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T4 THE &5
(b ER 2B E EAE S T
wm OE
AR R (Ochotona cansus) MFILARHE, B/t S, RiEFTE @
1A e AR b AT R B aBHAANERE L LR T LREES A E %>
BhEREER TENENE, &RFH, HRRAEFVHEEHETEN, FENEER
Bd SR —BEBERR% (Ochotona curzoniae) AR (Microtus oeconomus) L&

R (Myospalax baileyd) FIRFRERM/ DI WEEGRIAR. EMRBMPAEE, &K
EREHRGE N IR, LR EEET SR, EERBRE LS THA BHEFRHRER.

X@E. HHRA HEEY: LARHE, ENER AFRE.

HMRENEE/D, BEERANEER, FEMETHERREEM (Potentila fru-
ticosa) HEMh, FEEEHEAMER, RTHERY, EEZHORRANEREST (1986)
MEREE (1989 FRER. €401k, HTRABIDRERERHOHAEHFRSLLZR,
WRAMEEBERSR (0. curzonice) (FHE%, 1979; 19805 1987; EEEfmEH S,
1989, 1990). 4k % (O. princeps) (Johnson #FI Maxell, 1966; MacArthur #1
Wang, 1973; Wunder, 1988) LABAS /R % (O.daurica) (Weiner F1 Gorecki,
1981; SFIEME R, 1987b),

b TR R E 5 R RE b iR AN RGN R, UESH—BXHE
EAEAAWEBEN R ERARSATARAE, RIFEEERRETHE LR HE
(RMB) . 5% % (C,) . BERHHAEE (brown adipose tissue, BAT) ., JEH
FPEP 4 (nonshivering thermogenesis, NST) REAHRMGERATHRFHETHELHE
FTMESWR, I /g2 aE ET RN aRIRESTT 2.

* EFEERBFESTRHHE.
= PR ERERRAEEWIAN . REIMEABEEFEIA, HREFREY, Ptdid.
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RBE5TE

HRRaRtS A TER R AR EAE SRR LRI NEZHEM S, RlERRE
REAED, EEnEARRERLERTE (1982), KB T 198746 AFE 1988 £ 4 AR 1T, &
BEEES Y. SARBNMENEE 3 MBREET (EHES, 1979, KRMAHSRE L
TAELFEHE (1989, 19900 (iR,

IR Kalabukhov-Skvortsoy AT FENPFMR21E 0—35°C 7S RAAIE I ) FE 1
B (Gorecki, 1975), [IFE5°C, ABEHFPREEE (R%+1°0), BRERHEM 95 2P 4
HiRtHmEE, REkE. |

ISR IREAER REBERSHEREEAR Cu=MR/(T,-T,) (McNab, 1979) L5,
Srh MR HRINE, T, kR, 7, AHEEE. SRES . hRR KU T4REANTFIIHE,

JEMELEE R 15°C AR, AR TN SHERMAREMNETYE LRE (NE) BSmEkE
HEVed NST f5: o, NE#IE# 1.0mg/kg #E, UL Heldmaier (1971) ) 2 X NE(mg/kg) =
6.6W-0+458 {125 JEYPE NST it T8 %] NST f8 /1 = NSTmax— RME (25°C) (Heldmaier%,
1982), L& NE FRlmF#a4 0nin, BESESEESEMEME (1990 MR,

