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KELEMODRY P2 —VEBABEKE ST

LWKRKEAEY gtk B (lwasa, Yoh)

Abstract: Optimization models are very useful in describing the
adaptation of plants and animals in various aspects, including behavior,
growth, physiology, and morphology. Here [ illustrate the assumptions
underlying the use of optimization models, and explain the biologically
intuitive meanings of several concepts and techniques of dynamic
optimization. I illustrate the use of optimization models in the study
of plant growth by four examples: (1) plants producing two types of
seeds, (2) timing of reproduction of annual, and shoot/root balance, (3)
growth over multiple seasons, and (4) the plasticity of growth schedule

in a stochastically changing environment.

A BESE L ohtflBoRbTHEV-ETVWIRELTHEETVWE LI LR
EZHALOGMBOWCKCERELFTHEN, > VEBET TR ZDIIREZAZLRREVD
ODRFHMOMBELIBDORWEEDLDRATWA, BN EIKRHEZ KB E
FrELTHFENREANLL, BHENTTAZEE, REZzhoZEBRNHAR
BRHOLMBRILI-TRIEL, EFVRNELEBALLONEIDANDI LV I S
. BIEEREVIZALDODESVWTHEBFODHAAPED SNDELIKL>7D
B, CC15HFEREDILTEH b, BRAENLORRPEARABRICS L ICHE/LIEK
HoNBZ3DT, CORNFRENLEBFELEDN S LV H 5,

TR E KEYOoORK I 2EE. BFo28 - Hikos 4 1 v 7 - it
EH MTHRoOLE - 1 REMESHEIEN - REOoAWBHREZLVHIT. &
BILEFNVEGSBOBBLUTLZEAS. BLUHBMIETRRLTELHNE
BALOHFNRES S >EYFNBERIDVTHHEAT 2,
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8§81 2BHOBTYZ24LEEYTIHEY :BROLIBHEIZERSE

BROBBABWE VI ZEA S REYOLT BRI I L AREENTH 3. &
bEHUBERSEEFVELCT, 2BHOBTEZAETIEYMEZALTA & S,

WEODIFHICEIMTHRCREEZ D082, ThooBFroffoh 3
NHEYRBBOFTCELKICEEETZDT, EREVPBEVIREIESET 2, TORD,
EBMAGHOBFEAET AL R IABOEMRIER., BRELA-YHORLE &
blicmMiRdsboofafid s cdicbd, Chicxlc, EBico2<s5h 3
RECTELBHEOBFREFHLRVOT, Bl - TOEMRIRIBER
ERERALTHKT B,

COEIBRFETCHICLE->-TR,. BohhBERE2F-TELLD2 4 TORF
2K 300, bLARBEDIIBEBTHLIZ>KZ2DOBFEMNTEHA 55,2 1
FHEEYROT, 2 - LBTFUARBATL Z 5,

COMBER. FHAEBEF~OREEx. HAEEF~~OREZyELT. 21
SOEHBBERCFLVEVLS HE x+ty=R Db L THRIIEZRRILT S LWV
B & {t [ &

$p =1f(x) + ay —> B K (1.1)
LTI B, C0FEAR
x* =Ry =0 R<r" o & & (1.2)
{ x* =r1', y' = R-r’ R>r"o & &

THbo CITHEAIYASA X" B (r")=a2ifidlHlTH2, Chdo. oy A1
ZILk -T2 HEORBTOAERLRIKRE(CE->TKBILEBTFHEhZ, BB
INELTERBICHVONZEFTRP I L DO/PEIVWEEREB., 20T XRTELER
FHABEBEFOLEBECHVTIHAEEFR 2K SABVOR LWL, ThicdLTK
ERHYRIBGEBTFOAEL. BOoOHY A XL LbiZzoBB KT S, oL
EEBHAEBTOAERIB I VEMNALEBEVWE T TH 2,
COEIREBBOTH R, EEODEO 1 FERETHEINA TVWE I LK
Y TREZ, T EHh S, BAIThTVWIEMO2BHOBTOLEED(L
FREVB G - EbMBOLIVWEHERBALOIOTRR VWL LELSDTH %,
zh TR, REOHYIPBEILHBIKRBVETZLEEZLLZOR. WoltW DX
IRBRIE S ELEICDESLID? Zhik, BERLISHLIBFOFERI. £h

