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The minimum viable population and extinction by effects of special pattern:
analysis using lattice models
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In this paper, we built a lattice model with minimum viable population. The lattice model was
built under consideration of an encounter between individuals. In this model, we built the one
species system which consists of a hermaphroditic species. On the two-dimensional lattice, we
analyzed population dynamics and spatial patterns in this system with Monte-Carlo simulation.
In this paper, we built a new lattice model based on the contact process. Computer simulations for
square lattices are carried out. As a result, it was found that the species is extinct when the initial
density of the species is smaller than a constant value: minimum viable population (MVP). In
addition, we found that the population is divided into survival and extinction according to slight
difference of the initial density.

1. [FL&HIC

BIE, BHROERIOAREOBRRY, A% L 0 2L RBEOEIZL Y, 2L OEEREIED L, Ba
BIEBBEZ TS, ZIVoRBEOEIZE T, £AMOBEEENEY LT BT, BEEENSZ—E
DEUETHD L EDBEERERTELZY, i, TOERBTHRBIZES L), BIESETEERE
MVPY L WS ERBH B, av s 7 v Fov22%R3UHE LK, BFEFMCLZEYDEEEBEOHE
(3-5] T3, BVEREFTEEBHREAER SN bORDR. £ T, AR TR, S/MERTEBEEESEL:
FLONETNVELT, EONHR > THATHZ LITER LAEEFALHBEL, £WOEERENEL T 5.
REEIZIE, ETAVOEYITIIHBEORIORVHRAEL L, —KRTOBRFETAELBNT, YOLik
BB, EMNRF— B RTONHER S I 2L — 2 g ill > TR EfT-7-. 2 1 BRTHBaL
ZIPTRERER—RLL, HEV O P RAREREMATREBSE: | BREFHAEERTIAVEANE L
EL7. ZLT, ZOFHIZLY, £YONMEEEZES TR LT, S/MMERTREAKEZMEIFL, 7
BEZ-ECLTEMAY -V 2 BLSEB I LIZLY, RIERTEROEMAY — 2L 3B 82HLME
THZLELE.

2. ETINEEFE

RO, TFVEBRL LT, | MOEMBEET 5 - RTRTREELS. £WE X 12, “KREOET LI
FEL, TRENOBRTFIA D, AW >TEDLN=H A FTHEIEE X LT5. £/, OFEE#izk
STHEDONEYA FaeRbT. £LT, ROMEEAREET 5.

b
X+0-52X (1a)



168

X 50 (1b)

hix, 2av2 7 v 7o XRIERTNRE. ZOFFATIE, (la) BEXHOBHER, TEPREX L5 H
A£7uER, (1b) VEHBXVNELCEm CEEHONCARIREC o X ERLTWS. XRETIE, 0¥
I b7 REFRRIY, APOHEVZ L > THARBRELT ZHEVOPREBHPRATLEET NV EBEL.
UFokdiz, ERDav &7 v FuvRey, HAERZABEOEFRIS L TELIEDLITTS.

b"
X+0-2X (2a)
X350 @b)

ZIT, HAERP,IL, ZEXHORVIZESR 1 BESTTIIHETERWED =0 L L, TOMOHAERSE,
H1ok>izEAE4 AOEHOBEEMITET L THERSEINT S L HITRELE.

BHEHOBEK HAER b,
1 0
1
2 ‘6-17
1
3 Eb
4 b

1 AMoHER. TEHicembiET 30, BE4L (RESH) OEHOBEBEICEE L THERSENTS

IDEFMIBWT, TrFirudIal—ya Rtk 2 EEERZIToM. SOIZBWVT, £8iXd 3
FBExZRDETE. T0%, UTOLS3 L THBARELZTY, XOBAREEYR&EL-.

D NXNOZRZEFEFZABL, X2EE X TERTS. BRVOVA FRIEEHMOLEETS.
(i) FxOHEEMIZSERD2ODTER%EIT).
A) T, HET o ER(1aE2ETTS. 1 2OBRFREZEEICRE. ZOANR O THIHE, KITETORER
BFACBIZXOMn 2R/~ TOEGMAICSLTORHERDICL>TXILERD.
B) ®RiZ, BEFuER(0DEETTS. £EOBFAE 1 B, ThAE Y THEHLNIEE, YEETEmM
TOIERD. :
(i) BFAOREIXDEIZRAT v 7@ EBVEL, 1EXTAINGAT vy 7MCS)ET 5. ARETIE, —DO%
F¥ L=100 &£ L 7.
(iv) (ii)% 3000MCS &Y iE¥.

