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Abstract In this study, we investigated the timing and
duration of hibernation as well as body temperature pat-
terns in free-ranging common hamsters (Cricetus cricetus)
with regard to sex and age differences. Body temperature
was recorded using subcutaneously implanted data loggers.
The results demonstrate that although immergence and
vernal emergence sequences of sex and age groups resem-
bled those of most hibernators, particularly adult females
delayed hibernation onset until up to early January. Thus,
in contrast to other hibernators, female common ham-
sters hibernated for shorter periods than males and corre-
spondingly spent less time in torpor. These sex differences
were absent in juvenile hamsters. The period between the
termination of hibernation and vernal emergence varied
among individuals but did not differ between the sex and
age groups. This period of preemergence euthermy was
related to emergence body mass: individuals that termi-
nated hibernation earlier in spring and had longer euther-
mic phases prior to emergence started the active season in
a better condition. In addition, males with longer periods of
preemergence euthermy had larger testes at emergence. In
conclusion, females have to rely on sufficient food stores
but may adjust the use of torpor in relation to the available
external energy reserves, whereas males show a more pro-
nounced energy-saving strategy by hibernating for longer
periods. Nonetheless, food caches seem to be important
for both males and females as indicated by the euthermic
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preemergence phase and the fact that some individuals,
mainly yearlings, emerged with a higher body mass than
shortly before immergence in autumn.
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Introduction

Hibernating animals overcome periods of energy short-
age and cold ambient temperatures by expressing hetero-
thermy. This is characterized by multiday torpor bouts with
reduced metabolic rate and body temperature, alternating
with short arousal intervals at normal body temperature
(Buck and Barnes 2000; Geiser 1988b, 2004; Geiser and
Ruf 1995; Heldmaier et al. 2004; Heldmaier and Ruf 1992;
Ortmann and Heldmaier 2000; Ruf and Geiser 2015; Wang
and Hudson 1971). The apparent advantage of hibernation
is saving energy (Heldmaier et al. 2004; Heldmaier and Ruf
1992; Levesque and Tattersall 2010; Ruf and Geiser 2015;
Ruf and Heldmaier 1992; Wang 1978, 1989), but other ben-
efits, such as reduced water loss and parasite load, and even
lower predation risk, have also been documented (Geiser
and Brigham 2012). At the same time, this strategy also
imposes costs on an individual because torpor is associated
with neuronal impairment (Arendt et al. 2003), reduced
memory retention (Millesi et al. 2001), immune suppres-
sion (Prendergast et al. 2002), oxidative stress (Carey et al.
2000), and cellular damage (Turbill et al. 2013). It has,
therefore, been hypothesised that animals adjust the time
spent in torpor to available energy reserves (Boyles et al.
2007; French 2000; Humphries et al. 2003a, b; Munro et al.
2005; Vuarin et al. 2015). Accordingly, individuals would
minimize the costs of heterothermy by expressing torpor
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less frequently when energy reserves are sufficient. The
hibernation period requires energy storages, which individ-
uals accumulate prior to autumnal immergence either inter-
nally as body fat (Florant and Healy 2012; Humphries et al.
2003b; Michener 1992; Sheriff et al. 2013) or externally as
food stores (Day and Bartness 2003; French 2000; Hum-
phries et al. 2003b). The latter strategy has been assumed
to be preferably used by common hamsters (Eibl-Eibesfeldt
1953; Niethammer 1982), although more recent findings
showed pronounced sex differences in foraging behavior
(feeding above ground versus food caching) during the
active season: males mainly fed above ground, whereas
females almost exclusively cached food (Siutz et al. 2012).
Correspondingly, adult males had higher body fat propor-
tions shortly before immergence than adult females and
probably smaller food caches (Siutz et al. 2012).

Most hibernators, particularly those relying exclusively
on body fat, show a strict annual timing of reproduction,
prehibernation fattening, and hibernation. Females usu-
ally produce one litter per season (Giir and Kart Giir 2005;
Kenagy and Barnes 1988; Michener 1998; Millesi et al.
1999a), and immergence into and emergence from the
hibernacula often follow typical sex- and/or age-specific
patterns (Barnes 1996; Blumstein et al. 2004; Buck and
Barnes 1999; Giir and Kart Giir 2005; Kenagy et al. 1989;
Michener 1984; Millesi et al. 1999b; Sheriff et al. 2011).
The timing of the annual cycle of common hamsters resem-
bles that of other hibernators and follows the general pat-
tern with males emerging from the hibernacula in spring
before females (Franceschini and Millesi 2005; Millesi
et al. 2004; Ulbrich and Kayser 2004; Weinhold and Kayser
2006). The reproductive period starts shortly after female
emergence, but in contrast to most mammalian hibernators,
female hamsters can produce up to three litters per season
resulting in an extended reproductive period lasting until
September in some individuals (Franceschini-Zink and
Millesi 2008; Hufnagl et al. 2011; Millesi et al. 2004; Siutz
and Millesi 2012). Testes regression in males occurs during
August, and shortly thereafter (September), they enter their
hibernacula (Lebl and Millesi 2008). Females immerge
about 1 month later than males, probably due to their
reproductive effort (Franceschini-Zink and Millesi 2008;
Hufnagl et al. 2011; Millesi et al. 2004). Juvenile hamsters,
finally, start to immerge during October (Franceschini and
Millesi 2005).

In some species, such as ground squirrels, eastern chip-
munks, or woodchucks, adult males start to hibernate later,
show fewer and/or shorter torpor bouts, spend less time in
torpor, or end hibernation earlier than adult females (Bat-
avia et al. 2013; Buck et al. 2008; Geiser 1988a; Healy
et al. 2012; Kart Giir and Giir 2015; Kortner et al. 2010;
Michener 1992; Munro et al. 2005; Sheriff et al. 2011;
Young 1990; Zervanos et al. 2013; Zervanos and Salsbury
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2003). Such sex differences in hibernation patterns have
even been found in juveniles (e.g., 13-lined ground squir-
rels, Kisser and Goodwin 2012) and were mainly attrib-
uted to longer euthermic periods prior to vernal emergence
(Michener 1992; Sheriff et al. 2011; Young 1990), autum-
nal food hoarding, and territory defence (Buck and Barnes
2003; Buck et al. 2008; Healy et al. 2012; Kart Giir and
Giir 2015; Michener 1992).