BAMBERRRERE, BHWEE, DMOBIEE R BAT, £ H X FLEHE KR E
0.01mg, $# BAT (hi%ERMMESR (G ABENTIH 4l (EEEMEHE, 1989,

FIREREIRFREEESEEENERN, EREEEM AR,

TR

(=) ﬁsﬂﬂ‘.‘}ﬁ

iR EmAEE (RMBR 5FHREREHXRILE 1, /£25°CLLT, MERKR
B, FEEBMEME, Bid25°C, BAERIFHRHEM, HEHRRAN TIEREESS
25°C, H@A%E% (1986) HEMLE R —B. 25°C I BMR, HAKBEYS® [2.94
mlO,/ (g.h) 1, EAH BT HAREIR (2.65), FERFHXAFREFA (2.82), EHEH M
BMR WA K BHIFEIRT 10% (R 1D, 12 AH ) BMR Lk Kleiber (1961) HE{HE
110%, 7—8 A 137%, HUHFRAESLEFTANEEMOARE, HBHARE
R ERBELE. R RAaRIBRHFHEAERASR X L e/ b ail (E
HP%, 1979; TEEAMAEN, 1986; EELMEME, 1990), ifiSdbth- LXK
by — 2/ N ELE 8, MELEEE (Clethrionomys rutilus) (Feist 2, 1976, 1984),
EEHRK (Microtus ochrogaster) (Wunder %5, 1977) ZA4[E, XEship & FRHET
E. HRANRMERESERSL., SEBR (Myospalas baileyi) (L, 1979)
BARHR (M. oeconomus) (HIGHMINMEK, 1986) Z—#, BFETHEHEH /D
Wi %, BMR EMEEN 2.25 /%, XA REHLENEEER., RiRESX—
Pk 5%, Hock F1 Robert (1966) IA%A4:iE T i ikib X i /g Sl o, HLE
R AR £ 2 AN R =,

1) 1988 &£ 4 AFLEERA Beckman OM-14 FERESSWUHE, ATERTLR, EREFST.
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®1 HREENESSESHTIBADDSELE

Table 1 Comparison of energetic parameters between Ocholona cansys and other small mammals,

' : SRR EE BUR  $455RCm
ROREER B SwEMe 0nD| ZME Ce00D tr &
Seados ot Bw Mealsured Measured PTI®| CTI®| TI®
A value value
Adecies 1) Phengphase () [ml02/(g-h)] |{[ml0s/(g-h-°C)] Authors

HHRA EEH 619 | 2.82[223.9 |o0,154 |121.2 | 2.1 |1.7 |3.5
'Ochotona | Green up P. AT

cansus Vach o ® i 56.2 2,94 |237.0° [0:150 | 112.3:1'3.6 |1.5 |5.3

Bt gherance P Present study
HEn 58.2 2:651(225.1 | 0.145 | 110.6 | 2.5 [1.9 | 4.6
Withering P,

BRRE* EEH 138.0 1167 - 168.1 | 0,139 | 163.2 {1.5 | 2.0 | 3.0

Ochotona, | Green up P, :

curzomige | MEREM | 1175 | 2.15 ] 208.4 |0.178 |192.7 |1.4 [1.6 |2.3 | FHREF

Exuberance P, Wang Zuwang
& 128.7 1.46 | 144.2 | 0.119 | 134.7 |1.6 | 2.4 [ 3.9 | et al. (1979)
Withering P,

EKERER BFE 9931 %9.9¢ 89.2 | 0.110 | 112.3 |4.2 ¥ / EEE
Ochotona Summer Zong Hao
daurica 127.7 1295 | 193.1 | 0.119] 4417 £ / / et al.(1987)

Weiner etal,
(1981)

JeRBR ARt B 109 1.53 | 146 0.07 78 1.9 [ 1.6 | 3.1 | MacArthur

Ochotona Summer ' etal.(1973)
princeps

RETR* BEH 21.9° 1 3.23" 1205 0.27 | 126 5.0 | 2.6 |12.7 | HEAEH

Microtus | Green up P. } i Jia Xixietal,
oeconomus |  ZEREEH] 25.9 | 3.56 |235 0.31 158 3.7 [2.5 |9.0 (1986)

Exuberance P,
ThEE 23.0 3.42 | 220 0.28 134 5.0 131 @b
Withering P.

EERR BEH 241.2 1.32 | 153.9 | 0.14 216.2"1 1.8 7/ / FHEE
Myospalax | Green up P, ! c Wang Zuwang
baileyi RN 196.0 18524 48 Tey [0-15 211.8 .| 1.1 / / et al.(1979)

Exuberance P, 1
WEE | 202 | 119 1390 (0.2 |190.8 |1 |20 /
Withering P. l

* NST #EIERARE Wunder (1988), RN AMRARREREES (1990) 15,
NST data according to Wunder (1988), for Ochofona princeps,and Wang Dehua et
Ochotona curzoniae and Microtus oeconomus,

1) Me(%)=(BM R)x100/3.4W ~0"23;

2) Ce(%)=(Cr)x100/1.0W 059,

3) PTI, #pE#E ks CTI, 2RFATER TL BMEEATRR.

