3K l‘-""} ﬁ i?l: ‘E,VZEDS ?\éﬁ Fase. 3
1991 4£ 7 H ALPINE MEADOW ECOSYSTEM Jul., 1991

& R R0 R B0 B st (K Fo IE BB E T 74
REERENPHENX
fEY ITHZ ARE

ChE#HEREEILRREHTIT)

w =

R (Myospalaz baileyi) e ith)F 75 i a5 iR oK S BN N FRHME b T Mo 3
RS20 1.3512£0,1799 (%) ,1.3518£0,2600 (E) #11.2310£0,1448 (BK) ml0,/
(geh), H24 T BBIE M 132—152%, HEAT - BREKER TR, ZTF LIREH BTN 5
Fei= e (NSTmax) 479124 1.625040.3236 (%), 1.5816+0,2037 (&) F01.5862+0.2236
() ml0,/ (g+h), 2B G 120% (F) . 117% L) W129% (B o 50 e sh/b &
SLEhAAIEL, 5 I R A L A I B B AR P 7 AR DA BRI, i HL, fRObAREPHE
Pk EpF O RAEHAS LRS Rk REke. FEREMESSHINY BRBRES
KT HEEEESBE, BRAFEHARNETREZ S, LA hHE R
B KKIRE TW X EAHME R, BifiEiRsemdrRhie s, REREaRs
AP T

XA, ARBR: AMAE AP BERHAR; WiEk.

AR = R AN L A b IZ AR — S R T EAREBENL B R Wi
SR, EREIET h A h R R R A ™ X (Jansky, 1973; Merritt, 1986;
Wunder, 1979, 1985) , HH5HEHEZEMR LR, Bk, EENEILIHHEE
Rip A +AEENEL. TDIEW, NSTHERGHTEBEIENHIS (Feist, 1983;
Foster fl Frydman, 1978; Heim 1 Hull, 1966; Heldmaier 1 Buchberger, 1985), 1,
H%F Jansky, 1973) HiADF# LG EM EEHHZ—, (B R G BUEH,
f1F NST #1 BAT Z lfs X e 7 BB MRS R3IR B 5% A - R, £ /D 2.3ty
GRS A B, 60D, EAMX 5 E MBS o, i A R 4
BeHFE, R ERE (EEEMEHRS, 1989, 1990)

{4, NST #1BAT WyWFgL) EE £ hEEBE N /MR, PEHRE B XK

* EFAANZE S RPE RN ERAESARERNSEERYTH.
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PR MBEH T ¥ (insectivorous fossorial mammals) (Merritt, 1986) JEREAN T
I Cherbivorous fossorial rodents) Fifi, i J/C NST £l BAT M IF SCHLE, {2 Wunder
(1987, A N B MR L% PHE TR BUL R LM, Bk, SaHiT RSN
8 B PR R RS E P LB K e DL R R M R S R %, bk, &
SCLA T 5 38 8 i 7o 2 M X MR 1y bR R —— & JRBR R (Myospalax baileyi) Hit4,
X S 4 I R LA T 8 o B 7 B 0 B I R AR T W iR it

MR R T

TR ERF PR KA ERETMEHERST, 2E GA.E 7 A %k 00
SIME. £F (11—3 A) AHKL2ZH, i ABRRBTAEF 1m LT M 8%z, TERM LR, &
J R B S 5 A e 53 B R T 2 FOBR AR 1 153K 3 200m A MBE M (Kobresia humilis) %4,
WAl e R R G, T BMR fINST M5k, MERFCMIRMA kA ARBREMIG, RiEH
T-BAT {50,

WRERBERETLE, BRI, BT, M, FaRE/HMS RERTTRERT) REEE
WERGAS, ERNFMHR, HAT 2 2Z—SRFTFhRE. BRWEEAE 20 B, B8 % %, ik
b, TESTIN, WERFMNERA THRERE FTOBAKE, WL BAT HRFRI.