Although the timing of the active season is controlled
by an endogenous rhythm entrained by photoperiodic cues,
high interspecific variation, e.g., in sciurid rodents suggests
that species vary in their ability to alter responses to endog-
enous and environmental cues. In facultative hibernators,
the expression of hibernation is highly variable and can be
affected by environmental factors like the availability and
quality of food hoards (reviewed in Williams et al. 2014).
Previous studies on hibernation in common hamsters under
semi-natural conditions (Wassmer 2004; Wollnik and
Schmidt 1995) demonstrated a high individual variation
in body temperature patterns during winter, ranging from
regular, deep torpor bouts alternating with short arousals
to irregular patterns with extended euthermic periods, and
only a few torpor bouts. Some individuals showed no deep
torpor bouts at all (Wassmer 2004; Wollnik and Schmidt
1995) or even exhibited above-ground activity during win-
ter (Wassmer 2004). In these studies, however, food pellets
or corn was provided ad libitum outside the hibernaculum
and repeatedly supplemented during winter. Under natural
conditions, such food resources are usually not available,
thus an effect of food supplementation during winter on
hibernation patterns and activity outside the burrow cannot
be excluded. The aim of this study was to investigate hiber-
nation patterns in free-living common hamsters by compar-
ing the timing and duration of hibernation as well as body
temperature patterns and overwinter mass loss between
adult males, adult females, and juveniles. In addition, we
analyzed relationships between individual hibernation pat-
terns and immergence and emergence body mass.

Methods
Field techniques

The study was carried out in urban areas in southern
Vienna, Austria, where free-ranging populations of com-
mon hamsters inhabit parks and green areas surrounding
building complexes. During the active season of com-
mon hamsters in Vienna (March/April-October/Novem-
ber), we applied capture-mark-recapture techniques using
Tomahawk live traps baited with peanut butter, which
were checked at 20-min intervals (Franceschini-Zink and
Millesi 2008). Hamsters were released from the traps into
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cone-shaped cotton sacks laterally equipped with Velcro
fasteners, which enabled examining individuals without
anaesthesia. For permanent identification, we subcutane-
ously implanted a transponder (PIT tag, Data Mars) at first
capture; for distant recognition, we additionally fur marked
each individual in different patterns using commercial hair
dye. We documented sex, and age was classified as adult
(hibernated at least once) or juvenile (born in the current
season; Franceschini-Zink and Millesi 2008; Siutz and Mil-
lesi 2012). At each capture, we measured body mass (£1 g)
using an electronic scale and determined the individual
reproductive status (testes width in males; closed/open
vagina and small/swollen teats in females). Conception in
females was defined as the date of observed copulations if
followed by a body mass increase (indicating gestation) and
rapid mass loss after about 3 weeks (indicating parturition).
This was paralleled by changes in teat development. Details
on this method are described elsewhere (Franceschini et al.
2007). After the investigation (duration 5-10 min), the
hamsters were released in front of their burrows, guaran-
teeing immediate orientation in familiar surroundings.
The procedure did not seem to negatively affect the ani-
mals, because we found no indications for trap avoidance
or changes in behavior, body condition, and survival (Siutz
et al. unpublished data). We monitored all hamsters until
autumn when they entered their hibernacula, as indicated
by trapping and observation failure. To ensure that the ani-
mals terminated above-ground activity, we plugged their
burrows with leaves and monitored the burrow entrances to
detect potential activity. The date when the individual was
trapped or observed for the last time in autumn was defined
as immergence date, if no activity at the burrow could be
detected until spring. Immergence body mass was defined
as the individual’s weight measured within 1 week before
its immergence into the hibernaculum.

Hibernation patterns

Body temperature was recorded during three winter sea-
sons (2009/10, 2012/13, 2013/14) using temperature data
loggers (iButtons, DS1922L-F5#, range: —40 to +85 °C,
accuracy: +0.5 °C, Maxim Integrated Products Interna-
tional, Dublin, Ireland). The iButtons (coated in Elvax
ethylene vinyl acetate resins, DuPont, and paraffin, gas-
sterilised; potted mass: ~4.5 g) were implanted subcuta-
neously in the neck region (dorsal, between the scapulae).
This method has proved successful in this species due
to the absence of pronounced prehibernation fattening
(Hufnagl et al. 2011; Lebl and Millesi 2008). Individuals
were trapped in the early morning hours and transported
(~20 min) to a veterinary clinic where the implantation
was done under isoflurane anaesthesia. When the ani-
mals had recovered from anaesthesia, they were returned

to the field site and released at their burrows, i.e., about
1-2 h after trapping and still within their daily morning
activity period (Schmelzer and Millesi 2005). In total, we
implanted 36 hamsters with iButtons. The burrows of the
implanted individuals were monitored weekly during win-
ter (open/closed) to detect potential activity. None of the
individuals showed signs of above-ground activity until
mid-March. Starting in early March, burrows of implanted
individuals were checked at daily intervals, active hamsters
were recaptured, and the data loggers were removed using
the above-mentioned techniques. We were able to recover
iButtons of 28 individuals (recovery rate: 78 %). None of
the recaptured animals lost the data logger during winter,
but two iButtons failed (one of an adult male and one of an
adult female). Thus, temperature data of five adult males,
seven adult females, eight juvenile males, and six juvenile
females were analyzed in this study. Body mass and over-
winter survival rates of implanted individuals did not differ
from untreated ones of the same age and sex (Siutz et al.
unpublished data). Emergence date was defined as the date
when an individual was observed above ground or trapped
for the first time (this was also the day when an individual
removed its burrow plug). Emergence body mass was used
for analysis when measured within 1 week after the indi-
vidual’s vernal emergence date. Mass changes over win-
ter were calculated as percentage of differences between
immergence and emergence body mass.

Body temperature was recorded at 90-min intervals
from autumn until recapture of individuals in spring. Tor-
por bouts were defined as multiday periods of reduced
body temperature between two arousals, from the sampling
interval when body temperature started to continuously
decrease from 30 °C to at least 15 °C until it had reached
30 °C again. To analyze hibernation patterns, we defined
the following parameters: hibernation onset (date of the
first torpor bout), duration of post-immergence euthermy
(days spent euthermic after immergence until hibernation
onset), number of torpor bouts, mean torpor bout duration
(calculated in hours, expressed as days), time spent in tor-
por (total duration of all torpor bouts, calculated in hours,
expressed as days), mean arousal bout duration (calcu-
lated in hours, expressed as days), hibernation end (date of
the last torpor bout), hibernation duration (days from the
onset of the first and termination of the last torpor bout),
and duration of preemergence euthermy (days spent euther-
mic after termination of the last torpor bout until vernal
emergence).