PTI, physical thermoregulatory index; CTI, chemical thermoregulatory index; TI, thermoregula-
tory index(PTIx CTI),

al. (1990) for
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i E## Green up P. (=) &ig
RS SR R HRIEERER, HRRAHE
B BB ey REEDEE CCRAGRESERER
b ; Br¥E) £ -0.95—0.34°C, LB HRE
2 ob ol bl lens L S lee, W, MiEd 25°CR R4 B LT,
5 it 30°C, HM RN KRR ES,
g 6F 4% # Exuberance P, ; k :
5 Iy BN, e 2k KR T IR B
e R S 35°C i, Aty TH kiR 37.3°C
s o  kFbE41.2°C, BABMAERTNE,
RN o L e 5HFRRS (EHB%, 1979 #{l
£ | 7 SEMBES 79 HENBTEDN
g ol B Withering P, emgngnty, M EEAHRERRE.
A i T 25 B B A AR P R T 725 TR AR D B3R
2 .
b V| LisRD B e (=) #ESE
e ootk rbarohle TOFTE. AR AR % C,mlO,] (g
1 HARABERERSHERENER he ) TR WAIEH (0.150), HEK
G BE R 0,150, EHAEHERE

Fig. 1 Relationship of resting metabolic rate and (0,145, FHES T HERAMSEE
ambient temperature for seasonalacclimatized Ochotona L

eansns. Numbers are sample sizes. R, (BARTF 4R H B RD, H—RwA0

%_!é]_ 14%: T_SH%- 12%9 {E- 12 ﬂ Cm

C%0.187, WA 5%, EHHARALRESTTEBE, Bl EEHLRBRES,

(M) #HEERATER

Deavers 1 Hudson (1981) ﬂﬂa%k%ﬁg’r-‘%‘%d‘%fﬁ—%%tt$¢%%@#&1ﬁﬂﬁ
Hy—/> B, R4 Tomasi (1985) IS 4Ll A Bk AU ¢ 15 B AR AR 2k bR R %
S A, 6 LA % 2 AR 100 38 AR AE TR I AR AR R R AT T
i R S T J6 8 N 7L Eh B SR 4R, G R DL NST iy RIHBE Jansky,
1973; Wunder, 1984), JR¥ES AT REHREREHETFE. HRRANHY
mEY R, Bk KENEA (3.6), EMRMKY (2.5, EEFHREE.D;
Filb A RN S AR R (1.9, HEFNESR (1.7, A RERIE
(1.5, BEHEX RN RARAR A KB MEE (5.3), EHEMKZ (4.7, ®E
EHHRE .5 (RD, HBEARBROFERER, ERIHYERRNRIFTIEIN
— A R ER A

(&) BAT 1 NST

HH R BAT S BLREDES 5E 610mg, HXMER 1.18%), HAKEH
% (382mg, 0.72%), NST §&H [mlO,/ (g-h) 1 ERFHEE @1, FAERKEH
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BIK (1.3, BEEEMES 1.9 G2, 12 AES 7—8 AIEHE, BAT H¥M®
BHmM72%, HEEM69Y; NSTHEHIEE 65%, HAIEEIWH¥M (L BMR W
SRR Wik 88Y, BAT HZLEEER LM ERML (FEEMTHE, 1989,
NSTHRABASRARFLEER, MEUSERS (EEEMEHE, 1990,

BAT & NSTH)EZEHIE, NST X FHHRAEI™%, MinxtEEmHZHAS
EE Y, EERERN, AREERS, WZ BMR jREE, WERIEELE, Bk NST
FHRiAHMEEHA TR, FHBAT WEEZBMA, £ &5 IE R TR EH,

RIFEHRRELFHLZRIATTRED ¥,
FERA, RARERSEBRROAXEFSEOHHASER-HITE L,

#2 HEBRSWBATH NST ®ZH#5Ek
Table 2 Seasonal variations in BAT and NST for Oechotona cansus,
ik M BAT NST
h i ¥ NSTmax—BMR
. Phenophase mg(X+SE) %BW(X':[:SE) (ml103/g.h) %BMR
EFH 1.864 66
Green up P. -~ — (11) (1)
HERER
Exuberance P, 393.510.07 0.7244+0.1 1.32 45 .
(22) (22) (20) 200
HRH
Withering P, 590.0-+0.05 1.112+0.09 2.110 80
(22) (22) (33) (33)

E: BERIFEAY.