2
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EbholicBlbEnwIF4AF Iy I BT a2 2EABIEILL-THRET S
VS ETH B

EHOPICRBRSIEITIEINRLURTC2EFOBTZ2AEST A HYPR T -~ Tk
Zidd COLERRBBERTIELEI DEOBVWHERTEELLEMII LD
ZOFHERIOCT, RoMRicR, BIEHNBEHLERT SOOI 5,
1R TRBR I DTHIPRENLTH, DEIPBEIELIZLDEEHOMRDOB &
BEFARDENRERAIEEZTA2BEE» 0B EDZ3 LR BE53, Th
EHREBRELWIo #LLWIRERVEMOMICR., S I REHEMEMEK
LOoBIZBERETFVEARCEATCRBERL, REFRRREN->THLEDbDLEEK
b2l EBBRVEENG, TOHR, BAE0ERHRshs0l, 5Xoh B
BodTob- EbBIEMBITHEZ2LN2 LT HYVEH»D THEEICEVLT L, &
EZBDTH %o

DEro#Etid» o, RBELEFSVEFATIBOABAL VWS >bErh 3, ¥
FHE1IIR, CoLkric, HRABREC O LSS ELPBEICHBOER THI I Lo
5. EYVOBICORER. BAOFILHOP»AAKOLEBR ETRA (. DK
WE. SVEBCR TEE2BLCOEMERYE] T2 eB8bbd b, LT,
BRFoEBECR Y., XEREOKRE. BH. KR, HoFR. HERLEEHKR
EGEHOT XTHY, BEENCREERYECEKT 2 D0FRELTERS
bR 3B &tk b,

B2k, ZATVEAREVSIBERERT LI EDVBETHS, dbLATH
TERRETRER2CLREZI ORI, BCHNABEH L LA LLV->THROH
RieREboRBRVWOoTHENTERWD S TH 3,

LhPALIool R, FEFPERHRCEAELTWSE L ERE), EOBHIE
FAOTH, RELFEVERECOLVAHEYDINDESS TCHEBRBEREFLTEZ 2D,
RUBEBTRKEKE--LHEVBEHOMAEEFE B L VI8 51, LR
BBl 2BEoBFosERREZEA R VE, BEHNBKENTER VDT
Hbo LEL THE->-TREPLPHSONBKRE, sk FRoZEEZHAMS L
LEBIPDEVSLLIOREELT. KE-HHMOLFE2EA S LEBHLET,
ZDORZEDORPDHFCECHNBERSS - THELBELZ S DEEXBZDTH 5,
EhoBBRLI-TREDAFBRELEASINBZ LI BAYOREIZLDVT S,

3
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BILHBOZZHFIFHCFERL Z20TH 5,
BEEBBOERET I E. EVOEBHTODVLWTEBP I FMEARZLEREN
MavX{AwWSsh3, L»PL. EVEEBZOLICERLTHEBEZIHELT
WREEZTVWEIDbUTEHARVL, THPEE - ABRLECEENRERI S D,
ZHhie R LTHRBRPBAER, DEOLVHTHZAKICESEZ LI ER
FOHMEGEBE-TERLEZELTVWBERE TR,

§2 1FE4£EWOMIEDI A4 Ivy BEMGEHEOSFAF I 57 2

YR, BAXERICE->THBALAYHEZ, BEPR-ZX - - RBEREOBER
SELEBORELEMET 2, FACRSIETIITURE - EHORY Va—n
ALbOo@YBEBTLTCVEN, ThEFQWEDELIRBETCHALRNR OS5 1?2

