 2002; Sand et al, 2005;
Swensson et al., 20pbut there is controversy regarding the magnitati¢he impact of predator
control on the moose populatioBghwartz et al., 2003Additionally, the impact of wolf predation is
relatively well known $chwartz et al., 2003; Sand et al., 2005, 20&#npared to the impact of
predation by brown bears on moose populati@wgefisson et al., 2007

The moose population in Scandinavia has grown fsegmitly during the last century, and is exposed to
an intensive hunting management that has replacsd af the natural mortality. Moose hunting is a
popular sport in Sweden and is considered to hgredt economic value. Approximately 250 000 of
the 300 000 Swedish hunters participate in moos#irg every year and approximately 100 000
individuals (or 30% of the total moose populati@e harvested by hunters every ye@wédish
Association for Hunting and Wildlife Management 21

Large predators may be considered as competitdrsriters, and so a component of adjusting hunting
harvest on moose in areas with large predatorsaged in order not to reduce total moose population
size. One way of doing this is to estimate wolfl kdtes in an area where wolf and brown bear
territories are overlappingS¢hwartz et al., 2003 Sand et al, 2005, Swenssain, @007

The Scandinavian Wolf Project (Skandulv) and thenSimavian Brown Bear Research Project
(SBBRP) were created in 2000 and 1984 respectivdigir objectives are a better understanding of
the ecology of the Scandinavian brown bear and amdf to provide a scientific basis for conservation
and management of both species. The Skandulv an@&BBRP made the first step to enhance the
understanding of their coexistence with a pilotdgtaluring spring 2010Steyaert & Frank 2030

Because direct observations of kills using globasifioning system (GPS) is the best and most
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accurate method to estimate kill raté&aigd et al., 2005 it is also a powerful tool to study the
behaviour and interactions between specistiisson et al., 2011, Wikenros et al., 2D 2010
both brown bears and a resident wolf pack wereucagtand equipped with GPS collars in the same

area.

To my knowledge, this is the first interaction stugetween wolves and brown bears using GPS-
collars on both species. The main objective of #gtigly was to observe if brown bears emergence

affect wolf predation-patterns. Three main rese&opics were identified:

1) Wolf-moose predation patterns before and aftemin bears emergence
ii) Direct interspecific interactions in space amde at wolf kill site.

iii) Indirect interspecific interactions at wolflksite.

Results were used to conclude the implicationswolves, brown bears, and moose management.
Accuracy and bias of methods used were also disdussmprove further studies.
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2. Material and Methods

2.1.Study area, prey and predator populations

The study area was located in the Dalarna and Gérde e
counties in Central Sweden (61°N, 15°E) surrounding e
Scandinavian Brown Bear Research Station a
encompassing about 1364 kmz2 (the wolves’ territ¢Rr.
1). The elevation ranges 200-464 m above sea |eadles
and bogs covered large areas, but most of the awe=sa
covered by coniferous forest, dominated by Scate {inus
sylvestri, Norway spruce Ricea abiey lodgepole pine
(Pinus concorta Various deciduous trees, such as commi| ¢ o
birch Betula pubescenssilver birch Betula pendulp aspen bV
(Populus tremulp and grey alder Alnus incany are
common in early successional stages of the fofesti{e et
al. 2001, Solberg et al., 2006 Nellemann et al.7206
variety of species of mosses, lichens, grasseshdrsaand

berries (such a¥accinium myrtillus, Vaccinium vitis-idaea| .

and Empetrum hermaphroditumgomposed the ground N
vegetation lellemann et al. 2007 Characteristic bogs an: Egé’vﬂijgn“’éﬁfggﬂ2332?;?Zﬁf}"jf)‘fﬁgsatfr?n'gff ted
lakes covered 20% of the remaining areaepe et al. 2001, (gray polygon).

Steyaert & Frank, 2030This taiga forest is intensively managed with adwer rate of 90-100 years
and more than 60% of the forest is older than 3ys/eThe logging system has resulted in a patchy
forest landscapeSfteyaert & Frank, 20)0with a relatively extensive road system (0.3knfkm
(Nellemann et al. 2007 Snow covers this area from late October to eltdy, and average daily
temperature ranges from -7°C in January to a maxinemperature of 15°C in Julybteyaert &
Frank, 2010.

One resident wolf pack (Tenskog territory), oneerahd one female, probably established during the
summer of 2009, are monitored through GPS track8eg below)Solberg et al. (2006)eported a
population density of brown bear to be around 3viduals/1000km?. Other potential predators, lynx

(Lynx lyny and wolverine Gulo gulg were also present in the area but in low derssitie
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Moose Alces alceswas the most abundant prey species in the tgrriteith an average population
density estimated from pellet counts during wirge10.87 (+ 0.25) moose/knmB4nd et al., 20)0But
moose density differs between winter and summeraloee in winter one part of the moose population
migrates 40-50km south from Tenskog territory folilog the Voxna river Ahlqvist Per, Brunberg
Sven, personal communicat)or©ther prey species available included roe dieevdry low density),
capercaillie Tetrao urogallu}, black grouseTetrao tetriy, hazel grousgBonasa bonasja beaver
(Castor fibe) and mountain haré_épustimidug (Sand et al., 2005, 2008, 2010

2.2.Capture of wolves and brown bears

The two resident wolves in Tenskog territory, thalen(M 10-02 with collar number 906&.5 years
old) and the female (M 10-01 with collar number 20@.5 years old) were re-captured and GPS
collared the 25/01/2011. Wolves’ presence was omefil by intensive field work with skis, car, and
snowmobile to find wolves tracks in the snow (srioacking). When wolves positions were
approximately knew, a capture crew was calleddokttand locate the animals. Then the wolves were
immobilized from the air (helicopter) using a CO@agred dart gun and a drug dogenemo et al.,
2004; Sand et al., 200paChasing time must not exceed 10 min and wolvesevon average chased
for 1-3min. Sand et al., 200$aThis procedure with relatively short chasing timasimizes stress of
wolves during immobilization, and severe stres$physiological side-effects (hyperthermia) was not
observed $and et al., 200§aAll captured wolves were measured, weightedpthland tissue were
sampled according to procedures for free-ranginlyegoArnemo et al., 2004

Wolves were equipped with a GPS neck collar (Vedtrd\erospace, GmbH, , Berlin, Germany).The
weight of the collar GPS neck was below the maxinwemght authorised by the Swedish agency of
Animal Welfare, equalled to an average of 1.3% ki@ of the adult body weight of female and male
respectively $and et al., 2009a

A large number of brown bear in the study area Haen captured and GPS-marked following the
same process than wolves captukenémo et al., 2004 During the study period, | used the GPS data

from few brown bears (about 8) which home rangeslapping with wolves territory.
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2.3.Monitoring of wolves and brown bears

During the study period, the GPS collar (numbe&G#iS collar was used as ID of animal) of the male
wolf (9063) was programmed to obtain a locatiomaarly intervals (i.e., 24 locations per day), and
the female (9064) at 6 locations per day. Becauslwes of the same pack generally hunt together
(Mech et al., 2008 and to save the life of the collar battery, tbeeiving of data by one GPS collar in
the pack was assumed to be accurate enough toaéstiime wolves’ predation behaviour. The
positioning schedule of the brown bears variedrduthe season, the year, and the individual but was
ranged between 1 position per minute and 1 posgerday.