Note: Numbers in parentheses are sample sizes
T
(=) HMB RN ERFROEEK I

H# B % BMR £Kleiber (1961) HitE{ER 2.2 f%, HTRAREHERRL. &
EBER, (UK THRER G D ,X—HERTHEAEENE,, AR ETHTEELNE &
DL B S, ARG IR A B (BRI A 3%, McNab (1980) A2
A SR AL RWILE, LEREOEMED, FbEmEEK, BEREATH
W RA ARSI, .

OB EHEEE, 4 E S BMR #1345 & (MacArthurfiWang, 19735 Wei-
ner %, 1981; TH%, 1979) & 1 FFLHR AU HRRemRIHEER, BT
R (23.8°C) MRS, W AIET AR, HFERIANER SRR aBil
HMEEE, HiRamRagiRuELg.

et A i LRV R, IR R A kiREE (37.6°C) , TR R ERIL,
HEAAT R UK TRAR, 2T ERRIE SARATEFMTERERL
ATFRER. HRERANMESRES, RRARK, HHEERREILTRE
B, B RESSERNRERS, SEMRNRDAFIRR, T s 5 i BE P AR,
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2RIV, R RARUBIK, LENRGERENER LRI, Bl st
B R, RBRMERRRES, AEEREHEABTRTRER, HABBTELTS
o, (BBE M0 TE R R, | _

FEAKBEET, /NEELMHKE NST F?ﬂ?&ﬁﬁfﬁ_(hnsk% 1973; Held-
maier %, 1982) . Hilf %M NST B E (b2 HEENE N A2 HEETRE
EiERERAMBHER (EEEMERSE, 19950) , /RBBAET Heldmaier (1971) #5&
Mo BIMEANZE WOIMLRD IR WAh2 (NST,../BMR=13.92W°'%'2) B 2] t{f ()
38%, &XFEH51%., el

MO EINEN, HRRASRARKGILENELN UARHER, my 27 5iE
TR A B RIL, ARV DREIRS, A BAT B&. NST A RILAAYE HE
., HRRAME 15°C A 25°C i, K% RMR, C, ¥ TWe, (A% ILRE % i
15°Clf, XZEMEEMML, W 25°C i, LFHBEME (E) , 58 B R4 R, w
ERBARE—EER (FHEEMEMRSZE, 1990) , : :
#3 HRREE15°CH5°CHENBRENBIEANE RMRB)  #55 (C) RESHH (MC)

Table 3 Resting metabolic rate, thermal conductance and cost of maintenance for Ochotona
cansus at different phenophase under the condition of 15°C and 25°C.

BER ERER TR
Green up P, Exuberance P, Withering P.

RMR[m10,/(g.h)] 3.24 3.37 5.88

15°C  CLmlO;/(g.h.°0C)] 0.144 0.150 0,146
MCTkl/(indiv.h"1)] 3.9 3.71 3.88
RMRI[mlO:/(g.h)] 2.82 2.94 2.65
25°C C[mlO,/(g.h.°C)] 0.226 0.247 sl 0.203
MC[k]/(indiv.h"1)] 3.72 3.21 2.9

4 FEAERNADMELNNERZANERN BMR, BAT @4 EERE NST g£Hk8

Table 4 Comparison of BMR, relative mass of BAT and NST capacity for four species
of small mammals after corrected the effects of body weight during
summer and winter, .

