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Abstract

The Law of density dependent effect in population dynamics is the central
problem in ecological researches. First principle derivation is the method for
deriving the law of population dynamics. In this paper, we discuss the appli-
cability of first principle derivation and derive another model. After reviewing
successful examples, we extend individual based first principle derivation by
Royama and discuss the extendability. For renewd model, we use unimodal
interaction functions derived from economic phenomena. By this function, we
can derive Holling’s Type III model. We enable not only to derive renewed
model but also to discuss time evolution inclusively through bifurcation anal-
ysis. After all, we make a point that it is important to call into account
economical clustering and relations with neighbors when we discuss the first
principle derivation.

B X

1 Introduction: reproduction

1.1

1.2

1.3

First principle derivation on individual-based framework . . . .. ... ... ........
1.1.1 Exasmple of first principle derivation 1: Rickermodel . . . . . . .. .. ... .. ..
1.1.2  Example of first principle derivation 2: Skellammodel . . ... ...........
Site-based framework . . . . . . . L e e e e
1.2.1 Example: Ricker model derived by site-based framework . . . . ... ... .....
1.2.2 Example: Skellam model derived by site-based framework . . . ... ........
1.2.3 Example: Hassell model derived by site-based framework ... ...........
1.24 Example: Generalized competition model derived by site-based framework . . . . .
1.2.5 Example: ramp model derived by site-based framework .. .............
1.2.6 Example: Beverton-Holt model derived by site-based framework ... ... .. ..
Contentsof this paper . . . . . . . . . . . i ittt e e e e e e

2 Reconsideration of first principle derivation from economic behavior

2.1
2.2

Reconsideration of placement . . . . . . . . . . .. ... e e e e e e
Reconsideration of interaction . . . . . . . . . . .. ... e e e e
22,1 Ecomomyofscale . . . .. . . . . .. . . ... e e e,
222 Shareof revenUEs . . . . . . . . v i v i i e e e e e e e e e e e e e e

3 Limitation of first principle derivation

3.1

Tent model and its modification . . . . . . . . . . . ... e e

4 Numerical derivation of f(a;) in case of unimodal interaction function

5 Dynamics of population

5.1

5.2

Bifurcation analysis and classificationofmap . .. ... ........ ... .. ......
511 Incaseof f(a;) fromsigmoid . .. ... ... ... ... ... ... iu.o...
5.1.2 Incaseof f(a;) frommodifiedtent . . . . . ... ... ................
Stability analysis of fixed point a; =0 . . . .. .. ... .. ... .. . .. ...
5.2.1 Fixed point in f(a;) fromsigmoid . ... ... ... ... ... ... ........

5.2.2 Fixed point in f(a;) from modifiedtent . .. ... .. ... ...... e

6 Conclusion and future works

60



61

1 Introduction: reproduction
EVDBEESA T IR

At41 = f(at) ' (1)

ZOWTIE, IDPACHERBEDONTE, o, L3, HEIRFALIZBIT2HEHTHS.
ENUC LT, ROBAt + 1 ILB T 2BEBBREZINDLEZIZDDTH S, i,
B Y 7NV —RBROBYMFHEGEESETF L TH S, &< 13, Malthus DAQRIC
®IT3 TAOR, BAREMCEMT 2 Lw)ERY,

as1 = fla) :=ray / (2

EEELTWA, 22T, rRAORRERBTIERTH S, 0 (EY) HFEAOR
ELT,

a; =rlag (3

BROND, a IZFHET, BHOICBIIZAOTH S, r>12EI UL, ADIZEK
BRZAICHIMT B Z b3, L L, Aid 2 BE: CIIEREENIcEmT 3%
DD, THEREEIZ, BENEENICHMNT 3, HiFE2S, UTRBRESRISGE TR
2h, BEEEENLAORBRWZI ATV ichs, COANABESR YT Y
5 ANOBBRAORRICADHRZEZZ L VI LRZUXTF 4y 7R (Logistic
effect) &\39, FNEEFNLL =D,

ae1 = f(ar) := ray(1 — a;/K) 4

THLHLINBZUT AT 4 7B (Logistic map) TH 3., K HRHULEAETH 3. May
(1976)[10] X, T DHMLHAZS, Z2ORL L THELBEEESO Y4 F 2 7 2251
TKBIL2ZAML, £EBEOIFTHA R (chaos) BALNB T L EFMDTHRREL X,
CHICKEE, BEEEBITTLVICOWTIRBAHEINED 54, Ricker € 7L U4
REFNOHIREZNTE S 2, Table 1.],

EBFZIIBIIEEDR, THOLEGMMSFICOVTOELHIZ, KEL DY
onad, DEDIL, HENEBES (scramble competition) &BbHIKEMHS (contest
competition) TdH 3, HEMICIZ, BEHEEEBHOR (1) 23, HEM (unimodal) L% 3
DRHBENTES (scramble competition) , BEFEM & % 2 DHHE LK 2 RWS (contest
competition) T&H 5. EMENWEIROFEMIZ TEMPERH, 7| R EEZBRLTLSY
ELT, BRACE-TEZABERENTERIEZ, UTOE5R2bDTH 3, HEANKKES
(scramble competition) IZEFHEIHA TELELTL 3L, &L L TORGHEIHS
BRMPMB EEELTE, REOEY, F3IHENEZEILLLOTHE, —F4, B
LR ERIMS (contest competition) i3, AEEIMMA TELL THLBEBDOWR HHT
RERIT, BEREEIBIBRIZRL, BROBEE~IERT 2, $4bb, KHFH
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D7 —LD &k )iz, Bonl-BEEORE K> THERBSBTLA LI T, FREDHE
D, ¥ LKEEEZIDDTH S,

oI, CDEYMOBEES A F I/ A%ER T2 (1) OB, EFgMmeLis
B b K & BUBES (contest competition) X2V >Tid, Holling (1959a) [5]ic&k 3% 4 7
JPRBELT, ) E{EBTES, Holling ik 3% 5, 6] 13, BAE-—HAEREHER
(prey-predator interaction) IZET, BEERIWML 7L SICHBENED LS LK
BERTHL LS, BEBMNIEE (functional response) IZ2WTDHDHEH, itk 3
BB ORI, —BROBGBEEBOR (1) IKOWTIELZILNTELINTH S,

Holling iIZ X 3 =222 BHRH A 3 &,

o Typel ik, EHMT ZEHERFOLD,
e Type Il &%, Eizfh (Concave) DREEEROLD,

o TypeIIl &%, BHEEINZIVLE ZIZIZTIIMN (Convex) DB TH 208, K&
& ¥ Bzt (Concave) DEKZER>H D

L5,

L»L, BKFHIC, ERL L TIOEMMBASNATIZVEHDD, FNHEER
TOEDX ) LHEFAC L > TEABINE DD, v BB ITiIconTIE,
VERERBBRETHI LEDRIIESRV, XoT, BROTF—< L LT, EHELLD
HEEAD LB L NOEEHEROEI 2B LLIAEERB I TV ) LE
Z5,

XY 2T, BAORICBIT B 0 R - BRIICOLT, Ao ESHR> S8
BEAS I TR 21T M ARG T 2, Bh%Liz, BERKICOWT, EBH - 4K 8
BRI TE > 7nBE, ZHRS5DBKRIZOVTRT 228 chY, 10T
TIBCEMZZINTW:, LdL, 20EBIFEFTOREINTE ST, BheEny
DX LYENERD LIZR Y M2 TVRBEDONITOVTD, I 7ulBEicoBiznh
TRk, 20HEBCASTRERFOFEMEIOSNTH S, BMARLLTFOEE
VRTIRZMOCDOBERE L THRTEILEIONB LItk ERITAERF-OF
£ L7 ukPEOKEIRIHEHIMEED S, <7 nBaHRTd 5 Ro2AHKMEK
ZEHTZILERATRLEIND, MEHHETH 23, oM HEOBEICHS
TEIL%, ERFOBBBERCOVTHEALILTIHDTH S, BEEKESL VS
w7 akiEilE, BEMBEERL VI S 7uilVLoBFRE»SHHTI LWL
ThH5,

BABERICOVLTERFECREBESR 2D LICERIED SN TE TS, EEHR
i, ARSI VIREROHEERERAZIETDHLIIT, ZOEFY > VI 2 hMEEREIEOK
BROEHLOELOND, oI, BEYHRIIAR, BEIHELS S Iuhi
FFICE>TREENZLDTHY, RIHrOEBEHRL VI I/ uLYB2RRTE S

2Z ZiZ, Holling typel,2,3 DB A MM IZ A/,

323XV i HHANZLORBEE, TNLOMEERL(BBEIRETCHIL, EPDOAICIAVIEN
727, PPRARLBEEMATHS,
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&I, FFICHELZMETH S, LoT, FETREEYROEBETY L /28R LT
Wl Zkich s,

1.1 First principle derivation on individual-based framework

First principle IZ X 2 A#HEEHOR (1) DBHOEZ HIZ, KELZoIZPTon 3,

—2IZ%, flE—RC#Z 3 individual-based framework ', ¥ 95—, HE (&)
DV BB ERX— RIZE X b site-based framework TH 3., 2N S5DEFNALOE LN
i}, T2V _ANTRENTNIBNEBES (scramble competition) & Bid ik E KBS
(contest competition) ICXIET B & HiIcbBbnzdt, BHEhz e okl 1) ¢
LTid, #BHH (scramble competition) &BLHK #R (contest competition) D>
NHTAETHY, K, BLATOLBILRLNREZHDTH 3,

AT, Royama (1992)[12]iC b &-7' ¥, individual-based framework Z#8/+3 3, #
WTREITIE, Brénnstrom & Sumpter (2005)[2] IZ% & T ¥, site-based framework % #8
95, BlaAic, KFLTHRINTSDIZ, I individual-based framework TH 3,

Royama (1992)[12] i3, £VRFADBEHIHENEENRICHELZEZ, ZHNZE2DOEY
DBEBEVA T I 7 AZER T LRI I LHs, BEIHLEEDREL S LicL-BH
A, NI,

at1 = f(at) == a4 Zpkr(k) ()
k=0
EREND, ZIT, p GEFIC kBEECZBEODMHEL, r(k) I3 kBEOBEMERIC
SHEBEELZHOLTEHRTCHS, TORXMBKRTILIAEHNAL LS. B o, B
W5 ELT, ¥DEMEEEH 3 —EDOHAC L 2dt> TR (F@E) Lick@ds. 3
B85 B T—EDERdDFICASTL 2M8EDEE p & LTEA LTS, Likdto
T, REICkEFE:3 &) THERBHOEBEORANIC X > THERNICRESTCSD
DTH%, BEMBEIEH, EEHRIZdOERICAZBERICK>TRESTLB LR
EL, EOHEMEAOKRL LT, 20EED» L LNEITOBEEMTONILELRD S
BBEr(k) £ T3, kBLBEBROUEDETORENEZI SNE LD, 5)DLH LR
I, ROWMRDOMBER o,y PMEREROWFHEL LTREZ LT3,
D& ) REAMUCE-T, BRERA (L2hick-TkE3REOESEK) L, HEE
RBIgRERD B 2 LIz k> T, B4ERNK (1) 2 8H ¥ 2 FH5% First principle derivation
&%, individual-based framework D&% 7§ A2, Royama (1992)[12) $ 3. %
DR ZR1ICBBLTEZ Y,

‘LRz, HEMHR L TOBBHIL e, THE-D, kOREI, OBl bae UTTHoL#ELLNS, L
L, RICBRT X5, MESEMEEICLL20T, Z0FFDETEBVLTEL., Lrl, ERER
KL THMROBL SHHTETLEIRALHIDOT, TOHROMRBOVEDELTELe[0,a,) THR
THEOVIEEZERICANTEITIZCLR L Lk,

5
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1: An illustration of individual-based framework {12, Figure4.2].