Statistics
Statistical analysis was performed in R (R Develop-

ment Core Team 2009). We computed linear models for
each parameter (Table 1) and included sex, age, and their
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Table 1 ANOVA (Type III

Response variable Predictor variable Df F value p value
tests) table for effects of sex and
age (adult or juvenile) on annual  ymergence date Sex 1 8.405 0.008
Lo o
Sex x age 1 1.462 0.239
Emergence date Sex 1 21.563 0.003
Age 1 2.764 0.405
Sex x age 1 0.133 0.719
Time inside hibernaculum (d) Sex 1 0.464 0.505
Age 1 0.027 0.87
Sex x age 1 1.113 0.305
Post-immergence euthermy (d) Sex 1 4.479 0.046
Age 1 2.619 0.12
Sex x age 1 2.447 0.132
Hibernation onset (date of first torpor bout) Sex 1 13.254 0.001
Age 1 0.449 0.51
Sex x age 1 4.2 0.052
Hibernation end (date of last torpor bout) Sex 1 0.081 0.779
Age 1 3.739 0.066
Sex x age 1 1.251 0.275
Hibernation duration (d) Sex 1 9.924 0.005
Age 1 5.398 0.03
Sex x age 1 8.596 0.008
Preemergence euthermy (d) Sex 1 2.048 0.17
Age 1 2.196 0.156
Sex x age 1 1.445 0.245
Number of torpor bouts Sex 1 7.823 0.011
Age 1 1.334 0.261
Sex x age 1 6.031 0.022
Time spent in torpor (d) Sex 1 11.429 0.003
Age 1 7.586 0.012
Sex x age 1 10.147 0.004
Torpor bout duration (d) Sex 1 3.493 0.075
Age 1 11.134 0.003
Sex x age 1 4.541 0.045
Arousal bout duration (d) Sex 1 0.988 0.331
Age 1 5.978 0.023
Sex x age 1 3.806 0.064

interaction as predictor variables. To correct for potential
annual effects, we initially included the year of data collec-
tion as predictor variable in each model, but this parameter
had no effect on any hibernation parameter and was also
eliminated in all models when minimizing Akaike’s infor-
mation criterion (AIC). Model residuals were tested for
normality using Shapiro-Wilk tests and for homoscedas-
ticity using Levene-tests and were additionally controlled
visually by plotting residuals vs. fitted values. ANOVAs
from linear models were computed using marginal (Type
IIT) sums of squares. To analyze relationships between
hibernation parameters and body mass, we applied Pearson

@ Springer

correlations. Significance level was set at p < 0.05. Results
are shown as mean = SE.

Results

Immergence and emergence sequences and hibernation
patterns

Adult females entered their hibernacula significantly later
than adult males, whereas immergence dates were similar
in female and male juveniles (Table 1; Fig. 1). In spring,
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Fig.1 Time spent inside the hibernaculum and duration of hiberna-
tion (gray bars) in adult males (n = 5), adult females (n = 7), juve-
nile males (n = 8), and juvenile females (n = 6). a Autumnal immer-
gence into the hibernaculum (date when an individual terminated

adult females as well as juvenile females (which were
now yearlings) left their hibernacula later than males of
the respective age group (Table 1; Fig. 1). The time spent
inside the hibernaculum was similar among sex and age
groups, but shifted in time (Table 1; Fig. 1).

The duration of post-immergence euthermy varied
among individuals (Fig. 1, adult males: 11-52 days, adult
females: 19-72 days, juvenile males: 10-60 days, juve-
nile females: 13-43 days) and was significantly longer
in adult females than males (Table 1). Correspondingly,
adult females started to hibernate later in winter than
adult males. They also tended to show their first tor-
por bout later than juvenile males. Sex differences were
absent in juveniles (Table 1; Fig. 1). We found no sex
differences among adults in the timing of the last torpor
bout, but yearling (former juvenile) females tended to end
hibernation later than the other groups (Table 1; Fig. 1).
Adult females hibernated for significantly shorter periods
than adult males and juveniles (Table 1; Fig. 1). The dura-
tion of preemergence euthermy was similar among sex
and age groups (Table 1; Fig. 1) and showed a high indi-
vidual variation (adult males: 10-40 days, adult females:
12—-64 days, juvenile males: 11-55 days, juvenile females:
9-42 days).

Corresponding to the shorter hibernation duration, adult
females showed a fewer torpor bouts than adult males
(Table 1; Fig. 2a) and also spent less time in torpor com-
pared with the other groups (Table 1; Fig. 2b). Mean torpor
bout duration in adult females was significantly shorter than
in juveniles, but similar to adult males (Table 1; Fig. 2c).
Mean arousal duration did not differ between adult males
and females, but juvenile females tended to show the short-
est arousal durations (Table 1).

above-ground activity), b hibernation onset (date of first torpor bout),
¢ hibernation end (date of last torpor bout), and d vernal emergence
from the hibernaculum (date when an individual resumed above-
ground activity). Mean =+ SE, for statistical results see Table 1

Conditional effects

Body mass at immergence was related neither to immer-
gence date or the duration of post-immergence euthermy,
nor to any of the hibernation parameters. Body mass at
vernal emergence was negatively correlated with hiber-
nation end (Fig. 3a) and positively correlated with the
duration of preemergence euthermy (Fig. 3b): individu-
als that terminated hibernation earlier in spring and spent
more time in euthermy prior to emergence were heavier
at emergence. Body mass changes over winter (%) did
not differ between the sexes of either age group (Stu-
dent’s ¢ test, adults: p = 0.85, r = 0.21 juveniles: p = 0.68,
t = —0.44), but adult individuals tended to lose more mass
than juveniles (mass change adults: —12.2 + 4.9 %, juve-
niles: 4.2 + 6.9 %; Student’s ¢ test: p = 0.067, t = —1.93,
n = 9/12). The percentage of body mass change over win-
ter was negatively related to immergence body mass: ham-
sters that immerged in autumn with higher body mass lost
more weight over winter (Fig. 4a). Furthermore, individu-
als with longer euthermic periods prior to vernal emergence
showed lower mass loss or even gained weight over winter
(Fig. 4b) and correspondingly emerged with higher body
mass.

