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1 Introduction

Why do some species hibernate? Winter is not only characterized by low temperatures and
snow, but also by the lack of food and extreme changes in habitat conditions. Some animals,
like birds, migrate to warmer climates, however, mammals are not able to carry out such longdistance migrations, but rather cope with these seasonal changes by physiological or
behavioral adaptations; they develop an insulating winter fur, gain adipose tissue, reduce
locomotive activities, or search for a hiding place and adapt their metabolism in the form of
torpor or hibernation (prolonged torpor). Torpor is characterized by a controlled reduction of
physiological functions, where the metabolic rate can be reduced to less than 1% of the
normothermic resting metabolic rate, and body temperature can decrease below 0 °C (Geiser,
2004, Barnes, 1989). However, hibernators do not remain torpid throughout the entire
hibernation season. The bouts of torpor often last several days or weeks and are interrupted by
periodic short-time arousals where biochemical and physiological parameters return to the
euthermal level, probably to recover from the physiological costs caused by metabolic
depression, like e.g. oxidative stress or reduced immunocompetence (Humphries et al., 2003,
Prendergast et al., 2002, Astaeva and Klichkhanov, 2009). Hibernation is one of the most
efficient energy-saving mechanisms, and is regularly activated before the beginning of winter
(Nelson, 1973). It is known to occur in several small (< 5kg) mammals, such as ground
squirrels, marmots and bats and last several days to months, depending on the species,
ambient temperature, time of year, and individual's body condition (Nelson, 1973, Geiser,
1998, Humphries et al., 2003). Hibernation is also found in tropical animals and desert
species, and, occurs also in larger carnivores, like badgers (Meles meles) as well as bears
(Ursids). Bears were earlier not considered as true hibernators, because their body
temperature does not decrease as dramatically during hibernation (generally > 30°C), as it
does in other hibernators (Geiser, 1998, Tøien et al., 2011, Tanaka, 2006, Heldmaier, 2011).
A study of American black bears (Ursus americanus) additionally demonstrated that bears do
not show periodical arousals to normothermic levels of body temperature, as small hibernators
do, maybe due to their high basal body temperature level during hibernation. Instead,
multiday cycles of body temperature with a variation of 2-6 °C have been recorded (Tøien et
al., 2011). Hibernation is thus defined as comprehensive metabolic suppression, rather than
only based on a decline in body temperature. Therefore, species such as bears are nowadays
considered as true hibernators (Heldmaier et al., 2004, Heldmaier, 2011). Bears have
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additionally an exceptional position among hibernators, because they are the only mammals
with delayed implantation, gestation, parturition, and lactation during hibernation (Ramsay
and Dunbrack, 1986, Nelson, 1973, Nelson et al., 1973).
Hibernation necessitates a variety of complex physiological and behavioral changes to cover
needs both at the general species-specific level, as well as the individual level. This variability
is necessary, due to variations in the life history of individuals, such as age or physiological
state, but also due to variations in habitat, and local climate. Therefore, studies of factors
affecting hibernation must clearly distinguish between general mechanisms and the effects of
environmental variables on an individual’s physiology and behavior. It is of special interest to
understand the underlying mechanisms which trigger the timing of hibernation. Therefore,
studies of physiology, behavior, and ecology must be combined in an interdisciplinary
approach to gain a general understanding of hibernation strategies.
In a larger context hibernation physiology of bears has gained special interest for medical
science. Bears’ ability to prevent muscle atrophia, azotemia, and osteoporosis at near-normal
body temperatures during hibernation makes the bear to a unique model species for advanced
human medicine research. Humans would not survive even short periods of inactivity and
anuria without lethal metabolic complications, such as renal failure or extensive muscle and
bone loss (Stenvinkel et al., 2013). To learn about bears' hibernation physiology on the other
hand implies basic knowledge about the mechanisms allowing free-ranging bears to withstand
harsh winter conditions.
This thesis deals with the winter ethology of free-ranging brown bears (Ursus arctos) in
central Sweden. In Sweden, all brown bears hibernate and spend 5-7 months in their dens,
depending on sex, reproductive status, age, and latitude (Friebe et al., 2001, Manchi and
Swenson, 2005). The process when bears enter their dens is called denning. In Sweden brown
bears mainly choose four different den types: Anthill dens, stone dens (under a large rock or
glacial boulder), soil dens, and basket dens (a nest of sticks on the ground) (Elfström and
Swenson, 2009, Swenson et al., 1997). Dens are usually equipped with collected bed material
that mainly contains moss, berry shrubs, heather lichens or grass (personal observation).
Denning is an essential part of the ecology and reproduction of brown bears, because pregnant
females give birth to cubs during winter. In polar bears (U. maritimus), only pregnant females
den (Lentfer and Hensel, 1980). However, not all brown bears den, as has been reported for
males in Alaska and Italy (Van Daele et al., 1990, Roth et al., 1996), for brown bears of
2

undetermined sex in Croatia (Huber and Roth, 1997), and also for nonpregnant females in
Spain (Nores et al., 2010). To my knowledge, nondenning has not been observed in pregnant
females. Denning behavior of brown bears has been studied in many different parts of the
world. The start of denning has often been defined as a mean date between two locations or
observations when bears arrived and remained at their den sites (Friebe et al., 2001, Manchi
and Swenson, 2005, Van Daele et al., 1990, Reynolds et al., 1976, Schoen et al., 1987).
However, very little information is available about the timing when free-ranging brown bears
physiologically start and end their hibernation and how this hibernation process is linked to
denning behavior and physical activity. Bears might be physically active in their dens without
hibernating, or, in contrast, the hibernation process may have started before the bears enter
their dens. Likewise, the hibernation process may have ended before or after bears emerge
from their dens. In a previous study on the denning chronology of female brown bears (Friebe
et al., 2001), I observed tracks of females with cubs around their dens before the estimated
emergence date. Females that gave birth during hibernation left their den sites on average 24
days later than lone females. When visiting den sites of females with cubs in spring, I often
found several fresh day beds indicating that bears had been physically active around the den
site (Friebe et al., 2001).
Most studies of hibernation in bears, especially physiological studies, have been conducted on
bears in captivity, because free-ranging bears are vulnerable to disturbance at their dens
(Swenson et al. 1997; Elfström and Swenson 2009). However, captive bears often do not
decide themselves when to enter their artificial dens, and thus the potential differences
between the physical and the physiological onset are difficult to study. Additionally, freeranging bears must cope with more challenging environmental factors, such as limited food
availability, harsh weather conditions, and disturbances by human activities, all of which can
affect their winter behavior (e.g. (Craighead and Craighead, 1972b, Reynolds et al., 1976,
Servheen and Klaver, 1983). The bears must trade-off between the energy costs and benefits
to decide on an optimal timing of denning. Knowledge about the timing when bears enter
their dens and start hibernation or when they give birth to young in winter can give us
important information for bear conservation, such as how to minimize human disturbance
during the critical hibernation period. Pregnant females play a crucial role in population
dynamics (Sæther et al., 1998). Previous studies have shown that disturbance of pregnant
female brown bears during winter can lower their reproductive success (Swenson et al.,
1997). Information about denning behavior may also improve the safety of humans and bears.
3

Although the Scandinavian brown bear is not an aggressive bear, as long as it is not wounded,
bears at dens are associated with higher levels of aggression (Swenson et al., 1999, Linnell et
al., 2000, Moen et al., 2012). However, it is still unknown if the presence of the den or if the
bears’ physiological condition is the reason for this higher aggression.

1.1 The main goals of the thesis

My main goals were to:
1. Evaluate which factors affect den entry of brown bears in Sweden (paper I).
2. Investigate whether activity and movement behavior prior and during the onset of
denning can explain the higher risk of attacks on humans during this time period
(paper I).
3. Evaluate if the frequency of den abandonment is caused by different hibernation
strategies (paper I).
4. Develop and test a method to detect pregnancy in free-ranging hibernating bears based
on activity recordings (paper II).
5. Investigate changes in activity and body temperature during the gestation period of
free-ranging hibernating bears (paper III).
6. Evaluate which factors affect the timing of parturition in free-ranging hibernating
brown bears (paper III).

Below I give a short general introduction of the brown bear and its hibernation and
reproductive biology. Then I will describe how my results have contributed and increased our
knowledge about these areas and about the brown bear in general.
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1.2 The brown bear (Ursus arctos)

The brown bear is a large nonsocial carnivore that is distributed over much of the Northern
Hemisphere in Europe, Asia, and North America. Brown bears live in a great variety of
habitats, including treeless arctic tundra, grasslands, boreal forest, forested and alpine
mountains, and deserts. Overharvest and habitat destruction are the major reasons why brown
bear populations have declined or become fragmented in much of their range (Servheen,
1990, Zedrosser et al., 2001).
Brown bears are sexually dimorphic. Males are up to 2.2 times larger than females.
Asymptotic spring body mass averages 115 ± 8.6 kg for females and 248 ± 24.9 kg for males
in our study area in central Sweden (Swenson et al., 2007). In Sweden, annual home ranges
overlap and male bears typically have larger home ranges (median: 1055 km2) than females
(median: 124-217 km2, depending on reproductive status) (Dahle and Swenson, 2003). Brown
bears are omnivorous and their diet varies among populations and seasons. In Scandinavia,
the diet is mainly composed of graminoids, forbs, berries, ants, and ungulates (Dahle et al.,
1998, Persson et al., 2001). During spring and early summer, adult brown bears accumulate
lean mass reserves (Hilderbrand et al., 1999) from foods rich in protein (Swenson et al.,
2007). The period of fat accumulation (hyperphagia) starts in August, when the bears
consume mainly berries rich in carbohydrates to gain adipose fat tissue before entering the
winter den (Dahle et al., 1998).

