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Fig. 1 Diagram of the consumer model,
(From Forrester, 1961)
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(o B IMG HEKe s BRAGTE US4, BENCRA L Wl % R B AR BT A B o (B
ximi=emi=hmki=0 (=1, 2, =, 6) .92k ko #ERBCTEA B FHRRE & W
A A GG R . MERAB S, BRI SISAR AR, B L AT L
WK EFEARGENM . TR % EAE R B R (R KR, TR Amk=0.
ML AT L, B B B LL B A B Logistic R B BE T — Whae, o, 3X—T0 8 & & 24
B, SRR TATA RS RAFEORE %R, May (1973) ¥ 7ERFJOM # R AOE
- RS — DT e . AR, BRRBMER AR SHMREER L X E%
W, . HUCEE B, AMEEWARREERL. MK, FILRHE AR
Fhah i £, T HC AR B A 0 A R A O R R L 2 0k A R e s LD,
IR AHE R

2. HBEKEHE

T 1 (840 75 R L T T 0 6 R B e T (o W 8 e
dw. ]
di fbf! - effi -Tres

i=1, s, 6 (2)

A
rbfe i FHBFNERA AR, NEXAECIHERYE GE/R
* WARbMBNERERA/(A-R), BPSRARESRYMNOT MR Sl /R RoEbiRE.

o oEETRHESES6ERELE RS, S35 A6 HHNRE. E-HERE RA) BH—HER
= (EW) BEH, HEEERER hav=he, 1 REF 1 HERSHFS.
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AR B BT, WIE RS BIRaT 2 MU T R

d 6
;: :(’Z-:l (I—eff:) ‘af;)—/ls (3)
dad :

:t =(i2-1 XCiin 'd;)“ixa (4)

A ;
fe AMHRENEEEHREBE G5k
ad:  ARENHREM PEREDEEE G5k
afic  WACIB L, 5§ BRI SR AE SRR R A TR H /B CR2T0) T
zeir G G=1, 0, 13) FREWR AR AR B, M =8, ,13, IR (O
B =1, 0 6 1y xei C(xery ) 83 6 FHER B LB RBIE (/KD
hsy ha: SYRETRE Z FEM RO AEDKRIRRIE/ (RaRD ]
AT R B SORTE AR, Ehi kit B A B 2 A (R TR A Bk
W fEr oy FH A 7 (L b T 24 S e RIET . 3 — B ER U By
SRR AT 3%, PRASHBE s F0 ha SRAC A FY 19 20 RRTE .
RFHRFEGEDR (), WMHERRE, ZNETNERORBBLALY, &
B — R A AR B A2
Ci=w;* pn;
i=1,,6 (5)
PERT I, SO i T Moy 7 R R 1 TR R T B — T A B, BT
i BRI A A M. MR, T RAES RS, R %X (5)
PP v xd i R S8, FEAR (D M BILEHRHTLE.
RLZAT . L5 S0y 07 BRI A5 M B AR R W M1, (R R BT, R
R HRB A A M TR B . R I — BOR 0 B A S T 0 A 5% 1 2 22 WL A 5K

= HUR A R4 R % A ¥ 2 R

HITTET 1 —Z 55y 7 BN R W iGE TS 3% A P & BB AT, X
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Bk, HEBEHBUERELMECREORE, BAREMEHIIE HiHes
o B RO S A1, L% B M A B R L0k ORI, X E R LR AR
H’JtHZi)S

EE?&‘&‘PE’J’E*H%‘I"E
B2 Y A s i
basl. : Mo 6)
0,033 % 1155r<175 S
bz—{ )
0 02 )__"l 175<t<205
=0.017 M Y5175 (8)
b4 =0.0174 % 115502237 9
b2 =0.03X(1=0.0145X (=163 % 162<51<190. (1)
bo=0.0104. % 115<,<175 an

LB 5B b g R A L R o RS0 0. 5 A R RO 11 25, 75 JE S0
A AT . Rt o FORML BIR R T 920 K TR A, A bR
KR, RS WO TSN, BRI AR LT T AR AR
R, WHA IR R AT, TR AR,
G B EURN BMY E SAAT EA A R (Golley, 1975) MEABTE. ififk
| Lef+$S

(12)
T
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HHEZ. ERb

L. FREASRTE G125

fo AEHR CRTRRNG B 5 4 M08 fh By b o

w3, mﬂw,wmwﬁﬁﬂ¢mwm-

T: Fhpsaiy
RARIRBE PR (FRRUS AN, B LI T Jem s —AEIRME A 9% P BT/ B %,
mﬁuj,ﬁﬂﬁ¢mw#maﬂﬁ¢¢Wﬁ.&Euwrwwﬁg%%WWﬁ¢@¢
Atk dE F WA B R R . ; i '

