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| .S EERMEEBREIEIAS (BAT) W
BB MM E T e

FHEE FHZ2

(PEHERTIEFESRH

AR T EEEREE RSP R RS A s —— SRR 2R ERNE
SAAESUBAT) RR BRI 45 0 T IEAL S R AT RS HBATHE, BATAM
FRESIRIN /NS . SREB ARG RERE, RBENRME, JBRTLSFRETE X,
XN (Key Words): HIER % (Plateau pika, Ochorona curzonige), $HH R

(Root Vole, Microrus oeconomus), e jsAiHLR (Brown adipose tissue), £%
fr{k (Mitochendria) , I§ (Cristae) .

ZEWAH P, BTAFHUENEREE, PREBAL (BAT) fia€lgiii
B (WAT) , BATZESRHZ Y L S5 WATAR, BAT #H b s il stk & -
%, REEAMARMEMERMES TR, BAT M T HEW 25 o Fw AL stk
N EHEUTHRERT, UERLERGHATEPFEBRRETE L., ICHEBATE
M EHE =y (NSTY M EBUEEF (Jansky, 19733 Heldmaier %, 1985; Feist, 1983;
Foster®s, 1978; Nicholl#, 1984) .

RXTFBATHIBT, ENEEC RS, ARE, S8y, AREREMEXSE
S HEBEF T ZMHABEHA (Johansson, 19595 Smith¥, 1969) , HX&FEmwmE
FER. TMERD RRERE. &%, XEAH. REREERHEESHT T UE (Daw-
kins £F, 1964;Smith ¢, 1969y Hull %, 1965y Harris %, 1985, Heldmaier, 1971,
Rothwell%, 19795 1985) . REYUWMASRIPEZRIZILRET WS, M
BERETRAH AN DHHEPBATHR N EZLHREED, HEREHNZ AN
F4 A NRE.

BEEJLEABESHAEBRSE (AR¥, 1984) , HBATHRMESZR, BT
B & SRR AN FLBh i & S R AT R R R AN, SRR EARXTTEMNRE, B

» AFEBBE¥ESTHRA,

APRET, DEEIRE. LHEUAFER, YESMEESHAYRO SRR, BEE, B EHRERS
MRFEVERESEBMSRTES LM, FRHEY.
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I FE ER RGNS IERE % (Ochotong curzonise) TR MHR (Microtus oecon-
omus) MBATHE R BN EFHEELRTTHR.
Ao i3

RITIET19874E 6 FIE 19884 7 AT EBZREIEE & 0 4 SRLEM G
fTo 1987EZHEMEHRN 0°C, FHEBBERT.6C. BHRMEBRE N -8.5Cy £
FRBEREE21°CHIIE 6 A4y, S ERIRE —28.2°C T 2 A4, T19884E4 &
{RERE -2 1CHIMEL A, EHEKAERIEARHFERTR (ERFE, 1982 , 1
I A BE
1. BATEy M= | o ‘ )

ﬁﬁﬁﬁ{ﬁiﬁﬂhz%'ﬁigﬁfﬁ%, BATHE 5 A A0, 215 AR A ST .. it

, TEIYHZERAIBBAT, JNOBIE WAT f& s A H A B RSB+, &

E?ﬁ%ﬁiﬁ#ﬁ%v%%%ﬁf&i ﬁiﬁé}z——ﬁ#ﬁi#ﬁ:ﬁ EHEC.01FET.
2. HIRUK

WMEFE (7—8 A) %FE (1—2 A EﬁBAT#nu, A10%ey & EJT"%:FFIE
R {EESIE, TEUEE BAT MBS WAL, DEERES 8 —9 #ick, H.E %
., WA FEERAEEE <« SRR AR »(1979),
3. EMUKE

Br19874E 6 A, 9 A#n12 519884 3 A, 6 AMYBATHE 5, Al 2.5% 8y JR .
1 %HREE N EEE, EMLKB-NovaZiB# AL Lk, FEH 23R FEM-400T
HE MBS DNE NS REDSNEHEE.

SRtk SR Bin-E R B, 28 Thomson (1969) - BB R igt, RPN E
B b Mk B (A, iﬁl%ﬁ&‘—ﬁﬁﬁtk%ﬁzttﬁﬂﬂ%ﬁﬁﬁkﬁéiﬁf:kd\, L S PR
A5 Ry R E & Bl SO 8T .