In addition, analyses of potential effects of preemer-
gence euthermy on reproduction revealed that males with
longer euthermic periods inside their hibernacula had
larger testes at emergence (r = 0.76, p = 0.004, n = 12). In
females, 92 % (12 of 13) emerged with an open vagina. The
timing of conception in spring could be determined in six
females. We found no relationship between conception date
and the duration of preemergence euthermy (r = —0.579,
p =0.229,n=06).
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Discussion

All individuals in our study hibernated and showed regu-
lar patterns of deep torpor bouts and short arousal episodes
for at least a few weeks, and no sign of surface activity
during winter was detected. This contrasts with previous
reports on common hamsters under semi-natural condi-
tions (Wassmer 2004; Wollnik and Schmidt 1995), prob-
ably because those studies provided high-quality food
during winter, stimulating the hamsters to leave their
hibernacula frequently and collect the food items. The
most intriguing results in our study were that adult females
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differences were absent in juveniles. This pattern is in con-
trast to all other documented sex differences in hibernation
patterns of mammals, because usually adult males hiber-
nate for shorter periods than females (Batavia et al. 2013;
Buck et al. 2008; Geiser 1988a; Healy et al. 2012; Kart
Giir and Giir 2015; Kortner et al. 2010; Lee et al. 2016;
Michener 1992; Munro et al. 2005; Schmid 1999; Schmid
and Kappeler 1998; Sheriff et al. 2011; Young 1990;
Zervanos et al. 2013; Zervanos and Salsbury 2003). Diver-
gent patterns, however, were found in bats, which mate
before and are pregnant during hibernation (e.g., Grinev-
itch et al. 1995; Norquay and Willis 2014). Shorter hiber-
nation periods in males are mainly due to earlier termina-
tion of heterothermy, longer euthermic periods inside their
burrows prior to emergence and earlier vernal emergence
than females (e.g., Michener 1992; Munro et al. 2005;
Young 1990), presumably to complete spermatogenesis
and enhance breeding opportunities (Barnes 1996; Barnes
et al. 1986; Giir and Kart Giir 2005; Michener 1983, 1984,
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Fig. 4 Relationships between body mass changes over winter
and a immergence body mass, and b the duration of preemergence
euthermy in common hamsters. Age and sex groups are indicated as
black circles (adult males, n = 4), open circles (adult females, n = 5),
black squares (juvenile males, n = 8), and open squares (juvenile
females, n = 4)

1992; Millesi et al. 1998). Interestingly, vernal emergence
sequences of sex and age cohorts in our species followed
the common pattern in that males emerged before females,
as also shown in previous reports on common hamsters
(Franceschini and Millesi 2005; Schmelzer and Millesi
2005; Ulbrich and Kayser 2004; Weinhold and Kayser
2006). We found no sex differences in the timing of hiber-
nation end or in the duration of preemergence euthermy.
This indicates that both adult males and females spent
up to several weeks euthermic before emergence without
leaving the burrow and, thus, had to feed on their remain-
ing food caches.

Delayed immergence into the hibernaculum and thus
later hibernation onset were also assumed to contribute to
sex differences in hibernation durations. In some ground
squirrel species, such as Richardson’s (Michener 1992),
golden mantled (Healy et al. 2012), Anatolian (Kart Giir
and Giir 2015), and arctic ground squirrels (Buck and
Barnes 1999; Buck et al. 2008), males delayed autum-
nal immergence and entry into torpor to build up food
caches (to be consumed in spring during preemergence

euthermy) and defend a territory. In our study, autumnal
immergence sequences were similar to most hibernating
species, with adult males entering their hibernacula before
adult females and juveniles. This is because adult females
have to wean their offspring, and the juveniles need time
for growth before they can start to prepare for hibernation
(Michener 1978, 1984; Millesi et al. 2008). The duration
of post-immergence euthermy, however, was highly vari-
able among sex and age cohorts and was longer in adult
females than in adult males. Later immergence and in par-
ticular longer periods of post-immergence euthermy conse-
quently resulted in later hibernation onset in adult females,
ranging from November 15 to January 9. Thus, the shorter
hibernation period in adult females was due to a delayed
onset, while the time spent in the hibernaculum was simi-
lar in all sex and age groups. Such a delay could, on the
one hand, be shown by light individuals that have to accu-
mulate body fat reserves after immergence (given that food
stores are available) before entering the first torpor bout; or
alternatively, torpor might be avoided by individuals with
sufficient energy reserves. For example, woodchucks (Mar-
mota monax) with higher body mass prior to immergence
spent less time in torpor during the heterothermic period
than lighter ones (Zervanos et al. 2013). Eastern chipmunks
(Tamias striatus) provided with additional food spent less
time in torpor than unsupplemented ones (French 2000;
Humpbhries et al. 2003a). In our study, however, body mass
at immergence was related neither to the duration of post-
immergence euthermy nor to any of the hibernation param-
eters. The later onset of hibernation in adult females could,
therefore, be related to the quantity and/or quality of food
stores. Behavioral observations in common hamsters indi-
cated that adult females accumulate more external energy
reserves than adult males (Siutz et al. 2012). When for-
aging above ground, adult males spent about 80 % of the
time actually feeding, whereas adult females rarely fed
outside their burrows but spent 96 % of the time caching
food items and carrying them into their burrows (Siutz
et al. 2012). Considering male mating strategies, this sex
difference in foraging behavior appeared to be adaptive:
adult males changed their burrows frequently until August
to monitor receptive females and spent a high proportion of
their time above ground close to female burrows, partly far
from their own burrows (C. Siutz, personal observation).
Food caches in temporarily used burrows are very likely to
be pilfered, and thus, males depend less strongly on food
stores than females. In addition, previous findings have
shown that body fat proportions at immergence are higher
in adult males than adult females (Siutz et al. 2012). This
supports the interpretation that adult males rely on inter-
nal rather than external energy reserves for hibernation.
Females, in contrast, are more philopatric and use their bur-
rows for longer periods, sometimes even the entire active
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and hibernation period (C. Siutz, personal observation).
Accumulated food stores can, therefore, serve as energy
reserves not only for the winter period but also during ges-
tation and lactation. Female common hamsters can produce
up to three litters per season, leading to extended reproduc-
tive periods in some individuals and limiting the time to
prepare for the winter period (Franceschini-Zink and Mil-
lesi 2008; Siutz and Millesi 2012). The delayed hiberna-
tion onset in adult females, however, is not simply a con-
ditional effect, because even females with relatively high
immergence body mass also showed extended euthermic
periods before entering the first torpor bout. Moreover, pre-
liminary results on non-invasively calculated proportions of
body fat and hibernation patterns indicate that females with
relatively high body fat reserves also hibernated for shorter
periods than males (Millesi et al. unpublished data).

In conclusion, the pronounced food hoarding behavior
in females could enable them to cache larger amounts of
food than males, resulting in sex-specific overwintering
strategies in adult hamsters. If females adjusted the time
spent hibernating in relation to their food stores, reduced
torpor expression compared with males would be expected.
Preliminary results of an experimental study on the use
of torpor in relation to available food stores under labo-
ratory conditions (Siutz et al. unpublished data) support
this assumption: deep torpor bouts were more frequent in
females that were prevented from building up food stores
(but received small daily food rations) compared with oth-
ers that had sufficient food reserves.