RSO TR AT KR ORAE. 1081, RAlpfF 80—k, JLHERE & —
ABr B &4HTﬁ¥6HFﬁ%¥Eﬁ%,wHT 60K, $4% 1 TRBARRA

%1 BRRERESY

Table 1  Reproduction parameters for ‘Plateau Pikas,

e I e . L3 Reproduction

Ao oo g (eEr i ; ; . ;
Month St ﬁga/,a;%t { L: fafr i f: £ R(%)
Female/total (%) ‘ No o{ embryoa Pregnancy rate
SRNITN ey et b o 2 :

Apr 4 R 52.00 ‘ 4.263 i 86.36

May 5 A 66.00 ! 5190 59.76

Jun 6 A 1 +69.00 4.910 " . 55.36

 Mean ¥ 62.30 | o il o ehis

B
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a2k, #

4.788%67.2% x62.3%
P TRe T go/" 2831y 0334

6 A FAZE 7 AT alh—A A YA, FEEhf 30% EASMEHN, HRMEL T =30,
=+

4.788%67.2% x62.3%
30

ETETEHILE R KRR O EREM R SRAEAR OB4ER, 1980), BF %M
—%, EWEAEE 4 AhEi e Adh. AE 2T, REABL N4 ATAHES A,
®2 ERMRARESH’

Table 2 Reproduction parameters for Plateau Zokors,

x 30% =0.020

b=

%P5 Reproduction
oy fia] ,
Time S.  EER/BE¥ ‘ L:  HafF% f. FEERE(%)
Female/total (%) | No, of embryos Pregnancy rate
e e e el e
Apr. 4 J 'PH 53.65 | 3.00 40.91
T4 2.89 :
tg { R 92.92
May 5 A WHa 68.23 2.70 92.86
T4 2.60 25.00
Jum. 65 +8 62.64 2.00
fig 1.50
Mean iy 61.25 j 2.74 62.92

* EEEARAE R (1980) % 2, 4,5 E . \
* From Zheng Shengwu (1980).

6 ApARIEA &%, AERRILGIRBFREIBE RIEE T, Bk, M4 A
6 A LR, EHMHe0R. E2dh S, L, fEHERAAR (12), B b=
0.0174. :
HEATRHERBAR L.
b= CREUREL < WEILA > 4 & RiE 2 x BIA &) [ KIAM
kB (19822) #il, 4 HIKE S AhAEREME (Jk122R) , HEM ik ¥
FEEEAR Rk b 4026 F130 % HTEL, MUFIREFE RN TFEHE (352%) XA HFHEMM
BHIE, MR EER T SE, EEMNKEHEAARMEIRE, HE R R
B EEL —F, ZERHEZ, # ,
by= (4.56x2%x78.3% x85.1% x35%)/122=0.0174
8 Moors (1977); XBZER (1983) 5 BARNESE (1985) ff Wb FRB AR .
. L=5.25, f=0.25, $=0.5, T=60
Wi (12) , ATk
- 5,25%0.5%0,25
ix 60
A 0.95 REMSBRER (EHiHE .
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i 9 & b BRI OB A Eh, AR E L, IRENTRE BT R A AHEBAK (Pie-
lou, 1969), BU7EAR % EEHIAER, FhEEZEILE D).
- _dN
dt

=aN

KHM o BT, N HFHHER. EREE Bo= -y %, Bt dl;IN i

M AEREEIE AR 2, A6
InN,—1aN,
A v . (13)
CLF ik R Bser- %, KN, N, 2 Bh0tE « 2o HREAOREE, H=1-1,
S ki) 1] B
mFRE 7 ARPEL ERGE ERAR, HH 1980 4 8 A B R ISR X &
WM (No), MiH1981 45 4 Ay EAH N, EIEEHMYOE E, 4=23K,
AT, BREMETE GEhd):
_ 1n107.18 - 1n22.55
2 3 273

He{u) Sl Wl B HH R BRZE T

ds=0.0033
1980, 1981 4 (i) f i3 2 S ek, [ 1980 4 12 A MM MELNEFFME L B &,
ML N,=3.61, 4 Ay CEHRED BMh N, (=2.48), 4e= 244K, 5if} d, =0.00154.
BREf T, BRI E HRERE, HOHRERRPE VR, FRIAREHEK
ERHRAZ. BRIGZET RN 2R %h ds =0.002.

AR R, BRI SRR ERERE S Y. R ERREL, A
W, hTFBRGEERESHEBEMNER, A TRER R
by, b oR e, REMBAE. EHAEREEEMER, RICMRHSERE
FA LGP B ES LT LRXHEEROERSEN.