H&AERHHEEREFEEER, HTHEAHERNHABAT E#EER, LW 7545
EREREN, §ARESB AR, RNEREES S FEREEBEXERE. S8R
FLoR B E A 5 AR

% R

1. BATESIMEKANSH
SR AFMHANG LN HNBATER S AERNTE, BT, 380K TEFK
fir, E&FHEFH. 19884F 4 ARMNEEER & EE R WBATHST T 4it, B ITH
frBAT E 8 5 BBATIG65%,; A RN T ABETNEIETHBAT (HRWPTWT
FHUMBATEIR D, WRRD, RIVEH67% (B 1). BATEBM/NE LI MERR
A5 HH [:T;]\HﬁngdJ%gj:—-ﬁ(Smnh%,1969;RorhWell% lQSS;Camuon% 1964)
2, BATHEMERN®
RKIRABATHM ER (BATHEBEW)INES H) f’ﬁ;&r BAT Ty SEE LB . W
B 3 PR AN LS RO BATE F T BT T M.
(1) BATHMN ERMHFRNEL LR ERENERTLIER. 1987 F.5 H Wi
(4 —8J1) , WETRRKEANSIRRATCR, RERGA, & REEREEY
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Fig.l The dominant site of BAT of inmterscepular(l}, Subscepular(S), axillary(A) and cervical(C)
as the percent of total BAT (I+5+A+C) for O.curzonige and interscapular{l? end subsea-
pular(S} as the porcent of totwl BAT (I+5) for M.oceconomius. Vertical lines represeat +SE,

BATHMNEBRS HEBWMMEAGE 2), X EHAEEHEXES T, HXEE DT, EIAFEY,
EIAEE: %BAT=8,3135w ° 7610 (df =F68,;r=~(_8105,p<<0.01)
~0,4884,p<70,01)

HHEE SBAT = 1,6478W 72580 *(df = 4537 =

‘:.o L]

M zeconamis
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1 =
2.5 bl

O .curzoniae
2.0

BATH2} B (% BEW) Relative welght of BAT(XBW)

- TS .
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HE (%) Hady-wolghtin)
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EREERNXE, EEOREERKE

Fig.2 The relationshipz between body weight
£nd the relative weight of BAT fof C.
curronice and M.oeconomus rampled
during the period of growing and
developings M. ceconoimus including
I-d\lltS.
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(2) BATHMN EEMNFNHHEEL VNG LY BAT 5 BarRH AL 5t
BHR—F, ENEPFRS. BESTERE (H3) . ERRELl AHABRE
HER, 3.8624%W° 7, X EE: 1181.7 %) . HHRBEI12A XS &M

(2,39762%¢W° 7%, 1800 FTL) ; FEHIHES H & & (5 A Jg0,9458% W7,
233.3ZTLRI0.6828 W7 70,8 B3 . MERABATHEEREIEENS. HEF, R
R E3.4(%. 57 ABATESEK. "AESHHAREREZE 8 (EHSRMA4
H0.6°CH| 7 Hi510.2°C) S EREFESHH (BHEHERENER) FxX.

8 H4rmith i MBATHWEE S WM., HEER1IARESNS, —HBI™LBE
PR RE K, WMHIRREEABI T (FHSEBMNT7 H10,2°CEl1 ABE - 12,5C.
SR MEIREA —-32.1C) « M2 ABETR. 4 —5 AXREEN E &= K ¥, BAT
HAEENFEFESE. SEEARESTIRE B & Ay, 2.216%WE 7280 1,416%
W78y (t=2,50, P<0,05) .

i M BATH A EBHES A EHE (T) HBEFAMXX &, BEHFEN.

SRS, %BAT=2.0838—0,069T (df=11; r= ~0,7401,p<0,01);

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

MBAT i 177 RBAT HE BB L4 M FRRRAE (BRI, 1) . MK
KT RUAER (EREL-4) . _ N

& R iR B B R R RN NS S E T REL, 5 aFL o WEPFTEIER.
SR A BAT bfrik s HECK, SwBins, 6 Adsh, 3 A2 ik ML,
HE£ %8P H0.4—0,8umA, {B7E0,6—0,8umA 12 A RE3H B (5 B Ad44%F126%) .
REWMBATZ k12 B X, 3 A&, 6 ARre HAXNHEL, #F1.0—1.28mp,12H
b9 Binsdr s (GHA2e%FI18%) . fEL2—lum BRI M B3R (55
H32% RI26%) .

