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Application of an Augmented Predator-Prey Model to the
Population Dynamics of Roe Deer in Jeju
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—1 Abstract |

This paper aims at developing a System Dynamics model with an augmented
predator-prey interaction structure to deal with the population management of roe
deer in Jeju, Korea. Although people still regard the creature as one of the important
tourist attractions, there has been much debate on the issues of the appropriateness
of the population size of roe deers because they have been stigmatized as crop
damagers, and roadkill/poaching victims due to their natural habit to move around
from the top mountain to the lowland of the island. The model is therefore to
incorporate these migrating and grazing behaviors into an augmented Lotka-Volterra
model coupling roe deer population in both parts of the island to that of predators
and preys of the species. The authors also provide a comprehensive set of dynamic
hypotheses and relevant CLD/SFD to understand the population dynamics of roe deer
and co-evolving species and perform the steady-state analysis of the proposed
equation system to verify the model behavior of the numerical example lastly

presented in this paper.
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9] 34| Lotka-Volterra ©] &R 8 (Back, 2008)2 z}-&38to] [19 4]9F 72& A|~"l &
seRgon TAIA B 4 MOOE ANE ¥ ATEAL AH Tl 0 17
SRR =) AARS IA Y1 R AR AfA Yo' Zelate], ARl =
o] WolF X I 23} 2H|A w59 HA veolo] Aaas FHstm k. of7|A Z

sheelele] ool (E 2yo] AN whe} Pk

£

(&

o

= BX— X’ —1X(Y, + 1))

Y, Y, Y,
Yl = bXYl - le “erY— mly_ ay—le - CY1Z
. Y] Y, Y,
Y2: bXY2—dY2+m17—m27—a7—pYQ—cY2Z
Z =rZ2-kZ+qV,+ V)2 M6)
(H 2) = A7 o|Z2&ol| CHEH oMol o
LHEE
T2 UAE | mel | amMet| .. | mE | 4@ | OISE
AHE | AR A = R PU
Hol X B 8 ¥
DAY =F Y1
b d c a p ml, m2
AA N =F Y2
A& 7z t, q k

T BE ML= oz FHol(outflowd! Ze FAolA (-2 ghd)
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A A MElA =Fe] Holgk Xo] W (flow equation)q] X' ¢S B WA
BX, WAk s 6X2, 22lal =FE F NAG (Y1+Y2) 3 Hol7k Xl nl#Het=
Hol A HF yX(Y1+Y2)°] AAE ] th

obz 7t =0 WAl Yiel Wa el Y1'e] ¢iollss, HoldF gt ARl o] ARl
Hlglshs M bXYi, AR1e] AR )l HlElete AT dyi B FHIA S
pYi, 7 7N 9] ol & miYiX % o]F el HHsle 2=y ﬂ*ﬁ%‘t aYi/X, VAo
Az g AR AR )l vl A FE XYiR FAH Tk

A zol A3 Ws] 712, =T ZAFE o 5 3%elA W3l nlep e o]fE =
FAA Sk FaE WA 2 B =T 243 A9 AEE AT qY1+Y2)Z2e F Fe
WA ko] EAsh, obe] HAo] gle VAR WAk AT kz2o] Ej}y o 915}-

oI L Aol Z o]2RHY o5 Fi EAAINE destAl s flste] =
o] F AT Y1 2 Y29 S b, d, ¢, a, p 5 F AT 7] At B} *éxé
st o] E mit HEA AAHAYT s, T
w0l o] 3 ) &(symmetric)3F 22 <& F A
2 S Aol 5 AAAS HelHE 483 AF

eSS e oz Huel FX(Kitamura et al., 20005 FE 5= Qlrk

P

3. AMatlo| SXA3i(steady states)} slje] 2HHM(local stability)

o} e olZRuoA AAMHOR on] Q= %
Q7R 2, G 02 AAH e elnl i #EA
WS v 00w 4%, &
J0 =

e R s

et

o
SO el

2 78 H(steady states)S A
2 A7) A9nlEgL

= &
X‘:O, Yl'zoa Y2' 07 Z' _Q_i 173 6‘]—0:] ﬂ%ﬂg—]g/_\_}% ;—I‘L;

