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Circadian activity rhythms of dwarf hamsters (Phodopus spp.)
under laboratory and semi-natural conditions

Dietmar Weinert, Konrad Schottner, 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 threePhodopus species under various conditions, from highly standardized |aborato-
ry to semi-natural ones. Motor activity wasrecorded by the mean of passiveinfrared 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
hamsterswere active almost exclusively during the dark time. The amount of general activity (PIR method)
per day was not different between males and femal es 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 specieswere also found during thelast weeks of life. WhereasP. campbelli and P. roborovskii
revealed clear activity rhythmsuntil thelast decade, inP. sungorusthe activity rhythm disappeared fromthe
last 100 days of life.

First studies under semi-natural conditionswere performed at the Biological Station of the A.N. Severtsov
Institute of Ecology and Evolution in Tchernogolovka. Theseincluded experimentsin alaboratory though
with natural lighting and temperature conditionsand in outdoor enclosures. In one of them (75 m?) artificial
nest boxes were provided, in the other two (400 m? each) the animals could dig their own burrows. The
observed activity patternsare similar to those obtained under constant, standardized conditions. Moreover,
theanimals did clearly respond to the changing photoperiod.

Theactivity patterns of each speciesdescribed in the present paper arerather similar under semi-natural and
artificial environmental conditions. This can betaken asevidencethat the obtai ned species-specific patterns
have a genetic basis and are not caused by the different environmental conditions.
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LiupkagHblie putMmbl XoMa4YKoB poaa Phodopus
B TaGOpaTOPHbLIX U NOSTyeCcTeCTBeHHbIX YCIIOBUAX

0. Bennepr, K. lLloTHep, A.B. Cypos, IN. ®puuwe, H.10. ®deokTucToBa,
M.B. YwakoBa, I'.b. PropukoB

PE3IOME. Xowmsiku pona Phodopus (P. campbelli, P. sungorus, P. roborovskii) HacensioT OGHOTOMBI,
OTIIMYAIOIINECS 10 9KOJIOTHIECKUM XapaKTePUCTHKAM. DTO MOXKET IPUBOIUTH K Pa3INIMsIM B 3KOJIOTHH,
MOBEJCHUH U (PU3MOJIOTHH, 3aKPEIUICHHBIX TeHeTHYeCKH. B maHHO#l paboTe cpaBHUBAIOTCS CyTOYHBIC
PHUTMBI aKTUBHOCTH TPEX BHIOB poaa Phodopus B pa3IMYHBIX yCIOBHUIX, OT BBICOKO CTaHIAPTU3NPOBAH-
HOH J1abOpaTOPUH [0 IIOTYECTECTBEHHBIX. [IBUraTeIbHYI0 aKTHBHOCTD PETUCTPUPOBAIIH JaTYHKAMHU JIBU-
JKEHHs1, KOJIeCaMHi aKTUBHOCTH W CIICIHaJIbHBIMH CEHCOPHBIMHU KOJIbIIAMH, TOMEIICHHBIMH BO BXO/IbI B
HOpBI. B craniapTu3npoBaHHbIX J1AO0PATOPHBIX YCIOBHSIX C HCKYCCTBEHHBIMHU (hoTorepronamu (14 gac. —
nenb U 10 gac. — Houb 1 18 wac. geHp 1 6 4ac. — HOUb) BCE XOMSIKM OBUIM aKTHBHBEI B OCHOBHOM B TCUCHHE
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TeMHOro BpemeHH. CyMMapHasi akTUBHOCTb (JIaTUYMKU JBUKCHHUS) B TEUEHHE CYTOK HE Pas3iIHyanach y
CaMIIOB ¥ CAMOK U MEKly BusilaMu. Hauano akTuBHOCTH (CEHCOpHBIE KONbIA) y P. campbelli npuxoounocs
Ha OoJiee Mmo3/iHEE BpeMsi, YeM y JBYX JIPYTHX BHJOB, PaHbIIE JPYIMX aKTHMBHOCTBH 3aBepliaiach y P.
roborovskii, y KOTOporo ObUT caMblii KOPOTKHI EPHOJ] aKTUBHOCTH B TeMHOE BpeMsi. Kosieca akTuBHOCTH
HCTIOJIb30BAJIMCH 3BEPhKaMH, INIABHBIM 00pa3oM, B Te€UeHHE TeMHOTOo BpeMeHu (97%). P. sungorus new-
CTBUTEINBHO Mpo0eraj 3HaAYUTEIHHO O0IbIIee PacCTOSHUE, YeM ApyTre Buasl (B cpeaaem 9000 060poToB B
JIeHb, YTO COOTBETCTBYET PACCTOSIHHIO B 3,5 kM). CTaOMIBHOCTh pUTMa OblJIa CaMOM HU3KOW Y P. sungorus.
Y HEeKOTOPBIX 3BEPHKOB 3TOT0 BH/JIAa HAYAJIO aKTUBHOCTH OBIJIO OTCPOYEHO Ha HECKOJIBKO YacoB, U IIEPUO]]
AKTUBHOCTH COKpAIIEH, Y HUX e HabJoaasach apuTMHUYHOCTh aKTHBHOCTH. MEXBHUIOBBIC Pa3IHUUs
ObuTH OOHAPY)KEHBI B TEUEHNUE MTOCTIETHUX Heenb )Ku3Hu. Tak, P. campbellin P. roborovskii coxpansiau
YETKHE PUTMBI AKTUBHOCTH JI0 TIOCIICTHEH HEIENN )KU3HU B OTINYNE OT P. sungorus, y KOTOPOTO pUTMBI
ncye3nn yxxe 3a 100 queit no cmepTy.

