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Circadian activity rhythms of dwarf hamsters (Phodopus spp.)
under laboratory and semi-natural conditions
Dietmar Weinert, Konrad Schöttner, Alexey V. Surov, Peter Fritzsche,
Natalya Yu. Feoktistova, Maria V. Ushakova & Georgij B. Ryurikov
ABSTRACT. The hamsters of the genus Phodopus (P. campbelli, P. sungorus, P. roborovskii) inhabit
different ecosystems facing them with different environmental challenges. This should have behavioural
and physiological consequences, manifested genetically. Therefore, the present paper compares the daily
activity rhythm of the three Phodopus species under various conditions, from highly standardized laboratory to semi-natural ones. Motor activity was recorded by the mean of passive infrared sensors (PIR), running
wheels (RW) and ring-shaped sensors (RSS) placed on the burrow entrances.
Under standardized laboratory conditions with artificial light-dark cycles (L:D=14:10h or 18:06h), all
hamsters were active almost exclusively during the dark time. The amount of general activity (PIR method)
per day was not different between males and females or between species. The onset of activity (RSS) was
significantly later in P. campbelli than in the two other species, the activity offset was earliest in P.
roborovskii. The latter had also the shortest duration of dark-time activity. Running wheels were used
mainly during the dark time (on average 97%). P. sungorus did run significantly more than the other two
species. On average they realized 9000 revolutions per day (ca. 3.5 km).
The rhythm stability was lowest in P. sungorus. In some hamsters of this species, the activity onset was
delayed by several hours, and the activity period was strongly compressed. Also, a free-running rhythm
despite the presences of a light-dark cycle or arrhythmicity was observed in those animals. Differences
between the species were also found during the last weeks of life. Whereas P. campbelli and P. roborovskii
revealed clear activity rhythms until the last decade, in P. sungorus the activity rhythm disappeared from the
last 100 days of life.
First studies under semi-natural conditions were performed at the Biological Station of the A.N. Severtsov
Institute of Ecology and Evolution in Tchernogolovka. These included experiments in a laboratory though
with natural lighting and temperature conditions and in outdoor enclosures. In one of them (75 m2) artificial
nest boxes were provided, in the other two (400 m2 each) the animals could dig their own burrows. The
observed activity patterns are similar to those obtained under constant, standardized conditions. Moreover,
the animals did clearly respond to the changing photoperiod.
The activity patterns of each species described in the present paper are rather similar under semi-natural and
artificial environmental conditions. This can be taken as evidence that the obtained species-specific patterns
have a genetic basis and are not caused by the different environmental conditions.
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Öèðêàäíûå ðèòìû õîìÿ÷êîâ ðîäà Phodopus
â ëàáîðàòîðíûõ è ïîëóåñòåñòâåííûõ óñëîâèÿõ
Ä. Âåéíåðò, Ê. Øîòíåð, À.Â. Ñóðîâ, Ï. Ôðèöøå, Í.Þ. Ôåîêòèñòîâà,
Ì.Â. Óøàêîâà, Ã.Á. Ðþðèêîâ
ÐÅÇÞÌÅ. Õîìÿêè ðîäà Phodopus (P. campbelli, P. sungorus, P. roborovskii) íàñåëÿþò áèîòîïû,
îòëè÷àþùèåñÿ ïî ýêîëîãè÷åñêèì õàðàêòåðèñòèêàì. Ýòî ìîæåò ïðèâîäèòü ê ðàçëè÷èÿì â ýêîëîãèè,
ïîâåäåíèè è ôèçèîëîãèè, çàêðåïëåííûõ ãåíåòè÷åñêè. Â äàííîé ðàáîòå ñðàâíèâàþòñÿ ñóòî÷íûå
ðèòìû àêòèâíîñòè òðåõ âèäîâ ðîäà Phodopus â ðàçëè÷íûõ óñëîâèÿõ, îò âûñîêî ñòàíäàðòèçèðîâàííîé ëàáîðàòîðèè äî ïîëóåñòåñòâåííûõ. Äâèãàòåëüíóþ àêòèâíîñòü ðåãèñòðèðîâàëè äàò÷èêàìè äâèæåíèÿ, êîëåñàìè àêòèâíîñòè è ñïåöèàëüíûìè ñåíñîðíûìè êîëüöàìè, ïîìåùåííûìè âî âõîäû â
íîðû. Â ñòàíäàðòèçèðîâàííûõ ëàáîðàòîðíûõ óñëîâèÿõ ñ èñêóññòâåííûìè ôîòîïåðèîäàìè (14 ÷àñ. 
äåíü è 10 ÷àñ.  íî÷ü è 18 ÷àñ. äåíü è 6 ÷àñ.  íî÷ü) âñå õîìÿêè áûëè àêòèâíû â îñíîâíîì â òå÷åíèå
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òåìíîãî âðåìåíè. Ñóììàðíàÿ àêòèâíîñòü (äàò÷èêè äâèæåíèÿ) â òå÷åíèå ñóòîê íå ðàçëè÷àëàñü ó
ñàìöîâ è ñàìîê è ìåæäó âèäàìè. Íà÷àëî àêòèâíîñòè (ñåíñîðíûå êîëüöà) ó P. campbelli ïðèõîäèëîñü
íà áîëåå ïîçäíåå âðåìÿ, ÷åì ó äâóõ äðóãèõ âèäîâ, ðàíüøå äðóãèõ àêòèâíîñòü çàâåðøàëàñü ó P.
roborovskii, ó êîòîðîãî áûë ñàìûé êîðîòêèé ïåðèîä àêòèâíîñòè â òåìíîå âðåìÿ. Êîëåñà àêòèâíîñòè
èñïîëüçîâàëèñü çâåðüêàìè, ãëàâíûì îáðàçîì, â òå÷åíèå òåìíîãî âðåìåíè (97%). P. sungorus äåéñòâèòåëüíî ïðîáåãàë çíà÷èòåëüíî áîëüøåå ðàññòîÿíèå, ÷åì äðóãèå âèäû (â ñðåäíåì 9000 îáîðîòîâ â
äåíü, ÷òî ñîîòâåòñòâóåò ðàññòîÿíèþ â 3,5 êì). Ñòàáèëüíîñòü ðèòìà áûëà ñàìîé íèçêîé ó P. sungorus.
Ó íåêîòîðûõ çâåðüêîâ ýòîãî âèäà íà÷àëî àêòèâíîñòè áûëî îòñðî÷åíî íà íåñêîëüêî ÷àñîâ, è ïåðèîä
àêòèâíîñòè ñîêðàùåí, ó íèõ æå íàáëþäàëàñü àðèòìè÷íîñòü àêòèâíîñòè. Ìåæâèäîâûå ðàçëè÷èÿ
áûëè îáíàðóæåíû â òå÷åíèå ïîñëåäíèõ íåäåëü æèçíè. Òàê, P. campbelli è P. roborovskii ñîõðàíÿëè
÷åòêèå ðèòìû àêòèâíîñòè äî ïîñëåäíåé íåäåëè æèçíè â îòëè÷èå îò P. sungorus, ó êîòîðîãî ðèòìû
èñ÷åçëè óæå çà 100 äíåé äî ñìåðòè.
Âïåðâûå èññëåäîâàíèÿ â âîëüåðàõ ïðè åñòåñòâåííûõ ñâåòîâûõ è òåìïåðàòóðíûõ óñëîâèÿõ âûïîëíåíû íà Íàó÷íî-ýêñïåðèìåíòàëüíîé áàçå «×åðíîãîëîâêà» Èíñòèòóòà ïðîáëåì ýêîëîãèè è ýâîëþöèè
èì. À.Í.Ñåâåðöîâà ÐÀÍ. Â îäíîé èç âîëüåð (75 êâ.ì) áûëè óñòàíîâëåíû èñêóññòâåííûå óáåæèùà, â
äâóõ äðóãèõ (ïî 400 êâ.ì) æèâîòíûå ìîãëè êîïàòü ñâîè ñîáñòâåííûå íîðû. Æèâîòíûå ÷åòêî
ðåàãèðîâàëè íà åñòåñòâåííûé ôîòîïåðèîä. Äðóãèå ïàðàìåòðû àêòèâíîñòè â öåëîì ñîâïàäàþò ñ
ïîëó÷åííûìè â ïîñòîÿííûõ ñòàíäàðòèçèðîâàííûõ óñëîâèÿõ. Ýòî ìîæåò áûòü ñâèäåòåëüñòâîì, ÷òî
âèäîñïåöèôè÷åñêèå îñîáåííîñòè ÿâëÿþòñÿ ñëåäñòâèåì íàêîïëåííûõ ãåíåòè÷åñêèõ ðàçëè÷èé, à íå
àäàïòàöèÿìè ê ðàçëè÷íûì óñëîâèÿì îêðóæàþùåé ñðåäû.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Phodopus, äâèãàòåëüíàÿ àêòèâíîñòü, ñóòî÷íàÿ àêòèâíîñòü, ñòàáèëüíîñòü
ðèòìîâ, ñòàðåíèå.