TR TR A (b 2R % ha s, BAEE i EPE AR ARNHERENHARR
Bk 2. LR RSO IRRR hay, hay, vy ha: Hi=1, o, 6
hae R IRRICES | B8 6 R SO BIRE, HBREE RS, Mlha (haiyo),
e, hays(hagss) . ZEBIERTHBEN AuilMzhdn i, HHRmENAL %
NRE R R R F R S, SEMZ R R A

KRR has, FEHE | MRt RS 2ZEEE, Bl

ha;, 5 = (af; * aki, 1) X 1.2 (a4
,‘_—_1’ e, B3 j:l, we, 13
Refaf, Go1,0e,6) Bonls i ahpERf @Bk, ERBRTHARMRETHHE ]
By ok, s G=1, e, 65 7= 1,00, 13) RRERFRATFARIEMET, 5750 & % 125
R R kb BB, T SR R R R R R e DL R, BB, P
MmIG,  (14) PRRT 1.2 RAEH 20% BEBRER. FiREL, T HR]
- WAk an PR

=0.0057

L]
ha; =3 haj, (15

=17
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f) RIRES =1, 0,13
Hysk 1% af; Bl aki, 5 ABTE-RINBT. HAX P AR A TR B
HERE, A B AR — e A Wy 2 B R RE i S BN B IR BT, R et e
5 0 TR B 5 AT S UL I M R LR A K

A RREh s B A I 1 o i JC B0 M 75 4 B R A 7 SR M TR v A AL ORI (R 3) .
£3 EBETEEB (ke |

Table 3 Density threshold for consumers(ke;).

e B | B | B R RER | E a4 | & W
Consumer |  Sheep | £ Pika | Zokor Horned lark Insect Weasel
XD | 1oexiot | 240x10-4 | €25x107 | T.0x107 | L0 ‘ 0.2X10~4

R R WRAREN. B, EfFEd TFrEa, bR, &
al) JEAE, o HRCER KW RO AT R AT (R bk, 1982) . X sEph 2 H Rl
ik Az M L 2 SR B SR Y

(1) A mﬂ@%ﬁﬁﬁTmﬁmmﬁfﬂm¥&,NTWWWﬂ@%%
BRI AL 75, kR DAL X RE 0 T N Heal, Wt (xR . BrkHbi,
AR, BRI BE A ICME, IR 2R B, HoRE X
BWNH K (Anway, 1978; Anway %, 1972; Cole, 1976) .

- Bhew" HEER, CHEINHETFREMARERMGAEAR, ARG %E BT
HERE RS R, {ERFIERETE I ik B W EAE . W 5 R LA X1
THRMEEE. TLSHEMYEMRMAR, RAFHTHRDG: (R B Mo (8
8O m%lE.

#£4 B aw @a, bl

Table 4 Values of a, b in function awb,

IR R  m W {7

- Consnmer ( ‘ b ‘ Weight 1 R(Umiﬁ)

¥ Sheep 82.46 | 0.76 [ FR ke | FR/A keal/day
B Pika 4.7¢5 . | 0.75 ‘ g | EFHW//DEE ml O,/h
. Zokor 4,420 i L R 1 RE 2 EFH//NE ml Op/h
Fih Weasel 31.85 ] 0.94 | LR l FEFR/A ml Oy/day

WPk S S P [ AL B, 745 SR AR b SR e S B A . A T BRI,
AT LA B0 B 3 AR I A B0, 43 0 0 1 R 4 4% R JELAR 1 med (Kleiber, 1961;
FHBE%E, 1979; AR, 1983) . RHEF P NE TR RE Te (critical temperature)
ARG Te KTFRET Tolb, med % FHMRIME BM; 24 Te /hFR%ETF 0°Ch,
med T BM (FEA BB @04 0<Te<Tclt, med i 5RO BTGB, BHE ik
RE: o '
med = BM « ¢l (16)
A BM n—_%ﬂﬁﬁﬁf; cl MBI ER RS, (H2) .
FHIEMA WSS 25°C, 15 0°CI, 4 kiR AR 2 b AL R 8 220 2. 145
(Klelber, 1961) , B4 Te=25/F, cl=1,% Te= Oft, el=2.1, fpkiEdm ol R

» 180 =



2 0.044, EP.
cl=2.1-0.044% Te an jo
NI}
med; =82.46. W°-7%, ¢l  (18) L A
medg=31,85. W', el 19 \_
ARG A B R 2 S 1R i F 2 B e
(EMRE%, 1979) , B %R RIS iR
BE4y W h 27°C 1 25°C, puid o] i 2L Al AR

AR AR AEORE R & BM, = e ! ¥ o T

4.765 f1 BM, =4.42. XF£0°C i, FH#ft E2 FHRENR RN

ﬁi&iﬂj 11.595 F110. 446, ﬁlﬂ_’,ﬂ?j‘ﬂj cl [t Fig., 2 Relationship between Metabolism rate

%}3‘55}'}}'}% 0.253 F10.241 ﬁkﬁ* . and eavironment temperature.
medz=(11.595“0.523‘T€)'W2°'75 (20)
meds = (10,446 —0.241+Te) sW,"* 7% 21)

meds WAt IR R BT 2ibil, BBRERTFEDH. XHAAREENEMLTE
X EMASR, Bi ER B, %bilk, M Te<0s Te=Tc b, RES B HHA
B M 0<Te<Tcht, ARUHEIFBEMR BN LM XF. 8 1980 Fil LML TRN
MR, MAE4IF10H, BelCmBdsi B 5 %1 40.94°C A115°C, R IF5E [ e
AAE0°CHI Te 2I. , -