The data was stored on GPS internal memory andastnGlobal System for Mobile communications
(GSM) network when 7 locations were saved. Positgpulata were automatically received as e-mail
messages (Short Message Service) through the seft@®S PLUS Manager V3.0(@ectronic
aerospace).

Each location included coordinate system (RT 98jedtime, elevation, temperature, battery voltage,
2 quality estimates of each position taken (dilutaf position [DOP]) and the number of satellites

used for positioning (2-dimensional or 3-dimensihna

2.4.Clustering process and wolves-prey-killed detection

The GPS positions downloaded were plotted with ¥iew 3.2 (ESRI, Redlands Calif.) in a metric
grid system. On each position a buffer with a fixadius of 100m was created and overlapping buffers
were unified and defined as clusters with a uniguster number3and et al., 200Knopff et al.
2009 Palacios & Mech, 20)0Sand et al. (2005)ported more that 85% of moose carcasses can be
detected with a buffer radius of 100 m and a parsitig interval of 1 hour (i.e., 24 positions peyda

All new positions included in a cluster were inte@efy searched in the field with a hand-held GPS
(Garmin GPSMap 60CSx) on skis (when the snow cmmdiallowed) or on foot. Some single
positions (fixes not within cluster) were also tasi in the field. For each cluster and positionted

all signs of wolves’ presence were registered, assqrey, resting place (bed site), tracks (wolves
travelling straight), negative (no wolves signsipkioown (tracks, scatsyimmerman et al., 2007,
Palacios & Mech, 2000
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When a carcass was found, | examined and savedotreinates in a hand-GPS (Garmin GPSMap
60CSx). For all carcasses, | defined the specas the fur and the skeletal remains. | also esgBohat
age of the prey: juvenile (<1 year old) or adeltl(year old) by collecting the mandibles; whereas s
determination was made by visual inspection ofg&eual organ or by presence of antlers or anlter
pedicles at the skulS@and et al. 2005, Hayes et al., 2000 ; Sand €@05. Moreover, the proportion

of biomass of the ungulate consumed was assesdbé toearest 5 % excluding rumen, guts, bones
and hide $and et al. 2005, 20Q8proportion of the edible biomass consumed, sthtkecomposition

of the carcass in relation to the site (sunny @dskl) and previous weather conditions were used to
estimate the date of the death in the field, and later compared with the exact locations of GPS-
collared wolves $and et al., 2008

Carcasses found were classified in four differeategories related to the cause of de&t#n@ et al.,
2008:

1) Wolf killed prey with excessive blood in connection to the carcassl when a "pipe-bleeding”
(pipe through the snow made by the warm bloodhhatpumped out via an artery or a vein of the prey
animal) or clear tracks in the snow of wolves chgdhe prey were presenti¢ssier et Créte 1985,
Hayes et al., 2000, Sand et al., 2005, 2008

2) Probably wolf killed with estimated time of death of the prey (degofeconsumption and
decomposition of tissue in relation to last weathenditions) coincided with time of the GPS-
positions.

3) Not wolf killed preycarcass which is not killed by wolf (e.g trafficcident or hunting)

4) Unknown can not be classified into the previous categorie
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2.5.Brown bear emergence

In the study area, male brown bears emerge frondéimeon average between 6 March and 25 April
with the mean 4 April, whereas the females emergawerage 17 days later than the malegbe et

al., 2001; Manchi & Swenson 200®uring the 2011 study period the mean of thergerece of the 8
brown bears GPS marked within Tenskog territory WasApril 2011, the first emerged 27/03/2011
and the last one the 24/04/208o(rce: Scandinavian Brown Bear Research P)ojBetcause large
intra sexual differences and intra-individual ire tbate of emergence have been observed among
brown bears, | considered the period without brdyears (before emergence) from 14 March 2011
00:00h until 14 April 2011 00:00h and the periodhabears (after emergence) from 14 April 2011
00:00h until 15 May 2011 00:00h. Both periods corgd the same number of days (31 days).

Number of brown bear awake
N

0 \ \ \ \ \
22/03/2011  29/03/2011  05/04/2011  12/04/2011  19/04/2011  26/04/2011

Date of brown bear emergence

Figure 2. Emergence da of 8 brown bees GPS
marked within or close to the Tenskog wolf-termtan
2011 Gource: Scandinavian Brown bear prgject

Figure 3. Den localisatio (Star of 8 brown bear GP
marked within or close the Tenskog wolf territoGray
line) in 2011.

(Source: Scandinavian Brown bear prc).
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2.6.Estimating kills rates and prey’s consumption

The correct estimation of kill rates is an impottaomponent to understanding the wolves’ impact on
the prey population’s dynamicS#nd et al., 2003Nebb et al. 2008)l used data from the Tenskog
predation study realised in 2011 (14-03-2011 t®%5011) and also the predation study data in the
same pack composed of the same wolves from wir@t@&® 209-02-2010 to 07-04-201034nd et al.,
2010.

| defined the kill rate as the number of mooseckilby each wolf, by wolf pack and per délafes et
al., 2000, Sand et al., 200®nly the carcasses defined as wolf-killed and pobbwolf killed within
the study period were used for calculations. The dad the time of the kill were defined by thestfir
positions of the wolves within 200m from the cascé&and et al. 2008, Webb et al. 2D08calculated
kill rate as the time interval in days betweenskidly dividing the number of study days by the numbe
of moose and ungulates killed. The estimated wiptedation was calculated by multiplying the daily
kills rates by the number of days in the winteliages et al., 2000 Number of days during winter
period was assumed to be 242 days (start 1 Océotnkend last day of Maypéand et al., 2008

| also determined the total biomass consumed byeasgoby incorporating the proportion of biomass
consumed at the day of the detection of the car¢assl consumption was based on the species, the
number and size (age) of prey killed by wolves migirthe study period. Calf body weight was
estimated to be 160kg, because calves’ body masedy®.9% from November to April-May in
normal winter Cederlund and Sand 199%jth a calf body mass in October of about 1508gn(d et
al.,2009. | assumed moose yearling body mass to be ar@gdfillg Sand et al., 2008 Adult moose
body mass varies with age, sex and population cterstics, | considered the weight of each adult
moose killed to be 350kgsand et al., 1995 Following Sand et al., 20Q&or other prey species |
assumed an average body weight of 25kg and 10kgdolt and juvenile roe deer respectively, and
2kg for birds spp. For yearling moose the amourgdible biomass was estimated to be 65% of the
total body weight whereas for moose calves anddexer 75 % of the total body mass was used,
(Jedrzejewski et al., 2002; Sand et al., 200&e proportion of the edible biomass consumethat
time of prey detection was visually estimated ia field to the nearest 5% of the edible parts ef th
carcass. For prey smaller than moose calves, ddleeliomass was assumed to be wolf consumed,

(Jedrzejewski et al., 2008and et al., 2008 In the cases of wolves scavenging (moose Kkitigd

10
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brown bears or traffic accident), | estimated dydeonsumption of about 4.5kg/woliédrzejewski et
al., 2002. The daily wolf consumption was compared to thmimum daily food requirements
(3.25kg/wolf/day, i.e. 5x basal metabolic rate)reated for wild wolves RPeterson and Cuicci 2003,
Sand et al., 2008Due to the small sample of prey detected, Irditirun any statistics test. | used the
mean and range of the data to evaluate the trefrkld mtes and prey consumption across the studie

and the different periods.

