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Introduction 

The gray wolf (Canis lupus) is an obligate opportunistic carnivorous species (Peterson and Ciucci 

2003). Its presence is  often, as with most large carnivores,  considered conflictive with human 

interests (e.g. depredation on livestock and game, and as a threat for human safety) (Kaczensky 

1999). Its historical range once encompassed most of the northern hemisphere (Wabakken et 

al. 2001, Clutton-Brock 2002). Organized eradication programmes, however, and habitat 

fragmentation have resulted in the elimination of the species in most of its former range. In 

Sweden, the first wolf bounties were issued in 1647, and eradication programmes continued 

until the wolves were functionally extinct in 1966 in Sweden and in 1973 in Norway, after which 

they became legally protected in both countries (Boitani 2003). Until the late 1970’s, wolf 

observations in Scandinavia were rare and mostly unconfirmed. In the northernmost parts of 

Sweden, observations became more frequent during the winter 1977-1978, and possibly 

involved immigrants from the continuous Finnish-Russian population (Wabakken et al. 2001).  

In 1978, a successful reproduction was observed in Northern Sweden, in Norbotten County. In 

1983, a successful reproduction was recorded along the Swedish-Norwegian border, in 

Värmland County, and wolves appeared to recolonize parts of south-central Sweden and 

Norway.  Population numbers increased during the following decades, from an estimated < 5 in 

the early 1980’s, 5-10 in the early 1990’s, 50-72 during winter 1997-1998, 101-120 during 

winter 2003-2004 and 136-169 during winter 2006-2007 (Wabakken et al. 2001, Wikenros et al. 

2010). During the winter 2009-2010, the Scandinavian population size was estimated to range 

between 243-283 individuals (Svensson and Hedmark 2010), of which 85% occur in Sweden and 

15% in Norway (Liberg 2010, Ordiz 2010). On 2 January 2010, the wolf hunt in Sweden was 

reopened, after a 45 year-long ban on hunting. The hunting quota totaled 27 wolves and was 

issued in the counties of Dalarna (9 issued, 10 shot), Värmland (9), Gävleborg (3), Västra 

Götaland (3) and Örebro (3) (Naturvardsverket 2009).  

The brown bear (Ursus arctos) is an omnivorous carnivore, and the most widespread 

species of the Ursidae (Pasitschniak-Arts 1993). The brown bear was common on the 

Scandinavian Peninsula until the mid 1800’s, when the population size was estimated at 3100 

individuals (65 %) in Norway and 1600 (35 %) in Sweden, based on hunting bounties (Swenson 

et al. 1995). Both countries aimed to eliminate the species in order to reduce bear-human 
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conflicts (i.e. livestock depredation, crop damage etc.). National bounties for hunted bears 

were issued until 1893 in Sweden, and bear hunting became strongly restricted from 1905 

onwards. In Norway, national bounties were issued until 1930, but local bounties continued 

until 1972 (Swenson et al. 1995). Habitat fragmentation and the isolation of remnant 

populations also contributed to a dramatic reduction in population size and distribution 

(Servheen 1990). Swenson et al. (1995) reported a population decline until 1927 in Sweden, its 

lowest ever at an estimated 130 individuals. Of those bears remaining, the majority was found 

in 4 remnant populations, located in the Northern half of the country. The Norwegian 

population was virtually extinct until the mid 1960’s (Servheen 1990, Swenson et al. 1995). Bear 

hunting was reintroduced in Sweden in 1943 and the Scandinavian population remained 

relatively stable but low. From 1975 onwards, the Scandinavian population started to recover 

with sustained growth up to an estimated 680 individuals (of which 98 % occurred in Sweden) 

in the early 1990’s and 1000 individuals in 2000. The Swedish population appeared to be the 

most productive population reported to date and showed an average annual population growth 

of 10-15% (Swenson et al. 2000). Even though brown bears in Sweden are heavily hunted, with 

quotas that are likely to have exceeded sustainable harvest during the most recent years (i.e. > 

8-10 % of the estimated population size)  (Bischof and Swenson 2009), the 2008 population 

estimate reached 3221 (2950 - 3492) individuals (Kindberg et al. 2009). The Norwegian 

population is located along the Swedish – Norwegian border, in the counties of Hedmark, 

Finmark, Troms and Nord-Trøndelag. In 2008, 120 different individuals were detected with a 

DNA scat survey (Wartiainen et al. 2009).  