Introduction
The genus Phodopus consists of three species —
Phodopus sungorus (Pallas, 1773), Phodopus campbelli (Thomas, 1905) and Phodopus roborovskii (Satunin, 1903). They inhabit different ecosystems like Asian
steppes, semi-deserts and deserts. The different environmental challenges particularly concerning temperature, food and water resources, should have consequences for animals’ physiology and behaviour. However, comparatively little is known about these hamsters. This does concern mainly field but also laboratory data.
Whereas numerous (laboratory) studies were dedicated to the circadian activity rhythm of P. sungorus
(Puchalski et al., 1996; Steinlechner et al., 2002; Ruby
et al., 2004; Barakat et al., 2005; Weinert & Schöttner,
2007), the activity patterns of the two other species
have rarely been investigated. According to Flint (Flint,
1966), P. sungorus and P. campbelli are nocturnal and
crepuscular. Hamann (Hamann, 1987) investigated the
daily activity patterns of P. campbelli and P. roborovskii.
Colonies of 8 individuals each were kept under long
photoperiod and the exit from and the entry into the
burrows were recorded. P. campbelli was found to be
active outside the nest-burrow also during the light
period, whereas the surface activity of P. roborovskii
was more closely related to the dark time. WynneEdwards and colleagues (Wynne-Edwards et al., 1999)
investigated P. sungorus and P. campbelli in their natural habitats. Both species were nocturnal, however P.
campbelli arose earlier and remained longer above
ground than P. sungorus. Similar differences the authors found under controlled laboratory conditions,