IIT, MEEAEITIR EROX)CHOYVA FEOABEERTILOZ eI VEEERTTVEL,



169

ZRIZH LT, BEOMEIZEMREARLSIEEERA2TY b0 /o — "\ AMEERETALELT, IRALZS2DF
TAIOWT Y I alb—va VEREITIZLE LE. A28, BRFIARERSELA W

3. FHimiAfl

=Y, FETFLOTHEECMEDIBEIC L 2 BROZERIIOVTHS. MEERMEED 2 AMTEZ S
LEATEUT DL, 7a— WHEEERESAOFRURTIEL 2. ZOTHBELORMERIIRO L > iz
REND.

dx 4
- = =x)() b,y Cx" (1 - x)*") —mx ®)

n=1

IIZT, QXOF-HIBNTIL, HEKBITIZLTOBEANEREINED, UTFDLdizn3.

%=(l—x)bx2—mx @

=bx(~—x* +x— %) (5)

XRIERBEZ LY, FEAL @OXDLHicks.

1+./1-42
e b ©
2
4, HFEREEE

BFETFMIBOTHERERSZIToLBRIZOVTRRS. WPBEL—EIZL, £MOETE m 2 BLE
BRLEE, EYMOEREE x REDEIETI»E2 Ty PLERZR 2IZRT. K2 XY, #EkD=>
FI7 PR RRTEBNTL, AYBOFMEBRENIZ- &) LTI -72DIRL, HEVWEEZRLETT A
CEBWT, v—AAVEEERL /o — VEEEROYELY, FRLBEOEADIIo &Y LTVBHZ &M

[

©
;

o8

© © o
o«

CONTACT
PROCESS

~

o
=)

GLOBAL

o o o ©
N W s W

o
© i

>
w
w
=
()]
z
L
0
P4
Qo
5
2o
[
e}
o

STADY-STATE DENSITIES x

o

02 04 06 038 1
MORTALITY RATE m

B 2. BFETMIBIT 2 AGHREEOCRBREL. BIK X 3. BEHBEORMEL (B:x0=0.89, BAIK: x0=0.35,

avEIFIuER, BRK: Fu—"AHBEEREFL, B K : x0=0.28)

& =AU ABEERTT NV (x0=0.8, 5=0.8, m=0.07)

TIME (t)



DMB.

170

RIZ, EHONMPBEENELLI-L X, £OB X OBEDOHMELRED L S IZR2DONER~T-. THE
BT 2 ERBEOCRNMELEY oy FLELOEZR 3IZFT. B3 LY, S/IEFTHRBEREELT TR
THEWITY—PRBALNE. £, K4 IEFHOTHAEE 0 DERIZL->T, EMOETEERED L
IEBTHINE Ty FLERKTHS. M4k, £HEX L, EOPHEEODTILREBNT, ¥HELFH

ZanhdZ LRbns.

5,612, ZBMNE—VDRTy 7V ay b&FRT. BT - OBEIL, EWZHD—ERMEOLK

1
0.9
0.8 -
0.7
0.6
0.5
0.4
03
0.2

0.1

STEADY-STATE DENSITES x

0

0] 0.2 0:4 0.6

INITIAL DENSTIES x,
K 4. v —HVHABEERETVICRIT 2 0MBEO BN
L B2EEEEOEL (m=0.07, =0.8)

i

t=3000 t=6000 t=9000
X 6. B¥RYIC & 2R F — L DB (x0=0.35, m=0.07,

5=0.8)

8. DERE N F—r. E: FUo¥LER B B
KA

t=9000
35 BRIC L 2ZEMAY— DR (E:x~028 T :
x0=0.39)

[

o
N ® o

oo 0 o0 0 0O
w & U o
. ;

e
N

STADY-STATE DENSITIES x

i
o =

o

0.1 02 03 0.4 05
MORTALITY RATE m

X 7. BABEEELECROBK. BR . THHEL,

B:o—IVAREERTTA, K Za—/VBEER

&5 )V (x0=0.8, m=0.07, b=0.8)

1
0.9
0.8
0.7 -
0.6
05 -
0.4 4

RANDOM

03 - - CONTINUOUS
02 -

0.1

o el

0 0.2 0.4 0.6 0.8 1

INITIAL DENSITIES X,
E 9. PR/ S — L MBEORNCZLIEER
EOE. 8: 707 LRE, K EMVEE

STADY-STATE DENSITIES x




ERMPIEY (UTF, 7725 —LE) 2FBRLEBL 77 257—1F, —EUERELARLRVZ EXDMB.

