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A Study on Daily Torpor in the Korean Striped Field Mouse (Apodemus agrarius). Myung-Hee
Yoon* and Chang-Wook Han. Department of Biology, Kyungsung Univ, Busan 608-736, Korea —
Patterns of induced daily torpor were measured in the striped field mouse, Apodemus agrarius, in
response to low temperature, food deprivation and various photoperiods using implanted data
loggers. A total of 8 of 21 females entered daily torpor in response to low outside ambient
temperature (Ta) during winter and spring, constant low Ta (4'C) or food deprivation (23C) during
summer, but 2 of 23 males did only in response to low outside Ta during winter. This fact indicates
that torpor is an adaptive hypothermia to unpredictable environment in both some males and
females, as well as that torpor was inhibited in males in the reproductive season as in other
mammals, which is regarded as a strategy not to reduce the chance of copulation. As for females,
however, torpor was employed in response to unpredictable environment even in the reproductive
season, suggesting that alternative sirategies other than keeping the chance of copulation maybe
hired by females to keep the population. Torpor bout generally began at 6~12 AM, but the
decrease of body temperature (Ty began mainly at 4~6 AM at any conditions, the time when Ta is
lowest. This strategy might be also adopted for reducing heat loss to unpredictable environment,
Minimum Ty, of both males and females during torpor did not fall below 16.5T. Photoperiod had
no influence on the incidence and timing of daily torpor in either males and females. The similar
timing of torpor bout in response to the 3 different photoperiods (24D, 161.:8D or 8L:16D) under the
constant temperatures (4 or 23227) suggests that entering time of torpor might be controlled by
the circadian rhythm of the mice rather than by the photoperiod.
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Fig. 2. Records of body temperature in the 6 striped field mice (M06, F08, F09, F10, F11 and M07) showing hypothermia at -5~38T.
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Fig. 3. Records of body temperature of the 3 striped field mice showing hypothermia at 4°C (F19) and under the food deprivation
at 237 (F20 and F21). Solid rectangles indicate the period of food deprivation.
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Fig. 4. Frequency distribution of the time of daily torpor bout in the 9 striped field mice (M06, F08, M07, F09, F10, F11, F19,
F20 and F21) showing hypothermia. Bin intervals are 2 hours in the upper 6 mice and 0.5 hour in the lower 4 mice.



622 BB AU 2006, Vol. 16. No. 4

Table 1. Daily frequency and entering time of torpor, torpor bout, the lowest Ty and the range of Ta during torpor.
Range of

Brezc.ii.ng Imliividu Phqt(g Freque;ecry (;;fytorpor entering time of Torpor bout Lowest Tb duﬁ::;gi;;;?oc)
condition al no. perio (Total frequency/days) tz)go)r (Ta)() (Av.)
Mo06 0.71(54/76) oo:ggfgzoo 02001400 175 (9.0) 5?6~ g)é 0
(N1 £ eag
F0 0.84(138/165) 18'(%07:1122)'00 20:00-1400 165 (35-85) 5'((’9"2?'0
y 06:00~08:00 -3.0~11.0
Outside in ~ MO7 , 0.02(4/165) (0630) 08:00~12:00 25 (11.0) @)
winter and Natural % 00-0800 1 0' 45
sprin 00~08; 00~12: g 104,
pring F09 0.02(3/165) 0718) 08001200 240 (-10) (16)
04:00~08:00 e 1.0~10.0
F10 0.03(5/165) 0600)  0600-1000 230 (100) (58)
06:00~08:00 1. 4,0~13.0
Fl1 0.04(7/165) (0654) 08:00~12:00 200 (-1.0) 652)
Constant low .
03:30~08:00 3.0~5.0
temperature ~ F19 24D 0.12(4/34 04:30~11:00 240 (40
in fummer ‘ s (06:54) 0 (40)
_ 06:00 ANOR. 21.0~25.0
F20  16L8D 0.08(1/13) (0600) 07:00~08:30 305 (23.0) 2.9
Food . 06:00 . 21.0~25.0
deprivaton 16L:8D 0.02(1/42) (0600) 07:00~10:00 275 (23.0) 230
_ 05:00 . 21.0~25.0
8L:16D 0.02(1/42) (0500) 06:30~09:30 295 (23.0) 29)

Ta, ambient temperature; Ty, body temperature

* Ta when the lowest Ty, was recorded.

# Ambient temperature was temporarily increased due to the direct shedding of sunlight on the data logger made of stainless
steel.
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Fig. 5. Records of the lowest body temperatures in the 6 striped field mice (M06, F08, F09, F10, F11 and M(7) at -5~38T, one
mouse at 4C (F19) and 2 mice under the food deprivation at 23°C (F20 and F21).
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Fig. 6. Frequency distribution of real time of entering into daily torpor in the 9 striped field mice (M06, F08, M07, F09, F10,

F11, F19, F20 and F21) showing hypothermia.