1.1.1 Example of first principle derivation 1: Ricker model

Z O First principle derivation #$BZH L 72 & L TiX, Royama (1992)[12] icb & 3 &
9 78, Ricker model 23% %, Zhii,

a = f(0) = acexp(r(l—ai/K) Q
&H5bEND Logistic model (4) & PB4 TH 3 [11). Ricker model I2DV>T First
principle derivation %17 9 213,
o REEMAIL LTRSSV FLRbD
o HEERBEMKE LTI
| r(k) = bc* )
D&%, BEEKLOHERYREELL LD

ZEZET L, BERZI a2 33E, RBICEEE YV 2RERIE, Poisson 94
(R ORERHEEI, T ADE & p(k) = Neexp(=A)/k!) IZL7d3H, BEL{BBAL
X5, H2BHEHEERAL L THEL T 26HIZ, EMdTH205, £BIJIOAR
WKASTK 2BBBEHABILICRS, 2OHEKE s LT3, 2fthe BT 220
WMz ALTHE, EBRLs/AICAZBHBEEZ L LickdD 5, B sa,/A BEIHE
HERICHEBERIZTREGETH 2 Lbh 3, ERIDICEY, Thbb A - oo
TH5H»06, HEERICEET 2HBERLIZ, oBEE2 VYA CRBLTOYRZ S
5, Y sa;/AD Poisson DAEIC L7239 T kich 3, Thbb

i = (sat/A)k e’;})(—sat/A) (8)

6
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ThH 3,

—7, BEHHEEEM r(k) = bk 12V THEZTEZ Y. HEMFAXRSHEIC, 8
AU ORVBEE (k=0TH3) I, r(k=0)=bTH3. 0<c<1%5iZ, i
BRSO EERMI 1A L c 2T OHBIRIC L2 T, (BFEESS L oM
CODMAVRIZBERICLD) FEETHEIEL LTV LI RREEZELITVS,
LRAZ, bbAAc> 1DBELEIOND, ZHIRELFNOEFLEEHTEL D
LY, FNOEH—MICHBET 2TV H B (Royama (1992)[12], Brénnstrém &
Sumpter (2005) [2]). WTHOFED, r(k) IHALBEKTH 3. BIFHO—BORS
2, CDrk) DEBZEDE ) LEFLOOLDD, LVIMTHSBS,

thok, (5) IRALREHT 2L,

fla) = atgw(k)
= a i (say/A)* e;:?(_sat/A)bc"
k=0 !

= bayexp(—sai/A) 3" (csa,‘c{ Af (9)

k=0

E3, TIT, MBEREEMSHEBICHEM T AR

> (LZ.X = exp(m) (10)

ZERE, RO R oABHUTET,
at41 = bayexp(—sa¢/A)exp(csar/A)

ba; exp(—(1 — c)say/A)
= asexp(log(b) — (1 — c)sa;/A)

= agexp [log(b) {1 - %;-)('-1’5‘3}] | 1)
PROND. B#ic, R (1) BRARICET SHEKr = log(b) L BMINAR K = 450 ¢

BEEHANIFS, Ricker model(6) B SN 5, Zhdt, First principle derivation DL
LBt cH 3,

il

1.1.2 Example of first principle derivation 2: Skellam model

Royama(1992)[12] i3, B iKEBBESF (contest competition) DEFNVITHEHINT
VLRV EBRTY 328, Brannstrom & Sumpter (2005) [2] (&, BLH EHHHS (contest
SCOXRBERIDHURMEHSHILTVB®, I CHESLSAICBTLELL,

SOHY : b LIEENHRIE, TOUDHH - Logistic & DINBFIT R L bBETEE L0, BIcEE
LTI\,
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competition) (73X 415 Skellam model HHICEHE XN 5 L LT3, Skellam model
&,

a1 = flag) == K(1 — exp(—ras)) (12)
tH6bIN 3, Logistic model ® Ricker model 7% & I3 B % R TRIM DA HBikE (uni-
modal) Db DTHZDICHL, T, HFMMHOMETH B HANRES. 255
DBIHTIZ, r(k) =25 > T3, 5z £ D Ricker model 31 k EHEDEEHRTH -
7DICNL, kEELVLIBCREATELVIBEL>TWS, LaLl, Wizl T
b, r(k) Xk DEFAFEAIBEBTH I LICEDY 3RV,

BELTHL

o KEMAAME LTIZ7 ¥4 (Thbb, p,id Poisson 37 (8))
o HE/ERBIS L LTI

r(k) = k‘% (13)

AEZDZZLIIRD,
KPR 5) KRALAERT S L,

Gtv1 = Gt i T (k)
k=0

_ X (sar/A)* exp(—-sa/A) b

“ ?:"o k! k+1
& (sa,/A) exp(—sa,/A)

bae ,§, (k+1)!
_ A ® (sa,/A)k+
= bats_at exp(—sa;/A) g;) W
. (sag/A)F+?

A

= bé exp(—sa;/A) {’i (S(ztlc/;;l)k}

_ A o (sae/A)*
= bsexp( sa,/A){kX:% Bl 1} (14)

E2%, II0, EREEZDEMEBICHINMT 24K (10) 25T, R (14) 2EHT
g,

a41 = béexp(—sae/A) {exp(sa;/A) — 1}

= b2 {1 - exp(-s0,/4)} (15)

Tfla) DEABDOH L, BLKEMMS (contest competition) + MNTMS (scramble competition)
DRIGAE T IZ 2T, Introduction D TREJIC scramble & contest ##NT 2 L 2DOBIHICF L H ¥
L.
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PRBOND. B, R(15) ERECHT R r = £ LREFERK = b4 £
BEE#MmINIL, Skellam model (12) 3F o 3,

1.2 Site-based framework

RIBICAT & & 9 283, first principle derivation DRBFITH 3, ths5DEZ
12, BEERMEEER DS individual-based TITHN B LEZ O DEDPS, EWETELS
- NTELHENRFES (scramble competition) D& J RREEZWET S L, J WG
firohns, —4, BHIKEEEES (contest competition) 2DV TIZ, site-based 723RIE
ZPRELTZOHEFALBLTRIL4ENDH 2, Lk SRS (contest competition)
DRBLEFE L 7- B IOV T UL, Brannstrom & Sumpter (2005)[2] 53 L V>, site-based
framework T3, EFEZDDEFN (Ricker model % & TXIZ Skellam model) % ML,
2, Hassell model, ramp model, Beverton-Holt model % &b BHT 2 Z L ITRIHL T
VW3S, ZOHHMEMMEICE LD TEE\, EFLOFEMIC OV TIREEAAE VD8,
A& LT,

aen = fla) =13 qud(k) (16)
k=0

D2 %, Ricikid, Brénnstrdm & Sumpter (2005)[2] & 3Rz 528, nidsite DB, g
i3 k BEFEE T 3 site DB, r(k) I3 kBB 3 site R TOREERAII & 24 EEK
##bH L TV>3, Brinnstrom & Sumpter (2005) [2, Figure 1] Tid, site-based framework
KOWTHARNCRLTHS, 2OMEH2icBRLTBZ ). %, individual-based

B 2: An illustration of site-based framework [2, Figure 1].

DBPAD (5) PH1 2 E LHARS LARIEETE S35,

SOMEBA DB E UM, T4bd L Sumpter DEDMRIL Y Citation TES X\, BIXTEBEL
v,
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T, BIcEHEAZEEDHTHI Y, 9

1.2.1 Example: Ricker model derived by site-based framework

Ricker model (6) {&2V>Tid, 1.1.1/MHIICT, individual-based framework % > CTH
H LTV 7293, Zhidsite-based framework IC X > THHHTEL I LR %),

Z I TiE, g & LT Poisson 3D, £, Ricker model Ti3, REEMAIL LT
B2 LbDREL TR DTHS, R B) DOHRLEAMIEL,

(at/n)* exp(—a./n)

q = o (7)
ThHsbd, TIT s/A=1/nE LTHHEERETWS, 6, ok) & LTR,
b (fk=1),
$(k) = { 0 (otherwise) (18)

25, T, k=1DLEZDAVEIIHBEENTOLNLILDTH S, FLHB L,

e gi: Poisson 44 (17) (Z#id, ADTHDHITBWT, /89X —4% (parameter)
A=1¢tL72bDTH3.)

o ¢(k): (18)
Thbh, Zho® (16) IKRALTHA L.

o = n3aolh) =n 3 {CLESRCR) 4|

k=0 k=0 k!

= nexp(-ay/m 3 { B o1}
k=0

= nexp(—a;/n (at/ n)
~ new(-a/m 3 { &L b}
= nexp(—a;/n) t/ xb
— borexp(-aufn) | (19)
= ayexp(log(b) — a:/n) (20)

ZZT, log(b) =1, n=% L&}, Ricker model(6) HMHTELZ LHthH 3B,
individual-based framework & DEH DBV 2 HRTA S &, WHEEICHT 2 HMEHINE
¥$3772%9.

ST nffi, WHHICOWTIE, 2T Appendix KT B EVIDLHYFLBLET, ARITOBEDSIX
ETEhTwso, 2RIENVAEILSTT,

10
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572 A2, Royama @ individual-based framework iZ 5 17 % reproduction function r(k)
& site-based framework 123} % interection function ¢(k) & 12, r(k) = ¢(k+1)/(k+1)
EV)EEHRDH B L) (2] XoT, 1.21/MTr(k) = bk ELTWRI E25,
¢(k) = kr(k —1) = kb1 3o 3, FL, beblrk)izk> O’C'%aé‘h'th
e, ZITR/ONIGk)IZE>1TEREND, o, ¢0) =
BHTS L,

(21)

(otherwise).