Y. WRMBLIOM R IR DL 2, R4 R AR R LA 1.4, BB EINS A ik
AfEREE (Anway %, 1972) .

me, =med, X2 (22)
[medzxzx 1.6 2§115<¢<163
me, = | medy X2 24 163<<r<223 (23)

med, x2%x1.25 X4 :>223
{ meds x2%x1.35 2 115<:<180
mes= | medsX2 Y 180<r<223 (24)
| medsx2x1.55 %1>>223
(medyx1.4%x 1.4 130<s<{190
meg = medgx1.4%1.4 1>223 (25)
| medyx1.4 6 flo vk il

63 (23) o, BRERBEA BT B, X R ER A AL X SRR A A wr Bk
VABIEE 2y, WERW, JE AR — Bt A K i oo = A e, R
BEN RMAER, 115—1628) | BEKEIN ORYESR, 163—223K) FIFIAS ¥ Y
CHMBR A R, 224—I4E 114 K . BT 10 LURM B AN, A SEr o L A Tl
i1, HOEIRES 289 K (BII0OA T4 A k.

Wb, EREARH, BEMERT-AEK1.6, XE2FRAEEHFYR L T
CHEE, M RAREREAKLHNARE A TERS, KigsERm & EHEN
REN . RS, R T T A B 1.25, BEUBLRT R G0k T8 Pk & fRIE 35 B i
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€ ATHENE BOEWEE DESHEESEE.

B TEHOBR, EBEREFED, BRIAG L EES) (BB, 1981a; %))
8%, 1981) . —kE (EHES, 1973) YRBREE SRR HAEERS
EHE. BRAKX O #, ZA PRHENHMI SREAVEFRAE, XE# FR S5
RAOZHFE FHEEEINHREFMAEILEEER 6 AKE (F 180 K) , HEY
REREER HR—%%1.35. 5RAMS-ARARE BREEFHOHEA K 0.35
B EIRY (0.55) B/b, XREMMRANKBEMERBTELL Y, WHEANR, &
5 Zh 0, T RERE R T LR ks,

BRI, Wiens A (1974) $2HMH LR A E R AE 30°C 1 0°C BRI R,

am,; =1.572w §°°* (26)
amz; =4.337wd %2 27
i L RRXEEOERTEMEEE R AT RGERREESES.

me, = (am, + ("—m‘ﬁ-‘-’ﬂira x1.4 (28)

HHAN, ENMARERLESHE LA ZELHEIR.

MAXRBEHEE, AFELE—-LM 60 . FMAR 25 HEAMEER (7
A0 MRBESR L, AEEE.

Tl —%HERX (29 - GEBRATFIHEIBWAIRERS. 8%, Wi RE
LR, ETRE BN AR R E X, A& R R 2 B AL T ok,
A=A Dl S e S i) Rtk AT R B, B LRETRHEWAR T, Bk &
PO ER | R S R R R s BB, WA

13
aki, i = ykiy il Zly/(.-,i (29)

4
£1=1, e, 63 jé 1,523
-_Ftnp ykh i %mtl’ﬁ akt’! i Zﬁf"lﬁlgi’ ﬁ:i)‘(%]:

xk;, i, : Y oxei<rj
ykivi= ] xki, i X (xcjf22), X xci>e; (30)
0, M xci<itho;

HMEKRYREZREN, HH2EWAR. EXP LT SHE LT,

ki o CEELERMENRT, FiaOWES  FiNSEaWaR b EmES L, B
KA 03) . ERAE A A v BB AR A 2 R

xeiy 7 FRECHDIG T ) B A s .

ttj, thojy xci [ BN R, 38 5 00 s

T MY R R, W BT L T M xei, SO RARD B - M g
E W RIAE, MAJERREMIE (Lagrange) Z 5k fC B0 (6 2 W LB xes (BRI (4,
B4

xcij= (CHV (Nj, X;, Yi, #) 0.456 — tho;) x Lix (1-pe) (31)

XBEHCHV () REFHEEALAR, R R EREFREETE— &S G M
£, 1959; HIEKREE, 1970 . ERAWMIESABRTAAH LM S B N, &5l E
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BAK, « EEE, AR, (MAERE. DREFETHREDRTEPEER K
EH. E— HERBET—AER0.456 FRLWHER) » XEEARBER A & E

MER

orned lark

B3 HRE—E£EZEhERSBEAR

Fig.3 The chain of food from producers to consumers and food components,
R, TEE S RGN, Mo e B AR EL IS B, XM T ERY
B, R RS — e A e i L, T A AT A By ik vh R R RE BE S R B Y
BBER 57 s ﬁﬁ_i%@#é“‘é‘ﬁﬁﬁ, BRI B B F IR choi 1R MM E TRIAEDERE. &
gL kR HER, MREAFEARX GRS .