1.2.1 Hibernation
Brown bears in Sweden spend half of their life in winter dens and hibernate between 5 -7
months (Manchi and Swenson, 2005, Friebe et al., 2001). In contrast to other hibernating
species, the body temperature of bears drops only 2° to 6°C below the summer core
temperature of 37° - 38° C, (Hissa et al., 1994, Tøien et al., 2011, French, 1986). Heart rate
during hibernation can be as low as 8-10 beats per minute (bpm), compared to the heart rate
of 30 - 50 bpm of sleeping bears in summer (Folk et al., 1980, Folk et al., 2008, Folk et al.,
1976, Folk et al., 1972, Nelson et al., 1973, Nelson et al., 2003). During hibernation, bears are
largely inactive, they do not eat, drink, urinate, or defecate, but subsist on the energy
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resources they gained during their active season. Their basal metabolic rate decreases by 40%,
and their oxygen consumption by about 50% of normal levels (Hellgren, 1998). During
hibernation, bears loose between 20% - 45% of their body weight, depending on several
factors, e.g., duration of denning, sex, age, and reproductive status (Nelson, 1973, Nelson et
al., 1973, Swenson et al., 2007, Kingsley et al., 1983, López-Alfaro et al., 2013). A low
respiratory quotient has been documented for hibernating bears, which indicates a high fat
combustion, whereas carbohydrates and proteins are conserved (Nelson et al., 1973, Nelson,
1980, Boyer and Barnes, 1999). Fat, with its high energy density, serves as an efficient caloric
storage medium. Burning body fat produces water and carbon dioxide; the carbon dioxide is
exhaled and the water stays in the blood (Nelson et al., 1973). Azotemia does not develop in
hibernating bears, urea production is decreased, and urea is recycled and resynthesized into
skeletal muscles and other body proteins, to preserve lean body mass (Nelson, 1989, Harlow
et al., 2001, Nelson et al., 1983). Although bears exhibit little physical activity during
hibernation, they do not develop osteoporosis (Donahue et al., 2006) and lose only little
skeletal muscle mass, in contrast to humans, who would lose about 90% of their strength
during the same period (Harlow et al., 2001, Shavlakadze and Grounds, 2006).

1.2.2 Reproduction
Bears are the only mammals with delayed implantation, gestation, parturition, and lactation
during hibernation. The reproduction biology of ursids is controlled by a complex timing
system, in which the chronological sequence is determined by seasonality and endogenous
timing mechanisms (Palmer et al., 1988, Spady et al., 2007). Although photoperiod is an
important regulator of the reproductive cycle, the mating season and the duration of
embryonic diapause vary among ursid species and individuals (Spady et al., 2007, McMillin
et al., 1976). The mating season of brown bears lasts approximately 2-2.5 months in Sweden,
from mid-May to early July (Dahle, 2003, Steyaert, 2012). Both males and females mate with
different partners (Bellemain et al., 2006, Spady et al., 2007, Steyaert et al., 2012, Zedrosser
et al., 2007). Fertilized eggs undergo diapause at the blastocyst stage for 4–5 months until
delayed implantation occurs in November-December (Wimsatt, 1963, Sato et al., 2000,
Foresman and Daniel, 1983, Iibuchi et al., 2009). The duration of embryonic diapause varies
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among and within the same bear species, because the time of implantation and birth is
uncoupled from the mating season (Sandell, 1990, Spady et al., 2007). A minimum amount of
body mass and fat content (about 19% in brown bears) prior to hibernation is necessary for
reproduction (Beecham, 1980, Elowe and Dodge, 1989, Rogers, 1976, Atkinson and Ramsay,
1995, López-Alfaro et al., 2013). Dates of birth are independent of the dates of estrus and
mating (Sandell, 1990, Dittrich and Kronberger, 1963, Spady et al., 2007).
Brown bears commonly give birth to 1 to 3 cubs, which are born in the den in JanuaryFebruary (Zedrosser et al., 2011). The neonates, which weigh about 500 g, are naked at birth,
and are nursed by their mother with fat- and protein-rich milk in the winter den (Farley and
Robbins, 1995, López-Alfaro et al., 2013). Gestation in ursids lasts approximately 60 days
(Tsubota et al., 1987, Quest, 2001, Spady et al., 2007). This short period limits the energetic
costs of reproduction by truncating embryonic development, which in turn reduces the size of
offspring and thus the initial costs of lactation (Sandell, 1990, Spady et al., 2007). Lactation in
brown bears lasts about 1.5-2.5 years (Farley and Robbins, 1995) and the mean litter interval
varies among populations and lasts on average 2.8 years in European brown bears (Steyaert et
al., 2012, Nawaz et al., 2008, Zedrosser et al., 2011). Longevity of free ranging brown bears is
25 to 30 years, and reproductive senescence in females occurs around 27 years (Schwartz et
al., 2003).

2 Focal areas of the thesis
2.1 The factors affecting denning behavior and den abandonment (Paper I)

Hibernation enables survival during seasonal periods of resource and energy shortage. It
requires physiological and behavioral adaptations in combination with prehibernal energy
storage and hibernal metabolic depression (Humphries et al., 2003). Winter is associated with
an abrupt decrease in available food resources for bears, and brown bears in Sweden respond
to this resource shortage by hibernating in dens (Friebe et al., 2001, Manchi and Swenson,
2005). Various factors have been reported to influence the denning behavior of bears,
including: reproductive status (i.e., pregnant vs. nonpregnant), body condition, age, annual
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and seasonal variations in ambient temperature, food availability, snow conditions, latitude
and photoperiod, as well as human activities (Servheen and Klaver, 1983, Schoen et al., 1987,
Elfström et al., 2008, Craighead and Craighead, 1972b, Judd et al., 1986, Van Daele et al.,
1990, Miller, 1990, Mace and Waller, 1997). Due to the multitude of factors and their
interactions, it is difficult to generalize patterns of denning behavior from one study area to
another. Additionally, behavioral patterns can vary among individuals in the same study area
(Judd et al., 1986, Schoen et al., 1987, Manchi and Swenson, 2005, Friebe et al., 2001), and
even for the same individual (Roth and Huber, 1986). For this reason, and perhaps due to the
use of different methods, studies of winter behavior in bears have yielded variable results.
Previous research on brown bears’ denning behavior was often based on radio telemetry data
(Friebe et al., 2001, Huber and Roth, 1997, Craighead and Craighead, 1972b). This technique
required that bears equipped with radio transmitters be located manually by foot, from car, or
airplane. Because free-ranging brown bears are vulnerable to disturbance at their dens
(Swenson et al. 1997; Elfström and Swenson 2009), the frequency of locations often was low
and of poor quality, which resulted in low resolution of spatial, temporal, and behavioral data.
Although brown bears in Sweden generally are not aggressive, they do sometimes injure
humans. The period of highest risk coincides both with brown bear den entry and the moose
(Alces alces) hunting season, when large numbers of hunters and their hunting dogs are
present in the forest (Moen et al., 2012, Friebe et al., 2001, Manchi and Swenson, 2005). Few
incidents occur during bear hunting season, which ends 15 October, before the majority of
bears in Sweden have entered their dens (Sahlén et al., in prep., Friebe et al., 2001, Manchi
and Swenson, 2005). In order to understand how to reduce the rate of injury, it is important to
evaluate if the bears’ behavior prior to denning might explain the higher risks of injuries at
this time. In central Sweden, female bears start to reduce their daily movements about 6
weeks before den entry, and 2 weeks before they enter the dens, they reduce their movements
by an additional 40% (Friebe et al., 2001). Craighead and Craighead (1972b) were the first to
observe predenning behavior, which they described as reduced activity combined with
lethargic behavior at the den site before the bears definitely enter their dens and start
hibernation. Some researchers have documented that bears prepare their dens quite a while
before the start of hibernation, often combined with a reduction of movements, food intake,
and activity (Craighead and Craighead, 1972b, Judd et al., 1986, Servheen and Klaver, 1983).
Hibernating bears survive on the energy stores they have accumulated during the fall
hyperphagic period. Disturbances during hyperphagia and hibernation may have a negative
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effect on the bears' fitness (Ordiz et al., 2008, Welch et al., 1997, Elowe and Dodge, 1989).
Disturbances of pregnant female brown bears during the winter can reduce their reproductive
success (Swenson et al., 1997) and after females give birth, the cost of den relocation rises
dramatically, because young cubs would be exposed to thermal stress. Thus, the choice of a
safe place for the den is of vital relevance, particularly for reproducing females. In
Scandinavia, human activity around the den site has been suggested to be the main reason
why bears abandon their dens (Swenson et al., 1997). And indeed, several researchers have
suggested that bears select their den sites to reduce such risks of disturbance (Elfström et al.,
2008, Ciarniello et al., 2005, Goldstein et al., 2010, Elfström and Swenson, 2009).
New techniques, such as GPS collars with activity sensors, which record and store the data
automatically, provide us today with more detailed information about the bears’ hibernation
biology, without disturbing them during hibernation. This will allow us to identify general
patterns of hibernation behavior that had been overlooked using radio telemetry data and other
less accurate methods.
My goal was to gain more detailed knowledge of the winter behavior of free-ranging brown
bears in Sweden and to evaluate how environmental, behavioral, and individual factors
influence the denning process (paper I). I evaluated how sex, reproductive status, age, and
environmental factors influenced the timing of den entry generally.
I documented activity and movement behavior prior to denning and evaluated whether bears
built a den in a predetermined place. I also documented how often bears abandoned their dens,
and suggested that bears that build their dens in known places abandon their dens less than
bears that had not visited the den area before. Because the risk of human injury from an
attacking bear is greatest during the end of September until mid-November, which coincides
with brown bear den entry, I evaluated if the bears’ behavior near den entry explained higher
risks of human injury at that time. So far, no detailed information about brown bears’ denning
behavior is available, therefore the results of this study could help managers to improve the
safety of both humans and bears, e.g. by developing appropriate hunting restrictions and
informing the relevant public to minimize disturbances which can lead to injuries.