though only females (n=6 or 7) were investigated. P.
campbelli began wheel running earlier, remained running longer and had run farther by the end of the day.
Despite some similarities, the above mentioned results are not consistent. This might be caused by differences in the experimental conditions (natural vs. artificial lighting, environmental temperature etc.). Moreover, different methods to record activity were used
(entry into and exit from the burrows, above ground
activity, wheel running). Also in most cases, the sample
size was low and not all three species were investigated
simultaneously. For that reason the present study was
performed.
We did investigate the daily activity rhythm of the
three Phodopus species under different environmental
conditions. Highly standardized laboratory studies were
performed at the Institute of Biology/Zoology in Halle.
Another set of experiments was carried out at the Biological Station of the A.N. Severtsov Institute in Tchernogolovka (Moscow region). This included laboratory
studies under natural lighting conditions. Also, outdoor
enclosures were used.
In the laboratory, motor activity was investigated by
means of passive infrared (PIR) motion detectors. This
enabled us to record the general activity of the animals
and to avoid any feedback effects of the registration
apparatus. In some experiments, running wheels where
used to record locomotor activity as this is the method
of choice in many chronobiological studies (Mrosovsky
et al., 1998). Also, according to various authors, wheelrunning activity may be a good estimate for the foraging activity outside the burrow (Rusak, 1989; Wollnik
et al., 1991). In the outdoor experiments, special rings
were fixed to the entrance of the nest boxes or the
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burrows. These enabled us to monitor the entrances
into and the exits from the burrow individually for each
animal. The time spent outside was used as an estimate
of surface activity.
The animals of both study sites were of similar
geographic origin. At the institute in Halle, laboratory
colonies of P. sungorus (originated from Khakassia,
Russia), P. campbelli (originated from eastern Mongolia), P. roborovskii (originated from Zaisan, Kazakhstan) were established in 2000. The animals were kindly provided by N.Y. Vasileva (A.N. Severtsov Institute
of Ecology and Evolution Russian Academy of Sciences, Moscow, Russia). In 2003, we got additional breeding pairs of P. sungorus from S. Steinlechner (School
of Veterinary Medicine, Hannover, Germany) and K.
Rudloff (Tierpark, Berlin, Germany) which had the
same geographic origin (Novosibirsk region).

