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1. Abstract 
 
The aim of this study was to see if it is possible to record interactions between 
individuals of different packs of wolves in the border zone between territories, by snow 
tracking. The results show a clear geographic rotation-pattern within the Ockelbo pack. 
The circulation appears to be clockwise and one rotation takes 6 to 8 days. One possible 
explanation for the patterns is the distribution of prey, but territorial maintenance may 
also play an important part. Scent-markings are not randomly placed in the landscape, 
and the locations seem to be carefully chosen to maximise the scent-marks function. 
There is also an overlap between the Svartbo and Ockelbo pack and it could be detected 
visually from the data, but it was not enough to analyse statistically. 
 
 
2. Introduction 
 
The Grey wolf (Canis lupus) is one of the most widely distributed mammals on the northern 
hemisphere, and they are present in a wide range of environments. They have a high ability to 
adapt to different conditions and appear from Arctic Canada to the tropical forests of India. 
Wolfs have been able to established territories in almost all terrestrial environments on the 
northern hemisphere (Macdonald 2002, 42-45). Due to their complex social systems and the 
fact that they resemble humans in more then one way, they have created many hearsays and 
prejudices, which of very few have scientific support.  The main parts of the research have 
been focused on behavioural studies and mainly on animals in captivity. To conduct studies of 
wolves in the field is a huge challenge, mainly due to the nature of the animal. The wolves are 
usually found in remote areas. They are also very mobile and move over large areas within a 
short time span. Despite this there have been quite a number of studies (Peters and Mech 
1975; Smith, Peterson and Huston 2003; Smith 2005).         
                       Territoriality is observed in a vast number of species. Some species have taken 
it a step further and lives in groups or packs that are usually controlled by one or two leaders. 
This is a way to reduce the cost of defending the territory against intruders and still having the 
benefits of being territorial (Krebs and Davies 1993, 114-117). Wolves live in packs led by an 
alpha-pair. The other members are usually offspring or in some other way nearly related to 
one of the alpha-animals. The alpha-male is the leader of the pack but the alpha-female is not 
directly a subordinate in the same way as the other pack members (Mech and Boitani 2003; 
Campbell, Reece and Mitchell 1999, 1069-70). The alpha-pair makes decisions “together”, 
but there have been suggestions that the male is leading when the pack travels and hunts 
(Peters and Mech 1975).    
                       The wolves have a web of routes within the territory that they use for travel. 
The locations of the routes are usually along solid structures such as roads and riverbanks. 
Why the Wolves move is probably a combination between defence and foraging     
 The defence of the territory is mainly passive, where scent-markings play the crucial role. 
Vocal defence also has an important part. Direct contact between packs rarely occurs and if it 
does, it usually results in severe injury or fatality. If a wolf pack initiates an encounter it is 
usually for some kind of gain and since the risks are so great the reward has to be substantial 
(Mech and Boitani 2003, 26). This has also been observed in coyotes (Canis latrans) where a 
corpse in a nearby territory drives them to cross the border (Bowen and McTaggart Cowan 
1979). Foraging is probably the dominant factor influencing pack movements and territorial 
defence is a secondary function and it may be seen as a sort of maintenance. 
 The function of scent-markings may serve several purposes such as advertisement and 
defence towards other packs, for communication between pack members or simply as road 
sign in the web of travelling routes.  
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                       In areas with several territories, some of the edges might be so close to each 
other that they become a border. This is unlikely to be a clear defined line, but more like a 
buffer zone between territories or a region of overlap that the packs use simultaneously in 
space. The zones have been suggested to serve as refuges that the prey uses as a sanctuary 
(Mech 1977). These buffer zones may play an important role in the stability of prey, 
especially in areas with dense wolf populations.   
                       The purpose of this study is to give an insight into the reasons for 
intraterritorial pack movements and what may be the cause for the specific routes.  It will also 
examine the use and purpose of scent-markings and their positioning. Determine if there is an 
overlap between territories, and if so, its extent, and whether snow tracking is an effective tool 
for studying this. 
 