ERTEETRERETEN, BR 2 /PMEHTIAERBNE. SHER BB ETRIFKS oF
W ARG, b OM-14 B VE TOHUH X B Beckman B U BA T M. NEBHFEEHT K0, .
15.93%, €0,:4.00%, N, fEFH) h EHMRERTIEFEM. RRIFEN, LBFIGUF% R
HERBEMTERE, HHARER SR, AE%DHHE, MESESETMNEER GEEHEL
WAEBA 15—20mm), iZFRHEH], BFEEY 26°C HFRED, 10 min 5, E)REEIER, 3
YR LR, XMIZRIES Smin D) LAHBREEEE, WALMAME BYMER), BE, Bk
W, MEEdmR, FFEmR LT e RS | ps (norepinephrine, NE), F ¥ zh ¥y [a] J5E FE W 55 o,
A ik PR R SE R 3 T Ik LW GRS Smin ), MBS EE A BBAE, 7518 5 25—30min
B PR RN, HAEBAT R EF 15—20min, AFBHHKEE BMR KT, xR EREKE S NE
BB AR B, B NSTnyxo ¥E40 BEADTH B Depocas il Hart (1957) LAJk Hill (1972) fyik
HEfT. AR EROEI T 10:00—18:00 2 [#F.

RS FHE ™ 27 BRI NST o« (NEESMBEARBR D) . rNST (B HIEBE 8, regula-

ory nonshivering thermogenesis), HI NE S gm “BMR SFAERERTR. EFHRk4
BR 2510 BE YR A Student”s i-test TR,

& o TR
(=) BRERGBEIEKASR BAT)

Fy UL R BRIY BAT, & 452y BUMRRIMEE b % 10 1, (X7 5 Ay mikAk g
W6 NA CHE4, M2 (R 190—370g) EA R BAT, S #0.2527 +0.0784g,
IR 0.1%., 6 ARSI 9 HlP#ktk, &I 30 B, & RIENE BAT, i
JRX M 7 REF (R 355, Ak 18—30 A) , LRI BAT 7 76, SXFTL @ 5
ﬁﬂﬁ?ﬂﬂ—*%f‘%%%*%?ﬁ#i&_trﬁﬁdmﬁﬂiﬂ% —— B Bl % (Ochotona curzoniae)
MRER (Microtus oeconomus) (EMEMEME, 1989) WE TR, EIF X £
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fF A&tk b A R K BAT, i HAE stk R et fe e, RRAEARRFY HEBREA
FiAle], KU SHEEE BN AMAREL KR (FEEmMEY 2, 1989), Lk
ZREW, RERRARRRBHBAENE AL, Wunder (1987, FAAM@IR) HE
oA TALEN —FERA RS BAT ZH 5L ERENMXMEZRTH A4, T #F
RANM ER 2 BIM X ESR, REORE L, EARRER A NG SN RE, B4ENIAHY,
B P EFEEE AR RMAES (microhabitat) 2 W, (a4 8 4 k) 2 5wl fe 5 200
FE W0 3E BB R i SR B LR H S AR B RERI 2 R

(DY EMRHERESHENXR ‘
BB R R 2 (BMR) 4y B4 1.3512+£0.1799 (&, »=20) ,1.3518%

®1 BTRHEHAMHESHHFHXR

Table 1 The relationship between BM R and distribution in fossorial rodenis.