BMR[mlO;/(g.9"72h)] BAT(% BW*78) ‘ I\fSTEmIOz/Cg.“'”f‘)]
Summer | Winter lﬂ(c;:;‘se Summer | Winter In(c;)ase Summer | Winter ln{c;:?se

HiftR& 8.735 7.739 Sl 28 3.82 5 3.92 6.54 67!
0. cansus } o 7
mERE A 7.787 5.419 —30 1.66 2.96 78 4.01 6.16 54

O_. curzonige 3
RER* 8.571 ' | 7.03¢ | —18 | 0.87 2.07 139 | 8.07 |15.34 90

M. oeconomus }

SEHR* 5.614 | 5.285 -6 = = s —=f R &y

M. baileys 2

* BMR3IH ZHE% (1979), HAFAES (1986) LEHBIERIME,
Values of BMR were that of exuberance and withering period from
Wang Zuwang et al. (1979) and Jia Xixi ef al. (1989) .
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R 4 MU AL A BMR, BATRNST W ™ REKEHER, WFE
4o mE AT, 3R LFEDHHHm BMR MBS TR FEIHEERR, SEHES
(1979) fIR % 3k, BATA R BBl Lse, RERRE, E5H £2HmiEE &
ks NSTEENRHEREE, HARAEEERAMEL, BEL2HEFEE, HTR%
TR R, HR T R AN L St R SRS AR E R K

O HYRERSAMEHEC/ D HIADDHNEEARHELERAR

BT SUMBFRER (EHES, 1979, HHEBEMIMEK, 1986) UL,
e/ it B B X B/ N FL 3, ik R LGSRk, R TR FhE, HRE
mmARER, FEEMNWREGESREMAMN R, RiE50ES 002 E T S=Bm 1
Boh, 3R LinsgFRE AT 1, RUARFHHRATED.

RIS (1979), EEBAMAMERK (1986) ®7E McNab (1970, 1979) ,%F 3ty
BRI E54E, RiMRE5ESHRNRREPH LT RRBEORE, HHHHR
REOEIB TS, FEE McNab(1979) B/h#i R 5HEH X AR DTS E BE
4 PRSI E I BE, SR LE 2, H 4,

M3 AERA LRI, 4 MM & B T —A SR RE R X, Ak B9 4 ff
SRR T —~AEMEK., €8 2 ME 3%, 4 f3idm €, 5 BMR 55 FHE X /A
o EL Ak F 2 i, I 4R, 4 FUNEEL SRR X B R B Y R A
D, 358 1 v 8 i X/ 7L 3 A ) AR SRR i T — I AL S R 3 g, Weiner flGo-
recki (1981) A btk B il 3o X % /i 2.3 iy RO EE o b PEX 858, K BMR

i T TR R

| Nonfossorial microtines
| %ﬂ?ﬂti M. oeconomus

. H:!ﬁt:g.}’ﬂ. 0. cansus g
Bl L — oEMLIX Cold and high alt
o \® —"‘)‘—T_;Jﬁtiﬁ 0. curzoniae
= @ ; l;ﬂ]j;]&%ﬁ] M. bailexi
2 e @y _ % H Lagomorphs
w200k <SR
oy . m
ﬁ% Dései‘t :

-;'* =05 - heteromyids  poggorial

"= DREHB ki
= .
2 —10
k | | B I
e : —1.0 T Mo s
HE gl (kg)

BH2 BERHRSHEENRTR

Fig, 2 Relationship of minimum BMR and body mass. %X, indicating
BMR values relative to Kleiber(1961)predicted values.

BT REHESMERE ERAE, BOREBSERNEREHE NN HikE
'é'Erﬁ:ﬁﬁﬁlFPﬂﬁ!]\%?LﬂJ%%Ef’tlﬁi%ﬁﬂ%ﬁ?%ﬁiﬁ, BRI X — Rk SRR
3 R 3E B FAIE

Wunder (1977) g, AfMIEZIREEABLTRAGERZ RE 20, ﬁﬁc,

< 131 -



DERGRRRE R RE D, DEREREBTERTAZRENE: Rk, S4
BRI EREE T RREOT K, ANWHEEILER, FEREREERT, Fik
MR IE AR P R A, AR R RE B AR I R A R B R B DR R AR IS