 
3.  Methods  
 
3.1. The Study area   
The fieldwork was conducted in central Sweden, in the counties of Dalarna and Gävleborg    
(61°10`00 N. 16°10´00 E) during the period 18 January 2006 to 7 April 2006. The area 
mostly consists of  western taiga that are heavily affected by forestry, this gives the landscape 
a mosaic character with both old forest, clear cuttings and intermediate states. There are a 
number of large lakes in the western part of the area. There are also some minor parts that 
consist of agriculture regions, but they are mainly located at the edges. The other large 
carnivores in the area are the Brow bear (Ursus arctos) and Lynx (Lynx lynx). Wolverines 
(Gulo gulo) have also been observed. The main ungulate in the area is Moose (Alces alces), 
but Roe deer (Capreolus  capreolus) is also present in lower densities        
 
3.2. The Wolves 
Within the area several packs have established territories. The study will be based on mainly 
three of the packs, the Ockelbo-, Amungen- and Svartbo pack. During the study period the 
Ockelbo pack only consisted of the alpha pair. In the Amungen pack there where 7 wolves in 
the beginning of the period, but 2 of the wolves left the pack quite early. In the Svartbo pack 
there where an alpha pair until the 14 of March when they where legally shot. The reason for 
the license to hunt them, where that four hunting dogs had been killed and one dog injured at 
the edge of the assumed territory. Other wolves have also been spotted in the area.            
 
3.3. The study 
The tracks were followed backwards to decrease the risk of disturbing the wolves. Most   
tracking was on skies, but some tracking was also done by car and by foot. When the track 
divides, the outer most tracks were followed and the enclosed area was cut diagonally every 
100 meters to count the total number of tracks. If there were too many tracks, such as where a 
hunt took place or around a corpus, the area was circled to locate incoming tracks. The search 
for tracks did not start for at least 24 hours after a snowfall, both to give the wolves time to 
move and to allow the roads to be cleared.  Mainly ploughed roads and snowmobile tracks 
were used to locate fresh tracks. The tracks were followed as far as possible but at least 3 
kilometres, and ideally more then 5 kilometres, to be sure that the tracked animals actually 
were wolves. 
                       Besides logging the tracks, all scent-markings and other behaviours were 
recorded. An estimate of the abundance prey animals was noted. Scent-markings was 
categorised in to two groups, (1) raised-leg urination (RLU) (Fig 1), and (2) ground-
scratching (SCR) (Fig 2). (Peters and Mech 1975; Mech and Boitani 2003, 25). Other types of 
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scent-markings were excluded. RLUs and SCRs are exclusively done by the alpha-pair and 
therefore the number of pack members will not influence their distribution.  
The tracks was logged with GPS-receive, downloaded to a computer with a Geographic 
Information System (GIS) and plotted on the Swedish terrain map. The GIS-program used 
was Arc Gis 9. A transformation between the World Grid System (WGS 84) and Rikets Nät 
(RT 90 2.5 gon W) was made to fit the maps specifications. 
                       To analyse patterns of movement, territories were divided in to four parts, NW 
(3), NO (4), SW (2) and SO (1), which are shown in figure 3. The positions of the wolves 
were then divided in to the four parts of the territory, depending on their location. The data 
was analysed with a Mann-Whitney U test where it was compared with theoretical models. 
The models are based on a sinus curve with different rotation times (table 1). Three models 
were compared with the data: model 1, where the wolves are assumed to stay two days in 
each territorial quadrant and with an eight day rotation of the territory, model 2, with four day 
rotation and model 3, with a six day rotation. Since model 1 have the smallest deviation from 
the data, it was used in the analysis. The H0 hypothesis for the test is that there is a difference 
between the models and the data.  
                       Observations on densities of moose sorted so that only the areas with high 
density remained and they were transformed in to polygons on the GIS-map. The data on 
scent-markings was extracted from the map layers and analysed with a Mann-Whitney U test.   
The overlap between the main territory and the neighbouring territories were evaluated 
visually from the raw material, as the amount of data was not adequate enough for statistical 
comparison. 
     