Thh, ThEMH-T, c=0(c—0DERELBLLTH I\ & T, Ricker model
BBONBZILERES,
(17), (21) % (16) RAT 3 &,

mm==nz%am~nz{@m’“““m” mw}

k=0 k!

— nexp(—ay /n)z{(“*/”) kbck-l}

= bnexp(—ai/n) Z { (at/nl))' x k- }

— bnexp(— at/n)“‘z{(“‘/”)) e }

= ba;exp(—a:/n) Z { (arc/ n)k}

= ba;exp(—a¢/n) Z;(I))(aw/ n)

= basexp {(c — 1)a;/n} (22)

E%%, TTT, c=08F5L (19) Ic—EL T, Ricker model (6) @Sz ki
%5,

1.2.2 Example: Skellam model derived by site-based framework

#EV>T, Ricker model & FI#®, individual-based framework T4 M L 7= Skellam model
% site-based framework CHHL TA LS,

Skellam model Iz BY>THE, ¢(k) E LT, k£0DE Xz, bHTEEENTLNS D
DeEXD, ThHbLY,

b (fk>1),
ow={g GE2 29

TH3.
KHETDL,

11
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e qx: Poisson 4370 (17)
o &(k): (23)
THD, hok (16) IRAT S L,

f(at) _ anW(k)—nZ{ at/n) exp( at/n) ¢(k)}

k=0

— nexp —at/n)§=:0 {(“t/") ¢(k)}
= nexp(~ %/")Z{(atzcn) }

k=

= nexp(-az/n){z (at/n)’“ Z (a,/n)" }

= bnexp(—a:/n) {exp(at/n) - 1/0'}
= bn{l —exp(—as/n)} . (29)

IIZT, bn=K,n=212t8BFE, (24) i3 Skellam model(12) NE EHTE S Z L %D
»3.

1.2.3 Example: Hassell model derived by site-based framework.

Z 26 1%, individual-based framework TIZEH T E L d> o723, site-based framework
CE o THHTREIC >3 D2BPRLTWE S,
¥ 312, Hassell model 233, Z2hi3,

k1at
(1 + kzat)c

THobIAN3, T, HENTIHS (scramble competition) & b Kk 2 KIS (contest
competition) Z#E—F BHEFIN L L TRHEEI TV 4],
ZhEEHT 3,

o g & LT, AD_HLMHERES, Thbb,
M T+ (af/n)

ate1 = f(ay) := (25)

. *ZTOTE+1) O+ ai/n)F (26)
THB. T, T(\) kg, oMK
() = [~ ete-tat @

DI ETHB, (T2, BEOHBIINET 3.)

12
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o ¢(k): (18).
tnbE, (16)ICRAT S L,

fa) = n3 ab(k)

k=0

X M T(k+X)  (a/n)F

= "L TR D) Ot ey ®)
LM T+ (a/n)*

""gﬁunu+nu+%mw4

M T(A+1)  (a/n)

"TO) L@ (r+ a/n)
A FA+1) ay

') T (A+ay/n)+?

—_ A'\+1 at b

(A + a;/n)21

A A+l
- bat (/\ + at/n)

bat

= — (28)
. (1 + ﬂ—lf\at)

B/OND, ZIT, b=k, L =k, A+1=c tBITIE, Hassell model (25) HMHT

B2 Lbd s,

C Z°T, Hassell model 23N BIHES (scramble competition) & BH K % KIS (con-
test competition) ZEIBEANCHBHT ZEF N 52 LICHERE L TE ¥7:\>, Hassell model
DB g & LTROZHEGHEE S T cdt, 2O (26) IKEVWT A - oo DR
ZE27:b DB, Poisson DD TIH -7, Hassell model DB D, 1.2.1 Jlid Ricker
model DB & DEREIZ, ¢ DDHERDOATH 205, BH XN Hassell model (25)
BT, A — oo DIER%E L 1L, Ricker model (6) IZ—¥ T 33 C¢hH5, KB (28)
ZAEEL,

bat

fla)) = W
ba,
- o~ (29)

(32 (428

An
L, Aol 8L, (1+3%) - 1EMRTB L, ARHC 2 o oo 895 (14 42)%
e LPRT 3, LihoT, (29) i3,
bas

flae) = e = ba, exp(—a:/n) (30)
EWRL, Ricker model (6) IX—H$ 3 Z Lathbh» 3,

13
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1.2.4 Example: Generalized competition model derived by site-based frame-
work

#i\>T, 1.2.3 /M0 Hassell model FIfR, HENEIFES (scramble competition) & B
H ik % BIGE4% (contest competition) % EIEMICHIBET 3 EF N & LT, Brinnstrém &
Sumpter (2005) [2] TREE N T3

exp(has/n) — 1
b (31)

a1 = f(ar) := bnexp(—at/n)

*WHT 5,
CDPHTIZ,

o gi: Poisson 274 (17)
o (k) RATEDLENZHD

bhk-1  (if k > 1),
o ={ g GE2D )
ZFH, IZT 0<h<1TH3, ThdHk, (16)IRATBLE,
) = nEa(k) = nexpl-a/m 3= { LL x o)
= nexp(—ai/n) Z {(at/n) bh*-1 }
(hat/n)*
= bnexp( a’t/n)h kz—: { k! }
— bnexp(—a /n)exp(ha;)’/n) -1
(33)
tRbh, 31)n@Bonr,
1.2.5 Example: ramp model derived by site-based framework
V2T, ramp model 2 W T3, Z2Z, UTORTRDLENS [2).
o bat (lf 0 <ap < n),
f(a) '—{ nb  (otherwise). (34)

iz,

14
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L] qk ‘i, m_F@i:clo.

1 —ay/n+a/n] k=[a/n],
@ =\ at/n — [a:/n] if k=[a/n]+1, (35)
0 otherwise.

o $(k): k#0DLEI, bEIHEEINTOLNL LD, (23) TH 3.
IhoE, (16) KRAT S L,

fa) = a3 ad(k)
k=0

_ { S (cajnt @B+ T (at/n—[at/nlw(k)} (36)

k=[a¢/n] =[a¢/n]+1

PBOND, ZIT, 0<a<nitZhBANDLECHADLIET S,
(8)0<a<nDLE, [a/n]=0TH3H5, (36) BHUTD XS i%3,
@) = n{ - am) o)+ X a/n) 60|
k=0 k=1
= n{Z(l-at/n)0+Z(at/n)b}
k=0 k=1

= ba. (37)
b)n<a, DEE. [a/n]>0THB55, (36) RUTOLI kS,

flay) = n{ Z (1—a/n+ [a:/n]) b+ Z (a,t/n-—[ac/n])b}

k=[a¢/n) k=[as/n}+1
= n{(l - a/n+[ar/n]) + (ae/n — [as/n])} b
= nb. (38)

(37), (38) X ¥ % bbb, ramp model (34) #XbH L TEY, first principle iZ & > THH
TERLILL S,

1.2.6 Example: Beverton-Holt model derived by site-based framework
#¥2\>T, Beverton-Holt model # W3 2. Beverton-Holt model & i,

kia;

39
1+ knat ( )

a1 = f(ar) =

TRbLINSD,
hiz,
WERLECTY, bbb ETH?

15
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o g BMADMH (ADZHAHICBWTNTI A —F (parameter) A =1,BWVDH
D) 2FEH. Thbb,

M T(k+2)  (a/n)*

® = ITOVT*+D) O+ a/n) |,
N 760 i = (at/n)*(1 + a,/n)~F+V (40)
(1 4+ a;/n)k+? t
Th5.
o ¢(k): (23).

thok, (16) KRATSE,

fla) = n3 qd(k)=n kf: {(@e/m)(1 + ae/n) =5+ x g(k)}
=0

k=0

- m1+mﬁﬂ”;;{(1fZ%JkXb}

— -1 a/n ac/n B
= n(l+a;/n) bx1+at/n (1—1+tat/n)

as/n
1+a/n
ba,t
1+a;/n

BR_OND, TIT, b=k, 1/n=k EEB{ &, Beverton-Holt model (42) 2B S5 3,
LA, Brinnstrom & Sumpter (2005) [2] 121, qr & L TEMAOH (40) 2EEM
DT, ADZTHDA (26) 2fi-T,

(41)

A
aeer = far) = bm (1 - (—A-—;Z—/,—,)T) (42)

ZRH L7 LT, BBRIZ/NTF X —% (parameter) A =1L BWVT, (42) iKE->TW3,

11

1.3 Contents of this paper

BUB ¥ T, first principle derivation DBIIHI%, individual-based framework & site-
based framework D HIZ OV TAHATE S, REH» 512, individual-based framework D
BHATE IS TOREIAEI ZBRT I L2RAS, 20RAICL-T, BERNIC
individual-based framework DBRZ bRT I Ltk 3,

NERIZDWTH, BLABHTEERATL, #HEARE (B, 20M) 2 THASTEHLTY
(T enELalgeTl & 5.

16
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FHHTI, first principle derivation I2-2v>T, Royama (1992) @ individual-based frame-
work DHFTDIEFREIT) T LBXL Vv F—=2Thh, BEREIBUTOXHIck 2, HE
DITEHIFO9H 505, 2ETIE, RTMETRERINT I b o HEEAES Y E
A%, VT, 3ETI, 2ETORRALEE X, individual-based framework T first
principle derivation DRRFICOWTCHERT 2. 4ETRR, 2B CHT EAH-LHEEER
Ba¥z > C, FARMHRROEFVEHHTS, ThETHEMLTEL &) REFT
KT, EFVOEENAL VT, BEEICLYD XS ARMREY 4 F I 2 294U 3503
BEALBRINTETORVDT, 5ETRFALLEFLOEDSAFI 2 A28~
ICHRWT S,

2 Reconsideration of first principle derivation from
economic behavior

BA 2, EHORBEEGHOBREHS - BEOMEICOEATES LIRS LY
BEETHI LA\, BABIICIE, EEDHHOY 1 XP2 DML 2% B
T 5D, ERICSIBDEE2EZL 24 061E, ZALLOHMBERLL T HE -8
BzH3, LwHZtichkahbliny, bR, GETHOME LTI, 58, T
B, [HLLMEA A—C LT o#MbR, BENMLE L TR, EROKERDERK
MEEATHZ LR, DHREBREL LTSN IO, BIETIEAL FEXLY
AP LIENDALEZRNRE UEENERL T3, 22Tk, A4 FEENHT-
TRBDOEDVI IART, B ZAKRIIEDLOG XL FEEIEL S L5 HM
DEF DRI TN T2 HEIRITH 312,

TR, FDXIBBREZZNITLIVH?2UTOL ) ICEH XN S,

1. BEQHEE2S VLTI TS,
2. pp ERBIIREX 3,

3. r(k): EEYREHRALEKTETE (BAIE, Bl (unimodality) 2 & DBIMK
2¥E).