2.7.Wolves predation patterns

To compare the predation patterns of the wolvesrbednd after the emergence of brown bears, | used
cluster characteristics of GPS-positions, becalisg are used to detect wolf-killed preyapd et al.
2005, 2008; Palacios & Mech, 2018nd modelled the predation patterns of the wo{Z@smerman

et al. 2007. | only used cluster characteristics from thelgtun 2011 because only this study coincided
with the period of brown bears emergence. | ongdua 50 meter buffer radius, because a 100 meter
buffer radius induced overlapping between clusgpes (i.e. carcass clusters versus bed site ch)ster
and reduced the reliability of the results. Becanfstae small sample of feeding events, | did nake

any distinction between predation and scavengiogsidering only one class for feeding behaviour on

moose and roe deer (carcass clustea)gcios & Mech, 2010

Each cluster was described by: 1) the type of efuétarcass, bed site, track, other, negative), 2)
number of GPS positions, 3) time of the first aast Iposition in cluster (day divided in four hours
intervals : [00:00-04:00] ; [04:00-08:00] ; [08:02:00] ; [12:00-16:00] ; [16:00-20:00] ; [20:00-
24:00] ), 4) frequencies of positions at clusterthe six intervals, 5) number of visits, 6) ratib o
positions per visit, 7) linearity of movement ortexing a cluster (Dist [AC] /(Dist[AB]+Dist[BC]) 8)
distance from the last prey killed (moose or roerje8) distance from previous cluster, 9) distance
from next cluster{dimmerman et al. 20Q'Palacios & Mech, 2010)

| analysed the variance by two-way factorial (ANOV#& compare clusters characteristics among
clusters types, periods (with and without beans)l iateractions between clusters type and peribds.
test simultaneously the independent variablesufraqgies of positions at cluster in time intervald a
the time of the first and last position in clustér,used a multivariate analysis of variance
(MANCOVA).
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Home ranges using 100% and 95% minimum convex paly(MCP) were calculated with all
available locations from the male for both peri@osfore and after the emergence of brown bears) and
before the start of the study (i.e.: 3 days atterwolf captures [28-01-2011], to minimize the plolss
effects of captureRalacios & Mech, 20)0to the start of the study [14-03-2011].)

For statistical analyses | used R software (CRAf):MCRAN.R-project.org). Statistical significance

in all analyses was assumed g0@5.

2.8.Direct and indirect interactions

| used data from few GPS marked brown bears wittméhoanges overlapping Tenskog wolf pack
territory to detect direct and indirect interactigia a geographic information system (GIS) (ArcGIS
9.3 ESRI). Only interactions on feeding sites (iegnains of wolf-killed moose) were studied. Be@us
not all brown bears in the study area were GPS @edarkalso placed one camera trap (Scout guard
SC550 or Stealth cam 5.0) on each wolf-killed modstected. The camera traps were placed on all
wolf-killed moose from 18-04-2011 to 30-05-2011 awdre oriented on the biggest part of prey
remains left. The photographic data from the cameap was used to both quantify how many
interactions could be missing using only the brdxear GPS data, and to characterize the behaviour of

the brown bears towards the remains (i.e. eatingsbrsmelling the carcasses).

3. Results:

Data from the GPS-collars of the wolves resultedl%®9 hourly locations for the male and 197
variable interval locations for the female. 0.2%p@kitions) of the overall male locations was nmgsi

In 2011, 100% of all the 101 clusters and in 20l0fathe 97 clusters were checked in the field.
Resulting in 230km of field work in 2011 (estimatiedm the GPS tracks log, data non available in
2010).

12
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Carcasse010 —I— Moose —|— Roe deer +Capercai|lie/ black grouse

2011* Moose *Roe deer * Capercaillie/black grouse
100% MCP Wolf territory []12010 [] 2011

Figure 4: Distributionof theall carcassefoundin the Tenskog territorin 2010 [10/02/2011
to 11/04/2010] and 2011 [14-03-2011 to 15-05-2011]
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Figure 5. Mocse biomass (kg) obtained/capday for Tenskog wolf pack (two wolves)
winter 2010 and 2011 from 9 February to 14 M®&puble arrowsindicate duration of
predation studies. Estimation of the kilogram bismabtained accounted for the variable
interval between moose kills, biomass of small prag added on the day of the date of death.
Estimation of minimum prey consumption before tH# P study was done with the two
wolves’ positions per dayDotted line indicates the estimated minimum daily food
requirements for wild wolve$Pgterson and Ciucci 2003, Sand et al., 2008

Signs of wolf presence were found in 63 clusteB8§172) of the overall locations (274) outside the
clustering definition were also visited. In tot@l% (1346) of the wolves’ positions were checked.

The GPS positions were checked on average 3.4(dayge 1-11days) after the wolves left the area.
The locations indicated then twice per day (1380 01:00) that the female was on average 1502m
(range 1-23414 meters) from the male at the same. tBut two periods were significantly different,
certainly due to a modification of wolf behaviouedause of a reproducing time: from 14-03-2011
01:00 to 20-04-2011 01:00 and from 20-04-2011 tD83%011, the average distance between male
and female was 105 meters (range 1-2575) and 3@&t8rsn(range 2-23414) respectively, (Wilcoxon
test; W=676.5 P<0.001).
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3.1.Kill rates and prey consumption

During the winter 2010, 13 feeding events on caessvere found. Six moose and two roe deer were
killed by wolves Appendix L Three events of wolves scavenging were detecteel,a moose killed

by a traffic accident, one a dumping place afterhhnting season and one on an old moose probably
dead by natural causes. One mountain hare and laok grouse were also found in relation to the

wolves’ positions and were likely killed by the wek (Rg. 4).

Table 1. Minimum wolf kill rates and wolf prey consumptiger pack (2 wolves) in winter 2010 and winterifsgpr
2011 (before brown bear emergence [14/03/201840412011] and after brown bear emergence [14/0Q4/20
15/05/2011]

Kill rates Prey consumption (kg)
Days interval between kills per day
Moose Ungulates Moose Total**
2010 All period [10/02 to 14/04] 10 7.5 12.5 13.1
""""""" All period [14/03 0 15/05] 81 &1 127 134
2011 Before brown bear emergence 10.3 6.2 8.9 10.1
After brown bear emergence 6 6 16.6 16.6

*Including moose and roe deer killed and probalillgdé by wolves.
**Including all wolf prey killed and probably kille by wolves.