The quality and/or amount of remaining food stores
after termination of hibernation could also affect the dura-
tion of preemergence euthermy. Hamsters with sufficient
food stores could terminate hibernation earlier, allowing
more time to prepare for the mating period. As common
hamsters are reproductively active after their first hiberna-
tion, this is relevant for both yearling and older individu-
als (Lebl and Millesi 2008; Nechay et al. 1977; Vohralik
1974). Differences in stored food could explain why some
individuals lost mass over winter, although the proportional
losses were generally less than in hibernators without food
stores (e.g., Arnold and Dittami 1997; Cochet et al. 1999;
Fietz et al. 2005; Millesi et al. 1999b), whereas others left
the hibernacula with a higher body mass than in the pre-
vious autumn. Mass loss did not differ in females and
males. Thus, the higher energy costs caused by less time
spent in the energy-saving torpor state must be compen-
sated by sufficient food intake in the burrow. Male com-
mon hamsters usually had scrotal testes at vernal emer-
gence, but testes size continued to increase until the onset
of the mating period (Lebl and Millesi 2008). In our study,
testes width at emergence strongly varied among indi-
vidual males and was significantly related to the duration
of preemergence euthermy: males with longer euthermic
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periods in the hibernaculum had larger testes. This under-
lines the importance of the preemergence euthermic period
to activate the reproductive system without exposure to
colder temperatures and predation risk outside the hiber-
naculum. In contrast to other species in which this period is
more pronounced in males (Barnes 1996; Michener 1983,
1984, 1992; Munro et al. 2005; Young 1990), both male
and female common hamsters showed similar durations of
preemergence euthermy. The high individual variation in
both groups is probably related to the availability of food
reserves. The timing of reproduction can affect reproduc-
tive success in female common hamsters in that individu-
als which mated early in spring were able to produce more
litters and more offspring compared with females with a
longer latency to oestrus after vernal emergence (Frances-
chini-Zink and Millesi 2008). Almost all females emerged
with an opened vagina, indicating that ovarian activity was
initiated in the hibernaculum. Due to high dispersal rates,
however, reproductive performance in the following active
season could only be documented in six individuals. In
these females, we found no relationship between preemer-
gence euthermy and timing of conception in spring. Nev-
ertheless, the absence of sex differences in the timing and
duration of the euthermic phase prior to vernal emergence
indicates that both sexes need this period after ending
hibernation to attain reproductive maturation in spring.
Foraging strategies of juvenile common hamsters of
both sexes resemble that of adult females, indicating the
availability of external energy reserves (Tauscher and Mil-
lesi 2005). All juveniles studied here were born in spring or
early summer; litters born late in the season were excluded.
Thus, the temporal limits to build up food caches were less
pronounced in our study animals compared with late-born
juveniles. Juvenile hamsters immerged later than adult
males, because juveniles need sufficient time to grow and
prepare for hibernation (Michener 1984). We found no
sex differences in the timing of immergence, hibernation
onset, and body temperature patterns among juveniles,
but juvenile males emerged earlier than the same-aged
females. Considering that all individuals are reproductively
active after their first hibernation, vernal emergence prior
to females could enhance male mating opportunities. Our
results may indicate that juveniles accumulated food stores
in autumn, but consumed them mainly in spring during
their preemergence period as reflected in the short dura-
tion of post-immergence compared with preemergence
euthermy. In addition, the emergence body mass of year-
lings was similar to older individuals of the same sex. Inter-
estingly, adult individuals lost mass over winter, whereas
juveniles on average showed a slight mass increase and
could, therefore, catch up with older individuals. The com-
bination of a relatively long hibernation duration and more
food reserves than adult males seemed to allow juveniles,
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especially early born ones, to reach a similar body condi-
tion in spring as older conspecifics. This could enable some
male yearlings to successfully compete for mates.

In conclusion, our results clearly show that the time
spent inside the hibernaculum does not necessarily reflect
the time spent in hibernation. All studied animals hiber-
nated during the coldest period of the year from January
until early March, when energy-saving strategies are most
effective for survival. As in all hibernators, this is also
reflected in the longest torpor bout durations at low ambi-
ent temperatures (e.g., Healy et al. 2012; Kart Giir and Giir
2015; Young 1990). The relatively long euthermic periods
in the hibernacula are probably related to the opportunis-
tic reproductive strategy of common hamsters, with early
sexual maturity (in some individuals during their first sea-
son) and a mating period of up to 5 months (Berdyugin and
Bolshakov 1998; Niethammer 1982; Seluga et al. 1996;
Vohralik 1974). This leads to high reproductive effort, par-
ticularly in females. In field studies, the information on
the quantity and quality of food stores is lacking. To shed
light on the adjustment of hibernation in relation to external
energy reserves in this species, experimental approaches
with food supplements in the field and manipulations of
food hoard availability and quality in the lab are required.

Acknowledgments Open access funding provided by University of
Vienna. We would like to thank S. Hufnagl, J. Grimm, M. Kafka, B.
Ketzer, C. Swaton, C. Raffetseder, and B. Weissinger for their help
in field work. This study was funded by the Austrian Science Fund
(FWE, Projects: P24280-B20 and P16001-B06).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed on animals were
approved by the Austrian Ministry of Science, Research and Economy,
City of Vienna (2546/08, 1216/09, 2484/10), and the Ethical Com-
mittee for Animal Welfare (GZ BMWF-66.006/0023-C/GT/2007,
66.006/0007-11/10b/2009, 66.006/0020-11/3b/2012).

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

Arendt T, Stieler J, Strijkstra AM, Hut RA, Riidiger J, Van der Zee
EA, Harkany T, Holzer M, Hirtig W (2003) Reversible paired
helical filament-like phosphorylation of tau is an adaptive pro-
cess associated with neuronal plasticity in hibernating animals. J
Neurosci 23(18):6972-6981

Arnold W, Dittami J (1997) Reproductive suppression in male alpine
marmots. Anim Behav 53(1):53-66

Barnes BM (1996) Relationships between hibernation and reproduction
in male ground squirrels. In: Geiser F, Hulbert AJ, Nicol SC (eds)
Adaptations to the cold: 10th International Hibernation Sympo-
sium. University of New England Press, Armidale, pp 71-80

Barnes BM, Kretzmann M, Licht P, Zucker I (1986) The influence of
hibernation on testis growth and spermatogenesis in the golden-
mantled ground squirrel, Spermophilus lateralis. Biol Reprod
35(5):1289-1297