4. TS X OLREIFA r(k) EFBICAZBGHRTIIR T, EEMOERS L < 3E&
POoEXTFBMOBELRIEBIC L >TEZ 21,

first principle derivation {3, & 2R DOMEEZEMKICEEEL, 20 L0, BEL LD
RE L DHEEEA»SHMAEREE L, 2hi 26N LE&DYE 3 2 L TRIEROMEK
ZFPHATHHLDOTH B,

R oXEiZ, WEISEI~ELE L,
BIZDPALFPRANE DL S k1 L7, Open problem & LTAMT AT LicLELE.

17
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2.1 Reconsideration of placement

BEODHEDOZRFICOVTIE, FTIVFARREEBTZ LWL L oBDONT
Wiz, LdL, Fy¥aR2irtikl, RUNGEBPEIWLERE L &M o »0R A%
PR-OTV2ESIEIONS, FUYLAREBLEEAKR, REOEEEEZEIS L
Poisson 376127 5 Z L I3KIC BT, Eh L&) 2REDBEIIZ, RECEGK
BWA LTSI LICHET AHDE LTI, Brannstrom & Sumpter (2005) [2] THIRE
EhTws i, BOEHSK

M T(k+A)  (a/n)*
PEZTONT(k+1) (0 + ag/n)Fo>

REILRENREBEIOND, b, 1.TH5,

CORIC2.EHBELLY. ThIFTRALTEAATHE TR, HRZECREERTY, 2
DEEIW, AOMRUZETIZDHEL TOid, EVIHTRBRRBRLTEI LV EEZEZT
Wi, EYTnd L, HROER Y DEHEYBBEZIN T EDLIITHS, LL, &
FR|EPFEZ LT, BICERZTEIICHMPIEELTVED, Lw)ZEidEMig
BIDaX FofED S, HIBEEEIND LEXLFMNEARTHS, LoT, EBEOHE
BT S hDBENRLILIICHKRTIEVHI I LNBLIONS,

L2, EiZ BEEOERUNEERELZOTIILZL, EBORICEEZ2EA LT3 7uxrR
DEVBEET, ULAZI08EHTHS, LidoT, BEKEICTIRER, fEoRE
BNF/EIATIRB Y, HERE2EZ B4, AEof:h BSoRExIct+oko
THD, &oTC, ZALHLOBERFHEOFTp BH L LT, 2DFDAFIA-F%
RIEREIC L CTERENIZELL TV ZEZ2EFUELTI L) SENEI NS,

(43)

2.2 Reconsideration of interaction

CZETRp KOV TEHELTERLY, UTTIIHEEERAZRTES (k) IKOVTO#E
BETH, TUREBEHRL LSRRI NG, I TRNLETHETIE, 2TH
M LIRS BROAIMELNTE ([12,2]). BBRLZ X I, r(k) =bx*
O<c<lorl<c) RENHBFATHS, LHL, HEERICK ZHHEATEER FE
RETBE LI TIRRE L DI, 7V —%R (Allee effect) [1] DL I E
&> THATEHRODYD, ZhoDOMEVFET DI LEZBIZHH, IAEIOAT
LENTVE, ZOTF—2I2o0nT, WY LiT2008K5ETHD, XFEDAL VF—=T
b3, '

ZITREFTHORE, S, HAFHBE (k) 0ERFET>TWL, T3¢, &
ROCEBKFEDIRELT, PR T4y 78R (Logistic effect) & 7V —ZhR (Allee
effect) DAL EZXBELEAL A4 7OHE AN r(k) HBHETE 3,

HRELBREIIIZ, KELBRZHOOHER

1 BEEPREIBICLENoTT 7 AL 22HR (BRKOBEE) ,

18
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2. BEEIEZBIZL Do TR A4 FRELIHE (e - BEOBVLE VL -SiiLY),
ZEZ, ThoRBEARELEBI LIRS, HIZATWHLI ),

2.2.1 Economy of scale

PIZIE, BEOBIZE 2R LITOE>WTEITAHL ), RO JEHORR
RoEZXD, ZTOEMOBNEBIBHICHLLED, HEHEMADTEY EiTR 2, L
L, ACEBEONDEFH BDOFRY EiT%2 25 T2, “EHOBEZRISTSICOMLTE
D, 2LBMALEBVDT, 24 L zp LIZMERELE RS, —F, ZIEMBAUBPTICH -
EEDRY EFREIRZE2 5, AUBFICH-7- L EDOMEMDTEH LIFDAF
’E.TA...B LLTEZS, —D0DEZLLEL T, FRILEELZE>TEDORDEVELR B,
T A+B <.’EA+.TB &:t% kb”)#ibﬁﬁ. (:h@i, &‘:2. T%i%: 2:’(‘5)5.) Lﬁ’
L, ST, 244> Ta+2p ¢RB &) RNRAZEFBEI TS, 2DL)RT LIHMED
HBHEAS DI, BEOLDBRAZEZZ 24BN 5, BEMA»ZEWICHSE

AR TONELT, Lo tBAICBTHLRMITBEIEHNTEZLVLIAY YD, |

FDBIC—EICfTIT 37012, XER - HEOHKICR-T, LAb:BREMSHNIZ LY
IEBZHFOHY I 5, UcbBLLEREERTE SN, VTFhZL TS, RUEFTCHE
BIEMHA Z LickoT, 20BAYH LITHHMALRED EiITOoMI Db KB LiIZ—
icamoh T3, 2062, EMOER T TR, THOERK, SEMOEEHOE
B2, BBCBBBEIZETHE. DL LEKITMC, REDOER (economy of
scale) & KIFN TV 3, LI EDESHOMTIR, MSHLOMEEAE z,5 (ZNDERD
BRTCHB) RFBLL *, TA+B =$‘A+IL’B+$AB_ ERBEVHITIEEBHOTVS,
ST, BENICRED L) RHEERARS Y A ¢, 240N EIRINBZESS

P, BAVMEELDDOT, RULBOLIZLOZFIBLTBI ), UTTR, BEEK

kDBRESTHIRAT, TNOOHEEERZERL - ETo, £2E0BMZEKTERL
T3, (0%h, —EHORD EITRBEIELI 1Tk, KL TV 3L EkDR
Y EIFHED L) RBEKTEIND D, THB.)

1. ERZFE FREDOEH) m* (m > 1)

2. ¥VJEAF ... MEFRRS2MHITLICLS)

3. L2 sugmon k AHOEEIHY LT 1<)

1-¢
4. log(k)--- Bifs% A like (k ABDHFES BT 3HHITHICIZ 2 6720)
HERYDREEZDZLVIDIE, TIEFTHRNLTELEARRLDI BT IH0TH 3.

mEIZOWT, m> 1 %2EFATHFFME LTv5, Malthus DERIEFARObDTH S,
COMEHRL ) DI, HICEEBEKANICHML TV bDTHY, HBRICREIIT

MRIMS2006 FFAML T

19
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BMBHTHoTL B3DOTREVHEERS, I, BEXEBROAY Y M IHEBREKX
EALRBETIIECLESIN, HEDICKRES LY TELBAICE, BEOBICBRRESS
B1EA) L, ZOMOBENERICOBAVS 21259, fhicd, WANIHZ 213 L
BHRTHRY ETBLEBBZRWLETE, ErBLLEDOREBIDDIEHER-oTCLE
) RIREEDIDH B, TDEPRICBIIBHL LT, B, FALRRTCH-THEHD
20% Y RoTVBRRBICHB L) T ELERZHBIFTEBLILMTELIS, BHEEL
TIRABDOVEZLSNDN, ZORRLELT, vPRF14v 78R (Logistic effect)
%% 2 - A DERRM O BB EES % R T Sigmoid HI 2 E 2 300, HALEBETH
3. (T2, Introduction THKEM L7z & 9%, Malthus & F D5 Logistic & FAAD
EREMNIEL TV21518) _

flaicd, REORFKIID 293, ABIMA B L 2DFEBH LT i RRIZE
ETES, LABOFEZFLL, O0<c<1%2EFI NI, 2ORUEBRL TR LIC

&6.%n%kéﬁELébﬁtbo%%iabﬁﬁbe,%&&&@ﬂ?b%k?i
5 Tubb, Yo="Coas,

L ETOBBIE, K AHOFERMA L, BRNICSROBEIBRITE Ich>TLE
HTLEEITH, LEL,  AHOFESERMA T2 00, £EOHRIIFITLICh
5&mbw5ﬁ&%%i6n6;%mﬂ@M&LT&,kAE@#%ﬁUk%LH&ﬁT
K23 &) RBAaTHY, 2OBMITlogk) TEBTE 2, ZIUIREENIC, BFELICE
GAMFRAKLAILC I I LD THE I ENLIBEEA, ‘

MED X9 %B%ht, HEERAOERE LTOLESOMBOBRNR2ETLODESL

LTETTELREDDTH A,

2.2.2 Share of revenues

TTETRLBEOMBORNZEZTELY, EEBRKNICELI VDI, EEAN
DORRDOEITHS, £-T, BPlicEZ I NIZ, 2088E% L ATHRTHIE L W, L
L, PEEVITRIZBDVPZIA MBI DDLEZZZ L LRYZEZTHY, Bl
k+1T#zZLbEIOSNS,

e E[EEMYE, Tabb, ABMBHALZZ L TORLHVDEI LRI LB -T, 21
BECHBODRICIR P22 >TLES ) RRELEISND, 2O R Mtk E
(T, PRTHohZLon i RRBIbELSNBFESS, LeL, XETIE, &
TROS VYA TEFTOLLT, b+ 1 TH- B 202 ETW 2 LI
T35,

BHEL G AXIELE L
1R b & I L & L 7.

20
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2.2.3 Synthesis of above discussions: unimodal r(k)

3T, TTETOBREMATIE, DTk AHEEMEREK (k) BB ONET L
i3,

mk
1. *ﬁﬁﬁ)%’:ﬂ : '1+—k (m > 1)

2. Y7L FHR: - .
1+exp(ki—k)1+k (44)
3 mHgmomm: 1"
1-o(1+k)
4 smsns ; 108(k)
1+k%

bLAHA, o, EBEDPETBHOARGIA—FE2EDTELLIRETHY, HBED
BES S 2V—arvk¥Tld, 2ho2ERMT 3,

ChoDBBOMEEZZ L, 1 BROBERYETIZ, k> oo TREMLTLESL, 2
NN DRI & — oo TIRT 2B TH D, 2NoISHBET 2HEIR, r(k) DS I 7
(3 unimodal BHEFOEWI) Z L TdHh 3. ,

TlZ, unimodal interaction function r(k) &> BEHTE I L, X5ic, D r(k) D
LAR=F)—bEBRDONRELZD0 b Lk, r(k) BikktE (unimodality) % b2
EWHIRETLEGIEX, icbEISHT,

o RBEBSYAR
o 7Y M (WL H3B)

DEIHBEBGLHY 53, b LBMCHET 2MBBIE, ENERALTAB LV
BbHH )3,

COETIZ, HOME  BFIERL S BRLEC, HE/EABMK L LT unimodal % b
DREZTAHEIEWIBRETTES, HRCORMIZ, BicEYIcLEETELZLOT
HY, ERFETIR (WbW3) FEERENRTHIUT AT 4y 7R (Logistic effect)
E7 V3R (Allee effect) DML IIHZBE L LT, EHMICRBIOSNTERZLTH
5 IhoDMARHEAZNCERLL b DIRBPED v, EFHBATIILRL, BOH
BRAICEB2EFNILE L TIE, Bulmer (1994) 3| 2153 { 5WV3TH 3,

EROBME R A HDBORGHL2EER) I TELLODV LD, UTov
A PR GERE A HAARKTSHS. Lil2 OB (44) K87 X—F b ckE
DIbDYLUTTH 3,

c 1

r(k) = 1+ exp(—(k - b)) kTl

(45)

21
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35,

3.