BriepBbie ncciieioBaHus B BOJIbEpaXx MPU €CTECTBEHHBIX CBETOBBIX U TEMIIEPATYPHBIX YCIOBHSX BBITIOIHE-
Hbl Ha Hay4HOo-3KCcnepuMeHTanbHoii 6aze «YepHoronokay MHCTHTYTA IPOOIIEM SKOJIOTHHU U 3BOJIIOLIUU
nm. A.H.Cesepriosa PAH. B oaHoi1 13 Bosbep (75 KB.M) ObUTH YCTaHOBJIEHBI HCKYCCTBEHHBIE YOCKHIIA, B
nByx apyrux (rmo 400 KB.M) >KHBOTHBIE MOTJIM KOINATh CBOM COOCTBEHHbBIC HOPBI. JKMBOTHBIE YETKO
pearupoBalii Ha €CTECTBEHHBIH (oronepuoa. Jpyrue mapaMmeTpsl aKTHBHOCTH B IIEJIOM COBIAIAIOT C
MIOJIyYEHHBIMH B IIOCTOSTHHBIX CTAHAAPTU3NPOBAHHBIX YCIOBHIX. ITO MOXKET OBITH CBUIETEIECTBOM, UTO
BUAOCHEeNN(PUIECKHE OCOOCHHOCTH SIBIISIFOTCS CIEICTBHEM HAKOIUIEHHBIX T€HETHUECKUX Pa3INUuil, a HE
aJanTalysIMH K Pa3JINYHBIM YCIOBHUSIM OKPYIKaIOIIeH CpeIbl.

KJIFOUEBBIE CJIOBA: Phodopus, nBurateibHas aKTUBHOCTH, CYTOYHAs aKTHBHOCTh, CTAOMIBHOCTD

PUTMOB, CTApCHUC.

I ntroduction

The genus Phodopus consists of three species —
Phodopus sungorus (Pallas, 1773), Phodopus camp-
belli (Thomas, 1905) and Phodopus roborovskii (Satu-
nin, 1903). They inhabit different ecosystemslike Asian
steppes, semi-deserts and deserts. The different envi-
ronmental challenges particularly concerning tempera-
ture, food and water resources, should have conse-
guencesfor animals' physiology and behaviour. How-
ever, comparatively little is known about these ham-
sters. Thisdoes concern mainly field but also laborato-
ry data.