The recovery of both brown bear and wolf populations and their coexistence are 

relatively recent phenomena in Scandinavia.  The potential ecological consequences (e.g. 

altered carnivore population dynamics through competition, effects on prey species 

populations, livestock depredation, etc.) of this coexistence are poorly understood and pose 

new challenges and questions for the public, scientists, wildlife managers and policy makers.  

During spring 2010, the Scandinavian Brown Bear Research Project and the Scandinavian 

Wolf Project made the first steps in improving the knowledge on the ecological consequences 

of a newly established wolf-brown bear coexistence. The objective of this pilot project was to 
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detect interactions between both species on three levels, i.e. i) direct interspecific interactions 

in space and time, ii) indirect interspecific interactions and iii) correlation between habitat 

selection, by analyzing positional data from and GPS-marked bears and one GPS-marked wolf 

pair in the study area.  

 

Methods 

Study area  

The Scandinavian Brown Bear Research project has its southern study area, in the Dalarna and 

Gävleborg counties in central Sweden (61°N, 15°E) and encompasses about 13000 km2. This 

pilot study was conducted in the northeastern part of this area, and encompasses about 1200 

km2.  Over 80 % of the area consists of intensively managed taiga forest, with Norway spruce 

(Picea abies), Scots pine (Pinus sylvestris), lodgepole pine (Pinus contorta), and birch species 

(Betula pendula, Betula pubescens) as dominating tree species (Friebe et al. 2001, Moe et al. 

2007). Turnover rate of the managed forest is 90-100 years, and < 60% of the forest is older 

than 35 years. The logging system resulted in a patchy forest landscape of relatively small 

stands of different age cohorts (median patch size ~ 22500 m2) (Moe et al. 2007). The remaining 

20% is mainly covered by of bogs or lakes. The forest floor is dominated by lichens and berry 

bearing species (i.e. Vaccinium myrtillis, Vaccinium-vitis-idaea and Empetrum hermaphroditum). 

Elevations in the gently undulating terrain range from 200 – 700 m above sea level (Wartiainen 

et al. 2009). Temperature ranges from an average minimum of -7°C in January to an average 

maximum temperature of 15°C in July, and snow cover lasts from late October to early May. 

The area is sparsely populated and contains a few scattered small settlements, but nevertheless 

has a dense network of gravel roads (0.3 km/km2) (Nellemann et al. 2007). Population density 

of brown bears was estimated to be around 30 individuals/1000km2 (Bellemain et al. 2006). 

Wolves recently became resident in the study area. One resident wolf pack (Tenskog pack, one 

male and one female) was monitored through GPS tracking by the Scandinavian Wolf Project 

from winter 2009-2010 onwards.  

 

GPS tracking 
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An increasing number of brown bears in the study area have been GPS-marked from 2003 

onwards (Vectronic Aerospace GmbH, Berlin, Germany), up to 57 individuals in 2010. The 

positioning schedule varies per study and per season, and ranges between 1 position per 

minute and 1 position per day. Most bears, however, transmit positions on a 30 minute 

schedule. One individual of a resident wolf pack (1 male and 1 female) in the study area was 

captured and GPS marked during winter 2009-2010. The wolf GPS-data was available from 15 

April to 18 July, on a 1 position / 4 hour schedule from 15 April to 5 July, and on an hourly 

schedule from 5 July to 18 July. During the study period, 22 GPS marked bears partly 

overlapped the home range of the wolf pack.  

