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Abstract: [Objectives] Animals which inhabit in plateau are facing with the unique environmental challenges
such as low temperature and hypoxia. As the rising of altitude, these challenges may increase. The metabolism
of animals plays an important role during long-term physiological adaptation. With the changes of altitude, the
metabolic rates of many animals vary synchronously to adapt to different habitats. However, it is still unclear
whether the animal thermal neutral zone (TNZ) changes with altitude. In this study, we took Plateau Pikas
(Ochotona curzoniae) as studying objects to test how their thermal neutral zone range changes at different
altitudes. [Methods] We examined the physiological traits of Plateau Pikas by measuring body temperature
(Ty), metabolic rate and thermal conductance (C). Resting metabolic rates (RMR) were measured using
8-channel FMS portable respiratory metabolic system (Sable Systems International, Henderson, NV, USA).
Biochemical incubators (LHR-250, Shanghai Yiheng Scientific Instruments Co., LTD.) was used to adjust the
chambers’ temperature (T,) within + 0.5 ‘C. Experiments were conducted under 15.0 'C, 20.0 'C, 22.5 C,
24.0 C, 25.0 C, 26.0 'C, 27.5 C, 29.0 C, 30.0 C, 31.5 C, 32.5 ‘C and 35.0 C, respectively. The
differences of metabolic rate among each group at ambient temperature were analyzed by repeated measure
ANOVA, the differences between resting metabolic rate and body weight at different altitudes were analyzed
by one-way ANOVA. [Results] The results showed that the body mass of Plateau Pikas at high or medium
altitude region was significantly higher than that of low altitude region (Fig. 3). The body temperature of
Plateau Pikas at three altitude regions continuously increased with the increase of ambient temperature (Fig. 1).
Compared with high and medium altitude regions, Plateau Pikas at low altitude region had a lower metabolic
rate (Fig. 3). The thermal neutral zone of Plateau Pikas was 24 - 30 ‘C at both high and middle altitude
regions, while it was 25 - 30 C at low altitude region (Fig. 2). The thermal conductance of Plateau Pikas at
three altitude regions continuously increased with the increase of ambient temperature (Fig. 4). The thermal
conductance was the lowest and stable when the ambient temperature was between 15 C and 29 ‘C, the mean
thermal conductance values at high, middle and low altitude were (0.18 £ 0.09) ml/ (g-h-C), (0.19 £ 0.09) ml/
(g'h-"C) and (0.19 + 0.08) ml/ (g-h-"C), respectively. [Conclusion] This study found that as the rising of
altitude, both metabolic rate and thermal neutral zone of Plateau Pikas increased to adapt to colder
environment at higher altitude regions. These results provide basic information for understanding the
physiological adaptation of animals at different altitude regions.
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Fig. 1 Theeffectsof environmental temperatures on the body temper ature of Plateau Pikas at different altitudes
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Fig.2 Theeffectsof environmental temperatures on the metabolic rate of Plateau Pikas at different altitudes
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14 ARELIEEE: AR DX S BR S #A rh R IX R i L A R ) 22 57 <137 -

IR M X e B e ) e L AR R A 25 R
BRI FE s AN EAE AN (Fi3 3, = 32.96, P<
0.05) o MIELEEH 25 CLEFE 30 CHY,
- 5 2 1) vy B G T R AR R T B B AR
b, (HBZLTIHERIRE R 240 C (P<0.05)
1315 CP<0.05) B [E EARH % (B 20) .
Rk, 25.0 ~30.0 C i AR X 5 56
Gl PEX
23 HEEFHILREE

PR R R YA L X v D R e R B S
TR RIIX (P<0.05, K 3) . fEHHPEX
BTSRRI R AT eIk
K, PREFFIE G SR R R E R, &
HFRHBIX N (1,55 +0.36) ml/(g-h), PR HIX
A (147 £0.67) ml/(g-h), (KSR (1.37 £
0.35) ml/(g-h)o RN FR B b X i iR AR A
R LA 2 I 25 v TR X iR R A 1)
FARE (F=3.499, P<0.05, E3) .

E AR =
2007 a. Body mass O Resting metabolic rate ]| 40 -
a ~
@160} b {32 E
w)

2 M2
g 1201 245 E
E a a 2=

o ~
& ot b 162 £
il =
ﬁ 40 L 7 08 an
R=|
ot o 2

R IR IR
High altitude  Middle altitude =~ Low altitude

Bl 3 AREERRERRAESH ARG EK B
Fig. 3 Comparisons of body weight and resting
metabolic rate of Plateau Pikas at different altitudes
RNEVNG FREFRR R Z F 22 (P <0.05) ); MFENG 7R

FoRHR IR EZR (P>0.05),
Different lowercase letters indicate significant differences among

elevations (P < 0.05); same lowercase letters indicate have not

significant difference among elevations (P > 0.05).

24 PAEER
RESIERE (T, 7515 ~ 29 CH, &gk
X = R R e S R K B E e, PIME S

N X (0.18 +£0.09) ml/(g'h C).
HHERIBIX (0.19 £ 0.09) ml/(gh-'C). 1Kk
[X (0.19 + 0.08) ml/(g'h-C). =T 30 CHY,
Pl SR BEIA SR (T T mmsgn, 35 °C
I R R R B e R R, miERIX A
(0.35+0.05) ml/(gh"C). g HX (0.39 +
0.06) ml/(g'h-"C). RifFHRMHX (0.35 + 0.03)
ml/(g'h-'C) (FH 4).
3 Wik

AWFFRERY, ml. PR SRR
X 15 5 B S MAEAE MR BRI N 25.0 ~ 32.5
‘C. 25.0~32.5 CHI22.5~32.5 CHITEREN,
i BE I IR BE ) T T e AN [E AR X
i R SR AR B b i XS AR 22 57, ik
Hh R Xy B S A A R MR X BRI 38 O 24.0
~30.0 C, ARAHHIX i i B A A bt X
FEI A 25.0 ~30.0 C, g4 A g4 X vy 5
R G P AR P DX BB 5 TR AR X . R
Areb g X S B AR R R R R S T
MR X, iREdk S P gk X s R R SR 1)
A B R I 2 v TR R L X . SR B IX vy Jit
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Fig. 4 Theeffectsof environmental temperatures on the thermal conductance of Plateau Pikas at different altitudes
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a. High altitude; b. Middle altitude; c. Low altitude.
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