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ABSTRACT

Key words: daily movement distances, Eurasian lynx, LoCoH, Lynx lynx, mating systems,

social organisation, spatial ecology, territoriality.

The effect of home range size on straight-line daily movement distances and intra-sexual

range overlap of lynx in Scandinavia, was studied to provide an understanding of the costs of

territoriality. A total of 104 radio-marked lynx, monitored during 1994-2011, from four

Scandinavian study areas (two in Norway and two in Sweden), provided the data for this

study. Annual home range sizes of lynx in Scandinavia were large and highly variable. Intra-

sexual variation in range size was pronounced, with adult females occupying, on average,

smaller annual home ranges than adult males (547 km2 vs. 1146 km2). Latitudinal

differences in range sizes, which contributed to differences in prey availability, were

observed. Straight line daily movement distances of lynx were tightly linked to home range

size. Individuals holding larger home ranges exhibited more extensive daily movements than

individuals resident in smaller ranges, suggesting territoriality costs increase with range size.

The average proportion of intra-sexual overlap, observed among consecutive home ranges,

was 12% for females and 16% for males. I failed to explain a relationship between home

range size and intra-sexual overlap, highlighting the exclusivity of lynx ranges. These

observations suggest current optimality models for territory size, which postulate that the

costs of defence increase with home range size may require further evaluation. To provide a

better understanding of the plasticity in my results, additional research considering the

effects of population density, prey abundance and natal philopatry on home range size and

social spacing, of lynx in Scandinavia, is highly recommended.

Helen L. McNutt 8th November 2012 Waipukurau, New Zealand
........................ ........................... ....................................

Name Date Location
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"Whaia e koe ki te iti kahurangi; ki te tuohu koe, me maunga teitei"

"Seek the treasure you value most dearly; if you bow your head, let it be to a lofty mountain"

(Maori Proverb)
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1.0 INTRODUCTION

Most animals restrict their movements to a familiar area, which they repeatedly use over

time. The concept of a home range is used to define these localised animal movements (Getz

1961). Burt (1943) first defined a home range as "an area traversed by an individual in its

normal activities of food gathering, mating and caring for young". Most carnivore

populations, especially those of canids and felids, have a highly developed social structure.

Resident individuals are not free to wander at will throughout the area without meeting

social opposition. Territoriality is the behavioural phenomenon, exhibited by an individual,

which is used to describe the defence of an exclusive, geographic area against conspecifics

(Owen-Smith 1977; Maher & Lott 1995; Powell 2000). Territoriality should be favoured by

selection in situations where the benefits of monopolizing an area outweigh the associated

costs of defence (Krebs & Davies 1993; Powell 2000). As such, a territory can encompass

either the entire individual's home range or simply a subset of it, i.e. the core area (Burt

1943; Getz 1961).

To date the determinants of home range and territoriality have been well illustrated,

however, results across studies are contradictory (Maher & Lott 2000) and much controversy

still surrounds the topic. Ecological variables recurrently cited as determinates include; mate

distribution, mating system, population density and resource (specifically food) abundance,

distribution and predictability (Burt 1943; Getz 1961; Emlen & Oring 1977; Maher & Lott

2000; Powell 2000). This extensive list clearly demonstrates that no one factor alone

explains all territorial variation observed among different species, rather it is probable that

territoriality and social spacing results from numerous factors acting simultaneously (Maher

& Lott 2000).

Most felids, like other members of the Carnivora species, show intra-sexual territoriality, i.e.

they defend territories strictly against intrusion from individuals of the same sex (Powell

2000). Other characteristics of these mammalian species typically include; pronounced

sexual dimorphism, heightened sexual selection, a solitary social system (Erofeeva &

Naidenko 2011), asynchronous receptivity in females, prolonged gestation, and altricial

young. As a result of these fore-mentioned reproductive constraints, parental care in felids is

typically shouldered by the females, which effectively facilitates an increased potential

toward a polygynous mating system (Emlen & Oring 1977; Erofeeva & Naidenko 2011).

Consequently, males now freed from the duties of parental care are able to capitalize on this
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evolutionary polygyny potential by maximizing breeding opportunities with females (Emlen

& Oring 1977).

Maximizing ones reproductive success is the fundamental basis of life and is strongly rooted

in all aspects of animal behaviour, including territoriality. However, whilst territoriality may

have evolved as a behavioural mechanism to increase ones fitness, the proximate cause of

this defensive behaviour differs between sexes. For females, reproductive success is weighed

by offspring survival, which is in turn correlated with maternal investment and the ability to

provide adequate resources essential for the offspring's survival (Krebs & Davies 1993).

When such critical resources become sparse, patchily distributed or slowly renewed then

females are expected to establish exclusive territories encompassing these limited resources

(Wolff 1993). Thus, it is the distribution and abundance of critical resources, such as den

sites and prey, that act as strong stimulants for female territoriality (Emlen & Oring 1977;

Powell 2000). In comparison, male territoriality evolves through the choice of mating

strategy, which is itself initially determined by the space use, social structure and economic

defensibility of females (Emlen & Oring 1977; Ferguson et al. 2009). If solitary females

hold relatively small ranges (compared to the size of an area which a male can actively

defend) then males have the capacity to increase their fitness by monopolizing them (Maher

& Lott 2000). Securing mating rights to this limited number of receptive females is achieved

by holding large territories that overlap the home ranges of many females (Bailey 1974;

Maher & Lott 2000; Ferguson et al. 2009; Erofeeva & Naidenko 2011).

Maintaining ownership of a territory requires an ongoing process of communicatory

interaction among neighbouring individuals, in order to delineate range boundaries and

dissuade intruders (cited in Erofeeva & Naidenko 2011). Particularly heightened between

members of the same sex (Powell 2000) territorial defence can be categorized into two

distinct types; direct or indirect (Krebs & Davies 1993). Direct defence involves physical

confrontation, through active fighting to determine ownership of a range, often at great risk

of injury for the assailant's (Powell 2000; Benson et al. 2006). More commonly, however,

defence is maintained by 'indirect' means such as visual displays, vocalization and scent

marking via scrapes, rubs, urinating and defecating on prominent landmarks (Sauders 1963;

Schaller & Crawshaw 1980; Bailey 1974; Owen-Smith 1977; Powell 2000; MacDonald &

Loveridge 2010; Erofeeva & Naidenko 2011). Such indirect territorial behaviours facilitate

the detection of another’s presence and mitigate confrontations by providing spatial and

temporal information (Mowat et al. 2000) that allows conspecifics to mutually avoid each
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other (Hornocker 1969; Bailey 1974; MacDonald & Loveridge 2010). Thus, it is a

substantially less risky and more economically viable form of defence (Powell 2000) that

eliminates the need for engagement in active combat (Mowat et al. 2000). Indirect methods

are the most predominant means of defence for bobcats, mountain lions, jaguars and lynx

(Hornocker 1969; Bailey 1974; Schaller & Crawshaw 1980; Erofeeva & Naidenko 2011).