During the winter 2011, | found carcasses at 138%2 of the 101 clusters including 11 moose and
two roe deerAppendix 1 and )2 One adult moose and one moose calf were estintatbave been

killed before the start of the study. One scaveg@went on a moose calf probably killed by a brown
bear was detected. The eight other moose inclugevgn calves and one yearling were killed by
wolves. Two killed capercaillies (female) were afeand on one single location and on wolf tracks

between two single locationBig. 4).
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Across the Tenskog territory in the winter
) Table 2 : Summary of cluster processing during the studiopegi2011)

2010, wolves killed on average 0.1 ungulatesing positions from the male wolf (9063)
Before brown  After brown bear
bear emergence, emergence, 14-

/pack /day or 0.065/ungulates /wolf/day and

Total
14-03-2011to  04-2011 to 15-05-
0.1 moose/pack/day or 0.05moose/wolf/day. 14.04-2011 5011
This corresponded to an average of 13.1 - it 4
. p g K@lssing positions 1(0.13) 3 (0.4%) (0.3%)
prey biomass/pack/day or 6.55kg preMumper of positions 759 755 1514
biomass/wolf/day. Number of singles
. . positions (100m 173 (22.8%) 170 (22.5%) 273
In winter 2011, the wolves killed on averageadius interval)
0.12 moose /pack/day or 0.06 moose/wolflumber of clusters 24 60 134

50m radi
day and 0.16 ungulates /pack/day or 0.0(8 m radius)

ungulates/ wolf/day.Table 9

After brown bear emergence, wolves killed moosetiinés more often (0.17/moose/pack/day or 0.085
moose/wolf/day) as compared to before brown beagrgemce (on average 0.1 moose/pack/day or
0.05/moose/wolf/day)Table .

Between 22 February and 23 March 2010 and betwédrebruary and 24 March 2011 (estimating
with 2 GPS wolf positions/day) only one moose willedk resulting in a daily consumption below the
minimum daily food requirements for wild wolvesig 5).

Considering 242 days as the number of days in tinéewperiod Hayes et al., 2000 the Tenskog
wolf pack kills a total of 24.2-29.27 moose per t&m

3.2.Wolf movement patterns

In 2011 | identified 57 beds site clusters, 15 aascclusters (including revisit old carcass cluster
during the period with brown bear presence), 6ksadusters, 23 unknown clusters and 29 negative
clusters. Only one cluster was not checked beddagesluster was classified as a denning clustdr an
could not be checked during the field study pefiadpendix 2 The female became stationary from
the 10" of May to the end of the study the™&f May showing reproductive behaviour, so to avaiid
possible disturbance, no GPS positions were cheakeal 2 kilometers radius buffer around the

position of the female.
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The longest time spent at a

Percentage time

35% - W Carcass

30% | O Bedsite cluster was 69 hours (bed site
250, | cluster) and the maximum
20% - number of visits was 12 (cluster
15% - contained wolf-killed moose).
10% 1 The average carcass cluster had
2:;0 ) 2.45 times more visits (F=16.75,

-

00:00-04:00 04:00-08:00 08:00-12:00 12:00-16:00 16:00-20:00 20:00-24:00 df=5, P<0.001), 2.7 times more
Time interval (hour) positions in cluster (F= 11.60

Figure 6: Percentage time spent by wolf (9063) within careamst df=5 P<0,001), 2.4 more times
bed site cluster divided in 6 time interval. 1 hepent in cluster . ) . )
was estimated by 1 GPS position within cluster. positions in the time intervals

[00:00-04:00] and [04:00-08:00]
(F=2.75 df=5, P<0.001), and 2.2 times less posstionthe time interval [12:00-16:00] and [16:00-
20:00] (F=2.75 df=5, P<0.001) compared to the alenean of non-carcass clustefSg( 6). |
observed two different patterns of wolves’ firstival at a cluster and the last time spent there,
depending on whether it was a carcass or a beclsgéer. The wolves first arrived at a bed cluster
during the day mainly during the 2 periods duriaglayht ([08:00-16:00] ) while they first arrived a
carcass cluster mainly during the 3 periods infenfathe night ([20:00-08:00] ) (F=2.75, df=5,
P<0.001) Fig. 7). The last position within the carcass cluster wasnly during the interval [00:00-
08:00] while the last position within the bed sitaster was in the time interval [16:00-24:00] (F4&
df=5, P<0.001) Fig. 8). Distance from the previous (F=1.93, df=1, P=0D.46d to the next cluster
(F=2.144, df=1, P=0.14) were not related to thestgpcluster.

0,35 ~ | First position at
03 _ carcass cluster
g , o First position at bed
= 0,25 site cluster
3
2 02
o
(O]
> 0,15 -
=
g 0,1 -
&
0,05 -
0 ,

00:00-04:00 04:00-08:00 08:00-12:00 12:00-16:00 16:00-20:00 20:00-24:00
Time interval

Figure 7: Percentage dirst wolf (9063)GPS positions divide
in 6 interval time within carcass and bed site telus 17
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Figure 8: Percentage dastwolf (9063)GPS positios divided in
6 time interval within carcass and bed site cluster
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Wolves visited bed site clusters usually
only once (88% of all cases), and bed
site clusters had the highest ratio of
positions/visits. Track, negative, and
unknown clusters had a low ratio of
mostly 2 positions and 2 visits. The
linearity of the movement among the
cluster types indicated that wolves
moved generally nearly straight
(linearity x=0.88) to the clusters with not
significant differences among cluster
type and period (F=0.63, df=1, P=0.43).

Before the brown bears emerged, 7 carcass clumtek83 bed site clusters were found against 8 and

24 respectively after they emerged. Wolves spenawerage twice as much time (31.4 hours) in a

carcass cluster when brown bears were present cethga the period of brown bear absence
(F=4.403, df=3, P=0.0056)F(g. 9). With brown bear presence the average time p&t within a

carcass cluster was 2.3 times greater (7.23 haitsyvihan in the period without brown bear presenc

(3.1 hour per visits) (F=3.65, df=3, P=0.01) whilae spent per visit in bed site clusters was Hraes
between the two periods (5.8 hours/visits) (F=08)38=1, P=0.8488)Kig.10). Bed site clusters were
2.2 times more distant from the last prey killedeafthe wake up of the brown bedfid. 11)

(F=3.7163, df=3, P=0.012).

45 -
40 -
35 -
30 -
25 - |

20 1
15
10 ~

Time spent in cluster (hour)

T m Before brown bear emergence

O After brown bear emergence

; Y o B

Carcass Bed site Den Negative Tracks Unknown

Cluster Type
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Figure 9: Time spent by wolf (9063) in cluster (howrBD, among each cluster type
before brown bear emergence and after brown beargemce
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The sizes of the wolves’ home ranges were smalleind the winter than during the springig.11).
Before the start of the study the wolves had a Isteaitory (95% MCP), 182 km? and 75.17km? in 2010
and 2011 respectively but after the brown bearsrgade sizes of wolf home ranges were 4 and 13 times
larger in 2010 (726.33km?2) and 2011 (1043.94kmspectively Fig. 11).