9

2.2 How can we detect pregnancy in free-ranging brown bears? (Paper II)

Detecting pregnancy and birth, as well as the abortion or early loss of young, is essential for
studies of life history and population ecology (Stearns, 1992). Several methods exist to detect
pregnancy or parturition in mammals. The most common invasive methods are blood serum
analysis, radiography, ultrasonography, or ultrasound imaging, whereas noninvasive methods
include fecal and urinary hormone metabolites (Schwarzenberger et al., 1996, Kähn, 1992,
Bauman et al., 2008). Also, behavioral changes, such as restlessness, lethargy, nest building,
aggression, and changes in appetite or foraging behavior can be used as efficient noninvasive
methods to document pregnancy or parturition, because many species show specific
behavioral patterns during pregnancy, imminent parturition, or lactation (Kleiman et al., 2010,
Perrigo, 1987). No reliable noninvasive method presently exists to detect pregnancy in freeranging bears during hibernation, although an indirect sign has been used to determine
successful reproduction in bears, such as tracks, claw marks, or scats of neonates at the den
site (Craighead and Craighead, 1972a, Friebe et al., 2001). The reproductive success of
hibernators is often recorded by direct observation after a female has left the hibernaculum
with or without offspring. Primiparous female brown bears lose their cubs more often at this
time than older females (Zedrosser et al., 2009) and, thus, sometimes may be classified into
the wrong reproductive class. This, especially, may be true for extraordinarily young mothers,
which were not expected to give birth. Although hibernating mammals are mostly inactive
during winter, they periodically wake up during hibernation and frequently make small
movements (Hissa et al., 1994, Tøien et al., 2011, Humphries et al., 2003). I expected that
pregnant females would show different activity patterns than nonpregnant individuals,
because their physiology and behavior would be affected by pregnancy, birth, and nursing.
My aim was to test whether it would be possible to detect pregnancy in brown bears, based on
winter activity patterns observed with activity sensors mounted in GPS neck collars (paper II).
This would allow researchers to obtain important information about reproduction without
disturbing the bear during hibernation.
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2.3 Determination of the gestation period of free-ranging brown bears
(Paper III)

The gestation period of bears has been estimated mainly with macroscopic and histological
investigations of the ovaries and uteri of hunter-killed females or with blood serum analysis in
captive and free-ranging bears (Wimsatt, 1963, Tsubota et al., 1987, Spady et al., 2007).
Quest (2001) determined a 54-56-day gestation period in captive brown bears using ultrasonic
examination, however no information about the exact gestation period of free-ranging brown
bears is available. Examinations of the reproductive organs of free-ranging and captive brown
and American black bears indicate that implantation occurs in late November and early
December, and parturition occurs in late January and early February (Wimsatt, 1963, Dittrich
and Kronberger, 1963, Tsubota and Kanagawa, 1993, Tsubota et al., 1990, Kordek and
Lindzey, 1980, Hensel et al., 1969). The time of parturition has also been determined for
American black bears by listening for vocalizations of cubs at the den sites (Alt, 1983,
Bridges et al., 2002). Some researchers have observed that the body temperature of pregnant
female brown and black bears in captivity is higher (~37°C) during the gestation period than
during the rest of hibernation (32-34°C), because embryo development requires euthermia.
Body temperature drops at parturition (Hissa, 1997, Tøien et al., 2011, Shimozuru et al., 2013,
Laske et al., 2011).
I used this knowledge and my findings from paper II to determine if the raised activity levels
during pregnancy and the body temperature data would yield the same dates of implantation
or parturition. Based on this, I documented, for the first time, the gestation period of freeranging brown bears (paper III).

2.4 Factors influencing the timing of parturition (Paper III)

Many aspects of the reproductive biology of ursids are still poorly understood, such as
reproductive cycles, hormone and estrous cycling, and factors that trigger implantation and
birth. Most of these studies have been carried out in captivity (Dehnhard et al., 2006,
Schwarzenberger, 2007, Spady et al., 2007) and little information is available about the timing
11

of implantation and parturition in free-ranging bears. Several studies of bears have shown a
strong correlation between a female’s body condition in fall and their reproductive success.
Well-nourished females have larger litter sizes and shorter litter intervals (Rogers, 1987,
Stringham, 1990, Bunnell and Tait, 1981, Welch et al., 1997, Ryan, 1997, McLellan, 2011).
A minimum amount of body mass and fat content (19% in brown bears) prior to hibernation is
necessary for reproduction (Beecham, 1980, Elowe and Dodge, 1989, Rogers, 1976, Atkinson
and Ramsay, 1995, López-Alfaro et al., 2013). Thus, brown bears are able to vary both the
birth date and growth rate of their cubs that are depending on their fat stores, which means
that females in superior condition give birth earlier, lactate longer, and produce more and
higher quality milk while in the den than females in poorer condition. This also accelerates
cub growth relative to females in poorer condition (Robbins et al., 2012b, Atkinson and
Ramsay, 1995). Knowledge about the timing of reproductive events is therefore important for
conservation and management.
My goal was to determine which factors influence the timing of gestation in free-ranging
brown bears and to evaluate whether age, primiparity, environmental conditions, weather
conditions in autumn, and/or the start of hibernation influence the date of parturition (paper
III).
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3 Materials and Methods:

3.1 Study area and population

This PhD study was conducted in the northern boreal forest zone in Dalarna and Gävleborg
counties, south-central Sweden (~61°N, 15°E, Figure 1), which is the southern study area of
the Scandinavian Brown Bear Research Project. The area comprises about 13,000 km2, is
hilly, and is covered with coniferous forests with interspersed lakes and bogs. Altitudes range
from 200 m in the southeast to 1,000 m in the west, but are mostly (>90 %) below timberline,
which is about 750 m (Dahle and Swenson, 2003). The forest is dominated by Norway spruce
(Picea abies), Scots pine (Pinus sylvestris), and birches (Betula pendula, B. pubescens).
Ground vegetation includes a variety of species of mosses, lichens, grass, heather and berries.
Bilberries (Vaccinium myrtillus) and crowberries (Empetrum
hermaphoditum) are the main autumn food resource of brown
bears in this area (Opseth, 1998). The landscape is intersected by
a dense network of logging roads (0.7 km/km2) and a few hightraffic roads (0.14 km/km2) (Martin et al., 2010).. The human
population density is low, and only a few small villages exist in
the study area. (Swenson et al., 1999). Snow cover lasts from the
end of October until late April, and mean daily temperatures
range from −7 °C in January to 15 °C in July (Swedish
Meteorological and Hydrological Institute).
Fig 1. Map of Sweden and Norway with the southern study area (black area) of the SBBRP.

The size of the Swedish brown bear population size was estimated to be about 3300
individuals in 2008. Brown bears hibernate 5–6 months in this part of Sweden. They select
denning habitats on the landscape scale by avoiding water and intermediate-sized roads and
by denning more at lower altitudes (Elfström et al., 2008, Elfström and Swenson, 2009). The
study area of the Scandinavian Brown Bear Research Project (SBBRP) is part of the
southernmost core reproductive area for Scandinavian brown bears, with a population density
of about 30 individuals per 1000 km2 (Kindberg et al., 2011, Bellemain et al., 2005, Solberg
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et al., 2006). The brown bear is a game species and legal hunting is the single-most important
cause of mortality for brown bears in Sweden (Bischof et al., 2009). The annual brown bear
hunting spans from 21 August until quotas are filled (45–75 bears are harvested per year in
the study area), but stops by no later than 15 October, in order to protect hibernating bears
from disturbance.

3.2 Bear capture

Bears were localized from a helicopter and anestetized using a remote drug delivery system
(Dan-Inject). Most captures were made in spring, shortly after bears had emerged from their
dens. For anaestesia, a combination of tiletamine/zolazepam and medetomidine was used.
Spring provides the best conditions for capture, when remaining snow cover and minimal
vegetation make it easier to find the bear, open water in the terrain is limited, and ambient
temperature is relatively low. Females with cubs of the year were not captured, only females
with offspring older than one year and lone bears. During immobilization, we frequently
recorded the bears’ health status parameters such as heart rate, body temperature, and
respiration frequency. Body weight and body measurements were taken. From bears of
unknown age, we removed a premolar tooth for age estimation. When a bear was captured for
the first time, we marked the bear with a microchip under the skin and tattooed its ID number
inside the lip. Blood, hair samples, and a biopsy were taken from all individuals. All bears
received a motion-sensitive radio transmitter. A radio-tagged bear is generally recaptured at
intervals of two to three years to replace its
transmitter/receiver. For detailed capture and marking
procedures, see Arnemo et al. (2012). The permission to
capture and instrument bears was granted by the
Swedish Environmental Protection Agency (permit Dnr
412-7327-09 Nv) and the Ethical Committee on Animal
Experiments in Uppsala (approval C47/9).
Fig 2: Bears were anesthetized from a helicopter.
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The SBBRP started to mark bears with radio-collars in 1984. Since 2003, bears received GPScollars containing integrated activity acceleration sensors, which provide very accurate and
frequent information about brown bears’ activity and movements without restrictions to
specific periods. Since 2010, biologgers, such as body temperature sensors, have been
implanted in bears to gain more knowledge about the brown bears’ physiology.
Below I describe the sensors that have been used in this study and their functions. For detailed
descriptions of the methods and statistical analyses, see the respective papers.

