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Fig. 7 Simulated curves for biomass, density and

average body weight of plateau zokors,
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Table 3 Comparison of observed and simulated values for densities in Plateau pikas,

( Bfr /AR )

Unit. ind,/ha
i 8 9
Month ‘ Apr May : Jun Jul Aug Sept Oct
1980553?:?5!']{3
Phisin 1980‘ 45.26 } 90.34 101.54 107.18 : 115.07 109.99
19814 3L 3tH | | f
Data 5 1981 | 22.55 , 43.30 ‘ 52,92 121.57 \ 126.16 {133.91 119.53
. ! ‘
Sxmulated [ 23.75 37.70 70.04 | 100.02 | 100.40 © | 89.25 78.68
values i ‘ ‘ |

BIIE. 0T HEBHR M H AT, 4 1980 1 1981 LN AL, B
MR R 2
AT — AR
AR BE RACERIIA
WSS RIITR 4. 6 JHRHRAEE 12% 5, Joi & A OAAHR 2 B2 31% 1L F,
B 55 [ b B

#4 BERKREELNESEMENEES

Table 4 Relative errors of observed and simulated
densities tor Plateau pikas,

( B R/AR )
Uﬂit: ind./ha

A 4 Ao 6 7 8 9 10
Month Apr May Jun Jul Aug Sept Oct
1980, 19814 5 i
By s ‘
Average valu-| 23,75 44,28 121.53 111.56 116.67 124.49 114.76
es of Data in
1980 & 1981
B
Simulated 23.75 37.70 70.04 100.02 100.40 89.25 78.68
values
HMNIR2E(%)
Relative 0 15 42 10 14 28 31
error

@) FREBRAMHFHEE HBEREWAAETHETEMNE LRIESMrER
TBCHEAR P R TR, 6% BB IR A5 MR A BN S L 22 (bR A B . R 5 L A
AP e ERELE M %, AT iR G BB . S0 Sl 5 B Ao b 4, 71
TH 5. mRRR T BRI R IR T LM, kB R MRS &)
TFLE R TR A 7T A6 B4 7K, BE#3 P 1t B FR G MM S L BB EL S BR R RE B S B
ERE; MERMOBIDS, AZr—H RS MRRE BT, XA, B
HUE W e B R R A C PRk & iH UR BR S A SR DN 5 £ T 7 # 1 S RE 1
MR R 2T F % 6.

@) MEBRMER  REBRABRT, RS, B, Bk e
ERZEZK. BF 1 ADERLEMEIERE SR %R, HeRUATE i R MR, BT LAl 2
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Table 5 Comparison of observed and simalated values (%_{1‘[: H )

for body weight in plateau pikas. Unit: g.
T P AR T2 G 10
Month | Apr May | Jun Jul Aug \ Sept Oct
I =1 f—
| ‘ |
19802F S 1E 1 | |
Data in 1980 154.60 1 99.07 89.70 119.68 128.00 | 128.90 132.28
IOSIELME | 14131 | 10050 | 9654 | 12018 | 12051| 129.29 | 125.85
RAE | - I
Simulated 151.46 100.72 66.91 | 59.26 70.05 97.67 110.36
values | | | . |
#6 BRRALATHEETHINESRUENERE
Table 6 Relative errors of observed and simulated (Eﬁﬁhﬁ)
body weight for plateau pikas. Unit: g
A 1 5 6 1 8 9 10
Month Apr May Tun Jul Aug Sept Oct
1980, 19814 |
S B
Average valu-| 151.46 100.29 93.12 119,91 124.25 127.09 128.07
, esof Datain
1980 & 1981
HIUE 151.46 100.02 66.91 59.26 T70.05 97.67 110.36
Simulated
values !
HMIRE(%) |
Relative error 0 0 28 51 44 23 14

4 A BR . ER B R, A5 A A B SS I 1 b BUILLF GG a1 2 B
WGBS, SMERRIREA TR 7. & A RAHREHE 3226 LT, HEEF
PUE IR AN, AT LA b 90 E RS R R HaL .

