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Modeling on Ratio-Dependent Three-Trophic Population Dynamics Responding to
Environmental Impacts. Lee, Sang -Hee, Kyung-Hee Choi® and Tae-Soo Chon™* (Depart-
ment of Physics, Pusan National University, Busan Korea, Division of Biological Sciences,

Pusan National University, Busan Korea)

The transient dynamics of three-trophic populations (prey, predator, and super
predator) using ratio-dependent models responding to environmental impacts is
analyzed. Environmental factors were divided into two parts: periodic factor (e.g.,
temperature) and general noise. Periodic factor was addressed as a frequency and
bias, while general noise was expressed as a Gaussian distribution. Temperature
bias g temperature frequency Q, and Gaussian noise amplitude o accordingly
revealed diverse status of population dynamics in three-trophic food chain, includ-
ing extinction of species. The model showed stable limit cycles and strange attra-
ctors in the long-time behavior depending upon various values of the parameters.
The dynamic behavior of the system appeared to be sensitive to changes in environ-
mental input. The parameters of environmental input play an important role in
determining extinction time of super predator and predator populations.
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Fig. 1. Population dynamics of super—predator, predator, and prey at different levels of temperature amplitude € ranging

from0.0to 8.0at 0=0.1 and 2=0.1.
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Fig. 2. Three dimensional phase plot of the solution of system at =0 and Q=0.1. (a) limit cycle at €=0.7, (b) strange
attractor at €= 1.0, (c) limit cycle at €=2.0, and (d) limit cycle at £=3.0.

ool “olAdt T HefE HAAFdEH, ol Al £ g 9l o] vebde] A glont, ofF e]Edt &
9] =Z®j7} E£E38) % (chaotic behavior) 0.2 epld-& A T2 doy)|= At )AL A5 A™E R okgro
A Shdeh(Fig. 20). A £709) Belabe wdlela “xh =2 goz AYAste) dulse A% AT iAol
Z} moko] o] ANl LY (tea-cup strange attractor)"= %+ g A}glo)g} o A At} (Kendall et al., 1999).
o212 glt}(Zlatinka and Nicolay, 2000). o]7]4 %7 Fig. 32 7} 259 Ux WHold] ¢RI AHS, g, ¢ Q
2% Yehls Aet 2448 APAEAR AL o SRAos AT o AAZ Sl 47 oW A
Feol] 23 S 7|HEH o]E “ro|=-F2 gHA X =42 27| =A] (bifurcation diagram)o.2 Hel 3
& A} (Noise-enhanced stability phenomenon)’z} -f-A}3s} o} Fig. 3(a, b, 0)= 7}92 ko= =7 W 2 FV|E
ST1= 0=0.0, Q=0.12 A 3}3 €] 0.0~3.0 A}o]Z W3
wolz-E7 Paae A WAkl ol B 4 dl, A7 ARNZAR s, EAA w Y AR wel 2
UEH, EEFEE Hole Al Rl rmo]=F Tl o] A3t B7|=AE BAF T loh A 2ARHE] A
=m 7}x}7] QrAlel Zr)Ad oz WMathEA] w7 oub $ 1.0<e<15 Yol U7} & F7)5 72 AF
g Bl ol AL WAk E A7F 5ol ol2B & 8 L6<e<21 ddolNE F 5718 welFd A
R “*°V}€i ARE A AA L e 2eA 3t (Fig. 3(). ol=dt 54 2 Algstae ¥
£ delde ¥ 4 sk a9 Favh Be vl w300} BEdos Assidn 24t a5

(Berryman, 1991)011/‘1E 4= Zke] Wl A o Aol = ddlelHel AE Al HRE & F7]0A



@I Mg m MR -ZAR-F

M9 ZAR HHZ S8 29 309

-3
10 i 0.35 A ——————
45 \ —
. \ !/ 0.3 0.9
E 0.25 S
2 3 o2 3
x x x
: g oss :
0.1 :
005) \:ss v
ﬁ , é i
S s =
3 1 <
@ X
1S g g
0 005 01 015 02 025 0.3 035 0.4 04505
o
(d) Q)
e PR r—— 04 1=
8812 SiaoL P e 0.35
. L R :
00145 - - - 7 - 03 e s =
T0012(" - 2 0.250: el )
X 001 .t 5 o025 3
£ 0.008 E 015 E
0.006
0.004 o1y
0.002 0057 iy - i i g il
0 02 04 06 08 Ql 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
Q
9) (h) (1)

Fig. 3. Bifurcation diagram for super-predator, predator, and prey populations: (a), (b), (c) with € varying between 0.0 and
3.0 at 0=0 and Q=0.1; (d), (e), (f) with o varying between 0.0 and 0.5 at £€=1.0 and Q=0.1; (g), (h), (i) with Q

varying between 0.0 and 2.0 at =0 and £=1.0.
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