 
4. Results 
 
4.1. Movement within the Ockelbo territory  
The movement patterns of the eastern-most pack show a slight tendency to be clockwise (Fig 
3). The data on the other two packs was not sufficient enough to observe any patterns. The 
gaps in data from the Ockelbo pack are due to longer periods of snowfall or other weather 
conditions that made it impossible to track the wolves. The data was compared to the 
theoretical model (model 1) involving a clockwise rotation within the territory at 8 day 
intervals. Since the Mann Whitney U test is designed to detect a difference between data, the 
comparison between the model and the data will be non significant and H0 is rejected. It 
would suggest that the data and the model could have a similarity. The test showed no 
significance (P>0.35) with a model suggesting an eight day circulation. Other data such as 
densities of prey and other carnivores were also collected. The moose were clustered in 
patches while other areas where completely empty. The areas with a high density are shown 
together with the tracks from the Ockelbo pack in (Fig 4). Areas with moderate densities were 
rarely observed. Since the data is based on visually estimation, it is not accurate enough to 
analyse statistically, but it could be interesting to view it together with the collected tracks. 
 
4.2. Scent-markings 
The data used for the analysis is only from the Ockelbo pack (Table 2). There was insufficient 
data for the other packs. The Ockelbo Wolves were totally tracked for 93 km. A total of 128 
RLU and 124 SCR were recorded. More tracks were logged but the data on scent-markings 
were not collected. The average number of SCRs/km was 0.8 and the RLUs had almost the 
same frequency, 0.83 RLUs/km. On some of the routes a frequency of about 3 RLUs /km was 
noted on several occasions. The data was divided into groups depending on the type of the 
scent-markings and its positioning on a solid or un-defined object (Table 3). The Mann- 
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Whitney U test indicates a significant difference between RLUs on solid and on undefined 
objects (P<0.05). However there is no difference in the locations of the scratch marks.  
  
4.3. Overlaps between territories 
There is an overlap between the Ockelbo and Svartbo packs when the data is plotted and 
visually evaluated (Fig 5). The overlap zone is up to 2 km wide. Some overlapping tracks 
were also collected from the Amungen pack, but it wasn’t enough to use.  
 