 

Species interactions 

We filtered out direct interactions in a Geographic Information System (GIS) (ArcGIS ESRI) with 

the criterion that wolves and bears had to be within a range of 100 m in a 30 minute time 

interval. We reran the analysis later, with the distance criterion extended to 200m. We visited 

all wolf and bear positions that matched the criteria. Every position or cluster of positions was 

investigated by searching for signs of wolf and bear activity, in concentric circles up to 50 meter 

with 5 meter between each concentric circle. Signs of wolves and bears were recorded 

following a field protocol (appendix 1). Indirect interactions were defined as events in which 

location of bears and wolves were within 100 m from each other, without a time criterion. We 

only considered the hourly data (4 June – 18 July) for the indirect interactions, and the data was 

used in an accumulative way (i.e. daily updates of both wolf and bear positions were added to 

an initial dataset, from the 4th of June onwards). We attempted to visit as many of these sites, 

and findings were recorded following a field protocol (appendix 1).   

 

Habitat selection 

We modeled resource selection of 9 brown bears during the pre-berry season (data from 1 May 

–  1 July) in 2008 in the study area in a former SBBRP project (Steyaert et al., in preparation). 

We assumed that resource selection of these 9 bears was representative for the resource 
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selection of the current bear population in the study area, and therefore used these results in 

this pilot project.  

We modeled resource selection of brown bears with Generalized Linear Mixed Models 

(GLMM’s) of the binomial family with a Laplace approximation (lme4 package, cran R). We 

followed Manly’s design type III (Manly et al. 2002), in which each individual study unit remains 

identifiable, with  binomial use (animal locations) /availability (random points) data as the 

response variable, individual bear ID as a random factor and model variables as fixed factors 

(table 1 and a description of the model variables is included in appendix 2).   

 

Table 1: description of the model variables 

Category Variable Scale Remarks 

Terrain 

ruggedness  

TRI 4 ordinal classes  TRI for a center 50*50m cell of a 3*3 

cell Kernel  

 TRI1000 4 ordinal classes Average TRI for each cell in a 1000m 

radius circle 

Slope steepness Slope 9 ordinal classes of 5 degrees of 

steepness each 

- 

Land-cover Bog Nominal land-cover classes, included 

as binary dummy variables. Young 

dense, young open and older imply 

forest classes.  

Bogs and tree rich bogs 

 Young dense average tree height in a 30m radius 

circle < 7m in a density of  > 10000 

stems/ha 

 Young open average tree height in a 30m radius 

circle < 7m in a density of  < 10000 

stems/ha 

 Older  average tree height in a 30m radius 

> 7 m high 

 Other open  Forest meadows, settlement land, 

etc 

Vegetation 

density 

NDVI Ratio scale, between -1 and 1 Negative values indicate vegetation 

absence 

Distance to: Water Continuous variables, measured in 

meter a given variable. 

Lakes, ponds and rivers 

 Creek Small streams 

 Track Inaccessible < 1m wide hiking tracks 

 Forest road Mainly plowed gravel roads 

 Building Single standing buildings, holiday 

houses, hunting cabines etc. 

 Settlement Settlements < 200 inhabitants 

 

We modeled resource selection for the following time intervals: early morning (EM): 

00:00 – 4:30; mornings (M): 5:00 – 9:30; midday (A): 10:00 – 14:30; evenings (E): 15:00 – 20:30; 

late evening (LE): 21:00 – 23:30. The number of bear locations per individual averaged ~ 2000 

positions during the study period.  The random points for each individual were sampled at the 
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same density as the used points, within the 95% Kernel annual home range of that individual. 