CITR., 1FAEREEODVWTEITAL I, HEMNBZ OB, BEBF LS
RFELTCELZEMAL. To®R, XEEREZ LA SKRBERKREL T, Rici3EE®
PEEEODUTETFEKR T, LAROEER., EOR - RUEEALAKRBEOY A4
XEEDBIRMAT S, DEVWST, WHOFEFTHXRBREOKEEI L DET TH.
zhoRAEBFHHoKbDICREDbDhTLES, HORBFX2MEZ LD, TEEHKD
CCHEROEIBTFESIHNIBILV-LEMORBRLIPRERRES T 3
CENTED, EARREI->THALYEZAET 20k, ¥MEH LXBREK
ELoMiT, TLEHOEXBREOH T, EDXINRFY Pa—VTHETSOD
BRI D D M2

ESRIITR, RAREZETORBEREOF A X2, M EBWx, EHMTHx& D
EMTRLTHA S, tETCRAINAEREEY (PRELZLABELHERTZ) O
BEEZy(1)ET %, EEKREVEZIIIEVHELSET 2RI, —RICIE
Mltic k- TEILT 2, SMOREBLCEREH I

dx;/dt = uy (t)g(xq, x2) (2.1a)
dxp/dt = up(t)g(xq.x2) (2.1b)
dy/dt = ug(t)g(xy, x2) (2.1¢)

LB, ST, HitAKEREg(x;, X)) EEKRTELYE»SHRICX 21K
AELFIVWEMEEKRDO 1B 0EET, M E#x, LM THx & & b i2IEmM
Lfafid 3 &5 BBE¥ELT

4
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g(xq1,x2) = 1/{a/Lx;® + c¢/Wxp9} (2.2)
%®ATH X D (Ivasa and Roughgarden, 1984), T I T. L3I LW CcoOX DM
. WRBETEOAKEBERYT XARKLI-THHEEZAEET AL RETTD O,
EVPOHREEXENOSRVWIIKLEBLTIARBEARET 2, 25 LA EER
W EHOY A XELEBIHERT %2, —HTHRRBKSPEREBEFOMVASOH &
LTVWESB., bLIBOBENRTRLEKDPOBEEMA 3D ICEDORAY
ALoh, BHTH2CBLARMBIZLRCBI2DTHRAREENE S 3,

oT, RKEBMTHEH DI LL-AXAKREEERET 3 D IT®RI 20
HEBHBRORBR LD IBBEFIREBEASOCATVWAERTCELPRESC D, EEHEHH
DEITRYEMNBE LI - TEDPLINTVWEET S, 3FTSTTORERY Va—
WVIBEZOND, oA TFTVWKSH»OREKIETCHLOEPLRELTIRK
KEEZ2F 2 LD, XEBVEEZKRRESIETCHroRBIEREE2ITY. dLRERE
— FORTHRBERELEMBEBRELEI IR ETH S, CNOORERY Y
a — ik, ﬂﬁ’}z%ziu;ﬂ’&fﬁf:L,O_S_u;(t)él@ﬁ'C"%{‘Z'.%Cc‘:lcckof%ﬁ

TBHIENTESE, TR, 1EZ2BLTCOEMEBEHOLBERARICT IR OLYE
DEHVWHKEBBRIEOL IR EDOTH A IMN?
¢ = y(T) —> KX (2.3)

oL EEERIAT 2L, FHBROBREEZH VW TIHS I LENTE B,
BEHEEKERA Y Va— ik, REWOFIECRIXRBERECMLUCEMEH 2TH .
rE ARttt TEEKE~NERXRAI v F L, ZOHLETRAEAGKREYOIT XTEIE
PEBEOEHBMEH LA VI DTH S, COIIUTRBRELSEHERE~D
HHERZ 24 v 73, EBROEMTEICROSNSE bDTH %,

ST, CO¥MBAKLOBRE I A I v I RBRERLE-TELASN S, - XEE
M- KRBEOERP+H BSOS IZAENLBRE TR, £FHMo» T EL &
TEAEOIVRI TRERRKBEEELZR D OVBPENTH S, FRBULKKRPERE
HEOARAET 2 BB CRAEEESBEVOTCREVHBCERMKRECASILEN S
5, CHhOoDFRARHFATCEEING s —ViRbECAE->TW 3,

tRok > BEXASNEHHBEBLBEI. Ky i)+ —FroBRKFEEEZHA
WTRDEIBRFETHIENTES, TITHAFERQ.DOIER B L
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TI>OWBMER A ()& A xe (), Ay (D) ZHEtOBEBLLTERX 2, b2
HOwTAInv b7 IR0 IBEKEEE T 4,

