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1. Abstract
The general spatial ecology of the most northern living wild felid, the Eurasian lynx
(Lynx lynx) is well studied, but descriptions of the period associated with postnatal care
are scarce. The altricial young of carnivores need the mother for protection,
thermoregulation, and the provision of energy for growth. As income breeders, lactating
lynx cannot rely on fat reserves to satisfy the increased energy needs associated with
this period, but must increase food intake instead. In contrast to many other carnivores,
lynx use simple lairs rather than excavated dens. The objective of this study was to
provide a quantitative description of spatial and temporal aspects of postnatal
behaviour of GPS and radio-collared lynx females followed in the period 1996-2011 in
northern (n=13) and southern (n=24) Norway. The females used 1-5 lairs (n=33) and
used an area of 26.4 ± 6 SE km2 (n=27) in the first month after birth. This area was
21.4% of the area used in one month before birth. Females abandoned this small area an
average of 40 ± 1.8 SE days (n=34) after giving birth and entered a more mobile phase.
The lactating females made long excursions away from the kittens mainly at night. The
excursions increased in duration and maximum distance away from the lair as kittens
grew older. Females in the north spent 26% ± 0.9 SE of the time away from their kittens,
in contrast to females in the south who were away 44 % ± 1.1 SE of the time. This
general pattern of space use did not differ between lynx in northern and southern
Norway, but the females’ excursion time was likely influenced by prey species and
distribution. In the south, roe deer are the main prey and live more scattered and
occurred in lower densities than the large reindeer herds in northern Norway which
constitute the main prey in that area. Postnatal care in lynx follows the general feline
pattern and illustrates how females tackle the trade-off between food provision and
protection of the young under variable ecological circumstances on high latitudes.
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2. Introduction
The Eurasian lynx (Lynx lynx) population is recovering in many parts of Europe. In the
Nordic and Baltic areas, the existence of many conflicts has led to the development of
intensive management practices, which require a detailed understanding of the species
ecology (Linnell et al., 2001). Many studies have been conducted on habitat selection,
range use and kill rates (Mattisson et al., 2011a; Herfindal et al., 2005; Sunde et al., 2000;
Moa et al., 2006). However, knowledge about postnatal care in lynx, and indeed for other
carnivores, in general is scarce. Postnatal care is one of the most important ways in
which species can reduce juvenile mortality and thereby influence the development of a
population (Gaillard et al., 1998). Mother-young interactions are well described in many
ungulate species where avoiding predation plays an important role. The postnatal care
strategy can be classified along a hider-follower continuum, where young either follow
the mother or hide away from the mother (Ralls et al., 1986; Lent, 1947). In contrast to
ungulates, carnivores have altricial young, which are born in an early phase of
development. Cubs are often immobile and not able to thermoregulate without the
mother (Case, 1978; Wolff & Peterson, 2010; Clutton-Brock & Krebs, 1991). The need for
postnatal care is therefore higher in carnivores than in ungulates.
The way mammals deal with the high costs of parental care varies largely but can be
placed on a continuous scale with capital breeders on one end and income breeders on
the other end (Jönsson, 1997) According to the original definition, capital breeders
benefit greatly from energy reserves stored as fat. On the other hand, income breeders
increase their energy intake during the reproductive event and thereby finance their
offspring with direct income (Stephens et al., 2009; Jönsson, 1997). When prey is
abundant while raising young or when large fat deposits impose a clear disadvantage for
successful hunting, like in cheetahs (Acinonyx jubatus) (Laurenson, 1994a), income
breeding is most favorable. However, capital breeding is advantageous when there is a
time lag between food availability and energy delivery to offspring (Stephens et al.
2009). Brown bears (Ursus arctos) store, for example, fat reserves in fall and use this
stored energy later for gestation and lactation (Dahle, 2003). The division between
capital and income tends to oversimplify the wide range of options open for animals to
manage their resources regarding behavioral adaptations in addition to physiological
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adaptations. This is well illustrated by wolverines (Gulo gulo) which rely heavily on
cached carrion when raising newborn young (May, 2007) and can therefore be regarded
as a capital breeder without usage of body fat.
In addition to the energetic costs related to prey availability, the vulnerable altricial
young need the mother to provide protection. This implies that carnivores face
complicated trade-offs between provisioning food, thermoregulation, and protection of
young. This trade-off becomes clearer when prey is scarce and females need to travel
further in order to satisfy their food requirements (Hofer & East, 1993). Logically the
mother can spend less time protecting the cubs (Hofer & East, 1993) when she needs to
hunt. Many carnivores use complex excavated dens, which provide a stable climate and
physical protection for the young against other predators. The social living wolves
(Canis lupus) and spotted hyenas (Crocuta crocuta) use dens constructed as a complex
network of tunnels, several chambers and escape ways (Hofer & East, 1993; Trapp et al.,
2008). In contrast, the mainly solitary living felids like lynx use relatively simple lairs.
These lairs are often located under rocks or in logs of fallen trees (Boutros et al., 2007;
Benson et al., 2008). Florida panthers (Puma concolor) select for example dry places
with sufficient vegetation to protect the cubs against predators, wind and thermal
fluctuations. Cheetahs hide their cubs in lairs in the grass during the first weeks
(Laurenson, 1994b). Newborn kittens are relatively vulnerable in these lairs and
therefore the mother needs to spend a large proportion of time at the lair (Chagaeva &
Naidenko, 2012). Radio-collared Florida panthers and Canada lynx (Lynx canadensis)
revealed a strongly reduced area use during the first weeks after birth (Mowat & Slough,
1998; Maehr et al., 1989), indicating strong lair attendance. Eurasian lynx rarely
transported prey to the lair (Krofel et al., 2012) but left the kittens alone while the
female went out to hunt or to feed on a cached kill. This shows the sharp trade-off felids
face between protection and food provisioning.
Species in the lynx family live at the highest latitudes of all living wild felids (Sunquist &
Sunquist, 2002) and meet different ecological conditions than their southern feline
relatives. Especially above the Arctic Circle in Scandinavia, ungulate prey populations
are highly unpredictable and variable in density (Danell et al., 2006). Eurasian lynx
therefore occupy relative large home ranges (Linnell et al., 2001; Herfindal et al., 2005;
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Mattisson et al., 2011b) compared to most other felids. When large ungulates are absent,
lynx are able to shift entirely towards small prey (Pulliainen et al., 1995; Nilsen et al.,
2011; Jedrzejewski et al., 1993). A study based on a few individual Canada lynx showed
that females moved their kittens from a first lair to at least one secondary lair (Olson et
al., 2011). When the kittens grew older, the distances between subsequent lairs became
larger while the period spent at each became shorter (Olson et al., 2011). A few studied
Eurasian lynx females in southern and central Europe also moved the kittens to several
lairs close to each other during the first weeks after birth. The females’ activity pattern
changed to more active as the kittens grew older (Boutros et al., 2007; Krofel et al.,
2012; Schmidt 1998; Reinhardt & Halle, 1999). However, these observations of space
use and activity were highly variable and done on only a few lynx at lower latitudes in
central Europe.
The aim of this study was to describe the spatial behavior of female lynx in southern and
northern Norway. The first objective was to provide a detailed, quantitative description
of early maternal behavior in lynx based on a large sample size of individuals. A
secondary objective was to explore some of the variation between individual lynx, in
terms of the ecological conditions in the sites where they were studied and the number
of kittens that the female was trying to raise. It was expected that, in order to meet the
increasing food demand of the growing kittens (Mattisson et al., 2011a; Krofel et al.,
2012), that the female needs to catch more prey and therefore needs to make longer
excursions, further away from the lair as kittens grow older. Lynx in northern Norway
might travel further and might be longer away from the kittens than lynx in southern
Norway because of the larger home ranges used by lynx in the north Scandinavia than
lynx in southern Scandinavia and central Europe (Linnell et al., 2001; Mattisson et al.,
2011b) and the difference in prey species and availability. The generally lower yearround prey availability in the northern areas was expected to result in later birth dates,
lower litter sizes and lower survival (Nilsen et al., 2011; Pulliainen et al., 1995) in
northern Norway.
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3. Material and Methods
3.1. Study areas
From 1994 -2011, 69 female lynx were equipped with either VHF radio- or GPS collars,
in five different study areas, located in southern and northern Norway (fig.1). The lynx
was collared as part of the long-term research by Scandlynx (i.e. the joint Swedish and
Norwegian Lynx Research Projects, http://scandlynx.nina.no/). The southern and
northern regions can mainly be distinguished based on prey availability. The northern
areas contain a highly annually fluctuating and unpredictable density of migratory semidomestic reindeer (Rangifer tarandus) as the main ungulate prey species (Mattisson et
al., 2011a). The prey population in south Norway consists mainly of roe deer (Capreolus
capreolus) and forms a more stable and evenly distributed food source for lynx (Odden
et al., 2006).