Whereas numerous (Iaboratory) studies were dedi-
cated 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 & Schottner,
2007), the activity patterns of the two other species
haverarely beeninvestigated. According to Flint (Flint,
1966), P. sungorusand P. campbelli are nocturnal and
crepuscular. Hamann (Hamann, 1987) investigated the
daily activity patternsof 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. Wynne-
Edwardsand colleagues (Wynne-Edwardset al., 1999)
investigated P. sungorusand P. campbelli in their nat-
ural habitats. Both species were nocturnal, however P.
campbelli arose earlier and remained longer above
ground than P. sungorus. Similar differences the au-
thors found under controlled laboratory conditions,

though only females (n=6 or 7) were investigated. P.
campbelli began wheel running earlier, remained run-
ning longer and had run farther by the end of the day.

Despite some similarities, the above mentioned re-
sultsare not consistent. Thismight be caused by differ-
encesin the experimental conditions (natural vs. artifi-
cial lighting, environmental temperature etc.). More-
over, different methods to record activity were used
(entry into and exit from the burrows, above ground
activity, wheel running). Alsoin most cases, the sample
sizewas|ow and not all three specieswereinvestigated
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 studieswere
performed at the Institute of Biology/Zoology in Halle.
Another set of experiments was carried out at the Bio-
logical Station of the A.N. Severtsov Institutein Tcher-
nogolovka (Moscow region). Thisincluded |aboratory
studiesunder natural lighting conditions. Also, outdoor
enclosureswere used.

Inthelaboratory, motor activity wasinvestigated by
means of passiveinfrared (PIR) motion detectors. This
enabled usto record the general activity of the animals
and to avoid any feedback effects of the registration
apparatus. In some experiments, running wheelswhere
used to record locomotor activity asthisisthe method
of choiceinmany chronobiological studies(Mrosovsky
etal., 1998). Also, according to variousauthors, wheel-
running activity may be a good estimate for the forag-
ing 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 exitsfrom the burrow individually for each
animal. Thetime spent outside was used as an estimate
of surface activity.

The animals of both study sites were of similar
geographic origin. At theinstitute in Halle, laboratory
colonies of P. sungorus (originated from Khakassia,
Russia), P. campbelli (originated from eastern M ongo-
lia), P. roborovskii (originated from Zaisan, Kazakh-
stan) were established in 2000. The animalswerekind-
ly provided by N.Y. Vasileva(A.N. Severtsov Institute
of Ecology and Evolution Russian Academy of Scienc-
es, Moscow, Russia). In 2003, we got additional breed-
ing 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).

M aterial and methods

Investigations were carried out on males and fe-
males of different age (for details, see Results). In
Halle, hamsters were kept in air-conditioned window-
less rooms in standard plastic cages (Macrolon® Type
I1 or 1l) with wire mesh tops. Animal bedding (All-
span®, The Netherlands) wasrenewed 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. Thelight/dark conditionwasL:D =14:10h
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 Ix (light
period) and O Ix (dark period). The room temperature
was 22 °C+ 2 °C, therelative humidity varied between
60 and 65%. In Tchernogol ovka, the animalswere also
kept and bred in a laboratory though under natural
lighting and temperature conditions. V egetabl es, seeds
(sunflower, oat) and water were available ad libitum.
Once per week, soft cheese was provided. To investi-
gate hamstersunder environmental conditionsmoreclose
to natural ones, animals were released to outdoor enclo-
sures. A smaller one had an area of about 75 m?. The
ground was covered with wire mesh, and artificial nest
boxes were provided. In the other two enclosures (400
m? each) the animals could dig burrows by themselves.

For laboratory studies, passive infrared (PIR) sen-
sors were mounted above the cage roof in such a way
that they detected motions of the hamstersin all sectors
of the cage. Therunning wheels had a diameter of 12.5
cm and a6 cm wide running area. They were equipped
with magnet switches. The impulses from the PIR de-
tectors and from the running wheels were stored and
analyzed by means of the“ Chronobiological Kit” (Stan-
ford University, USA).