The economics of defensibility state that a territory must be large enough and encompass

sufficient critical resources to meet an individual’s daily metabolic requirements (Gittleman

& Harvey 1982), without the cost of defence outweighing the benefits gained from

monopolizing those resources (Emlen & Oring 1977; Powell 2000). Constant patrol of a

territory requires extensive daily movements in order, for an individual, to maintain

ownership by advertising their presence throughout the area. This is energetically demanding

for the individual and is only deemed feasible if the range size is economically defendable

against intruders (Maher & Lott 2000; Powell 2000). Population density along with

abundance, distribution and predictability of resources determine the economic defensibility

of an area, which in turn imposes both lower and upper limits on territory size (Maher & Lott

2000). Territorial behaviour is initially stimulated when a critical resource becomes limiting

(Powell 2000). When this resource reaches intermediate levels (becoming moderately

abundant or clumped) monopolization becomes achievable, as competition from conspecifics

is slight (Maher & Lott 2000) and so territoriality heightens. However, it is not just the

degree of territoriality that is affected by varying resource levels, the size of the territory is

also influenced.

When resources are evenly distributed and abundance is moderately high (near the upper

threshold for maintaining a territory) individuals are able to meet their metabolic

requirements with smaller territories (Powell 2000; Dahle & Swenson 2003). However,

when food is sparsely distributed or moderately low (but not so low that the benefits of

maintaining an exclusive area are futile) territorial behaviour will heighten and home ranges

will be large. In the event that resources become unpredictable and patchily distributed

(Maher & Lott 2000) an individual may exhibit incomplete territoriality by allowing a

neighbouring individual access to sections of its range (Powell 2000; Jedrzejewski et al.

2002). This behaviour results in home range overlap, where territorial defence may be

relaxed at the peripheries of the home range, but core areas are still actively defended and

remain exclusive.



10

Lynx in Scandinavia (Lynx lynx) are medium sized, polygynous, carnivores that occupy all

habitats along the south-north gradient of Norway and Sweden. They are strongly territorial

and hold exclusive homes ranges. As violent encounters are only intermittently observed

(Sunde et al. 2000), we suspect range boundaries are maintained through mutual avoidance.

Home range sizes of lynx in Scandinavia are large (some of the largest ever reported for any

felid) and highly variable, probably due to latitudinal differences in abundance, predictability

and distribution of main prey species and different management regimes (Linnell et al. 2001;

Herfindal et al. 2005; Mattisson et al. 2011a). Sexual-dimorphism in range size is

pronounced; male ranges commonly overlap those of multiple females (Mattisson et al.

2011a). However, previous studies show that intra-sexual overlap among neighbours is

highly variable (Breitenmoser et al. 1993; Schmidt et al. 1997; Mattisson et al. 2011a).

The combination of highly variable range sizes, a territorial spacing system and latitudinal

difference in main prey species and density, makes lynx in Scandinavia unique subjects to

study. I aim to determine the cost associated with maintaining a large home range by

investigating the effect of home range size on; daily movement distances and intra-sexual

range overlap. I predict that daily movement distances will increase with increasing range

size, as individuals ensure the maintenance of exclusive home ranges by advertising their

presence throughout their range in a short as time frame as possible. In addition, I predict

that range overlap will increase with increasing home range size, as intra-sexual neighbours

are unable to actively defend all areas of their ranges from intruders simultaneously. Finally,

due to differences in main prey species, their associated density and distribution, I predict

that lynx in northern study areas, will hold larger ranges than lynx in southern study areas.
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2.0 METHODS

2.1 Study Area

This study is based on radio-telemetry data collected from lynx in 4 ecologically different

study areas throughout Norway and Sweden. Study areas were categorised according to

differences in main prey species and lynx management strategies.

Main Prey Species - A strong north-south variation in main prey species exists for lynx in

Norway and Sweden (Figure 1). Migratory herds of semi-domesticated reindeer (Rangifer

tarandus) dominate the lynx diet in northern study areas (Pedersen et al. 1999; Danell et al.

2006; Mattisson et al. 2011b), providing a seasonally abundant, yet spatially clumped and

seasonally unpredictable food source (Danell et al. 2006), for individuals in this area. In

comparison, roe deer (Capreolus capreolus) are the dominant prey species in southern areas

(Herfindal et al. 2005; Odden et al. 2006), providing lynx with an evenly distributed and

seasonally predictable food source, of variable abundance.

Figure 1. The main prey species for lynx in Scandinavia varies along a latitudinal gradient.
In northern study areas semi-domesticated reindeer contribute to the bulk of the lynx diet
whilst in southern study areas roe deer are the main prey species (Photos L to R: J.
Mattisson; J.D.C. Linnell).
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Lynx Management - Bounty hunted on the Norwegian side until the 1980's, lynx

populations have since dramatically increased throughout Norway and Sweden (Andrén et

al. 2002; Linnell et al. 2007). However, as a conflict species that depredates heavily on

domestic livestock, current management regulations allow an annual lynx harvest in order to

provide a balance between carnivore conservation and limiting livestock losses (Linnell et

al. 2007; Danell & Andrén 2010).  Each country has its own acceptable management goals

for lynx, which corresponds to 65 and 300 family groups, for Norway (Linnell et al. 2010)

and Sweden respectively (Andrén et al. 2002; Danell & Andrén 2010). The different

management goals may be explained by the different sheep grazing systems. In Norway,

close to two million domestic sheep (Ovis aries) are grazing freely in forest and alpine-

tundra habitats (Odden et al. 2002), whilst in Sweden sheep are kept enclosed within fenced

pastures. As a consequence of the heightened conflict, the population goals are much lower

in Norway and lynx are much more heavily harvested (cited in Linnell et al. 2007; Linnell et

al. 2010).
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Figure 2. Map of Scandinavia, with country borders. Symbols represent the centre-point
values for lynx home ranges. Symbol shapes distinguish between the four ecologically
different study areas, from which lynx were monitored in Norway and Sweden throughout
1994-2011.
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2.1.1 Norway

Southern Norway - Encompassing approximately 57,000 km2 in south-eastern Norway

(Odden 2011), this study area comprises 7 different counties; Akershus, Østfold, Oslo,

Vestfold, Buskerud, Telemark and Hedmark (Figure 2). A clear latitudinal gradient in

topography, vegetation, human settlement, climate and lynx and roe deer densities exists in

this area (Odden 2011). A series of parallel river valleys, lying at 200 m - 500 m a.s.l, run in

a north-south direction (Andrén et al. 2006; Nilsen et al. 2009). The terrain is very

heterogeneous, merging from a mosaic of cultivated fields (Figure 3) and fragmented forests,

at 300 m a.s.l., in the rich agricultural areas of the south (Nilsen et al. 2009), to more rugged

hill-country, 600 m - 900 m a.s.l., in the north. Intensively managed boreal coniferous

forests of Scots Pine (Pinus sylvestris) and Norwegian spruce (Picea abies) dominate the

northern portion of the study area whilst deciduous trees, although represented throughout,

are more numerous in the south (Nilsen et al. 2009). Human density is significantly higher in

the southern portion, attributed to the location of the capital Oslo (Andrén et al. 2006; Nilsen

et al. 2009) and the landscape is much more heavily modified by farming compared to

northern portions, where human settlement is typically confined to the valley bottoms

(Herfindal et al. 2005). Predominant prey species in this area include roe deer and domestic

sheep (Odden 2011). The earlier of which is available year round, whilst the latter is only

seasonally available in the summer. Small prey species such as hares (Lepus timidus), red

fox (Vulpes vulpes) and black grouse (Tetrao tetrix) also contribute to lynx diet (Odden et al.