» = | axt ]l MO A e ] e
Sonins (g). ?E;?;T%,%;ﬁ?;;‘ temp(lefét)ure and ?rlgtude i R glice
Heterocephalus s
glaber 39 0.66 48 30.1 JEMAfrica MecNab, 1966
Heliophobius
argentocinereus 88 0.85 6 26.0 FEAlrica MecNab, 1966
Thomomys
umbrinus 85 0.85 5 — EAfrica Bradley,1 974
Thomomys '
talpoides
(summer) 106 1.03 97 -~ JE#Africa, 2300 Bradley, 1974
(winter) 111 1.33 124 — Jb2North America' Gettinger, 1975
Tachyorctes
splendens 19 0.79 86 23.2 dEPAfrica, 1707 McNab, 1966
Spalacopus
cyanus 185 0.79 85 — 5 F|Chile McNab, 1979
136 0.5 T4 15.0 @ F|Chile, 2500 i Contreras, 1986
83 0.96 85 26.0 #iF Chile, 20 | Contreras, 1986
Spalax leucodon 178 0.63 67 — Z i Europe . GoreckiZ, 1969
Geomys
bursarius 197 0.70 T — — Bradley%, 1975
Geamys
pinetis 200 071 78 22.2 5 BikFlorida,55|  MecNab, 1966
Muyospalax
baileyi
(spring) 254 1.35- 152 6.9 EEER 3200 A E
(summer) 241 145 155 10.6 Qinghai-Tibet
(autumn) 213 1.23 132 5.7 Plateau, 3200 |  This study

* B TROGENEDRBRBEAENNETHE N, XENESEEUT SHEMEMRE R R AHE
RERRETFE. #ib, XAETEEER.
As the negative correlation between BM R and body size, Bergmann’s rule would expect body size
increase with a decrease in BM R, But BM R and bhody size hoth increase with cold stress, For this rea-
son, an explanation is given in text,

L




0.2600 (B, »=28) #11.2310+0.1448 (Bk, n=17)mlO,/ (g-h), z M B&E R FH,
HEZEEWBZER (:=0.0130, df=46, P>0.05) , M&EHE & THKE (B2
iAl:z=2.2103, 4f=35, P<<0.05; E#k2ial:s=1.7528, df=43, P<0.05), %EFiy
BMR AT Kleiber (o THIE, 2 B4 TEM 162% (F) ,150% (E) #132% L),
AR TF—BREA TR (RD AHETRERE & EHLNBES MRS RR
%, XE5EFHBE (1979 WRENLERTL %,

AR (BMR) 54&E W) 2RFEAHEMAMEERR, AEERL, L0l
RO AL, AR BRI A,

F: BMR=20.03W7""*%%* (=20, r=-0.7902, P<0.01)

E. BMR=20.69W"""%%%5 (=28, r=—0.6549, P<0.01)

#. BMR=18.1TW™""%"7 (=17, r= —0.8926, P<0.01)

A, BMR [UmlO?*/ (geh) iR, W [hg % 7, McNab(1979) k%, 1iE03E
#fF (adaptive convergence) My EFUFR{L, HLFRAY BMR 5W " % R kb, i & &
EW™ 2 g, RiR&R 5 McNab (1979) 584,

]

() FRBEEREDREFHEL

ARSUEHE = S E DR T )t JEE T BALEIFIUE B, B SEWE IR %
EFEGHR, FAETE LRFE S B AR R BRE DR IR R B RA IR0 A=

F2 DMEAHVBEWEHET R
Table 2 Nonshivering thermogenesis(NST) of small mammals,
R b e NST/BMR | 5. & SER
Species (2) [ml0,/(g.h)] isrribution Reference
Clethrionamy
rutilus 17.4 10.3 5.8 ffidinAlaska | Feist®, 1981
27.8 6.8 4.4 FihrdiimAlaska | Feist®, 1976
C.glareolus 26.8 7.8 4.8 B#Temperate Heldmaier, 1971
40.5 7.0 4.2 Zone Heldmaier 2, 1982
Peromyscus
leucopus 23.5 6.5 2.6 Iwoa Lynch, 1973
Blarina
brevicauda 18.0 6.4 2.3 F M Pennsylvania| Merritt, 1986
Mierotus
ochrogaster —_ 2.6 L5 #} Z 1 £ Colorado| Wunder, 1989
Microtus HFRER FEEESs,
oeconomus 25.4 7.0 2.0 1990
Ochotone Qinghai-Tibet
curzoniae 114.3 3.4 1.6 Plateau FE4EZ, 1990
Otomys
irroratus 102.4 2.4 33 — Haim %, 1987
Myospalax
baileyi
(spring) 254.8 1.63 1.20 HEEE AE
(summer) 225.3 1.58 1.17 Qinghai-Tibet
(autumn) 219.4 1.59 1.29 Plateau This study
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(NSTnae) M543 50%41.6250 +0.3236 (&, n=11) ,1.5816+ 0.2037 (B, n=
12) F11.5862 £0.2236 (BK, »=7) mlO;/ (g+h), Y TR B LS = 120% (B,
117% (E) ,120% (#) o IR SR L (B B4R T 4R 383 o L TS B /DR EL Eha (FR2)
t MESEEREW, NST,.. 4B HHNERERRE,