25!

rk) 2|
1.5}

1t

0.5}

20 40 60 80 100
k

B 3: A figure of r(k) from sigmoid. Equation (45). b = 10, ¢ = 50.

COBBDY 770N Dk HIcRIN, EniIBKENE (unimodality) %L, b
DRVEBEOSCBEETHZ I LR THNS,

3 Limitation of first principle derivation

Tld, MEORBZEZE T A, 2 CERONR L IN-HEMEAHBEKr(k) Z2#->T, B
S EERI% A W T 3 first principle derivation 217X 322 £ 9 2, MHTAICHRATREL L
IpEBBL TV I EIZLEY., ZoOETIZ, BB unimodal 72 BEEIZ
HEP?2LVIILWT—2hDEY, BREZOBLEERTILICRY, BHENICLL
HETE VAT E SRR I NS,

3.1 Tent model and its modification
%712, unimodal % r(k) & L TR LMEZ L HE N3 tent OB

ch?
Sk 0<k<b) :
I M
r(k) { —p 4 odt (p < k < 2b) (46)

REZDILNTES, BOBRLOBAHZENB LI, RFIXA—-FE2E(BRELA
BLTH3.

RIZ, tent FDBARK (46) ZEF L bDLEZ OB, REBMNICIE, tail BV &
ERL -B%

Lk (0<k<b)

hy={ 3 05K («n

22
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T®H 5 (R. M. May modified).

o, —MILREHLELT, MTOX)RbDEELI L, ThoDERCELT
i3, MRBEBDOHIZ Poisson FHDHHASTL B2 L LO#RAVEERERIER LR
W, [0,0) DRITH 5 FSBITRICEHHBCE 2B EED e X, AL LT,
BUTD=2D% Dh%E X &5 (further modified tent model).

1. 7(k) = 2ch® — ch*
2. r(k) =<
- 3. r(k) = ch®*k

CNGIRDVTHRANCRL D4 TH5, KBRICE, BEOoXb) A, ToRE

chb {

b

4: A concept of further modified tent type (k).

ZRZSTLS, FDILITES5TH) L VDR LESDHTL 20758, 2hiz>onT
b, first principle derivation 2 A A %2356, MUTTHE#RL TWI I, birAaiz, 1. 2. 3.
FARTUCERABILEY, TS BRATHNLZEKTH- T, 60D RY AR S M
7.bDTRLBVI LIZERLTEL., LiL, #Nick->T, Bt (unimodality) 72
FICEFEE LRt MRICBATCER I L2HEBLTWS,

X9, 1LiconT, £XM|0,00) Tr(k) = ch* 72 L BATHIR SRS £ {w({ (ER
BEPNEERICELEE) TL25, chADO<k<bDWBIPLRLADLESZ I LT,
ARSI EEIE(HLZVELIBRICIDEZLbDTHB, LHL, T
DEZDORERELTE, bMHIBEBAELE EITIX, kNI WEET, r(k)<0&
ZoTLEITLTHS., KEDEKEZANTID® B LI, r(k) >0 TRTNITLRS
2V, XoT, EDBEAOFELMYETIHELZR/ITI2TNIE, COFFOHMTREAL
WZ Edbhs,

23
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RIZ, 2.1Z20»T, T, @) DEZDEETHS. [0,b) TR T, [boo) TIZFE
MBI (JRREI%) TH2LicdkDh, PEDIF(RLADEZZLOTELVEMNTT
ETLES.

RIRIT, 3.422WT, ZhiL, chh L k=bIicBAL THHR 7T 7D (0,0) DI TH S,
LTECR &I %r(k) <0 A5 X LREREWD, r(0)=02%3bFTHr(0)=c
EBbiFThR, REL, r(0) =202 THD, r(0) >0 THB I LRERENT
Vw3,

T, BRI ECTCEBEDD B 3. 12T, 2D r(k) & Poisson D7D pi %
fEo>T, EBRC fa,) 2MHBLTAHL ), BERZELTE L,

_ [ ch®* (0<k<b)
“”‘{cm (b < k)

. THY, BRTIH(B) &Y

(48)

_ (sas/A)* exp(—sa./A)
Pr = B

THS., COREDT I 705 KB ETEL,

r(k)

100

B 5: A figure of further modified tent type r(k). 3 (48). ¢ = 100, h = 0.9, b = 40.

LidtnoT, Zhé® (5) IRATSE,

a1 = flag) =a: i?k"(k)
) k=0

i /AR —8a,
—_ aigo(sa/ ) e:?( /A)’I'(k)

o kio (sas/A)* ex{)(—sat/A) r(k)

k!

24
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= at{zb:(sat/A)kexp( sas/A) ok 4 Z (sas/A)* exp(— sat/A) }
k!

k=0 k=b+1 k!

_ at{i (sar/A)¥ exp(—sa;/A) ch2b—k z(sat/A exp(— sat/A)

k=0 k! = k!
X, (sas/A)F exp(—sa;
+I§)(s /A) kF( [4) ity
= {3 expl=san/ ) A ok —anty 1 5 L S )
. k=0 :

= cayexp(—s(1 — ¢)ar/A) + cas exp(—sa;/A) Z (sat/ A) (R%% — k) (49)

2RI, BR, BHOLI A, RLALEOHEMB-oTLE-. chEIHh M
BTEZLEID»IRETHS, bLIDEFTLAHETELVESIE, b+ 1 HLHME
LADEZZLE2RAZHEL, BEMNCHEL TR L VLI HEOZOMBEINTVS
59, ROEDS DEMERETIE, ThboT L 2Lt 3, f(a,) % Mathematica
ZES>THREMNICHBELT S 72bL 72 b 026 IcBETE L.

60
50t

40}
fla) |
20
10¢

20 40 60 80 100
ar

6: A figure of f(a;) from further modified tent. 3 (49). A=s=1, ¢ = 100, h = 0.9,
b=35.

T, AMTERATE R r(k) I3, EPHS L IHERNR U LB —1cEL L bDTR
%<, unimodal &\> % R T, BT T WK EBLTELDTHH,

TR R, kurodakun.ppt iZ, MBVHHH L, F—HOLED A, exp PRIZAZRE, B
“HRicR o DT RITRS 2V, TH51, BERTT. bLALT, $XIRMEILE Lkvds,
Fxy 7 LTHTH,

25
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HIDL ) LBMILEAA TP v &, unimodal % r(k) CHNUSIHBICALND
fla) DI DHEEHMHTEZDTIREVD, EWIFERZI>TVLLTH S,

COHITIE, RMEEEE ) L AFHBRCHoTHIT B LEHRFL T, Tent B
BOoHRELT, 2z 7Ly LMo RZRRITITEL, L L, BEENICHELY
KEFTES LI LAERDITZ I LIRTETLR, XEITE, —BNZEEB&EOR
LR EDEBRZLT, —BCHOMICELVRETH 22 VI T LE2RRBZZEICL
X9, '

3.2 Difficulty of first principle derivation

Royama @ first principle derivation {%, (5)

unr = (@) = a3 par(h)
k=0

O TEI o T, ZDHIZ, Poisson 2374 (8)

_ (sa¢/A)* exp(—sas/A)
- k!
D3A % & L7 DhfRoyama (1992) [12] THo7:, #hd o, ADTEHYH (43)
» Tk+X) (ae/n)
L(A) T(k+ 1) (A + ag/n)k+A
AB &) IR EZ (T o 7 DY Brinnstrém & Sumpter (2005) 2] CH -7, I ZTHB
ZHE—EEB70IZ, Poisson 737 (8) IZDWTIX, s/A=1/nTHolhb,

— (at/n)k e}lg)(_at/n) (50)

Pk =

LEREELTBL,

DED, 2L ZLEBEBEIBASOTL 2V DRDIEY, 2hZHEL THSHBICEL
FTLOLHEEMBEL RS, Lal, 2IICiZBEBESHMES,

B TIEpr & LT Poisson FHDAREZLBZZ Lick 3, TNEHBEL TSHAD
TEAHEEADLEICH, 2ORIT /K OBEHBAS. (AOZHYHICHN(k+1) &
WHIRLEBRALTNS,) ZDK ERALHLOHBTHETE X ) r(k) 2&>T IR
0, fla) BWEFBBICREZS 2V, BMLL T, r(k) Ik BAZLE ) HTHEDT
LTEXTHSB,

o r(k)ICKDAZBE
Z DPAITIE, Poisson DD 1/k! EHBINT, EBREBOTHIIm (Eﬁk/\?
A= DEAEDLRTHRATSH L) 22T, mFOEXFIcRD, bLlm|<1
%63, EBREREOMRZ, (- OMICHETES, mOBHFITE, oD L) %
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TA>TWTHRY, LaL, ZoBF&IcE, 202 bHEE/EABEK (k)L k—
TREICHBLTLEINDT, r(k) &L T unimodal ZBIFEEZ X ) L LT/
EHORF L ZBAEOBNLVLHDOEHE>TLE DS,

o (k) IZ kI BIA S 2\ ige
CDJEITIE, mE (Zhd ERom LA, ERLEATIA-FORBZEHET
b RATHIV) OEMBBETHS, TnEEZLL THUL, Royama(1992)[12] &
RLCEHELZ>TLEY, 2OBEBRLEWI L2thh 3,

2T, ‘WEEEHD SHEEBEEHNT L L LHIBHEICETIZ, THEERRE-TE
b, f6DKHKESEEAL 2IFHIE, Royama ? first principle derivation I3 JE# 12 M
BMTharZ t2bd 3,