2006), as do red deer (Cervus elaphus) in the western portion of the study area (Odden

2011). Roe deer densities are higher in the southern portions of the study area, than in the

northern portions, ranging from 0.01- 2.5 individuals harvested annually/km2, respectively

(Nilsen et al. 2009). Lynx densities follow the same trend being slightly higher in southern

areas (Odden et al. 2006). The climate in the north is more arduous than the south, with

greater snowfall, lower temperatures and generally more persistent snow cover (November

to April) (Odden et al. 2006).
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Figure 3. The study area in Southern Norway is characterised by low-lying rolling hills,
cultivated farmland and extensive boreal forests (Photo: J.D.C. Linnell).

Northern Norway - The northernmost study area extends from northern Troms to north-

eastern Finnmark; the least populated county in Norway (Figure 2). The vast coastline,

greatly conjugated and dominated by deep fjords and glaciers, subjects this area to a coastal

alpine climate (Mattisson et al. 2011b). The topography changes greatly from south to north.

Southern portions are characterised by rugged, mountainous terrain, with peaks reaching

1833 m a.s.l (Figure 4). Birch (Betula pubescens) is the common tree species here, with pine

forests located in pockets along the coast and inland valleys (cited in Mattisson et al. 2011b).

In northern areas alpine tundra dominates, with more than half of Finnmark above the tree-

line. The interior is characterised by vast plateaus at 300 m - 400 m a.s.l, scattered lakes and

rolling river valleys. Located within the Sami Reindeer Husbandry Area, these counties are

home to large herds of semi-domesticated reindeer. With roe deer generally absent

throughout this study area (Mattisson et al. 2011b) and sheep only seasonally present,

reindeer become the dominant ungulate in the lynx diet. However, there is a notable

latitudinal and seasonal variation in annual prey availability throughout this study area. In

the southern portion of the study area (Troms), reindeer densities are high (Mattisson
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personal communication) and availability for lynx is seasonally stable (Mattisson personal

communication). In comparison the lynx in northern portions (Finnmark) experience a

dramatic spatio-temporal shift in prey availability as the reindeer herds migrate seasonally

from their summer grazing grounds to over-wintering pastures (Mattisson et al. 2011b). This

migration results in dramatically changes in prey abundance for lynx, from super high

densities in summer to meagre numbers in winter (Mattisson personal communication).

Situated far north of the Arctic Circle these counties experience extreme seasonal variations

in temperature attributed to the 'midnight sun'; 24-hours of daylight from May through to

early August and continuous darkness from late November to late January.

Figure 4. The study area in Northern Norway is characterised by rugged mountainous
terrain, vast plateaus of alpine tundra and climatic extremes (Photo: J. Odden).
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2.1.2 Sweden

Southern Sweden - Includes the southern counties of Södermanland, Östergötland,

Jönköping, Kalmar, Skåne and Halland (Figure 2). This lowland landscape (30 to 400 m

a.s.l) (Britannica 2012) is heavily dominated by humans and agricultural farmland is the

norm (Britannica 2012; Nystrand, 2012). Coniferous forests (P.sylvestris, P.abies) are

prevalent in the northern portions of the study area (Figure 5), whilst deciduous tree species

such as birch, elm (Ulmus glabra), ash (Fraxinus excelsior), aspen (Populous tremula), oak

(Quercus robur) and maple (Acer platanoides) dominate in the southern portions (Nystrand,

2012).  Ungulate prey species in this study area include roe deer, with red deer and fallow

deer (Dama dama) present in some counties. Although densities of fallow deer are high in

some areas (Mattisson personal communication), it is roe deer that remains the most

important prey species in the lynx diet (Nystrand, 2012). Lynx densities are variable

throughout the south and populations, present here since 2002 (Nystrand, 2012), are still in

the re-establishment stage.

Figure 5. Lowland coniferous forests are prevalent in the northern portions of the Southern
Sweden study area (Photo: H. Andrén).
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Northern Sweden - The northernmost study area is located within the Sami Reindeer

Husbandry Area and includes the county of Norrbotten (Figure 2). The terrain changes

significantly throughout this region, from low lying valleys (300 m a.s.l) and rolling hills to

rugged alpine peaks (2000 m a.s.l) and glaciers (Pedersen et al. 1999; Mattisson et al.

2011a).  A predominant change in vegetation is observed along this latitudinal gradient, from

mixed coniferous forests (P.sylvestris, P.abies) in the lowlands to sparse mountain birch

forests, mountain meadows and alpine tundra above the treeline (800 m a.s.l) (Figure 6)

(Pedersen et al. 1999). Semi-domesticated reindeer, managed by Sami herders are the

dominant ungulate species in this area and consequently contribute a large proportion to the

lynx diet (Pedersen et al. 1999; Mattisson et al. 2011b). Reindeer densities, although

relatively high in this area (Mattisson personal communication), fluctuate seasonally as

thousands of animals are herded to other grazing grounds in winter (Pedersen et al. 1999;

Danell et al. 2006; Mattisson et al. 2011b). Similar to the southern portions of the northern

Norway study area, small reindeer herds remain behind to overwinter on summer grounds

(Pedersen et al. 1999; Mattisson et al. 2011b), providing resident lynx with a stable food

source year round.  Warm summers and cold winters are common in this study area, as a

result of the continental climate, with snow cover prevalent from November through May.