Number positions per visits

18000 -
12 m Before brown bear emergence _
O After brown bear emergence 16000 1
101 14000 -
m B Before brown
8 - & 12000 - bear emergence
(]
6 . £.10000 -
® 8000 | O After brown
i c L bear emergence
4 ©
I 6000 -
o
27 8 4000 |
0 2000 -
Carcass Bed site 0

Cluster Type
Bed site

Figure 11: Wolf (9063) bed sil
cluster distance from last prey killed

Figure 10 Number of wolf position (9063) SD, within carcass
and bed site cluster before and after brown beargence.

The wolves daily travel (straight line

. . Table 2: 95% and 100% minimum convex polygon usingd
distances between consecutive hourly GPS
mean in 2010 and 2011

positions) was on average 9963.5 meters
(ranged 2527-22058km) from 14/03/2011- MCP (%) 100 95 100 95
23/03/2011, but on 24 and 25/03/2011 the Before study

average distances travelled were 25726 and[10.02-2010t0 13-03-2010] 1> 1825 1785 752
[28-01-2011 to 13-03-2011]

fore brown bear emergence

daily movement coincided with a marked [14.03.2010t0 14-04-2010) °'00 ©48:9 6658 4624
[14-03-2011 to 14-04-2011]

2010 2011

28496 meters respectively. This increase gfe

change of snow conditions (crusty snow on

the upper layer) due to warmth during thehfter brown bear emergence

[14-04-2010 to 15-05-2010]
[14-04-2011 to 15-05-2011]

_ _ 752.8 726.3 1357.11043.9
day with on average +6. 3°C and cold during

the night with -3°C during the 5 previous

days Weather data: Weather station Hamra
and Lillhamra, 2011
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The home range (100% MCP) of the wolves after brbesr emergence was 103% largest (1357 km?)
than their home range before brown bear emergesg®ekin) in 2011. The same pattern was also
observed in 2010T@ble 3, Fig. 12

0,
100 %MCP Before start of study*

I:I [10-02-2010 to 13-03-2010]
[28-01-2011 to 13-03-2011]

I:I Before the brown bear emergence

[14-03-2010 to 14-04-2010] -]
[14-03-2011 to 14-04-2011] -
After brown bear emergence **
[ [14-04-2010 to 15-05-2010] 1~ 7!
[14-04-2011 to 15-05-2011] -

Figure 12: Wolves home ranges in 2010 and 2011 using all @#38ions available from male GPS collar (9(

*using 2 positions per day in 2011 ** using &jtimns per day in 2010

The Tenskog pack reproduced on 10 May 2011, 5 defre the end of the study. During that time,
the female was very stationary (0.036 km?) andntia¢e had a small territory of about 84.5 km2. The

male went back and fourth (6 trips back and fovettorded) between a killed moose and the den.
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3.3.Direct interactions

Only one direct interaction was detected betwe&P8& marked brown bear (2967) and the male wolf
(9063) Fig. 13. | assumed that only the male wolf was presenabge the female wolf (09064) was
3.7 km away on her last available position at 13Tt male wolf revisited his own moose killed the
23/04/2011 02:00 (25 days after the estimated datde death). But it did not get to the carcass,
because a male brown bear (9 years old, 128kgce: Scandinavian Brown Bear Projaeas feeding

on the remains of the carcass. The wolf stayedusshat about 50 meters from the remains, and then
moved at 270m from the carcass to a resting pldeereturned close to the carcass (50 meters) 10
hours later, but the bear was still on the remafrtbe carcass. The male wolf then moved 2.5km away
from the carcass whereas the bear stayed on thassaone more day. A likely conclusion is that the
wolf tried to gain access to the moose remainsthoatt this was made impossible because of brown

bear presence.

3.4.Indirect interactions

Indirect interactions involved brown bears feedimgthe remains of a moose carcass killed by wolves.
In total, 5 events of indirect interactions wer¢edéed involving 4 moose carcasses. Only two imtlire
interactions were detected involving GPS-collaredrb. In one case the bear (2967) stayed 2 days
around the remaing=ig. 13), and in the other case, the b&8ros)stayed about 30 minutes near the

carcassKig.14).

Camera traps placed in 9 different wolf-killed mecsites detected 4 different brown bears eating
remains of 4 different wolf-killed moose carcassks.only one case, the bear was GPS marked.
Another bear was GPS-marked but its collar wasnmoking, (and the 2 others were unmarked brown
bears). The other 5 cameras did not detect anyrblmar presence. The bears visited the wolf-killed
moose on average 13.45 days (ranged 8-22.4 dags)thé estimated date of death and stayed on
average 2.4 days (ranged to 0.45-4.54 days) arthendarcass. Using the criteria of one visit on the
moose remains based on less than 1 hour betweetuPeg taken, the bears visited the remains 3.75
times (ranged 3-6). Red foxeégulpes vulpes and ravensGorvus corax, C. cornjxalso used remains

of wolf-killed moose.
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Using GPS positioning (30min between GPS positiafishe brown bear (2967) resulted 10, 37 and
61 positions in a 25m, 50m and 100m radius bu#epectively, around the moose remaifig.L3).
Using the same criteria as for the picturesbhour between two positions to determine one,\tisg
bear visited the carcasses 6 times using all GR8iqgus within the 25m radius buffer and with the
pictures taken. However the time of the visits o match (50% of all visits) between the cameid an
the GPS positioning showing possibly missing infation with only coarse GPS data. A visual
observation during field work was also done of amarked bear eating a moose carcass the7 April
2011.

GPS data indicated that wolves returned (afterasar®eing checked in the field and camera was set
up) to 5 of their own killed-moose sites (wolf GB8sition<200m of kill site) on average 26 days
(range 12-65 days) after the killing event. Despuiégnera traps were set up on the main parts of

remains left, wolves were captured in photographsnily one case.

On one occasion both wolves used and consunpedbably bear-killed moose, because the estimated
date of moose death did not match with the datetianel of the first position of the wolves on the
carcass. Furthermore, signs of brown bear preseacefound around the remains of the moose.
Photographs taken by cameras revealed that broans aere eating the bones of the moose (probably
to get access to the marrow fat ) and tissue Btmmach and mesenteries , in one case a bear dragge

a piece of moose skin and legs away from the rahgesion of the camera.
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Figure 13: Direct interactions
between wolf and brown bear on
remains of wolves moose killed

Moose remains (killed the 2011-03-29)
and camera trap

/] Direction of the camera

GPS positions
LMT Date and Time

Wolf Brown bear I‘.