Finnmark
Troms

Østerdalen
Østafjells

Akershus

Figure 1. Overview of the study areas in north Norway and the study areas in south Norway. Map from
https://maps.google.com/
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3.1.1 Southern study areas
In the south lynx were followed in three separate study areas named Østerdalen,
Østafjells and Akershus. (fig.1). The Østerdalen study area covers an area of 8000 km2,
mainly in the county of Hedmark (61°15’N, 11°30’ E) (Andrén et al., 2002) The
landscape was characterized by several river valleys, hills and mainly coniferous forest,
which covers 72% of the area (fig. 2d). Scot pine (Pinus sylvestris), Norway spruce (Picea
abies) and birch forest, especially near the tree line, formed the dominant type of
vegetation. All forests were intensively managed (Andrén et al. 2002). The hills are
approx. 600-900 meter above sea level and are steeper in the western and northern
parts (Odden et al. 2006) while the rest of the area lies between 200 and 500 m.a.s.l. The
climate in the Østerdalen region is continental with an average temperature of 15
degrees in July and -10 in January (Odden et al., 2006). The Østafjells study area is 995
km2 and covers parts of the counties of Vestfold, Telemark, Buskerud (fig.1; 67°11’ ’67°36N and 0.4°51-05°12E. (Hoel & Hermansen, 2008). The terrain is steep and is
dominated by boreal forest with scot pine, Norway spruce and birch along valley sides.
Some small farms and cultivated areas were located in the valleys (Hoel & Hermansen,
2008). In the more southern parts (covering the counties Vestfold, Østfold and
Akershus), the landscape was more human-modified (fig. 2c) than in the north and
contained more patches of deciduous forest, with mainly birch forest (Nilsen et al.,
2009) near the tree line.
Roe deer form the main ungulate prey species for lynx throughout the southern study
areas. The density of roe deer was low in most of the area with approx. 0.3 roe deer per
km2 in the inland areas, but was higher closer to the coast (Odden et al., 2006). Red deer
(Cervus elaphus) were only sporadically present in low densities in Østerdalen, Østfold
and Akershus, but were abundant in the Østafjells area. Small prey like mountain hare
(Lepus timidus), red fox (Vulpes vulpes), black grouse (Tetrao tetrix), and capercaillie
(Tetrao urogallus) were present all over the area (Odden et al., 2006). Most lynx home
ranges contained at least some free ranging domestic sheep (Ovis aries) in the period
from June till September (Odden et al., 2006). At higher altitudes in the northern regions
of Hedmark, wild mountain reindeer were seasonally available (Nilsen et al., 2009).
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a.

b.

c.

d.

Figure 2: Typical landscape in Finnmark with patches of birch forest (a) and open tundra (b) and the typical
landscape in south Norway with some agriculture fields in Akershus (c) and large boreal forests in Hedmark
(d). Photo’s a,b: M.v.Dalum, photo c: J.Linnell d: © NINA.

3.1.2. Northern study areas
The northern study area is located in the counties of Troms and Finnmark (69°00 70°10’ N, 19°90 – 25°00 ‘E; Mattisson et al, 2011a; fig.1). The area is characterized by a
coastal alpine climate and alpine tundra was the most common vegetation type (fig. 2b).
Snow covers the ground from ~November until May. Below the tree line birch forest
dominants (fig.2a) but with some small patches of pine forest in the valleys (Mattisson et
al., 2011a). The main prey for lynx consists of semi-domestic reindeer, intensively
managed by the Sámi herders (Tveraa et al, 2013). Reindeer have an unpredictable but
clumped distribution and the long annual migrations result in high spatial and temporal
variations in reindeer densities. This results in variations in the local reindeer densities
from extremely low to very high, especially in summer (Mattisson et al, 2011a). In
addition to reindeer, free ranging sheep were present during the summer (Mattisson et
al, 2011a). When reindeer were absent, lynx switched to smaller prey like mountain
hares and birds and occasionally red foxes, which were present in these areas.
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3.2. Data collection
3.2.1. Capture of lynx
In the northern areas, lynx were snow tracked (fig.3a) and once located, darted from a
helicopter (fig.3b) and equipped with a GPS-collar (Televilt GSM/GPS collars (Tellus
3H2A) in 2007 and Vectronic GSM/GPS collars from 2008-2010) (Mattisson et al.,
2011a) (fig 4.). In the southern areas lynx were captured in unbaited walk through boxtraps (Nilsen et al., 2009) (fig.3c), in spring-loaded foot snares placed near fresh kills
(Nilsen et al., 2009) (fig.3d) and by chasing the lynx into trees with dogs (Andrén et al.,
2002). Once caught, lynx were immobilized with a mixture of 100 mg Ketamine and 4
mg medetomidine. This was administrated intra-muscularly by plow pipe or gaspowered darting rifle (Arnemo et al., 2012). The animals were equipped with VHF radiocollars or implanted radio-transmitters in the Østerdalen and Akershus regions (Andrén
et al. 2002; Arnemo et al., 1999) in the early years and then with GPS collars. Four
individuals were equipped with a GPS store-on-board collar and the other 22 females
were collared with GPS collars with GSM download.

c

a

b
.

d

Figure 3. Capture procedures for lynx. Lynx were found by snow tracking (a) and darted from a helicopter
(b) in the northern areas or caught in box traps (c) or foot snares (d) in the southern areas. Photos: © NINA
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3.2.2. Study animals and data collection
In the northern study areas data was available from 12 individual lynx, followed over 15
reproductive years. In the southern study areas data was available for 22 females over
32 reproductive years. Some individuals were followed for several years and were
regarded as individual data points in the analyses. This degree of pseudo-replication was
accepted to increase the sample size and thereby the quality of the analysis. This
resulted in a total number of 52 reproductive events from 1996 to 2011. A complete
overview of the study animals can be found in appendix 8.1. An example of one of the
GPS-collared females can be seen in figure 4.

Figure 4. Illustration of a GPS-collared lynx female in Finnmark. F248 called ‘Ella’ (Illustration by
M.v.Dalum) .

The radio-collared lynx were radio-tracked with the VHF-tracking method (fig.5a) for at
least 2-4 times per month, throughout the year (fig.5a). On intensive tracking days
during the period females had kittens, several positions per day were achieved, up to 45.
The exact times when the lynx started or stopped moving were noted down in the
dataset and the time was given, resulting in a high temporal resolution. The GPS-collars
(fig. 5b.) programmed to obtain locations at variable intervals that varied from 1-24
positions per day. This depended on the individual and time of the year (Mattisson et al,
2011a). For both the GPS and VHF data, the spatial and temporal resolution varied
greatly between individuals. The GPS collars had an accurate spatial resolution with an
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error margin below 10 m, while positions in VHF data have an uncertainty range of
around 500 m. Figure 6 illustrates the difference between GPS and VHF data clearly. In
order to check if this affected the results, all analyses were performed once with all data
and once with GPS only. When the limitations of VHF based data had an effect it was
excluded, otherwise it was included to increase sample size and enhance the geographic
representation of areas.