The land cover type ‘water’ was masked for the analysis. Each record was randomly assigned 

into a training or a validation dataset with a 50:50 probability. The brown bear training data for 

each diurnal interval was fitted with four a priori defined candidate models (table 2), following 

the information theory approach (Burnham and Anderson 2002). We used  Akaike’s 

Information Criteria (AIC), Akaike’s difference (∆AIC) and Akaike’s weights (AICw) to assess 

model parsimony of each candidate model (Akaike 1973). To secure comparability, the 

validation datasets were modeled according to the most parsimonious candidate model of their 

resembling training dataset.  

Table 2: candidate models  

Model type Abb. Model formulation 

All inclusive ALL R(Use/Availability) ～Individual ID +  Bog + Young open + Young dense + Older + Other open + 

NDVI + Creek + Water + Building + Settlement + Track + Forest road + TRI + TRI1000 + 

Slope  

Land cover LC R(Use/Availability) ～Individual ID +  Bog + Young open + Young dense + Older + Other open  

Human 

infrastructure 

HI R(Use/Availability) ～Individual ID +  Building + Settlement + Track + Forest road  

Expert EX R(Use/Availability) ～Individual ID +  Bog + Young open + Young dense + Older + Other open + 

NDVI + Water + Settlement + Track + Forest road + TRI  

 

To validate the resource selection models, we created resource selection maps (25 * 25 

m cell size) for each selected training and validation dataset by plotting the parameter 

estimates of fixed effect variables in a GIS, yielding pixel values representing the relative 

probability that the pixel will be used by an individual study unit during the resembling study 

time interval. We standardized resource selection values between 0 and 1, and classified pixel 

values into 256 bins (i.e. the maximum number of bins possible in ArcGIS 9.2). We extracted 

binned pixel values for all training and validation datasets from 10000 randomly drawn points 

in the study area. Model validation was then assessed with a Spearman Rho correlation test for 

each training datasets and its resembling validation dataset.  

 Resource selection by the wolf pack was modeled in a similar way. Because it involved 

only one wolf pack, we used Generalized Linear Models (DAAG and MASS package, cran R) and 

validated the models with a 10-fold cross validation procedure. Random points were sampled in 

the same density as the used point, within the 100% MCP home range of the study period of 
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the wolf pack. We included all 2010 wolf data we obtained (N = 861, 15 April – 18 July), and 

divided these in the same time intervals as the bear data (EM-LE). We only included the model 

variables of the most parsimonious bear resource selection, to keep model results between 

bears and wolves comparable. Resource selection maps were created for each model output to 

assess correlation in habitat use between the wolf pack and brown bears. We assessed 

correlation between brown bear and wolf habitat use for each time interval based on 10000 

random points drawn wolf home range. For each point, we extracted the corresponding binned 

resource selection pixel value and assessed correlation between wolf and bear resource 

selection with a Pearson correlation test.  

 

Results 

Direct interactions 

During the entire study period, we only detected two events that fulfilled the criteria. The first 

case involved the adult brown bear male W0802 on 21 April 2010. The Tenskog wolves stayed 

at a cluster site from 13:00 – 21:00. 

W0802 approached the wolves around 

19:30 (map 1). He made a directional 

change when he was >1 km away from 

the wolves, and moved towards them. 

He arrived at the cluster site at 21:00, 

and stayed there only briefly. At 22:00, 

he was ~ 500 meter away from the 

cluster. Because of the coarse temporal 

resolution of the wolf data, it is unclear 

how the wolves reacted to their visitor. 

Nevertheless, after the encounter, the 

wolves had moved 8km in 4 hours. We 

visited the site in June and found plucks 

of moose hair at the site, indicating  
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Map 1: wolf-bear encounter 21 April 2010 

that a moose carcass (either already dead before, or killed by the wolves) might have been the 

source of attraction for the bear.  

The second interaction involved adult brown bear male W9301 and occurred on 17 July 

2010. The distance criterion was meanwhile extended to 200m, because of the scarcity of 

detected interactions. On the 16th of July, between 18:00 and 19:00, the wolves killed a moose 

calf (or found a calf carcass). Most likely, they dragged parts of the carcass away from the kill 

site (see ‘remainders moose calf’ in map 2). The wolves remained in the same area, but made 2 

movements to the south. The encounter with W9301 happened during the first movement 

southwards, at 1:00. The distance between the wolves and the brown bear was 134 meter. 

