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The teeth of an adult female of the Turkish hamster (Mesocricetus brandti) after hibernation in
semi-natural conditions were examined to reveal a relationship between the hibernation pattern on
the incisor surface and the data of a temperature logger. The female spent the winter in a burrow
prepared by herself inside a wintering cage from October 2018 till May 2019. A temperature logger
was implanted to the animal intraperitoneally to record body temperature at 20-min intervals. Regular
bouts of hypothermia started in mid-October. The longevity of each hypothermia bout increased
whereas the minimum body temperature decreased and reached its lowest value in March. Later, the
process proceeded backwards until the end of the heterothermia period. In the apical region of the in-
cisor, daily increments were wide and well-distinguished which indicates that they had formed before
the onset of the heterothermal period. In the basal region, closer to the growth zone, the increments
were narrow and distinct, and their number corresponded in general to the number of normothermia
episodes bouts. At the very base of the incisor as well as at its apical part, typical daily increments
were revealed again. However, no correlation between the longevity of normothermia bouts and the
width of increments was found. These data varied greatly from two other hamsters. In the Ciscauca-
sian hamster (Mesocricetus raddei) the number and character of increments comply with the number
and duration of normothermia bouts, in the Common hamster (Cricetus cricetus), the “hibernation
zone” was not recorded on the incisor surface. The Turkish hamster demonstrate an intermediate pat-
tern, which we explain by quite different hibernation conditions of these species.
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INTRODUCTION

In rodents, the daily dentin layers are formed on the incisor surface. That may re-
flect variable events in ontogenesis including hibernation. (Klevezal, Mina, 1990; Kle-
vezal, Sukhovskaya, 1995). “Hibernation record” is a series of narrow and well-defined
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increments within the “hibernation zone”, unlike the wider daily increments. This phe-
nomenon has been described for many hibernating rodents (Rinaldi, 1999; Goodwin,
Ryckman, 2006; Klevezal, Lobkov, 2008; Klevezal, Shchepotkin, 2012).

Many researchers of hibernation use the method of intraperitoneal implanting of a
temperature logger under both natural and laboratory conditions. The logger registers
body temperature throughout the whole hibernation. Therefore, a unique chance to com-
pare the character of hibernation and its record on the incisor surface is given. However,
the possibility to obtain incisors just after the end of hibernation is not frequent. Addi-
tionally, incisors of rodents are subjected to continual growth to compensate for their
continuous grinding. The incisor of the hamster is entirely renewed during 1-2 months
(Klevezal, 2010); for this reason, it is necessary to obtain teeth before grinding the re-
gion with hibernation increments.

As it was mentioned above, simultaneous obtaining of the temperature records dur-
ing hibernation and incisors with notable increments is very rarely possible. Such studies
were made for several species of subfamily Cricetidae. Thus, it was shown for the Cis-
caucasian hamster (Mesocricetus raddei), that the width of increments within the “hi-
bernation zone” correlates with the duration of normothermia bouts (Klevezal et al.,
2012, 2018). These data differ from the data obtained for the Eversmann’s hamster (A4/-
locricetulus eversmanni) in which the correlation between the number of narrow incre-
ments on the incisor surface and the number of normothermia bouts within the “hiberna-
tion zone” was not found (Klevezal et al., 2015). Studies of teeth in the Common ham-
ster (Cricetus cricetus) revealed that daily increments are well-defined on the incisor
surface, but they cannot be found in the “hibernation zone” (Klevezal et al., 2020).

For the Turkish hamster (Mesocricetus brandti) reared in the laboratory, the record
of hibernation on the surface of incisors has been described earlier (Batavia et al., 2013).
The authors pointed out the influence of photoperiod on the readability of daily incre-
ments. However, they did not compare the increments character to changes in body tem-
perature, but only supported the presence of “hibernation records” on the incisor surface.
In our study, we are trying to fill up this gap, comparing “hibernation record” on the inci-
sor with the dynamics of body temperature in this species under semi-natural conditions.

The species belong to the genus Mesocricetus are typical representatives of
E. Mediterranean steppe fauna. The Turkish hamster has the largest range among all
other Mesocricetus species. It includes the Republic of Turkey, Transcaucasia (Armenia,
Georgia, Azerbaijan), and N-E Iran. This species inhabits arid and semi-arid steppe
zones in lowlands and mountains to an altitude of 2500 m (Dogramaci et al., 1994; Yigit
et al., 2006; Neumann et al., 2017). An isolated population of this species was found in
the Republic of Dagestan (Russian Federation) (Pavlinov et al., 2002).