4 Numerical derivation of f(a;) in case of unimodal
interaction function

HIEETi3, Royama @ First principle derivation DSEREEZ XL LT, LHICEEL
VHEZIZSATR 292 BB L TEL, KETE, 2OHEMEAT, BIFNLFE
TEDZ L 2HEL T, EREEEBEMAIGEMLTHELTW ZLE2HAS, £
NITE>T, fla) DBUEHBETE 2 Z Lice 3, ABECRTBEIFBI, sigmoid
RIBIBE b LIS LTz r(k) (45) o LRI D T 5 7 TREND f(a) (51) &, IR
tent ®D r(k) (48) DS HREL K6 D5 7 TREND f(a,) (49) DO TH 5, HK
£ (unimodality) %D r(k) 25 HFEL % f(a) IHEICHRT 2HEE AT L,

ET, 2ETOMD LiF ki, r(k) LT, sigmoid RIBIEEZ D LIZL b DT
DT, BELTEI), (45 0FEBL L5,

c 1
"~ 1+ exp(—(k — b)) “E+1

TEZTWL, D77 7DHBIRRID L HIcREN, FHIIBMMYE (unimodality) Z#
5, POROELZVSHEHKTH o, T8k, Poisson FHHD pi (8) b LK I (50) -
T, (5) IKRAT AL,

r(k)

a1 = flag) :i=ay ipkr(k)
k=0

_ 2 (sai/A)* exp(—sar/A) c 1
- atkgo k! 1+exp{—(k—b)}k+1

(51)

8y Ld s e, 72—; Dk 3 RBIE ERIZS £ hb Lk, SBROMNEETS S,
1
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EVIFICED, TOREFTROTENTI20BRETHE I LD 3, (2. 50D
LLBETHF/PEBEZAHTD, fla) DEEPLEIIOWTIZ, BN LBRVTETH
h, TNREBRIELSHOFTELDS)) |

EWV) LT, ZOEBEE % Mathematica > THEMEMICHET2 - LIcL &,
THEERMS, fla) L LTRT 2853, 245 fla) BEFMMEOE&KTHEZ L

50}
40}
f(at) 30¢
20
10}
20 40 60 80 100
at

7: A figure of f(a;) from sigmoid. Equation (51). A =s = 1.0, b= 15, ¢ = 50.

BATEND, L7dt>T, ThidSkellam model (12) %2 & L AROBLIKER (contest
competition) L WHHEREMNTES, LHLLEAKEVLI LIZ, £IBALE:, Bbiks
B (contest competition) ICDEI N3 ERIIBEFUMBITIZH S/ D#D, o, DVNE
il XoIReRBICB VT f(a) & concave THo 7z, BHIIKHL, I D sigmoid B
»o/oIT: f(ar) 13 ap BYNE WOHEEETIX convex TH 3. T Hid, Skellam model % Wi
TIBRD r(k) 3 k LBETHRAMY (13) THoDIZNL, D sigmoid B 5 HFE
L7z r(k) 138K (unimodal) THo 77 ®, kWP LEETIIERMMTCH oL
YT EITEHoTnw3, '
K3, ZOUHEIZ, sigmoid P SHRE L fla;) 72V THL, B (unimodality) %*
b2 r(k) 2 6 I L% f(ar) ICiZIEBICHET 2 b DCH 2 THMEDS 3
ENnZHELOERL, BT, FETERL TOABERtent B, T4hbb, R4 D
r(k) O HFEL 7 (49) D fa) K2V THERICZDBEHBD o b BN i RED
HTWI ), (49) ZHMEFHH (numerical calculation) L7=b DA, 6 THor, =
5 f(a) D3BEHE (unimodality) 2 bOBERTHIZ LIZATEND, LidhoT, =
7L Ricker model (6) % & & FIRRDIBNE! (scramble competition) %> & > #EHsT
3. LdL, RICANL, HENE (scramble competition) ICHE XN 2 E{IZH
¥ (unimodal) T2 H 7DD, o, VDS VHHE, X5i10i3, BERBRZ 3 0TI, f(az)
i concave TH o7, ZHLIHNL, DR tent WS/ SN7 f(a,) IT a, DD X HEEE
Tl convex TH 3, Z#UIEIZED Sigmoid >S5 HFEL 72 D L @RRIZ, Ricker model
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2RMT BBED r(k) 13 k BREETHARD (7) THoLDIKHL, IO tent D
r(k) 2 HE (unimodal) THo7r7:, kIVHNILEEATIIHTEMTH oL LI L
IZ&->Twn3,
2ETHERLEI %, LI, SETERL L) 2¥KE (unimodality) %8
BT RTIZOWT, fa) DODZDEHBRELD DT TR v, 2adEEicH
TRBMHEZ LT, KERKELZ L TH 5,
- CONHE, BT, convexity & concavity 258 Y b B Z L icD\TiE, Holling @ Type
NEEALCHDTHD, BLlxenE (BEMICTIZH D3 first principle derivation 2
I-oTHHELEZEW)Z itk D,

5 Dynamics of population

BUEETI3, unimodal % r(k) 9 & first principle derivation % > TEMEHIIC f(a,) &K
DELOVHIEEEZLTE, KETRR, 22 THONEHDLS, FOEH5RF4F32
AVHRT 202 EBRT 3, EENICIIEMBEFHRICES Y, BEROE»S S5ERE DX
LY EE->TEEEZTS, LaL, 2DOXbYHFITOWTIE, LR TIIMRKN
BYICEBRZ T TO5, %, Brinnstrém & Sumpter (2005) [2, Figure 3. Ic$ 3 & 9 %
ERIHKTZILT, AMIICEHEVRKBEL 2052 EB LT LicT 3, 514
TiZ, 2ENLER f(a;) D%, Mathematica IZ & B RBMOBMEFTEIC X > THAT WL,
EDERE BSEREDROYFICE>T, PEOBEINBRCTES, 528T1k, f(a)
DOMBETOILL LD HEEEWT 5. 22 T3, BhHRIC, BEIEM F(0) DRERE, %
DRERDZEHEL2RRT 3.

5.1 Bifurcation analysis and classification of map

912, Brénnstrém & Sumpter (2005) [2, Figure 3.] (2 D3, E8 (2, Figure 3.] Ic#R
€3.) 2BEFICL T, B SIS (contest competition) DRIGFEE (time evolution)
FAF I/ AREEL, RICHBNTIES (scramble competition) ZEET 3. ZhiC
BT, HETHBONT-ER (Sigmoid 25HFEL LD LBBF ¥ FE»6BLNS
fla)) KDOWTEEL TS ZEiITL &),

%7, BBbREBPS (contest competition) 7723, BlEMIk e, =0, a,=a* DD
DHTHS. a* &, a= flay) %50, T, a,=0TRVBDZLTH S, f(a,) DI
WM (f'(a) >0) T, 52, f(a) dfconcave (f"(a;) <0) THBZ Ed 5, a; = f(ar)
ORIZ, HBEZ e =085, o >0 LTHEDEL—ERETICEE S, TAODOEEN
2OWT, 6, =0RBAELET, o =a* BRETH 3. 2%, Wi aodia>00L
DEPOHELTHa, = LR T S, 2Fh, —EROBERIERT IREL R
b, EhbtiEREENn s,
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8: Classification of f(a;) in (2, Figure 3..

£ ¥ TIZ, unbounded contest competition T, BEIERDFFE L EE®ICBL T,
FERROER1BON D,

Kz, HENEHBES (scramble competition) DPFAICDOVTATWI Y, 25 513,
f(a;) A% unimodal 2B TH 555, /85 X —% (parameter) KB T, WL RYF L F3
P ANEZ6NS, Ricker model DFBHEEIZOWVTIE, RP AT 4y 2B (Logistic
map) DG LLITRY, AMED8E (period doubling bifurcation) D#EHIE LI &>
T, BA R (Chaos) ~EEZEHH 3. Ricker model DEREHTICOVTIZ, Kuznetsov
(1998) [9, chapter 4.] {IC#> TV> 5%, simulation DREREZE 9 ICFIAH L THWTEL,

EC, SITPoLBAVARTERLBETE. f(a,) T2V TDI A F I I R%EH
Tl Ztichs, AETRTORAETOZMEHERML LTHE-7-bDTHD, sigmoid
RBIEE b LT L7 r(k) (45) P OHFELZRIDT 7 7TRINS f(ar) (51) &, R
tent D r(k) (48) SR L6 DT 5 7 TREND f(a;) (49) DD TH 3.

VTN B (unimodality) 2 b0 r(k) 2o HFE L% f(a,) THD, 2o icE
LTHETIHEEZATWL, E06iE, /89 X —% (parameter) RETHOH»DH S
i3s3, B L TvaK /87 X —% (parameter) X, 1IC, r(k) DBIBEEEEZ LoD
26, ZORROMBEEZRTNIA—FLTSE, 2%, BEFEECIRELER
NHHLEITEY, ZORBEREZLINRNITA—IEZEITATW bITEHS, HE
BICH ZOEERZHHP B, '

Sigmoid 5 HFE L 22 DITDWTiE, 22 L 7-BRD sigmoid DILL EHth Dfis
B2R T35 2 —% (parameter) bTHH (R (45)BK), Z#i2 unimodal TH 3 r(k)
DE=7 DUBEBD»T Z LiZo%D35, R Tent BIZOWTIE, 7V FOFHFDIEL OfL

VEALT, Esrzamlzli,
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9: A bifurcation diagram of Ricker model[9, Fig. 4.8]

B2 9/87 X —% (parameter) bTHH (X (48)8H), Z# Y unimodal TH % r(k)

DE—I DN BEZBDPT Z LiZ>Tw3,
20

5.1.1 In case of f(a;) from sigmoid
7913, Sigmoid BS5HFEL = fla:), Tbb (51) IKDWTAHTWI ),

b/ X VA IZIZ, Skellam model (12) i EDBH 1k 2 R4 (contest competition)
ERRRICR Y, FAEEEER a; =0 L REBEER a; =a* ZFF2, a* L&, a,= flay) &
%0, T, a,=0TRVBDILTHS. f(a) HEFEM (f'(a) >0) T, 22, f(ar)
diconcave (f"(a;) < 0) THBZ 5, a, = f(a;) PDRIZ, BWZ a, =0, a, >0
LTl —REGICEE S, 2%, FHa d2a > 0D EDELSHELTY
a=a*~NEPRT B, X5, a=a* ~"DINERDLEF L ar < apyy ZRE2DI5 a* N L
RS %, ZOER f(a,) & S EREHHHDOEZR 10 ICWETHL,