@) HEHROGEHEE  HEBROESEERME BHERMREAT
%s8. 55, 6 AURHRHRERK, HAKAMMMIRESE Y LT .M 5 6 AbraR
BEEL TEMMA, AWAFESEMARE RAREHEFOFEMRY R E B
W, 5, 6 AGEBAEHEERET 4 AN TSRS, BXMERES ARES T

®7 ERORBELMESBEUNELR B pr: F\/é}tﬁ)

Table 7 Comparison of observed and simulated values for densities in zokors. (Unit: ind,/ha

Mtﬁth A4pr L?ay i Jt?n I:l fug S?apt C)c:lt0

ke s 11.20 [ 20,00 26.40 | 24.80 | 18.40 | 12.40

el A bl 11.20 13.75 , 18.21 1854 | 16.81 | 15.18 | 13.62
Yy tmghink: -5 23 IL e B, 32 18 10
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Table 8 Comparison of observed and simulated values (Eﬁ{ﬁf—’:)
for body weight in zokors, Unit, g
|
A 4 5 6 I 8 9 10
Month ‘ Apr May Jun Jul Aug Sept Oct
1978422 7 i }
Data in 1978 252,21 263.22 269.44 193.97 ‘f 214.50 | 231.86 | 243.84
& = i | o=
Simulated values 252.21 221.12 183.78 195.97 I 220.60 253,36 252,90
xR L
Relative error 0 16 32 B ‘ 3 9 4

4 RO IOME, FTHER T B B HLIR 2 2 e
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Table 9 Comparison of observed and simulated values
for daily intake rates.
(Bfr: HTE/TkE/R)
(Uanit. g.dry wt./g.body wt,/day)
; B O b
% & 3 E:Greﬁen ﬁ» R Exaberance Withexﬁg
Phenologi- L
! Mt £UE SEWifE FLALL SEHlfE
e8! plince Simulated | Observed ' | Simalated | Opotd, Simulated Observed
values values values values values values
RERE | om 0.24 0.21 | 0.8 0.26 0.24
REER | o 0.17 0.18 ' 0.12 0.20 0.18
|
mELE | 0o 0.053 0.048 | 0.026 0.055 0.033
2. BB
ﬁ%%ﬁﬂﬁﬂ%¢@ﬁ&%%,W#ﬁﬁ@ﬁ%ﬁﬂ,ﬁ%ﬂﬁﬁ%ﬁA@ﬂi

FERRZHRESEERBRHHSR, PARIHB 2 P 2 4% 1 38 2 (0 B sy A
(1D REHREAEA 2 ﬁﬁiﬁﬁ%ﬁ@%k$%#‘é‘%ﬁﬁ%ﬂﬁ%&$ﬁzﬁﬁﬁ
BEERBANKLE. HREHBEE AR % 10. U3 32 15 391 o ] £ 47 135
R, 195 K, 255 REEEREE DRI TERE. % 10 B, BAMEMEARE
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i BRR AR MABEEAREEES SRR LM 2.04 %, FEELREI & 1.87
i, FERAE I 2. 31 1%, FH=41% 2. 07 £z, 151 IR B S P 3R R 40 2 ) Ry AL L UL

R0 AEEBENENE ( B WTR/(AR-B) )
Table 10 Daily intake rates of constiMers in unit area, Unit, g, dry wt,/(ha-day)
# % M o b A = ; o
Phenological phases 1\ GreenHup iuﬁﬂﬁe Wﬁh%rﬁg