HER
0.0 M . oecenmus
\ HiftE %
>t O-cansus @& EH %
” o) 0. curzonice FHEHBEX
o~ N 1 Cold and high altitude
H \\\\ TR e _amm
m}:i L0l “;_"i M. bailexi AR
g:?: Desat . _ Fossorial rodents
’9 Sl N >
DIB H - R E SRR %A J
3 r Lagomorphs
) s R AL SRR
] Nonfossorial microtines
—2.0F
: 2 1 1 1 i 1 1 1 i _\I
—2.0 : - 1.0 0.0 1.0 )0
RE gl (kg)

E3 BMMUESSHERXR
Fig, 3 Relationship of minimum thermal conductance and body mass. %M,
indicating Cpn vlaues to Morrison et al(1951)predicted values.

| o f i
j : ‘#’5‘6 ’i'a“‘v wE gh a\t'lt“de
A
300 |- ‘I‘Q;o Co\d and W
/
o ;"
—~ / o) o G Q
E L WA o
5 oy M PR
3 o i
& A ®
® ¢ x e
< 200(- (x/// ,@ﬁ.@“ﬂm«m‘
c . - 7 e ;
o R ’@-Qxé“\o‘“ﬂﬁ
i‘; "‘&f&%\b& == G z// M .Oeﬂe\
bRy L D &
2 @&0_ (o] (f&,,’ A ?‘-Q
® [t FAIHL lc,//
ot PR
B o Q0 [ (e
a 0 AR
% 100} o o \ (= %
- i 3
& a
og% &
e ﬁﬁ.%
/{' HF Teperate (),,:a?fISMs
© % Desert
0 ] 1 1 1
100 200 300
i (% MEEK) MR(% predicted) i

E4 REESRESHRR

Fig, 4 Relationship of thermal conductance and metabolic rate.

%, FSARRE. HLRFELZBHREAERS:ESHREE,
mi7k FHy BMR " g SHR M EE LA R (Wunder %, 1977), ifida ity Bk R
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Wt T Eh i et B, xRS T R A B, BRXE-HBRNENS
£ AR A~ ETEREE S, BHLERE— R RER A 3, 4 Fb
7L A4 BMR W BT Kiciber (1961) HEE GHER R 74%, 1l HRs
H123%, BREREH 120%, HEBRESH 47%) .

4 RN LS kN34 BAT, BAT P hvitiASREZEHAE (ElEE M EH
B, 1990) .3 b LiGEM 3 BAT EHRANLEHEIR, EHETE LR FEES
EBE L7, {H NST g (NST,,./BMR) H{ETFEE WIS (Heldmaier, 1971;
EEAeMERS, 1990) ,XTREARBRERER/D,. BEER KE X, kE
SBARET, BRLBSEEACENEL HEbha, HleE Rk L, £ NST {£
B —g kT L, AR RHASKIERETMRERC, XBMEIH R,

IEFT A A —EE R, B AP LS, iR MG Bh ik L AR B A E %, 3R
Hh IEF RS E S BN, X THEIT T B R A PR &
mFREIEERSE, ¥ (Mustela eversmanni) FIFM (M. altaica) BA% T AE
g /N gy R Mk S, TR T B T R A ARG, TR SRR B R, ] SRR
R KBEELES, BRFTETER RESTARSEREHHEENEZE, &
FIF - #re.

SR AEABE AN NS IS B, AR R hE L AL, S
REEAE — %, DiEAFER BMR; @BAT R #ie h&HE—AMatElkE, B
EEB RS, M EGEAR BAT 286F: QN Sk 53R ORBT
BlLob, BMR 5C, [BSBELLLREKT 13 @RFHENERDE 3; ©Fh |1 8 4

BT /N L i R A AT R B S R SR S RORE G R B, B
BAE AT, £ 2 BT AR R BT 5 5 T R — 5B R AT DAL A B R AT, 4 A DR
LA S BEBMR RVES BB, R RFREh i (EHE %, 1979 ®|
FETERIIMEK, 1986; TEMLMEME, 1990) , AERERIF R AEMPE 2.3 Fiit b
i NS ELE B F A L S R A B IR B INEE, WloR%E Ry (R 3, EE
fFIEHEE, 1990) , FIRHR M BB LA R4 E 1A 6 B Tk (EEEM £4E, 1990;
Feist, 1984; Wunder %,1977) ,Z)#%& % BMRIEIK, {8 NST RE 1% hn, it B—A4h
Bz, %7 BAT HmSs NST #n, {L¥RiAFisehim, FINERVIZWESLFD
EDEERRRS GIEMERTE, 19872 EESMENSE, 1990) WP T RREN
L&,