2 A 45 F P (stress-induced daily torpor)[11]3} &
Ty ol Fof 2EF 2 8110 §lo] ¥ o9 ©3o 9
3o frese AEAY dFF(spontancous daily tor-
por)[5|e 2 TREAY TEF 2L FL3E Apodemuso]
&3e FF F 2AAd AAske dHATEELH A
peninsulae®] 7%, Holg FE3| FFdn wo Holg 4
Adt] BT AA AMS3HE IFFHo| A Fojua ¢
gk @ oy}t ©E gl et ALA] dFFH o=
Aol ¥HA AUTHI0. 9, Fo BEX3les #H&F A
sylvaticus®] A= ALo| Ao oA dFFH] ¢
olUm[15,16], QEA E&H A. speciosus®] A= AL}
W ol #& 2AA 4 AAE AFHA FFAE
EoprtH, &g 8T E FASHEA B9 Ho|g 47 §u
Holg AFAY, Ee 258 ¥FAS YUC)dx g8
MA NN dFFHo| FZE vl Slo], 2EH 2 =4 dF
Frdo] dojdol Y3 vl ATH10]

2 A7 A5E 2909 82T AN e €%
FAS A A, FHL27) Yol AY A4 o Bt
A8 B AF A 98 AANAE AR Aol gt
02N 2EHEREA dFFAE Yoo ¥z
FHAS 3 AA distd dFFHo] Yot AJ7kel
& Hastd, dFFHo] 743 uidE d2E s A
T 274 641 ~% 12410 2| PHFig. 4) x}-L0] HgH 24
A 817et7] AlEg A QA 4A] ~6A9) 74 HIHE 3
o 2 RE|(Fig 6), A2 3L T2 FALEI NE ¥
A Aztel AZEHASS ¢ 5 AT olHE FogRE
UFFHol &4 AAE A Aol AAET.

A B2TAA Ho|& F£3] T3S FeolA 377
& HSAF LT A AN dFFHo] dojuA gL
d, 283 A4 F FF717F 9E 84 3(2BC), TE AL
SHAT)NA 4 g7l FUE dolls, dFFHo| FAE

ol

o}

>

ol dojd AL FF717 dFFHA TS 1HA
ASg AAELE Utk 8ol ¥ 249 A9 747 e 94
g FHL % 3olA FFEINE BIHANAL FAME A2l
YFFwo] dojd He FHA R 8FYF7](circadian
thythm)o] A= ZHHIL J&& AAEE Uk
YA 02 YFFHULS IR M E FTg ¢
o] dalA e, A2 2E (Phodopus sungorus) ¢AR
3} FRAME WAl 2 z2gen HAEAHE
8N dFFHo JAET T deix Y1012 vt
SEANANY JrEd FHAY e ASAILH
e g FE BUY. & 53 A9 B, A
(112 ~38)[18]Y ALdle EF TEFHNA 4FFH &
ZE v, 4EE HYr)de Aoy Y T 2EH S
o JFME dFFH doluA go}, WA=
AP AE FHES AATOLEZR WA 713 & Z2A7]
A g A2 AZEHAY. 28y &7 A ¥y
2710 ALR ol HE DA A N4 7]d Eoj3t 4
2 ZAAE 4S5 FHEo] ALHAL, J5E 947 F A
2oy A4 Fo 2E#H 2 JIHME gFEFH| Yo,
F73 o "go g Fad A vk AFHAY
ooz XY, TEHAE HAT 2% oM U4FFH
& A GAY, Be Ly 4§ Fiste #4d o
ouA Aol U AFOEA 4R ¢ - F TEFANANE
YFFAS e Aoz AT 53] dAdAME M)
Zo= dFFHo|l A Fr29u, YFFHY NG
& FF717) opde E5YF7IY FIFE B YFo AAL

A
2 o

FEHAA LFFFo] od 299 3o fFEH=AE



)
o
—|_"

o
1

i
L
NE

BF7)1E 2H3t 5279 A
BAAE o] &3t ZABIAY. FEF
F 8AAL A B3 A99874, A
H23T)d A, SEF FAIHE 23744
AAB AN FAL e JogRE,

CF TEHAA Aol HolAY F
stol] dj43l7] A& oA "oz
ol AAE A a8y FAGME WA 7]
£o1A %7] Hgtd FHE A A A4
T FEE 3t HoERE - FU AR
Jds fA L gk A4 AL 4F5F
6A] ~ 2 124] Atole] 74 widshA B2
o ALY AL oud ZAANAE FH 27}
[e]