2 ? 1 | o '
FRA 5 1037.1 1647.5 2281.3
- |

F, i 660.5 637.0 162.2
WMEME |

Sheep 2111.0 3077.1 5268.9

AER
Horned lark i 22.4 29.3 36.0

Ry EROGFBIEAME, FRZR0ESEEER L, Wi, “E2ZAGEERD
Fode, SICHBAMERIOTE S, BEE LN TR T R, TR 4 ok i
Hb, BT R M ABCE, B HMAHES P, BERAL T &% 0
B AEBERIR, G R 5 B 25 4 o i O 4800 i IR L SR RN PR T2, B
BB AR R T OMEFMBER R, B ELAED R R, HRIROERE. Bl
ARV, FRR R QT BEWRMRR— P L AR, BER AR R IR,
ifi BLAS L 30, T B RER SR b, R ik SR R R 2 — . B, IR, R
Py, FHEHA B RMIERY A TR, TR S SR R R 0.5 1%, MR RE N
BRI 3 R/ ABURES 4.5 RIAS, HEKREMMESHHE N 53 R4
WUt —4F, TR R A R AR 0.5 . X AEEA R, RSl A R
REL. BRBRORRE, ZADROTEHLHEER R—%. BB T
F DARREHRZIDEZRY, 5HE, GERANESEERL D, HiLELaYy
R RXBERAAKR. BnEHROLXAEE R, FiE AT R R SOk R 7
ROBL 120 L, PREUEFREOEE B FORA, SEEHAHIREL. &
BB, i R R R Y SRR B SR R MR LR, R TR B A M
BB SHB S R 2. BB, SEEFHRERROMSARh0.12, BEE
oo R R TR 4 BRI AR A, S SR ) B4R, R IR0 B B I RE SR R k0. 18,
WHER R, TR S EM B U RBRE, 35 M5 e 4 ol b WU T 4 54 1 B 0 Ll T
BUREA, BObH 2 T 76 A BB A Bl b, 5 SR IR A T IR0 A B b 11,200/ 2
BBL, R v DY B 0 A K B O, S35 RO 1R K — b3 4 W A L 2 R KRB K
5. B, HEREBR, RS, RRERLOLAEEERL.

@) HEEMTHHFH  KERERBEALREEEMEHORBES, BH
o R UMEREE, R, B SEEREMRE SRR REEE,
FHIE MRS L BI2920 20%,  F A JLRRhH i 1 Bt Ho iR R Mt ¥ 24 1o f b, o 72 07
i, TRAEDYRTNNY ., R, S—EBRETHRERECH20%. #1145
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Table 11 Comparison of food biomass and consumption.

A SORFRTR/AT | BOBRRR/AR | o TR — TR/ UG’

Item _Food biomass(kgﬁx_ai_ Consumption(kg/l:f;) Consutf;g:lmg‘io‘;:;i:COﬂSﬂmPUOﬂ/

mpm | wEw | wem | ZE | mm [wem| ww | wmEww | wem | e

Phenological # Ex"b_W'th | B# | Exube-{ & Green Exubera~| Wither-
phases Green up| erance | iﬁfg Green up| rance |Withing| up nce ing
gﬁfﬁses 4.954 | 46,733 | 173.24 | 1.952 | 2.625 | 5.927| 0.394 0.056 0.034
?S{dges 18.359 | 46.764 | 33.315 | 1,428 | 1.894| 1.330 | 0.077 0.041 0.040
X 1.065 | 51.486 | 121.29 | 0.597 | 0.697 | 0.752| 0.561 | 0.014 | 0.006
8. 0 7.315 | 12.161 | 0 0.868 | 0.701 | 0 0.119 | 0.058

GBI o [901.09 | 757.80 13115 | 0.382 | 0.355 | 1.289 [4.2x10-4|4.7%10-¢| 0.001

Stzf%difig dead| O 0 0 0 0 0 0 0 0

R 400 o ! o | o] 0 o | 0.064 0 0

Lo g 3.771 | 5.942| 8.762| 0.004| 0.003| 0.003| 0.001 |5.0%10-4|3.4x10-4
o 3.042 | 3.641| 3.883 | 0.003 | 0.003| 0.003| 0.001 | 0.001 |7.7x10-4
RER 0.097| 0.143| 0.178 | 0.0002 0.0002 0.0002 0.002 | 0.001 | 0.001