W9301, however, did not appear to alter his movements in relation to the wolves.  

 

Map 2: wolf-bear interaction 17 July 2010. 



- 10 - 

 

 

Indirect interactions 

During the study period, 24 indirect interactions were recorded. 18 of these were visited in the 

field (table 3).  

Table 3: indirect interactions recorded and visited in the field during the study period (June 4 – July 18).  Lag (d) is 

the number of days between the wolves/bears at the site. ‘Order’ implies the order in which wolves (W) and bears 

(B) visited the site.   ‘Carcass’ indicates the presence or absence of a carcass, and %C is an estimate of the 

proportion of that carcass that has been consumed.  
Wolf     

date 

Wolf 

time 

Bear Bear date Bear 

time 

Lag 

(d) 

Order Carcass Carcass 

Type 

% C Comments 

6/13/2010 12:00 W1001 7/5/2010 5:10 22 BW No - - Signs of bears  

6/21/2010 4:00 W0825 7/6/2010 18:30 15 WB No - -   

6/21/2010 12:00 W0720 7/6/2010 3:20 15 WB No - - several skid trails and game 

trails 

6/26/2010 0:00 W1001 6/4/2010 18:00 22 BW No - - 4 beds, no hair, wolf position is 

on old skid trail, probably 
passing through 

6/27/2010 0:00 W0625 6/12/2010 
and 

7/2/2010 

22:31 15, 6 BWB Yes Moose 
Calf 

95 Calf scattered around the area 

6/30/2010 16:00

-
20:00 

W0625 6/15/2010 10:40 

- 
17:40 

15 BW Yes Moose 

Adult 

98 Signs of moose and bears, not 

from wolves 

7/2/2010 4:01 W0625 6/25/2010 21:01 7 BW No - - Game trail 

7/4/2010 16:01 W0625 7/2/2010 5:30 - 

7:30 

2 BW No - - Many signs of moose 

7/7/2010 18:00

- 
22:00 

W0625 6/21/2010 8:30- 

18;00 

16 BW No - - wolf, moose and bear beds  

7/7/2010 10:00 W0625 6/24/2010 
and 

6/26/2010  

21:30
-

22:00 

11, 13 BW Yes Moose 
Calf 

95 Signs of moose and bears, not 
from wolves 

7/8/2010 3:00 W0625 6/24/2010 21:01 14 BW No - - Old moose antler 

7/9/2010 2:00 - 
18:00 

W1001 6/23/2010 5:40 16 BW Yes Caper-
caillie 

95 Probably wolf-killed 
capercaillie (freshness and 

signs of wolves), bear seemed 
to just pass through. 

7/13/2010 23:01 W1001 7/1/2010 3:00-
4:00 

12 BW No - - Slaughter remain site around 
200m from cluster site. Wolf 
scat around 60m from cluster, 
bear bed but no hair found. 

7/16/2010 13:00 
- 

20:00 

W0909, 
W0611, 
W0907, 
W0908, 
W9301 

Various 
days in 

June and 
July 

Vario
us 

times  

NA NA No - - old skid trail, bears probably 
traveling through 

7/16/2010 14:00 W0909 6/8 and 
6/21 

4:31 
and 

6:50 

25, 38 BW No - - - 

7/16/2010 14:01 W9301 6/7/2010 22:20 39 BW No - - - 

7/16/2010 12:00 W0908 6/23/2010 15:30 23 BW No - - Bear 42m from road, wolf 
position right on road, no signs 

of either 

7/23/2010 12:00 W0703 6/4/2010 3:30 49 BW No - - several skid trails and game 
trails 
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Some of the indirect interactions were not visited in the field (6), because we assumed that no 

interaction had been taking place, based on a visual assessment of both bear and wolf 

movements before, during and after the ‘indirect interaction’. Of the visited sites, four 

contained an almost completely consumed carcass (2 moose calves, 1 adult moose and a male 

capercaillie, the latter however, was most likely killed by the wolves, after the bear already had 

left the site). In only two cases, wolf clusters were visited by a bear. In all the other cases 