3.3 Sensors and data collection

Radiotransmitter:
All bears equipped with GPS radiocollars also received a motion-sensitive radiotransmitter
that was implanted into the body cavity (Telonics Inc., Arizona, USA) (Arnemo et al., 2012).
An integrated activity and mortality sensor changed the pulse rate of the transmitter. Animal
movement activated the sensor to change the signal mode to a faster pulse rate for a fixed time
interval or until further movements generated a new change in the
pulse rate of the signal. The slow mortality pulse rate started after a
transmitter had not been moved for 5 hours. Battery life length of the
implant was 4-8 years, depending on the settings and model of the
device.
Fig.3: Radiotransmitter (Telonics Inc., USA): VHF- implant 400L

GPS-GSM collar:
The bears were equipped with a GPS-GSM collar (Vectronic Aerospace GmbH, Berlin) with
an integrated activity sensor. The size and weight of a collar is adjustable and was based on
the bear’s neck size and body weight. GPS location data were transmitted via the GSM
network to a base station from which they can be downloaded remotely. The GPS collars
were programed to collect GPS location fixes at 30-min intervals during the period 1 April
until 30 November and once per day (at noon) from 1 December until 30 March.
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The activity sensor measures true acceleration six to eight times per second in two orthogonal
directions. The acceleration values were accumulated and averaged for each direction for a
recording interval of 5 minutes, resulting in average acceleration values ranging from 0 to 255
for each axis. These averaged acceleration values were stored in the neck
collar with the associated date and time until they were downloaded as a
text file via Link Manager (Vectronic Aerospace GmbH, Berlin). Activity
counters in the GPS collars provide an individual-based method to measure
animal activity levels. However, the acceleration value measured by the
sensor can be affected by several factors, such as collar placement and how
tight the collar is on the neck.
Fig.4: GPS-GSM collar with integrated activity sensor (grey housing) and a round shaped battery
pack (black housing) (Vectronic Aerospace GmbH, Berlin)

Body temperature implants
Abdominal temperature data loggers (DST Centi, Star Oddi, Iceland) were implanted in bears
that were included in the physiological hibernation study in paper III. The loggers were
programed to record the body temperature every 30 mins (see Arnemo et al. (2012)) for
further details on the implantation procedures). These temperature data were stored in the
logger’s internal memory with a real-time clock reference for each measurement. After
recapturing the bears, the temperature loggers were recovered and the
body temperature data were uploaded with SeaStar software and the
Communication Box (Star Oddi, Iceland), which served as a wireless
interface between the logger and a PC.
Fig 5: Body temperature implant (Star Oddi, Iceland)
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4 Summary of results

4.1 Den entry behavior in Scandinavian brown bears implications for
preventing human injuries (Paper I)

Encounters between Scandinavian brown bears Ursus arctos and humans that result in human
injuries and fatalities typically coincide with den entry in October/November, and commonly
occur near a den. I determined when bears arrive at their dens, identified potential predictors
of this event, documented behavior and activity associated with this period, and attempted to
explain the increased risk of bear-caused human injuries in this period.
Bears reduced their activity gradually during the course of the autumn. They arrived at their
den sites on average 24 October ± 11.4 days (range: 6 October until 1 December) and spent
4.0 ± 3.2 days at the den site before they started to hibernate (mean: 28 October ± 12.5 days,
range: 6 October until 15 December). The timing of arrival at the den site varied with
reproductive category and age and between years. Pregnant females, single females, and
females accompanied by cubs of the year arrived at their dens earlier than males and females
with yearlings, and older bears tended to arrive at their den sites earlier than younger bears.
Bears abandoned their first dens in 22% of the denning events, and appeared to be more
sensitive to disturbance during early denning period, because den abandonment rates were
lower later in winter. Males abandoned their dens more frequently than females, especially
those that had not visited their den sites before den entry. Predenning, which was defined as
reduced activity level below the normal activity level, started on average 22 October ± 11
days, which was before the bears entered their final den sites in 58% of the cases. Many
people associate dens with an increased risk of a bear responding aggressively to disturbance,
but the results indicated that other behavioral and possibly physiological changes in this
period also may be involved. Den entry occurred over a long period, with high variability and
poor predictability of its timing. Therefore, restricting hunting or other recreation activities to
reduce risk of injury by bears and disturbing bears would probably be both impractical and
ineffective. Our findings can be used to educate hunters about bear behavior at this time of
year to increase the awareness, about when the risk of disturbing, and being injured by a bear
is greatest.
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4.2 Detection of pregnancy by means of activity data (Paper II)

I developed a new method to confirm pregnancy and parturition in hibernating female brown
bears using activity data from 30 individual bears in Sweden. For this purpose I analyzed data
from 52 hibernation events. Pregnant females showed characteristic activity patterns during
the period of pregnancy, with significantly higher daily activity levels and higher frequency of
active periods during pregnancy than for nonpregnant bears. Pregnant females were active on
average 2.2 times more often during the pregnancy period than during the postpartum period,
compared with no difference between these periods for nonpregnant females. I developed a
pregnancy index, defined as the average of the proportion of mean daily activity levels and
the proportion of activity events during the pregnancy period divided by these values of the
postpartum period. It averaged 2.61±1.73 (SD) for pregnant females and 0.94±0.24 for
nonpregnant females, which was a highly significant difference. I evaluated this method using
a group of adult females that had an unverified reproductive status, but were classified as not
pregnant, because no cubs had been observed after den emergence. My results suggested that
35 % of those females had, in fact, been pregnant. This method is potentially important for
future studies of the population ecology of bears and of factors affecting their reproductive
success. At the same time it shows how unsecure conclusions based only on cub observations
are.

4.3 Factors affecting the dates of implantation, parturition, and den entry
(Paper III)

I used the knowledge about the activity levels of pregnant females during hibernation that I
gained in paper II to investigate the factors affecting the dates of implantation, parturition, and
den entry in paper III. Body temperature and activity were higher in pregnant brown bears
during the gestation period than during the rest of hibernation and both dropped at parturition.
Based on body temperature, the estimated mean date of implantation was 1 December ±12
days (median: 28 November, range: 29 days, from 19 November – 18 December). The mean
date of parturition was 26 January ±12 days (median: 23 January, range: 29 days, from 12
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January – 10 February). The mean duration of the gestation period lasted 56 ±2 days. The
parturition dates calculated with activity and body temperature data did not differ significantly
and were the same in 50 % of the females. However, the estimated implantation dates differed
up to 17 (±5) days when comparing dates calculated from activity data and body temperature.
The mean body temperature during the preimplantation, gestation, and lactation periods was
34.1 ±0.4 ˚C, 37.1 ±0.04 ˚C, and 34.6 ±0.3 ˚C. For nonpregnant bears during the
corresponding periods it was 33.9 ±0.5 ˚C, 33.2 ±0.3 ˚C, and 33.1 ±0.4 ˚C, respectively.
Although the body temperature of pregnant females decreased with the ongoing gestation
period, it was the period with the highest body temperature compared to all other periods for
both pregnant and nonpregnant females. The mean daily variation in body temperature was
also lowest during this period for pregnant females.
The activity data during 46 hibernation events showed that the parturition date can range over
43 days (from 1 January – 13 February). The mean start of hibernation was 18 October,
ranging 34 days, from 2 October – 5 November. The mean duration of denning prior to
parturition was 95 days. The start of the hibernation was earlier when ambient temperatures in
October were low. I tested whether age, litter size, primiparity, environmental conditions, or
the start of hibernation influenced the timing of parturition. Older females started hibernation
earlier. The start of hibernation was earlier during years with favorable environmental
conditions. Dates of parturition were later during years with good environmental conditions,
which was unexpected. I suggest that free-ranging pregnant brown bears in areas with high
levels of human activities at the beginning of the denning period, as in our study area, might
prioritize investing energy in early denning rather than in early parturition during years with
favorable environmental conditions, as a strategy to prevent disturbances caused by humans.
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5 Discussion

5.1 Denning of brown bears in central Sweden.

Den entry
Bears arrived at their den sites on average 24 October, but den arrival date ranged over almost
2 months, from 6 October until 1 December (paper I). My study on pregnant females showed
that the start of hibernation varied over 34 days (paper III), with a mean start on 18 October,
which was similar to a previous study in our study area (Friebe et al., 2001). The blastocyst is
not implanted in the uterus until the female is in the winter den (Tsubota et al., 1990, Hissa,
1997), which may be one reason for the early start of hibernation for pregnant female bears.

Environmental conditions affecting date of initiating hibernation
In paper III, I showed that low ambient temperature was associated with an early start of
hibernation (Servheen and Klaver, 1983, Reynolds et al., 1976). Male bears in northern
Sweden, where the climate is colder, start to hibernate on average 20 days earlier than in
central Sweden (Manchi and Swenson, 2005).
In paper III, I tested the effects of environmental conditions on the start of hibernation by
using a yearly environmental condition index that had been used in former studies as a proxy
for food conditions (Zedrosser et al., 2006). Environmental conditions were significantly
correlated with the start of hibernation for pregnant females, with earlier hibernation
following years of good conditions. Early start of hibernation has been observed previously as
a strategy for extremely well nourished female bears (Servheen and Klaver, 1983). A trade-off
in the ability to store additional fat and the energy used to consume the calories necessary to
add additional fat can be a reason for an early start of hibernation during years with good
environmental conditions (Humphries et al., 2003). In late autumn, when food availability
decreases, the trade-off between energy expenditure and energy consumption might diminish
(Humphries et al., 2003).
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Sex, reproductive status and age as factors affecting date of arrival at the den
site and initiation of hibernation
We found that single females, pregnant females, and females with cubs of the year arrived at
their den sites earlier than males and females accompanied by older offspring (paper I). The
sex and the reproductive status of a bear have been identified as factors that influenced den
entry behavior also in other study areas (Servheen and Klaver, 1983, Judd et al., 1986, Van
Daele et al., 1990). However, females with cubs were reported to den first by Mace and
Waller (1997). In the long-term study of 90 hibernation events (paper I), I detected a tendency
for younger bears to arrive at their den sites later than older bears. Older pregnant females
initiated hibernation earlier than younger pregnant females (paper III). An early start of
hibernation has been hypothesized as a strategy for predator avoidance in small mammals
(Bieber et al., 2014). Perhaps older females had experienced that hunting activities are high in
autumn in our study area, and therefore started to hibernate earlier than younger, less
experienced, pregnant females. Schooley et al. (1994) suggested that pregnant American
black bears den after they have stored sufficient fat reserves for winter survival and
reproduction in order to avoid being active during periods when food become less abundant.
Manchi and Swenson (2005) observed that older males hibernated for a shorter time than
younger males. They suggested that the surface area:volume ratio may explain the age-related
differences they observed in denning behavior. Large bears probably can store more fat and
might lose proportionally less weight per day than small bears. This might explain why older
male bears could afford to be active for a longer time during winter and start to hibernate
later.