(9063) (2967)

® 2011-0423 07:00 A

8 2011-04-23  08:00 2 200 Meters
A

@® 2011-04-23 21:00

—— Wolf movement (9063)

Stealth Cam 04 /23 /2011 07:55:00 € 052F

40 Meters
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Figure 14. GPS marked brown bear and unmarked brown . .
bear at remains Of Wolves_moose_killed * Moose remains (WOlf-kllled 201 1-04-14)

i ql _A Orientation of the camera

| Marked brown bear GPS Positions (2011-04-23)

@ |[LMT Time] brown bear (W08795)

—»— Brown Bear movement

Unmarked brown bear
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KEEP GUARD Ml 4242011 20:05:48 |
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4. Discussion

This study aims to be a first step in the evalumtbwolf and brown bear interactions in Scandiaavi
hence the amount of data was small, concerned 2nyars of study and comprised only one wolf
pack. But it is already possible to discuss in ansioof ecological context the results obtained. The
results supported the hypothesis that wolves nelitheir behaviour in spring, as coinciding with
brown bear emergence, compared to wintéar(chi & Swensson, 2005

However, estimating the true causes of the obsergthtion in wolves’ movement patterns is
complex because interference interactions add &ma éavel of complexity to the understanding on
species behavioutipnell & Strand, 2000; Palacios & Mech, 2010 ; \&fikos et al., 2010; Mattisson
etal., 201}

In the study area, brown bear absence was synorg/mik winter period and generally deep snow,
and wolf kill rates are generally reported to bghleir in late compared to early winter during Febyua
and March Jedrzejewski et al., 2002, Smith et al., 20Ghd in term of kg biomass available and
consumed $and et al., 2008 However the wolf kill rate within the Tenskoggkawas among the
lowest observed in Scandinavi@and Hakan, Personal communicajiavith on average 0.8 moose
killed per week per pack as compared to almost @smaisually killed by pack in Scandinayisand

et al., 200%

Moose in Scandinavia are currently naive to re4tialng wolves and results in a high wolf hunting
successand et al., 200§bMoose are also more vulnerable to predation bives at snow depths
greater than 75cmPérterson 1977 in Sand et al., 200Bat not at snow depths of less than 60cm
(Sand et al., 2006aSnow depth in central Sweden is usually higtvimter and reached 105cm in mid
February 2011 in Tenskog territorWéather station Hamra and LillhamizQ11). However the low

kill rates observed during the winter study peribd not support the hypothesis that moose get more
vulnerable to wolf predation with increased snowptte In winter, access to prey varies strongly
within an area because moose in Scandinavia conymaggregate in specific browsing areas
(Zimmermann et al., 2007Zimmermann et al2007)reported a case where wolves killed four moose
within 29 hours and a maximum distance of 4.4 knannaggregation area. In contrast, the Tenskog
wolf pack in the 2011 winter had an extremely srteititory of about 75km? never observed so far in
Scandinavia $and HakanPersonal communicatipmwith only one moose killed during a one month

period.
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Moose density estimated by pellet counts in sp(iBand et al. 2000 showed both a higher and a
lower density than the one observed by aerial ¢ogron adjacent and to some extent overlapping
areas with Tenskog territory)Ahlqvist Per; Sand Hakan; personal communicdtiofhese two
methods are relatively accurate to estimate pojpulatends over years but pellet count surveys lshou
be used with caution in areas where populatiorcitra changes over time, while aerial counting in
winter gives an absolute population size at a tegaint in time Ronnegard et al., 20p8Hence a
lower moose density in winter, due to moose migra#0-60km south from the Tenskog territory
along the Voxna River (crossing wolf territory rfotb south) Ahlgvist Per, Brunberg Sven, Personal
communicatio, would result in a low encounter rate between seoand wolvesSand et al. 2005
and a longer time between kill&érrill et al., 201(). Wolves may choose the option to stay very
stationary near a food source to minimize energst ob travelling in a deep snow. However, that
hypothesis was not supported by studies in YellomstNational Park which showed increasing Kill
rates in winter even when prey density decreasea tduwinter migration §mith et al., 2004
Furthermore if we consider that wolves were ableansume the amount of biomass of moose during
fairly a long time period (30 days), results showfeat the amount of biomass consumed was just at
the limit of the minimum intake requirements foddwvolves {ig. 3) (Peterson and Ciucci 2003, Sand
et al., 2008 This is supported by the observation duringwitger 2011 when wolves started to move
from their small territory (browsing 54.2km in 48he) as soon as the snow became crusty on the
upper layer, then wolves were able to walk on dpedf the snowNlilleret Cyril, visual observation
Hence the shift between the two study periods westinct regarding two different causes; brown bear
emergence, wolf Tenskog pack killed 0.1 moose/aagpared with 0.17 moose/ day after brown bear

emergence when snow started to melt.

Although using GPS positioning is currently the mascurate method available to estimate wolf Kill
rates and prey consumption might be underestimatedas to be considered as a minimum estimate
of the true Kkill rate, although using GPS positi@nis currently the most accurate method available
estimates wolf kill rate §and et al., 2005 NeverthelessSand et al., (2005)eported moose found
killed near single positions, the quality of resuttepending of cluster definition and intensity of
positioning intervalPalacios & Mech (201Qeported difficulties in finding small prey durisgimmer
when small deer fawns may have been target: fesalbise of low handling time of small prey and

second because their results suggest that predatiosmall prey tended to be related to wolves
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travelling aloneHayes et al (2000nentioned than wolves might survive by killing dhpeey (snow
hareLepustimidus).In winter 2011 more than 1 single position ouRokas checked in the field, and
two capercaillies were found, one of which was fbletween 2 single positions while following
wolves’ tracks in the snow. Wolves in a same padéghisplit into several groups and the GPS
collared wolf might not be present at the kill dibe the entire time required to handle pr&yepb et
al., 2008. However half of the study was done when snow p@sent, resulting in a better prey

detection than during the snow free periddei(ill et al., 2010.

The Tenskog wolf pack reproduced 5 days beforetiteof the study, and this could have affected the
results Palacios et al., 20)0Because the collar of the male was used foryaisahnd male travels
longer distances during reproducing tim@lfiedéen, 200% Tenskog wolf male showed a small
territory around the den and spent lot of timehe tlen cluster (43 hours). Before the enterindnén t
den, the female changed her behaviour and splitteetement with the male. On one of the female
clusters, one unusual bed site was found, whicliddoe considered as an indication of a pre-denning

behaviour.

My results of the cluster analysis supported tfseilte obtained by several studies in Scandinawt th
predation events occur mainly during the nigbdird et al., 2005, Zimmerman et al., 208dd carcass
clusters contained more positions and more vis#da pthers cluster&ifnmerman et al., 2007

All GPS positions within a 200 meter buffer radarsund the kill site may be generally considered as
handling time of the preyYebb et al., 2008 Sources of variation in killing and handling &nare
multiple but might be caused by other carnivoresaavengers using wolf killsgviewed in Merrill et

al., 2010. When brown bears were awake, cluster analysisated that wolves spent more time
within carcass cluster and stayed closer to thg paecass after killing it (<200m). In staying co®
their killed prey, wolves may have adopted a printecbehaviour, hence they may protect their food

source against brown bears.
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Wolf and brown bear interactions reported in Yektone national park showed that a bear usually are
dominant against wolves at feeding siBal{ard et al., 2008 The only direct interaction detected
during this study suggested that a brown bear daaezess and was dominant at the same food
resource. In 2010Steyaert & Frank (2010neported 2 direct interactions, but with the cod&deS

temporal resolution it was unclear how wolves arahn bears reacted to their encounter.