(including the four carcass sites), bears were the first visitors at the sites. In one case, a bear 

revisited his former cluster site at a moose calf, which meanwhile had been visited by the 

marked wolves. Three out of the four sites with a carcass concerned the same adult male 

(W0625). The other interactions involved other adult males (W1001, W9301), one adult female 

with two yearlings (W0720), and subadults from both sexes (W0825, W0909, W0908, W0907 

and W0307).  

 

Resource selection 

Both the wolf and bear resource selection models appeared to be robust. The estimate of 

model accuracy for the wolves ranged between 0.83 – 0.87. A Spearman Rho correlation test 

between training and validation model results was used to assess model validity of the bear 

resource selection models. These correlation coefficients varied between 0.83 and 0.99, thus 

implying a relatively good model fit.  

Table 4 summarizes the responses of both wolves and bears for model variables of the 

most parsimonious models within each diurnal time interval. Terrain ruggedness at a local scale 

was an important variable for wolf resource selection, i.e. areas with a lower ruggedness index 

were preferred. On a larger scale however, wolves appeared to prefer more rugged terrain, at 

least during midday (diurnal interval A). Slope steepness is also considered an important 

determinant for wolf resource selection, as they appear to consistently select for steeper slopes 

during all diurnal intervals. Bogs, young open forests and older forests were avoided and young 

dense forests were preferred by wolves (at least during afternoons). The other model variables 

had no significant effect on resource selection by wolves, with the exception of the NDVI (i.e. 

areas with a high NDVI –vegetation density were preferred during afternoons).  
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Bears appeared to be more selective in resource selection than the monitored wolves 

(more significant responses, see table 4). The contrast and the level of clustering within the 

brown bear resource selection maps is (based on visual assessment) higher than in the wolf 

resource selection maps (see Figure 1). In general, bears prefer young dense and young open 

forests and relatively steep slopes. They tend to avoid settlements and open water bodies, as 

well as bogs and older forests. Brown bears also seem to prefer areas closer to small creeks.  

The interpretation of these responses should be done carefully, and wolf and bear 

responses cannot be directly compared, because of the sampling design (the sample of random 

points differed between brown bears and wolves) (Beyer et al. 2010).  

 

Table 4: sign and significance of the model variables in wolf and bear resource selection in the 5 diurnal intervals. 

+, - and 0 indicates significant positive, negative and no significant effects. Because of the different sample area for 

the random points between wolves and bears, these signs should be interpreted carefully and cannot be compared 

directly (Beyer et al. 2010).  

  Wolf Brown bear 

  EM M A E LE EM M A E LE 

NDVI 0 0 0 + 0 0 + + + 0 

Creek 0 0 0 0 0 - - - - 0 

Water 0 0 0 0 0 0 + 0 0 0 

Building 0 0 0 0 0 0 0 0 0 0 

Settlement 0 0 0 0 0 0 0 + + 0 

Track 0 0 0 0 0 0 0 0 0 0 

Forest road 0 0 0 0 0 0 0 0 0 0 

TRI - - - - - 0 0 0 0 0 

TRI1000 0 0 + 0 0 + 0 0 + 0 

Bog - - - 0 - 0 - - - 0 

Young open forest - - - 0 - + 0 0 + + 

Young dense forest  0 0 + 0 0 + + + + + 

Older forest  - - - - - - 0 - - 0 

Slope 0 + + + + + + + + 0 

 

