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| .SEERMEEBRGIENHS (BAT) W
B ek e 2 AR AR

FEE FHB

(ChEHEpmEIE s

w =H »

EXARTREEGEE RSP FEREGENAS Y —SERRNRERNE
EAEESBAT) M EBRNE ML WY FFETL LR REWBATMA, BATH
FRESIR AN /NTTE . SRER AR SRS, RBENRME, JRTHSFAETE X,
EmHR (Key Words): BHIER. % (Plateau pika, Ochorona curzonioe), M

(Root vole, Microtus oeconomus), ®WEjsAFHL (Brown adipose tissue), £
kr{k (Mitochondria) , I (Cristae)

EWASHT, RIFAFAUEREREE, DB EBAS (BAT) fMIE a4
H (WAT) , BATITESAZE t AIHE LA SWATRE, BAT Kb I sma ks -
%, REEAMKREEMERMESIE. BAT N T HEW L5 th e S sh ik 7z
TN AT RREBIET, YUESEXRGHALSEPFESLEEE L., HERTFBATE
IEMEHE B (NST) M EE5EF (Jansky, 19783 Heldmaier %, 1985; Feist, 1983;
Foster%s,1978; Nicholl#,1984) .

KTBATHBIF, BISNEEC MBS, HHYE, £8S. MREREMLFSEE
N HEHEFT I EMEBRMEHA (Johansson, 1959; Smith%, 1969) , H WX FEREE
FHEER. MERD FRIREE.. &, R, KEREESESEHTTHE (Daw-
kins %%, 1964;Smith %, 1969y Hull %, 1965, Harris %, 1985; Heldmaier, 1971,
Rothwell&, 19795 1985) , KREYHWHRASRIPEZRIBYLRAT WY, MAEH
BERS TN ADDHEPBATHR YT LTRED, REAMERNIF L0
F4 R NRE.

BEEEEABEAHARBRRE (ER¥E, 1984) , HBATHRMEBEEZR, M7
P & SR I AN FLBh i & B AT IR AR B AN, SRIEAXTTENFE, B

« AFHAREESHBIEA,

RENDY, BEEESE. CRURHAA. WERHMEESHEAXRHTRBER, BEE, B E RARERS
MREEMEREZFRRERATmS Lo, HHERY.

#or FroegsFizH 2 H fem
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T FE ERES NS IEE % (Ochotong curzonise) FAEMH R (Microtus oecon-
omus) MBATEH R B WHNENHEELHBTTHA.
A Ao 7 %

RITIET19874E 6 FIE 19884 7 AT EB ZRE IR E K & 4 SRSHEM U
fTo 1987EZ#HRMEHRN 0°C, FHEFRERT.6FC, BHRMEBRE N -8.5Cy %
A RB REE21°C L 6 H 4y, MAEIRIRE —28.2°C T 2 A4, Til19884E4a &
{RRE - 32, 1CHITE L Ay, HHENBRMARHFHTR (BRE, 1982 , 1
I AR
1. BATHYNZ= , o ‘ )

ﬂﬁ?&zﬁﬁiﬁﬂﬁﬁ{a‘ﬁ&%%ﬁ%, BATH EH AR, S BRI T .. sihit

, I ZFELIEBAT, /OB WAT sl AH A B RERER T, B
Eﬁifv‘a‘:ﬁiﬁ#ﬁ%v%%%‘ﬁi ﬁiﬁ%i——ﬁ#ﬁii%’ﬁﬁ HEHEC.01FET,
2, HEYMAK

WMEFE (78 A> WEF (1—2A> WBATHE, 0% & 4 8 REIKE
R ERSE, TEMNE BAT MRASRAAL, DRSS —9 #K, H.E %
., HAFESBEEERE < SHEHEA > (1979).

3. MUK

BR19874E 6 B, 9 BF112 K 19884 3 A. 6 AMBATH S, A 2.5% 8 IR _E:.
1 %HREE N B E, EMLKB-NovaZiB#E Al Lk, #EH#2IER)FEM-400T
HE FMELSREL e IS REEES B E.