W (SRRIF 5 5 for, N 198TEE 8 B Jun.
30- d=08540 0 d=0,53%0.2
: 3 =143 ‘ =1M

i
:‘ L}_}_‘ ™~

198%4£12 f, DeC,  °
d=0.86+0.02

IBRTEE B 8 Sen.
7 =088 0,01
=392

Frenquence (7o)
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Fig.4 The distribution of mitethondrin size in BAT in the scasomel acclimetized 'C.curzoniae.
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Fig.6 The disiribujion of mitechondria sizes in BAT in seascnal scclimatized M.osconontes,

SR BN EAMBRIEETE, RLBRLTHESERNEES GOk, 1980 . &
R R s B B . o
E I Il..!NﬂﬂlBATﬂ.#*diaﬂﬂﬂﬂgfﬂﬁ

pery

Teble.1 The sizes end cristae aumbers of mitochondria in BAT &f O.curzoniae and M.oeconamus

w* H R &

®oa R

Ochotong curzonice | Microtus opconomus

B % WA bW g ox - HAREER i *
Month | Mit. diameter u) Cristae nnmbers Mit. dimmeter (p) _ Cristes nsmbers
18 0.65+ 0.02% 5.3190.59 0.88 0,09 g.4t0,.78
Mar. {145)%% (30} (1o} {32)

a A 0.63+0,02 6.201 0,46 ' 1.11t0,.02 7.610.30
Tun. (101) (30} | (273) {43}

s A 0.8810.01 6.2+0.33 1.11d0,02 7.70.41
Sepi. (2p2) {40 (110} (0.43)
128 0.86 +0.02 2,310.44 .13 t9,03 B.410.39
Dee. (11a) {463 . {103y {B5)

* EHELSE, v HIARTFAIEERE, * Values are means+ SE. #+ Values in parenthese are sam-
Ple size.

BEBRABATRRF BB TFEANIZA=3 A> 6 A>9 A, S&H4#128
M3 ARKMEMBEREESTI AME A, ERMITARMEE NIRRT DES
Fo HEBBATE R (E M B TR E H12A=3A>9HA>6 8, 12Af13 BrE=
AADE, BHBELZTIARGA.

AW WBATS b & FALK/NIEDR (B/RBRER) , Big—%ps
i, RETREKR (ERI-5.6) , XEAGEER. RNERIANEER™X=
TR REBATARRE T G HEHALE, £FRRFFELDY, BEEME, K
ZEMAFEBATE MW, ¥ 2 ABATEF L/ NIIRIER, 7 AZEEXAD,
i3 &l gl (AR I -5.8) .

— 180 —



http://www.cqvip.com

GO

1. ERIEFFHANFERNEIL s, BATHN EBMBIWNER MM, HE

HEAEERBERE. SHELY% (Dawkins®, 1964) HFE, 5 HRES (Loudon &,
1985) FR.

K JLMGRR TTE 2 B RN R A B BRI R ERR, AR BANER.
dE—ABrEs &R ERF TG ARE, OEBAAED S EEREMNA, ERHABAT
HATNSTFRAERSE., S5, NEMES EME a3, 7R RN % 38 PRI,

FEREEY, BLEaENSE8TELE, BERSEEm, ERAXE, S&
BARER, XA LR ETER 4 EH, BREERNSHEANBATHUE NS S
FIRRRCTET: )

Miller (1971) W EHRAFERFERN - 30°CHIKE L, b N E ERAH
BERE, EHEEHAAE, TERMIDUEASE SR AN R IR AL BATHT
NSTP 4, Hull® (1964,1965) ZEFRAERNMATINARESHNELF2ARUEBTLE
FBAT.

SRR R NE, REE A D, MEERERD, RIf s a0 # 28— % A
FHHAEEREYHAZSE, XNYGEEFRETRFNE L, BHBATRERD,
NSTHifrthi > T . Didow (1969) ZEHEFE HE (Microtus pennsylvanicus) s
RIBATE BHF &M, HAAXSHRBEEFTESRHAR.