MATERIAL AND METHODS
The mature female of the Turkish hamster was caught close to village Urma in Le-
vashinski District (42°30'39"N, 47°17'48"E) (the Republic of Dagestan) on June 20,
2018, and was moved to village Khunzakh of the Khunzakh District (42°33'00" N,
46°45'00" E), where the experiment was performed. To register the body temperature, a
logger DTN3-28 (EMBI RESEARCH, Novosibirsk) (Petrovskii et al., 2008) was im-
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planted peritoneally. The temperature was registered every 20th minute. On October 5,
2018, the hamster was transferred into the cage 1x1 m and 1.3 m high, earthed for 1 m
deep. A food supply (vegetables and a mixture of grain and sunflower seeds) was put
inside the cage. The animal dug a wintering burrow in the soil to the depth of 80-90 cm,
stored there enough food, and safely spent the winter inside the burrow. In early May,
the female was caught and slaughtered, the logger was withdrawn from the peritoneal
cavity and decoded.

Lower incisors were removed from the cranium, cleaned, and studied under the mi-
croscope Leica StereoZoom 6 Photo (2-47). The illumination angle was adjusted by such
a way that the relief of the incisor surface was revealed most clearly. The photos were
made with a digital camera Nikon Colpix 4500, in some cases, with digital microscope
VHX-1000 with an objective lens VH-Z 100 UP.

For all measurements, the program Adobe Photoshop CS6 (with the measurement
error about 6%) was used. We revealed that changes in the illumination angle alters the
luminance of increment zones but does not alter their real width. For lower incisors,
there is a possibility for some measurement error connected with the distance of the
measured place from the tooth edge because of the tooth curvature. It may be as large as
12-13% (Klevezal, 2010). To minimize this error, the measurements were made at the
same distance from the tooth edge and repeated three times with the mean values to be
used further. The data from the logger were read off and processed with the use of soft-
ware Ecologger 2.3 and Microsoft Excel 2010.

Terminology. The region of the incisor located in the alveolus we call the basal part
(Fig. 1), and the exposed region — the apical part (Fig. 2). During tooth growth, the daily
increments form regular elevations or folds. These folds are formed due to the uneven
growth of different tissues, and the
incisor extrudes from the alveolus
(Klevezal, Shchepotkin, 2017). The
increments might be visible (with
distinct boundaries), which are easy to
count, or being unclear. They might
be even (uniform) if the width of ad-
jacent increments is similar, or un-
even (nonuniform) if they are of dif-
ferent width. The increments may be
simple or complex (if the increment
subdivides into several, mostly two,
increments).

] o ] o The term heterothermy period
Fig. 1.. Basal part of incisor of Turkish hamster, digi- s 4 synonym for hibernation. It is
tal microscope. An empty arrowhead indicates the
end of a zone with narrow distinct increments formed o
during the hibernation period. White arrowheads perature below _+3,5 C to the moment
indicate boundaries of increments, formed after the Whe.n under periodic Femperamre fluc-
end of the hibernation period. Black solid arrowhead ~ fuations +35°C  again becomes  the

points at a region without notable increments lowest temperature. Heterothermy

taken from the first drop of body tem-
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period consists of bouts of hypothermia — the period started when body temperature
decreases below +35°C and finished when it increases up to normal (+35 ... + 38°C), and
bouts of normothermia — the period between neighbor hypothermia episodes.

RESULTS AND DISCUSSION

According to the data of temperature registration (Fig. 3), the first hypothermia bout
took place on October 16, 2018, and then, till April 2019, more 24 episodes occur. Be-
fore that, the body temperature fluctuated between +34 and +37°C. The first four bouts
did not exceed three days with body
temperature from +12 to + 16°C. In
early October, the duration of bouts
increased up to 190 hours (almost 8
days). In November 5, bouts were
registered with the longest continuing
147 hours, and the lowest body tem-
perature being +4°C. In December
there were three bouts of hypother-
mia; each of them lasted more than
150 hours, and the lowest body tem-
perature was +3°C. During January
and February six bouts were regis-
tered, their duration increased to 240
hours. In March, the longest ones, in Fig. 2. Apical part of the incisor of Turkish hamster
about 265 hours was recorded, and (digital microscope). Increments on the incisor surface,
then the duration of such periods formed before hibernation
started to decrease. The last bout occurred on April 25. Every bout of hypothermia was
interrupted by a normothermic period. These periods were of variable length — in Octo-
ber and November, they lasted 20-26 hours, during winter months — by less than 10
hours, in spring — up to 14