HT NST.... & A A= % GNST) FEaiRilt (BMR) Fifis, &
B RAERBIAY b B E R, AHEAF, BMR 5 NE FRs WirNST 25 NE
BT T RRE IR M R, AR TR I A kAT A R 4 H it B 5 &5
o — R R R PRIR B TR BB L IR BB R O #2% (Bazin 45, 1985) FH, &
BB NST fy Z R B T8, & EB R4S ANST 4 9124 0.3251
+0.0680 (FF, n=11) ,0.2689+0.0394,(E, n=12) F10.4591+0.0649(Fk, n="7)
mlO,/ (g+h) , B AW E RE P B EHH BEKE EE 2, 2=1.7919, df =21, P<
0.05: FEKZIAl: 7=4.2155, df =16, P<0.001s B2l 7=7.4155, df=17,P<
0.000) fAFFHERMAZ, NST BEFBMLBSE K>ESE) 5 BE B (U 20cm
BRACHTF33RRAR) BB (K 4.0°C<H7.1°C<E10.8°C) EFH K. X—
&5 R R0k K v SRR B AR SR AR ) R S Z /e 7L Fd (T4 feRn T A,
1989, 1990) —#¥, LR ER HZAFEEBINEELELE,

it B |
HfRE (BMR) MAEMEHH= 3 (NST) B R/ 51304 14 18 B ds J i 14
BRAEMER. AXEAERBROEH, FmitTENERTRGERPHEL,

(— BHAHSEEENNXE

WE, AT RN BMR $ILEE, (OHHUHE GEBMR = 3. 420025 60—
90% (R ik, #EMPCATHRHBE, FHHARG WA, OHhEH 8B
(thermal stress theory) FO4R 4 i (cost of burrowing theory) . #f #[LL McNab
(1966, 1979) FFAHNFER, T T RIKH BMR £ HE (heat stress) HIER; B %
LA Vieck (1979, 1981) FA4MRE, IAAMEAMBMR BXEET (energy stress) 35 Rify&E
R BN ARIRIAT O AR FRERIAE, M RS R B A i e Sl AE .,

APRER, mEEREAEMHREN BMR, AWM 132—152%, X5— fpHi
BT RML, BRABRETREMSHEN., EHSES (1979) BRETHLGE R,
ik, W BMR 23 BEAERUERAE R, Gettinger (1975) RIVAEFELEILE
B — R R R (Thomomys ralpoides) W AFHBREHBMR, HTEMEN 124%; fbik 5,
SRS ARBEEARTRATHEAREYNRERSE, 4% THEIENE
RHAR IR TT RIS E (cold stress) SEMFIEER, X—WAMBH, RRAETHTFERE @
RIMEMEREXFEERE ERES, Mk, McNab (1979) M ki b EE AT &
ZETHTRBMR BER B X, %% T Gettinger (1975) MM &, FEFHHE 2218 5
TEAER%.