SRtk Soh A iR R M E, 28 Thomson (1969) -F I E B R iatn, RPN E
FUb @R P, MRS AGSE 2 LLE ISR EBESERAD, ENEENUE
&R RS S BB,

H&AERHYEEEREES, HTHEMEAMHABAT EEER, BIWT 58
EREREN, § ARESB AR, ANEEERSIFSFERELEBEXER. S8R
Fl3k B 22 {ir 3k AR 5

% R

1. BATEEZIMEKANSH
SRR N FHAE A YNBATER A ERITE, ART. 3 W0 K THW
fir, EAEHEFEH. 19884 4 ARG EBR A& ERE WA BATHEAT T 4iit, BT
fEBATEE 5 BBATH65%, RARNGEHTAREAMEINTWBAT (ERWHKT
FMLWBATEIRD, @RI, RIEH67% (B 1). BATEFM /DL HEAF
S EHE wlwﬂﬁ%Lzsb%E:li—ﬁ(Smnh%,1969;Rorhmll% 1935;Cammn% 1964)
z, BATEMERNH®E
RIRABATHM EE BATHEEW)INES ) f’ﬁ;b BAT zj fR L3845, H
Bf % PIAB AN LB PR BATEF R E T 50 Bl T T WE.
(1> BATHM ERFEFRIGEL LUEEREDERTLIER. 1987 F.K % W
(4 —8 A) , MATRRGAEANESERET6R, REBRGR, & BE ERREN
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S+tA+CIMHEERAHRAF DAY FTSIMBATYABATU+S)mit R, B HeH+S5E,
Fig.l The dominant site of BAT of interscepuler(D), Ssubscepular(S}, axillary(A) and cervical(C)
as the percent of total BAT (I+S5+A+C) for O.curzonige and interscapular{l} end subsea-
pular(S) as the percent of total BAT (I+5} for M.ogconomus. Vercticel lines represeat +SE, "

BATHM EBS FEBWHEE 2), XEFAZEFEXSIF.WARTE, ERFEM.
wli B, %BAT=8,3133w 7019 (df =78;r= - 0,8105,p<C0,01) v
—0,4884,p<C0,01)

HHEE SBAT = 1,6478W 72080 *(df = 4537 =

-:.o .

M secondmes

1 =
2.5 bl

O .curzomniae
2.0

BATH2} FE("% BEW) Relative welght of BAT(XBW)}

- NS .

10 50 70

HE (%) Hady-wolght{n)

B BRI R R RE S 5 W W BATH
EBEERNXE, EOREERKE

Fig.2 The relationships between body weight
end the relative weight of BAT fof O,
curzonice and M.oeconomus rampled
during the period of growing aad
developings M. ceconoimus including
I-d\lltS.
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(2) BATHMN EEMFWHEEL FHHVAE ALY BAT £ BRI 4L &S
HHA—F., EXEPFERS. BBESTEEK (H3) . GERREL AABiEE
HER, 3.68624%W° 7, v EE: 1181.7 %) . FHRBAEI12A #FE S & HE

(2,3976%4W° 7%, 180,0 BBF) 5 FEHFEE A #r B & (5 B J50,94584W 7%,
233.3FEFLM0.6820% W 7% 70,8 B3 . RIERAEBATH BERRMEMERS. 9fF. R
MARE3.4fZ. 5—7 ABATESRKE. 7S HBHBEEZER 8 (FH<HEMN4
H0.6°CH| 7 Hi510.2°C) WA TEREFASSHE (BHEHEAXBRNER) FX.

8 A4t MBATHWE RS WM. HERR1IARESNS, —HBTLBE
REFEFEKE, ENARRESRTE (FH5RNAT7 H1.2°CER1 HERE - 12.5C.
S R ERTTA —-32.1C) « MZAWETR. 4 —5 AXREEN E &= K ., BAT
HAEENFEFENE. SEEARESTRE B & Ay, 2.216%WE 781 1,416%
W78y (t=2,50, P<0.05) .

Ff i BATHN EBHS B FEME (T) KEFEFAMRXE R, IEHFERN.