H(x1, %2, ¥, A x1. A xzo A gou) = [ug () A cqtua(t) A xr+ua(t) 2 ,Jg(x1, x2)
chik, QDTEALSHIZEHKOWMEE I, HET 33 >0@BHEKEH»IT T
MAbDTH b, HHERBIROMOYTERNTH 5,

dA x1/dt = -8 H/B x4, dA xo/dt = -8 H/B x2 (2.4a)

da,/dt = -3H/By = 0 | (2. 4b)
CCTRBABMFOERCHIER B LUHHERuE I RTED THS T2 b
DTHb, TLTEDLDVOHINILBIZENBROLIIRE RSN %,

Ax1(T) = 0, Ax2(T) =0, 24(T) =1 (2.5)
CHho2BOVWTHESWAHBWEROEZAH VI &, HYORBEBRE (1), »
INP2T Y (QNDEEABTHBEOZAZTMHOBARITRAKT S SDIRE-T
W B, |

H(x1, X2, ¥, A x1, Ax2, Ay, u") 2 H(x1, X2, ¥, A x1, A x2, Ay, u) (2.6)

DEoBMBE»POBRBIRERAYY P2 - NVERDBIEBTEZOEN, COFHE
ODEHBHURERLSDVWTHBELTAL I TFRBEBEYAIXOBRAMBE W
CEEERD, bR ERBVTRARELTVAEM I >VWT, AFHH O R
TOBRITHEROXRBREY A X (BEFNECREOHRBK) x, ()b TFLHEX
LAcLMBET S, ¢HLHYR. oL eh oA BHYHoRDbLDETORM., b &
DIV OB OXAEREEEZB I LBTES, IH3LTHLINIRBOXE
REDR., XEFEOREPCEMEEH b T, RENICB2HBORMES
DHEBIEHRKIBII LIRS, BAltcBLTREINW AL ERY A XOBGRE
OHRBEENILGILoTHHMBEAHIOHEREZ, MMERY 1 Xx, (1)DORRLE
BUIBAMMB LRI LR BE, EREVEEA (OB ELERLTWVWSOD
Thbdo BAMMBPIEItLEEIEBLT 2, EWVWHIDd, KEREOHARKBEL L
RtHPHIRZBE AFHMHOKRDLVTETOBMBMRELSRZ2OT, TOHEMN
LT 0o THb, (2.4)ARBRXKEBERBEY A XORAMEMR 1 ()& A (1)
BLLTOWKBTFE2RIMAFERNTHD, B 20 BMRcbELITVTH
s TEsd, REBERFHOKDVLRIB TS NEZDOT., TORAM
HREEXGFE QDD EI>CBRERRREa T %,

6
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IR L T, FEHRIVWIFNOBATREATHFEBEB s cFELIFE
T50C, ¥MEHORRMEI >V TREIA,(D=IBRDILD, KEREOD
RAMELDBEBCBDO L, KEEHOMFAMHEBEL , ¥ —FR2DOTIHSDKRND
BhorEBRt, TALED 3 LR B,

BHEBKREAYy Va—-—Vi2b oM. BHACAEESHQZ2AXAAKREYER., &5
ENOHREBRARELTILIICERENES T EIRNEREZZ SN B, s,
FIRLBAFEEQOOBEKRT ELIATHD, tWWH>Db1HiAESLLELES
REVEu I EVWI I HECTHEBERCRISI 2 EThE. FHEAH S ~OREN
DRI EAFNCBRBEEB I TCNA LA bOERD, THABNI V=T v (2
EDLTH DI, RBERERLEMEH CALE~OMRILELS LR SE. B
ELTRIRTOEMEZLIVDHEREOE Y, T RHLERAMEOR E WEH LI i
ATH2OBENTHD. TDLD;, TEEREDPSEHMREA~NE T - LYY
MbdDTH %,