O 45

hours (Fig. 4). g
On the incisor surface, §40A
very distinct, narrow incre- 535 i
ments were observed in the ;:30*
M 254

basal part of the tooth
(Fig. 1), and within the apical 204
part, increments were less s
discrete (Fig. 2). According ] R
to the temperature registra- 5 "“L"‘L k.L..LL “L--LL_ L\_JL"L-";
tion device, the last hypo- —
thermia bout ended on April
25, 2019, and the tempera- Fo268C52dR5
ture logger was withdrawn

on May 4, i.e. 9 days later Fig. 3. Temperature record of hibernation period of the Turkish
(Fig. 3). We expected to see hamster
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about 9 wide increments on the very basal section of the tooth. Because we had no pre-
cise reference point, we tried to reconstruct it by comparing increments character with the
time of the last bout. On the basal section of the tooth, starting from the series of narrow
distinct increments and proceeding basally, one can see 2 less distinct complex incre-
ments, then 4 more precise
even wide increments, and
n the section without visible
increments (Fig. 1). But
knowing an average width of
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g - six described increments one
= I can suppose that there is a
§ 157 i place for more 3 increments
g on the basal section of the
5101 tooth. Such supposition is
K possible taking into consid-
A 5- eration that the most basal
section of the incisor (adja-
0 cent to the growth zone) is
Oct Nov Dec  Jan Feb  Mar  Apr  goft and can be easﬂy de-
Months

formed. Thus, within this
part of incisor, there are 9
increments similar by width
with increments within its most apical section, developed before the period of hetero-
thermia (marked by numerous narrow increments). In this way, we obtained the full “hi-
bernation record” on the incisors of the female, supported by the temperature curve.

According to the thermal record, during the hibernation period, the animal experi-
enced 26 bouts of hypothermia interrupted by 25 episodes of normothermia, during
which the formation of increments took place, i.e., we expected to find out 25 narrow
distinct increments. Indeed, the number of visible increments within the “hibernation
zone” was 24; it approximately corresponds to the number of bouts of normothermia.
These are seven narrow, precise uniform increments by 145 um each, then two unclear
narrow increments by 92 pm, then two wide complex (double) increments: the first pair
by 185 pum, the second — by 172 pm. Then follow five unclear uniform increments by
153 um, later — two more unclear increments by 130 and 160 um, then follow the region
with three unclear increments close to each other by 165 um, and one wide unclear in-
crement 321 pm long.

In that way, as a result of our study, an agreement between the number of narrow
increments on incisor of Turkish hamster and the number of episodes of normothermia
has been established, but no concordance between the increment width and duration of
normothermic bouts was found (Fig. 4, 5). Earlier, during a similar study on Ciscauca-
sian hamster, the width of increments has corresponded to the duration of normothermic
period (Klevezal et al., 2012; Klevezal et al., 2018). As has been noted above, in the
Common hamster, despite the presence of well-defined alternation of periods of normo-
and hypothermia on the temperature record, the “hibernation zone” is seldom recorded

Fig. 4. Duration of normothermic periods (hours) in the Turkish
hamster
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(Klevezal et al., 2020). Possibly, the last species, unlike the Turkish hamster, has much
shorter (up to 6 days) and irregular periods of hypothermia. At the same time, the dura-
tion of normothermia bouts usually does not exceed 24 hours. During arousals, the
Common hamster goes out of

its burrow and feeds (Surov —2350 -

et al., 2019). It is established £ 300

neither for the Turkish nor g

for Ciscaucasian hamsters. §250-

Differences in hibernation

patterns between these two 2007 -
hamsters also include body = _

temperature at hypothermia,
which may decrease to 1°C in 100~
the Ciscaucasian hamster,
and only to 3.4°C in the 50
Turkish hamster. Differences
in “hibernation records” be- 0

X Oct Nov Dec  Jan Feb Mar  Apr
tween these species also may Months
be determined by different ) ) o
environmental conditions Fig- 5. Width of increments on the basal part of incisor of the

during hibernation in Dages- Turkish hamster

tan. The Turkish hamster resides at the altitude of 1400 m a.s.l., while the Ciscaucasian
hamster — at about 2000 m. Accordingly, foraging conditions after the hibernation period
and possibilities of food caching in autumn also differ.