 
5. Discussion 
 
5.1. Movement within the Ockelbo territory 
The Ockelbo pack shows a pattern of clockwise rotation (Fig 3). They complete a total 
rotation of their territory every 6th to 8th day. The rotation is not always following this 
pattern, but the main trend seems to be stable.  If a territory has a large lake or mountain in the 
centre, or if the territory is on an island, the rotation might just be a geographical effect. Even 
if the wolves use the ice on the lake during the winter the travelling routes could be affected 
by the summer conditions, but that is not the case. This territory does not have any 
geographical obstacles that may explain the rotation. To be able to explain the rotation one 
also has to look at the structure of routes within the territory. They also have a stable pattern 
where a few routes are frequently used. They create a web of travelling routes that cover the 
territory (Fig 4), some of which are very frequently used. The wolves travelled the most 
frequently used routes at least five times between January and March 2006. 
                       The knowledge we have to date on movement pattern within wolf territories, 
are mainly based on the studies from Isle Royal. The geographical features of the island 
would not have an influence on  travelling speeds, but would have a large influence on the 
structure of  movement patterns also on the rotation that wolves have during there nomadic 
period (autumn to spring) (Mech and Boitani 2003, 32-33). The island is long and narrow, and 
has a total surface of 544 km2. There were a maximum of 5 packs with a total of 50 
individuals in 1980 (Peterson and Page 1988; Jost et al. 2005). The packs use shorelines, 
ridges, tracks and strings of lakes for travel. They don’t cross diagonally over the island, 
which would give them more access to potential prey and prey on both sides of their 
travelling routes. On the other hand, cutting across would make travelling more difficult and it 
seems that the wolves prefer easier routes (Mech and Boitani 2003, 33) 
                       How these patterns are distributed may be affected by many factors, and each 
of these factors will have a certain influence on the location of the routes (Ciucci, Masi and 
Boitani 2003). To determine the main factors, one has to ask the questions: Why do wolves 
hold territories and what makes them travel within there territory? The main belief regarding 
why animals keep territories, is that they want to retain a stable access of resources and not 
have to compete for them. Territory ownership may also be an advertisement to attract 
potential mates and enable offspring to be raised in a secure environment. These factors 
would increase the individual’s fitness. The disadvantage is that the territory has to be 
defended against intruders. If the advantages are not higher than the costs territoriality would 
not be beneficial, and the individual would have a disadvantage to non-territorial individuals. 
However the wolves live in packs and that increases the benefits of being territorial. Since the 
whole pack both defend the territory and gathers the recourses, the cost for the individual 
becomes lower than for a single territorial individual (Krebs and Davies 1993). The members 
of a wolf pack are usually related, suggesting fitness advantages by kin selection. 
                       Resources defence and foraging are both likely to influence movements within 
territories, and the social `pack´ nature of wolves is consequently likely to play a major role in 
defining these movements. If the main reason would be defence, routes would optimally be 
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located along the borders and the pack-members would “patrol” these routes. This type of 
behaviour is known from several other species, for instance from the Ethiopian Wolf (Canis 
simensis) in East Africa (Sillero-Zubiri and Macdonald 1998). However the wolves’ territorial 
defence seems to be a passive system based mainly on olfactory stimulus (scent-markings and 
scratching) and vocal signals (Mech and Boitani 2003, 25-26) rather then direct contact. It is 
something that is present in space and not so much in time. 
                       Scent-markings are found all over the territory and not only along the borders 
as would be expected if their main purpose is to defend the territory. However, some studies 
have shown that the frequency of scent-markings increase at the edges of a territory (Peters 
and Mech 1975; Zub et al 2003). This would support that the purpose of the scent-markings is 
defence. The function of scent-markings will be further discussed later on.   
                       If the territorial defence is not the main reason, what about foraging and the 
search for prey? The main prey for wolves on the Scandinavian Peninsula is moose. The 
surveys of moose from the area are aerial surveys and they do not show density and dispersal 
on such local scale that it can be correlated with the movement patterns of the wolves. It is 
also very likely that the moose have seasonal shifts in the choice of feeding grounds, so if a 
survey of moose should be of use it has to be from the same season as the data collected from 
tracking. The moose have a quite strict diet during the winter it mainly consists of young 
Scottish pine (Pinus sylvestris). The pines are usually between 1 and 2.5 m high (within the 
range where the moose is able to browse). If the influence of forestry in the area and the age 
distribution of the forest are taken into account, the moose would be limited to scattered 
patches of pine. In these areas, the number of moose would widely increase the average 
density for the whole territory.  
                       The visual observations made while tracking confirmed that the moose were 
dense patches mainly consisting of young forest between 1 and 2.5 m high. Areas with higher 
density of prey should be more attractive destinations for the wolves, because the chance for a 
successful hunt would increases with prey density. 
                       The rotational pack movements may be explained by the wolves visiting 
different patches in a specific order and that they chose the next patch merely by the shortest 
distance. The time interval of rotation may be explained by the presence of patches with 
moose. If the numbers of these patches are relative stable and if the wolves visit the same 
number of patches every circulation it may result in the circulation time of 6 to 8 days. These 
assumptions are supported by a study from Poland where they found that the wolves had a 
circulation and that the time it took for the wolves to revisit any area within the territory was 
at an average of 6 days (Jedrzejewski et al. 2001). The pattern of rotation has also been found 
in at least two other studies (Mech and Boitani 2003, 33) and one theory on why it occurs is 
that, if the wolves have a certain time between the visits to the same patch the prey may not 
be so observant, as they would be if the hunt attempts where more frequent (Mech et al 1998, 
105). However, Jedrzejewski et al. (2001) suggests that the rotation is a type of patrol that 
serves as a defence mechanism. If this were true for the Ockelbo pack it would be reasonable 
to predict that the outer line of the rotation would be close to the territory edges, but this is not 
the case. The rotation mainly occurs at approximately a maximum distance of about 10 km 
from the territory centre, and at least 6-8 km from the edge. The behaviour of the wolves 
when they move between the patches supports pack movements based on prey densities. They 
chose the simplest and shortest way to the next resource rich patch, using roads, tracks and 
frozen waterways etc. When they enter a patch they start to zigzag through it in search for 
prey.   
                       The wolves seems to ignore potential prey (tracks of prey) when they move 
between the patches. It appears that the wolves discard the moose between the patches. This 
may be because these particular moose might be within a specific age span that is harder for 
the wolves to prey on. Adult males probably have the lowest mortality rate when it comes to 
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predation by wolves. This has been observed on Isle Royal where adult moose make up only a 
small proportion of the animals preyed on by the wolves (Peterson and Page 1988).  It is 
difficult to determine if this is a behaviour that the wolves have learned by experience (Sand 
et al. 2006) or if it is driven by instinct. An alternative reason for discarding these moose may 
be that the wolves know that the chance for a successful hunt is greater within the moose-
patches where density is greater than on the route between them.         
                       There is also certain linearity in the travelling routes where the wolves move a 
long distance on an almost straight line. This has also been recorded in several studies from 
North America and it has been observed on the arctic tundra during the snow free period. If 
the search for prey is the main reason for travelling, this type travel is hard to explain (Mech 
and Boitani 2003, 33). Wolves do this even in absence of man-made structures such as roads 
and railroads. This behaviour could serve as a type of territory maintenance which would 
contradict that the purpose of travel is the search for prey. An other possible explanation is 
that, if the wolves cross their territory in straight lines it may give them a greater element of 
surprise when they encounter prey, then if they where to zigzag through the whole area. In the 
Ockelbo pack the reason for the long linear routes is probably the uneven densities of moose 
in the area and it could also be the reason in other areas.     
                       This discussion is based on movement patterns during winter and therefore the 
assumptions only attempt to explain the behaviours within this nomadic period. These 
patterns are likely to have a seasonal shift but the main routes are probably the same. It is 
almost impossible to confirm this without telemetry data.  Whether a rotation occurs or not in 
summer is hard to determine. If the main reason for the rotation is the high abundance of prey 
in some areas during winter, there is quite likely that this pattern is not present during the 
summer. It is unlikely that the moose-patches exist in summer when the moose are more 
evenly distributed. When the results have been evaluated, it seems likely that the most 
important factor that affects the rotational movement patterns in the Ockelbo territory is the 
distribution of prey, and that territorial maintenance is carried out as an “extra bonus” that 
probably no require any extra time .  
                        
