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Introduction

In population dynamics, discrete-time dynamical systems have been used
to describe interaction between ecological species. Comparing to
continuous-time dynamical systems, discrete-time models are more suitable
to describe populations with non overlapping generations. These models in
general produce rich and complex dynamical behaviors.

Among various population interaction, predator-prey models play a
fundamental rule in mathematical ecology. The dynamics of predator-prey
system is greatly depend on the implementation of the functional response,
the availability of prey for predation. In this paper we consider a planar
system which describes a predator-prey model. In order to reveal
comprehensive dynamics of the system, we employee theoretical tools such
as center manifold theorem along with numerical tools based on numerical

continuation method.

Material and methods

Our analysis is based on theoretical and numerical techniques. We first
determine all fixed points of the system and conditions under which these
points may undergo different bifurcations. To reveal more dynamics of the
system, we also use numerical bifurcation methods and numerical
simulations, which further examine the obtained analytical results.

Results and discussion

For the resented discrete-time predator-prey system, we compute several
bifurcation curves, all possible codimension-1 and codimension-2
bifurcations on thses curves along with their corresponding normal form
coefficients. By branch switching technique and employing software
package MatcontM, we compute stability boundaries for several cycles up
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to period 32. We also use numerical simulation, to compute basin of
attraction and strange attractor emerging around a Neimark-Sacker
bifurcation.

Conclusion

We can highlight the following results from this paper.

e Detection and location of all fixed points of a discrete-time
predator pray system.

e Computing all possible codimension-1 and -2 bifurcation and
their corresponding normal form coefficients which in turn
reveal criticality of the bifurcation points and determine if
extra bifurcation curves can emanate from each detected
bifurcation.

e Computing orbits up to period 32 which determine stability
thresholds for different cycles.

e Computing basin of attraction and strange of attractor which
emerge around a Neimark-Sacker bifurcation by means of

numerical simulation technique.
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Run 3: lable = R4, x= (0/400000, 2/000000, 5/000000, 0/000000)
normal form coefficient of R4: A=-1/240347e+00+6/201737e-01i
lable = R3, x= (0/428571, 3/000000, 7/000000, 0/428571, 0/500000)
normal form coefficient of R3:Re(c_1)=-5/000000e-01
lable = R2, x= (0/444444, 4/000000, 9/000000, 0/400000, -1/000000)
normal form coefficient of R2:[c,d]= 2/858854e -1/715244e+01
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Run 4: lable = LPPD, x= (0/077546, 1/416831, 3/948550, 0/274951).

normal form coefficient of LPPD:[a/e,be]=-1/638977e-01, -3/078210e+02
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lable = LPPD, x= (0/540029, 1/683814, 5/511767, 0/382405)

normal form coefficient of LPPD:[a/e,be]= 7/735619e-01, -1/936842e+00
lable = CP, x=(0/399998, 2/000006, 5/000001, 0/400000)

normal form coefficient of CP:s= -4/546038e+00
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Run 5: lable = LPPD, x= (0/459801, 2/377869, 5/511767, 0/382405)
normal form coefficient of LPPD:[a/e,be]= 7/735689¢e-01, -3/212194e+01
lable = R2, x= (0/513005, 2/276779, 5/65162, 0/375352)

normal form coefficient of R2:[c,d]= 2/425172e+00, -1/386196e+02
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Run 6: lable = LP, x= (0/398623, 2/007628, 0/399996)
normal form coefficient of LP= 2/427508e-02

lable = NS, x=(0/249980, 2/581260, 0/383393)
normal form coefficient of NS = -1/496057e+02

lable = BP, x= (0/036654, 0/000000, 0/261399)
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Run 7: lable = R4, x= (0/229885, 2/354194, 4/615965, 0/374982, 0/000000)

normal form coefficient of R4: A= -4/453277e+00+-1/491255e-00i

lable = R3, x=(0/249536, 2/747054, 5/218594, 0/382476, -0/500000)

normal form coefficient of R3:Re(c_1)=-6/065819e-00

lable = R2, x=(0/237339, 3/111749, 5/625162, 0/375352, -1/000000)

normal form coefficient of R2:[c,d]= 9/121279e+00 -5/172536e+02
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Run 8: lable = CP, x=(0/229885, 2/354194, 4/615967, 0/374982)

normal form coefficient of CP:s= 3/280258e+03

lable = LPPD, x= (0/245459, 2/335794, 4/651131, 0/374400)

normal form coefficient of LPPD:[a/e,be]= 1/235611e+01, 3/690149e+01
lable = LPPD, x= (0/260418, 2/363215, 4/76566, 0/376169)

normal form coefficient of LPPD:[a/e,be]= e-01, -1/52023e+06
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Run 9: lable =PD, x= (0/218246, 2/419802, 4/669990)
normal form coefficient of PD= 7/727454e+03
lable = LP, x=(0/213071, 2/455207, 4/709341)
normal form coefficient of LP= 2/663055e+02
lable =PD, x= (0/214174, 2/417745, 4/668426)

normal form coefficient of PD= 1/443275e+04

0.224
0.222
0.22

= 0.218
0.216

0.214

PD

LP

0.212 ] 1 1 1 1 1 1 1 1
4.63 4.64 4.65 4.66 4.67 4.68 4.69 4.7 4.71

a
X6 3l 950 LIPS0 cull ahaily S NP S0

RUN ;o PD (galaii 5l g4, b aile o 3L Ll wtl 4.668426 < a < 4.709341 a5’ Slo; b V8 s po e

Dggn Sl 13 Djge 4y IS - VY S ] ol alals e )
<ol b= 0/37487554 , a= 4671617, x, = (0/2143,2/4248474) 45 C35 = (X1, .., X33} 355 oo

Sl 00l oals L VY S 50 o S ol Sloges


https://mmr.khu.ac.ir/article-1-2964-en.html

[ Downloaded from mmr.khu.ac.ir on 2026-05-30 ]

1.8

Q
16 o o

1.4 %

1.2 050

0.z 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65

.a=4.6716174, b=0.37487554 13l a3 bl JSm—¥Y S IV S

Moges amelce RUMY - 15T 295 5 00,5 gy |, PD oo « RUNA o PD (galaii 5l 69,0 L J>
ol 00 o0l e 18 JSi o 9,5 o

Run 10: lable = LPPD, x= (0/669196, 0/334530, 5/540166, 0/269733)

normal form coefficient of LPPD:[a/e,be]= -7/949477e-01, -1/520023e+06

lable = LPPD, x= (0/684060, 0/344990, 6/168872, 0/270591)

normal form coefficient of LPPD:[a/e,be]= -5/038217e-01, -3/930133e+10

lable = R2, x= (0/6844730, 0/344914, 6/17629, 0/270646)

normal form coefficient of R2:[c,d]= 1/141891e+11, -2/856352e+11
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