%5 HPERKVFABRE LD ;
Table 5 Availability coefficients of plant food,

R | AE | SE | #E | MR | wTFms | uww | #w | x &
Plant Brasses  Sedges I Forbes Shrubs |Underground/Standing dead | Litter | Source
.+ I e s i | 5 e s
PO T T R Y ‘ 0.08 | 0.30 o5 | oa | g SN,
| |

Kb i) pe 2 sk 2RI RO S AR R S 80 5RhEEA B XA
B R i e B L B I R L R . (2B, F s 7 A LB, 3 K
WU, i v R BN . BB R T —RUE U7 s B mEAWME
120 QR EAEERE, W RHHHRERE 0%: SAH 12 N, ARE
fodz, KPR RAEERK 0%, R R A R S % R — TR Bt R, WIREATE
A 55 Bk
pe=4%10%x N 08¢ (32)
i (- pe) whom 2 Y1 FR i =T R R ER 6 fFldn, WHRA AR LS R E T
ATFRIFFEZ:
xc, = (CHV (12, ax,,ay,,t) X0.456 —tho,) x0.5x (1 - pe) (33)
Roeh ox, RIFEIY A, oy, XML R,  AREIZE, 12 Y.
YK, BHE GRe0) A, ERPRETCRE, B xei>ui, B T xeilni yS
T 1. a2k, E—AWAET, Bl xei<em B, YK e XK, WX
xei<thoi MY, Wt&HEHEMTFRBTHR X GOJ, AP BIER & B, B
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R RHE ENRIE . EEIR (29 , Whek,  BRERKTHEL # TH
BRWAR. . : '

WAETFTE, me: AR i HHRENEARETE, NRENENLIIRHEANE R
18k bfis W me; Bijk bf: RILIGE 5, B me: = bf. X effs, eff, RFL RS RA & BE.
B e T G O 9 A P R Ak T g R ARE RN,

bfi=me;leffis i=1, 6 (34)
HT AL 3 E RN, SRS h 2% BRNE X G TR 6.
®e E£YEAE
Table € Caloric values of biomass
LS AT 3, {4+ | % ® & &
Item ! Caloric Values (kJ/g) | Source ; Remark
% B 18.42 - THDE  — F 4
Herbage (4.4) 1980 i Dr} weight
g 26.62 i REkRS i F ootk
Sheep . | (6.3598) [ 1980 Dry weight
B % €.91 ‘ TEHE & g
Pika (1.6510) % (1981)» Fresh weight
B R ? £.61 WERS & =
Zokor I (1.5779) (1981 Fresh weight
BHER 22.87 ; I i =
Horned lack | L Gusw | (1982)s Dy weight

* EESARTH (keal) ff, %1 TFRET 4,186 THRE D) HFRE.
WA @B BRI E MRS RYAEFREAND R E O/ MitEAR,

bti=bf;/4.4,i=1,2,3 (35)
bty =bfy/6.2 (36)
bty = xfrew, (37)
bty =bfsl1.61645 (38)

XA AEA G B P, R SRS . RWVEEE . RVEIR A 0 T S ke,
DA 8 R4 53 B PR 2 B2 105 0 0 4 9 0 4 1 R 38 i

A TE AL AR R AR A RSB R, AR TR R R A LR S, W
HERMOVRE MBI T — KA H A& EX. R, Sidr3d e # a2 0F oSFaa
A SN EANH TR,

aha; = E aki, i X (bt; + hun;) X pn;

=1

1=1,%,6 39
13
EE:F' Z akis iz l; ﬁ}f!’y\_tﬂx l‘i«]‘&‘-"g %J

aha; = (}5:,-4-1;1"1,-) X pn, (40)
AH hun; 3 i FEBNIRE GIIR) (R G5, H-FEZELRIYHE

*rfi HEREERSMAS TRUGER LR, ZRASASHA NS HE,
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¥R, HIEE—AP RS ofdiy, ERECAARABIE N, B MHEEEE
AFARYFROAT AR  f e s, Bl
( ak;, j X (bt; + hun;) X pn; W RC, thoy, XC )
cfdis= | aki, ;X% (b + hun) Xpu; xQ  Hxc,ltho,
aki, i % (bt; +hun,) X pn; X Q1 Yxc, >,

i=1,657=1; %, 13 “D
cfdii= ak'-, iX (bt;+ hun;) X Pna (42)
1=2;3:4,.5= 1 7= 1, v k30

EXPBIILAFSZR T

xcw: —MEHL, xe; G=1, -, 13) REF  HEBOATFHEDE, CoEhE,
i R k%, T RRERE Q. 2D E % HN IR, HIAE, gz
B, AR SRR O 0 SRR B BRSO, BN E RERER. . MARRRE
RERRN, BREQRBTREE Mo aRETEF, FE AR