Material and methods
Investigations were carried out on males and females of different age (for details, see Results). In
Halle, hamsters were kept in air-conditioned windowless rooms in standard plastic cages (Macrolon® Type
II or III) with wire mesh tops. Animal bedding (Allspan®, The Netherlands) was renewed every two weeks.
Food pellets (one part breeding diet Altromin® 7014,
two parts maintenance diet Altromin® 7024; Altromin
GmbH, Lage, Germany) and tap water were provided
ad libitum. The light/dark condition was L:D = 14:10 h
with lights on from 04:00 – 18:00 h or L:D = 18:06 h
with lights on from 02:00 – 20:00 h Central European
Time and a light intensity of about 80–100 lx (light
period) and 0 lx (dark period). The room temperature
was 22 °C ± 2 °C, the relative humidity varied between
60 and 65%. In Tchernogolovka, the animals were also
kept and bred in a laboratory though under natural
lighting and temperature conditions. Vegetables, seeds
(sunflower, oat) and water were available ad libitum.
Once per week, soft cheese was provided. To investigate hamsters under environmental conditions more close
to natural ones, animals were released to outdoor enclosures. A smaller one had an area of about 75 m2. The
ground was covered with wire mesh, and artificial nest
boxes were provided. In the other two enclosures (400
m2 each) the animals could dig burrows by themselves.
For laboratory studies, passive infrared (PIR) sensors were mounted above the cage roof in such a way
that they detected motions of the hamsters in all sectors
of the cage. The running wheels had a diameter of 12.5
cm and a 6 cm wide running area. They were equipped
with magnet switches. The impulses from the PIR detectors and from the running wheels were stored and
analyzed by means of the “Chronobiological Kit” (Stanford University, USA).
To record the surface activity in outdoor enclosures, a so called “Field Animal Identification System“
(FAIS) was used. It consists of plastic rings equipped
with an antenna and two infrared light barriers one
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above the other. These rings were placed at the entrance
of the burrows or the nest boxes. Hamsters were marked
individually with PIT tags (Passive Integrated Transponder) that were implanted under the skin. The order
of interrupting the light barriers indicated whether a
hamster did enter or leave a burrow/nest box. At the
same time, the code of the PIT tag was registered by the
antenna. An attached data logger did record and store
the data. Every fourth day on average, the data were
transferred to a notebook for further analyses.
Results of laboratory studies were depicted as double-plotted actograms or mean value chronograms, and
these allowed a visual analysis of the data. To characterize the rhythms quantitatively, the total activity per
day and the percentage of total activity per 24 h accounted for the dark phase were calculated. The times
when the daily curve went above or below the 24-h
mean value were taken as activity onsets and offsets. A
Chi2-periodogram analysis was performed by means of
the Chronobiology Kit® to estimate the period length of
the circadian activity rhythm and its stability (Qp). Data
were always presented as arithmetical means ± SEM.
ANOVA and tests on statistical difference were performed using the software package SPSS 12.0. The
level of significance was set at p<0.05. Exact p-values
have been given in the text and tables. Values of p of
“0.000” given by the statistics package have been recorded as <0.0005. Further details are described in the
Results section where appropriate.
Concerning the FAIS data, only the onset and the
offset of surface activity were estimated so far. To do
this, for each animal and each day the times of the first
(in the evening) and the last signal (in the morning)
were taken from the data files. A mean value was
calculated for each animal and thereafter for all animals
investigated in the same experiment.