5.2 Behavior prior to den entry and den abandonment

Bear behavior prior to den entry and risks of human injuries
The bears spent 4.6 ± 3.8 days in the den area before reaching their hibernation activity level.
How long a bear spent in the den area before the start of hibernation was mainly related to the
age of the bear, with older bears spending less time in the den area than younger bears (paper
I). This may be an effect of the older bears’ greater experience and familiarity with their home
range. Manchi and Swenson (2005) documented that the distance between an individual’s
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dens in successive years was short for adult males and females irrespective of age, indicating
that the same general area tended to be used for denning year after year, but that young male
bears had long distances between successive years’ dens, due to the subadult males’ dispersal
behavior.
Hissa et al. (1994) reported that changes of blood parameters in early fall may indicate the
development of a biochemical preparation for hibernation. We found that approximately half
of the bears reduced their activity on average two days before reaching their den areas and
when they still were several kilometers away from it, whereas the other half arrived in their
den areas before they reached predenning activity levels. The bears reduced their activity
gradually during the course of the autumn. These results were similar to my pilot study of
predenning behavior of female brown bears, where I observed a reduction of movements of
about 5% per week starting six weeks before den entrance (Friebe et al., 2001). Most human
injuries in Scandinavia occur during the moose hunting season, which is concurrent with the
den entry period. The vicinity of a den is one important factor that had been associated with
human injuries (Sahlén, 2013). Bears arrived at their dens over the course of several weeks,
with great variation in timing, which made it difficult to predict the onset of denning (papers I
and III). One important finding was that bears do not have to be at their den site to begin
predenning activity; in fact, half of the bears in our study were often kilometers away from
their final den location when their activity levels dropped significantly. Thus, many bears
moved in this lowered activity state for almost two days before arriving at their den area. This
raises the question of whether a bear in this low activity state away from its den responds
similarly to a bear in this state near its den when meeting a human. The fight response in
rodents can be triggered when there is a limited ability to flee and/or the threat is close to the
animal (Eilam, 2005). Thus, bears in a reduced predenning behavioral state may be more
prone to attack a human who approaches it, not because they are defending themselves at or
near a den, but because their physiological state prevents them from using escape as an
effective defensive mechanism. Bears undergo a series of physiological changes during the
hibernation period (Nelson et al., 1983), but the predenning reduction in activity we
documented suggested that physiological changes affecting the bears’ behavior may begin
before hibernation starts. More research on bears’ physiology prior to hibernation is necessary
in order to confirm if the bears’ physiological state can explain higher risks of injuries during
this time.
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Den abandonment
In paper I, we documented high den abandonment rates (22%) and that den abandonment was
more common early in the denning period, which coincides with the moose-hunting season.
The majority of documented den abandonments appeared to be the result of human
disturbance (Swenson et al., 1997, Linnell et al., 2000). Male brown bears were more likely to
abandon their dens than females, and had higher abandonment rates when they had not visited
their den sites previously. Friebe et al. (2001) also documented that free-ranging female
brown bears in central Sweden select predetermined places for denning by visiting their den
areas on average more than once a month during season, which was more often than expected.
All dens were constructed inside, rather than at the periphery of the home range. Thus, they
suspected that female bears chose a known place for the winter den. Bears that had visited the
den area previously may be aware of some of the regular disturbances that occur there and are
therefore either accustomed to them, or have already selected against such disturbances when
choosing their den site. We know from small- and large-scale studies that adult males avoid
human activity to a greater extent than females or young males (Nellemann et al., 2007,
Elfström et al., 2008, Steyaert et al., 2013a). Additionally, males are more likely to den in
open “nest dens”, which could also make them more vulnerable to disturbance (Elfström and
Swenson, 2009). The greater likelihood of males to abandon their dens may also be an effect
of their better ability to tolerate the cost of abandonment (Beale and Monaghan, 2004), due to
their greater body size and fat reserves.
Denning is essential for the reproductive success of female brown bears. Previous studies
have shown that disturbances during hyperphagia and hibernation has a negative effect on the
bears' fitness and reproductive success (Ordiz et al., 2008, Welch et al., 1997, Elowe and
Dodge, 1989, Linnell et al., 2000, Swenson et al., 1997). In central Sweden, 60% of the
presumed pregnant females that had abandoned their dens emerged from their new dens
without cubs (Swenson et al., 1997). Pregnant females are not protected from hunting,
however, they play a crucial role in population growth and start to hibernate earliest (Friebe et
al., 2001, Judd et al., 1986, Miller, 1990, Van Daele et al., 1990). Our study of pregnant
females showed that 47% of the females started hibernation before the 15 October, the last
day when hunting is still permitted if the quota has not been filled (paper III). Therefore, an
early start of hibernation could also be a strategy to avoid disturbance and loss of energy
during the hunting season. Restricted use of their home range, combined with reduced
movements, are known strategies of female brown bears with cubs of the year to avoid male
24

bear encounters during the mating season (Dahle and Swenson, 2003, Martin et al., 2013,
Steyaert et al., 2013a). Several studies have shown that bears try to avoid human disturbance
during hibernation, e.g., by selecting den sites far from roads or in concealed and rugged
terrain (Sahlén et al., 2011, Elfström et al., 2008, Goldstein et al., 2010, Ordiz et al., 2012,
Ordiz et al., 2013, Ordiz et al., 2011). Additionally, pregnant females choose better concealed
den types, like anthill, soil, and rock dens, than male bears (Elfström and Swenson, 2009).
Further research is necessary to determine whether early denning combined with tactically
wise denning strategies help pregnant females to avoid disturbances.

5.3 Can we use activity data to detect pregnancy in bears?

Our results in paper III showed that activity recordings with dual-axis motion sensors in GPS
neck collars can be used to document pregnancy in hibernating brown bears. Pregnant females
showed, on average, activity levels that were three times higher and had been active on
average, 2.2 times more frequently during the pregnancy than in the postpartum period. In
contrast, nonprengnant bears showed no changes in activity over comparable periods of time,
neither in the mean daily activity levels nor in the mean daily activity events.
Distinct differences in activity behavior during and after the time of pregnancy were clearly
visible to the unaided eye from a plot of the activity data in 85 % of the cases. I suggest that
the sudden drop in activity I observed in late January or early February was related to
parturition. In 15 % of the cases, the decline was more gradual, and activity was reduced for
only a short period after parturition, but my calculated pregnancy index confirmed pregnancy
status also for these cases. Therefore, I recommend calculating the pregnancy index as
described in paper II in order to detect pregnancy, even in females whose characteristic
pregnancy activity patterns are more difficult to detect visually.
Nonpregnant bears generally showed the lowest activity levels in January and February. The
duration and period of hibernation varies among bear populations (Servheen and Klaver,
1983, Schoen et al., 1987, Miller, 1990, Judd et al., 1986, Roth and Huber, 1986). Therefore,
the periods of pregnancy and postpartum used in this study may have to be changed for
similar studies elsewhere. Nevertheless, it could be difficult to determine pregnancy with my
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method for females that lose their cubs immediately after parturition, because typical
pregnancy patterns are easiest to detect when comparing activity data during pregnancy with
postpartum periods. The raised activity during pregnancy may be caused by the physiological
changes during pregnancy. Several studies on different species have shown that changes in
sex hormones during mating, pregnancy, and lactation can alter an animal's circadian activity
rhythm (Kiddy, 1977, Labyak and Lee, 1995, Wollnik and Turek, 1988, Lightfoot, 2008).
Studies on female golden hamsters (Mesocricetus auratus) have shown that changes in
hormone levels (estradiol and progesterone) during pregnancy impact the circadian locomotor
rhythms (Takahashi and Menaker, 1980). Changes in estradiol and progesterone hormone
levels during pregnancy have also been documented in brown bears (Sato et al., 2000).
Hellgren (1998) suggested that female American black bears may remain active after
implantation. However, after birth, when hormone concentrations change, the mothers may
remain still in order to warm their newborns, which are dependent upon their mother's body
heat. Robbins et al. (2012a) observed that captive pregnant female brown bears in artificial
dens were less active after birth, as they did not stand during the first 3 weeks postpartum.
Laske et al. (2011) also suggested that a decrease in heart rate and activity during hibernation
occurs with parturition in American black bears. This supports my conclusion that the
observed decrease in activity indicates the birth of cubs. Hissa et al. (1994) reported that
positional movements and head lifting are less frequent during midwinter than during the
beginning or end of hibernation. I also observed that bears were less active during midwinter.
However, the level of activity of nonpregnant bears did not decrease during midwinter to the
same extent as that of pregnant females after parturition and should, therefore, not be
mistaken as a sign of pregnancy for females with low basal activity levels. Because January
and February are the coldest months in our study area (SMHI, Swedish Meteorological and
Hydrological Institute), reduced physical activity during this time may save energy.
Most female brown bears reach sexual maturity at the age of 5, but in some populations, 4year-old and even 3-year-old females give birth (Zedrosser et al., 2004, Zedrosser et al., 2009,
Frković et al., 2001). These primiparous mothers lose their cubs more often during the
premating and mating seasons than older females (Zedrosser et al., 2009). This fact can
complicate the classification of a young female into the correct reproductive class using
conventional methods of detecting pregnancy, which are often based primarily on cub
observations after they leave the den. My activity-based method suggests that the method
based on postdenning behavior observations may have underestimated pregnancy in 35 % of
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the cases when cubs had not been observed, probably due to early cub loss. Therefore, I
recommend calculating pregnancy indices also for young female bears that are not expected to
be pregnant. My method can facilitate demographic studies of GPS-marked animals, because
it provides reliable information about whether a female has given birth or not. In addition, the
use of this method does not require human intervention during the sensitive periods of
pregnancy and postpartum, when animals are vulnerable to disturbance. My method may help
to obtain better information about the age of primiparity or the phenomenon of mixed-age
litters.