To record the surface activity in outdoor enclo-
sures, aso called “Field Animal Identification System*
(FAIS) was used. It consists of plastic rings equipped
with an antenna and two infrared light barriers one

abovetheother. Theseringswere placed at the entrance
of the burrowsor the nest boxes. Hamsterswere marked
individually with PIT tags (Passive Integrated Tran-
sponder) 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
sametime, the code of the PIT tag wasregistered 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 dou-
ble-plotted actograms or mean value chronograms, and
these allowed avisual analysis of the data. To charac-
terize the rhythms quantitatively, the total activity per
day and the percentage of total activity per 24 h ac-
counted for the dark phase were calculated. The times
when the daily curve went above or below the 24-h
mean value weretaken as activity onsetsand offsets. A
Chi2-periodogram analysiswas performed by means of
the Chronobiology Kit® to estimate the period length of
the circadian activity rhythm and itsstability (Q ). Data
were always presented as arithmetical means + SEM.
ANOVA and tests on statistical difference were per-
formed 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 re-
corded 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 thefirst
(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

Thedaily activity patterns of young adult hamsters
obtained under highly standardized laboratory condi-
tionsare 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 samewastrue for the dark-
period activity. All animals were active almost exclu-
sively during the dark time. Though, the onset of activ-
ity 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). Ani-
mals of this species also had the shortest duration of
dark-time activity (p < 0.005). No gender-specific dif-
ferenceswerefound.

Running wheels were used nearly exclusively dur-
ing thedark 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 ol d) of the genusPhodopus obtained by means

of PIR detectors.

For every animal, a mean value chronogram was cal culated (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 cycleisindicated by a grey background.
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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: femal e hamsters.

the total wheel revolutions. ANOVA did not reveal
speciesor gender specific differences. Thedaily amount
of activity (wheel revolutions per 24 h) was also not
different between male and femal e hamster. Though, P.
sungorus were significantly more active than the ani-
mals 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) waslowest inP. 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 consid-
erably (Fig. 6). The activity offset remained synchro-
nized with the dark-light transition. As aconseguence,
the activity period was compressed up to a certain
critical point. Thereafter the activity rhythm did free
run or disappeared.

Differences between specieswere also found in the
weeks before animalsdied. P. campbelli (n=6) showed
aclear activity rhythm until the last day of life, though
with a decreasing amplitude. The activity onset in the
evening was about 00:45 h |ater than lights-off, asimi-
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Figure 3. Activity onsets and offsets (datafrom 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.
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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. ASANOVA did
not reveal gender-specific differences, values of male and
femal e animal swere summarized. Significant speciesdiffer-
ences are indicated by asterisks (** — p < 0.005, *** p <
0.0005; two-tailed t-test).

lar value as has been observed in young adult animals.
Thehamstersdied at different ages between 81 and 151
weeks (mean value: 115 wks.). In P. sungorus (n=11),
the activity rhythm wasless clear during the last weeks
of life. In five of them, motor activity was evenly
distributed over the day. In al 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 amean age of 133 weeks (83— 175 weeks).
Theactivity onset did coincide with thetime 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

Rhythm stability (Q,)
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P. campbelli P. sungorus  P. roborovskii
Figure 5. Stability of the daily activity rhythm.

The data from Figure 1 were analysed and mean values and stan-
dard errors are shown. Grey columns: male hamsters; white col-
umns: female hamsters* — p > 0.05 (two-tailed t-test)

became less clear. In two animals, the activity rhythm
ran free for 34 weeks until they died. The period
length was shorter than 24 h.

To describe the activity patterns during the last
weeksof lifemoreformally, thetotal amount of activity
per day, per 14 hours of light and 10 hours of dark and
the percentage of motor activity per 24 hoursaccounted
for the dark-period were estimated. The activity level
of old P. campbelli and P. roborovskii was much less
thanin theyoung adult controls. Though, the dark-light
difference was still high, except the last two decades.
Thetotal activity per day decreased to alesser extentin
old P. sungorus. However, there was almost no dark-
light difference. The activity during the light period
was elevated, and the activity during the dark period
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Figure 6. Daily activity pattern of amale 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 specieswere 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.

wasreduced. The differences between the hamster spe-
cies become even more obvious considering the dark-
period 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 interac-
tion. The post-hoc test (Scheffé) revealed no difference
between P. campbelli and P. roborovskii but, in both
speciesthe dark-period activity was significantly high-
er (p < 0.0005) than in P. sungorus. In the latter, the
mean dark-period activity wassignificantly lessthanin
young adult hamster at all intervals of thelast 100 days
of life and did not exceed 50% during the last 50 days
(Table 1). Inthe 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 stud-
ies 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 Au-
gust at the Biological station in Tchernogolovka. P.
sungorusdid start itsactivity 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 gen-
der. The light-dark regimen with 14 h of light corre-

sponds to the natural lighting conditions in Tcher-
nogolovka 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 light-
dark 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). Thiswasthanin
thelaboratory study (cf. Fig. 8). Most likely, thisdiffer-
encewasdueto thelower light intensity in thelaborato-
ry and the earlier “end of civil twilight” there. Accord-
ingly, the offset of activity inthe morning wasfound 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 amore detailed analysis al so with respect
to putative differences between the two types of out-
door enclosures and between species.