BlEHTHIEMI. ZLOHYMEE->T. OV TCHIOAETEHRE2EI L
BTERWV, TOhbbhic, £BEVCPEEZRBICL-TRKEKERASZLICE
> THBIBT 5, ChidaB (plasticity) EME N3, oA, MMWEECTS
Dict+RcKkEPLE L, BEOEREMEBILKBESCEKZ P, RIESFCAT
Bhedv, Hic, XBREHELPKSGSLAEZLES BB cR, M LHEIEHL
B THRBELEFCTCLED S, £/, BT 275 LRoKENIEE - T EHY
A ZHBFTEPCEEL. BERETILHMEROMESBEIZ SN THTHRME
Bt 2, LTOEFVEBPF ST B2IEILE-T, MYHBZTORIBILBIZHREY
A ZXDOBIBKHIE NS VREREIETEILOLIICKRETEIHTE. EHKY %
BRAETAIRBAY Va—-—NVOHBEELTERS I EHNTE S (Ivasa and
Roughgarden, 1984)

§3 ZHEAHEVORARKE T BHELFROPL—-F T

B HFBERFHOKRDLOIIR, EMCAHVIRNEYHDO -HEFO L > RITFH
BELCEANE, TLEAVIREEORYVMCEREOXRERBELEMT 5 C
LB TED, COIIRNEEAOEFRIELEDSIODRRERTEDEIREHD L
EFMIBZ20RAS»? EHMEHKE T 20RMEENRVOLAL I N? D&
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HSBRBMOVWIRZEILSNE EIINBWEFNVEEZTH L S (Ivasa and Cohen, 1989),
Y REEECT, BEOABFHOKRDLDIELRIAEGKRBELRTShZ bDLE
T 5, BEREOAAGRKRBELXAER LU ZOREIEx (DEBSDT, WEY
BEtEF CREREHCAVSLAELLIDODDODEZEDLETCHBREF U ZE O A X%
yi(t)&d 2, EHFERRAFI(i=1,2,..)TC. FEFENTOHRESGEEKt(0=
t=T)TXB T 5, EAKTEHELYHOx &y ~DHER(2.1D)DXS>RAic & -
TR TE208, FRHEOVMELE - TEENBEONEZ I LEEERBEREINS
B, BEHMOB LD ICRBESBRVD T (0)=0TH %, WEBLOWMPH 1 X
yi ()i, FiIEEORDLVIEBIIEEEI A Xy, (DS HHEIRER . EEL
S5lwt, WEYHE (FREVEHOS BREECRNTE2R50EE) v 2h 1
DL DT,
yi(0)=7 (yi-1(T)-Ri-1) (3.1)
ERB, EEBREBRBISR, sy MEFHLLTWE, T, BEE2REMTIHAF
B EBRMB S Ddx;/dt=ax;tbhy Vo RAERRALAYEHRIBINTERWEEZEZT
dx;/dt20, B4 41 XBRACRBTSBVOTYy,; 20, BEDEHHNLD 3, Y
EEOEEAXABULCOEREHRI. 1Eb-v0hBEREPET S L&
¢ =§3W;————9%k (3.2)

THH2HW., ChEBRALTIIIRREERNORERY YVa—nu ()BLUVFEE
MoNER ZHRDIMEZEZEZL TS 5,

COBRBIALBMBR2Z O DZRF vy TRSTTHERLIEBTES, F1RXF 7R
EEHBOPORERY Va—nu, (D2RBILTI2HETH 2, Chid. BIO
HFBREYA Xy (DBEZohib0E LTREDYA Xy (DERKAKIT M HE
LREILTH B, VIDH, y(MRZODEDEMEBEHLREE~OHBES XA
bBLELOEN, ZhRIBEROEEREMRILEETEE3D5TH S, #BE
YA XPREEFCELARERNEZHCI-THBICRIZTAE b, HifioIFEH
DAY Pa—NVERBRBRBAEBRE-THRERDZLENBTE S, COXIR
BBAY a2a—VTHEBEHRBLBULWIHFBERSI A Xy (DERVIOY 4 Xy, (
OB ELTERLT, ¢ (yi(0))EHFE S,