Figure 6. The mountainous terrain and forested, river-braided, valleys of the study area in
Northern Sweden (Photo: H. Andrén).
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2.2 Capture Techniques

Animals were live captured using a variety of techniques

(Arnemo et al. 2006) (Figure 7). Adult and juvenile lynx

(>5 months) were captured using; walk through box-traps,

spring-loaded foot snares placed at fresh kill-sites or they

were treed with trained dogs (Andrén et al. 2006; Odden et

al. 2006; Nilsen et al. 2009). To minimise time lynx spent

in radio-alarmed traps, box traps were checked minimum

twice per day, whilst snares were continuously monitored

(Herfindal et al. 2005; Nilsen et al. 2009). Darting from

helicopter or ground was the predominant capture method

utilised in the northern study areas of Sweden and Norway

(Mattisson et al. 2011b). Kittens (< 2 months) were

captured by hand in their natal lairs and occasionally

implanted with an intra-peritoneal VHF transmitter

(Telonics Imp 150L and Imp 400L; Telonics Inc., Mesa,

AZ, USA) as detailed by Arnemo et al. (1999). All adult

animals were immobilised with a mixture of Ketamine (5

mg/kg) and Metadomine (0.2mg/kg) administered by pole

syringe, blow pipe or gas-powered darting rifle (Arnemo et

al. 2006). Lynx were then fitted with a GPS radio-collar

(Televilt Posrec™ C300 and Tellus™ 3H2A, TVP

positioning AB, Lindesberg, Sweden; GPS plus mini,

Vectronic Aerospace GmbH, Berlin, Germany) or VHF

radio-collar (Telonics Mod 80; Mod 315; Mod 335; Mod

400; Telonics Inc., Mesa, AZ, USA or Televilt TXH-3;

Televilt/TVP Positioning AB, Lindesberg, Sweden).

Capture and handling protocols were approved by the

Norwegian Experimental Animal Ethics Committee and

Swedish Animal Welfare Agency and met their ethical

requirements for wild animal research. Capture permits

were granted by the Norwegian Directorate for Nature

Management and the Swedish Environmental Protection Agency
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2.3 Monitoring

This study was based on radio-telemetry data made available from SCANDLYNX,

(http://scandlynx.nina.no/) a long-term research collaboration of the Norwegian and Swedish

Lynx Projects (Figure 8).

With over 200,000 radio-telemetry locations this study easily represents one of the largest

datasets analyzed on felids to date.  VHF and GPS tracking of lynx was conducted in

Sweden and Norway throughout 1994 - 2011, providing a total of 17 years of monitoring

data. During this period, 428 lynx (including juveniles and sub-adults) were captured and

fitted with radio-collars or implants. The VHF monitoring was conducted either from air or

ground and the intensity varied throughout the study period (Wikenros et al. 2010). In

general, locations were obtained for lynx no less than twice per month (Linnell et al. 2001;

Herfindal et al. 2005; Andrén et al. 2006), however inclement weather (particularly in the

northern study areas) sometimes prevented flying (Samelius et al. 2012) resulting in some

individuals being tracked less intensively than others. Intensive periods of ground and aerial

radio-tracking were additionally carried out at various periods throughout the year (Linnell et

al. 2001). GPS monitoring also varied ranging from 1 to 48 locations a day during intensive

monitoring periods (Mattisson et al. 2011b).

Stringent criteria regarding the number of radio locations, location frequency, monitoring

duration and lynx age were applied to ensure individuals were deemed suitable for analysis.

Individuals less than 2 years of age were excluded (n =234) to ensure that all animals were

adults with established territories (Linnell et al. 2001; Wikenros et al. 2010). Annual home

ranges were calculated with the lynx year defined as 1st May to 30th April (Linnell et al.

2001; Wikenros et al. 2010).  The effects of the reproductive period on felid activity and

home range size have been widely documented (Hornocker 1969; Schimdt et al. 1997;

Jedrzejewski et al. 2002; Kolbe & Squires 2007). For lynx in Scandinavia the mating season

commences in March (Samelius et al. 2012), with extensive movements and increased range

size displayed by males as they seek out mates (Herfindal et al. 2005). The denning period

follows in spring and females give birth in late May to early June (Danell & Andrén 2010;

Nilsen et al. 2011; Samelius et al. 2012). For the following 6 - 8 weeks after parturition,

females exhibit a central place foraging behaviour (Krebs & Davies 1993). Similar to other

solitary felids, female lynx restrict their movements to the vicinity immediately surrounding

their natal lair (Bailey 1974; Mowat et al. 2000; Vashon et al. 2008). Movement forays
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parallel kitten development (Hornocker 1969; Mowat et al. 2000; Jedrzejewski et al. 2002)

and range use is extended as young begin to accompany their mothers (Mowat et al. 2000).

In order to prevent any bias on home range size, as a result of reproductive activity changes,

data from the following periods were excluded from the analyses; males (15th March - 15th

April) and females (15th May - 1st August).

Figure 8. Lynx fitted with VHF and/or GPS collars were monitored in Norway and Sweden
throughout 1994-2011, providing the radio-location data for this study (Photo: J.Odden).

2.3.1 Home Range Size

Of the available 194 adult lynx, annual home ranges were calculated only for individuals

with at least 6 months of tracking data (GPS and/or VHF) (Linnell et al. 2001) and a

minimum of 30 locations (n = 104) (Appendix 1). Removal of individuals with too few

locations (n = 90), was undertaken to prevent an underestimation of the true home range size

(Linnell et al. 2001). To avoid the effects of autocorrelation one location per day was used to

provide estimates of home range size (Breitenmoser-Würsten et al. 2007). Where multiple

locations were available per day the position closest to midday was chosen (Linnell et al.
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2001; Wikenros et al. 2010). Home range estimates were analyzed in Geographic

Information System ArcGIS 9.3 (Esri, CA, USA) using a fixed-kernel estimator, with an ad

hoc calculation of smoothing parameters, which is widely acknowledged to provide robust

home range estimations (Worton 1989; Seaman & Powell 1996; Powell 2000). To minimise

the influence of occasional excursions, which could result in an overestimation of range size,

95% contours were selected (White & Garrott 1990).  Where available, multi-annual home

ranges for individuals monitored over successive years were utilised to calculate an overall

average annual home range estimate for that individual.

2.3.2 Daily Movement Distance

Daily movement distances (DMD) were calculated for 75 individuals, from 15,561

consecutive midday locations (Appendix 1). If more than one location existed per day, only

the position closest to midday was used in analysis (Linnell et al. 2001). The number of

individuals used in the DMD analyses was lower than that used in the HR analyses, as

animals were discarded for not satisfying the minimum monitoring criteria of 30 consecutive

midday locations. Straight line daily movement distances, between consecutive midday

positions, were calculated in Excel 2010 (Microsoft Corp., Redmond, WA) using the

Pythagorean theorem (A2 + B2 = C2). Annual DMD of individual lynx were tallied and

divided by the total number of tracking days in that year to provide an average DMD

(km/day) for each lynx. For individuals tracked for multiple years, a single DMD was

required. In order to add equal importance to each year of monitoring, the DMDs for these

individuals were then averaged according to the number of years the animal was monitored.