Batavia M, Nguyen G, Harman K, Zucker I (2013) Hibernation pat-
terns of Turkish hamsters: influence of sex and ambient tempera-
ture. J Comp Physiol B 183(2):269-277

Berdyugin KI, Bolshakov VN (1998) The common hamster (Cricetus
cricetus) in the eastern part of the area. In: Stubbe M, Stubbe
A (eds) Okologie und Schutz des Feldhamsters. Martin-Luther-
Universitit Halle-Wittenberg, Halle/Saale, pp 43—-80

Blumstein DT, Im S, Nicodemus A, Zugmeyer C (2004) Yellow-bel-
lied marmots (Marmota flaviventris) hibernate socially. ] Mam-
mal 85(1):25-29

Boyles JG, Dunbar MB, Storm JJ, Brack V (2007) Energy availability
influences microclimate selection of hibernating bats. J Exp Biol
210(24):4345-4350

Buck CL, Barnes BM (1999) Annual cycle of body composition and
hibernation in free-living arctic ground squirrels. J Mammal
80:430-442

Buck CL, Barnes BM (2000) Effects of ambient temperature on
metabolic rate, respiratory quotient, and torpor in an arctic
hibernator. Am J Physiol Regul Integr Comp Physiol 279(1
48-1):R255-R262

Buck CL, Barnes BM (2003) Androgen in free-living arctic ground
squirrels: seasonal changes and influence of staged male-
male aggressive encounters. Horm Behav 43(2):318-326.
doi:10.1016/s0018-506x(02)00050-8

Buck CL, Breton A, Kohl F, Toien O, Barnes BM (2008) Overwinter
body temperature patterns in free-living arctic squirrels (Spermo-
philus parryii). In: Lovegrove BG, McKechnie AE (eds) Hypo-
metabolism in animals: hibernation, torpor and cryobiology.
University of KwaZulu-Natal, Pietermaritzburg, pp 317-326

Carey HV, Frank CL, Seifert JP (2000) Hibernation induces oxida-
tive stress and activation of NF-kB in ground squirrel intestine. J
Comp Physiol B 170(7):551-559

Cochet N, Georges B, Meister R, Florant GL, Barré H (1999) White
adipose tissue fatty acids of alpine marmots during their yearly
cycle. Lipids 34(3):275-281

Day DE, Bartness TJ (2003) Fasting-induced increases in food hoard-
ing are dependent on the foraging-effort level. Physiol Behav
78(4-5):655-668. doi:10.1016/s0031-9384(03)00052-0

Eibl-Eibesfeldt I (1953) Zur Ethologie des Hamsters (Cricetus crice-
tus L.). Z Tierpsychol 10:204-254

Fietz J, Pflug M, Schlund W, Tataruch F (2005) Influences of the feed-
ing ecology on body mass and possible implications for repro-
duction in the edible dormouse (Glis glis). J] Comp Physiol B
175(1):45-55

Florant GL, Healy JE (2012) The regulation of food intake in mam-
malian hibernators: a review. ] Comp Physiol B 182(4):451-467

Franceschini C, Millesi E (2005) Reproductive timing and success in
common hamsters. In: Losinger I (ed) The common hamster (Cri-
cetus cricetus, L. 1758): hamster biology and ecology, policy and
management of hamsters and their biotop. ONCFS, Paris, p 63-66

Franceschini C, Siutz C, Palme R, Millesi E (2007) Seasonal changes
in cortisol and progesterone secretion in Common hamsters. Gen
Comp Endocrinol 152(1):14-21

Franceschini-Zink C, Millesi E (2008) Reproductive performance in
female common hamsters. Zoology 111(1):76-83

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/s0018-506x(02)00050-8
http://dx.doi.org/10.1016/s0031-9384(03)00052-0

810

J Comp Physiol B (2016) 186:801-811

French AR (2000) Interdependency of stored food and changes in
body temperature during hibernation of the eastern chipmunk.
Tamias striatus. ] Mammal 81(4):979-985

Geiser F (1988a) Daily torpor and thermoregulation in Antechinus
(Marsupialia): influence of body mass, season, development,
reproduction, and sex. Oecologia 77(3):395-399

Geiser F (1988b) Reduction of metabolism during hibernation and
daily torpor in mammals and birds: temperature effect or physi-
ological inhibition? J Comp Physiol B 158(1):25-37

Geiser F (2004) Metabolic rate and body temperature reduction dur-
ing hibernation and daily torpor. Annu Rev Physiol 66:239-274

Geiser F, Brigham RM (2012) The other functions of torpor. In: Ruf
T, Bieber C, Arnold W, Millesi E (eds) Living in a seasonal
world: thermoregulatory and metabolic adaptations. Springer,
Heidelberg, pp 109-121

Geiser F, Ruf T (1995) Hibernation versus daily torpor in mammals
and birds: physiological variables and classification of torpor
patterns. Physiol Zool 68(6):935-966

Grinevitch L, Holroyd S, Barclay R (1995) Sex differences in the use
of daily torpor and foraging time by big brown bats (Eptesicus
fuscus) during the reproductive season. J Zool 235(2):301-309

Giir H, Kart Giir M (2005) Annual cycle of activity, reproduction, and
body mass of Anatolian ground squirrels (Spermophilus xantho-
prymnus) in Turkey. ] Mammal 86(1):7-14

Healy JE, Burdett KA, Buck CL, Florant GL (2012) Sex differences
in torpor patterns during natural hibernation in golden-mantled
ground squirrels (Callospermophilus lateralis). J Mammal
93(3):751-758

Heldmaier G, Ruf T (1992) Body temperature and metabolic rate
during natural hypothermia in endotherms. J Comp Physiol B
162(8):696-706

Heldmaier G, Ortmann S, Elvert R (2004) Natural hypometabolism
during hibernation and daily torpor in mammals. Respir Physiol
Neurobiol 141(3):317-329

Hufnagl S, Franceschini-Zink C, Millesi E (2011) Seasonal con-
straints and reproductive performance in female common
hamsters (Cricetus cricetus). Mamm Biol 76(2):124—128.
doi:10.1016/j.mambio.2010.07.004

Humphries MM, Kramer DL, Thomas DW (2003a) The role of
energy availability in mammalian hibernation: an experimental
test in free-ranging eastern chipmunks. Physiol Biochem Zool
76(2):180-186. doi:10.1086/367949

Humphries MM, Thomas DW, Kramer DL (2003b) The role of energy
availability in mammalian hibernation: a cost-benefit approach.
Physiol Biochem Zool 76(2):165-179. doi:10.1086/367950

Kart Giir M, Giir H (2015) Age and sex differences in hibernation
patterns in free-living Anatolian ground squirrels. Mamm Biol
80(4):265-272