A resource unit consumed by one species cannobbhgumed by anothetifnell & Strand, 2000;
Ballard et al., 2008and competition by scavengers can influencer&tits of other carnivoresiéyes

et al., 200). Previous work in Yellowstone National Park foutindit bears scavenged about half of
wolf-killed carcasses during June and July andyewalf-kill from March through October in an area
of high grizzly bear density, suggesting underestas of the loss caused by scavengdebblewite

& Smith 2008; Metz et al, 20)1My results support those findings, because brbear presence was
detected at half of the wolf-killed moose carcastdscted, and on one occasion wolves used a brown-
bear-killed moose carcass. But it is not obviows tholves increased their kill rate as direct resgo

of brown bear presence.

After direct interaction with brown bears where fvMikely did not get access to the food resource
(Fig. 13, the wolf revisited two of his older kills. Becgaibrown bears were found on wolf-killed
moose two weeks after the date of death, shodleeit be considered brown bears possibly usurp wolf
food? GPS data indicated that wolves returned eir wid kill site, 65 days after kill it. Despite
camera traps were set up on the main parts ofdefains, wolves were captured in photographs in
only one case. If the wolves did not intend to metio eat the moose remains, it is difficult toesss
why they went close to left remains. Several exgii@mns can be advanced:

First, wolves avoided the human smell left by tieédfworker near the carcass, but after more titan 1
days, the smells of humans are not likely present.

Second, wolves did not feed on the main part efrezhains.

Third, cameras did not detect their presence. Hegan, the outcome of wolves and brown bear

interactions is not obvious to analyse.
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In 2010 JuneSteyaert & Frank, 201fbund 3 interactions between wolves and brown begits the
brown bear being first at the carcass site, whiel similar to the occasion in my stugiiere wolves
used the remains of a bear-killed moose. Becaust pnedation by brown bears on moose calves is
known to occur up to the age of 1 mon8wgensson et al. 20pand wolves generally increase their
kill rates in terms of the number of individual$léd in summer due to the calving seassar(d et al.,

2008, competition for food between brown bear and wslmay be intense.

Both camera traps and GPS positioning methods ikety lunderestimated the number and of
interactions Fig. 13. Only one camera trap was set up on the maingbatey remains found at kill
sites and as observed with GPS data of brown Ibeguld), camera trap missed one brown bear visit.

But camera traps adduced complementary informatiddPS position alone.

Definition of the two periods without brown beaepence (in den) and with brown bear presence have
been done with literature and data of the studg axailable Eriebe et al., 2001; Manchi & Swensson
2005, Scandinavian brown bear projedEven if that data is really accurate, the rangksntra-
individual emergence among brown bears might haased the estimation. | considered 14 April as
the date of brown bear emergence but before time some brown bears, in particular adult males,
were already out of the den while female ade#t year old) without cubs emerged 10 days later my
definition of the period of brown bear preseneyrce: Scandinavian brown bear projeEt)ebe et

al. (2001)reported large range in the date of brown beaaferamergence, female with cubs emerged
the 23 May and female pregnant the 14 June. Bedhaseumber of brown bears active differed over

the spring, intensity of interactions might haveiee over time.

To conclude, wolves and brown bears interaction® leeen detected in this study and seemed to be
mainly indirect. However the conjunction of all émgical factors affecting the species’ behaviour
(snow condition, moose density, individual behavjaonakes interpretation of the results difficult.
Wolves showed a very low kill rates among the lawssserved in Scandinavia and brown bear feed
on the half of all carcasses found. Even if thehméthas bias it was the more accurate method

available and was appropriate for the study.
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The same study should be conduct in autumn becaigsesity of interactions between brown bear and
wolf could vary. First because that period coinogdiwith pre and denning period of brown bear
(Friebe et al., 2001; Manchi & Swensson 20@8d second because diet of brown bears in spring
comprising mainly ungulates switches to berriesattumn making up half of the brown bear’s

estimated dietary energi?érsson et al. 20D1

The small dataset comprising only one year of stadg only one pack was not enough to employ
powerful statistical methods to discuss and finstrang correlation between brown bear emergence
and modification of wolf behaviour. More data iscessary to implement a better understanding of
brown bear and wolf interactions. Further studiesutd involve predation studies on moose by brown
bears and wolves (several pack) throughout the, yert especially during June, when moose calves
are new born. Both wolves and brown bears mighesse ungulate killing with the pulse in neonate
availability in early summer.Sivensson et al., 2007; Sand et al., 2008; Knop#i.et201) Camera
traps have proved to be a complementary methodnédyse and estimate brown bear and wolf
interactions. For further study | recommend anease in the number of brown bears GPS marked
within Tenskog wolf territory, and using a highesolution of GPS-positions from wolves over the
year. Selection of GPS fixes intervals is a trafidoetween battery lifetime of the GPS collar ahd t
data accuracyMerrill et al., 2010. Wolf GPS collar used (Vectronic GPS PRO Lighdtftéry 1D),
allowed taking on average 7100 position, resultmgbout 19 positions/ day for one year (Vectronic
Aerospace, GmbH, , Berlin, Germany). To maximise quality of study it would be preferable to
target some periods with a high positioning ratedas and other with low position per day. Hence it
will be possible to save the life of the batterd atiow the wolf recapture the following year.

Estimation of moose density and distribution byesaly methods would be preferabRéfnegard et

al., 2008. A high density of GPS collared moose, especitdiyale mooseSwensson et al., 20p7

will also permit a better understanding of wolvesvin bears predation and interaction with moose.
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5. Implications for management and other studies

5.1.Hunter, wolves, brown bears harvest on moose

Even if estimating predation is not evident becaus:

many factors interfere and are difficult to estimat 100%

(Gundersen et al., 20p8as an example of % 605 m Other

implications of this study, | calculated roughlyeth g m Brown
yearly impact of predation by wolf, brown bear ¢ 60% - bears

and hunting harvest on moose in the Tenskogg 20% 0 Woles
territory. g O Harvest
Sustainable hunting harvest on moose should n(§ 20% -

exceed the annual production of moose defined & o\?’

0% ‘ 1
Using wolf kills  Using wolf kills

40% of the total number of moose in the winter

population Band Hakan personal communicajion rate known in  rate obtained in
Scandinavia Tenskog
Although brown bear and wolf predation is mainly Territory

_ Figure 15 : Proportion of hunting harvest, brown b
done on moose calveS4nd et al., 2005; 2008 5 wolves predation of the annual total moose

based my estimation of hunting harvest anf@roduction in Tenskog territory using Scandinawhanif
kill rate and Tenskog wolf kill as estimations

predation on the annual moose production.