_{xc'k}thok 4%
0.6 (xcy/thoy) <0.6

.Iﬂ'k,l'flg
9 {1.2 (e f2t,:) <1.2

QO RFBE AMANMIALRHE T HREAZADEDREESZAQH LT (L) W
BREAT LB, 0 QD) SRS FM &0 E(E, BAI L PR LB T Z2—. 24 xe <ltho,
Wby SCREBRADs M xe e B, TR RE N H SRR 5 I S b 92 B B AN E & TT PR
W, SFLAH O F1 Q1 HlE TG . B A PELEABERY h 3 2370 7 il 0 B2 08 bE x4 Ak
Bk, HAXEamAbEiREan, MERAENESE. XHFWMEERR 3
Rakedin, EpmEMnaR. ETEANMERE TIAOEERaDILER
2, HREmEAE .
B A R R R AU, MBI R ST E MR, HEER
P LR, BEZAE BBRE T, BXAERE2ZL “MEREEE”, SN aR 5B
BE SIS FEgR PERE SR, WA 537AR /A% 5,36 x 107 5/ JE K*. L #
B, b FEoEAMRRE, AL MR DSUM hps, B,
DSUM1 = DSUM - xcy (45)
MER AL (DSUMD LFIERIEEE, W2EMR FEshbEf e ma s
chir s BB s
DD =DSUM1/5.36 107 (46)
b, HEE i Y ofds, 5 x DD, 1T DD, BALHIME. 85 (4D f (42), 1
PIEH 6 fE k& EradiEALR:
Cfdii %DD;?-IH‘
cf”:{cfd,-,xDD %4 DD <1
i =1, w8y = 1,13
BEZSRE5ES SHE. XEPRREHEERIE, SEE BT &I 2.
EABSERAYE LS, Bk, RERBARE LHES

(47)
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abj=xc;=cfyy 5= cfsi 53 7=1,00, 7 (48)
Bl ab; 3 | M AR R R R B4 . 1% dfs 23 (47) BRERERIEERY
Firami, Mo, REEEEEW R, 0.

efisd= {ab” a0/ (49)
0, abi=0
T
B EmMil 2R, BAMEANE of,; TEEASTHEE 4f;, RHEHH
gf=dfs=efy, 5 j=1,47 (50)

BZE 7 Rt ANRE S 2T REMW R, XA RE, R TR 8 I 5 205 7S
B4
cfissvr =cfrysen +gf (51)
WATERE) cf 1y 50 WERRTL, MTRAZR, FEHEARAEE B, RERE
11 R (e #b k. AR AT RUHE ARGV 2 R, B AR bLR.
Soa bk, R B AR AL B L, B R R SRR R R FROH &
w A

13

afi=3 cfis (52)
i=1,,6
FOERI RIS, 55 FNE St B AR bR ol B FI i & T B fr R :
rbf.=af;lpn;, 1=1,2,3,4,6 (53)
B AR I T BHAE A — SRl
afs/pns
b 5=
raf {(afsfpns) X (twus|ws) Mws =twus o

ERAY oy S ws L R

ik, BLAEETHHARROIEES . eSS RIS AR, &
VRS I GL OER 05 A S, WS DL, SR WRE AR H B A &
aha, (R (39) BEAFHKIHEAR of. (X G2 1, WE2ZZE REXHIME. HE
A sk — K7 A i PLBRCR B NBISE R R b I DLIRI K E R . A
LR A A

(aha;-—af;) an:
hum:{ (55)
0.025X% w, % (aha, - af ) [ pny=0.025% w,
\ (aha,- = ﬂf,') /Pﬁ,'
pan, = | & : (56)
0.01 % w; = (aha; —af;) [pn;=0.01 X w;
£=2, no!ﬁ

B Hahai<af, M, KUK LR ARKRABE S BOORE, 2@
RCRAOBRA, 245N RR S Byeh BRI B i, HOURRAT Sk B S B HMAH & [,
HtE I MRELR RGN G Rk, MFBA R
B, RE-FREMFTAERESEAHERANRLE D , RE—FRRMLE &
BT L THE R ST | Fhi g R I k.
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effi= 3 (aki, s2efy) (57)
i=1
i=1,2,3,5,6

effe=(efs*1.3) Xakyyst D akeysXef; (58)

i
i¥%3

F*7 APEELE Cfp

Table T Efficiency of food assimilation (ef;).

No.' 11} 1 ZIICR: $IRL { 4 ! 5 ﬂ €
WA y, P ¥ R | 2 WM I WF RS | YA
Food name _ Grasses ; Sedges orbes J Shrubs ‘ Under ground Stand:ng dead

W TR e W . 2ox i3 i P

RS | 068 | 66 fxc0ix], 1 060 foes 0,53 t 0.60

No. 7 8 | 9 [ 10 [ 11
kWEE | 0% W B2 | B 5ER | i
Food name Litter Pika l Zokor | Horneo Iark' lnscl.t

At | 1| ; '

Ser | 0.60 | 0.78 1 0.79 | 0.87 | 0.79

H: RPHIE A RSRATE L

H AN, WA MR L5 T AT (Tl (e 5 A B S L ) 2 B R
F A A 32 2 o A B Al Je e B M Wk ifi PEOh R A I of o AR L, —
RBEIA A ORI R 8 K T B S w5, BTEASY of s A% 8 1.3, BRMZEMNE 1.