Figure 5. Location coordinates were achieved by either using VHF radio-tracking (a) or via GPS (b). The
coordinates were plotted on a map in ArcGIS (c). Illustrations: M.v.Dalum

All spatial data was converted into WGS 84, UTM-32 coordinates and exported to
Anatrack Ranges and ArcGIS 10.0 (ESRI) to plot the coordinates on a map (fig. 5c). Given
time and date per coordinate, the lynx could be followed in time and space. The data was
analyzed from May until September, during which period the females gave birth, took
care of kittens during a lair period, and resumed a more normal movement period with
kittens following. Processing of the data was performed in Microsoft Excel and all
statistical analyses were performed in SPSS Data Editor Version 20.
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a.
b.
Figure 6. Expression of GPS data (a) and VHF data (b) in Anatract Ranges. Clusters of assumed lairs (arrows)
are clearly visible in GPS data (a) but less in VHF data (b).

3.3. Usage of lairs and reproduction
3.3.1. Defining birth dates and locating lairs.
Lynx usually move over large distances throughout their home ranges (Sunde et al.,
2000, Herfindal et al., 2005). However, a sudden stop and a relatively large cluster of
several positions can indicate a birthplace (Schmidt, 1998), hereafter called the first lair.
The movement pattern around this first lair is characterized by movements in several
directions to and from this place, resulting in a star-shaped cluster (fig.6a). To
distinguish a lair from a possible kill site or daybed-site, a minimum time difference
between the first and last position at the cluster must be five days or more. This is
because lynx usually spend one to three days at a kill site (Pedersen et al., 1999). In
addition to this, the time of the day present at the cluster was taken into account. Lynx
stay at kills mainly at night while presence at a cluster around daytime points towards a
daybed or lair (Nilsen et al., 2009). The first date the lynx was present at the cluster of a
first lair was assumed as the birthdate of the kittens. All first lairs were also in most
cases controlled in the field.
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3.3.2. Movements of the kittens
Lynx could move their kittens to a subsequent,
secondary lair, seen as a second large star-shaped
cluster in the data (fig.6a). Lairs were also
distinguished from kills in the field. The minimum
duration to define a subsequent lair was also set to a
minimum of 5 days between the first and last
locations at the lair. The center of a subsequent lair
cluster had to be more than 500 meter from the
previous cluster center to be defined as a new lair.
This was based on the highly variable spatial
resolution between GPS and VHF data (fig.6a, b).

Figure 7. A circle of 500 m and 100
m (small, red circle) was drawn
around the cluster centre.

The cluster centers were identified visually in
Anatrack Ranges. However, the high spatial resolution of GPS data made it possible to
detect lairs with inter-lair distance smaller than 500 meter. Therefore a separation has
been made between macro-movements (>500m) to subsequent lairs and micromovements (>100m) (fig.7) to subsequent lairs. For the macro-movements both VHF
and GPS data was used but for micro-movements only GPS data was included in the
analyses. Shifts less than 100 m were not considered because of location error and the
possibility that a female may not always lie with her kittens, preferring in some cases to
lie at a short distance.
The total numbers of lairs used were calculated per individual lynx from birth until the
kittens were approximately three months old, maximally until September. The distances
of every single position relative to position of the first lair center were plotted against
date (Appendix 8.2). This visualized the movements around the first lair and helped to
detect possible subsequent lairs. For both the macro-movements and micro-movements
between lairs, the straight-line distances between the coordinates of the lair centers
were calculated in Microsoft Excel. The duration of the stay at each lair was calculated
by taking the time difference between the first and last position when a female was
within a range of 500 meter for macro movements and within a range of 100 meter for
micro-movements.
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Females tended to gradually increase the distance between subsequent lairs and
residence time became shorter (Olson et al., 2011; Krofel et al., 2012; Schmidt, 1998;
Reinhardt & Halle, 1999). To describe this quantitatively, a split was made between a
stationary and mobile phase. During the stationary period the females used only a small
area and returned regularly to the same location where she hid the kittens. The kittens
were assumed immobile and females moved the kittens only over small distances of
several hundreds of meters (Olson et al., 2011; Krofel et al., 2012; Schmidt, 1998;
Reinhardt & Halle, 1999). Therefore, a distance of 2000 m between subsequent lairs was
set as cut-off between the stationary and mobile phase. Moving kittens in the mouth
over distances longer than two kilometers seemed to be unlikely, since females moved
immobile kittens usually within a range of several hundreds of meters. Therefore, two
kilometer was regarded as a realistic cut-off between the stationary and mobile phase.
In the latter, the kittens were assumed to be mobile enough to follow the mother on
their own. The end of the stationary period was taken as the last day the female was at
the lair, which was located within a range of 2 km from a previous lair. After the
stationary period the female entered the mobile phase, where she began to move the
kittens over larger distances through her home range and mostly abandoned the usage
of lairs for more than five days. However if females stabilized again for a period longer
than 5 days, after ending their initial stationary period, this place was regarded as a lair
in the mobile phase.
3.3.3. Litter size and recruitment
The number of kittens was counted by researchers locating the lair when the kittens
were between 1-6 weeks of age (Andrén et al. 2002) hereafter called the kitten check.
Kittens were counted, sexed and weighed. A microchip was placed subcutaneously to
identify the kittens if recaptured. The number of lairs used by the female may be
influenced by this form of researcher disturbance as it could induce the female to move
her kittens away from the lair. Therefore, the number of permanent moves away from a
particular lair was compared with a binomial test between 10-1 days before and zero 10 after the days the kittens were checked. The time and date of the last position within
500 m of the lair center was taken to calculate the departure day, i.e. a permanent move
away from that particular lair, relative to the kitten check. Kittens were checked
between an age of 8 and 43 days. Based on a peak in the frequency distribution of check
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days, two groups of females checked early (from day 0-27) and late (day 28 and later)
were formed and compared before and after the check.
From November throughout the winter, the numbers of surviving kittens, hereafter
called ‘recruits’ were determined. This was done either by snow tracking the family
group, using camera traps or by direct observation. To test whether there was a
difference between lynx in northern and southern Norway, the birth dates, litter sizes
and number of recruits were tested with a two-tailed independent sample T-test. The
difference between the proportions of females with recruits and the ones without any
recruits was analyzed with a chi-square goodness-of-fit test, for both northern and
southern Norway separately.

3.4. Behaviour around lairs
3.4.1. Absence from the lair
The proportion of positions away from the lair (> 500m) (fig. 7) was calculated
separately for each hour, pooled over the whole period, to give an estimation of the
females’ daily activity patterns when raising kittens. The proportion away from the lair
was also calculated per day to analyze whether the female’s absence from the lair
changes with increasing age of the kittens. Only days with at least eight positions and in
periods where the female clearly had a lair she returned to, were included, both in the
stationary and in the mobile phase. The day of birth was excluded. Each day and hour
was analyzed as individual data points. For the beginning of every hour the presence or
absence of the female was determined, potentially missing small excursions made in less
than an hour. In GPS data with less than 24 positions per day, gaps of several hours
without any position could occur. In these gaps, presence or absence at the lair was
unclear and these hours were left empty. On intensive tracking days with the VHF
method, hours without a position were filled in with the status of the previous hour until
a change occurred. The proportions of positions away were tested in a generalized linear
model with north-south, hour of the day as fixed factors. Age of the kittens in days was a
continuous variable and analysed as covariate in the model, while north-south and hour
of the day were categorical variables. The total percentage of positions away over the
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whole period was tested between north and south with an individual sample MannWhitney U-test.
3.4.2. Excursions
For each time the female lynx left the lair (according to definitions above), the maximum
straight-line distance moved from the lair center was determined (fig.8). The duration of
each excursion was calculated differently for GPS and VHF data, since VHF data is
temporally more accurate than GPS data because the researchers adjusted sampling
intensity in real time depending on the lynx movements. With the VHF method, a
position was taken with every transition from passive (at lair) to active (outside lair)
and vice versa. To calculate the duration of an excursion in VHF data, the time difference
was taken between the first location outside the lair and the first location at the lair
again, after the excursion. When a description was lacking, any position further away
than 500 m from the lair center was regarded as outside. For GPS data, the following
formula was used to estimate the duration of excursions.
(

)

(

)

(

)

The in and out reflect the positions at or outside a radius of 100 m around the lair center.
The maximum distance and duration away from the lair were analyzed in a general
linear model with north – south and days after birth as fixed factors, both including and
excluding VHF data. The ‘days after birth’ was a continuous variable and was analyzed
as covariate in the model.
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Figure 8. Example of an excursion made by a female in north Norway with a
position every hour. At 23.00 and 5.00 the lynx was at the lair while she was outside
at least from 0.00 till 4.00. The estimated duration of this excursion was 5 hours,
calculated with the formula given above. The distance between the center of the lair
and the position at 2.00 was used as maximum distance away from the lair.