KA, RTHT R BMR [f)#bHRZS 5 B HE 57 23 (R 8187 51 o Ve dn T ik,
AT HLBE S A (Hh R R R ) AR, MR RBF IR I8 B D R —#E, MIEMIE
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FEHREHEBEEB SRS BB R ETREEEEHRX, &EREDHRERS R
R BEA ML BREAS ER LR, T EER A AR A LIS s 2 i
(Bergmann’s rule) ABEE D {k (McNab, 1966), jfjRlAC 5 22 d TR {E ) 48 %
(Hererocephalus glaber) (McNab, 1966, 1979) EF F124% (Thomomys tal poi-
des) (Gettinger, 1975) LLJ 132—152% (Myospalax baileyi, AWE5E) . BIZE#HE, Hb
TREERERY. ~#ET/A, BMR 0 F M, 754 McNab (1966) & h#lit; Wi
EEHRE, BTRIZEEWE, MK, BMRU EF, SESURMHHA B2k
iR EE %3 (McNab, 1979) #Mff. X8, NHESFE/RLITES BMRESETE (3
BN WMIEHFREET FE. BMarEilh, MESEIE, REME, A
REAR/DHAR S A, T2IRE B iHFE, RIAMINSEMBRNE N B—FHE, RE\EAS
hRK/AE BMR Z[AITEFEM AR T LUHESD, TR S0 A 392 BMR BEES EMN T
M, ¥F LAFE, BESHMEENREZERNEEZAEMRET D0 BRER
VRO BT R BRI 3 FE ORI & B, R, BE MR R AR R SR R
(cost of foraging) i B8 i, 3ot 424 HUEL Y b T 2 15 5 A0 (R SL i 28 45 MR iR A
2% (Vleck, 1979, 1981), BTLA, MBS MAPRAY, e LIWR X & o M Ao 7
%, Widin BMR M THERERN AR, FEL, WE MR Er/NGT 3
My RS S B I ST A I A PR A AR R SR S IR E . CEA B, 1979; T
FEFEFNFNMEDK, 1986; Gettinger, 1975) fEIUH CEP, R REL T RPBMRE
El—Fh, REEEMBYA LEEHFAARE, BB AT RS X —Hoki @ Ien 5
Zh, RS ER R T RS K GRD kv I, S5 i FRBMREY
EAEREEL TREGEELREE.

(D EEHEFARAESERPHEL

JEME e R ANE ISR T IZ R AN ERILE, BN SBERBEEIINE
EE(FH (FHEAFTEHE, 1990; Jansky, 1973; Merritt, 1986; Wunder, 1984) , 7E
ERZEYICEIR R P, NST...20 BMRIH117-129%, W BIKTH M IES /Nl 330 &
(%2) , MHEANSTEE MG BAT Wik A ki, HEGk RN REER P
% %8 (Wunder, 1987, FANE(E) . HEEERBRM NST AR 5HE B
ZRGFHEE —EBMHXRR (BEEL, BHRESRK, [NSTHEL ,EH, REWRT
B R B 7™ B WL R S B T TR B R 2, (B XS R B T B —EME M L,

MR NST R HEHEENFEBEHIRRZES AL LER, M9 Wunder (1987,
BANERE BB, B BMRIA RIKMER e i) BAT "IiE2 4 F R NST R E
BB, BE% BMRFINST #REEDWH=HES, WENEHAENIZ . Hik
HAXPERG AR TREBET N RFOMAESE, E—HEEDTREERE 5
MKHEERE, B—HEXES T el iR, XL EAlES T8 ERNST
HEFIEH. i, RTRAHAERFMRGRERNE, RO TEHESERNE, WS
FHEHRBEE. EXBRERMET, iR o—5°Ch, HiEhEE2°C, MHTRE: 7
YA, EARBOEAFEASHNAERFEEREOTLALR, ALBEANAL
R E N S AR AR EE R, 12 AMEREIAR, HERRILFAEFIH
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WG, LR AR T BIEMN M TR MM, BEfkbhFE NST
€T N AL BEEE, :