The correlation between the resource selection maps of brown bears and wolves per 

diurnal interval is shown in figure 1 and 2. Correlation in resource selection between both 

species gradually increased from no correlation during early mornings (cc = 0.012, p = 0.227), to 

a very strong correlation (cc = 0.702, p < 0.000) during evenings. From the evenings, correlation 

gradually decreases again to none, during early mornings.  
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Figure 1: Resource selection maps of wolves (left) and brown bears (middle) in the study area for each diurnal 

interval (EM-LE). The lighter the pixels are, the higher the relative probabilities of use. Water bodies are masked 

with blue. Scatter plots, correlation coefficients (CC) and the p-values on the right indicate correlation in resource 

selection between wolves and bears. 
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Figure 2: Estimated Spearman correlation coefficients and the 95% confidence limits between resource selection of 

wolves and bears during 5 diurnal intervals.  

 

Discussion and conclusion 

Because of the small sample size and short study period, it is not possible to interpret the 

results of this pilot study in a sound ecological context. In addition, and especially during the 

first 2 weeks of the pilot study (with hourly positioning), the wolves used an area that was only 

sporadically used by marked bears (see map 3).  

 

Map 3: wolf and bear positions within the 100% MCP home range of the Tenskog wolves (left), and wolf positions 

within the weekly 100% MCP home ranges of the Tenskog wolves (right: light- to darker-colored MCPs correspond 

to chronological weeks between June 04-July 18). 
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The small sample size notwithstanding, we found some direct and indirect interactions, 

indicating at least some form of ecological interaction between both species in the study area. 

Both, the two direct interactions and the indirect interactions that involved a carcass at the 

‘encounter’ site considered adult male bears. Again, the sample size is very low, but it might be 

an indication that coexistence relationships between wolves and bears are sex biased, because 

brown bears are highly sexually dimorphic in size (Pasitschniak-Arts 1993). This could imply that 

kleptoparasitism might favor large adult male bears more than smaller females.  

The correlation of resource selection and habitat use between wolves and bears clearly 

showed a diurnal trend, at least during the study period. The correlation was the highest during 

evenings, when both species are presumably most active. Even if the models were relatively 

robust, a new setup with a fixed number of random points over the study area would be 

advisable. This would make parameter estimates of resource selection between wolves and 

bear directly comparable and thus provide more ecological knowledge.  

In general, the study design worked. However, a larger number of monitored wolf packs, as 

well, a larger sample size of bears within the wolf ranges would be a necessity in order to study 

effects of competition on population levels of both carnivores, and their main prey species. 

Also, animals should be monitored year round, positioning schemes of individuals and species 

should be synchronized, and preferably on a higher temporal resolution (e.g. 1 position / 30 

minutes).  
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Appendix 1: Wolf-Bear Pilot Study: Carcass (Draft) Protocol 2010 

 

Protocol 

Information 

 

ObsID: Observer: Year______Month______Day______ 
Start: 

Stop: 

Cluster Coord. N:                        E: 

Plot Selection:  

Wolf-bear cluster               Wolf cluster                

Other:_____________ 

Wolf Name(s) ID: Date: Time: 

Bear Name(s) ID: Date: Time: 

 

 

 

 

Carcass 

No. of Carcasses:             Other ObsIDs: Carcass Coord. N:                          E:                                   

Species: Carcass Est. Age (days): _____ 

Earliest / Latest Date:     __ __- __ __- __ __    /   __ __- __ __- __ __ Animal Age:   

  0-1 

   >1 

   unknown         

Sex: 

M 

F 

Unkown 

Cause of Death: Wolf Bear Other predators (sp.) _____________ 

Non predator  _________________  Unknown __________________ 

Carcass # of Pieces ( sampled or not):  

Mandible: ____ ( )   Bone(s): ____ ( )   Skull: ____ ( )   Hair: ____ ( )   Other: ____________________ ( ) 

In Habitat:                                   Slope: Picture Taken: Y N 

   

 

Ingested/Missing Parts:          

Consumed/Missing of Carcass:  ______%  

Fresh Bleeding on Snow/Ground: Yes  No 

Concentrated ”pipblödning”:         Yes  No 

 

 

Other: (clarification, comments, sketch of area/hunt) 

Continue on Back! 