Results
The daily activity patterns of young adult hamsters
obtained under highly standardized laboratory conditions are shown in Figure 1. To describe these rhythms
more formally, the amount of motor activity per day
and the percentage of total activity accounted for the
dark period were estimated (Fig. 2). Comparing the
species, activity level was lowest in P. campbelli and
highest in P. roborovskii. Females were more active
than males. However, none of these differences was
significant (ANOVA). The same was true for the darkperiod activity. All animals were active almost exclusively during the dark time. Though, the onset of activity was significantly later in P. campbelli than in the
two other species (Fig. 3, p < 0.005)). The activity
offset was earliest in P. roborovskii (p < 0.0005). Animals of this species also had the shortest duration of
dark-time activity (p < 0.005). No gender-specific differences were found.
Running wheels were used nearly exclusively during the dark time of the LD cycle — on average, 97% of
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Figure 1. Daily pattern of motor activity of young adult hamsters (19–21 weeks old) of the genus Phodopus obtained by means
of PIR detectors.
For every animal, a mean value chronogram was calculated (48 data points per 24 h, each of which representing a mean value of 14 days).
These chronograms were summarized according to sex and species. Mean values and standard errors are depicted. The corresponding
numbers of animals are indicated in the upper right corner of each graph. For better visualization, 1.5 periods are shown, that means the last
24 data points (=12 h) are identical with the first 24 ones. Abscissa: Time of day in h. Ordinate: Motor activity in counts/30min (60 was
taken as the upper limit in each case to make the curves comparable, even though in male P. roborovskii, three error bars were cut off this
way). The daily means are shown as dashed lines in each panel. The dark period of the LD cycle is indicated by a grey background.

Figure 2. Characteristics of the daily activity patterns. The
data from Figure 1 were analysed and mean values and
standard errors are shown. Grey columns: male hamsters;
white columns: female hamsters.

the total wheel revolutions. ANOVA did not reveal
species or gender specific differences. The daily amount
of activity (wheel revolutions per 24 h) was also not
different between male and female hamster. Though, P.
sungorus were significantly more active than the animals the other two species (Fig. 4). On average, they
realized 9000 revolutions per 24 h, what equals to
about 3.5 km.
Rhythm stability (Qp) was lowest in P. sungorus (p <
0.005; Fig. 5). In all species it tended to be higher in
females, however only in P. campbelli the difference
was significant (p < 0.05).
Another peculiarity of P. sungorus concerns the
onset of the main activity period. Normally, motor
activity increases around the light-dark transition. In
some hamsters however, the onset was delayed considerably (Fig. 6). The activity offset remained synchronized with the dark-light transition. As a consequence,
the activity period was compressed up to a certain
critical point. Thereafter the activity rhythm did free
run or disappeared.
Differences between species were also found in the
weeks before animals died. P. campbelli (n=6) showed
a clear activity rhythm until the last day of life, though
with a decreasing amplitude. The activity onset in the
evening was about 00:45 h later than lights-off, a simi-
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Figure 3. Activity onsets and offsets (data from Fig. 1). Mean values and standard errors are shown. The black and white bars
on the top and the vertical lines indicate the light-dark regimen.

Figure 4. Running wheel activity of young adult hamsters
(18–30 weeks old) kept under LD-conditions. Mean values
over 10 days and standard errors are shown. As ANOVA did
not reveal gender-specific differences, values of male and
female animals were summarized. Significant species differences are indicated by asterisks (** — p < 0.005, *** p <
0.0005; two-tailed t-test).

Figure 5. Stability of the daily activity rhythm.

lar value as has been observed in young adult animals.
The hamsters died at different ages between 81 and 151
weeks (mean value: 115 wks.). In P. sungorus (n=11),
the activity rhythm was less clear during the last weeks
of life. In five of them, motor activity was evenly
distributed over the day. In all animals, the evening
activity onset was delayed as compared to younger
hamsters, and this delay tended to increase until they
died between 90 and 146 weeks of age (mean value:
123 weeks). Also in P. roborovskii (n=5), activity
rhythms could be observed until their natural death
occurring at a mean age of 133 weeks (83 – 175 weeks).
The activity onset did coincide with the time of light-off
as it was observed also in young adult animals. Only
during the last 4 to 8 days of life, the activity rhythm

became less clear. In two animals, the activity rhythm
ran free for 3–4 weeks until they died. The period
length was shorter than 24 h.
To describe the activity patterns during the last
weeks of life more formally, the total amount of activity
per day, per 14 hours of light and 10 hours of dark and
the percentage of motor activity per 24 hours accounted
for the dark-period were estimated. The activity level
of old P. campbelli and P. roborovskii was much less
than in the young adult controls. Though, the dark-light
difference was still high, except the last two decades.
The total activity per day decreased to a lesser extent in
old P. sungorus. However, there was almost no darklight difference. The activity during the light period
was elevated, and the activity during the dark period