BEFEHSEE (1979, 1987) EEEMIMENK (1986) [ BEHT (1980, EB%E
T (1989, 1990) REfb—EiEBMmEER, LAFXMER, NECTMOERE
BB /NS L 3h e S e e .y Al R R IR X, T AR RY — 23T B T SR 51
F3# 5, i

EwEE L hmEdEs R ERFFIMNE, RhHEERMERIRE—-4TX
e R, ik B I R TR E R, SRR AT HRR AL L FHREFAER. X
FHEHEEN, MEEAERSEHEL, NERERODEFRFHER, DA
W i BAT M4 M (bis i te, *aWERAENTN EREE, MG E—
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#5 BENERE4HIHADPHLEEREMEN—ESHET
Tabie 5 Some adaptive adjustmen*s to cold winter stress of small mammals living in

high altitude and cold region.

WET Ttem increased
BEISHESAER Mass of brown adipose tissue (BAT) (FE#84E4,1989)
BAT #Z&¥ifEk/h BAT mitochondria size([E k)
BAT Z&¥ifkriiss# Cristae numbers in BAT mitochondria (] 1)
BAT 4ufERsHi % Fat droplets densities in BAT cell (H.E)
i Metabolic reserve (FE#EIE%E, 1990)
EEREHE = #AE 1 Capacity of nonghivering thermogenesis(NST)
#J8 Fat content of body (8&£%3#%,19581)
HE#% E Relative fatness
Liki(g Caloric value of body
BB Edi g8 Ability of chemical thermoregulatxou(fﬂ%%,1979, FHEE,1990; Present)
REZEE KERFBE Thickness of fur and hair length and density (FH_E)
FE#EE 7 Insulation ability (1)
LR EREEME Widen the zone of thermal nutrality(F.E)
BEREFE Utilization of microclimate (F#81E%%, 1990; Present)
FlA&SE &Y Utilization of high energy food(F_E)
E#17% Haddling behavior (FE )

FE{R3 Item decreased
fkED Body weight (E{EE% Wang Dehua 25,1990)
R Ri#E Basal metabolic rate (BMR)(EHE%,1979; THAE%,1986; Present)
IEEIEE) Activity time(5¥i&%,1987; E&1£%,1990)
¥t Cost of maintenance(FE#/E%,1990; Present)
k7K Water content of hody( 3% £B5£2%,1981)
#18% Thermal conductance(EWEE, 1979 FTEMHE, lia Xixi 2,1986; Present)
TilsFEE Lower critical temperature ([F.1) :
FHy4gH R Average daily metabolic rate(ADMR) (F#2%5,1987)
iFAREREE Daily energy budget (DEB) (kI/indiv. /day) (F.1)
BEEEME Total energy metabolism(F #45%5,1990; Present)
BAT ZJuRIEE R A/ Sizes of BAT cell and fat droplets(E L%, 1989)
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STRATEGIES FOR SURVIVAL OF SMALL MAMMALS
IN A COLD ALPINE ENVIRONMENT

III. THERMOREGULATION OF OCHOTONA CANSUS AND
ADAPTIVE CONVERGENCE OF SMALL MAMMALS TO
COLD AND HIGH ALTITUDE

Wang Dehua, Wang Zuwang and Feng Yong
(Northwest Plateau Institute of Biology, The Chinese Academy of Sciences)

Metabolism and thermoregulation of Gansu pika (Ochotone cansus) were stu-
died and the convergent adaptations of small mammals of the same area for survi-
val strategies in high altitude and cold region (alpine meadow), which were
O.curzoniae, Microtus oeconomus, Myospalax baileyi and O. caonsus were dis-
cussed.