Kenagy G, Barnes B (1988) Seasonal reproductive patterns in four
coexisting rodent species from the Cascade Mountains, Washing-
ton. J Mammal 69(2):274-292

Kenagy GJ, Sharbaugh SM, Nagy KA (1989) Annual cycle of energy
and time expenditure in a golden-mantled ground squirrel popu-
lation. Oecologia 78(2):269-282. doi:10.1007/bf00377166

Kisser B, Goodwin HT (2012) Hibernation and overwinter body tem-
peratures in free-ranging thirteen-lined ground squirrels, Icti-
domys tridecemlineatus. Am Midl Nat 167(2):396-409

Kortner G, Rojas AD, Geiser F (2010) Thermal biology, torpor use
and activity patterns of a small diurnal marsupial from a tropical
desert: sexual differences. ] Comp Physiol B 180(6):869-876

Lebl K, Millesi E (2008) Yearling male Common hamsters and the
trade-off between growth and reproduction. In: Millesi E, Win-
kler H, Hengsberger R (eds) The Common hamster (Cricetus
cricetus): Perspectives on an endangered species. Biosystemat-
ics and ecology series 25, Austrian Academy of Sciences Press,
Vienna, p 115-126

@ Springer

Lee TN, Kohl F, Buck CL, Barnes BM (2016) Hibernation strategies
and patterns in sympatric arctic species, the Alaska marmot and
the arctic ground squirrel. J Mammal 97(1):135-144

Levesque DL, Tattersall GJ (2010) Seasonal torpor and normo-
thermic energy metabolism in the Eastern chipmunk (Zamias
striatus). J Comp Physiol B 180(2):279-292. doi:10.1007/
500360-009-0405-x

Michener GR (1978) Effect of age and parity on weight gain and
entry into hibernation in Richardson’s ground squirrels. Can J
Zool 56(12):2573-2577

Michener GR (1983) Spring emergence schedules and vernal behav-
ior of Richardson’s ground squirrels: why do males emerge from
hibernation before females? Behav Ecol Sociobiol 14(1):29-38

Michener GR (1984) Age, sex, and species differences in the annual
cycles of ground-dwelling sciurids: implications for sociality. In:
Murie JO, Michener GR (eds) The biology of ground-dwelling
squirrels. University of Nebraska Press, Lincoln, pp 81-107

Michener GR (1992) Sexual differences in over-winter torpor patterns
of Richardson’s ground squirrels in natural hibernacula. Oecolo-
gia 89(3):397-406. doi:10.1007/bf00317418

Michener GR (1998) Sexual differences in reproductive effort of
Richardson’s ground squirrels. ] Mammal 79(1):1-19

Millesi E, Huber S, Dittami J, Hoffmann I, Daan S (1998) Parameters
of mating effort and success in male European ground squirrels.
Spermophilus citellus. Ethology 104(4):298-313

Millesi E, Huber S, Everts LG, Dittami JP (1999a) Reproductive
decisions in female European ground squirrels: factors affect-
ing reproductive output and maternal investment. Ethology
105(2):163-175. doi:10.1046/j.1439-0310.1999.00379.x

Millesi E, Strijkstra AM, Hoffmann IE, Dittami JP, Daan S (1999b)
Sex and age differences in mass, morphology, and annual cycle
in european ground squirrels, Spermophilus citellus. ] Mammal
80(1):218-231

Millesi E, Prossinger H, Dittami JP, Fieder M (2001) Hibernation
effects on memory in European ground squirrels (Spermophilus
citellus). J Biol Rhythms 16(3):264-271

Millesi E, Hoffmann IE, Aschauer A, Franceschini C (2004) Repro-
duction and hibernation in females: a comparison of two sym-
patric ground-dwelling rodents. In: Barnes BM, Carey HV (eds)
Life in the cold: Evolution, Mechanism, Adaptation, and Appli-
cation. 12th International Hibernation Symposium, Biological
Papers of the University of Alaska 27, Fairbanks, p 127-135

Millesi E, Divjak A, Strauss A (2008) Seasonal timing and pre-hiber-
nation fattening in breeding and non-breeding European ground
squirrels. In: Lovegrove BG, McKechnie AE (eds) Hypometabo-
lism in animals: hibernation, torpor and cryobiology. University
of KwaZulu-Natal, Pietermaritzburg, pp 289-294

Munro D, Thomas DW, Humphries MM (2005) Torpor patterns of
hibernating eastern chipmunks Tamias striatus vary in response
to the size and fatty acid composition of food hoards. J Anim
Ecol 74(4):692-700. doi:10.1111/j.1365-2656.2005.00968.x

Nechay G, Hamar M, Grulich I (1977) The common hamster (Crice-
tus cricetus L..)—a review. EPPO Bulletin 7(2):255-276

Niethammer J (1982) Cricetus cricetus (Linnaeus, 1758)—Hamster
(Feldhamster). In: Niethammer J, Krapp F (eds) Handbuch der
Sdugetiere Europas, Bd. 2/I. Akademische Verlagsgesellschaft
Wiesbaden, p 7-28

Norquay K, Willis C (2014) Hibernation phenology of Myotis
lucifugus. J Zool 294(2):85-92

Ortmann S, Heldmaier G (2000) Regulation of body temperature
and energy requirements of hibernating Alpine marmots (Mar-
mota marmota). Am J Physiol Regul Integr Comp Physiol
278(3):R698-R704

Prendergast BJ, Freeman DA, Zucker I, Nelson RJ (2002) Periodic
arousal from hibernation is necessary for initiation of immune


http://dx.doi.org/10.1016/j.mambio.2010.07.004
http://dx.doi.org/10.1086/367949
http://dx.doi.org/10.1086/367950
http://dx.doi.org/10.1007/bf00377166
http://dx.doi.org/10.1007/s00360-009-0405-x
http://dx.doi.org/10.1007/s00360-009-0405-x
http://dx.doi.org/10.1007/bf00317418
http://dx.doi.org/10.1046/j.1439-0310.1999.00379.x
http://dx.doi.org/10.1111/j.1365-2656.2005.00968.x

J Comp Physiol B (2016) 186:801-811

811

responses in ground squirrels. Am J Physiol Regul Integr Comp
Physiol 282(4):R1054-R1062

R Development Core Team (2009) R: a language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria, ISBN 3-900051-07-0, http://www.R-project.
org. Accessed 24 Aug 2009

Ruf T, Geiser F (2015) Daily torpor and hibernation in birds and
mammals. Biol Rev 90:891-926

