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ABSTRACT

Thc sinlulating Proccss

1.  .Thc colllputation mcth(xi

The mathcmatical structurc of thc modcl(callcd QHB)consists of a sct of nonlincar or-

dinary diffcrcntial cquations and algcbraical cquations.  1·
·
hc kcy to solvc nuI】 1cricalty thc

naodcl is to intcg· ratc irun△ crically tllc initial problcill of thc【 lonlincar ord.inary tliffcrcntial cqua-

t】 ons

`’
/汤 =/(7,P,D,`)
7(九)=70{

(3.1)

whcrc

V = thc statc vcctor of thc consunaCr subsystcn1.whiCh consists of all statc variables:Lio-

Ⅱlass,dcnsitics, bo.d.y wCight of cvcry consunlcr, total dcah nnatcrials, fcccs, biornass of cvcry

plant and tiinc,飞 VhiCh dcter1△ 1incs statcs of thc consumcr subsystem at cvery sinlulated tirllc

`7 .= thc part statc vcctor `Vhich consists of thc part of statc variablcs; dcnsitics, body、vcight,total dcath rnatcrials and fcccs,thc valucs of which arc dctcrnlincd by ordinary dirfcrcn~

tial cquctions.

P .= thc para∶ m.ctCr VcCtor dctcrnlincd by thc spccific cnvironn】 cnt and spccific populaˉ

tion of consu1· llcrs.

I) ·= tllc cxternal drivc vector Whicll rcprcsents clinlatc cond~itions.

f=thc functi()n vcctor which rcprcscnts thc varying rate(dCrivativcs)of V with timc

t == thc tiⅡ lc indcpend~ent variablc in the stlbsystem.

t。 = thc tinlc at、 vhich thc【 nodcl bcgins to simulatc.

V。 .= thc value of thc part statc vcctor at tO,i.c”  thc initial value of V,

△
·
o dccreasc the crror of nurncrica1 solutions and to incrcasc con1putation spccd, 、vc se-

1cct the 4-ordcr singlc-stcp Rungc~Kutta-`icrson l△ cthod 、lith control of prccision and varying

lcngth of integration stcps to solvc thc initial problcnl 〈3.1), Calculating fornlulac of thc lllc~
thod which calculatc thc valuc of t五 cs。 lution V(t)。 f(3.ll)at t。 +h(h is step 1cngth oF timc)

according to thc initial valuc `/。  at tO are svrittcn in (3.2). 'I· hC cut off crror of thc nlct1】 0d
is o(h5),Cstimatcs of both absolute and rclativc crror rcspcctivcly arc given by(3· 4)and(3.5)·
The proccdurc and ordcr in calculating valucs of thc function vcctor f(V,P,D,t)is、

vritten
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in Tablc 3.1.

2, Thc program~design

According to both characteristics in thc matllcmatical structurc of thc 1△ odcl QHB and
uscd nurncrical intcgration 111cthod, 、vc have sclcctcd thc Ⅱlct11od of structured progra1】 】l△aing.
·
r· he s。 urcc prograin consists of many nlodulcs that arc subroutincs.  First, lllodules cotuplct-

ing calculations of biological n1cchanism formulac arc dcsigncd.  sccond, thc basic subroutinc

l)ER.that calculates valucs of thc function vecton f(`.⒎ ,P,I),t)according to thc calculation ordcr

of thc Tablc 3,l is。 onstructcd. Thcn,the subroutinc KUTTA~is construCtcd With formulae

〈32)·  And finally, thc lnain program (also ca11cd QHB) is designcd.DER and KUTTA

arc subroutincs $`ith pararnctcr variablcs becausc thcy arc callcd with diffcrcnt valucs of thc

parai11cter variablcs frequcntly.  A diagraⅡ 】 of r)ER., 、vhich calls othcr subroutincs, is drav`n

up in Fig. 1 and a flovv chart of main progranl is dra职
`n up in Fig. 2.  