g, 225K FURBHI SO S0 RITE R (223—289 KD RIS AL, WA ZEASTH
BRI A, 4 255 RO T AR ATS, HEMEMER HILAE 11 hrsn
e B H0. BT A BB R R AR IR T A AT R, AR RER M LA AR
FRESUNM R M oA 10 AGEVSRSE MR, Bk 10 A LG EHUE R
DRI BOARESIAIE. 1Y, BREBTHESORAAH, AFAHHHE
FEELLARGE ¥ 0l i, BERISR R R B QR LK 39.4% . TLEF MBI TER
MRMBIELR R, HEHIHFERE 6. 1% . ENEHNLMHADEY, REHRREX,
THFELL & de /DG TS BRI RELL, AT REMA B2, ZRE%EEM, X
HERAWEER R, AR AT RO RS ET 2 Z T, TLLRMTE
bl BRARFMMBORA R E R, R EHRUFURR AL,

3. BB SRR HE

ARBHFELUT AR
(D WREFFHAFR CEHR RRIEASEBABRE, SHHREGORDE
Hes ERREDEET IR EO RN ERSE, T 585 M %5 0 7 % 1 i
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2) BARIREAEEEAHREMROEREN, REWRMIHTFHER. B, X
SR AR MEN IR MR, ML Y MR EHRROES, flm, FiHn e
HE, RABRE., RREABHXEMHENE.

) BRPREACRASRPHRE R, SEFHR, B—FadioR L3N
wFEOLHER, MELSEELER (REREZL . LARAE. Xk, ARBELN
ol — P, AP ERMELE R AR, FAEEABAHE. b, HRE

R, WRHEENS %, S SEEA . BRI T XL .

' (4) BEUh R HEARE RO ER T, #E2RMWBARCAARERBHER DA
A, AR B B A B A0 S fh & AL AR R, BB — e AR A, BRI P A
FIGXFAA, LR ERIOBARAAS RE.

(6) M TABREFENIEEA, THERELTEMREMIEML2EESR, Rifidk
ek i) 7 i S e WA P R i ) A B R G TH R B AR Y, (IR E AR
BB RIS B B2 T S B8R 2 B RIR -

(6) BLIIEIERIRAR o TR, JEMEE LRSS T A BRY AT G4 R Ut iR ) fnid i
B e gk al

ERaDL EARRE, EASRRES, SRR ROLRHE, ExBARNLE
e BT e H R, RS e SR EGNRETELRERE, H5H
WHEEALAIGFREHR, HELBRRp-ZREMAKR LMGEL, DHRBOHRH.

BURY B B AL AR W SR o il B3k, RERBILEEEAXMEESLZHAR
HERG, BESTRIVENSSSERREAREEOEE, RIAEMEIEY, #BilZ
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Gear, C. W. 1971 Numerical initial value problems in ordinary differential equations. Prentice-Hall Inc,
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STUDY ON THE BIOMASS DYNAMIC MODEL OF CONSUMER
SUBSYSTEM IN THE ALPINE MEADOW ECOSYSTEM
Ill. THE SIMULATING PROCESS, SIMULATED RESULTS AND
DISCUSSION OF THE BIOMASS DYNAMIC MODEL OF
CONSUMER SUBSYSTEM

Zhou Li, Wang Zuwang, Wei Shanwu, Pi Nanlin, Liang Jierong,
Liu Jike, Zhen Shenwu and Zhang Xiaoai
(Northwest Plateau Institute of Biology, Academia Sinica)

The S_imulating Process

1. The computation method

The mathematical structure of the model (called QHB) consists of a set of
nonlinear ordinary differential equations and algebraical equations. The key to
solve numerically the model is to integrate numerically the initial problem of the
nonlinear ordinary differential equations

aV|ai=f(,P,D,»

Ve =V, £

where
V =the state vector of the consumer subsystem which consists of all state

variables; biomass, densities, body weight of every consumer, total death mate-
‘rials, feces, biomass of every plant and time, which determine states of the con-
sumer subsystem at every simulated time.

¥ = the part state vector which consists of the part of state variables, de-
sities, body weight, total death materials and feces, the values of which are de-
termined by ordinary differential eqations.