EEE S, %BAT=2.0838—0,069T (df=11; r= ~0.7401,p<0,01);

REAS, %BAT=1,3990-0,0370T (df=11s r= —0,5846, p<<0,05), -
3., BATEMIHRNE{: '

MABAT @ 1 FF 7] RBATH 1 By B EER 4k (ER L. 1) . KL
HEBETRNARTE (BHRL-4) . _ B

mE R TREESR AN NESEENTELREL, 5/AFL o WNEPFTUEL.
SR A BAT kfrfk o HECK, Sw¥iBs), 6 A#h, 3 A2 H Pk ML,
HE£%85pH0.4—0,8umPAy, {B7E0,6—0,8umA12 A RE3H B (455 B A44 % F026%) .
REWBATZ K kI1ZARE X, 3 HE/h, 6 ARre AXAHE, FE1.0—1.28mp, 125
b9 B MmEs (BIAee%sk) . EL2—L4am NEEE A B R (5]
H132% FI26%) .

ar (G4 0F 1 5 Mur, - 19874 6 A Jun.
0 =654y 0 i d=0.53%0.2
= n =43 : =10

E_ i B
f.; B 1ER7EE 0§ Sen 1 19874E12 B, Dec.
Z 4 4 =0R8% 0,01 d =0.86£0,02
e 7 =292 -
3 30 C-
L.
20
1of 5
| ;I\

02 D4 0.5 08 2.0 1,2
ERIEF BRI Motorronaria dlamctere umj

A 4 RERAEABBATRBR KX G H ‘
Fig.4 The distribution of mitothondrin size in BAT in the scasomel acclimetized 'C.curzonice.

BATZRRL ol B9% B AL 7l BELLERpr (RN BB B L= A4, —REMIOHE
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19682 3 K mar, 19884£ 8 A Jun.
d=04910.03 JS=1i1 2002
n=110 n:z273

g g8

- =
53 ID‘ Est‘k—“ l @@‘
2 @S § S . N
a 19874 ¢ A Sen, 1987412 A pec,
%40‘ d=1.11%0.02 i F=11340.03
[ P #n =234 1| . w=1i03
# = ‘
& 20 = .
SN
10 ﬂ*\\\
ESSSSSSSE
0.2 0.4 08 0.8 1.0 1.2 1.4 L6 1.8 ozuoeoalonzum:s

SREHEBE) K orochandrio drmmeter] zn

TR s @A ReEAfHBATHRREE LGS
Fig.6 The disiribujion of mitochendris sizes in BAT in seascnal scclimatized M.osconontus,

SR BHEREAMBRILIEETE, RLBRLTHSERNEES GOK, 1980 . & .
s R B B L .

1 l!lllﬂlﬂlBAT!!!#*d\Z.‘!EH!:F!Eﬂ‘.
Teble.1 The sizes end cristae numbers of mitochondria in BAT of O.curzoniae and M.oeconamus

—

R R & ! ®ow R
Ochotona curzonice ! Microtus opconomus
B o E L ] - - AKEEE % *
Month | Mit. diameter (u) Cristag nnmbers Mit. dimmeter (p) _ Cristes numbers
1 A v.65 % 0. 02% 8.5190.58 ., 0.88%0,08 8.4£0.76
Mar. {145) % (30} (110} {32)
e A 0.63+0.02 6.20+ 0,46 ' 1.1l +0.02 1.6+0.38
Tun. (1o01) (30} | (273) {43}
s A 0.821 0.01 5.2+0.33 1.11& 0,02 7.7£0.41
Sepi. (2023 {48) {110) (0.43)
128 0.86 % 0.02 ! 8.310. 44 113 £0,02 9.410.39 .
Dee. (1138} ‘ (46} {103) {B5)
* EHHLSE, v HIARTFIEERE, * Values are means + SE. #+ Values in parenthese are sam-
Ple size. b

BEBABATRN B A TERN1ZA=3 A>6 A>9 A, B%i4i12A
M3 ASKEMBEEREESTIAMCE, EWMMiTARMEE AR ERES
Fo HBEBBATE R (oM B TR H12A=3A>9A>6 8, 12Af13 AxHE
RADE, BHRELETIHFEA.

A v WBATS b & F AL H/NEET R (B/RBRER) , B —mss
i, REEEAR (EEI-5.6) , XRAGIEIER. RNTERINBEE=4%=
TR REBATARRR TA G HEHALE, FIRERFTMHRP, EEHE, ik
ZEMAFEBATEMEW, EH 2 ABATEHHE /N IBHEER, 7 A=K XAD,
i & hsls g (AR I -5.8) .
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it W
1. ERIEFHRANFERNEIL S, BATHN ERBIIMNERTEMRE, BHE
BERBESERE. SFp4Ea% (Dawkins®, 1964) HHE, SHHNES (Loudon %,
1985) ‘[l

N JLNRLE TT1E 2 B S N fE AR Bl AR BRI Sh R ERR, AR —ITRBANER.
ZE—ABrEs &N ERFA TGN ARE, OEAAEAD S EHERENRE, ERFABAT
HITNSTEMERM., S8, AEMSZEaRS, FTURARER S ENIARTE.