[‘(‘

0= BX—0X*—7X(Y,+ Y>)
myY,—m Y, al,

0= bXY, + e APV -evZ
m,Y; —myY: aY;
0= bXY,+— 1X SR XQ—(d+p)chYQZ

0=rZ—kZ’+q(Y,+ Y,)Z

ol 1A L 4HA 2o H$ BE o X9} Z7} glon s thSy)

o

Al S
=

o TEL 2~
T A



110 "at= AJARICIOLHRIA o7, M123 HM2Z 2011. 7

0= BX—6X"—1X(Y,+ V3)= X[B—6X— (Y, + V3)]

_ _B_
X=0or X="5—o(Vi+7Y,) S1)
0=1rZ—kZ*+q(Y1+ Yo)Z=Z[r—kZ+q(Y,+ V>)]
: T4
. Z=0 or Z:Z"‘rz(yl—‘r YQ) ............ 52)

o714 X=0, Z=0%] A To] BFLIE w9 A8E o|v|st= APl (trivial solution)
ol e} el AGEek Xet = A s R 5% o] (Y1+Y2)e] B4
s ‘}F Atk oMol = (YI+Y2)E al7] 918t 7] 008 F3d 294 9 39 F
R ERPNEREER)

40m

m Yy +myY,—m Yy —my,Y,—a(Y, +Y,)

0= bX(Y,+ Y,)+
—(d+p)(Vi+ Yo)—c(Y,+ V3)Z
= (Vi + V) |bX— G- [d+p)—cZ

of Wl ¢ Axte] [ o] Zeoll A $2)E thiste] st offek 2ol 4 $3)E A
Hu, v 2 Y1+Y2=0 & 125}A] g=th

0= (1 B[ L@ e Tt L4 1)

(Vi Y)=0 or (¥, + ¥y)= Z[bX—%—(d—&—p—&—?)} ..... 53)

919l 4 81 = 83y FFato] (YI+Y2)E 4718k,

LI P P |
e ] Lo ol (A
— 5“1) 7_7( cr ﬁﬂ)
:>O—(b+7kX - ld+p +k+7k
_ écq) ( ﬁcq)
:>O(b+*yk:X d+p +k‘+’yk’X a
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A 2~€19] Jacobian 3B -3k T 1 3PH O] 1-X|(eigenvalues)ol] 2|3+ | = Fsllof
o, oz 4] CRERIE T A A9 U2 9 ) 9§ sleni g
ol Addele] by FHAE A83 HS ANE 2]l AAjekaa} gk

V. Al8i3|(Numerical Example) & Al8i2E SHE{(Model
Behavior)

of Aol glomm P44
ol HigAe PeE wel
A, 2 EATEe A 5L HAES] Slste] B4A sehEe g

o AddE Astaal ok A=l dfdAtge] SAF AlEdoldat Al 4
o

(E 3) 2 od7e| Ayl oiist eMma=o| MEZL
AHE
AL
= HAIZ s 5 TR
TEUNE ) et [gew |, | 28 | 28 | gzg | SHEE WS
LHE | 2 B A | SME
sl x B 5 Y (B+(B2+4aA)1/2)2A
1 0.0001 | 0.0004 = 4007.08
1A o
TYL| b d c a p mi | B-6/)%x
A A g | 0.0001 0.1 0.001 500 0.1 500 | = 1498.23
=2 Y2
t, q K (r/k)*x-(q/k)*
A z 0.04, -(5/y)*
2 0.002 [(B)-(6/%)*x]
0.0002 = 9491
B+ VB*+4aAd 8 oq Jé] )
z: ch p=— T — 1
Fil) ek 2 oA A= b+,ka d+p+k(7+ q
g 12 2
2) dd+p)+ VAE(d+p)? +4ab <x<ﬁ