O. cansus were freshly caught each month, from June 1987 through
April 1988, in Porentila fruticosa shrub at Haibei Alpine Meadow Ecosystem
Research Station of Academia Sinica (Lat.37° 29’—37° 45’N, Long.101° 12'—101°
33’E, with an altitude about 3 200 meters), located at Menyuan County, Qinghai
Province,The resting metabolic rate (RMR), basal metabolic rate (BMR), mini-
mum thermal conductance below thermal neutral zone (C,). relative thermoregu-
jatory index (TI), mass of brown adipose tissue (BAT) and norepinephrine indu-
ced nonshivering thermogenesis (NE-NST) were assessed. The following are the
main results obtained:

1. The minimum resting metabolic rate at thermoneutralitylBMR, m10,/(g.h) ]
was higher during exuberance period (2.94), lower during withering period (2.65)
and green up period was medium (2.82) . BMR values were higher than that of
allometric equation predicted by kleiber (1961),about 2.25 times predicted values.
According to RMR at 15°C and 25°C, the resting cost of maintenance per animal
per hour was similar between winter (late of withering period) and summer (exu-
berance period) at 15°C and lower in winter at 25°C (Tab.3).

2. Below thermal neutral zone, the mean minimum thermal conductance
(C) was calculated with the formula C= MR/ (T4-T,) .C,[m10,/ (g.h+°C) Iwas lo-
wer during withering period (0.145) and similar between green up period and exu-
berance period (0.154 and 0.150, respectively). C, values were slightly higher
than that of predicted by Morrison and Ryser (1950), about 1.14 times predicted
values. Thus insulation properties increased during the weather which became cold
because of Insulation[g.h.°C/(mlO,)1=1/C.
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8. Maximum to minimum conductance ratio can be used as a measure of phy-
sical thermoregulation (PTI),and the ratio of maximum to minimum metabolic rate
can be used as an index of chemical thermoregulatory ability (CTI). Combining
PTI and CTI, a relative thermoregulatory index (TI) of total thermoregulatory
ability of an animal can be obtained.Conductance at 30°C was used as the maxi-
mum C and NSTmax can be used as the maximum metabolic raze (neglecting shi-
vering thermogenesis) . TI was higher during exuberance period (5.3), medium
during withering period (4.6) and lower during green up period (3.5). But CTI
was highest during withering period (1.9),and PTI was also highest during exuber-
ance period (3.6).PTI, CTI, and TI were calculated for other small mammals
(Tab.1). In Ochorona genus, O.cansus has good ability for thermoregulation. Bu,
O.cansus was inferior in metabolic characteristics compared to Microtus oeconomus,
which inhabited in the same area at alpine meadow.

4. Scapular BAT were measured and found that BAT deposited throughout
the year for O. cansus which .were similar to Q. curzoniae and M. oeconomus.
BAT mass increased about 72% in winter relative to summer NST-capacity (regu-
latory NST) increased about 65% in winter compared to summer, with decreasing
environmental temperatures and reducing food availability. NST magnitude
(or NST scope, NSTmax/BMR) were lower than that of cold acclimated temper—
ate zone species described by Heldmaier (1971) .

5. The physiological adaptive characteristics of small mammals in cold alpine
environzent may be concluded as follows, high level of BMR, maintaining a rela-
tive high level of BAT%and NST capacity, BAT deposited whole year, relative
high thermal conductances the ratio of predicted values:for BMR and C, M,%/
Ce%>>1 (except for M.baileyi, a fossorial rodent); the ability of relaxing the
precision of homothermy in certain ranges and added behavioral thermoregulatory
adjustmens,

6. The survival strategies of winter active small mammals lived in high
altitude and cold region subjected to seasonally cold environments which include;
minimizing C, , energy expenditure, active time and the difference of body tem-
perature and ambient temperature; reducing BMR, cost of maintenance at rest
and increased insulation, BAT mass and NST capacity, and thermoregulatory abi-
lity (particularly chemical thermoregulation), and huddling and nest building,
etc, (Tab.5) .

Key words: Gansu pika, Ochotona cansuss Thermoregulation; Basal metabo-

lic rate, BMR; Adaptive convergence; Survival strategy.
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