 
5.2. Scent-markings 
Within the Canidae family scent-marking is a widespread and well documented behaviour. 
The function of the markings is not totally clear. Prior to the first studies of wolves in 1975, 
the main belief was that the markings served only as a territorial defence mechanism, as is the 
case for coyotes (Allen, Bekoff and Crabtree 1999). Peters and Mech (1975) found a 
difference in the frequency of RLUs on roads and in the terrain but the SCRs had no 
difference. When the frequency of RLUs between routes on roads/tracks and in the terrain 
were analysed, no difference were found. That was also the case for the SCR.  This is the 
same results that were found in the Bialowieża primeval forest (Poland) where Zub et al 
(2003) made a study of fore packs. They detected a slight increase of RLUs in the forest, and 
they suggest that it might be an effect of a higher amount of possible sights to mark on. 
                       The average distance between the SCRs is 0.8 km. This rate is within the 
intervals that have been found in other packs (Peters and Mech 1975; Paquet 1990). The 
average rate of the RLUs is 0.83 scent-marks/km, which is a low rate in comparison to the 
rates that Peters and Mech (1975) found.  On some routes the rate increased to about 3 
RLUs/km over short distances, usually on ploughed roads. This rate is within the same 
frequency as other studies (Peters and Mech 1975; Paquet 1990).             
                       Is the location of the markings only dependent on the travelled distance or is it 
something else? If one looks more specific on the structure where the scent-marks are placed 
and what specific features the structures have, if it is large and stable like a road bank, 
shoreline or a large boulder, the result becomes quite different. When the locations of RLUs 
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were compared in two categories; not defined objects and solid objects, there were a 
significant preference to the placing of RLUs on solid objects. Peters and Mech (1975) have 
also detected that even if the number of possible sites to place the RLUs on is greater in the 
terrain, the wolves mark more frequently along roads. Even on unploughed roads the 
frequency remained higher than across the terrain. They also concluded that the frequency of 
RLUs was not dependent on the access of potential marking targets. It has also been 
suggested that scent-marking is driven by feedback, where an old RLU stimulates a new 
marking, and the optimal stimuli would be the absent of scent (Peters and Mech 1975). That 
would mean that the whole territory eventually would be covered with a carpet of scent. This 
should mean that every available sight for a RLU that the wolves encounter would be scent-
marked. If the scent-markings were driven by a positive feedback the frequency would be 
highest in areas with a high abundance of potential targets. That is not the case in the real 
data. The data from the Ockelbo territory and other studies show that the frequency of RLUs 
is not highest in areas where the number of potential targets is high (Peters and Mech 1975; 
Paquet 1990; Zub et al. 2003). It is reasonable to assume that the renewal of a RLU is a 
positive feedback system and since the main function of the RLUs is territorial maintenance, 
it needs to be maintained. The scent-mark looses its scent after 23 days, depending weather 
conditions and the object the scent-mark is placed on. There is also evidence that the wolves 
may use cognitive maps to navigate within their territory, and that RLUs may compliment the 
map by serving as road signs. And since wolves have the ability to determine the age of scent-
markings, it may also work as a calendar or schedule that direct the pack movements (Peters 
and Mech 1975). So the RLUs must be renewed within 23 days to maintain their function, and 
therefore the wolves would be more eager to remark the oldest markings. If that is the case 
there is a positive feedback. But is the feedback a likely explanation for the choice of a new 
RLU? 
                       The data from the Ockelbo pack dose not support that a feedback system and 
the absence of scent is the only reason that decide the location of a new RLU. There seems to 
be at least two other reasons, (1) the location of the object and (2) the features of the specific 
object. Every RLU that has been recorded must have been marked for the first time once. If 
the theory on positive feed back is correct (and there is no reason to reject it) the location of a 
present RLU has to be the same as the first marking. So if there is a pattern in the locations of 
RLUs, it would give a reflection on the criteria for choosing sights to mark. Most RLUs 
observed from the Ockelbo pack, were placed on solid conspicuous object that would be 
visual from a distance. Even if the route follows a ploughed road, the RLUs are not placed 
anywhere on the snow string, but usually on a large snow clump that peaks out from the 
surroundings. The RLUs is a signal that probably works both as a visual and an olfactory 
signal (Peters and Mech 1975). Also the structure of the target may be of influence in the 
choice of location. A large flat surface will increase the evaporation and thereby increase the 
scent. It would also be an advantage if the surface were partially protected from rain and 
snow.     
                       SCRs on the other hand, did not show any pattern that could be detected from 
the data and they seem to be almost evenly distributed along the routes independent of the 
terrain. There is a tendency for SCRs to be placed on exposed open places (i.e. junctions etc.) 
so they will get maximum exposure. There are studies on coyotes were the structures of the 
surface have a positive influence on where the SCRs were placed (Barrette and Messier 
1980),  may also apply in determining where the wolves places their SCRs.    
                       Peters and Mech (1975) showed that the frequency of RLUs increases towards 
the border of territories and they formed the theory of “the olfactory bowl". This has also been 
recorded in studies from Poland (Zub et al. 2003).  This has been tested on the data from the 
Ockelbo pack, but no significant results were found. Some data from the Svartbo pack have 
the same tendency for an increase at the borders, but the amount of data in the outer zone is 
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not enough to draws any conclusions and this is likely to be the reason it is not detected in the 
data from the Ockelbo pack.  
                       There is reason to believe that the wolves use a cognitive map to navigate 
within their territory, scent-markings and especially RLUs may compliment the map and 
serve as a type of road sign. Since wolves have the ability to determine the age, scent-
markings may also work as a calendar(Peters and Mech 1975).                         
  