EMEHOBUEEZE LT, T3, —EROBERVER T RBLLRD, ZHoNER
ENBLWVWHT LickB,

RIT, CIHBOLRREVE ZARDEY, bEPLRKEL LTS L, AERAN=ZSHE
ETOIRRMBEL S, CDXI BRI LRI 2BHIL, a dVNXWLEEET f(a;) 23 convex

Wf(q,) 2545 BEMRE 2 BEITTRMC. (ZOBIX, 7LEVENOLEY, RESDIZHE)
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THY, a; ZREL LT LOTNRDDLET f(a;) PSconcave it B LIk >TED,
ar — +0ICALTY flay) < ap EBRBXMUMFEETNIE, ZDXIBREICLS, Zhiz,
parameter R 'C, a; = 0 fHET, PRELBEERZ T ORE, S, RELEER LXK
ELREERPEL B &) RPETH B, (ZODEITOWTIE, BEFY FEHSHELK
HBDIDWVTHERDHDHBHTL 5, 22 R LT, RO52MICTRIFHLBRD
B0, TLOTHERTS.) CORBTOBEERIZ, a;=0,a,a* DE2TH3 (0<a<a*
£T3), ThoDBIEROREKRR, ETHALBREL, K11 2 RAUTHES 17508,
a = 0 BKE, o = aVIPEE, a; = a* BRETH B, hi, RELEEHEAN_2d
5789, FIHMEIC X > TRENLDEREIRE > T 3 WEE (bistable) DIRBTH 3.
ZNETNOBEERDWKS(IE (basin) 13, a, =a ZHIZ, o, =022V Tida, <aTHD,
a=a*Ii2VTika, >aTH3, ThBPEICE-T, BETIESL, —FElZET
WML TPCRT 2BE{DO_ 2 abhdt wH I LTHE, ZORETIR, PLBELT
BEBT2LIRI LB > T LTYH, ASr0BERTe >a i, 2
RE>TEDEBHVBEEICHFET S EEZRBWKRLTWS, #ic, H2EBHNRECHE
ELTWuRELTH, RBALH»DERTa,<atBoTLEI L, HFLIKEEALA
PoTLEILVLHIZLELEREL T3,

CDXHIZNEE (bistable) RRBEBWEH L -2 Lk, ThIETOBLIKSTES
(constet competition) % L { iZH@BN A (scramble competition) TIZTE L o7
ZEThY, RERKFOWREKTH 3,

B A, parameter bR X SICKES LTV L, f(a) <a &2 Y, TRTOHINE
T, o =0NNENCRT A RBICLS, 122z RT. 2Fh, FOX52BATY,
MBLTLEILWHIZETHS, Ihd, %kiFEDa, =0,6,0" ZFoTELNZL, F
KREBBEER 6 L BREREREMA a* b8 parameter KB T o2 W T %7 3 Saddle-Node
bifurcation ‘C&% 3.

CDEHTEDICFETH I LMTELDITIED, ZOMEDr(k) DHMAE (unimodal-
ity) ZIREL A LICX2dDT, Bt (unimodality) 2HIUIBTHTL B3 ZE# L
L7, RERKBOERTHILWAS, 2) o368 E%282 LT, KRIZmodified
tent model ICDWTHATWL Z LIZT 3,

5.1.2 In case of f(a;) from modified tent

T, BRT Y P ELSHRELXE f(a), TiRbDD (49)IZD2WTHRTWI Y, FKig,
B tent model T ¥ Sigmoid O HBEL7=b DL L { P-ERBBONT VB,

b AN E VAT, Ricker €T (6) % & DI BNEBS (scramble competition)
ERARRICED, PREEEM e =0 LRELBEER a, =a* 28>, (M138H) vH 3
Ay gy =a* ~NEIERTBHITTHY, BIAEBYLF 3 7Ri385 X—% (parameter)
RETIEH B, T T, BERLEDOREEZTTHBLTBL S LITLT, 20l
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LoBHIZLTEL,

RIZ, Sigmoid ﬁ’éﬂj% L7bD LR ZIOROFRELLZALDIN, biD
LRESLTWR L, BERV=E2HETIRAVEL S, ZD&I I LRI 2EH
u,:@ﬁﬁuowfuS@mm#e&%Ltbwk@ﬁ,%mﬁehfxbzmwow
5 TV% b D [8, Chapter 7-8] (IKHIBAF T TRATE 200 Lirky, BREO—DOLT,
flas) 3EBIRTH 5 7% 51F, pitchfolk bifurcation DRIEEMEDSH B, ficd, f(0) =02t
WIZR D MO LH 5, transcritical (REERER]) bifurcation DEHEMES H 3. Lo L,
CNGZHET BITIX, fla) 2V, a, <ODRPH, LI, fla) <0 DHFHEH
QLo MOREEL LTI, fla) PNFA—FIZL 38y ERD B3 HE
bH5, LoLl, EEBENLTEREVHOELTY, fla)lta, > 0DATERIND D
NDTHY, ZOWHTHIC f(a;) 20 TH 2556, BFEOTFUCYTIIDBZ T LIFML Y,
HATWH % 6IE, B L 7 pitchfolk bifurcation D & 9 b D, b L { X, transcritical
bifurcation D f(a;) > 0DWHLER U b D, R LTS LorhwEs 52, Z ook
LTk, RBAFRXA—FIRECRAMA»oLTHELH 3. f(a) K2V Ta =08
TOBIBIEARD 52 i CRITAICA TV Z & T, BREEDBZLICT S,

LA, TORBTOBEERIL, o =0,6,a° D=2THY (0<a<a*) hdD
BEERDOREMEIX, K14 ZRNITBHS 7D, a, = 0 KE, a; = a PFLE, a; = a*
PEETHS., TORETIE, RELBEEEN2H 270, THAEIC X > TREHZRIX
WAENR L > T L ZWESE (bistable) DIRIBTH 3. ZNFNDEER DTSR (basin)
3, a, =a %W, o, <a %51 Ta, =0THY, a,>a%blE, a, =a*TH53., Th
BEIMEIC LT, BT 28aL, —EETTHNL TIRT 28850 2icadbhnsd
EWVHTETHS. CORBTR, PLBELTRERTZLIRILIEI>TwlE
LT, AIS»DBE T >a thhld, 2RI TEDOEBENEEICHFET S
EREIRLTw3, #ic, HAEGFRIREBCEELTVRELTY, RASH»OERT
a, < GeBoTLEIL, LRELIZBBALAPSTLEILE I LZRBL TS

ZTYH, Sigmoid SHFEL DD LA, WERE (bistable) HREEZEEH L /-
Z k i, ZhFToHBNBBEST (scramble competltlon) RETHLTELRIORILET
bY, RERKFECEHKTH S,

BLIARAIZ, parameter bR EHICKEL LT L, fla) <a; &Y, TRTOHH
T, o, =0~NENRTZRMBIcH B, 2FDh, FOXILBETH, @HELTLEIL
WBHTETHD, chd, BEEDe =050 ZH->TEI NI, FREREERa &
REZBEER a* b parameter KB T { 22V TH4% T 3 Saddle-Node bifurcation TdH 3,
(B 1588.)

ZCECMBLTELL DI, Sigmoid S HE L bDTY, #38 tent model TH,
S PERRMBONTVE, ZhoDBVIE, H—, BHIEEMP (contest com-

NZOWDE, WEPSEIXNLBTLELE,
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petition) & IHENAIBES (scramble competition) DBV L FRRIZ, o, V3HHBERKEL
&2 AT, BEBEFAMM, Thi bHEME (unimodality) &2 E W) T LT
ThH5, B f(a,) LBEREDKDYFRY, BERDDBICET S I EIZo0WTHA,
mA L bARBERMBINTVLS, 2

5.2 Stability analysis of fixed point a; =0

Tid, KEDENTELLIAT, AV LBELIZLTo, ER f(a) Da; =0
fHETOBIET (096D b EdthE) tEER G DEERIDVLTERRBL TV I I,

B 518 T, f(a) DM (Convexity) 2D LA LEWBL TE:, LoL,
BIERDE - DA L2 EZ 5 L THEYICEELDIZ, Convexity(f”(0) > 0) Tix %<,
a0 =0X+PECEIATLHERLIDD fla) BTIREBILE (F0)<1)TH3B, k¥
RS, a=fla) EORDLYVEEZBRLIVLDSTH S,

T3, UTCHRTZRREELTwZ EicL &),
individual-based ® first principle D E&E= (5)

anr = f(ae) = ae 3 pur(K)
k=0

ERNET B OXY, MEOEDIC, o=z EBVT, BRLTWL, 251, p itk
% a, HEIME LTASTL BDOT, pulc) & ERCBELABLTEL, Tabb,

flz):==z Z oe(z)r(k) = Z zpr(z)r(k) (52)

k=0 k=0

ZRHTLTWK, |
AR TIE, pe(z) & L TiX Poisson ZHDAEM> T DT,

pu(e) = LD Dz/m) (53)

ZRALZEZBEIZOVTERL T, r(k) I22o0TiE, BRNICIZBHNLBEEELS
ABIEIRBDED, rk) THNEBLTRY MOWRZBRT 57201, T2 DE
FOTCHEBL TN ),

DYz ki,

df(x) = f'(z)

2 Wiz, ARHBRIZBEOBEHRCHT I 222 b0%E25 T, &2, BHIBRLET:
L % #4412, modified tent model % & CIXHHT Z o 72 H8, sigmoid RABE RS MH L - b DT H
TERILELT, fla) DEIFHICK>TOBZ LiICMNTEERYL, COBRE2HLLOHT I
C EoTuRod, ZOBRAICE, EDMa =a DAZDTI, o DEBICHL T, FEHICB/SR FiRE
THEZEN0R, ThLRERKRELERTH S,
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DEFIZDOVTORFTH 2, f(2) 2BRT2-DOEMBRE L LT, pi(c) DB
WTBWTEL.