(2 BRMEMIFE  #$EHEIRX QIAmEAHE . F—002H fgRME
MR, B rof. x effi BRZH | PR B RILEBEA R, ZHWERGHXEHS (& B4 H
WG, QELFFMREEFERMKFANS. NEETRYRMGE S, MEmR
R e, SRR B BEANE o g WL R, B REE, AR

ERFHEBROFELREEOTEL
al; =me;[2/4.4, i=1,2,3 (59)
HR 8 TR me; B TR, ol S0k = Rl S S R AR Sk bs B AR R R ),
FH—ERg 4.1 R EEY EHE.

fERMEMS AR AR s, EAGRETFEN /1.4 EHER 1k 1R
(Anway %, 1972) , BT HE ECWAEARE, BRI 2 2005 .

aly=m&.LLIHE .2 (60)
alg =meg/1.4/1.6145 : (61)

iz SR S P AU RE AR R o BB, AKX RIZA:
ma=acXsXw (62)

#rhoc hBHRERE, BUETHRE/(GAE-JER,S ABHEE, W AHKE. BEX
S=v:, v ZFHHE  REHHE. SHRMAEE AN EEXR, (BB ®EEE
LASKR, BLbSUFRIIERMEHEE. (e, EhEREDNERERE. R
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EAE AN G b Al A bk h 6:4, MIWIEBEMBSHRBME.
ma, = (0.60.59+0.46.45) X 107° Xveg, XcoXw,[4.4 (63)
R 0,59 1 6.45 43 B 36 46 F b OB IS S (OAEFE A 8 (Blaxter, 1962) , F¥#)5#
BE Veg HSCilifa, i&ahitial co 5 H BERHEE, BABARXTH.
COKMlH, WTUALIER R, BRAEEREM T
mah, =6.78%X 10" Xpeg, XcoXw,[4.4 (64)
ma’sy =8.17x107% Xvegs X (24-cv) X w3 /4.4 (65)
(EDFFE /ML 34 1 FR I BORIRE, IR IFRM BB s IR D, R AR EELE
FHRE R, ERAMRMER 0.7 E 1.3, MERATMHBRNEMT 0.8F1.0, H
e R L 19 % 0 S s sl AR 2

mas, =mah +0.8%x0.124 X w,° 7% (66)

mas = maef+1.0x 05112 % w, %18 (67)
By SR M3z Al fC I 3850 B &

ma, = (me,/1.4/6.2) x0.4 (68)

mag =0 (69)

mag =9.00 107° Xvege XcoXwe/1.6145 (70)

BURCEA SR IR B 4.4 v S, RS AMRBHED bR (TR i

St (v . HEREE AL, BE mas=0. ME RSB L K B

Hivisr 2P+ (Wunder %, 1975) , Mt IERRIHXCAEARREFEM 1/1.4 (K 28)).

B AT B I ] s S A ], B (24 - co) (B, 1981a) .
BAEHE AL A R, hed.

met; = al; + ma; (71)
$1=1,2,3,4,6
et S 0EF32 g AN (72)
UL mer, 2L 5@ R M. Bik—4APhREEN.
: ads; =rbf; X eff; — met; : (73)
i=1,,6

5 ads; B ERBRAGENRERYS mer, 22, HzAWMEE. CERTEKD B
MET A, BRI ads #A T, BHEESIEEH A4 Kid b h Bl R R,
K AN LA RS, SaRME %, BRBRE:
‘adsix (1—-4.4/7.78), 4 ads;=>0
'”ag‘={ads.-x (1 4416), 58 & Bads <0
§51,2,3 (74)
e e A A A . ik 7,78 TR (8257 T HED) SEMK 1 mitk E T2 Ak
i (Anway %, 1972), BUEA %1 4.4/7.78 X ads; I A KA S04 Wk, M ads, h IR
LKoYy, BT RORE A GIA BRI . ShSh ads, <0 ok B M AR 1 & L
CAA”, I )4 i 3 B FRBHE 3t T B M MR . X I b By et 1 b 6 F
R, BIRERL 1 GRS T 6T R (25.12 TER) .
HE RS HFMZ A R 5
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ads % (1-6.2/7.78) W gds, >0
adsy % 1=5,.7(6) Nadr <
adsg X (1—1,6145/7.78) 24 adsg=0
mogg = |
ladsg X (1—1.6145/6) Wradsg<
BEZEBHATEEEMILG ZH. BIUFEE (4 ATA) . B¥E/mspnd, A
WHARIERE 5 Apa, XRHGS R0 MO0 B A, A RS
BB

mogy = { (75)

