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ABSTRACT

In this article, a prey-predator model consisting of two prey species and one predator species is proposed. Intraspecific
competition is considered within each population, including both prey and predator species, while the interactions between
the prey and predator are described using two different functional responses. The positivity and boundedness of the
solutions are established, ensuring that the population densities remain biologically meaningful and finite. The local
stability of the equilibrium points is analysed and the system is shown to be locally stable in the vicinity of the equilibrium
points under suitable conditions. Furthermore, saddle-node bifurcation occurs at two equilibrium points, indicating a
qualitative change in the population dynamics as the system parameters vary.

Keywords: Beddington, functional, Lotka-Volterra, saturated fear effect, bifurcation.

How to cite this article: S. Vanitha and S. Vijaya, A Two-Prey One-Predator System with Saturated Fear Effect and
Intraspecific Competition Stability and Saddle-Node Bifurcation. Int J Drug Deliv Technol. 2026; 16(7): 2096-2113. DOI:

10.25258/ijddt.16.7.216
Source of support: Nil.
Conflict of interest: None

1 INTRODUCTION

Prey-predator interactions are important components of
ecological systems and have been extensively studied
using mathematical models. Such models help describe
the interactions between prey and predator populations
and provide insight into their persistence, coexistence,
stability and dynamical behaviour. The complexity of
prey-predator systems can be increased by incorporating
biologically relevant factors such as nonlinear functional
responses, fear effects, intraspecific competition and
multiple prey or predator populations.

Cai [2] studied a stage-structured prey-predator model
with a Beddington-DeAngelis functional response. The
Beddington-DeAngelis functional response accounts for
predator interference in addition to prey density and
provides a realistic description of prey-predator
interactions. Pal [8] investigated the role of fear in a
prey-predator model with a Beddington-DeAngelis
functional response. Panja [11] studied a prey-predator
model with Beddington DeAngelis functional response,
omnivore and predator switching. Shao and Kong [14]
considered a prey-predator model with Beddington-
DeAngelis functional response and multiple delays in
deterministic and stochastic environments. Wang and
Gao [15] further investigated a prey-predator model with
a Beddington-DeAngelis functional response. These
studies indicate that the choice of functional response can
significantly influence prey-predator dynamics.

Holling type IV functional responses have also been
considered to describe nonlinear prey-predator

interactions. Yu et al. [17] studied a prey-predator model
with a Holling type IV functional response. Kalra and
Kaur [7] investigated a prey-predator model with a
Beddington-DeAngelis Holling type IV functional
response. More recently, Ali [1] studied a prey-predator
model with a Holling type IV functional response. These
studies demonstrate the importance of nonlinear
functional responses in determining the dynamical
behaviour of prey-predator systems.

The fear effect has received considerable attention in
prey-predator modelling because the presence of
predators can alter prey behaviour and reproduction even
without direct predation. Wang [16] introduced the fear
effect into prey predator interactions, while Pal et al. [§]
incorporated fear into a prey-predator model with a
Beddington-DeAngelis functional response. Gao and
Dai [4] studied a prey-predator model incorporating
delay and fear effects. Sha and Chattopadhyay [13]
investigated the fear effect in a prey-predator model with
disease in the predator population. Ishaque [6] studied a
prey-predator model based on the fear effect with
bifurcation analysis and chaos control.

The effect of fear may not increase indefinitely with
increasing predator density and saturated fear effect can
provide a more realistic representation of predator
induced behavioural responses. Zhu and Zhou [18]
studied the stability of a prey-predator model with a
saturated fear cost effect. He et al. [5] investigated the
influence of saturated fear effects on species dynamics
using a Lotka-Volterra competition model. These studies
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show that both fear and saturated fear effects can
substantially influence population dynamics.

Intraspecific competition is another important factor
influencing population dynamics. Individuals of the
same species compete for limited resources such as food,
space and reproductive opportunities. Pal [9]
investigated cooperation and intraspecific competition of
prey in a prey-predator model with refuge. He et al. [5]
also considered species competition together with
saturated fear effects in one prey and one predator. These
studies highlight the importance of incorporating
intraspecific competition when analysing ecological
systems. Prey-predator models involving multiple
populations have also been investigated. Das et al. [3]
analysed a two-predator-one-prey model with predator
advantage.

Bifurcation analysis plays an important role in
identifying qualitative changes in prey-predator
dynamics. Sen [12] studied bifurcations in a prey
predator model with the Allee effect in the predator
population. Panigoro [10] investigated bifurcation
behaviour in a prey-predator model involving age
structure and intraspecific competition. These studies
highlight the importance of bifurcation analysis in
understanding changes in prey-predator dynamics.

Although several studies have investigated functional
responses, fear effects, saturated fear effects,
intraspecific competition, multiple prey or predator
populations and bifurcation behaviour, these factors have
generally been considered separately or in different
combinations. In particular, there is scope for studying a
two-prey-one-predator system in which intraspecific
competition occurs in all three populations, the two prey-
predator interactions are represented by two different
functional responses and the prey populations are
subjected to a saturated fear effect.