B2R7 9y T THL2EBEBEBROBRARER. TOFOEHE L REEUR T

§
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ODHEBLEDPFLVL—-FF7 (HEKMR) 2FBATRDEZIENTED, COBBER
BEANECREARAOBRYICORT2BRAOEF 2 EETIHEYOBMBEN. D)EFL
Thbd, HERLBLAYWHOBRI I L L bic, FRICBON 3 HERMRIIE &I
Ke¥20hEd, BoBBIBNBI3LELHEVWRBIR T2 bic, HAEAARER A
ERY A X CEALTRBIARV, 20, BBEYVHOREAILE & 0B& .
e NEAKcE2, ChedlLTzoFo> b0 EMEHCH--YHEE
B, oA LTHEEE~AFSF T 2, cho220fToRALIER. &
KRRz (1. 2D)EFLT. BHEVMIPISE2I A XICETEIITREIRTAEEE BT
LR B, THREARRBOBEERL TV, REORILERY 1 XE2HAT
XEXKVMESEONI L, ZOBANLALIE2ZOEOEHMICH VWS I Ll 3,

fefl, BFCELAAYVEOR LEMRYELOBELRD 2 iz, BHE
BE (FA4FI 927053 07) REoTRDODEICHEST B IEBHBET
» 5bo

IFHOABHHEy, (DOYWHZ b 2HlYIKOPDVT, HhiETodbWwWEICK
LY?Z2EEMEBHOLE (FisherDEMMEWI)EELZ L. ChBy, (DT OM
HiIcR-s-TWBIRTTH %,

VIyi(T)] = max (R; + pRi+ p?Ri.2 + ...) (3.3)

CICTnaxB3 TNURIEKETREZRSFTIEZRLTV S, CHEROEBR
FELZENUBORY Pa—LOBRBRFRSIT 3 &,

= max {Ri + p max(R;+; + pRi+2 +...)}
0=R; <y, (T)

= max {R; + p Vliy,+1(T)1}

0=R; =

vi
LB, TRk, REERREOYy 1 (MMPRYITOMEOBEKELTY (yi.1(0)) &
£FE3hasalEeEB NHDAELEHAEDLE B L.

VIyi (T)] = max {R; + p VI¢ (7 (yi (T)-Ri))1}, (3.4)
0=R;i =y (T

BROoNE, CORXNTR, MAEFE—-DRMEHBVIyIBERNL TV B, COHEE

Vvl kv ohhid, 2hhroBEEMRER ZRET 2 ENTE D, T
B3, pd (7)) y2BRRKICT2y0fizy LB LT BE. BRBRXY Va2 —n
TR, y(MDOOI2by 2 BALH KT EZEWICIRET S5 SDTdH 5 (lvasa and Co
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hen, 1989; Pugliese, 1988),

0, yi(T)Ky* D & &
{ yi(T)-y* yi(T) y o & &
VHETH B E BEBMicbe - TEBEFEKEL, y(MBy Z@AL L &R
BUDTHBEBEID, TORRBEBEVRLTCERMITZLEVWIZEADEEENER
BATY Va—NVThHBI ENDLM B,

ST, FMAEEEPHFREPO e 2B REVEGICE, yRED L > T, 15
HOBRDODOVDEREFECRMOIBRITRLINRTEZEHCFE 1 FAEARXOEES B
BR LD, COEIIR, VWERRALEFVREDIIBUBE TCEHEESLLR
1 EAPLEE LVWODLIRERL S I EBTE B,

ETCULOEFAVRIFLALBELOELELNEFI LWL E2ERT I LDOTSH
SteM. FoKRBAAHERBLTOSEZALS I ENTE 32, BEHOBASLS
FAEBERCR, FEBPOIKNMBIRRBEALEDEZFORAL —FRESI AT
E. TR LBEHMIDLDE->-TEBELODSUHZIERBE I A TEVWI 72/ 89—
(FHiE) ORBIBH 2, " HMICEBEFBOYHPOXKECH - KE-HEHFLRL
I 2BELZHFECZULIBM TCRIBREEY, BEKIZETR-—FRENR S
hMBEELDRTWVWS, COIINREORMAITIBMHBEAL TS, LEoREKE
2 Ca—NVEFNVNERHWTCHEWNST S ENTE 5 (Ivasa and Cohen, 1989),