2.3.3 Intra-sexual Home Range Overlap

Of the 104 lynx monitored sufficiently to calculate annual home range size, spatio-temporal

home range overlap was investigated for 70 individuals (Appendix I), equating to 48 lynx

dyads with overlapping home ranges; (Norway = 23 pairs, Sweden = 25 pairs). Lynx were

initially assorted into intra-sexual overlapping home range dyads and both individuals were

required to have a minimum of 30 fixes, over a 6 months monitoring period, in order to be

included into the analysis. Initially, I calculated home range estimates for each individual of
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the dyad using a local convex hull (k-LoCoH), nonparametric kernel method (Getz et al.

2007). LoCoH home range analysis was chosen for its ability to identify geographic features

with hard boundaries, such as rivers, cliffs and valleys (Getz et al. 2007). Lynx home range

borders often follow these natural hard-edged features (Mattisson et al. 2011a) which makes

this a suitable method for range overlap, as it accurately excludes unused areas without

inflating the proportion of overlap (Getz et al. 2007). The k-LoCoH method was selected to

obtain utilisation distributions by use of a fixed number of points to construct convex hulls,

for a more detailed description see Getz and Wilmers (2004). As described by Getz et al.

2007, the k value was calculated by k = √n where n is the number of fixes for each radio

collared individual. To account for outliers associated with random movement forays and

minimise their inflative effect on range estimates, only 90% of all midday locations were

incorporated into the analysis (Conner et al. 1999; Vashon et al. 2008). Outliers were

determined by calculating the distance from the arithmetic mean, for all locations. Values

were then ordered descendingly with the furthest 10% of locations excluded from analysis.

k-LoCoH home ranges for all individuals were constructed in Geographic Information

System ArcGIS 9.3 (Esri, CA, USA) using implementation software available from

http://locoh.cnr.berkeley.edu (Getz et al. 2007). Standard default options were maintained

with the addition of displacing overlapping locations (i.e. clusters) by 10 units. Once k-

LoCoH ranges had been calculated, I determined the range overlap area using the Clip

function in Analysis Tools, ArcGIS 9.3 (Esri, CA, USA). Finally, as the proportion of range

overlap was unlikely to be equal among neighbours, I calculated the proportion of home

range overlap for each individual in the dyad separately. (Mattisson et al. 2011a).

Proportion of Overlap A = Overlap AB / Range A

Where the proportion of range overlap for individual A equals the total overlap area of k-

LoCoH ranges of individual A and individual B, divided by the k-LoCoH home range of

individual A. For lynx that overlapped with more than one individual, a single value for

home range size and proportion of range overlap was calculated. This was obtained by

averaging the individual's home range size and proportion of overlap values across all dyads

it was associated with.
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2.4 Statistical Analyses

I first ran generalized linear models (GLM), with family specified as Gaussian, to test for

effects of different independent variables on the following dependent variables; 1) home-

range size (HR) and 2) daily movement distance (DMD). A logistic regression model, with

family specified as binomial, was ran to test the effect of independent variables on the

proportion of intra-sexual range overlap of lynx (OVL). I considered all possible

combinations of independent variables and constructed a set of candidate models. In all

models, sex and study area were considered fixed factors, of  two levels (male and female)

and four levels (Southern Norway, Northern Norway, Southern Sweden and Northern

Sweden) respectively. Results are presented as mean ± standard error. As home range size

has been shown to be influenced by the number of radio locations (Bekoff  & Mech 1984;

Jedrzejewski et al. 1996), the tracking period was additionally included as an independent

variable in the HR model, whilst home range size was also included as an independent

variable in the DMD and OVL models. Prior to analyses, the data was visually tested for

normal distribution and homoscedasticity, through histograms, boxplots, quantile-quantile

plots and statistically by Shapiro-Wilk tests. Failure to meet these assumptions resulted in

square root transformation of the dependent variables; home range and daily movement

distance in the respective models.

All statistical analyses were performed using R version 2.15.0 (R Development Core Team,

2012) and the R-package Rcmdr. I used Akaike's Information Criterion (Burnham &

Anderson 2002) to select the most parsimonious model. AICc models were then rescaled in

ascending order, with the best model (model with the lowest AICc value) ranked at the top.

Akaike differences (∆i, the difference between the ith model and best model) (Burnham &

Anderson 2002) were then calculated to provide a measure of each candidate model relative

to the best model. Models where ∆i ≤ 2 were all considered to show substantial support

(Burnham & Anderson 2002). Next, I calculated Akaike weights (wi), which can be

interpreted as the probability that model i is the best model, given the data, of all candidate

models in the set (Burnham & Anderson 2002).

Finally, for all models, I ran an analysis of variance (ANOVA) to compare differences in

independent variables in relation to the dependent variable. ANOVA test statistics, F and

Chi-sq (X2), were computed for the home range, daily movement distance and overlap

models, respectively.
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3.0 RESULTS

3. 1 Home Range Size

Lynx in Scandinavia show great variation in average annual home range sizes (213 km2 -

2451 km2). Intra-sexual variation in annual home range was particularly notable, with adult

male lynx holding home ranges almost twice as large as adult female ranges (Table 1).

Table 1. Average annual 95% fixed kernel home ranges for 104 lynx in four study areas
throughout Norway and Sweden (1994 - 2011).

95% Kernel Home Range 95% Kernel Home Range
(km2; mean ± SE) (km2; min ± max) No. of Lynx

Study Area Male Female Male Female Male Female

Southern Norway 1005 ± 87 604 ± 86 480 - 1903 213 - 1425 21 18
Northern Norway 1805 ± 372 750 ± 109 736 - 2451 246 - 1727 4 13

1133 ± 108 665 ± 68 480 - 2451 213 - 1727 25 31

Southern Sweden 848 ± 98 311 ± 32 302 - 1484 178 - 589 16 14
Northern Sweden 925 ± 83 524 ± 98 687 - 1347 245 - 1132 7 11

872 ± 72 404 ± 51 302 - 1484 178 - 1132 23 25

The best approximating model explaining the observed variation in annual home range size

was the model containing all three independent variables; tracking period, sex and study area

(Table 2). It is interesting to note that all of the top four ranked models included both the

variables sex and study area. The models which did not contain these factors preformed

considerably worse, showing poor empirical support (∆i ≤ 2). Home range size varied

significantly between sex (ANOVA: F1,98 = 48.02, p = < 0.001) and study area (ANOVA:

F3,98 = 10.04, p = < 0.001). The largest home ranges were held by male lynx (Figure 9).

Lynx in Norway had larger home ranges on average than those in Sweden, with individuals

in northern study areas holding larger ranges than individuals in southern study areas (Figure

9). To test for the influence of monitoring duration on home range size, tracking period was

included in the analysis, although in the best model tracking period did not significantly

affect home range size (ANOVA: F1,98 = 2.59, p = 0.111) of lynx in Scandinavia.
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Table 2. Regression model selection results based on Akaike’s second-order information
criterion (AICc). Models compare the effect of sex , tracking period and study area on
annual home range size of adult lynx in Norway and Sweden, (1994-2011).