Parameter using for estimation are summarized in

Table 4 Wolf and brown bear predation on moose are thotmhepresent an almost total additive

mortality source in the moose populatidda(d et al., 2005; 2008; Swensson et al., pGuhting

harvest thus needs to be adjusted in order to minist sustainable moose management plan. The

figure 15 shows the relative importance of browmarband wolf predation compared to the hunting

harvest and the variation of results highlightsithportance of accurate estimation parameters.
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Table 4: Estimating wolf, brown bear and hunting harvest eénskog territory based on annual estimating&its

obtained in Tenskog in winter and in a low moosesitg territory obtained in summer and winter iraBdinavian

(Sand et al., 2005, 2008; unpublished HeBammary of estimating parameters for kill raaécalation. Sustainable

hunting harvest was obtained by annual moose hafwetf bear) and other mortality causes minus lyesioose

production. Other mortality causes included trafficident, disease, starvation €aifd .pers.com

*Sand et al., 201Grestimated by double winter kill rates observ&ahd et al., 2008*** Scandinavian brown bear
project, unpublished dgt#** Solberg et al., 2008Sand, unpublished dataSand et al., 2005; Sand et al., 2008;

Sand unpublished data

Estimated parameters

Using wolf kills rate
obtained in Tenskog

Using wolf kills rate, assuming
a hypothetical functional
response with a low moose

Territory density in Scandinavia®

Wolf territory 1043,9 km?2 1043,9 km?
Estimating number

Moose density (Pellet count)* 0,87km2 908,2 908,2
Wolf-moose winter predation 27,0 -
Wolf-moose summer
predation** 21,6 i
Wolf-moose predation total 54.6 80
Adult bear-moose predation*** ! /ad;étal:ear/ 109,6 109,6
Bear density**** 0,03/km2 31,3 31,3
Adult bear proportion *** 50% 15,7 15,7
Annual production of moose ° 40% 363,3 363,3

Moose density in Scandinavia is typically aboven¥#kat such density there are moose enough for

large predators and hunters, but at low moose gemslow 1/kmz2 (i.e. in Tenskog territoryliberg

et al., 2008 the competition between hunters, wolves and hrbears might be intense. The data

obtained do not solve conflicts between predatod launters, but they give guidelines and factual

baseline for management to reach compromises. Bea&alf often scared population by his presence

(Boitani 2003 Schwartz et al., 2003 popularization of the scientific results obtalney research

might help to decrease the fear caused by thisafoed
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Type and time of death

Type of carcass
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Carcass characteristics

Probably Not K!Ilgd Estimated . . . Proportion
Carcass Wolf within  Date of . Estimated date Time of first (%)
number Kkilled V\.’OIf' V.VOIf Unknown study founding Species Age Sex date of_death of death latest ~GPS-position*  consumed
killed  Kkilled - earliest
period of carcass
2011
1 X no 17/03/2011 Moose Juvenile 14/03/2011 01:00 100%
2 X X 17/03/2011 Capercallie ? Female 03/03/2011 16/03/2011 14/03/2011 01:00 100%
3 X X 23/03/2011 Capercallie ? Female 07/03/2011 22/03/2011 19/03/2011 09:00 100%
4 X no 24/04/2011 Moose Adult ? 01/02/2011 10/03/2011 14/03/2011 19:00 100%
5 X X 29/03/2011 Moose Juvenile ? 25/03/2011 27/03/2011 25/03/2011 09:00 75%
6 X X 01/04/2011 Moose Yearling Male 27/03/2011 31/03/2011 29/03/2011 02:00 60%
7 X X 14/04/2011 Moose Juvenile ? 01/04/2011 10/04/2011 07/04/2011 14:00 100%
8 X X 14/14/2011 Roe deer ? ? 01/04/2011 10/04/2011 11/04/2011 07:00 100%
9 X X 14/14/2011 Roe deer ? ? 01/04/2011 10/04/2011 11/04/2011 05:00 100%
10 X X 19/04/2011 Moose Juvenile ? 04/04/2011 16/04/2011 14/04/2011 23:00 100%
11 X X 22/04/2011 Moose Juvenile ? 13/04/2011 19/04/2011  18/04/2011 11:00 98%
12 X X 01/05/2011 Moose Juvenile Male 25/04/2011 30/04/2011 27/04/2011 21:00 90%
13 X X 07/05/2011 Moose juvenile ? 29/04/2011 06/05/2011 02/05/2011 06:00 95%
14 X X 09/05/2011 Moose Juvenile ? 25/04/2011 02/05/2011 05/05/2011 00:00 95%
15 X X 05/09/2011 Moose Juvenile ? 06/05/2011 13/05/2011 09/05/2011 03:00 80%
2010
1 X X 18/02/2010 Moose >1 Female 08/02/2010 09/02/2009 10/02/2010 14:00 94%
2 X X 21/02/2010 Roe deer ? ? December ? 17/02/2010 21:00 100%
3 X X 02/03/2010 Moose lor2 ? 21/02/2010 26/02/2010 21/02/2010 23:00 95%
Black
4 X ? 13/03/2010 grouse ? ? Before winter February 100%
5 X no 17/03/2010 Moose >1 Female ? ? 12/03/2010 04:00 ?
From 2009 From 2009
6 X no 23/03/2010 Moose >1 ? hunting hunting 12/03/2010 21:00 100%
7 X no 24/03/2010 Moose 17 01/12/2009 13/02/2010 20/03/2010 05:00 100%
8 X X 30/03/2010 Moose 17 23/03/2010 28/03/2010 23/03/2010 12:00 100%
9 X X 31/03/2010 Snow hare ? ? 30/03/2010 95%
10 X X 31/03/2010 Roe deer >1 ? 29/03/2010 29/03/2010 28/03/2010 01:00 95%
11 X no 09/04/2010 Moose >1 Bull 01/11/2009 01/12/2009 19/03/2010 22:00 0%
12 X X 10/04/2010 Moose 0 ? 31/03/2010 10/04/2010 31/03/2010 08:00 98%
13 X X 11/04/2010 Moose 0 2 31/03/2010 10/04/2010 30/03/2010 06:00 98%
14 X X 11/04/2010 Moose >1 Female 10/04/2010 11/04/2010 07/04/2010 17:00 15%
15 X no 19/04/2010 Moose 0 ? 01/12/2009 15/01/2010 16/02/2010 21:00 100%

Appendix 1. Summary of carcass list and carcass charactsristund during the two study periods (2010-201ithiwa 200m radius
buffer around carcass. Definition of criteria definin paragraph 2.4
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Appendix 2: Clusters of hourly wolf positions using 50m buffadius, defined by cluster type and characterigethe number of
positions and visits, the ratio of positions tatgisthe cluster area (ha), the movement lineavitgn entering at cluster, the distance
cluster form last kill (meters) the distance frome\pous cluster (meters), the distance from nexster(meters). Movement linearity

ranges from 0 (back and fourth to the same sit&)(giraight line movement).

Positions/ Distance from Distgnce Distance next
Clusters N Positions Visits L X Linearity previous
visits last Kill (m) cluster (m)
cluster (m)
Period 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
Type Number Average
Carcass 7 8 25,6 39,1 9,6 5,6 31 7,26 3115,5 3047,5 0,95 0,82  2510,4 2979,5 1354,5 2890,5
Bed site 33 24 20,8 8 3,25 1,36 57 59 5441,863 11960 0,88 0,9 2306,9 4014,8 2913,1 2646,9
Den 0o 2 - 30,7 - 5 - 5,3 - 3115,8 - 0,96 - 2038,1 - 2065
Negative 5 24 34 4 1 164 34 3,15 14037,3 9809,9 0,78 0,84  3852,7 3557,2 2989,5 47245
Track 6 O 22 - 22 - 1 - 2211,736 - 09 - 2352,1 - 3317,5 -
Unknown 21 2 47 25 1,7 1 352 25 8540,8 15628,9 0,86 0,98 3251,9 1527 3677,9 8846,2
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