2b 0
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3. Algimtio| SHEl(Model Behavior)

Stella 7.0.3¢] Euler WH(MDT=0.01)°] 2|3+ A&A= [29 6]5E [29 91744 A|A]
% wke} 2} (28 6] %7] %27 (initial equilibrium)S 7}236}3 TR A
o7 FAHErFE AT 2otk addA [1HA]S Hol X, [2¥]e A =7y
A Y1, Bl AAD =FAS Y2, [4H]S 54 5 JA 9 AAT 25 on|gith 1
ol ®izo] 2] 85) Bl 86) 0% AAH 27| $ATY 2L Ao R FAHTh

1:X 2:Y1 3:Y2 4:Z

1: 5000

2: 800

3.

4: 240

4=1 1 1 1
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2l FEAS AU glornR, GAHRD F FA did] FHsR= e (damping
oscillation)2] PENE Holal 55 HAl olalE = At o]y} 2 El= 270AE 7t
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A dE golgo] YNHoR FlIL 2 M FHstEA o] AN Ew
(transient effect)”7} 2EEH, A& NAG2)e H$ xo
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[E2 1] M3imsio| Asla}l £Al(System Equations)

718 AR GRS ARS AT Sella T, o]714] 7 2%e] 2727 A
2 ol shebile ] A0 AR Aol & F A9

=
=
ol A= A A (symmetric) .2 AAdte] A2

lo
kr

i

X(t) = X(t - dt) + (flow_X) * dt
INIT X = (init B+(init B™2+4*a*mnit A) " 0.5)/2/init_A
flow X = X birth-X density restricted-X feed to Y

init. A = b-+(delta/gamma)*(c*q/k)

init B = d+p+c*r/k+(beta/gamma)*(c*q/k)

X birth = beta*X; beta = 1

X _density_restricted = delta*X ™ 2; delta = 0.0001

X feed to Y = gamma*(Y1+Y2)*X; gamma = 0.0004

Y1(t) = Yl(t - dt) + (flow_Y1) * dt
INIT Y1 = 0.5*(beta/gamma-delta/gamma*X)
flow Y1 = Y1 birth - Y1 death + (Y2 move - Y1 move) - Y1 accident - Y1 poach -

Y1 predated

Y2(t) = Y2(t - dt) + (flow_Y2) * dt
INIT Y2 = Y1
flow Y2 = Y2 birth - Y2 death + (Y1 move - Y2 move) - Y2 accident - Y2 poach -

Y2 predated

Y1 birth = b¥X*Y1; Y2 birth = b*X*¥Y2; b = 0.0001
Y1 death = d*¥Y1; Y2 death = d*Y2; d = 0.1

Y1l move = m/X*Y1; Y2 move = m/X*¥Y2; m = 0.0001
Y1 accident = a/X*Y1; Y2 accident = a/X*Y2; a = 500
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Y1 poach = p*Y1; Y2 poach = p*Y2; p = 0.1
Y1 predated = ¢*Z*¥Y1; Y2 predated = c*Z*Y2; ¢ = 0.001

Y = Y2+Y1
Crop_Damage = Y2/INIT(Y2)/(X/INIT(X))

Z(t) = Zt - do) + (flow_Z) * dt
INIT Z = r/k+q/k*(beta/gamma-delta/gamma*X)
flow Z = Z natural birth-Z density restricted+Z_predatory birth

Z natural birth = ¢*Z; r = 0.04
Z density_restricted = k*Z72; k = 0.002
Z predatory birth = q*(Y1+Y2)*Z; q = 0.0002
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[B2 2] SX #&H™o| otxM(Local Stability)

(symmetrlc)O] v 23e AL st
2T A <EL T ST} o] FET 4 Atk Y = YI'+Y2'S ou]sh, o] 24
‘ o)

=
a7k ol s g Y1 ¥ Y2'E dHS
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