Discussion

Theamount of motor activity measured by means of
PIR detectorswas 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 89% (mean value of young adult hamsters) 50% (even distribution between the dark and the
light periods)
Days before P. campbelli P. sungorus P. roborovskii P. campbelli P. sungorus | P. roborovskii
death (n=6) (n=11) (n=5) (n=6) (n=11) (n=5)
100 0.241 0.018 0.522 0.000 0.001 0.036
90 0.220 0.018 0.686 0.001 0.003 0.007
80 0.180 0.005 0.573 0.002 0.021 0.037
70 0.083 0.001 0.556 0.002 0.009 0.028
60 0.014 0.001 0.409 0.000 0.016 0.046
50 0.136 0.000 0.428 0.001 0.057 0.008
40 0.119 0.000 0.815 0.002 0.258 0.005
30 0.009 0.000 0.341 0.000 0.567 0.002
20 0.057 0.000 0.073 0.030 0.182 0.006
10 0.070 0.000 0.021 0.117 0.516 0.142
e
g . 2 P. campbelli (n = 6)
> o P. sungorus (n = 6) L:D=18:06h
25.06.2007 N » P. roborovskii (n = 6) \
05.07.2007
i.’ & P. sungorus (n = 6)
P. roborovskii (n = 6)
15.07.2007
25.07.2007 Natural lighting
5 P. sungorus (n = 6) . :
_T H P. roborovskii (n = 6) Sunsetfsunrls_e_ .
— start/end of civil twilight
04.08.2007
14.08.2007
L— P. campbelli (n = 12)
24.08.2007
® ¢ P. campbelli (n = 21)
* 4 P. sungorus (n = 20) LD:1410h
'S .| P. roborovskii (n = 20)
[ e |

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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25.06.2007
05.07.2007
L * P. campbelli (b)
15.07.2007
3 3 P. sungorus (s)
25.07.2007
P. sungorus (b
br ¢ ‘ P. rgbc?m\';lski(i ()s)
04.08.2007
14.08.2007
P. campbelli (s)
L 2 P. sungorus (b)
24.08.2007
) I
T |

12:00 18:00 00:00 06:00 12:00

Figure9. Activity onset and offset of dwarf hamsterskept in outdoor enclosures. Depicted are mean valuesfrom 4 to 6 animals
at the day corresponding to the middle of theinvestigation period (2—-3 weeksin each case). Thelettersin parenthesesindicate
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 (Ha-
mann, 1987), wefound P. campbelli and P. sungorusto
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 concern-
ing wheel running activity. P. sungorusdid run signifi-
cantly more than the hamsters of the other two species.
Similar resultswerefound by Hamann (Hamann, 1987),
who compared the running wheel activity of P. robo-
rovskii and P. sungorus. The results also fit with the
observation of Feoktistova and Mesherski (Feoktis-
tova & Meshcherskii, 2003) that, the exploratory ac-
tivity inthe open fieldishigher inP. sungorusthanin
P. roborovskii. According to others, wheel running

activity can betaken asan estimate of the exploratory/
foraging behavior of theanimals (Rusak, 1989; Wollnik
et a., 1991). These results would imply that P. sun-
gorus has a bigger home range and performs longer
excursions. Thiscan only beverified by studiesin the
natural environment or under conditions close to natu-
ral ones.