5.4 The use of activity and body temperature data to determine the
gestation period

My study was the first to document the timing of gestation in free-ranging brown bears. The
body temperature data clearly identified the dates of implantation and parturition. The
calculated gestation periods ranged between 54 – 59 days and were similar to early reports for
black and brown bears in other studies. Mean body temperature was significantly higher
during the gestation period than during the preimplantation and lactation periods for pregnant
females and nonpregnant female bears. Besides the energetic costs of lactation, the
maintenance of a high body temperature during gestation may be an additional reason why
pregnant females lose more body mass during hibernation than nonpregnant bears (LópezAlfaro et al., 2013). The variation of mean daily body temperature during gestation was lower
compared to the periods before and after the gestation and compared to the variation in body
temperature of nonpregnant females. Multiday cycles of body temperature have been
documented for nonpregnant hibernating bears (Tøien et al., 2011, Ruby, 2003). I did not
observe this in pregnant females during the gestation period. Instead, the mean daily body
temperature was stable and did not fall below 35.9 ˚C, as also was observed in one pregnant
American black bear (Tøien et al., 2011). Fetal development might be intolerant of high
variations in body temperature. Raised hormone levels during pregnancy could be another
reason for the low variation of body temperature during gestation (Tsubota et al., 1987).
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I also observed that the body temperature of pregnant females decreased during the course of
gestation. Studies have shown that the maximum serum progesterone level of pregnant brown
bears occurs approximately 60 days before parturition and decreases during gestation
(Tsubota et al., 1987). The decrease in body temperature during gestation that I observed
might be caused by changes in progesterone or other hormone levels. A drop in body
temperature at parturition has been reported previously for American and Asiatic black bears
and brown bears; in both species of black bears, the body temperature decreased to the level
of nonpregnant bears after parturition (Tøien et al., 2011, Shimozuru et al., 2013). However,
my results for brown bears showed that the body temperature during lactation did not fall as
low as that of nonlactating bears, as also reported by Hissa (1997) for brown bears. The data
showed that the body temperature of pregnant females during the preimplantation period did
not differ significantly from that during lactation. However, nonpregnant females had lower
body temperature levels than pregnant females during the lactation period. Body temperature
is probably lowest during midwinter, as it is for activity (Friebe et al., 2013, Hissa, 1997).
Metabolic activity during lactation might require or result in higher body temperature levels.

Activity
The estimated parturition dates using activity and body temperature data differed by only one
or two days and were the same for 50% of the females. Thus, I consider that either activity
data or body temperature can be used to determine dates of parturition. However, because of
the high variation in mean daily activity during the early hibernation period, it was more
difficult to estimate the dates of implantation using activity data. I used the moving 5th-order
average, because in some cases, activity did not reach the mean hibernation level for more
than a few days before implantation, in other cases activity rose before the implantation
calculated from the body temperature. Raised activity during this period could be caused by
hormonal changes prior implantation, or because activity is in general higher during the
beginning of the hibernation period than during midwinter (Friebe et al., 2013, Hissa et al.,
1994). The calculated dates of implantation varied 17 ±5 days between body temperature and
activity recordings. I can therefore not recommend using activity recordings to determine the
date of implantation. However, because the gestation period lasted on average 56 days and
showed little variation, I recommend estimating the date of implantation using activity data by
subtracting 56 days from the calculated date of parturition.
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5.5 Which factors influence the timing of parturition?

My findings in paper III showed that parturition dates ranged over a period of 43 days, which
demonstrates a high flexibility in the timing of gestation. Whereas dates of parturition have
not been recorded in wild-living brown bears before, Bridges et al. (2011) documented that
parturition dates of 150 litters of wild-living American black bears ranged over 53 days from
late December to mid-February (39 days excluding an outlier). Robbins et al. (2012b)
reported only a 17-day range of parturition in January for a smaller sample of 13 captive
brown bear births, perhaps due to similar conditions among bears in captivity. Because the
date of denning did not correlate with the date of parturition, I suggest that other factors
trigger implantation. Age had a minor effect on the timing of parturition, as there was only a
tendency for older females to give birth earlier. Bridges et al. (2011) observed later parturition
in pregnant female American black bears that were younger than 5 years old. However, in my
study, only 2 females were younger than 5 years. A larger dataset of young pregnant females
might be necessary to document an effect of age on the date of parturition.
Studies on captive brown bears have shown that larger females give birth earlier during winter
than smaller females (Robbins et al., 2012b). However, in my study, favorable environmental
conditions correlated with late parturition. Although we had no information about the
females’ body mass prior to denning, I expected that food availability was the most important
factor affecting the environmental condition index (Zedrosser et al., 2006) and that the
females were heavier when the environmental conditions had been favorable. With this
reasoning, my results differed from those found in captive bears (Robbins et al., 2012b). It is
possible that free-ranging females might budget their energy resources differently than captive
females (Steyaert et al., 2013b, Steyaert et al., 2013c). In this study, during years with good
environmental conditions, pregnant females began hibernating earlier rather than using energy
reserves for early parturition and lactation, which would have maximized offspring weight at
den emergence. More information about the relationship between female body condition prior
to hibernation and the timing of gestation is needed for wild-living bears.
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6 Future research perspectives

Johan Wolfgang Goethe:
"So eine Arbeit wird eigentlich nie fertig, man muss sie für fertig erklären, wenn man nach
der Zeit und den Umständen das Möglichste getan hat."

This statement is probably applicable for all research. This thesis has delivered many new
insights on hibernation, denning strategies and timing, and detection of parturition during
hibernation in free-ranging brown bears. Nevertheless, many aspects of the physiological
changes that occur during hibernation are still poorly understood. The results presented in this
thesis showed that a variety of factors influence hibernation and denning behavior, some of
which are: environmental conditions, age, sex, reproductive status, human activity, year, and
individual. In order to understand the nexus of all these parameters, longtime studies of bears
in different reproductive groups under different environmental conditions are necessary.
Although the results are based on long-term studies with sufficient group size of bears with
different reproductive status, the study was conducted within only one study area. Although
this was important in order to gain a general knowledge of bears’ winter behavior, it would
have been interesting to compare some of the results in this thesis with the winter behavior of
brown bears in other study areas, where the photoperiod, climate, vegetation period, body size
of bears and hunting season are different.
Because the SBBRP now equips bears with biologgers to record body temperature and heart
rate, it will be important to compare the time course of activity and physiological parameters
during den entry, hibernation, and den exit. Physiological changes may explain the higher rate
of injuries during the denning period and also can give us more knowledge about how bears
react physiologically to disturbances during hibernation. These parameters will also provide
us with more detailed knowledge about factors that might trigger the start of hibernation.
Special endocrine mechanisms have been implicated in the regulation of seasonal changes in
the physiology and behavior of animals. Some of these mechanism are directly involved in
annual time keeping, particularly through the photoperiodic mechanism (DeCoursey et al.,
2004). Circannual rhythms are excellent adaptions for species that inhabit a severe and
regularly changing environment, where each event in an animal’s life must occur at an exact

30

time in order to survive. A circannual rhythm guarantees, e.g., that emergence from
hibernation occurs at the proper time, i.e., early enough for successful reproduction and late
enough to avoid unfavorable conditions in late winter or early spring (Gwinner, 1986). During
the active season, brown bears show diurnal activity patterns with activity peaks during
crepuscular hours. Their circannual activity rhythm is affected by the photoperiod and their
reproduction status, but also by the season, e.g., the mating, foraging, or hunting season
(Friebe et al. in prep.). However, during hibernation, bears show neither chronological
periodical arousals nor circadian activity patterns. It would therefore be of great importance to
study the seasonal behavioral patterns of bears and their biological pacemakers, and then the
transition period from the active to the hibernation stage, to detect physiological and
ecological factors that may induce the start and end of hibernation. Although bear dens are
covered by snow in the middle of the winter, daylight might reach into the dens in early
winter and late spring while bears are still hibernating. Light sensors mounted on the GPS
collars might help to clarify if the photoperiod triggers the start and end of hibernation. The
results in paper I have shown that the start of hibernation and denning do not necessarily
occur at the same time and that the activity starts to decrease some time before bears enter
their dens. Further analyses of activity data, in combination with data on movement, body
temperature, and heart rate will provide us with more knowledge about the chronological
order of physiological and behavioral changes during the transition period from active to
hibernation stage, and vice versa. These analyses would enable us to advance one step further
in the understanding of the biological time keeping processes of hibernation.
In paper III, I used activity and body temperature data to detect implantation and parturition.
Unfortunately I had no information about the females’ body weight prior to hibernation, but
my results for free-ranging bears showed different results regarding the effect of female
condition on the timing of parturition than for bears in captivity. The determination of
parturition dates was a pilot study and never had been done on free-ranging bears before.
Further studies of hibernating free-ranging pregnant brown bears are necessary in order to
gain more reliable knowledge about which factors influence the timing of parturition.
Comparable studies on pregnant captive bears in our study area could be conducted in order to
determine if the start of denning and the time females had spent in the den prior to parturition
affect the timing of parturition. Those factors were not included in previous studies on captive
pregnant females, because animal keepers often decide the timing of hibernation by caging
bears in their artificial dens and ceasing to feed them.
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Pseudopregnancy has been documented and is common in captive ursids (Shimozuru et al.,
2013, Sato et al., 2001, Tsubota et al., 1987, Dehnhard et al., 2006). Several researchers have
demonstrated, that body temperatures and hormone levels are similar during gestation (or
“pseudogestation”) for pregnant and pseudopregnant bears. It is therefore extremely difficult
to distinguish between a free-ranging pregnant and pseudopregnant female, if the female had
lost its cubs soon after parturition, before we were able to document that cubs had been born.
When I compared the body temperature patterns between pregnant and nonpregnant bears
during the gestation period (paper III), none of the nonpregnant bears showed high body
temperature levels during hibernation, and I could confirm that cubs had been born for all
pregnant bears. However, sooner or later we will receive body temperature data from pregnant
females that lose their cubs before we observe them and which will not be captured (to
confirm lactation and used nipples). Then, we will not be able to determine if this female had
been pregnant or pseudopregnant. However, vaginal implants that document birth events and
communicate with GPS collars in combination with implanted body temperature loggers
might be a future method to document if pseudopregnancy occurs often in free-ranging brown
bears or if this is a more common phenomenon in captive bears.
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7 Abstract