Dependent Variable
95% Kernel Annual Home Range Size (n = 104)

Model Independent Variables k AICc ∆i wi

1 Tracking Period + Sex + Study Area 3 682.60 0.00 0.655
2 Tracking Period + Sex + Study Area + Sex*Study Area 4 685.38 2.78 0.164
3 Sex + Study Area 2 685.81 3.20 0.132
4 Sex + Study Area + Sex*Study Area 3 687.78 5.18 0.049
5 Sex 1 703.54 20.94 < 0.001
6 Tracking Period + Sex 2 704.36 21.76 < 0.001
7 Tracking Period + Study Area 2 728.36 45.76 < 0.001
8 Study Area 1 731.02 48.42 < 0.001
9 Null 0 734.86 52.26 < 0.001
10 Tracking Period 1 735.38 52.78 < 0.001

*Best approximating model given the data. k = number of parameters in model; AICc = Akaike
information criterion for small samples; ∆i = Akaike differences; wi = Akaike weights showing the
likelihood that the model is the best approximating model. Sex = categorical variable with 2 levels
(male vs. female); Study area = categorical variable with 4 levels (Northern Norway, Southern
Norway, Northern Sweden, Southern Sweden).

Figure 9. The average annual home range size (mean ± SE), of 104 lynx, from four different
study areas throughout Norway and Sweden, 1994-2011.
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3.2 Daily Movement Distance

Lynx moved on average 4.09 ± 0.19 km per day. The longest daily movement distances

(DMD) were made by males who covered an average of 5.29 km ± 0.27 km per day (range

of average individual daily movement = 3.06 km - 9.46 km; Table 3), whereas females

moved on average 3.20 km ± 0.16 km per day (range = 5.18 km - 1.08 km; Table 3).

Table 3. Average straight-line daily movement distances for 75 lynx, from four ecologically
different study areas in Norway and Sweden (1995-2011).

Daily Movement Distance Daily Movement Distance
(km; mean ± SE) (km; min - max) No. of Lynx

Study Area Male Female Male Female Male Female

Southern Norway 4.78 ± 0.28 2.79 ± 0.23 3.06 - 6.92 1.50 - 4.55 19 16
Northern Norway 7.43 ± 0.74 3.98 ± 0.24 5.88 - 9.46 2.53 - 5.14 4 12

5.24 ± 0.34 3.30 ± 0.20 3.06 - 9.46 1.50 - 5.14 23 28

Southern Sweden 5.03 ± 0.55 2.41 ± 0.38 3.16 - 7.05 1.08 - 4.08 6 8
Northern Sweden 6.24 ± 0.37 3.70 ± 0.28 5.52 - 6.69 2.59 - 4.75 3 7

5.43 ± 0.42 3.01 ± 0.29 3.16 - 7.05 1.08 - 4.75 9 15

Two models for the variation in lynx daily movement distances showed considerable

empirical support, suggesting that they are both plausible models (Table 4). The best model

(i.e. the model with the lowest AICc value) included home range size, sex and study area as

independent variables. Daily movement distance varied significantly with home range size

(ANOVA: F1,69 = 75.56, p = < 0.001), sex (ANOVA: F1,69 = 29.22, p = < 0.001) and study

area (ANOVA: F3,69 = 8.19, p = < 0.001). The second best model included an additional

independent variable, the interaction term between home range size and sex (ANOVA: F1,68

= 1.81, p = 0.180). Once again in this model home range (ANOVA: F1,68 = 76.45, p = <

0.001), sex (ANOVA: F1,68 = 29.56, p = < 0.001) and study area (ANOVA: F3,68 = 8.29, p =

< 0.001) had a significant effect on daily movement distance.
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Table 4. Results from the regression model selection based on corrected Akaike information
criterion (AICc). Models explain the effect of sex, study area and annual home range on the
daily movement distance (DMD) of adult lynx in Norway and Sweden, (1995-2011).

Dependent Variable
Daily Movement Distance  (n = 75)

Model Independent Variables k AICc ∆i wi

1 Home Range + Sex + Study Area 3 12.25* 0.00 0.460
2 Home Range + Sex + Study Area + Home Range*Sex 4 12.27 0.03 0.454
3 Home Range + Sex + Study Area + Home Range*Study Area 4 16.95 4.70 0.044
4 Home Range + Sex + Study Area + Sex*Study Area 4 17.30 5.06 0.037
5 Sex + Study Area 2 21.39 9.14 0.005
6 Sex + Study Area + Sex*Study Area 3 25.16 12.92 0.001
7 Home Range + Sex 2 29.10 16.85 0.001
8 Home Range + Sex +Home Range*Sex 3 30.19 17.94 0.001
9 Sex 1 45.41 33.16 < 0.001
10 Home Range 1 47.48 35.23 < 0.001
11 Home Range + Study Area 2 47.51 35.26 < 0.001
12 Home Range + Study Area + Home Range* Study Area 3 51.27 39.02 < 0.001
13 Study Area 1 80.29 68.04 < 0.001
14 Null 0 81.44 69.20 < 0.001

*Best approximating model given the data. k = number of parameters in model; AICc = Akaike
information criterion for small samples; ∆i = Akaike differences; wi = Akaike weights showing the
likelihood that the model is the best approximating model. Sex = categorical variable with 2 levels
(male vs. female); Study area = categorical variable with 4 levels (Northern Norway, Southern
Norway, Northern Sweden, Southern Sweden).
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A positive relationship between daily movement distance and home range size was observed,

for both male and female lynx (Figure 10.)

Figure 10. The relationship between average annual home range size and average daily
movement distance for male and female lynx (n = 75), in Norway and Sweden, (1995-2011).
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3.3 Intra-sexual Range Overlap

Females held, on average, smaller average  k-LoCoH annual home ranges (226 km2 ± 33

km2) and had less home range overlap (Figure 11; 12 % ± 3% ) than that of male lynx, which

held on average larger annual home ranges (540 km2 ± 62 km2) but exhibited greater

percentage range overlap (Figure 11; 16 % ± 3%).

The regression models did not explain any of the variation observed in intra-sexual home

range overlap among neighbouring lynx.  My predictions of a positive relationship between

annual home range size and intra-sexual home range overlap proved incorrect. Instead the

proportion of intra-sexual range overlap was minimal at greater home ranges sizes, for both

male and female lynx in Scandinavia.

Figure 11. The relationship between average annual home range size and average
proportion of intra-sexual home range overlap for male (n= 33) and female (n= 37) lynx in
Scandinavia, (1994-2011).
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The best approximating model for intra-sexual home range overlap in lynx was the null

model (mean ± SE: -1.78 ± 0.34; p = < 0.001) (Table 5), which suggests that none of the

independent variables tested effectively explain the observed variation in intra-sexual range

overlap.