The data from Figure 1 were analysed and mean values and standard errors are shown. Grey columns: male hamsters; white columns: female hamsters* — p > 0.05 (two-tailed t-test)
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Figure 6. Daily activity pattern of a male hamster (P. sungorus) kept under L:D = 14:10. At the beginning of the experiment,
the animal was 10 weeks old. Motor activity was recorded by the mean of PIR detectors. The data are double plotted. The
ordinate shows the dates of experiment. The black and white bars on the top and the vertical lines indicate the light-dark
regimen.
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Figure 7. Percentage of motor activity per day accounted for the dark period during the last 100 days of life. Mean values and
standard errors are shown. The thin vertical line indicates the mean value for the young adult hamsters (89%; cf. Fig. 2). As
ANOVA did not reveal inter-specific differences, the data of all three species were summarized. The numbers on the abscissa
indicate 10-d periods before animals died (1 to 10 d before death — “10”; 11 to 20 d before death “20” etc.), Pc — P.
campbelli, Ps — P. sungorus, Pr — P. roborovskii.

was reduced. The differences between the hamster species become even more obvious considering the darkperiod activity as percentage of the 24-h activity (Fig.
7). ANOVA revealed highly significant effects of time
(p < 0.0005) and species (p < 0.0005) but no interaction. The post-hoc test (Scheffé) revealed no difference
between P. campbelli and P. roborovskii but, in both
species the dark-period activity was significantly higher (p < 0.0005) than in P. sungorus. In the latter, the
mean dark-period activity was significantly less than in
young adult hamster at all intervals of the last 100 days
of life and did not exceed 50% during the last 50 days
(Table 1). In the two other species, the percentage was
not different from young adult control animals and
higher than 50%, except the last 10 days of life.
The activity patterns obtained under L:D = 18:06
and under natural lighting conditions were similar to
those described above but with a clear response to
changes of the photoperiod. Figure 8 depicts the mean
activity onsets and offsets obtained in laboratory studies though with different lighting conditions. As no
gender differences were found (see above), the data of
both sexes were summarized. The middle part of the
figure shows the results obtained during July and August at the Biological station in Tchernogolovka. P.
sungorus did start its activity around sunset and stopped
it around sunrise. The results for the other two species
were similar, though P. roborovskii did finish earlier
and P. campbelli began later. The graph at the bottom
shows the same data as Figure 3 though ignoring gender. The light-dark regimen with 14 h of light corre-

sponds to the natural lighting conditions in Tchernogolovka at the end of August. A laboratory study
under standardized conditions and an L:D = 18:06 h
was performed as this corresponds to the natural lightdark changes at the end of June. Activity onsets and
offsets are shown at the top of Figure 8. They confirm
the results obtained in the other studies, except the
activity offset of P. roborovskii was not earlier with
respect to the other species.
First results obtained in outdoor enclosures mainly
confirm the laboratory studies. Surface activity was
observed nearly exclusively during the dark hours of
the day. On average, the onset of activity did coincide
with the end of civil twilight (Fig. 9). This was than in
the laboratory study (cf. Fig. 8). Most likely, this difference was due to the lower light intensity in the laboratory and the earlier “end of civil twilight” there. Accordingly, the offset of activity in the morning was found to
be earlier as compared to the laboratory, though the
variability was rather high. Almost no activity was
observed after sunrise. However, further studies are
necessary for a more detailed analysis also with respect
to putative differences between the two types of outdoor enclosures and between species.

Discussion
The amount of motor activity measured by means of
PIR detectors was statistically not different between the
species, though there was a tendency towards higher
activity in P. roborovskii. The latter fits well with our
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Table 1. Percentage of 24-h activity accounted for the dark period. Two-tailed t-test of the data depicted in Fig. 7.
P-values indicating a significant difference (p < 0.05) are given in bold numerals.