Hamsters of all three species were active almost
exclusively during the dark time. Differenceswerefound
for the activity onset which was latest in P. campbelli.
P. roborovskii had the shortest activity time due to a
significantly earlier offset. Thiswastrue 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
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of activity onsets and offsets. Though, species differ-
ences 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 dur-
ing three successive years. Both were nocturnal. How-
ever, P. campbelli arose earlier and remained above
ground longer than P. sungorus. Individual P. camp-
belli 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 spe-
cies seen in the wild (Wynne-Edwards et al., 1999).
Also under controlled laboratory conditions, P. camp-
belli began running earlier, remained running longer,
and had run “farther” by the end of the day. Thiswas
taken as evidence that differences between speciesin
thewild were not simply responsesto different environ-
mental 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 differencesin the habitats used. P. campbelli is
found in asemi-desert, whereresource availability (nu-
trient and water) is more limited as compared to the
short-grass steppe, whereP. sungorusnaturally occurs.
Thus, it could be forced to travel farther from the
burrow and to spend more time above ground as com-
pared to P. sungorus. However, resource availability
cannot bethe only reason for differencesin the activity
pattern. Other factors must be taken into account as
well. For example, animals must avoid social interac-
tions including risk of predation and temporal niche
segregation from other syntopic species (Cohen & Kro-
nfeld-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 consideredisthe breeding
season, when the males have to find mates. For exam-
ple, 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, ahigh energy food resourcethat is
easy availablefor theanimals.

The activity patterns described in the present paper
arerather similar under different environmental condi-
tions. In particular, the activity onsetsand offsetsdiffer
in a species dependent manner. Although some of the
results obtained in the outdoor enclosures are prelimi-
nary ones, this can betaken asevidencethat the activity
patterns and the species differences do reflect genetic
differences. That not all results of the present paper are
consi stent 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. Thisform livesfrom Hangay mountainsand up to
the East of Mongolia, Manchuriaand Inner Mongolia.
Both forms are not very different phenotypically but,
the habitats are quite different. The western form pre-
fers 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 con-
cerning population density. Usually, P. campbelli hasa
lower density but, thisistrue only for thewestern form.
Inthe east, the density isvery 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 (Mon-
golia). The same or even higher density was observed
in colonies of P. roborovskii in certain years. In July
2004, we marked 18 animalsfor 3 trap-nightson aone-
hectare plot in Mongolia. Eleven of them were sexually
matured. In such a high density there is no reason to
search for matesfar away.

Themost striking inter-specific differencefoundin
the present paper probably concernsthe rhythm stabili-
ty that waslowest inP. sungorus. Thiswastrue 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 alower amplitude,
except for the very last days. This fits well with our
earlier observation that the circadian clock isvery ro-
bust and still working in old age (Weinert et al., 2001;
2002). InP. sungoruson contrary, the locomotor activ-
ity was almost evenly distributed over the 24-h day.
Thereason for alacking overt rhythm might be aweak
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 areason for, we suggest a diminished
ability to synchronize (Weinert & Schéttner, 2007).

Also others have found some unusual characteris-
ticsin the circadian system of this species that appear
incompatiblewith proper function in photoperiodictime
measurement. For instance, in certain laboratory colo-
nies 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 go-
nadal regression (Puchalski & Lynch, 1988). In the
studies of Ruby and colleagues part of the hamsters
became arrhythmic or free-ran after aphase delay of the
light-dark cycle (Ruby et al., 1998). According to Stein-
lechner and co-authors (Steinlechner et al., 2002), a
combination of two light pul sesin two subseguent nights
did cause arhythmicity in alarge fraction of their ani-
mals. All these phenomena, including those described
in the present paper, may derive at least partly from a
similar origin.
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Conclusions

The results of the present paper show that, the
methods used are suitable to characterize the endoge-
nous component of the circadian activity rhythm. To
investigate the activity behavior moredetailed, particu-
larly to differentiate between various kinds of behavior,
one needs a combination of different methods. The
passiveinfrared motion sensorsdetect any kind of move-
ment and thus are suitable for investigations under
laboratory and semi-natural conditions. They providea
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 asthey detect any entranceinto
and exit from aburrow individually.

Further experiments are necessary to better under-
stand the specific role of genetic and environmental
factorsfor the expression of a certain rhythmic pheno-
type. 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 [aboratory conditions, where
the environmental factors can be controlled exactly. In
addition, studies under semi-natural conditions and fi-
nally field studies are necessary to investigate if the
obtained differencesremainin the natural habitat and if
they are of adaptive significance.
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