This thesis deals with several aspects of the hibernation biology of bears. Hibernation is an
essential feature of the ecology and reproduction of brown bears (Ursus arctos). It
necessitates a variety of complex physiological and behavioral changes and the ability to
adapt to environmental changes and anthropogenic influences. Furthermore, the bears’ needs
during hibernation differ according to the physical condition and reproductive state of the
individual. Many hibernation studies, especially physiological studies, have been conducted
on bears in captivity; however, free-ranging bears must cope with more challenging factors.
Thus, environmental, individual, and behavioral factors need to be included when studying
winter behavior. In Sweden, hunting activities are high in autumn and bears are reported to be
more aggressive at their den sites. Disturbance of pregnant female brown bears during winter
can lower their reproductive success, because pregnant females give birth to cubs during
hibernation. Pregnant females are not protected from the bear hunting. Thus, the knowledge
of the timing when brown bears enter hibernation and when they give birth to offspring can
supply us with important information for bear conservation, and may additionally improve the
safety of both humans and bears. I documented the denning behavior of brown bears in
central Sweden, with an emphasis on which environmental and behavioral factors influence
den entry to gain a general understanding of the hibernation process in bears. Additionally I
investigate bear’s activity and movement behavior prior and during denning to evaluate
whether behavioral changes can explain the higher risks of injuries at this time. I also studied
physiological and behavioral alterations of pregnant females during hibernation to document
for the first time the timing of gestation and parturition in free-ranging brown bears. I
developed a new noninvasive method to detect pregnancy and parturition in hibernating
brown bears using activity data and evaluated which factors influenced the timing of
hibernation and parturition in pregnant bears.
Brown bears arrived at their den sites from 6 October until 1 December. The mean den entry
date for all bears was 28 October, but it varied with reproductive category, bear age, and
among years. Solitary females, pregnant females, and females with cubs of the year arrived at
their den sites earlier than males. Younger bears tended to arrive at their den sites later than
older bears. However, older pregnant females started hibernation earlier and their start of
hibernation was also earlier during years with favorable environmental conditions.
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Bears gradually reduced their movements and activity several weeks before entering the den
and appeared to be more sensitive to disturbance in this period. Den abandonment during
hibernation was high (22%), but female brown bears had a lower den abandonment rate and
visited their den areas during season more often than males. Although bear-caused injuries to
humans peak during October and November, we could not confirm that the vicinity of a den
was an important factor associated with these injuries. Half of the bears reduced their activity
level significantly before they had arrived at their den sites, so some of the human injuries
may have been associated with the bears’ prehibernation behavior. I suggest that
physiological changes during prehibernation may affect the bears’ behavior. More research on
bears’ physiology prior to hibernation is necessary in order to confirm if physiological
changes can explain higher risks of injuries.
Pregnant females showed higher activity levels and were more frequently active during
pregnancy than during the postpartum period, in contrast to nonpregnant females. I created a
pregnancy index based on activity data that can be used to determine if a female brown bear
had given birth during hibernation. I used the rise and drop in body temperature and activity
levels during hibernation to determine the gestation period of pregnant females. Body
temperature and activity were higher during the gestation period than during the
preimplantation and lactation periods. The gestation period averaged 56 days in free-ranging
brown bears. The mean date of parturition calculated with activity data was 21 January, with a
range of 43 days which demonstrates a high flexibility in the timing of gestation. The dates of
parturition were later during years with good environmental conditions, which was
unexpected, because captive pregnant females in excellent condition give birth to young
earlier than females that are lean. Further studies of hibernating free-ranging pregnant brown
bears are necessary in order to gain more knowledge about which factors influence the timing
of parturition. My new noninvasive method to detect pregnancy in bears can facilitate
demographic studies of GPS-marked animals because it delivers reliable information about
gestation and parturition. It may also help to obtain better information about the age of
primiparous females and to detect phenomenons of mixed-age litters.
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8 Zusammenfassung

Diese Dissertation beschäftigt sich mit verschiedenen Aspekten der Winterruhe von Bären.
Die Winterruhe ist ein wesentlicher Bestandteil in der Ökologie und Reproduktion von
Braunbären (Ursus arctos). Sie erfordert eine Vielzahl von komplexen physiologischen
Umstellungen und Verhaltensänderungen und beruht auf der Fähigkeit, auf veränderte
Umweltbedingungen und anthropogene Einflüsse reagieren zu können. Nahrungsangebot und
Klima, insbesondere die Temperatur, können sowohl den Beginn als auch die Dauer der
Winterruhe beinflussen. Da Bären während der Winterruhe keine Nahrung zu sich nehmen,
haben diese Umweltfaktoren einen direkten Einfluß auf deren Fittness. Bären haben während
der Winterruhe unterschiedliche Ansprüche, welche sich je nach körperlicher Kondition und
reproduktivem Zustand des Individuums unterscheiden. Große Bärenmännchen halten zum
Beispiel kürzer Winterruhe, da sie mehr Fett anlegen können und proportional zum
Körpergewicht weniger Gewicht verlieren als kleine Bären. Trächtige Weibchen verbrauchen
während der Winterruhe im Durchschnitt etwa doppelt so viel Energie wie andere Bären, da
die Jungen während der Winterruhe geboren und mit einer fetthaltigen Milch gesäugt werden.
Bisher wurde die Winterruhe, insbesondere in physiologischen Studien häufig an Bären in
Gefangenschaft

erforscht.

Freilebende

Bären

müssen

jedoch

weitaus

mehr

und

anspruchsvollere Umweltfaktoren bewältigen. Aus diesem Grund müssen bei der Erforschung
der Winterruhe in Freilandstudien stets auch Umweltbedingungen, individuelle Eigenschaften
und die Verhaltensweisen der Bären mit einbezogen werden. Zusätzlich können anthropogene
Faktoren die Winterruhe beeinflussen. In Schweden finden viele Jagdaktivitäten, wie zum
Beispiel die Großwildjagd, im Herbst statt, zu einer Zeit, in der Braunbären ihre Winterhöhlen
aufsuchen. Berichten zufolge zeigen Bären in Schweden in der Nähe ihrer Winterhöhlen ein
erhöhtes

Aggressionsverhalten.

Studien

haben

zudem

gezeigt,

daß

trächtige

Braunbärweibchen, die im Winter gestört werden, einen geringeren Fortpflanzungserfolg
haben. Braunbären sind bei der Geburt blind und nackt, sie wiegen nur 300-500g und sind auf
die Wärme der Mutter angewiesen. Ein Wechseln der Winterhöhle kann deshalb zum Verlust
der Jungen führen insbesondere, wenn diese noch sehr jung sind.
In Schweden leben ca. 2800 freilebende Braunbären (Stand2013). Ich studierte das
Winterverhalten der Braunbären in Mittelschweden, mit dem Schwerpunkt, die Umwelt- und
Verhaltensfaktoren