KAERBREY, BiEsXSe8TbrsE, SERERm, ERKRE, SR
BARER, XA LN EEER 4 ES, BREARNSEEANBATHE NS T
B SRR, ]

Miller (1971) ¥ EHRAEFERTERN - 30°CHIKHE L, it EE ERAH
BERE, EHEFEHAAE, TERMNEIDUEASE SRR ENR GBI AHBATH
NSTP=#l, Hulls (1964,1965) ZEHLRNPAR NASESHELH2/3RARSE
FBAT.

R NE, RETFMENEN, REERERD, I m s e # 28—k % A
HHHAEEREYHAZE, XHNYEEFRETRFNE L, BHHBATRERD,
NSTH#hr thi = T, Didowis (1969) FERIRE HEE (Microtus pennsylvanicus) sl
RIBATE BHF &M, HIAAXSHRBERFTESRAR.

2, FM/NEASMNBATHNE S ENEBNFENEEL, SFEHLEEMM.
M B, (Peromyscus leucopus) ZEKF RSN, BATHHEEK, E—HBEILF
(Lynch, 1973) ,Aleksiuk (1971) F Aleksivk % (1971) 7 4 B2 B (Tamiasciurus
hudsonicus) ., BB, (Ondatra zibethica) P HEIMBATHM HBLFEH H.. Buchale-
zyk$E (1964) FEXTWRNE (Sorex araneus) RIBTST b th R BHHELKNELER, MT1AN
BATRX#HEWHH EzHS BN EREEE X, HERBBERS, BATRRERMIS
BRI A S, (HUSHPTRERE XX WA Josl, 1965) .

AR TRBRENEFEHEHBAT, EENEBATRANSTH X5 (Jansky,
1973; Foster¥, 1978) , BATHIZEZNA KMt INSTAL M. Didow % '(1969) 7E
MERXEEABRPHENSEERREBATIE, £F5BWE, HIAAXENISEE
W%, PR BN, HissaZs (1969) ZEF 7 @ B (Clethrionomys glareolus 1
Microtus agrestis) B —Fb g RE (Sorex araneus)q:ﬁﬂBAT‘,—%E%iﬁEﬁgﬁ:;ﬁﬁﬂi,
BARASHHREER, BATETENNIIES S W{LHE A S HOBATIRE—RE(Cam-
eron, 1964) , BERANBEBEIFEBAT (IBAT) £EM EFERLE, X5
B&E. R2FIHT ERSHHE BAT SHE/MEANENLE.

HESEENRE, RMNMESLRZMR (Ochotona princeps) 1 BAT &tk A S
EZR. LEBRALEEEZEHRFZ RS M LNEREBE, ﬁ‘%”ﬁﬁﬁiﬁﬁliﬁ%#mﬂ%ﬁ
BAT{#, SLHMEHEEFENER, BAT M R Bk, BEBATHANEERA%
#ik (5°C) WAR, BATREZR (Wunder,1987) , X hRHMMHELSEENAE
B FIMXFEEaR, PENEREIAEEOESAKEASBESEE, £
A0 CUTF, —RENEFASRBAHSHEE, 1982ELFHHF & FERMNA
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B EERATHBERABEEATRR' SX = MA 0 HR
Table 2 The comparisen of BAT weight' of O.curzoniage and M.oeconomus
with other smell mammals