Table 5. Results from the model selection based on corrected Akaike information criterion
(AICc). Models compare the effect of annual home range size, sex and study area on the
proportion of annual, intra-sexual, k-LoCoH home range overlap among neighbouring lynx
in Norway and Sweden, (1994-2011).

Dependent Variable
Intra-sexual Range Overlap Size  (n = 70)

Model Independent Variables k AICc ∆i wi

1 Null 0 34.52 0.00 0.304
2 Sex 1 36.15 1.68 0.131
3 Home Range 1 36.17 1.71 0.129
4 Study Area 1 36.26 1.79 0.124
5 Home Range + Sex 2 37.12 2.78 0.076
6 Sex + Study Area 2 37.51 3.17 0.062
7 Home Range + Study Area 2 38.07 3.72 0.047
8 Home Range + Sex +Home Range*Sex 3 38.72 4.56 0.031
9 Home Range + Sex + Study Area 3 38.80 4.64 0.030
10 Home Range + Sex + Sex*Study Area 3 39.21 5.05 0.024
11 Home Range + Study Area + Home Range* Study Area 4 40.37 6.46 0.012
12 Home Range + Sex + Study Area + Home Range*Sex 4 40.47 6.57 0.011
13 Home Range + Sex + Study Area + Sex*Study Area 4 40.88 6.98 0.009
14 Home Range + Sex + Study Area + Home Range*Study Area 4 41.06 7.16 0.008

*Best approximating model given the data. k = number of parameters in model; AICc = Akaike
information criterion for small samples; ∆i = Akaike differences; wi = Akaike weights showing the
likelihood that the model is the best approximating model; Sex = categorical variable with 2 levels
(male vs. female); Study area = categorical variable with 4 levels (Northern Norway, Southern
Norway, Northern Sweden, Southern Sweden).
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4.0       DISCUSSION

4.1       Home Range Size

Lynx in Scandinavia hold extremely large home ranges. Consistent with previous analyses,

that include part of this data set (e.g. Linnell et al. 2001), my results show that they are at

least twice the size of ranges reported in other parts of Europe. Annual home ranges for male

and female lynx in Scandinavia averaged 1053 km2 and 581 km2, respectively. In contrast

the average annual home range sizes for male lynx in the Swiss Alps ranged from 275-

450km2 (Breitenmoser et al. 1993), whilst in the Polish Carpathians, Bialowieza Primeval

Forest, Poland and Swiss Jura Mountains they averaged 181 km2, 194 km2 and 364 km2,

respectively (Okarma et al. 2007; Jedrzejewski et al. 1996; Breitenmoser et al. 1993).  The

equivalent range sizes for females were 96-135 km2, 157 km2, 100 km2 and 217 km2

(Breitenmoser et al. 1993; Okarma et al. 2007; Jedrzejewski et al. 1996). The lynx use of

larger areas in the southern part of Scandinavia, may be explained by the substantially lower

densities of the main prey, roe deer, compared to the reported 4-8 times higher densities in

other study sites across Europe (Sunde et al. 2000; Breitenmoser-Wursten et al. 2007). Thus,

the vast range sizes observed for lynx in Scandinavia are likely a reflection of their needs for

larger foraging areas (Sunde et al. 2000).

The social structure of lynx in Scandinavia is similar to other felid species (Bailey 1974;

Schaller & Crawshaw 1980; Sunquist 1981), with considerable intra-sexual variation in

range size (MacDonald & Loveridge 2010). Due to the different determinates of territoriality

for each gender, males held significantly larger home ranges (range: 302-2451 km2) than

females (range: 178-1727 km2).

Additionally, significant variation in range size was observed among the four study areas.

Located at opposing ends, along the latitudinal gradient of Scandinavia, the north-south

study areas are exposed to vastly different environmental conditions, which in turn influence

the composition of prey species supported by each area (Yom-Tov et al. 2011). As habitat

quality is often correlated with range size (Conner et al. 2001), it is likely that this

geographic variation in range size  is contributed to differences in prey abundance and

dispersion (Bailey 1974; cited in Nilsen et al. 2005; Erofeeva & Naidenko 2010; MacDonald

& Loveridge 2010). In northern study areas, herds of semi-domesticated reindeer, numbering

in the thousands, are herded annually from summer calving grounds to overwintering
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pastures (Pedersen et al. 1999; Danell et al. 2006; Mattisson et al. 2011b). This seasonal

migration creates a dramatic decrease in local prey abundance as numbers dwindle, on

summer pastures, to a handful of individuals (Pedersen et al. 1999; Mattisson et al. 2011b).

As an adaption to the migratory nature of their prey, northern lynx establish larger annual

ranges to increase the likelihood of encountering the few animals that remain behind to

overwinter on the summer grounds. Thereby, ensuring they are able to meet their daily

metabolic requirements year round. In southern areas, however, the availability of food

resources for lynx, are annually stable due to the non-migratory behaviour of their main

prey. Current theory predicts that when food availability is high, animals use the smallest

ranges possible, to meet their necessary energy requirements (Powell 2000; Dahle &

Swenson 2003; Benson et al. 2006). Thus, the smaller ranges held by lynx in southern areas,

may result from the moderately high abundance and fairly even distribution of roe deer

(Danell et al. 2006) in these study areas.

In addition to the obvious latitudinal differences in range size, a marked difference between

home range sizes of lynx in the two countries was observed, with Norwegian lynx holding

larger ranges than Swedish lynx. One explanation for the difference between the two

countries could be related to differences in population density caused by differences in

management goals. Due to the heavy depredation of freely grazed livestock and the intense

conflict with farmers (Odden 2002), the Norwegian government tolerates a much lower

management goal, regarding acceptable numbers of lynx, compared to Sweden. The lynx

population in Norway is set at a limit of 65 family groups (Linnell et al. 2010), versus an

acceptable 300 family groups in Sweden (Andrén et al. 2002; Danell & Andrén 2010). The

annual harvesting of lynx, in Norway, essentially means population densities are kept well

below the environmental carrying capacity (Herfindal et al. 2005). This regular removal of

individuals creates 'vacant territories' that may lead to lower population densities and

reduced resource competition among individuals. In turn, this may allow resident lynx to

extend their existing territories to encompass these vacant areas, without suffering the

detrimental side effects of increased competition, as would be expected in Sweden where

lynx population densities are more saturated.
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4.2 Daily Movement Distance

The average straight line consecutive daily movement distances observed for lynx in Norway

and Sweden (4.09 ± 0.19 km/day) were large compared to other Eurasian lynx studies;

2.3km/day in Poland (Jedrzejewski et al. 2002), 2.51km/day in the Jura Mountains

(Breitenmoser-Wursten et al. 2007). This result confirms my prediction that range size

positively influences the straight-line daily movement distances of lynx. It has already been

shown that lynx in Scandinavia hold larger home ranges than lynx in Europe (Breitenmoser

et al. 1993; Jedrzejewski et al. 1996; Okarma et al. 2007), thus this observed result of longer

daily movement distances, for lynx in Scandinavia, is justified.