3.4.3. Area use
The area used by female lynx with kittens one month before birth were compared to
area use one month after birth, separated for lynx in north and south Norway. At least
60 positions over this two-month period were required and 100% minimum convex
polygons were estimated in Anatrack Ranges. The differences in area usage before and
after birth were analyzed with a paired-sample Mann-Whitney U-test, both for lynx in
north and south Norway, separated. Differences in area use between north and south,
both before and after birth, were tested with an independent sample Mann-Whitney Utest.
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4. Results
4.1. Use of lairs and reproduction
4.1.1. Birthdates, litter size and recruitment
The mean birthdate was significantly
later in the north than in the south, with a
difference of 9.36 ± 2.9 SE days (Table 1;
two-tailed independent sample t-test, t=3.188, df=50, p=0.002).

However, the

variation was large and outliers were
present in both areas (fig. 9). One female
in the north gave birth on the 29th of July
which

was

exceptionally

late.

Two

females, one in the north and one in the
south, gave birth on the

26th

of June. Even

Figure 9. Frequency distribution of the birth date
in days, for the northern and southern study areas

without these outliers the difference
between North (N=16) and South (N=33)
was

still

independent

significant
sample

t-test,

(two-tailed
t=-3.782,

df=47, p=0.000), with a mean difference
5.96 ± 1.6 SE days.
Litter size (Table 1) tended to be smaller
in the north than in the south, although the
difference was just below the level of
statistical

significance

(two-tailed

Figure 10. The mean number of recruits per litter
size for north and south Norway. Error bars are given
in SE.

independent sample T-test: t=1.827, df 45,
p=0.074) with a mean difference of 0.37 ± 0.2 SE. The number of the recruits also tended
to be lower in the north than in the south (two-tailed independent sample T-test:
t=1.695, df 48, p=0.096). The mean difference was 0.478 ± 0.282 SE (fig. 10). The
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proportion of females that had at least one recruit following a confirmed parturition
event was 73.5% in south and 56.3% in north Norway, although these proportions were
not significantly different between the two areas (chi-square goodness of fit test,
p=0.22).
Table 1. Mean birthday (± SE), litter size, and number of recruits (late autumn, early winter) of female lynx
studied from 1996 – 2011 in Norway. N is the number of reproductive years and the number of unique
individuals is given in brackets.
South Norway

North Norway

Total

Birth day kittens

Mean ± SE
Range
N

30 May ± 1,2
19 May – 26 June
N=34 (24)

9 June ± 3,3
30 May-29 July
N=18 (13)

3 June ± 1,5
19 May – 29 July
N=52 (37)

Litter size

Mean± SE
Range
N

2,03 ± 0,1
1-3
N=32 (22)

1,67 ± 0,2
1-3
N=15 (12)

1.91 ± 0.1
1-3
N=47 (34)

Nr. of ‘recruits’

Mean± SE
Range
N

1,35 ± 0,2
0-3
N=34 (24)

0,85 ± 0,2
0 -2
N=16 (11)

1.20 ±0.1
0-3
N=50 (35)

4.1.2. Use of lairs and movement of the kittens
After giving birth, the females spent most time with the kittens at a lair and repeatedly
returned to this place. Females did not move the kittens over long distances during the
first weeks after birth, which was defined as the stationary period. The mean duration
of the stationary period was 40 ± 1.8 SE days (N=34, range 21 – 75 days). The stationary
phase was slightly shorter in south Norway with a mean of 38 ± 1.9 SE days (N=18,
range: 21-51), than in north Norway with a mean of 43 ± 3.1 SE days (N=16, range: 2175). This difference was not significant, neither when VHF animals (for which data
resolution was poorer) were included (p=0.216) or excluded (p=0.708). After the
stationary period, females entered a ‘mobile phase’ during which the females began to
move the kittens on a regular basis (fig. 11). See appendix 8.2 for details of all
individuals. However, some females also used temporary lairs during the mobile phase,
where they sometimes stayed for more than five days (table 2).
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a.

b.

Days after birth

Figure 11.Visualisation of the stationary and mobile phase. The straight-line distances (km) from the first
lair are plotted against the time (days) relative to birth. In both graphs a sudden drop to zero is visible,
indicating birth, followed by small distances moved from this location. In (a), a clear difference between a
stationary and mobile phase is visible where the female suddenly begins to travel large distances away from
the first post-natal lair and does not return anymore. In (b), the lynx travels gradually further away from the
first lair. She probably had subsequent lairs in the mobile phase, after having left the first lair and did not
return to a zone of 2km around this lair (Appendix 8.2)

The mean number of lairs used during the combined stationary and mobile phases was
1.82 ± 0.2 SE (N=33, range: 1-5). There was no difference between North and South for
either the dataset with GPS and VHF animals pooled (p=0.736) or for GPS animals alone
(p=0.189). The number of lairs used only during the stationary phase was 1.58 ± 0.2 SE
(N=33, range: 1-5) if a criteria of 500 m was used. However, when the minimum distance
between lairs was set to 100 m (based on GPS animals), the number of lairs used during
the stationary phase increased to 2.27± 0.2 SE (N=22, range: 1-5).
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The length of period for which a lair was used, and distances between subsequent lairs
of only GPS marked lynx is summarized in table 2. Most females did not re-use lair sites
in the same reproductive year. Only one female in northern Norway re-used her first
lair, after first having moved to a second in-between. In subsequent years, females do
not re-use exactly the same lair site either. Apart from one female in the north who used
the same lair location for a couple of days in 2010 and 2011.
Table 2. The mean (±SE) period for which a lair was used at lairs in the stationary and mobile phase is given
only for GPS marked animals in North and South Norway. The mean period is expressed in days for first lairs
and subsequent lairs in the stationary and mobile phase. N is given as the number lairs and the number of
reproductive events is given in brackets.

Period for which
a lair was used
(days)

South

North

Total

21.0 ± 3
Range: 10- 30
N=6 (6)
12.4 ±2
Range: 5- 22
N=7 (4)
7.5±0.6
Range: 6- 9
N=4 (3)

18.1 ± 2
Range: 7 - 33
N=16 (16)
15.7 ± 2
Range: 5 -40
N=21 (13)
14.2 ± 3
Range: 5 - 24
N =5 (4)

18.9 ± 2
Range: 7- 33
N=22 (22)
14.9 ± 2
Range: 5 - 40
N=28 (17)
11 ± 2
Range: 5- 24
N= 9 (8)

First to second lair in
stationary phase

739 ± 186
Range: 408- 1153
N=4 (4)

552 ±135
Range: 102-1877
N= 13 (13)

596 ± 11
Range: 102 – 1877
N=17 (17)

Subsequent lairs in
stationary phase

543 ± 11
Range: 506- 543
N=3 (2)

679 ±189
Range: 226-1849
N= 8 (4)

636 ± 136
Range: 226 – 1849
N=11 (6)

Subsequent lairs in
mobile phase

2887± 383
Range: 2375-4011
N=4 (3)

6231 ± 2270
Range: 2400-14733
N=5 (4)

4745 ± 1342
Range: 2375 – 14733
N=9 (8)

First lair
Subsequent lairs in
stationary phase
Subsequent lairs in
mobile phase

Distance between
lairs (m)

The moves to subsequent lairs may have been influenced by researchers approaching
the lair to count and mark the kittens. In total, 30 of the 33 females were checked for
kittens and 22 (73%) of the checked females left the currently used lair within ten days
after the kitten check. 16 of these females (53%) moved the same day or one day after
the kitten check. Figure 12 shows the percentages of females checked early (< day28
after birth) or late (>day 27 after birth) that moved their kittens during a period of 10
days before and 10 days after the check.
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Most females entered the mobile phase directly after the kitten check, especially among
the late (>day 27) checked females; 13 out of 15 (87%). Of the seven early checked
females, only two entered the mobile phase (29%). Interestingly, five females had
already moved their kittens to a new lair before the check, indicating that they also
move without disturbance from researchers. However the proportions of moves were
significantly higher after the check than before (Binomial test, p<0,001). However, three
females were not checked at all and they did not move their kittens more than 500m to a
new lair during the stationary phase. They entered the mobile phase at day 28, 37 and
day 41, approximately at the same time as the other females that were checked.