P =the parameter vector determined by the specific environment and specific
population of consumers. :

D =the external drive vector which represents climate conditions.

f =the function vector which represents the varying rate (derivative) of
V with time.

t=the time independent variable in the subsystem,

t, =the time at which the model begins to simulate.

V', = the value of the part Sstate vector' at-?y, i. e., the initial value of
V.

To decrease the error of numerical solutions and to increase computation
speed, we select the 4-order single-step Runge-Kutta-Merson method with cont-

rol of precision and varying length of integration steps to solve the initial prob-
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lem (1). Calculating formulae of the method which calculate the value of the
solution ¥ (1) of (1) at 2, +4 (kh is step length of time) according to the
initial value Vy at 7, are written in (2). The cut off error of the method is
O(h®), estimates of both absolute and relative error respectively are given by

(4) and (5). The procedure and order in calculating values of the function
vector /(V,P,D,T) is shown in the text.

2. The program design

According to characteristics in both the mathematical structure of the model
QHB and used numerical integration method, we have selected the method of
structured programming. The source program consists of many modules that are
subroutines. First, modules completing calculations of biological mechanism for-
mulae are designed. Second, the basic subroutine DER, that calculates values of
the* function vector F(V,P,D,T) according to the calculation order,is constructed.
Then, the subroutine KUTTA is constructed with formulae (2). And finally,
the main program (also called QHB) is designed. DER and KUTTA are subrou-
tines with parameter variables because they are called with ~different values of
the parameter variables frequently. A diagram of DER, which calls other subro-
uines, is drawn up in Fig. 1 and a flow chart of main program is drawn up in
Fig2. The source program has written with IBM FORTRAN 77 and has moren
than 1000 program lines.

The simulated results and discussion

Dynamic curves of biomass, density, body weight (Figs. 3—7) in 5 major
consumer population; plateau pikas (Ochotona curzoniae), Tibeten sheep, alpine
weasels (Mustela altaica), horned larks (Eremophila alpeciris elwesi) and plateau
zokors (Myospalax baileyi)in the Haibei Alpine Meadow Ecology research Station,
Academia Sinica, are drawn with the computer output during the period from
April to November.

The subsystem model has been varified for the density and body weight in .
both plateau pika and plateau zokor population and for the daily body food intake
of plateau pikas, plateau zokors and Tibeten sheep per unit body weight (Tables
3—9). That the simulated values of them by the computer output almost app-
roach the observed values in Haibei Research Station indicates that the mathema-
tical model of consumer subsystem is valid as abstract theoritical representation of
consumer subsystem in the alpine meadow ecosystems.

Using the model, we can obtain many useful results, for example, the daily
intake rate of major herbivorous consumer population, plateau pikas, plateau
zokors and Tibeten sheep, and major omnivorous consumer population like ho-
rned larks for plant or plant seeds in unit area in each phenology period is obta-
ined (table 10) .Table 10 indicates that the food intake of plateau pika population
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is more than 47% of food intake of Tibetan sheep population.The two animals not only
have almost the same preference for food so there is the competition of food between
pikas and sheep, but also pikas (and zokors) damage to grassland. As a result,
it is necessary to wipe out plateau pikas and plateau zokors or to decrease numbers
of them for developing livestock husbandry. Another example is that the extent
biomass, consumed biomass by the consumers and consumed rate of every plant or
animals food in each phenology period (Table 11) indicate thatthe consumed rate
of each food except roots’s food in Green up period is highest and in Withering
period is lowest among 3 phénology periods. Specially, thatthe consumed rate of
gromineoe preferred by sheep and pikes in Green up period is highest (39.4%)
indicates the sheep are hungry in different degrees in Green up period.

In summary, the model provides us with a lot of information about consumers
and their effect on variations in food and environment conditions. But the model
is deficient in some aspects, e.g.,consumers can not affect primary producers
(i. e. consumers do not feed back to primary producers) because a model of
primary producer subsystem has not completed, the age structure in all consumer
population has not been considered so that some results are rough, etc.

The model will be improved with collecting data, constantly verifying, mo-*

difying, and constructing the model of primary producer subsystem.
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