zu

identifizieren,

welche
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die

Winterruhe

beeinflussen,

um

charakteristische Erkenntnisse über den Prozess der Winterruhe bei Braunbären zu gewinnen.
Zusätzlich studierte ich das Aktivitäts- und Wanderverhalten der Bären vor und während dem
Eintritt in ihre Winterhöhlen, um bewerten zu können, ob Verhaltensänderungen die
vermehrten Angriffe auf Menschen in dieser Zeit erklären können. Frühere Freilandstudien
über das Winterverhalten von Bären basierten meist nur auf Positionsdaten und nicht auf
Aktivitätsdaten. Aktivitätsdaten können uns jedoch detailliertere Informationen über den
Verlauf der Winterruhe liefern, wie z.B. ob ein Bär noch einige Zeit aktiv am
Winterhöhlenplatz ist, oder ob die Winterruhe unmittelbar nach dem Aufsuchen der
Winterhöhle eintritt. Bären in Schweden graben jedes Jahr eine neue Winterhöhle, werden sie
während der Winterruhe gestört, so verlassen sie ihre Höhle und bauen sich ein neues
Winterquartier. Ich untersuchte, ob Bären strategisch einen Platz für die Winterhöhle wählen,
der schon vorher während der aktiven Saison aufgesucht wurde oder ob die Wahl der
Höhlenplätze spontan erfolgt. Zudem dokumentierte ich, wie viele Bären im Winter ihre
Höhlen wechselten.
Mit dem Ziel, zum ersten Mal die Periode der Tragzeit und die Zeitpunkte der Geburten bei
frei lebenden Braunbären zu dokumentieren, untersuchte ich physiologische Modifikationen
und Verhaltensänderungen von trächtigen Braunbärenweibchen während der Winterruhe.
Früheren Studien haben dokumentiert, daß bei Bären die Einnistung der Blastozysten etwa im
November/Dezember und die Geburten im Januar/Februar stattfinden. Detaillierte
Informationen für freilebende Braunbären sind nicht vorhanden. Da Braunbären während der
Winterruhe sehr störanfällig sind, entwickelte ich mit Hilfe von Aktivitätsmessungen eine
neue, nicht invasive Methode, um die Trächtigkeit und Geburt während der Winterruhe bei
Braunbären zu bestimmen. Zudem untersuchte ich bei trächtigen Bären, welche Faktoren den
Beginn der Winterruhe und den Zeitpunkt der Geburt beeinflussen.
Zwischen 2004-2013 haben wir von einem Helikopter aus insgesamt 55 freilebende Bären in
verschiedenen Geschlechts- und Alterskategorien betäubt und mit einem GPS-GSM
Halsband, in dem ein Aktivitätssensor integriert ist, für mehrere Jahre besendert. Die GPSSender lokalisierten die Bären während der aktiven Phase alle 30 min und während der
Winterruhe 1-mal täglich. Die Aktivitäten wurden 6-8 mal pro Sekunde gemessen, im 5
Minuten Intervall gemittelt und auf einer Skala von 0-255 aufgezeichnet. Alle Winterhöhlen
wurden im darauffolgenden Frühjahr, nachdem die Bären ihre Höhlen verlassen hatten,
aufgesucht und vermessen. Um die Tragzeit und den Zeitpunkt der Geburt dokumentieren zu
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können, wurden 16 adulten, weiblichen Braunbären zusätzlich ein Temperatursensor
abdominal implantiert, der die Körpertemperatur alle 30 min aufzeichnete.
Braunbären suchten den Platz der Winterhöhlen zwischen dem 6. Oktober und 1. Dezember
auf. Sie betraten die Winterhöhlen im Durchschnitt am 28. Oktober, das Eintrittsdatum
variierte jedoch mit der reproduktiven Kategorie, dem Alter des Bären, und zwischen den
Kalenderjahren. Solitäre Weibchen, trächtige Weibchen und Bärenweibchen mit Jungtieren,
suchten die Plätze der Winterhöhlen früher auf als Bärenmännchen. Jüngere Bären suchten
ihre Höhlenplätze früher auf als ältere Bären. Ältere trächtige Bärenweibchen hingegen,
gingen früher zur Winterruhe insbesondere in Jahren mit günstigen Umweltbedingungen. Die
Bären begannen bereits mehrere Wochen vor dem Eintritt in die Winterhöhlen ihre täglichen
Wanderungen und Aktivitäten zu reduzieren und sie schienen in diesem Zeitraum
empfindlicher auf Störungen zu reagieren. Während der Winterruhe wechselten 22% der
Bären die Winterhöhle. Weibliche Bären wählten ihren Winterhöhlenplatz in bekannten,
zuvor aufgesuchten Gebieten und flüchteten aus ihren Winterhöhlen seltener als Männchen,
die ihren Höhlenplatz spontan gewählt hatten. Obwohl Unfälle mit Bären vorwiegend im
Oktober und November stattfinden, konnte ich nicht bestätigen, daß die Nähe einer
Winterhöhle ein wichtiger Faktor bei diesen Verletzungen war. Die Hälfte der Bären
reduzierte ihr Aktivitätsniveau schon deutlich vor dem Aufsuchen der Winterhöhle, so daß
einige der Angriffe auf Menschen mit den Verhaltensänderungen vor der Winterruhe in
Verbindung gebracht werden können. Ich vermute, daß physiologische Veränderungen schon
vor der Winterruhe einsetzen, die das Verhalten der Bären beeinflussen können. Einige
Studien berichten über lethargisches Verhalten und Ende der Nahrungsaufnahme noch bevor
sich Bären zur Winterruhe begeben. Weitere Forschung über die Physiologie der Bären vor
der Winterruhe ist erforderlich, um zu bestätigen, ob und welche physiologischen
Veränderungen ein höheres Aggressionsverhalten erklären können.
Der Beginn der Winterruhe spiegelte sich bei den Bären in einem drastischen Abfall der
täglichen Aktivitäten wieder. Während der Winterruhe wechseln Bären mehrmal täglich ihre
Körperposition in der Winterhöhle. Aus diesem Grund sind nur sehr niedrige Aktivitäten
meßbar. Dennoch konnte ich bei trächtigen Bärenweibchen typische Aktivitätsmuster
während der Winterruhe erkennen. Die tägliche Durchschnittsaktivität viel bei trächtigen
Weibchen wie auch bei anderen Bären bei Beginn der Winterruhe drastisch ab, doch stieg die
Aktivität gegen Ende November wieder leicht an und sank erst im Januar oder Februar wieder
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ab. Während der Tragzeit hatten trächtige Bärenweibchen im Durchschnitt 3-mal höhere
Aktivitätslevel und sie waren doppelt so oft aktiv wie während der postpartalen Phase. Bei
nicht-trächtigen Weibchen war kein signifikanter Unterschied zwischen diesen Perioden
nachweisbar. Trächtige Weibchen waren während der Tragzeit aktiver und während der
postpartalen Phase passiver als nicht-trächtige Weibchen. Da neugeborene Bärenjungen auf
die Wärme der Mutter angewiesen sind, liegen diese wahrscheinlich still, um die Jungen vor
dem Auskühlen zu schützen. Ich habe eine Formel für einen Trächtigkeits-Index erstellt.
Dieser Index basiert auf den unterschiedlichen Aktivitätslevel während der Tragzeit und
postpartalen Phase und kann verwendet werden, um festzustellen, ob eine Braunbärin
während der Winterruhe Jungtiere geboren hat. Um die Qualität des Trächtigkeits-Index zu
testen, wurden in dieser Studie nur Daten von Tieren verwendet, deren Reproduktionsstatus
anhand von Observationen von Jungtieren und anhand von Information über Laktation
bestätigt werden konnten. Bärinnen wurden als trächtig eingestuft, wenn wir sie im Frühjahr
mit Jungtieren beobachten konnten, oder wenn die Bärin laktierte. Bärinnen wurden als nicht
trächtig eingestuft, wenn die Bärin nicht laktierte und auch keine neugeborenen Jungen bei
sich hatte. Ich testete meinen Trächtigkeits-Index bei einer Bärengruppe, die von meiner
Analyse ausgeschlossen wurde, um zu bewerten, wie hoch die Wahrscheinlichkeit ist, dass
mit der üblichen Observationsmethode ein Weibchen in die falsche Reproduktionskategorie
eingeordnet wird. Bei den Weibchen dieser Testgruppe beobachteten wir keine Jungtiere,
wussten jedoch nicht, ob die Bärinnen laktierten. Der Trächtigkeits-index zeigte, dass 35%
der Tiere dieser Testgruppe in der Tat trächtig waren. In Schweden ist Infantizid durch
Bärenmännchen während der Paarungszeit die häufigste Todesursache von Bärenjungen.
Wahrscheinlich hatten diese Weibchen ihre Jungen sehr früh verloren, noch bevor wir die
Familiengruppen beobachten konnten. Ich befürworte, die Trächtigkeit von Bären in Zukunft
mit Hilfe von Aktivitätsdaten und dem Trächtigkeits-index zu bestimmen. In meiner Studie
bestimmte der Index den Reproduktionsstatus zu 98% richtig und erkannte zusätzlich
Trächtigkeiten, die mit reinen Observationsmethoden nicht endeckt wurden. Diese Methode
vermeidet zusätzlich das Stören von Bären während der Winterruhe oder im Frühjahr, was mit
Observationsmethoden unvermeidlich ist.
Ich vermutete, daß der beobachtete Abfall der Aktivitäten im Januar/Februar die Geburt der
Jungen anzeigte. Da ich jedoch keinen Beweis erbringen konnte, dass die Jungen tatsächlich
zu diesem Zeitpunkt

geboren wurden, habe ich in der

folgenden Studie die

Körpertemperaturdaten der Bären miteinbezogen. Es ist bekannt, dass trächtige Bären
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während der Tragzeit eine höhere Körpertemperatur haben. Ich habe den Anstieg und Abfall
der Körpertemperatur mit den Aktivitätsdaten während der Winterruhe verglichen und mit
Hilfe dieser Daten die Tragzeit von trächtigen Weibchen bestimmt. Die Körpertemperatur und
auch die Aktivität waren wie erwartet während der Tragzeit höher als während der
Präimplantations- und Laktationsphase. Ich ermittelte anhand der Körpertemperaturdaten die
Daten der Implantation sowie die Daten der Geburt und errechnete eine durchschnittliche
Tragzeit von 56 Tagen bei frei lebenden Braunbären. Die Daten der Geburten konnte auch mit
den Aktivitätsdaten errechnet werden, sie unterschieden sich nicht signifikant von den
errechneten Geburtsdaten mit den Körpertemperaturdaten; die maximale Differenz betrug 2
Tage. Die errechneten Daten der Implantation mit Aktivitäts- und Körpertemperaturdaten
waren nur knapp statistisch signifikant gleich. Aus diesem Grund berechnete ich für Bären,
bei denen nur Aktivitäts- und keine Körpertemperaturdaten vorgenommen wurden lediglich
die Zeitpunkte der Geburten. Das mit Aktivitätsdaten berechnete durchschnittliche Datum der
Geburt war der 21. Januar, mit einer Spanne von 43 Tagen. Diese enorme Spanne lässt auf
eine hohe Flexibilität in der zeitlichen Planung der Tragzeit schließen. Braunbären gebaren
ihre Jungen in den Jahren mit guten Umweltbedingungen (z.B. hohe Nahrungsverfügbarkeit)
später. Dieses Ergebnis war unerwartet. In Tierparks gebären trächtige gutgenährte
Braunbärweibchen früher als magere Weibchen, was zur Folge hat, das die Jungen beim
Verlassen der Winterhöhle älter, schwerer und grösser sind. Meine Ergebnisse zeigten jedoch
auch, dass trächtige Bären in Jahren mit hoher Nahrungsverfügbarkeit die Winterruhe früher
begannen. In Tierparks entscheiden oft die Tierpfleger, wann die Bären in ihre künstlichen
Winterhöhlen gebracht werden. In meiner Freilandstudie hatte der Beginn der Winterruhe
keinen Einfluss auf den Zeitpunkt der Geburt, was darauf schliessen lässt, dass andere
Faktoren, den Zeitpunkt der Implantation induzieren. In Schweden begannen 47% der
trächtigen Bärenweibchen die Winterruhe vor dem 15. Oktober, dem offiziellen Ende der
Bärenjagd. Ein frühzeitiger Beginn der Winterruhe kann eine Strategie sein, menschliche
Störungen und potentielle Energieverluste während der Jagdzeit zu meiden. Frühere Studien
haben gezeigt, daß trächtige Weibchen besser geschützte Winterhöhlen konstuieren. Unsere
Studie zeigte zusätzlich, daß Bärenweibchen ihre Höhlenplätze strategisch wählen. Weitere
Forschung über die Winterruhe von frei lebenden trächtigen Braunbären ist notwendig, um zu
erfahren, welche Faktoren die zeitliche Organisation der Tragzeit und Geburt beeinflussen.
In Schweden sind trächtige Weibchen während der Bärenjagd nicht geschützt. Das Wissen,
wann Braunbären die Winterruhe beginnen und wann die Weibchen ihren Nachwuchs
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gebären, kann somit wichtige Informationen für den Bärenschutz liefern und zusätzlich zur
Sicherheit von Menschen und Bären während dieser empfindlichen Periode beitragen. Meine
neue, nicht-invasive Methode zur Erkennung der Trächtigkeit von Bären kann demografische
Studien von GPS-markierten Tieren erleichtern, da sie zuverlässige Informationen über die
Tragzeit und Geburt liefert. Insbesondere kann sie zur Aufklärung beitragen wann
Bärenweibchen das erst Mal gebären und wie häufig Phänomene wie z.B. altersgemischte
Würfe wirklich vorkommen.
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