@a’%ﬂ =pi(z) = ',:—1 {k(x/n)kﬂ% exp(—z/n) + (.'lr:/n)"—_—;;3 exp(—x/n)}
= %{pk—l(x) — pi()} (54)

DEICHODLT I EHPTESD,

k-1 —z/n )
pini(e) = LI ) (55)

% (50) IRATHIL,

ne = n@{i-1) (50

n

WR/OND, DL LBEHTHERBLEERZ, G4 DXILBES, TibY, p(z)
V) —ERZEAUEY S, pi(z) BEDBDER TR WBIKERT ZAREZH/TEY
&, UTORBOIERICHRILI16THS, (56) 265 &,

oo

fll@) = kZ_;r(k) {Pr(z) + api(2)} (57)
= X rbm@ {1+k-7} (58)

»BLNB,
51T, convexity XMW T 2 L FICFEATH 206, —EBMOEITHEIATEBI). ¥
T, JIREEARIC, pi(z) DRI EEHELTEL, (54) 2oy T 3L,

22—%:-(;2 = p};(z) = ;1; {P;c-x(x) 'p;c(z)}

':; ['71; {Pr-2(z) — Pr-1(2)} — %{Pk—l(-’f) "Pk(z)}]

= = {Pra(®) ~ 2pus(0) + pa()) (59)
BRoN B, (55) L REERIC,
' k-2 _ 2p(k —
pr-a(z) = L2 (k ixg)(! 228 k(:z nute) (60)
BRSPS, D (60) & (55) EfHE-T, (59) IKRATHIE,
2 -
o) = {0 - 0%+ e}
pi(z) {nzk(k —1) 2nk + 1}

n? 2 T

= pr(z) {k(k —1) _2k + l} (61)

z? nz n?
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PEBONG, LEdioT, ROBRE f(z) DM, (57) 23 5y ThiEBs
noho,

@ i) = 3 rlh) tri(o) + 2rk(z) + 2i(2))
k=0
- 5”: r(k) {2p4(2) + zpil(x)} (62)

LBbbEh, Tk, (56), (61) ERAT I,
fllz) = Er(k)Pk(:v) {2{%—%}+z{k(k—l)_%+i}]

P z? nr n?
o k(k+1) 2(k + 1)
= kgor(k)pk(:c) { . ~ n2 } (63)

/o,
SE T TIC, 58 (bifurcation) DR THEL INZTABEDHHDT, f(a) D=

BICOVTOMNTEI Y, ChETORBLAR, p(z) DERMIEHET 27
b, (59) 2 5iWMYTHE,

dpk(z) = (3)(:1:)

i

2 o) o)

T dzs
= 5 {peos(0) = 3pea(@) + Ipuale) - pela)) (64

BRonzd5,
O (65

& (60) & (55) 2T,

@ = o [ - Pula) + 3% pu(0) = i)

(@) {k(k'— 1)(k—2) _ 3k(k— 1) N 1 }

2k(k 1)

3 . nx? nzx n3

B/oNG, LEdoT, RDODERE f(z) DML, (62) 22 5B THIERS
naHvo,

(66)

HO 190 = Frte) forile) + 20 0) 67

thobh, i, (61), (66) ZRATHIL,
f9a) = ir(k)zok(x)[ {""“ ) 2’“+-1-}

= nx n?
kk~1)(k-2) _3k(k-~1) 1

+z { z3 nz? n2:z: - ﬁ}]

. k- 1)k(k 3k(k+1 3(k+1
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22 2% gB A

ZI00o, s=0RALALLZOBBICAS. X7, BHRELLT(G3) IKz=0%
KRALZ

{1 (k=0)
2T, BREEEVSBRONWAHTREIND LA I LBFRINIESH, 5L,
Po(z) = exp(—z/n) (70)
n(z) = (z/n) fxp(—w/n) (71)

RERGH, oBROBRCBERL T 3,
3%, (58) #BBAL T,

1@ = rOm@ {1- 2} + St {1457} (73)

LT3, z2=0RATBL, BETHOOLENZIHBLTOWKELL, (70) 2f#-T,

f'(0) =r(0) (74)

»/ons,

Riz, (63) iz =0%RAL% f(0) XM BRIZIZ, (63) DE—RICHBLOTFOME
IO 2EBz L kBA>TETVRE®D, FEEE=02TT&L, k=1K20VT
LRAL TS AENHSZ LIcERLTRBRAL,

f'z) = r(0)po(z) {—Z + i} +r()p () {3 i, _‘f_}

n n?

+Zr(k)p (z){k(k+1) 2(k+1) n2} (75)

k=2 n

T35, z2=0%RATRL, BETHobINZAEIBLTOIKELL, (70), (71) %
-,

70 = ro{-2}+rm {2}
= 200 -0} | (76)

»R/oONB,
BLRaAIC, OS5 1HIToERITICOWT, ZOSEEOEL X oL TRERLTY
2L, BN ZBROLLEVEEICHo. o IHMELMITNLBRRZED SO
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i, f0) 25 b ) —HEAT, fOO)RLEF0) BEDBRRTLENSHY, Z0R
BHLYIFZZILH 3,

TiX, (68) Iz =0%MRALK fO0) ZEH BRI, (68) DEICHRLEDTOMAI
ORI ERz Lk BASTETCRE1D, BBEL=0711T%L, k=1,21Z20T
SEAL T DENHZZLICERLTRAL,

9@ = rOm@ {5 -5} +ron@ (- + - =]

n3

S (k—Dk(k+1) 3k(k+1) 3(k+1) =z
+ S oot {E2 002D 2D 362D 2 )

295, z2=0%RAT2L, &EThobINZHEILTOKKELL, (70), (7)), (72)
2o,

f@0) = r(0) {;35} +7(1) {"'}%} +r(@) {%}

= 0@ -2r() +r(0) (78)
PRoN3B,
ZZETTr(k) D—BELZBERVBTAL., TIX, f/0) <1 DFERRE ) Z>Tw3d

2A30I2, rk) CRSALEREANTERRL TV 5. ZRCTEBICEHEERS
RY r(k) 1, Sigmoid 2 SHFELbD (45) LIKET >~ MBI (48) TH 3.

5.2.1 Fixed point in f(a;) from sigmoid
3L, (51) OWTERT S, (45) % (4) KRAT B L,

c

f(0)=r(0)= T exp) (79)
Kind, F(0)<1EBBDIE c<l+expld) XD, |
b>lIn(c—-1) (80)

THHT LN 3B,
E LTI, OB (51) Dt (Convexity) , THbDB f/(0) > 02T HMh
TBI Y. (76) KRATB L,
2

1O = = {r@) - r(©)

2 c 1 c

- ﬁ{1+exp(b—1)§— 1+exp(b)}
c 1 2
E{l-}-exp(b— 1) 1+exp(b)}

38




97

6, f"0)>0E%3DE, c>0,n>0LEIXTIWVRS,
1 S 2
1+exp(b—1) 7 1+ exp(b)
1+ exp(b) > 2+ 2exp(b—1)
exp(b)(1 — 2exp(-1)) > 1
1

exp(b) > 1 —2exp(—1)
exp(b) > £—§
D& 5 HAREWEE: LT,
b>m&(;§3)=1-m@—2) (81).

THBEI LIS, b>1-In(e~2)~133TH3. TDb=1-Inle—2)~133D
LEIC, (80) MEILBHEVSE,

e __26—2

c<1-l—exp(b)=1-+-e_2—e__2 (82)
ED, c<Z2~478THS.
5.2.2 Fixed point in f(a;) from modified tent
Riz, #RT ~ MR (48) KOWTHRET 5. (48) 2 (714) KRAT B L,
oy [ ch® (0<d)

L%, bPHBEEROARKEZROTREINRIX =I5, b>0DAIBEKRER
D, b, fl0)<1E23Di% ch®<14&D,

c>h? (84)

THDBZ b3,
BEFTIC, ORI (48) Dtk (Convexity) F7(0) > 02T HHMNATE T ),
(76) DEIZH B r(1) IKDWTHICRALTEL L,

[ ch®t (1<b)
w={5 65 &)

23596, RATBEL, KIZED (85) LADLRT, (76) KRATSL,
2
') = E{MD-rmﬂ

2 (ch®-1 —ch®) (1<b)
N {ggmfmmﬂ (b<1) (86)
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BR/OND, f'0)>0LBBNIRX-FEEERE ).
1<bDE i,

£1(0) = % {ch®=t — ch?®} = ?nfh%(h-1 ~1)>0

Eho, c>026ER1>1ThY, h>0726, 0<h<1BBONE, c<0%i5
Eh>1ThH53,

b<1DEEIZ, f'(0) =2{ch—ch®} =B(h- 1) Db, c>0%5E R <1,
TEOLDLAS>0&D0<h<1THD, c<026T1<h?®), Thbbh>1TH53,
CNERENIC, b=1DI tREEXTHBILIVLSE, ZTOLEIZ, c>0%0
h>0&D0<h<c1THY, c<0ibldr>1THBI LIS,

CZETCORRERETEL, f0) LA 2D, bDEICPLIPDLLT, c>0DL E,
O<h<1THY, c<0DLE, 1<hTHBZ LBbhoT:,

IZTHh»BI LI, MRENF0)<1E £(0) >0 LiIZMTOMATHD, Tho
ZEENLZEREANTATH BT ILITIIRVIETH S,

ARTlE, fERDIFNTBS (scramble competition) BRBELIK S HBS (contest
competition) TEZTEHLDLIZRANICREZZBR, WELKEHE (bistability) HMH
TWETHE LERRL.

6 Conclusion and future works

BEHRERICB T M NZOBELRB IS0 ) Bl o KMIBE-7-,
HEEBOBENMRDOTEEIEENROETFTI I/ ThH Y, HIHDRIINET 3D,
EEMEEERA L VS 2 7o 2BfRE» S, BERBEEL VI v 7okl BHT5C
EThHot, ARTIR, BEBESOME N TH 3 first principle derivation D EIHHY
% »7: ET, Royama IZ X % individual-based framework 23R L, 20T ¢
OWMHEH TR ZB|RAL 7. BhIC X > T, individual-based framework DERF % b M
TE Pl T AOIESSHT, BEEEKD S BR28 7 R0 HE ERABEKE#
ITETHot, TN L > TH - 2RERRBOE TNV (Holling Type I BY) HsMHT
Elz, 5T, EFNVOBHICEEEST, DRELTAFII7ARY, EBICAEL 3
BRSRO Y F I 7 R0 THH—NICBRT R,

GROMAL LTI, 2BSTREL 7205, ARTRBRTEL»oLBILED T
T ticR3Er9,

2z Z, 7% A !individual based first principle derivation
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We researched the relation with neighbors and clustering in population dynamics. And,
we discussed the limitation of first principle derivation. Its difficulty cause from k!. Con-
sidering economic situaion, we derive unimodal distribution as interaction function r(k).
Using this unimodal interaction function, we can derive Holling type III as time evolu-
tion f(a). This function has convexity where a; is small, so we can see the interesting
dynamics: bistability.
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B 10: A figure of f(a;) from sigmoid for considering bifurcation. (Comparison: 1 of 3.)
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(b is very small.) Equation (51). A=s=1, b= 1.0, ¢c = 50.
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B 11: A figure of f(a;) from sigmoid for considering bifurcation. (Comparison: 2 of 3. )

(b is relatively small.) Equation (51). A=s=1, b= 15, ¢ = 50.
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12: A figure of f(a:) from sigmoid for considering bifurcation. (Comparison: 3 of 3.)

(b is relatively large.) Equation (51). A=s =1, b= 50, ¢ = 50.
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& 13: A figure of f(a;) from modified tent for considering bifurcation. (Comparison: 1

of 3.) (b is very small.) Equation (49). A=s=1,b=20, c =100, h =0.9.
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X 14: A figure of f(a:) from modified tent for considering bifurcation. (Comparison: 2

of 3.) (b is relatively small.) Equation (49). A=s=1,b=235,c= 100, h = 0.9.
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15: A figure of f(a;) from modified tent for considering bifurcation. (Comparison: 3

of 3.) (b is relatively large.) Equation (49). A=s=1, b= 45, c= 100, h = 0.9.
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