R; = (3.5)

§4 ZEHITI2HRETCORERTY Va—n

EYoAEETA2RER. REMNWICKECEHL, ZHNRLIALAE—-TH 5, %
DRPBEOEACEFCLIEVCHETE 2 BERNE(RBEETS 50 %
BE 1T FELEELROBGIIRB, APKSGBEBTHES > THAEREELFG VIR
BTRWO T THEZEMLOD DU AEEGKRBELZREST B IEHNEFLVOK
HLT. BESABRLBS h oERMABOILEND L LEBR N, LL
EYMOAEBTRECBILIERLVAVEIEHNIEOZ/RMNIZCOARECEHL T 3,
MY PBICHRBREE2T 2D, BEEFCoRBEEH 2L TR LR
AHE L. TOIATREEZTILEN S S, HEAEHVOREBERE Y 1 X x(
t) A8

dx/dt = (1-u(t))a(t)x/(1+hx) (4.1)

[0
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K-> TEITZEL. ERVAANVaA()DPBEEDOHEDORITY + v 755846, b
LARIEHBETIS2(BERODVT, KEKLREEO FHHE

T
¢ = E[jou(t){a(t)x/(1+hx)}dt] - B K (4.2)

ERALTAIRENS -~ VY2HNFAEBECOLITVWTHBIT T A2 LN TE 3, B
BOKE /s —vTiR, BEODER VA va()BFEVWE LIRS REVHENES
AEEPSEZ2OTRKEREZSSLHKET. a(PBVRSBES DS EHEHBD 3
RE, REORBRBOBRMBUVARIVEB L TKRERY Y2 - VvEZEILDE3HDTH
2, ChREYVOTNEBHOBIENERERT LEALON S, L LEBEOLEHMN
HEICAULZBEICR, BEO v ARV bOo S, EHERLVLAVITEL > THR
FOBATCEMEMBETILVIBEENRRER Y Va— VB RBEBRTSD %,

Grime(197T) BBV OEFEE 2 HEUMAL T, KEPHAZTRLOBE I X » T
DM BBREINALTELCRBIKET 2L 0D BETW B (ruderal), X - K&
HEH - BB RBLE0BERZEZD - THBIcB & > &9 2 BAET (competitive) i
i, BEEMMEER (stress tolerant) 2B LA, THhiZ., KLPXBERIED
BRBEENCLORISBREZRERCESPBRLVERBCEILT 2L . REEEN
BOTEBVLEWBEHUTH I, ERFHETTCERREERY TS RIEE5 X
LER, BAUHEYRBRELLDERIDLTCHEBHIELEMLEBREZ T 30D,
BEEMERBY RIS LW (Grine et al., 1986), ZHBIEIC B 2 BRAK
E2ZXA2L, HUPZOLERBASCAILERVAVERBIAEZET S LR
LT LOBBEHTRAV, EWVWHDb, SOFBVAVBFELTH, ThhT<
KbEDoBEVLvricd R ETnE, BEXEMTIADICE-CYEHPBEK I
BoTLEIDPLOTH S, WA Z2e, BEEAMENEYRIEETNCBVEE
KBIELTWA LR TEBHN o, ERHNCE IS LFEREBER
BELEWDTH %,

ZoEP R, HARKPEHCEEZAbh AR, ITOHAOEBYWHEHE M -
TAEGKRBELXOE T AILENTESE, COXHik, WoRBVHEHM»PBZ LA N
KVicHLTHASIREFBRYEORIL VW T b, BN EEEH VTR L
BT E B,

/1
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§5 Z0fh

ORI, bHrEAKICLE - THRENREHS, thoflkoEFHick > T® <
FEINBELEND .

EHAEMTIEY TR, BOoRBTR2EET AL VIME L TOEEEL, B2
e, EEOBLAEZRT 2RI TETALD2K2BFOREERS
EWVWIELTOREE NS 3, HEOCHURBIERAP O L->-TERSE
hd, 0o, AECEicsrhrhicEET 300, 1 HESTHH % TS M
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