·
rhc s。urcc prograiu

has writtcn with IBλ`I FORTRAN 77 and has nlorc thal1 1000 progranl lincs,

1·

·
hc simulated rcsults and discussion

Dynamic curvcs of biomass, dcnsity, body wcight (Fig· 3-7)in 5 major consumCr p(>

pulation:plat四 u pikas(oc`zo`D″ cr″/zo历“ ),TibCtCn sheep,alpinc wcasels (iM″ J`r`日 口
`勿

访夕),

horncd larks(Er'``20`历 ′口 口′p″
`/订
e``‘

`钌
氵)and platcau zokors (11r、 @‘

`σ

拓、 沙历′印 氵) in thc
Haib.ei Alpillc ⒈亻cado职` Ecology Rescarch station, Acadernia sinica,arc drawn、 vith thc co~

l△lputcr output during thc pcriod from April to Novcmbcr.

1·

··
hc subsystcm lnodcl llas bccn vcrificd for tllc dcnsity and body、 vcight in both plateau pika

and platcau zokor population and for thc daily body food intakc 。f platcau pikas, platcau

zokors and Tibctcn shccp pcr unit body wcight (TablC 3.3-3.9). Tllat thc sin1ulated valucs

of thcn1 by thc co111putcr output a11】 ost approacll tlle obscrvcd valucs in Haibci Rcsearch station

indicatcs that thc nlatIlc111atical lnodel of 。°nsunler subsystcnl is valid as abstract thcOritical rc-

prcscntation of consumer subsystcn△  in thc alpinc 11ncadow· ccosystcms.

1Jsing the lnod.cl, wc can 。btain nlany useful rcsults, for cxanlplc, the daily intakc ratc

of lnajor hcrbivorous consulncr population: plateau pikas, platcau zo`kors alld ·I′ibctcn shcep,

and nnajor ornnivorous consumcr population like ho1· ned larks for plant or plant sccds in unit

arca in each pllcno1ogy pcriod is obtaincd (· rablc 3.10).  
′
Tablc 3.10 indicates tIlat thc food in-

takc of p1atcau l)ika poptllation is n1orc than.479么  of food.intakc of 
·
I· ibctcn shccp popula-

tion.  1·
·
he t、vo aninaals not only havc aIn)ost thc sarnc prcfcrcncc for fo(xl so therc is thc corn-

petition of food bctvvcen pikas and shccp,but allso pikas(and zokors)danlagc to grassland, As

a rcsult,it is ncccssary to、 Vipc Out plateau pikas and plateau zokors or to dccrcase nulnbcrs of

thcm for dcveloping livcstock husbandry. Anothcr exanlplc is that thc cxtcnt biornas, consuntcd

bionnass by thc consuil△ crs an~d.consurncd ratc of cvcry plant or animals food in cach phcnology

peri()d 〈
·
I·ablc 3.11) indicatc that thc consun】 Cd ratc of cach foo(l cxccpt roots’ s food in Grecn

up pcriod is highcst and in`Vithering pcrio(l is IO、 vcst an】 ong 3 phcnology pcriods.  spccially,

tllat thc consun】 Cd~ rate of prolllineoc prcferred~ by shecp aild pikas in Grccn up period.is hig-

hcst (39· 4%〉  indicatcs thc shccp arc hungry in differcnt dcgrces in Grecn up pcriod.

In sun11△ary, the mo.dcl providcs us 环̀Jth a 10t of inforlm.ation about consumcrs and thci
cffcct on variations in food and envirOIlmcnt conditions.  But tllc lllodCl is deficicnt in so111c

nspccts,e.g.,consun】 ers can not affcct primary produccrs (i.c·  consun1crs do not fccd back to

primc produccrs)bCcausc a modcl cf prime producer 8ubsystcnl has not compktcd,tbc agc

struCturC ill all cOnsul11cr population has 1】 ot bccn consi(icrcd so that sonic rcsults arc roug· h,ctc.

△
···
he lnodel will be improvcd w'ith collecting data, constant1y verifying, lnodifying, and

constructing thc nlodel of primary produccr subsystcn1.
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