2, FM/NERASHMNBATHNEZEY RNEBINFENEEL, FFHLEERN.
MR B (Peromyscus leucopus) ZEKF RSN, BATHHREK, E—HLEDLS
(Lynch, 1973) ,Aleksiuk (1971) & Aleksivk % (1971) 7 42 B8 B (Tamiasciurus
hudsonicus) ., BB, (Ondatra zibethica) P EFIMBATHI HBELFH .. Buchale-
zyks% (1964) ZEXTWIRE (Sorex araneus) MIBFST o b RBMLINELBR, MALAN
BATXMEWHH HEzS BN EREIEE X, HIENBRBENE, BATREERMES
EWE MR RAS, HLRNFRAREEEX WA Joel, 1965) o

A IR WA AR B RN EE# EHBAT, CENiEBATRNSTH £ EIHA (Jansky,
1973, Foster%, 1978) , BATEIZEZ T KM INSTEE ARG 4. Didow % (1969) 76
MEXERABRTHERNSEERREBATIE, £E5BWNE, FIAIXEFISEE
W%, AR ENIMET R, HissaZ (1969) 78 7 @ W (Clethrionomys glareolus
Microtus agrestis) & —Fh g RE (Sorex araneus) i ZBEBAT gégimzﬁ ERTHE,
BAALHHREER, BATEMENNITES S L A S HRBATIAE—RE(Cam-
eroni, 1964) , BERANKREBEFEBAT (IBAT) £EM EFERLE, X5
BE. R2FIHT MR SHHE BAT SHE/MEANENLE.

HESEENR, RNMNMESLEMR (Ochotona princeps) 1 BAT Zik A E
ZR. LERRALEBEXZEHBZ RS M LNEREBE, ﬁ‘%’ﬁl‘ﬂiﬁﬁlfsﬁ%ﬁ?ﬁi‘iﬁ
BAT{#, SEMTHEERENEY, BAT N & Bk, EHBATAANLER A
#ik (5°C) WA, BATREDR (Wunder,1987) , X HhlHASMALELEERNAE
B, FIMXFEEaR, PENERELIREEDESASEASBESREE, £
B0 CUT, —REMEFRSREASSHAE, 1982ELFEHHFTE FFRRA
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B2 EERATHBRABEEATRR SXE WAz H
Table 2 The comparisen of BAT weight' of O.curzoniage and M, oeconomus
with other small mammals

‘ THEE BATH &'
b & = i Average body | BAT weight f£ &
Species Season N wt. (g 9% |' mg Author
» B | sp: 20 2op, 3 0,86 B341.4 Alecksiuk &
Cndatra 5 30 E47.D 0,49 3121,3' Frehlinger
zibethica A to 606, 0 0. 75 4637.5 ‘ 1971
w 27 6790 113 | T672.7
e 100 5P 43 §.2 | 1.62 164.6 Hissa & Tarkkonen
Sor ex S 10 7.8 ! 1.12 85.2 taga
aran eus A T ¥ 6.1 | 0.93 62.9
W et 5.7 ! 1.88 84.5
BRE R \ SP 24| 27.9 ' ©.26 . 12,8
Microtus S u ! 32.2 | 0.21 66.7T ’
agrestis | w 12| 2.1 . 0.5 81,2
- SP L2 22.0 . 0,27 £0.0
Clethrionomys S 12 18,7 [~ o.38 54,3
gloreolus A (t 8.3 ‘ 0.34 E7.8 *
) LU ¢ § ' 15,9 0.41 B2.6 | .
#m R ‘ SP | 41 26,7 i 0.32 81.2 ' AW
Micrctus 5 45 23.4 0.34 . 76.0 Present study
0 econoinus A 52 20.4 0.51 IR
W 2 | 19.8° 0.4 | C1fe.d '

- —— . — N - — —
BERE SP . 133.3 |~ ez’ 270.7 ES 104
Ccholona S . 1171 boo,24- 200, t “present study
curzoniae A {103 129,4 . 6.31 285, 8-

P W e 117.2 0.42 502.8

1. #@EoesF + ANHERAN. 2. JEHHR. 3. SP. & (5—55) 1 5. X (s—8 1) 1A R (9-—-11
A We X Qz—28),

1. Caculations sccording to anatomicsl date of April, 1888. 2.From a photograph. 3. SPe Spring
(March to May); 51 Summer{June o Augustdj; Ar Antumn {Se;;tem!:er to November), W,

" Winter (December to Febraary).