Figure 12. Observed movements in the period around the kitten check, expressed as percentage of the total
number of females checked early or late. Four females moved twice, resulting in total percentages over 100%.

4.2. Behaviour around the lair
4.2.1. Absence from the lair
In the period after birth, female lynx spent most of the time with their kittens at the lair,
but they regularly left the lair to go on excursions. To express this, the percentage of
positions outside the lair was calculated using 120 lynx days and 1945 positions in the
south (mean number of positions per day: 17 ± 0.2 SE) and 128 lynx days and 2185
positions in the north (mean number of positions per day: 19 ± 0.1 SE). These in total
4130 positions were taken from 15 individual lynx during 16 reproductive events.
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The percentage of positions away from the lair depended on the time of the day
(ANOVA: F48,23=14.569, p<0.0001) and was higher at night (fig13.). Females were
gradually more often away from the lair with increasing age of the kittens (ANOVA:
F48,1=286.398, p<0.0001) (fig.13, 14). Lynx from south Norway were more often away
from the lair than lynx from the north (ANOVA: F48,1=245.251, p=0,000) and this effect
was independent of the inclusion or exclusion of VHF locations (ANOVA: F48,1= 58.319,
p<0.0001). Interaction between hour and north-south was not significant for GPS
animals only (ANOVA: F48,23= 1.179, p=0.252) but was significant for with both GPS &
VHF animals (ANOVA: F48,23= 2.908, p<0.000). Over the whole period pooled together,
the proportion of positions outside was 44 % ± 1.1 SE for southern lynx and 26%± 0.9
SE for northern lynx. This difference between north and south was especially
pronounced during night (fig.13). From late in the morning to early in the afternoon lynx
from both north and south Norway were most often present at the lair (fig.13).

Figure 13. The percentage of time female lynx spent away from the lair during the day, over the whole
period that they had a clearly distinguishable lair, for north and south Norway. Both GPS and VHF locations
were used in this analysis. Lynx spend most of the time outside the lair during the night and were present at
the lair during the day. Error bars: +/- 2 SE.
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South
Linear R2 = 0.227
North
Linear R2= 0.240

Figure 14: Linear regression line of percentage of position >500m away from the lair or each individual lynxday in north and south Norway, per day after birth. The 95% percent coincidence levels are given for the
mean values per day after birth. Only days in which the female clearly had a lair were included in the
analyses.
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4.2.2. Excursions
In total, 219 excursions of 17 lynx over 18 reproductive events were included in the
analyses. The differences in distances away from the lair and per week for north and
south Norway are given in figure 15 and the durations per excursion for the North and
South are given in figure 16. The mean maximum distance travelled per excursion
differed significantly between north and south Norway (ANOVA: F218,1= 13.407,
p<0.000) when both GPS and VHF animals were included. However, when including only
GPS animals the difference between north and south Norway was not significant
(ANOVA: F149,1=1.784, p=0.184), but lynx from the south tended to travel further
(fig.15). Lynx travelled significantly further away per excursion when the kittens
became older (ANOVA: F218,1= 13.910, p<0.000) . Also with only GPS animals (ANOVA:
F149,1=8.076, p=0.005)

the maximum distance travelled increased with age of the

kittens. Maximum distance travelled per excursion averaged 2.83± 0.15 SE km (N=219,
range: 0.5 – 13.7) over the whole period.
The mean duration of excursions was generally longer for lynx in south Norway than
north Norway (ANOVA: F218,1=7.899, p=0.005, fig.16).

The duration of excursions

increased in both areas when kittens became older (ANOVA: F218,1=14.211, p<0.000).
Both north vs. south (ANOVA: F149,1=5.939, p=0.016) and days after birth (ANOVA:
F149,1=14.042, p<0.000) were significant when only GPS animals were included.
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South
Linear R2 = 0.159
North
Linear R2= 0.065

Days after birth
Figure 15. Scatterplot of the maximum length of an excursion (in km) from the lair in hours against the age
of the kittens, for north and south Norway.

South
Linear R2 = 0.180
North
Linear R2= 0.094
(Forced though 0)

Figure 16. Scatterplot of the duration of excursions away from the lair in hours against the age of the kittens
on the x-axis, for north and south Norway.
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4.2.3. Area use by females with kittens
The area used in the month before birth was
significantly larger than the area used in the
month after birth (fig.17) for female lynx in
both the north (two-tailed, paired sample
Mann-Whitney U-test, p<0.001) and for lynx
in the south (two-tailed paired sample MannWhitney U-test, p=0.007). The area after
birth was 19.5 % ± 5.0 SE (range:

0.63-

60.3%) of the area used in the month before
birth for lynx in the north and 24.6 % ± 11.8
SE (range: 0.36-127.8%) for lynx in the
south. When pooling lynx from both areas,
the area used after birth was 21.4% ± 5.3 SE
of the size of the area used before birth
(Table 3). There was no difference in space
use between north and south Norway.

Figure 17. Example of the area used by a
female lynx in north Norway, before birth
(large polygon) and one month after birth
(small polygon).

Table 3. 100% MCPs of the areas used in km2 for females with kittens for the whole year, one month before
birth and one month after birth.
South Norway

North Norway

Total

Whole year

Mean± SE
Range
N

918.3 ± 379
306– 4242
10

1117.3 ± 171
254 – 2879
17

1043.6 ± 173
254 – 4242
27

Before birth (one
month after)

Mean± SE
Range
N

159.3 ± 18
92-242
10

248.4 ± 49
25 – 718
17

215.4 ± 32
25 –718
27

After birth (one
month after birth)

Mean± SE
Range
N

37.7 ± 19
0.9-201
10

22.3 ± 4
1 – 46
17

28.0 ± 7
0.9 – 201
27
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5. Discussion
This study has provided a quantitative description of patterns of space use and activity
of female lynx during the post-natal period in two areas of Norway with highly
contrasting ecological conditions.
In both study areas, females used from one to five lairs in a relatively small area during
the first weeks after birth. They began to travel over larger distances when the kittens
grew older, usually after five to six weeks. During the period of lair-usage, the females
regularly made excursions away from the lair, with females in south Norway being
longer and further away than females in the north.

5.1. Birth dates and latitude
There was a clear difference between north and south Norway in mean birth dates.
Females in the north gave birth later (9 June) than females in the south (30 May).
Published studies from lower latitudes have documented average birth dates that were
even earlier, for example 3 lynx litters in Poland were born between 4th and 24th May
(Schmidt, 1998). However, one lynx in Slovenia gave birth in the first of June (Reinhardt
& Halle, 1999). The lynx genus deviates from the general feline pattern of year round
reproductive activity and has a strict mating season occurring mainly in March (Brown,
2011). Since lynx live at the highest latitudes of all living felids (Sunquist & Sunquist,
2002), this can be an adaptation to a harsh climate in winter (Herfindal et al., 2005). The
low temperatures in winter probably made it impossible for newborn kittens to survive.
Canadian lynx, living at the same latitudes as the Eurasian lynx in our study (Sunquist &
Sunquist, 2002) give birth in April and early May (Moen et al, 2008; Olson et al., 2011),
which is earlier than Eurasian lynx. However, bobcats (Lynx rufus) and Iberian lynx
(Lynx pardinus) that live at lower latitudes give birth over a wider time-period than
Eurasian lynx and Canada lynx (Fritts & Sealander, 1878; Moen et al, 2008; Olson et al.,
2011). Births occurred from February to May in bobcats (Fritts & Sealander, 1978) and
from March to June in Iberian lynx (Palomaras et al., 2004).
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Snow leopards (Panthera uncia), Siberian tigers (Panthera tigris altaica) and pumas
(Puma concolor) also experience approximately the same winter conditions as the
Eurasian lynx in our study. Although these species also display a certain birth pulse in
spring and summer, in which the largest proportions of cubs were born (Kerley et al.,
2003; Blomqvist & Sten, 1982; Landré & Hernández, 2007), parturition can be observed
throughout the year (Kerley, et al., 2003; Blomqvist & Sten, 1982; Landré & Hernández,
2007). It is hard to identify any obvious difference in ecological conditions associated
with climate or prey availability that might explain the differences in reproductive
seasonality between lynx and these other three species, apart from the slightly smaller
body size of all lynx. Beyond this, the only potential explanation would be that it
represents a phylogenetic constraint on the part of the lynx that prevents them from
reproducing over a larger portion of the year.