EBIZ, 7T7AF—E, ZTOVA XDPNEREDPLIBRL TN Z L BbroT

K7 EEBELRECEOBRRIZONT, EHRALE o — \VEEERETFN, o—IVEEERET
NOLEEITS> TR THD. B 7 L0 e — UEEEFET VOBRAILPESEEU T TRFETH S, v
—ANVEEERIITFRARAETHL L HBb2D. ThbnZ kY, YIHEBEDNER ¥ — B IBR & FHED
DRIZEEBEZEZTWH I Lbhote. £ZT, M-bid, £AYRBOMHEEIZR VT, M- 2 EL
EETYIalb—va v ERETHIZL L L. BAMICIE, SHEMY Iz L—Va VEBWTHIHEEL L
SEDLE, VHEBEOCEYPDOER N F— 2K 8 DL I, TUFLREBLEGNEBEOTS 21TV, £AFh
DEEEZELSETEREIT, H&EITo.

HEE N F — L DBV KD HEBEIT-RERER 9I1TRT. K9 LY, FFARETIIHE—EDREK
HUT TRBICIERT 525, EROEE TIIAMITITERE T, NMEEORD L LELIERBENSBOL, T
D&, HE—EBELUTTHRIEL, B/NEEATEEGENNIARBI RS2, ZhiL, T ¥ 25HD
EIZRBLTHHL TN DL, EYOBRBIZHESVPSLER-HHEFE LIZ K RY, BEESREIIEI LT
WS, TR =2 LTV EBENEZ VTV D), BBIZHD LE 2570 ThoLExLN5.

5. BhYIC

ARTIE, 287 b7t ALRIERESRT, HRVWDEREZEDRTFETALEEELEZ. ZOTFMC
BT, VHEBOEHNOEENHD—EDELV /IS RBEMEL, ThUED L & IEKENERTS
EWVSB/NFR IR ERR AR TN TERL., 7, TOR/INERTRBERIL, Sue— " AHEERT
TTBNTE, EHBELUTTRTRETHAZ EBSho7m. ZRIZH LT, B—HAEEERETLVZEN
T, ZORNFHRATEEEER, B - 0RB82RTTEY, RALIHMEETH-oTh, M F4—v
BR2B L, BEENTRTIHELBRTIBEANDY, 7 7RF—2FETHLERBIIEL LIZC N ED
IRERMBONT. EoT, £PRIT, RELITFRAZ—2HBELTVAELE, BIERTEEEENKREL R
D, 77RF—DREILLBIIFHETREEBELEMTEZ LARBREINE.

AENE, ETNVERBRELTIBRETAZIRYE 728, 2BULEORIZBVTIL, AEOEMERICKEL
THHEEPRETDLIARET AN THONTERATETHHEEZD. LES->T, IYVHREDORITE,, BEE
EEDLCBVTHRARO/BREABFRITES. LT, SYBHPBEEALITL ST, BO LTV, &
D—EOHELUTIZRS L, BBESIEEITE, TOBREEKTHIR/NIFERTRBEKIZIE, TR FZ—U B
@LTV&:&ﬁ%@éné.i%wﬁé&E%%iéﬁﬂﬁ,@W§ﬁﬁﬁt<,%@%ﬁﬂ5~yhégf
DUBRDHDLEEZLND.

SEXH

[1] Primack, R. B., A Primer of Conservation Biology 4th edn., Sinauer Associates, Sunderland, MA. (2008).

[2] Harris, T. E., Contact Interaction on a Lattice, Ann. Probab., 2 (1974), 969-988.

[3] Tainaka, K., Lattice model for the Lotka-Volterra system. Journal of the Phys. Soc. of Jpn., 57 (1988) 2588-2590.

[4] Morita, S., Tainaka, K., Nagata, H., and Yoshimura, J., Population Uncertainty in Model Ecosystem: Analysis by
Stochastic Differential Equation, Journal of the Phys. Soc. of Jpn., 77 (2008), 093801.1-4.

[5] Tainaka, K., Terazawa, N., Yoshida, N., Nakagiri, N. and Takeuchi, Y., Spatial pattern formation in a model ecosystem:

exchange between symbiosis and competition, Phys. Let. A. 282 (2001), 373-379.

171