The positive relationship between range size and daily movement distance can be explained

by considering the behaviour of lynx and the cost of territoriality. As solitary felids, lynx

hold exclusive territories, which they actively maintain by advertising ownership of an area

through scent-marking (MacDonald & Loveridge 2010). This costly process needs to be

repeated at regular time-intervals to ensure the owner's presence remains detectable. Thus, if

a lynx's home range constitutes a large area, undertaking longer straight-line daily movement

distances would allow an individual to advertise their presence, throughout their range, in a

time frame equal to that of an individual with a smaller range.

Similar to bobcats (Bailey 1974), intra-sexual variation in daily movement distances were

observed among lynx, with males exhibiting longer daily movement distances than female

lynx. In order to maximise mating opportunities male lynx establish large home ranges,

which overlap with those of numerous females. However, females only come into oestrus for

a limited period each year, thus the window for male mating opportunities is small (Erofeeva

& Naidenko 2010). If males wish to capitalize on this polygyny potential, they need to know

the location and reproductive status of local females prior to the mating season. Undertaking

longer daily movement forays throughout the year, to keep tabs on the whereabouts of local

females, would provide male lynx with this information. In contrast, females establish ranges

large enough to encompasses sufficient key resources and guarantee survival throughout the

critical periods of the year (Wolff 1993), yet small enough that energy expended (i.e. daily

movement distance) in territorial defence is minimised.

The regional variation observed in daily movement distances, can be contributed to the

latitudinal differences in prey species, abundance and distribution. Extensive range
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movements exhibited by lynx in northern study areas, are likely influenced by the migratory

behaviour of their main prey. Similar behavioural observations have been recorded for

wolves and wild dogs (cited in Gittleman & Harvey 1982). Seasonal shifts in reindeer

numbers may force resident lynx to forage wider in order to locate and successfully hunt this

highly mobile prey species. However, in southern study areas, roe deer are non-migratory

with relatively stable numbers year round. This, coupled with their fairly even distribution,

enables lynx to locate roe deer in a smaller vicinity. Similar findings have been cited by

Mowat (2000), for Canadian lynx, where a decrease in prey abundance resulted in increased

foraging effort, observed as doubled daily movement distances.

4.3 Intra-sexual Range Overlap

Despite the vast size of their ranges, lynx in Scandinavia on average exhibited small range

overlap (< 15%) among intra-sexual dyads. Range overlap of < 10% for minimum convex

polygon (MCP) ranges, was considered by Sandell (1989) to be a strong indicator of

exclusivity. However, the downfall of MCP is its inclusion of areas unused by the animal,

leading to overestimation of range sizes and inflative overlap estimates (Worton 1987;

Powell 2000). The k-LoCoH method I used, however, accurately excludes these unused

areas (Getz et al. 2007), therefore providing a more accurate estimate of range overlap.

Lynx were able to retain exclusive territories despite holding vast ranges. None of the tested

variables explained intra-sexual overlap. The spatial extent of the observed range overlap,

varied greatly among individuals, from less than 1% to 78% overlap. The considerable

degree of overlap exhibited by some individuals, however, does not necessarily indicate

amicability among neighbours, nor an absence of territoriality (MacDonald & Loveridge

2010). While this annual range overlap does suggest some extent of resource sharing, this

measurement has no spatio-temporal component (Persson et al. 2010). Closer scrutiny may

still reveal strict territorial exclusivity at the core areas, as has been observed in other

mammals, (cited in Samuel et al. 1985) and mutual avoidance among the overlapping

peripheries of their ranges (cited in MacDonald & Loveridge 2010). A recent study on

wolverine (Persson et al. 2010) found that neighbours utilize this shared area only when the

owners were located in another section of their range, which is likely the case for lynx.

Similar findings of intensified territoriality at the core areas of the home range have been
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recorded for Canadian Lynx (Vashon et al. 2008). One plausible causative factor for the

considerable variation in range overlap may be the high annual lynx hunting quotas. This

human induced mortality likely upsets the natural balance of lynx social organisational,

resulting in a regular turnover of individuals within the population. Removal of resident

individuals may lead to spatial instability within the population as newcomers, reoccupying

the vacant ranges take time to become familiar with the boundaries of the area. This was

observed on numerous occasions in a Swiss study, where a newly immigrated female lynx

initially had a large range overlap with a resident female (Breitenmoser-Wurtsen et al.

2007). After a period of time, however, the amount of range overlap steadily decreased until

the two females had divided the area exclusively between them (Breitenmoser-Wurtsen et al.

2007).

Other variables not investigated in this study, yet commonly shown to influence range size

and determine social spacing include; population density (Burt 1943; Benson et al. 2006),

natal philopatry (Waser et al. 1983) and prey abundance and distribution (Sandell 1989;

Dahle & Swenson 2003). Firstly, as neighbour interactions determine the exclusivity of a

home range, in order to get an accurate perception of range overlap and social spacing in

lynx, it is imperative to have all neighbour combinations. Whilst, the majority of adult lynx

resident within the study areas were radio-collared throughout this study, an unknown

number of unmonitored individuals still remained present within the study area population.

Population density is recurrently cited to be positively correlated with resource competition,

which in turn imposes limits on range size (Getz 1961) and ultimately determines territory

exclusivity and degree of range overlap. Secondly, genetic relatedness has been shown to

influence the proportion of intra-sexual range overlap tolerated among neighbouring

individuals (Wolff 1993). This has been witnessed in both Canadian lynx (Poole 1995) and

tigers (cited in MacDonald & Loveridge 2010), where the high percentage of range overlap

observed among intra-sexual neighbouring females was actually mothers sharing portions of

their home range with their daughters. Finally, although study area (interpreted as distinct

areas differing in prey species and distributions) was a variable considered in this study,

further study focussing more specifically on the influence of prey abundance on social

spacing and territoriality is recommended. Future investigation into the effects of these

variables, on range overlap, would determine if they are accountable in explaining the

territorial plasticity observed in lynx populations in Scandinavia.
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The plasticity in lynx home range sizes and intra-sexual overlap, observed in this study,

highlights the complexity of felid spatial organisation and the difficulties in predicting the

costs of territoriality. The extensive daily movement distances made by lynx with large home

ranges, versus those with smaller ranges, suggests increasing costs of territoriality. However,

lynx were able to maintain more or less exclusive territories, even at large range sizes. These

observations suggest that current optimality models for territory size, which postulate that

the costs of defence increase with home range size may require further evaluation.

Furthermore, to provide a more comprehensive understanding of territoriality in lynx, future

research considering the effects of population density, prey abundance and natal philopatry

on home range size and social spacing is highly recommended.
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