5.2 Use of lairs
When female lynx give birth, they stopped moving their day beds and spent a large
proportion of their time with their kittens at their natal lair. During this period they
become central place foragers, only leaving the lair for brief periods to go on what are
presumed to be hunting excursions. Time to feed the kittens is probably the main
reason to stay long at the lair. Next to this, avoiding intra-guild predation on their kittens
(Boutros et al., 2007; Beier et al., 1995; Ross et al., 2010) and the needs to help provide
thermoregulation for young kittens (Case, 1978) are probably important reasons for this
tendency to spend so much time at the lair. Just after birth, the kittens are deaf, blind
and cannot walk (fig. 18) (Sunquist & Sunquist, 2002; Ewer, 1973) or thermoregulate
without the mother (Case, 1978).
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Figure 18. A female lynx at the lair in the stationary phase. These young kittens are highly dependent
on the presence of the mother.

Compared to the natal dens of wolverines (May, 2008) and wolves (Trapp et al., 2008),
lairs of Eurasian lynx are relatively simple, which makes the kittens more vulnerable to
weather, temperature changes and possibly predators. This underlines the importance
of the mother and might force the female to regularly return to the lair until the kittens
are able to follow her on their own. This stationary, central place behaviour during the
post-natal period has been described in other felid species like puma’s (Maehr et al.,
1989, Beier et al. 1995;, Elbroch & Wittmer, 2012), cheetahs (Laurenson, 1994a,b) and
Canadian lynx (Olson et al., 2011; Moen et al., 1978).
During this stationary phase, female lynx moved their kittens between up to four
subsequent lairs. Movement of the kittens to subsequent lairs was also seen among lynx
in Poland and Slovenia, which used up to four lairs during the first nine weeks after birth
(Krofel et al., 2012; Schmidt, 1998). Also Canada lynx and Iberian lynx mothers
(Fernandéz & Palomares, 2000) used several lairs, up to five in Canada lynx (Olson et al.,
2011). The usage of multiple nest size was seen among domestic cats as well (Feldman,
1991).
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a.

b.

Figure 19. Examples of lairs used by female lynx, a possible first lair under rocks (a) and a lair under dense
vegetation (b). Photo’s: M.v.Dalum (a) and J.Mattisson (b)

One reason for movement of lairs can be need for changes in terrain (Fernandéz &
Palomares, 2000; Boutros et al., 2007, Olson et al., 2011) (fig. 19). Eurasian lynx in the
Jura Mountains and Swiss Alps selected rough and steep terrain, rocky terrain and
especially subsequent lairs were selected on vegetation rich terrain and had better
camouflage than first lairs (Boutros et al., 2007). In addition, Iberian lynx moved kittens
from hollow tree trunks as first lair to more bush rich areas (Fernandéz & Palomares,
2000). Captive lynx kittens have been observed to explore the areas in the immediate
vicinity of the lair as they get older (Chagaeva & Naidenko, 2012).This probably
increases the need for a safe playground, away from potentially dangerous steep
boulder fields. Another possible reason can be the accumulation of ectoparasites, as
suggested by Boutros et al., (2007), and thereby the need for a new clean lair. However,
no evidence for infested lairs was found as a reason for movements in domestic cats
(Feldman, 1991). The absence of any prey items in several kilometers around the lair of
Eurasian lynx (Krofel, et al, 2012), supports the idea that the need to avoid carrion does
not play an important role in the movements of lairs.
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A reason for movement could be disturbance,
which initiates most moves of kittens in
domestic cats (Feldman, 1991). In lynx,
detection by predators and human activity
close to the lair might have played a role.
Human disturbance was assessed in this study
by researchers entered the lair (fig.20) when
the kittens were between 8 and 43 days old.
After the kitten-check, 53% of the females
abandoned the lair directly and a further 20%
moved within ten days.

Direct movement

away from the place of disturbance was
observed in an earlier study on Eurasian lynx,
where all females moved the kittens within

Figure 20. Researchers approaching the
lair. Photo: M.v. Dalum

24h after disturbance from researchers (Arnemo, et al., 1999). Human activity close to
the lair is therefore likely to be an important trigger for movement and can be a reason
why females did not reuse the same lair-site in a following year. However, some females
moved before the kitten-check, indicating that movements of the kittens to new lairs
occurred also without researchers having entered the lair. Lynx in Poland (Schmidt,
1998), the Jura Mountains in the Swiss Alps (Boutros, et al., 2007) and Slovenia (Krofel
et al. 2012; Reinhardt & Halle, 1999) were also observed to have moved to new lairs
without any disturbance from researchers. Interestingly, the three females in this study
which were not checked did not move their kittens over larger distances than 500
meter. It could be possible that these lynx moved the kittens less than 500 m, as
observed in Iberian lynx (Fernandéz et al., 2002), but this would have been hard to
observe with the spatial and temporal resolution of our data.

5.3. The female’s activity around the lair
Females with kittens regularly made excursions away from the lair (fig. 21), which
increased in duration when kittens grew older, as for the maximum distance travelled
per excursion. Females were most often away from the lair at night and present at the
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lair in day time. This is in line with studies on lynx conducted at lower latitudes in
Poland (Schmidt, 1998) and Slovenia (Krofel et al., 2012, Reinhardt & Halle, 1999) and
with the general nocturnal pattern of felids (Sunquist & Sunsquist, 2002; Ewer, 1973).
However there was a large variation among individuals which was also reported among
lynx in southern Europe (Schmidt, 1998) and in Florida panthers (Maehr, 1998). Lynx in
both north and south Norway were mostly away from the kittens at night and least at
day, but northern females were less bound to this daily rhythm, suggesting a possible
effect of the 24-hours of daylight during summer in this study area.

Figure 21. A female lynx leaving the lair. Photo: Lars Gangås.