Summing up all preceding, we suppose that the presence of “hibernation record” on
incisors of various rodents (or its absence) depends on the possibility of foraging inside
or outside the burrow during hibernation period, and on the type and amount of food
stored, which may be used during arousals.
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GAIUCH CIISTYKH» HA TOBEPXHOCTH PE3LIOB Y XOMSIKA BPAH/ITA
(MESOCRICETUS BRANDTI) (RODENTIA, CRICETIDAE)
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Zaytseva E. A., Chunkov M. M., Omarov K. Z. Hibernation Records on the Incisor Surface in the
Turkish Hamster (Mesocricetus brandti) (Rodentia, Cricetidae) [3aiiueBa E. A., Uynkos M. M.,
Omapos K. 3. «3amuck crnsuku» Ha MOBEPXHOCTH PE3LOB y XoMmska bpaunra (Mesocricetus
brandti) (Rodentia, Cricetidae)] // TloBosnkckuii skonorndyeckuit xxypran. 2020. Ne 1. C. 44 — 51.
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JI1s1 yCTaHOBJICHUS COOTBETCTBHS «3aITMCH CIITYKH» HA TIOBEPXHOCTh PE3LIOB U JIaH-
HBIX TEPMOHAKOIUTEIISA HCCICAOBAHDI 3y6bl B3pOC.]'IOI\;I CaMKH XOMsdKa BpaHuTa
(Mesocricetus brandlti), kKoTopas mepe3uMOBaJia B MOJIYECTECTBCHHBIX ycaoBusIX. CaMka
HpoBeJa 3MMy B CAMOCTOSITENIBHO BBIPBITOI HOpE BHYTPU 3MMOBOYHOTIO KOpoba ¢ OK-
Ts10ps 2018 mo maii 2019 r. 3BepbKy BHYTPUOPIOMIMHHO OBLT MMIUTAHTUPOBAH TEPMO-
HaKONHUTENb, (GUKCUPYIOMINK TeMIepaTypy Tena ¢ mHTepBaioM 20 mMuH. PerynspHsle
GayThbl CIISUKH OTMEYAJIHCh C CepeIHHbI OKTAOps. IIpu 3TOM JUIUTENBHOCTH MEPUOIOB
TANOTEPMUH YBEIUYUBAJIACh, @ MUHUMAJIbHAsA TEMIIEpATypa TE€Jla CHUXKAJIACh, 1OCTUTas
MHHUMAQJIBHBIX 3HaueHUi B mMapre. Jlanee mporecc men B 00paTHOM HaIpaBiIeHHH JIO
OKOHYaHHs TepHo/ia TeTepPOTepPMHH. B anmKaabHOH 4acTH pes3la BBIBICHBI IIHPOKHE
XOpOILIO Pa3IMYMMble IPUPOCTHI CYTOYHOH MPHUPOBI, 0Opa30BaHHbIE 10 HACTYIUICHUS
Mepuojia reTepoTepmMud. B 6a3anbHOI yacTu OrKe K 30HE pOCTa MPUPOCTHI OBLIH Y3-
KH€ YeTKHE, UX YHCIIO B LIEJIOM COOTBETCTBOBAJIO KOJIWYECTBY SIU30/10B HOPMOTEPMHUH.
V camMoro ocHoBaHUS pes3na, Kak 1 B anvKajJbHOU €ro YacCTH, OIIATH BBIABJIIAIINCH TH-
IMUYHBIE CYTOYHBIE MPUPOCTHL. OMHAKO KOPPENALHH JIUTEIHHOCTH 3IH30JJ0B HOPMO-
TEePMHHM M IIUPHHBI NPHPOCTOB He OOHapyxeHo. B omimmume or xomska Panne
(Mesocricetus raddei), y KOTOPOrO YHCIO U XapakKTep INPHUPOCTOB COOTBETCTBOBAIM
YHCITy U TPOAODKUTEIBHOCTH 3MU300B HOPMOTEPMHH B IIEPHOJ CIISTYKH, U OOBIKHO-
BeHHOTro xoMmsika (Cricetus cricetus), y KOTOPOTO «30Ha CIISTYKH» HE 3aIlMCHIBACTCS Ha
pe3nax, XxoMsak bpaHaTa 1eMOHCTpHUpPYET MPOMEKYTOUHYIO KapTHHY, YTO MBI OOBACHS-
€M Pa3INYMsIMU B YCJIOBUSIX 3UMOBKH JJAHHBIX BUJIOB.

Kirouessle ciioBa: runorepmus, Mesocricetus brandti, 50po31s! Ha pesie, HaKOIH-
TEJIb JAaHHBIX TEMIIEPATYPHI TEJIA.
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