22

A

e

2 ol

= rlo

24
R
J

5 2
2 o

>
™
3
N
=)
m

EX

o

=
2
N
—_

a

FE oo 1>
1:13 '“

ST

¥0 o o
UIO oy 1l X

= J.,>i O{N ro
Fw
N
Joie
i
e

5 fr
lo 1>

Mo fu >
o X

Hor

g2 fo
> o R R
O

»E
lo

o
— T

A AX ~6A A AFEH =, o] HF e o

£ AE 9% AFY S AAET doh
AR L& 165T oAU FF719] 4T gion,
3ol M g4 47)(24D, 4T)o FAY, AA(23T)
12 HIAAZ(16LSD E& 8L16D) N Z {4}
of dFFHe] Lot slof, dFFYE Ao FF
719 oM 2EHA Gom GEAFV)Y JEe wa 9]
g3 AZE A0

oxl B o o

fo > 2

(O mo b of N B B L2 fr 2 Y e off ro 2 rfo
M o

2
o 1% o
-hl
N

3 Al

#Ae 2

B A7E 20059 AAUEn &Y d7ue A9

o ofs FFHULH, old FA=Hh
§nE8

1. Bartels, W,, B. 5. Law and F. Geiser, 1998. Daily torpor
and energetics in a tropical mammal, the northern blos-
som-bat, Macroglossus minimus (Megachiroptera). J. Comp.
Physiol. B 168, 233-239.

2. Carpenter, F. L., 1974. Torpor in Andean hummingbird: its
ecological significance. Science 183, 545-547.

3. Geiser, F., D. K. Coburn, G. Koertner and B. S. Law, 1996.
Thermoregulation, energy metabolism, and torpor in blos-
som-bats, Syconycteris australis (Megachiroptera). ]. Zool,
Lond. 239, 583-590.

4. Hainsworth, F. R., B. G. Collins and L. L. Wolf, 1977. The
function of torpor in hummingbirds. Physiol. Zool. 50,

10.

11.

12.

13.

14.

15.

16.

17.

18.

Journal of Life Science 2006, Vol. 16. No. 4 625

215-222.

. Heldmaier, G., S. Steinlechner, T. Ruf, H. Wiesinger and

M. Klingenspor, 1989. Photoperiod and thermoregulation
in vertebrates: body temperature rhythms and thermo-
genic acclimation. J. Biol. Rhythms 4, 251-265.

. Hohtola, E., R. Hissa, A. Pyornila, H. Rintamaki and S.

Saarela, 1991. Nocturnal hypothermia in fasting Japanese
quail: the effect of ambient temperature. Physiol. Behav. 49,
563-568.

. Lovegrove B. G. and J. Raman, 1998. Torpor patterns in

the pouched mouse (Saccostomus campestris; Rodentia): a
model animal for unpredictable environments. J. Comp.
Physiol. B 168, 303-312.

. Mika M., C. Koshimoto, K. Tsuchiya, A. Nishiwaki and T.

Morita, 2005. Body temperature profiles of the Korean
field mouse Apodemus peninsulae during winter aggregation.
Mammal Study 30, 33-40.

. Morita T., 1995. Advances in ecophysiological research on

mammalian hibemation. Mammalian Science 35(1), 1-20.
Morita T., 2000. Wood mouse and daily torpor. pp.
234-253, In Kawamich T., N. Kondo and T. Morita (eds.),
Hibernation in Mammals, University of Tokyo Press, Tokyo.
Pivorun E. B. and M. G. Tannenbaum, 1984. Naloxone in-
hibition of stress-induced daily torpor. Life Sci. 34(22),
2145-2150.

Ruby N. F, R. ]. Nelson, P. Licht and I. Zucker, 1993.
Prolactin and testosterone inhibit torpor in Siberian
hamsters. Am. ]. Physiol. 264, R123-R128.

Taylor, R. E, 1998. Evolution of energetic strategies in
shrews. pp. 309-346, In Wojcik ]. M. and M. Wolsan (eds.),
Evolution of Shrews. Polish Academy of Science, Bialowieza.
Walker, L. E, ]. M. Walker, J. W. Palca and R. ]. Berger,
1983. A continuum of sleep and shallow torpor in fasting
doves. Science 221, 194-195.

Walton, J. B. and J. F. Andrews, 198la. Torpor in single
and huddled wood mice (Apodemus sylvaticus (L.)). Acta
Univ. Carol. Biol. 1979, 181-184.

Walton, ]. B. and ]. F. Andrews, 1981b. Torpor induced by
food deprivation in the wood mice (Apodemus sylvaticus
(L)). J. Zool., Lond. 194, 260-263.

Won P. H.,, 1967. Mammals, 659 pp. In Illustrated encyclo-
pedia of fauna and flora of Korea. Vol. 7, Ministry of
Education, Seoul.

Yoon M. H,, 5. J. Jung and H. S. Oh, 1997. Population
structure and reproductive pattern of the Korean striped
field mouse, Apodemus agrarius. Korean J. Biol. Sci. 1, 53-61.