Differences in local prey availability could possibly have contributed to the differences
in areas used, and the variation in duration and distance away from the lair , since lynx
home ranges are larger were prey densities are lower (Herfindal et al, 2005). Lynx are
extremely efficient hunters and manage to catch prey at very low densities (Melis et al.,
2010; Nilsen et al., 2009). However, the travel distances throughout the home range
increased with lower prey density (Linnell et al., 2007) and so probably did searching
time (Nilsen et al, 2009). The low density of scattered distributed roe deer in the boreal
forests of south Norway (Odden et al., 2006) versus the locally high summer density of
reindeer on the open tundra in north Norway (Mattisson et al., 2011) could be a reason
for the generally longer excursion lengths and duraions in the south. If lynx in the north
had located their lairs close to a large reindeer herd, searching time could be very low
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(personal communication J.D.C. Linnell). Lairs located close to high prey densities have
also been seen in cheetahs (Laurenson, 1994b) and spotted hyenas (Hofer & East, 1993),
but sudden movements of prey increased the distances walked by females (Hofer & East,
1993; Laurenson, 1994a). In one Florida panthers, lower local prey availability resulted
in larger home ranges and a more variable day-night rhythm, compared to a neighboring
female with a more prey-rich territory (Maehr et al, 1989).
In this study the duration of excursions and maximum distance travelled per excursion
increased with age of the kittens to a greater extent in southern than in northern
Norway. The increase in distance travelled means that females with small kittens travel
on average over shorter distances than females with older kittens. However, females
with kittens of one week old travel already over distances around 2 km. This is
supported by results from lynx in Slovenia, which did not kill prey items closer than 1.2
km from the lair (Krofel et al., 2012), even during the first weeks after birth. This was
suggested as a measure to reduce predator/ scavenger attraction to the area. The mean
daily distance moved did not differ between Eurasian lynx females with and without
kittens for either lynx in Slovenia (Krofel, et al., 2012) or for pumas (Elbroch & Wittmer,
2012). Also the duration of excursions increased with age of the kittens, which is in line
with the reduced need for protection and thermoregulation as kittens get older. Food
demand increases when kittens grow older and kill rates for females with kittens are
higher than kill rates of females without kittens in cheetahs (Laurenson, 1994a) and
Eurasian lynx with mobile kittens in late summer, autumn (Krofel et al., 2012; ) and in
winter (Mattisson et al., 2011). In addition, the female possibly had spent more time
eating due to the higher food demand of kittens. Cheetahs with older kittens also
consumed a larger proportion of a carcass than females with young kittens (Laurenson
1994a). It is also not impossible that prey became less available or less catchable the
longer a female remains in a given location, which possibly explains the increased
distance travelled and the increased duration of excursions. Since the feeding and
searching time was shortest for lynx family groups in Slovenia (Krofel, et al., 2012),
together with the higher kill rate, it can be suggested that females caught more prey and
that hunting activity for females with growing kittens seems generally higher. This
possibly increased hunting activity can be seen in the increased length and duration of
excursions.
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5.4

The stationary and mobile phase

The older the kittens, the larger became the distances between subsequent lairs and the
duration of the stay at each next lair became shorter. With increasing age, the kittens
were expected to be more able follow the mother, rather than the mother carrying them
in the mouth (fig. 23) (Foreman, 1997). This is in line with lynx in captivity, which began
to follow the mother outside the lair at an age of four weeks (Chagaeva & Naidenko,
2012). Canada lynx and Iberian lynx also gradually increased the distance between lairs
and decreased the period of residence to two days after finally abandoning the regular
return to lairs completely (Olson et al., 2011; Fernandéz et al., 2002). In this study, a
minimum of five days at a location was taken to distinguish possible lairs from kill sites,
since lairs were not checked in the field. However, a minimum residence time per lair
was also 5 days in Slovenian and Croatian Eurasian lynx which means that five days
(Krofel et al. 2012) is still a reasonable rule.

Figure 23. A female lynx in the stationary phase, the females carries the kittens to new lairs in the mouth
over short distances.

Most females in this study suddenly abandoned using lairs and began to wander over
large distances with kittens (fig. 24), without a certain return-place anymore. This
corresponds to the mobile phase where females did not use a permanent lair anymore,
described in Slovenian lynx (Reinhardt & Halle, 1999; Krofel et al., 2012) which started
when the kittens were from 53 to 66 days old. Canada lynx females became mobile
around day 59 (Olson et al., 2011). In this study the mobile phase was defined as the
abandonment of the regular return to a particular lair (27 of the 34 females) or as a
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move to a new lair over a distance more than kilometer (7 of the 34). Based on this rule,
the mobile phase began at 40 days, much earlier than in Slovenian lynx and Canada lynx.
Only seven females still used lairs in the mobile phase and the difference in definition
can be the reason for the later start of the mobile phase in Slovenian lynx and Canada
lynx.

Figure 24. A female lynx in the mobile phase. The kittens are able to follow the mother over
longer distances.

A question which can be asked is why females do not stay in this smaller area for longer,
if not always, if they manage to hunt successfully. One important reason can be local
prey depletion, suggested by Krofel et al. (2012). The few roe deer in territories of lynx
in south Norway can possibly quickly become depleted or harder to catch. In north
Norway reindeer herds move seasonally over generally large distances between grazing
areas which might have forced female lynx to follow their main source of food (Danell et
al, 2006, Laurenson, 1999a,b). Following large prey throughout a large home range
might be more energy efficient than walking back and forth between central places, with
increasingly larger distances due to local prey depletion (Hofer & East, 1993, Laurenson,
1994a,b). This can be a driving factor for the transition to a more mobile phase.
In addition to this, the need to maintain a large annual territory can play a role. Regular
patrolling and scent marking across their territory has been observed in many feline
species and overlap between neighboring territories is generally low (Sunquist &
Sunquist, 2002; Erofeeva & Naidenko, 2012). Scent marks placed at the periphery might
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fade when females stay too long at one central point (Erofeeva & Naidenko; 2012,). The
risk of neighboring lynx taking over parts of the females’ home range might thereby
increase (Erofeeva & Naidenko, 2012). This might impose a certain time pressure on
females with kittens to start patrolling as soon as the kittens are able to follow the
mother. An interesting question hereby is whether the mobile phase starts earlier with
high densities of lynx and strong competition for territories. Since take-over of resource
rich territories occurred with aggressive encounters in male lynx (Mattisson et al.,
2012), one could expect that the need for regular patrolling with strong competition is
more important in order to reduce take overs (Erofeeva & Naidenko, 2012). Because
territory overlap between females is also low (Sunde et al., 2000), this could possibly be
a reason for females to start moving earlier with high lynx densities.
The motivation to move further might not only come from the mother. Also the kittens
possibly have an increasing motivation to explore the environment (Chagaeva &
Naidenko, 2012; Fernandéz et al., 2002). The movement pattern in the mobile phase is
more similar to the regular spatial behaviour of Eurasian lynx than the central place
foraging seen in the stationary phase (Krofel et al., 2012). Wandering larger distances
throughout the mother’s home range might make the kittens familiar with the concepts
of refuge places, water resources and prey distribution. Teaching of hunting skills and
coming in contact with prey plays an important role in domestic cats after eight weeks
(Caro, 1980). This knowledge could possibly impose a great advantage when kittens
become independent to establish their own territory and can be an explanation for the
mobile phase.
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5.5 General discussion
Generally, it can be said that the pattern of maternal care did not differ between lynx in
north and south Norway although they utilize very different prey resources. When
comparing variation in maternal behaviour and reproduction between lynx and other
felids, it can be seen that reproduction parameters seemed to be vary more than the
maternal behaviour pattern itself. This concerns mostly the later birth dates; a
concentration of births in spring and a tendency towards a lower litter sizes and lower
recruitment at high latitudes. Ecosystem productivity is generally lower in the north
and the average, year round prey availability is lower (Herfindal et al.,2005). Diet and
ecological conditions have been shown to affect reproduction of lynx in Finland and
Sweden, with a lower proportion of successful reproductions in the more northern areas
(Nilsen et al., 2011, Pulliainen et al, 1995). In this study, however, the estimation of litter
size and recruitment must be interpreted with caution. Kittens were only checked at an
age of 3 weeks, thereby missing potential perinatal deaths.
The maternal behaviour of lynx, with usage of a small area, several lairs and making
regularly excursions away from the lair has been seen in many other felids (Sunquist &
Sunquist, 2002; Olson et al., 2011, Laurenson, 1994a,b, Maehr et al., 1989) and seem to
be standard components of parental care in felids. The efficient hunting strategy even at
low prey densities (Nilsen et al., 2009; Herfindal et al., 2005) and ability to directly
increase food intake when having offspring (Laurenson, 1994a), makes it possible for
felids to adopt a strict income breeding strategy. A capital breeding strategy with large
fat resources could even impair efficient hunting as for example in cheetahs (Laurenson,
1994a.) However, uncertainty in prey availability, especially in north Norway brings a
strong risk of hunger for females that rely on direct income (Pulliainen et al., 1995). A
decrease in food intake leads directly to a decrease in reproductive capacity (Stephens et
al., 2009; Jönsson, 1997), namely milk production income breeding lactating mammals.
The large reindeer herds in the north vary from extremely high in summer to nearly
absent in winter (Mattisson et al., 2011), potentially resulting in a lower body conditions
when giving birth.
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The fact that lynx live at relatively high latitudes relative to other felids, might even have
sharpened the tight trade-off between food provision and protection in an income
breeding carnivore species. The highest natural mortality in lynx is in juveniles until one
year (Andrén et al, 2006), which underlines this tight trade-off females face by raising
kittens alone. An interesting point in this study was the high variation among females in
fine-scale maternal behaviour. Which components in this variation can possibly linked
to survival of kittens until independency, can be an interesting question for future
research. Factors like weather and local prey densities and distributions, linked to kill
rates, searching and feeding time can contribute to a more complete picture of maternal
care in lynx. Effects of variation in ecological conditions and possible effects human
disturbance would give more detailed insight in the ecology of Eurasian lynx in a
changing environment. This can contribute to the general knowledge about this species
and felid reproductive strategies in general.