(76)

mrp, =0.5X ma,, 211515135 77
W8 145 20 0 s B FLIL I 1Y BT AR I — A Ak B HC R IR Y 50 % A4 (Grodzinski,
1967) , FREERLf 1 BIHICIBZ90 20—25% . ifif ST B S0 10 0 K B8 B 19 %
A RF R, 3R,
mrps =0.20% (me,[2) X0,24% 10“3/1;;;2
: 2 115=<r<<205 (78)
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FIFBER A R ICM B A, FRRUBRM B pn., EDIS BT H LA th7E A RREEF
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mrps =0.25(me;[2) X0.11X107°%/ pn,4
1151175 (79)
HhEXSEMEE SR eRE, ROERAEEERSRZEIATaR6A T,
& 1 RS AR IS HUH JE ACRE T Y 2090 B,
mrp, =mey X0.2 (1165237 (80)
MfnERATEAL, HKRHNAHEIRCHE.
BELU LR, HRFOHREET AT MG 2.
re;=al;+ ma,+ mog;+ mrp,-'
i=1,2,3,4,6 (81)
res =0.132X w58+ (82)
SRy B REHAGH KB EIHIAXMAR B LR, MimseR THRER
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STUDY ON THE BIOMASS DYNAMIC MODEL OF CONSUMER
SUBSYSTEM OF THE ALPINE MEADOW ECOSYSTEMS

I1.,A STRUCTURE OF THE BIOMASS DYNAMIC MODEL
FOR CONSUMER SUBSYSTEM

Wei Shanwu, Zhou Li, Wang Zuwang, Pi Nanlin

Liang Jierong, Liu Jike, Zheng Shengwu and Zhang Xiao’ai
(Northwest Plateau Institute of Biology, Academia Sinica)

A consumer subsystem biomass dynamic model of the alpine meadow ecosy-
stem (called QHB) is a deterministic mathematical model with a view to under-
standing its structure and function and to predicting some properties of the sys-
tem, A simulation calculation has been done successfully at IBM-PC/XT.

In the area of Haibei Research Station, some major consumers, such as Tibeten
sheep, plateau pikas (Ochotona curzoniae Hodgsin), plateau zokors (Myospalax
fontanierii Mline-Edwards), Horned tarks (Eremophila alpesiris) and alpine we-
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asels (Mustela altaica), have been studied to a varying extend frem various ang-
les in the previous decade.ln the meantime, the principal vegetable types, e. g.
major plant communities and their production in that arca have been approached.
QHB is built with the help of the above mantioned conditions and experiences
of other researchers (Bledsoe, ez al., 1971; Anway, 1978; Cole, 1975).

The process of solving the problems could be illustrated in Figure 1.

Construction of the model

Objectives: 6 consumers and dynamics of their biomass.

Hypotheses:

1. The instantaneous values of plant biomass are found with an algebraic
interpolating function among standing crops per month.

2. The amount food intake and metabolism are both principal factors which
have an effect on the body weight of animals.

The amount of food intake per day is determined by energe requirement and
it is also affected by the proportion of the diet, food intake order, assimilation
efficiency and so on.

Metabolism expenditure is divided into 4 parts: rest, movement, organism
growth and reproduction.

3. The density variation of the animals is controled by birth rate, death rate
and harvest rate. A set of nonlinear differential equations is used to describe the
dynamic of density and weight:

PRy il L Dy
iz pn; (b;—d) (1 X 2,

el
~[ha;yr +hmk; 1| w; + xim; — em;

1= 1, abohsd | 6

where
pn;—density of the animals in group i, i=1to 6 are Tibeten sheep, plateau
pikas, plateau zokors, alpine weasels and insects respectively.
w;—average weight of individual the in ith animal group
b;—instantaneous birth rate of the i1th animal group
d;—instantaneous death rate of the ith animal group
ke;—upper weight threshold of the ith animal group
r—time
ha(;+7) —harvest rate of ith animal group
hmk;—destroy rate of ith animal group
xim; [em; ]—immigration [emigration] rate of ith animal group.

Body weight equation:
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LW~ rbfiectfi-re,

i=1,0e, 6

where

rbf;—food intake rate for the ith animal group

effi—assimilation efficiency of the ith animal group

re;—total metabolism rate of the ith animal group.

The dynamic of biomass for the animal group is indicated by a product of
weight and density:

C;=w;  pn; i=1,% 6

The following are equations for feces and death materials:

6
e (3 (1~ effrvaf.) - b

PR
dad _/
= =1 J,‘C,';j-'d,')_i?(l
di \‘Z_:l
i=1, e, B
where

fe—total biomass of animal feces

ad—total biomass of death materials from animals

af;—food intake rate of the ith animal group, per unit area, under actual
availability conditions

¥c;—biomass density of consumed species, xc; will be that of animal as
I g

hs, ha—harvest rate of feces and animal death materials by microbes.

Results and disscusions

QHB describes dynamic changes of biomass for 6 consumers that occur in
Haibei alpine meadow from green-up period to withering. 6 animal species are
the representatives of the major consumers only, simulation results, parameters
and formula may give an expression to some characteristics of the consumers
in the alpine meadow since most of the data are taken from Haibei Research
Station.

The model could provide some important informations related ' to the-consu-
mers. First, the amount of food becomes seasonally unsteady due to the climate,
soil conditions and so on. By using food composition, grazing level and hunger
formation, the model simulated a relationship of “supply and demand” between
consumers and its food:. The competition between pikas and sheep and damaging
level to the grassland done by mice are also simulated according to the mecha-
nism of the grazing priority of pikas over sheep and the similarity of the two

animals in their preference to certain food,
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