%z, ﬁa@ﬁlziiﬂ& Fe 67K, slﬂﬁlﬁﬁ%ﬁﬁiﬁiﬁiﬂ?ﬁ% (zﬂ*%, 1988) .
ERRASIEENAHEE R ELEDY, LEREDERAK, BEFRERHE
T;ﬁ-ﬂ=§Tiﬁi‘zb, E—AHS5LERRBRFE, EEXFEHFEDHBRSETEY
(MacArthur®s, 1873; Wunder, 1987 , ﬁﬁtﬁlﬁaﬁafﬁﬁEBATﬁ;TﬁEﬂmo
REFEMEIR—EB, i, HEATAARBRVE. i’f\iﬁﬁﬁﬂﬁﬁ *®
BB & BA R LS B . Mason & (1975) Eﬁﬁﬁﬂﬁ*&ﬁmﬁﬂﬂmﬂmmﬁr
BAR. HBATHZ(LBR . |

EBATHETHILRE — R HEFER,  6—8 ASEBNLAK, ABATHINERH
IR, 10—1R2ASKBEERBA, HBATHMZE. 2 AXHARTE, [ it B ATy
fri{t%ﬂﬁhﬁ%%??%ﬁﬁﬂ’]xﬁ% Tﬁﬁﬁxﬂbﬁi (ﬁuﬁ:#ﬂ HREHE>
HRERHESD AN — R EEE T L,
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3. MERERS BE. RAMEREHSE) AL, FipEBATRRERANT
W AR E—RFIEL. SREFRE “SHAT 7 28, H.60.&RAR 3 KEF
YRR B S L RIS BT R AR AR IR T R B RUME o W IR B SR FfR B RBATE R Y
BREERS. SPABEH X, Senault(1980) BRI AR A YL, BATHK T,
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Mt (Cameron %, 1964) o Aleksiuk (1971 7E &I R, HFEBATLH ML
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Heldmaier&, 1982; Lynch, 1973; Lynch, 1978) . & N TfEEH#—EH .

$ F X MW
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FEEE 197 AWRMEAR. NEEWHEE. L
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WAL E (Absirach)
' STRATEGIES FOR SURVIVAL.IN A COLD ALPINE
ENVIRONMENT OF SMALL MAMMALS

. SEASONAI VARIATIONS IN® THE WEIBHT AND STRUCTL‘PRE OF
BROWN ADIPOSE TISSUE IN OC,HO'FOHA CUrZQNIAE AND
MICROTUS DECONOMUS
WANG Dehua WANG Zuwang
(Northwest Platean Insﬁiute of Biol;:gy, Acadertia 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 curzonlae) and root vele{Microtus ceconomsts), 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
cayght each month and their relative weight of BAT {mass of BAT as a percentage of
total BW?.73) were caculated ,and some rnonth iampic& wel:eascdq‘m make sections for
light 2nd eléctron mieroscopic mvestngat:ons The inatn resdits are as follows:

1, The relative weight .of BAT dacraasei avith 1,n,sreasmg body weight in growing
and developing peried in beth G -cﬁ.r}on‘fae»aad}:f veconomus, It has a inversely rela-
tionship betwesn BAT weight and body weight,

2, Seazonal changes in the relative weight of BAT were inversely telated to season-
al] changes in ambient temperature, The relative weight of BAT was lowest in June
(0,9458% W08} 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%+73) and intreased to 2,%876%W*+73 in December, The average relaiive
weight of BAT in O,curzonige is higher than that of in M, oeconomus 2,1163}4W2+73
and 1.4283% W©°-?3, respectively), Both species showed an mcrmsmg in the amcunt of
this tissue when weather became celd in late autumn,

3. Both the histological and ultrastructural changes in BAT have z- signiFicant
seasotial variatlons, In the summer the BAT cells have large [at - dropleis and -have
many small fat droplets during cold winter, The seasonal ohanges of milochondria
sizes in BAT celi is Sep, >Dec,>Mar, > in O, curzcuioe and Dec,>Sept, =Jun, >
Mar, in M, oeconomus; and the cristae numabers of BAT milechondria is Dec, =Mar, >
Jun,>Sep, in O,curzonice and Dec, ZMar,>Sepl, >Jun, [in M, cegonomus,

The risults indicated rhat BAT is related to the requirement of the rmngcne.s;s for
cold, In these two native species of small mammal-s ithe thﬂmo%enelsxs Teguirement for
cold are present throughout the year and have significant scatonal Vanahens. BAT and
NST may be important in thermoregulation and survival for nonlubcrnaung «mall mam-
mals. living in cold Alpine Meadow Ecosystem, '
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