5.3. Overlaps between territories 
Several studies have suggested that there is an overlap or a buffer zone between territories. 
The width of the zone was estimated to be 2 km by early studies (Peters and Mech 1975). 
More recent studies have detected a wider zone that extends up to 3.2 km in to each territory 
(Mech 1994). This type of overlap was also visually detected between the Svartbo and 
Ockelbo packs (Fig 5), but the data is not extensive enough to analyse. It is reasonable to 
assume that the overlap is up to 2 km and possibly even 6 km wide, which would be the same 
as the overlaps observed between other territories (Peters and Mech 1975; Mech 1994; Mech 
and Boitani 2003, 25). There is reason to believe that the width varies depending on the 
landscape structure (Mech 1994). If there is a sharp geographical line at the edges between the 
territories the overlap might be very narrow, but in a homogenous landscape it might expand 
far into the territories. That is probably the case with the border between the Amungen and 
Ockelbo pack and the Svartbo pack. At the western edge of the Okelbo territory there is a 
major road that serves as the border with the Amungen territory. Both the Amungen and 
Ockelbo packs have been known to cross the road in the past, but they haven’t travelled far 
into the neighbouring territory. On the other hand, the border between the Ockelbo and 
Svartbo packs lack any clear definitions and there is a frequently occurring overlap.            
                       There is a great deal of uncertainty about the nature of buffer zones and 
overlaps between territories. This study was not able to provide additional information about 
the extent of the zone, and how the wolves interact within it. Hopefully the new telemetry 
techniques with GPS-collars will be a useful tool to investigate the extent of the overlap. 
Snow tracking has proved to be an effective method of studying the behaviour of wolves, 
providing an opportunity to detect behaviours and movement on a scale that otherwise only 
could be obtained by visual observations.  
                       There is still much research to be done on the ecology of wolves, and it’s 
necessary to learn more about the interaction between packs and the dynamics of their 
territories. This knowledge is crucial for the conservation and management of wolves, to 
ensure that past mistakes won’t be repeated. It is also important that the conservation of the 
wolves in Scandinavia is based on the ecology and behaviour of the wolves and not on 
opinions and fiction.  
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9. Tables 
 