Test value
Days before
death
100
90
80
70
60
50
40
30
20
10

89% (mean value of young adult hamsters)
P. campbelli
(n=6)
0.241
0.220
0.180
0.083
0.014
0.136
0.119
0.009
0.057
0.070

P. sungorus
(n=11)
0.018
0.018
0.005
0.001
0.001
0.000
0.000
0.000
0.000
0.000

P. roborovskii
(n=5)
0.522
0.686
0.573
0.556
0.409
0.428
0.815
0.341
0.073
0.021

50% (even distribution between the dark and the
light periods)
P. campbelli
P. sungorus
P. roborovskii
(n=6)
(n=11)
(n=5)
0.000
0.001
0.036
0.001
0.003
0.007
0.002
0.021
0.037
0.002
0.009
0.028
0.000
0.016
0.046
0.001
0.057
0.008
0.002
0.258
0.005
0.000
0.567
0.002
0.030
0.182
0.006
0.117
0.516
0.142

Figure 8. Activity onset and offset of dwarf hamsters depending on the lighting conditions. Animals were investigated under
laboratory conditions but with natural (middle part) or artificial (top and bottom) light-dark changes.
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Figure 9. Activity onset and offset of dwarf hamsters kept in outdoor enclosures. Depicted are mean values from 4 to 6 animals
at the day corresponding to the middle of the investigation period (2–3 weeks in each case). The letters in parentheses indicate
the location (b — big enclosure, s — small enclosure). Thin lines: sunset and sunrise; bold lines: onset and offset of civil
twilight.

visual observation. In accordance with Hamann (Hamann, 1987), we found P. campbelli and P. sungorus to
be slow and sluggish, whereas P. roborovskii were
lively, nimble and agile animals moving with short,
jerky, almost nervous movements.
Differences between species were found concerning wheel running activity. P. sungorus did run significantly more than the hamsters of the other two species.
Similar results were found by Hamann (Hamann, 1987),
who compared the running wheel activity of P. roborovskii and P. sungorus. The results also fit with the
observation of Feoktistova and Mesherski (Feoktistova & Meshcherskii, 2003) that, the exploratory activity in the open field is higher in P. sungorus than in
P. roborovskii. According to others, wheel running

activity can be taken as an estimate of the exploratory/
foraging behavior of the animals (Rusak, 1989; Wollnik
et al., 1991). These results would imply that P. sungorus has a bigger home range and performs longer
excursions. This can only be verified by studies in the
natural environment or under conditions close to natural ones.
Hamsters of all three species were active almost
exclusively during the dark time. Differences were found
for the activity onset which was latest in P. campbelli.
P. roborovskii had the shortest activity time due to a
significantly earlier offset. This was true not only under
artificial light-dark conditions but also under natural
ones. First studies in outdoor enclosures confirm the
nocturnal type of activity and the photoperiodic change

#$

D. Weinert et al.

of activity onsets and offsets. Though, species differences could not be verified so far.
Wynne-Edwards and colleagues (Wynne-Edwards
et al., 1999) investigated the above-ground activity in
wild populations of P. campbelli and P. sungorus during three successive years. Both were nocturnal. However, P. campbelli arose earlier and remained above
ground longer than P. sungorus. Individual P. campbelli often emerged before dark and remained above
ground after dawn. No P. sungorus emerged before
dark but, few were active after dawn. Daily patterns of
wheel running confirmed the differences between species seen in the wild (Wynne-Edwards et al., 1999).
Also under controlled laboratory conditions, P. campbelli began running earlier, remained running longer,
and had run “farther” by the end of the day. This was
taken as evidence that differences between species in
the wild were not simply responses to different environmental stimuli but have a genetic basis as a result of
divergent evolution.
According to Wynne-Edwards and colleagues
(Wynne-Edwards et al., 1999), the activity patterns
reflect differences in the habitats used. P. campbelli is
found in a semi-desert, where resource availability (nutrient and water) is more limited as compared to the
short-grass steppe, where P. sungorus naturally occurs.
Thus, it could be forced to travel farther from the
burrow and to spend more time above ground as compared to P. sungorus. However, resource availability
cannot be the only reason for differences in the activity
pattern. Other factors must be taken into account as
well. For example, animals must avoid social interactions including risk of predation and temporal niche
segregation from other syntopic species (Cohen & Kronfeld-Schor, 2006). Also, resource availability changes
in the course of the year. This may change the home
range and accordingly the amount of above ground
activity. Another factor to be considered is the breeding
season, when the males have to find mates. For example, within three weeks at the beginning of September,
the home range of P. campbelli becomes several times
smaller (Surov, unpublished observations). At that time,
the breeding season is almost over. Also, Caragana
seeds have ripened, a high energy food resource that is
easy available for the animals.
The activity patterns described in the present paper
are rather similar under different environmental conditions. In particular, the activity onsets and offsets differ
in a species dependent manner. Although some of the
results obtained in the outdoor enclosures are preliminary ones, this can be taken as evidence that the activity
patterns and the species differences do reflect genetic
differences. That not all results of the present paper are
consistent with those obtained by Wynne-Edwards and
colleagues may be caused by the different origin of the
hamsters. There are two distinct forms of P.campbelli
(Surov & Feoktistova, 2006). One inhabits Western
Mongolia (Valley of Great Lakes) up to Russia (Tuva
region and Altai). Animals of this origin were used by