5.6 Conclusions
The space use and activity of Eurasian lynx females followed the same general feline
pattern in north and south Norway, but birth dates were later in north Norway.
In both areas lynx strongly reduced the area used after birth compared to before birth.
In this small area females used one to five lairs in a moved their kittens regularly to new
lairs over small distances. Disturbance had an effect on these movements. Females made
regularly excursions away from the lair, which were longer in duration in south Norway.
When the kittens became mobile enough, the mother abandoned the small area and
began to travel over larger distances throughout her home range.
Local prey availability and differences in ecological conditions might contribute to the
variation seen in timing of reproduction and post natal behaviour of female Eurasian
lynx with kittens in Norway.
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8. Appendix
8.1 Overview of the study animals
IDNR Name

Year

GPS or
VHF

North or
South

Age
Birth date
mother kittens

Littersize Recruits

107 Ingrid

1997 VHF

South

3

07.06.1997

2

0

107 Ingrid

2000 VHF

South

6

02.06.2000

2

0

110 Helga

1996 VHF

South

3

25.05.1996

3

3

111 Nora

1997 VHF

South

5

05.06.1997

2

2

111 Nora

1998 VHF

South

6

27.05.1998

2

2

115 Frøydis

1999 VHF

South

3

23.05.1999

3

1

118 Tyra

1998 VHF

South

2

26.05.1998

2

2

119 Gyda

1997 VHF

South

06.06.1997

2

2

119 Gyda

2000 VHF

South

26.05.2000

2

1

119 Gyda

2001 VHF

South

26.05.2001

2

2

121 Hedda

1997 VHF

South

8

26.05.1997

2

1

121 Hedda

1998 VHF

South

9

27.05.1998

1

1

121 Hedda

2001 VHF

South

12

02.06.2001

2

0

134 Ulla

2000 VHF

South

28.05.2000

2

2

138 Martine

1999 VHF

South

30.05.1999

3

2

138 Martine

2000 VHF

South

06.06.2000

1

1

139 Oda

1999 VHF

South

03.06.1999

2

0

145 Aurora

2001 VHF

South

25.05.2001

2

2

145 Aurora

2002 VHF

South

19.05.2002

2

2

145 Aurora

2003 VHF

South

27.05.2003

2

2

156 Vilma

2002 VHF

South

19.05.2002

1

0

156 Vilma

2006 VHF

South

30.05.2006

2

2

164 Valborg

2003 VHF

South

3

31.05.2003

3

0

166 Sofie

2005 VHF

South

2

28.05.2005

3

0

175 Anita

2004 VHF

South

176 Randi

2005 VHF

South

189 Lisbeth

2006 GPS

South

217 Johanne

2008 VHF

218 Martha
220 Silje

6

01.06.2004

0

25.05.2005

3

3

29.05.2006

2

2

South

23.05.2008

1

0

2008 GPS

South

01.06.2008

2

2

2008 GPS

South

02.06.2008

1

1

228 Tuva

2008 GPS

South

29.05.2008

2

2

252 Katrine

2009 GPS

South

31.05.2009

264 Eileen

2010 GPS

South

5

13.06.2010

2

2

293 Lene

2011 GPS

South

2

26.06.2011

2

2

199 Alta Lisbeth

2007 GPS

North

10.06.2007

1

0

199 Alta Lisbeth

2008 GPS

North

31.05.2008

1

0

200 Tomine

2009 GPS

North

10.06.2009

2

2

203 Hanne

2007 GPS

North

11

08.06.2007

3

0

203 Hanne

2008 GPS

North

12

05.06.2008

1

0

203 Hanne

2009 GPS

North

13

31.05.2009
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221 Eva

2008 GPS

North

31.05.2008

1

0

225 Sappi

2008 GPS

North

06.06.2008

1

0

225 Sappi

2009 GPS

North

03.06.2009

244 Stine

2010 GPS

North

07.06.2010

2

247 Lillian

2009 GPS

North

30.05.2009

1

0

248 Ella

2011 GPS

North

26.06.2011

1

1

254 Lita

2009 GPS

North

11.06.2009

2

2

267 Porsa

2011 GPS

North

01.06.2011

2

2

268 Inga

2010 GPS

North

30.05.2010

3

1

268 Inga

2011 GPS

North

10.06.2011

2

2

274 Solbritt

2010 GPS

North

01.06.2010

2

295 Storfjord-Randi

2011 GPS

North

29.07.2011

4

2

8.2. Distances from the first lair per individual
The x-axis gives the days relative to birth (‘dager etter fødsel’ ) from the first of May to the last
day of September. The y-axis gives the distance in km from the first lair, for every position.
Graphs are only given for individuals with enough positions included in the analyses.

107 – Ingrid – 1997 – South - VHF – kitten check day 38.
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110 Helga – 1996- South – VHF – kitten check day 25

111- Nora- 1997 – South – VHF – kitten check day 28
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111 – Nora- 1998 – South – VHF – Kitten check day 36

118 – Tyra – 1998 – South – VHF – kitten check day 29.
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119 – Gyda- 1997- South – VHF –kitten check day 32.

121 – Hedda- 1997- South– VHF- kitten check day 39
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121 – Hedda- 1998- South – VHF - kitten check day 42

139- Oda- 1999- South – VHF - kitten check day 8 – kittens died in July
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145- Aurora – 2001 – South - VHF - kitten check day 43

145- Aurora – 2002 – South- VHF- kitten check day 45
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156- Vilma – 2002- South – VHF- kitten check day 41, no recruits.

189 – Lisbeth – 2006 - South – GPS - kitten check day 42
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199- Alta-Lisbeth – 2007- North – GPS - kitten check day 29, no recruits

199- Alta-Lisbeth – 2008- North – GPS - kitten check day 31, no recruits
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200- Tomine- 2009 – North – GPS- kitten check day 31

203- Hanne- 2007- North – GPS - kitten check day 25, no recruits
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203 – Hanne- 2008 – North – GPS – kitten check day 34, no recruits

220 – Silje – 2008- South – GPS - kitten check day 23
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221- Eva- 2008- North – GPS – kitten check day 32, no recruits

225- Sappi – 2008 – North – GPS - kitten check day 27, no recruits
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225- Sappi – 2009 – North – GPS – not checked

228 – Tuva- 2008 – South – GPS - kitten check day 18

Page 57 of 64

Post-natal behaviour in Eurasian lynx females in Norway: space use and activity
May 15, 2013

244- Stine – 2010 – North – GPS- kitten check day 23

248 – Ella- 2011- North – GPS- kitten check day 20
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252- Katrine- 2009 – South – GPS- not checked

254 – Lita – 2009- North- GPS - kitten check day 23
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264- Eileen – 2010 – South – GPS- kitten check day 21 (artifacts in three data points)

267- Porsa- 2011- North – GPS- kitten check day 27
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268 – Inga – 2010 – North – GPS- kitten check day 25

268- Inga- 2011 –North – GPS- kitten check day 26
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274- Solbritt- 2010 – North – GPS- kitten check day 27

293- Lene- 2011- South – GPS- kitten check day 36
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295- Storfjord-Randi – 2011 – North – GPS, not checked
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