Table 1. Deviation between data and model. The deviation is the sum of the subtraction between the model 
and the data  
Modell 1 2 3 
Rotation time (Days) 8  4  6  
Deviation from data -2 -10 -3 

 
 
 
 
 
Table 2. Shows the total distance, scent-markings and terrain types of the tracks used in the analysis.   
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date 

Distance 
on road 
(km) RLU Scratch 

 Distance 
in terrein 
(km) RLU Scratch 

30-jan 6.6 4 0  4.7 4 2 
31-jan 2.5 0 1  9.3 2 2 
04-feb 4.3 5 0  0.9 0 0 
15-feb 0 0 0  2 1 2 
21-feb 3 7 8  3.9 1 1 

15-mar 0.9 8 3  2.8 9 19 
16-mar 7.3 9 11  2.3 2 7 
21-mar 0.6 2 0  3.3 8 1 
22-mar 15.3 19 8  6.2 14 4 
23-mar 0 0 0  1.7 7 4 
05-apr 3.4 11 14  3.3 8 5 
06-apr 14 3 20  7.3 1 10 
07-apr 0 0 0  5.1 3 2 

 
 
 
 
Table 3. Shows the different types of scent-markings. 
 

Date Distance (km) RLU solid Scratch solid 
RLU not on 
defined object 

Scratch not on 
defined object 

30-jan 11.3 6 0 2 2 
31-jan 11.8 0 1 2 2 
04-feb 5.2 5 0 0 0 
15-feb 2 1 2 0 0 
21-feb 6.9 8 9 0 0 

15-mar 3.7 14 10 3 12 
16-mar 9.6 9 17 2 1 
21-mar 3.9 3 0 4 4 
22-mar 21.5 30 9 3 3 
23-mar 1.7 5 2 2 2 
05-apr 6.7 11 15 8 4 
06-apr 21.3 3 20 0 1 
07-apr 5.1 1 0 2 2 
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10. Figures 
 

 Figure 1. RLU on the shore of Lake Bresiljorna by the Ockelbo pack        Figure 2. SCR from the Svartbo pack near Rickebo 
 
 
 
 
 

 
         Figure 3. Movements within the Ockelbo territory 
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   Figure 4. The  tracks from the Ockelbo pack with the areas that visually shows a higher moose density then the surrounding area.   
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   Figure 5. The overlap between the Ockelbo- and Svartbo pack. 
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