Predator 

Signs 

Sign Type Bear Wolf Other species:__________ 

Tracks (Picture Y N) Y N Unsure Y N Unsure Y N Unsure 

Scat (Sampled Y N) Y N Unsure Y N Unsure Y N Unsure 

Hair/Fur (Sampled Y N) Y N Unsure Y N Unsure Y N Unsure 

Bed (hair Y N) Y N #______ Y N #_______ Y N #_______ 

Other sign:_______________ 
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Appendix 2: resource selection model variables  

  

The variables to model resource selection by brown bears and free-ranging cattle were selected 

based on literature review and field experience. The variables were derived from three source 

layers, i.e. a digital elevation model (DEM), topographical maps and IRSP6-LISS3 satellite 

imagery (obtained on 2 and 7 June 2007). The satellite images were processed with Erdas 

Imagine 9.1 software (Leica Geosystems Inc.), and derivation of data from the DEM and the 

topographical maps was performed with ArcGIS 9.2 (ESRI). 

We used a digital elevation model (DEM) to obtain slope steepness and terrain 

ruggedness data. The terrain ruggedness index (TRI) for each 50 * 50m raster cell was 

calculated based on the index developed by Riley et al. (1999), as a function of the variation in 

altitude for each cell relative to its 8 neighbors (σ), the maximum observed altitude in the study 

area (σx) and the relative variety in classes of slope aspect (A, 8 * 45° classes), steepness (S, 9 * 

5° classes) and curvature (C, 6 classes, from maximum upward concave to maximum upward 

convex) [eq. 1]. We standardized the resulting TRI values between 0 and 1 by diving each pixel 

value by the maximum observed TRI value (TRIx) and binned values in quartiles. The average TRI 

value of all 50 * 50 cells within a circular radius of 1000 meter was calculated for each cell, to 

assess the importance of terrain ruggedness in resource selection on a larger spatial scale 

(TRI1000).  

 

[ ]

x

x

TRI

ACSACS
TRI

)/()()/( ++⋅⋅⋅
=

σσ
      [eq. 1] 

Because an up to date land cover classification of the study area was not available, we 

classified IRSP6-LISS3 satellite imagery with a supervised maximum likelihood classifier after 

image referencing and atmospherically correcting. The spatial resolution of IRSP6-LISS3 imagery 

is 23.5 m (web source: SHAR). We collected ground truth during fieldwork in spring and 

summer 2008 (N = 395). Ground truth of non dynamic land use classes such as water bodies 

and habitation was derived from topographical maps (N = 75). The following land-cover classes 

were distinguished: bog, young dense forest, young open forest, older forest, water and other 

open land. Overall user’s accuracy of the classified images was 87%. 498 ground control points 
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(GCP’s) obtained in 2007 were used to validate the classification. 77% of the 2007 GCP’s were 

identified correctly.  

The NDVI is a spectral vegetation index that indicates net primary above-ground 

production, and is used as a proxy for vegetation density (Osborne et al. 2001, Pettorelli et al. 

2005). The index is based on contrasting reflectance by vegetation of red and near infra red 

electromagnetic energy (Gamon et al. 1995) and was derived from the IRSP6-LISS3 satellite 

imagery. Each pixel returned a value between -1 to 1. Negative values indicate vegetation 

absence, high pixel values correspond with dense vegetation cover (Chen and Brutsaert 1998).  

We derived raster data (25 * 25 m) on the distance (m) to settlements, buildings, forest 

roads (gravel roads), tracks, creeks and open water from the topographical maps. None of the 

variables correlated with a Pearson correlation coefficient > 0.6, and all were therefore 

considered to include for statistical modeling.  

 