‘ THHER BATH &
b # = ¥ Aversge body | BAT weight f£r =
Species Season N wt. (g % |' mg Author
» B F Sp: 20 80p,3 0,86 6341.4 Alecksiuk &
COndatra 5 30 CEF 0,49 3121,3' Frehlinger
zibethica A to 806, 0 0.75 4637.6 ‘ 1971
w 27 679.0 1,13 ' 7672.7
LW SP 43 B.2 [ 1.62 164.6 Hissa & Tarkkonen
Sor ex g 10 7.8 ! 1.1 85.2 (-1
aran eus A N ¥ 6.1 | 0.93 62.9
W at §.7 ! 1.68 84.5 .
BRE R \ 5P 4| 27.9 ' ©.26 . 12,8
Microtus 5 1 32.2 | 0.21 68.7 ’
agrestis | w 12| 32.1 R 1 81,2 ]
- SP L2 22.0 . 0,27 0.0
Clethrionoimys g 12 16,7 [~ o.38 64,3~
gloreolus A io 18.3 ‘ 0.34 E7.8 )
. W e 15,3 0,41 6.4 .
#m R ' SP | w1 26,7 i D.32 81.2 ' AWK
Micrctus S 45 23.4 0.34 . 76,0 Preseat study
QECoOROINUS A 2 20,4 0.51 T T
W 28 ! 19.8° L e.d | 1284 : -
- — e T - R r T -
758 %% sp B8 133.3 | ez’ 271.7 F P
Ccholono S . 17,1 Do o.24- '280.t | - present study
curzoniae A {103 129,4 » 6.31 285,8.
P W s 117.2 0.42 502.28

mmasﬂiatﬂﬂﬁﬂﬁﬁﬂ'# 2. VEHX. 3. SP.#% (a—sﬂ} 1 5. X (s—8 1) T Al & (9-—-11
E) s We £ Q1z2—2R7,
1. Caculations according to spatomicsl data of April, 1688, 2, From a gphotograph. 2. SPe Spring
(March to May}s Si SummertJuce to August)l) Ar Astumn (Septemher to November), W,

" Winter (December to February).

ES ﬁaﬁ%ﬁlziﬁiﬂft P 67K, slﬂﬁﬁﬁﬁﬂﬁﬁiﬁﬁl?ﬁ% (;sz'*%, 1988) ,
BRBSSIEERMA—RELE R ELESN, SERROERAK, BEFRERHE
TE‘-?EE'FEKJJ, EX—H5HEBRABATH, EEXFEHFEDHBRETEY
(MacArthur®, 1873; Wunder, 1987) , fﬁﬁtﬁlﬁaﬁﬁfﬁﬁEBATﬁ;?rﬁEﬂmo
IREFEMEERE R, i R, HEATAARBERE . ﬁiﬁ%#$[:] *
BB & B AR #EE B . Mason & (1975) Eﬁﬁﬁﬂﬁ*&ﬁmﬁﬂﬂﬂfﬁmmﬁr
BAR. HBATHZ(LHR . |

EBATHENE(LRE S IUBEE, 6 —8 ASEBLFK, HBATHINE &M
IR, 0—RASKBEEEAR, HBATHNZ®. 2 AXHE TR, At BATR) =Y
fxﬁtitﬁﬂﬁmﬁm%ﬁﬁ”%’ﬁﬁﬂﬂ;\m% Tﬁﬁﬁxﬂbﬁi (ﬁnﬁ:% HEEHE
B R R sh A S — B R T Ak,
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3. MEREAS BE. XABEREHE) AL, P BATERREKANT
W EWR E—RFIEL. SREFRE “HATT 7 28, H.IBH . ERAR 3 KEF
R B E L MR R AR IR AT R B AT o R IR B SR T fR B RBATERL P Y
R EFERS. STABEHX, Senault(1980) RIARE YL, BATHK T,
HEHE. Thomson (1969) KA ABHMAMBATRREBTEE, FHEETum,
TOH G IR A {E ERUCABATERIF R —2, Suler ($45(HChaffee 22, 1971) 7
EZFABHREN, BATRREN K. M AMEHATMRAES, i\ sk d4el

Frigai i, BATRBAF AN K.
—REERFABET, ARESCEFEN, BATAHSINE . &80 5y

M EE (Cameron %5, 1964) . Aleksiuk (1971 7E ZIMBRF ET, HFEBATLH ML

WAT, #FNEHERELRBES. Cameronts (1964) ERBF g b BRER BAT

PRANLFLAZERERR, KON SRS E.
EWBATER. SR ENERRE, J&ﬂi?xiﬂﬁﬁlﬂﬂﬁrﬁﬁﬂﬁﬁﬁb E=H

SRR, B, £ERE. BFEF (Rothwell®, 19855 Wunder, 19845 Quay, 1984,
Heldmaier&, 1982; Lynch, 1973; Lynch&, 1978) . X HE TfEEEH—EBHTR.