Ruf T, Heldmaier G (1992) The impact of daily torpor on energy
requirements in the Djungarian hamster, Phodopus sungorus.
Physiol Zool 65(5):994-1010

Schmelzer E, Millesi E (2005) Surface activity patterns and behav-
ioural observations in a population of European hamsters (Crice-
tus cricetus). In: Losinger I (ed) The Common hamster (Cricetus
cricetus, L. 1758): hamster biology and ecology, policy and man-
agement of hamsters and their biotop. ONCFS, Paris, p 70-74

Schmid J (1999) Sex-specific differences in activity patterns and fat-
tening in the gray mouse lemur (Microcebus murinus) in Mada-
gascar. ] Mammal 80(3):749-757

Schmid J, Kappeler PM (1998) Fluctuating sexual dimorphism and
differential hibernation by sex in a primate, the gray mouse
lemur (Microcebus murinus). Behav Ecol Sociobiol 43(2):125—
132. doi:10.1007/s002650050474

Seluga K, Stubbe M, Mammen U (1996) Zur Reproduktion des Feld-
hamsters (Cricetus cricetus L.) und zum Ansiedlungsverhalten
der Jungtiere. Abh Ber Mus Heineanum 3:129-142

Sheriff MJ, Kenagy GJ, Richter M, Lee T, Tgien @, Kohl F, Buck CL,
Barnes BM (2011) Phenological variation in annual timing of
hibernation and breeding in nearby populations of arctic ground
squirrels. Proc R Soc B 278(1716):2369-2375. doi:10.1098/
rspb.2010.2482

Sheriff MJ, Fridinger RW, Tgien @, Barnes BM, Buck CL (2013)
Metabolic rate and prehibernation fattening in free-living arctic
ground squirrels. Physiol Biochem Zool 86(5):515-527

Siutz C, Millesi E (2012) Effects of birth date and natal dispersal on
faecal glucocorticoid concentrations in juvenile Common ham-
sters. Gen Comp Endocrinol 178(2):323-329. doi:10.1016/j.
ygeen.2012.06.009

Siutz C, Pluch M, Ruf T, Millesi E (2012) Sex differences in forag-
ing behaviour, body fat, and hibernation patterns of free-ranging
Common hamsters. In: Ruf T, Bieber C, Arnold W, Millesi E
(eds) Living in a seasonal world: thermoregulatory and meta-
bolic adaptations. Springer, Heidelberg, pp 155-165

Tauscher B, Millesi E (2005) Developmental aspects in juvenile Com-
mon hamsters in urban environment. In: Losinger I (ed) The
Common hamster (Cricetus cricetus, L. 1758): hamster biology

and ecology, policy and management of hamsters and their bio-
top. ONCFS, Paris, p 75-77

Turbill C, Ruf T, Smith S, Bieber C (2013) Seasonal variation in tel-
omere length of a hibernating rodent. Biol Lett 9(2):20121095

Ulbrich K, Kayser A (2004) A risk analysis for the common hamster
(Cricetus cricetus). Biol Conserv 117(3):263-270. doi:10.1016/;.
biocon.2003.12.006

Vohralik V (1974) Biology of the reproduction of the common ham-
ster, Cricetus cricetus. Vestn Cesk Spol Zool 38(3):288-340

Vuarin P, Dammhahn M, Kappeler PM, Henry P-Y (2015) When to
initiate torpor use? Food availability times the transition to win-
ter phenotype in a tropical heterotherm. Oecologia 179:43-53

Wang LC-H (1978) Energetic and field aspects of mammalian torpor:
The Richardson’s ground squirrel. In: Wang LC-H, Hudson JW
(eds) Strategies in cold: natural torpidity and thermogenesis.
Academic Press, London, p 109-145

Wang LC-H (1989) Ecological, physiological, and biochemical
aspects of torpor in mammals and birds. In: Wang LC-H (ed)
Animal adaptation to cold. Advances in comparative and envi-
ronmental physiology 4, Springer, Heidelberg, p 361-401

Wang LC-H, Hudson JW (1971) Temperature regulation in normo-
thermic and hibernating eastern chipmunk, Tamias striatus.
Comp Biochem Physiol A 38(1):59-90

Wassmer T (2004) Body temperature and above-ground patterns dur-
ing hibernation in European hamsters (Cricetus cricetus L.). J
Zool 262(3):281-288. doi:10.1017/50952836903004643

Weinhold U, Kayser A (2006) Der Feldhamster. Die Neue Brehm-
Biicherei Bd. 625. Westarp Wisenschaften, Hohenwarsleben

Williams CT, Barnes BM, Kenagy GJ, Buck CL (2014) Phenology
of hibernation and reproduction in ground squirrels: integration
of environmental cues with endogenous programming. J Zool
292(2):112-124

Wollnik F, Schmidt B (1995) Seasonal and daily rhythms of body
temperature in the European hamster (Cricetus cricetus) under
semi-natural conditions. J Comp Physiol B 165(3):171-182

Young P (1990) Hibernating patterns of free-ranging Columbian
ground squirrels. Oecologia 83(4):504-511

Zervanos SM, Salsbury CM (2003) Seasonal body temperature
fluctuations and energetic strategies in free-ranging eastern
woodchucks (Marmota monax). J Mammal 84(1):299-310.
doi:10.1644/1545-1542(2003)084<0299:sbtfae>2.0.co;2

Zervanos SM, Maher CR, Florant GL (2013) Effect of body mass on
hibernation strategies of woodchucks (Marmota monax). Integr
Comp Biol 54(3):443-451. doi:10.1093/icb/ict100

@ Springer


http://www.R-project.org
http://www.R-project.org
http://dx.doi.org/10.1007/s002650050474
http://dx.doi.org/10.1098/rspb.2010.2482
http://dx.doi.org/10.1098/rspb.2010.2482
http://dx.doi.org/10.1016/j.ygcen.2012.06.009
http://dx.doi.org/10.1016/j.ygcen.2012.06.009
http://dx.doi.org/10.1016/j.biocon.2003.12.006
http://dx.doi.org/10.1016/j.biocon.2003.12.006
http://dx.doi.org/10.1017/s0952836903004643
http://dx.doi.org/10.1644/1545-1542(2003)084%3c0299:sbtfae%3e2.0.co;2
http://dx.doi.org/10.1093/icb/ict100

	Sex and age differences in hibernation patterns of common hamsters: adult females hibernate for shorter periods than males
	Abstract 
	Introduction
	Methods
	Field techniques
	Hibernation patterns
	Statistics

	Results
	Immergence and emergence sequences and hibernation patterns
	Conditional effects

	Discussion
	Acknowledgments 
	References