S BTRIELENNE R — FRNEH

Wunder (1984) &4 /Nl 2 20 #1858 B 10 HE MG (adaptlve strategy) ﬁﬁkﬁik
R, (D) B GROREES: BETE, ERREN/NESE, KRN R K
W (2 | (EHREEDVIHE s B HR (BMR i NST LIREH) g%,
WE, SIREE HBUAE M IR E DB SR B E S iR, WRERFAG
SHHNARE, MRS ARSI, T8 1S B B4 BT 5 kIR B R
DX RERA TR, R R, MRS MENEERI DRSNS, &
ATTAHEEN, KRBTSR CHRIG R, BTesmesss s EnR,
AR IRBE R R, JLREL (B 20 om LAY PEIIED BIEF 15°C, Hik,
PSR 35 IF A RE S AR DS FERO PR, LA e — R R R RIAT T S m =t
PRI BLAL, (B2 — MR S R S A AL AR, EERAS) , &

RERRTHEREEREDREL, R hiR ’lﬁ]jﬁﬁ‘r"Ezhﬂ'Fﬁ{’:mﬁEZﬂ'Fifﬁﬁit
Wy R (Vieck, 1979, 1981) ,

g ® X W
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THE PHYSIOLOGICAL BASIS OF COLD ADAPTATION IN THE
FOSSORIAL RODENT (MYOSPALAX BAILEYT):BASAL METABOLISM
(BMR) AND NONSHIVERING THERMOGENESIS(NST)

Su Jianping, Wang Zuwang and Hu Xiaomei

(Northwest Plateau Instituie of Biology, The Chinese Academy of Sciences)

This paper is devoted to dealing with the aspects of physielogy (BMR and
NST) and anatomy (brown adipose tissue, BAT) in relation to cold adaptation of
plateau zokor (Myospalax baileyi), a species of fossorial rodent distributed in
the area of the Qinghai Plateau. Experiments were carried out seasonally in spring
(May to June), summer (Jul. to Aug,) and autumn (Sept.to Oct.) in 1987 at
Haibei Research Station of Alpine Meadow Ecosystem. Winter experiments were
not conducted because the deep freezing of soil in the study area made the
capture of zokors unfeasible. The results were as follows,

Twenty individual adults were dissected in each season. Only six zokors in
May had scapular brown adipose tissue amounting to 0.1% of body mass. No
individuals having the tissue were found in the rest samples including 30 emb-
ryos and seven newborns collected in June.

The BMRs of the zokor in different seasons were respectively 1.3512+0.1799
(spr. n=20),1.3518 £0.2600 (sum.n = 28),1.2310£0,1448 (aut.n= 17)mlO,/ (g.h),
significantly much higher than either the expected values based on kleiber’s
equation (BMR =3.42W ~°"%%) or those of the other fossorial rodents (see Table
1.) but lower than those of the aboveground small mammals distributed in the
same area (such as plateau pika, root vole, etc.).

The maximal metabolic response (NST.x.)after norepinephrine injection for
each season was respectively 1.6250 +0.3236(spr.n=11), 1.5816£0.2037 (sum.
n=12), and 1.5862+0.2236 (aut. n=7)mlO;/(g.h), equivalent to 117—119% of
BMR. The rNST, ie. the absolute increasement induced by norepinephrine,
were equivalently 0,3251+0.0680 (spr.), 0.2689 +0.0394 (sum.), 0.4591+0.0649
(aut.) mlO,/(g. h). No significant seasonal difference was detected in NST.x.
The rNST, however, were markedly different seasonally, and presumbly related

to ambient temperature.
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The results above led to the following explanation; as a resident of the very
cold environment, the zokor would face much higher cold stress than others
fossorial rodents, and it’s higher BMR ensured thermoregulatory energy require-
ments under the stress; while compared with the aboveground species especially in
he same area, Jlower'BMR ‘and NST capacity found in the zokor suggested a
lower cold| stress faced by zokor than by aboveground species, because of adaptive
behaviour strategies (e,g. utilizing 2 closed burrow system, caching food, redu-

cing activity out of nest during the coldest period, etc.).
Key words; Plateau zokor, Myospalax baileyi; Basal metabolic rate, BMR;

Nonshivering thermogenesis, NST; Brown adipose tissue, BAT;

Cold adaptation.
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