$ F Im

g MEAT. HEK 1865 —~EANHEAREHESE, HFEEAWFRT, s:80—00, HEMREL.

FEMEE 1o7e AWRMEAR. NRHEWHEEL. L

#A 1ea4 MBAEWFEE, Wy EW L M. o .

NEF 1082 BMERAESRE, HAARDBENE, , Co

MECE 1os4 PEBRAET¥HER, A%KENE 403 ):228—1238,

Aleksiyk. M. 1871 Sensonal dynemics of brown adipose tissue innctica in the red squirrel (Tamiio-
sciurus hudsoticus). Comp. Biochent. Phyasiol, 38A:723—731,

Aleksink. M. and A, Frchlinger 1971 Seasonal meiabolic orglnlu‘l.lm in the muikr:t (b.nda:ra 2ib-
ethica). Can.J.Zool, 49:1143—1155.

Bachalczyk, A. snd Z.korybsky 1964 Variation in 'we:ght of brown ldlpose tigsue of .S'arex anghe-
us Linoesus, 1768. Acta Theril. 14:195—216.
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Physiol, 33:165--202,
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WA E (Absirach)
" STRATEGIES FOR SURVIVAL.IN A COLD ALPINE
ENVIRONMENT OF SMALL MAMMALS

. SEASONAI VARIATIONS IN® THE WEIBHT AND STRUCTURE OF
BROWN ADIPOSE TISSUE IN OC,HO'FOHA CUrZONIAE AND
MICROTUS DECONOMUS
WANG Dehua WANG Zuwang
(Northwest Plotean Insgiiute of Biol;:gy, Academia Sinioa)

The variations of scapular {including intcrscapular and subscapuvlar) brown adirose
tissuc (BAT} in weight and histclegy with season and body  weight were .studied in
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plateau pika (Ochotona curzonfae) and root vole{Microtus ceconomss), at Haibei Alpine
Meadow Ecosystem Research Station at an altitude of about 3200 m#ters at Menyuan,
Qinghai Province, from May of 1987 to July, 1988, Plateau pikas and root voles were
cauyght each month and their relative weight of BAT (mass of BAT as a percentage of
total BWP+72) were caculated, and some rnonth iamplca wd:eascd_g‘m make sections for
light 2nd eléctron mieroscopic mvesngat:ons The inatn resdits are as follows:

1, The relative weight .of BAT dacraasei a¢ith 1,n,sreasmg body weight in growing
and developing peried in beth G -cﬁ.rkon‘iae»aad'}c:f veconomus, It has a inversely rela-
tionship betwesnn BAT weight and body weight,

2, Seasonal changes in the relative weight of BAT were inversely related to season-
al] changes in ambient temperature, The relative weight of BAT was lowest in June
(0,9458% W73} and increased rapidly to 3.6624%W°°73 in January in O,clrzonige,
Similarly, M, oeconomits had their lowest value of relative weight of BAT in June
(0,6820%W%4+73) and increased to 2,%876%W*+72 in December, The average relative
weight of BAT in O,curzonjee is higher than that of in M, ceconomus 72,1163 W0+73
and 1.4283%W©°-73, respectively)., Both species showed an mcrmsmg in the amcunt cof
this tissue when weather became celd in late autumn,

3. Both the histological and ultrastructural changes in BAT have za- significant
seasonial variatlons, In the summer the BAT cells have large [at - dropleis and have
many small Fat droplets dwring cold winter, The seasonal ohan pes of milochondria
sizes in BAT celi is Sep, >Dec,>Mar, >, in O, curzcnioe and Dec,>Sept, =Jun, >
Mar, in M,oeconomus; and the cristae numabers of BAT milechondria is Dec, =Mar, >
Jun, >Sep1, in O,curzonige and Dec, ZMar,>Sepl, >Jun, -in M, cegonomus,

The risults indicated rhat BAT is related to the requirement of the rmogcne.s;s for
cold, 1n these two native species of small mammal-s ithe thermo%en.elsxs reguirement for
cold are present throughout the year and have significant scatonal Vanahons. BAT and
NST may be important in thermeoregulation and survival for nonh1bcmahng fmall mam-
mals. living in cold Alpine Mezdow Ecosystem, '
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