Wynne-Edwards, whereas we had hamsters from the
east. This form lives from Hangay mountains and up to
the East of Mongolia, Manchuria and Inner Mongolia.
Both forms are not very different phenotypically but,
the habitats are quite different. The western form prefers more open areas with sparse grass and shrubs,
whereas the eastern form lives in very grassy places.
Even more important seem to be the differences concerning population density. Usually, P. campbelli has a
lower density but, this is true only for the western form.
In the east, the density is very high. In 2004, we caught
14 animals (including 6 adults) by 70 living traps (5 m
apart from each other) for 1 night near Ugyi-nur (Mongolia). The same or even higher density was observed
in colonies of P. roborovskii in certain years. In July
2004, we marked 18 animals for 3 trap-nights on a onehectare plot in Mongolia. Eleven of them were sexually
matured. In such a high density there is no reason to
search for mates far away.
The most striking inter-specific difference found in
the present paper probably concerns the rhythm stability that was lowest in P. sungorus. This was true not only
for young adult animals but also for the last weeks of
life. P. campbelli and P. roborovskii both revealed a
stable activity pattern, though with a lower amplitude,
except for the very last days. This fits well with our
earlier observation that the circadian clock is very robust and still working in old age (Weinert et al., 2001;
2002). In P. sungorus on contrary, the locomotor activity was almost evenly distributed over the 24-h day.
The reason for a lacking overt rhythm might be a weak
circadian clock or a motor disability, not allowing to
transform the rhythmic signal from the clock (Weinert,
2005). In the case of P. sungorus, one must consider
mainly deficits in the circadian system, as also other
peculiarities were found. In some animals, the activity
onset was delayed leading to a compression of the
activity time. As a consequence, the rhythm started to
free run despite the presence of a light-dark cycle or
disappeared. As a reason for, we suggest a diminished
ability to synchronize (Weinert & Schöttner, 2007).
Also others have found some unusual characteristics in the circadian system of this species that appear
incompatible with proper function in photoperiodic time
measurement. For instance, in certain laboratory colonies of P. sungorus a substantial fraction of hamsters
does not respond to a short photoperiod. These so
called non-responders fail to decompress their activity
phase in a short photoperiod, and do not undergo gonadal regression (Puchalski & Lynch, 1988). In the
studies of Ruby and colleagues part of the hamsters
became arrhythmic or free-ran after a phase delay of the
light-dark cycle (Ruby et al., 1998). According to Steinlechner and co-authors (Steinlechner et al., 2002), a
combination of two light pulses in two subsequent nights
did cause arhythmicity in a large fraction of their animals. All these phenomena, including those described
in the present paper, may derive at least partly from a
similar origin.

Circadian activity rhythms of dwarf hamsters

Conclusions
The results of the present paper show that, the
methods used are suitable to characterize the endogenous component of the circadian activity rhythm. To
investigate the activity behavior more detailed, particularly to differentiate between various kinds of behavior,
one needs a combination of different methods. The
passive infrared motion sensors detect any kind of movement and thus are suitable for investigations under
laboratory and semi-natural conditions. They provide a
good quantitative estimate. To differentiate between
various kinds of behavior, additional video tracking
can be helpful. Also the ring-shaped sensors placed on
burrow entrances have been successfully used. They
may provide more information than analyzed in this
first preliminary study as they detect any entrance into
and exit from a burrow individually.
Further experiments are necessary to better understand the specific role of genetic and environmental
factors for the expression of a certain rhythmic phenotype. These studies should involve not only hamsters of
different species but also animals of the same species
but with a different geographic origin. Investigations
should be performed under laboratory conditions, where
the environmental factors can be controlled exactly. In
addition, studies under semi-natural conditions and finally field studies are necessary to investigate if the
obtained differences remain in the natural habitat and if
they are of adaptive significance.
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