2 MODEL FORMULATION

Intraspecific competition represents competition among
individuals of the same species for limited resources and
is considered in both prey and predator populations. The
first prey-predator interaction is described by a Holling
type IV functional response associated with a saturated
fear effect, which represents the reduction in prey growth
or reproduction due to the perceived risk of predation.
The second prey-predator interaction is described by a
Beddington-DeAngelis functional response, which
accounts for predator interference in addition to prey
density. These mechanisms together provide a realistic
representation of the interactions among the two prey
populations and the predator. Based on the above
assumptions, the mathematical model is formulated as
follows:
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da 1-T G 0G1G3
=CGi(Fr+—— —_)y—_—_ —PBGA,
dt (1+wGs) e (G*+5?)
dG: G2 dG»Gs
=G (l-_—_)—_—__ —-nGAQ2.1)
dt e2 (y + G2+ QG3)
daGs; U10G1G3 U2dG2Gs
= + —mGs — KG32.
dt (G2+SH) (y+G+0QG3)
Table 1: Biological Meaning of the Parameters used in the Model
ParametersiDescription
G Prey population with saturated fear effect
G2 Prey population with Beddington-DeAngelis functional response
G3 Predator population
A Normalization coefficient
0] Saturation constantassociated withBeddington- DeAngelis functional response
o Fear level
r Saturation value of the fear effect
S Half saturation constant
M Death rate of predator
el e2 Carrying capacity
0" Interaction coefficient of Gi
d Interaction coefficient of G2
ULU2 Conversion efficiency of consumed preys into predators population growth
P Intraspecific competition rate with in the prey population Gi
N Intraspecific competition rate with in the prey population G2
n Intraspecific competition rate with in the predator population

3 Analysis of Positivity and Boundedness Properties of the System

Theorem 3.1. If it is non-negative for all 7, then all solutions of the system (2.1).

Proof:

By integrating each equation of the system ( 2.1) provide the following results,

1-T Gi  0Gs

Git)=G(Oexp [J(CI(T+_______ —_ - —PBG1)dt],
(1+wGs) e (G*+5?)
G2 daGs

G2(t) = G2(0)exp [J(C2(1 ——)——_ —nG)dt],
e (y + G2+ QGs)

Gs(t) = Gx(0)exp [J(U16G1  + UadG> —m— KGy)dt].
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(G2+S5Y) (y+G+0QG3)

Since, G1(0) >0, G2(0) >0, G3(0)>0 as t>0.
Therefore, the system provided solutions that are non-negative for all > 0.

Lemma 3.2. Assume that ¢ be an absolutely continuous function that satisfies the differential inequality

de(t)
dt

+ai1p(t) < a2 V t >0, where (a1, a2) € R+3

a#0,then Vt>T>0.

ai [2%)
() <—— (— () e @D,
a2 ai
Theorem 3.3. If I > 1, then the trajectories of system ( 2.1) are bounded.
Proof:

Define the function it =Gi+ G2+ G3 and differentiate 1 with respect to 't , we obtain

du dG: dG: dGs
= + + ,
dt dt dt dt
1-T CiGi*  (CG?
=CGi( T+ )+ (62— - - mGs
(1 + wGs) el e2
0G1G3 dGaGs
-1-U0)—— __-(1-Up)
(G2 +5?) (y + G2+ QG3)

—BG12 — nG? - KG2.

Since the conversion efficiencies satisfy 0 < Ui, Uz < 1, the two predation terms are non-positive. Also, since I' > 1 and
1 + wGs>1, we have (1 —T')/(1 + wG3) <0, and therefore I + (1 —I')/(1 + wG3) <T. Hence,

du C1G? G2
—_<ara - + C2G2 —
dt el e

—mGs — P62 — nG? — K63

For an arbitrary positive real number § with 0 < f<m, adding S = (G1 + G2+ G3) to both sides gives

du(t) . CiG? G
+Bu(t) < (G + B)Gr — (G2 + )G~
el €2

—(m— B)Gs — PG> — nG2? — hG3~.

du(t) el e

+ Bu(t) < —(CI' + By +—(C2 + B)™
dt 4Ci 4C>

Here we used 0 < < m, so that the terms —(m — £)G3, —=BG:%, —nG>*> and —/G3> are non-positive. Moreover, the
quadratic (C1T" + B)G1 — CiG1%/e1 attains its maximum value ei(Cil + B)*/(4C1) at Gi1 = ei(Cil" + B)/(2C1), and the
quadratic (C2 + B)G2 — C2G2?/ez attains its maximum value ex(C2 + B)?/(4C2) at G2 = ex(Ca2 + B)/(2C2).
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el e
We define a constant >0 such that n=___(CiI' + B> +___(C2 + B~
4Ch 4C
du(t) .
+pu<n.
dt

Based on the above lemma 3.2 and letting ¢t —oo, we get

lim sup p(t)< n

t—o0 ﬁ“

Thus, the system ( 2.1) of equation is bounded for the given initial condition.
4 Theoretical Analysis of the System
(1) The trivial equilibrium point is Eo(0, 0, 0) .
2) The prey only existence equilibrium point is
Cil'e: Crez

E1( 0)
(Ci+eP) (C2+em)

3) The second prey and predator existence equilibrium point E2(0, A*, B*)
exists if Uid>m+#hB*,e2>Q,y>1 and (2Q(e2— Q) > de> + ne2A* .

_ y(m + ﬁ) + QB*(m + ﬁB*)

A 2 i
(Ud —m — hB") and

ArerCa(y — 1) + A*X(C2 + ne2) + nezy
B*= .

(C2Q(e2— Q) — dex — ne2A)

@) The coexistence equilibrium point

E;(G;, G, G3) exists if C,Q(e, — Q) > de, + ne,Gy,y > 1,6, > Q,U,d

>m+hGj and (G;> + S%)(y + Q G3)(m + h G3).
Where,
GGy — 1)+ GG +ney) tney
B (C,Q(e; — Q) — de, —ne,G;)

*

3

o = (G2 SO +Q6)(m +hG5)| - Ui6 Gi(y +Q 63)
2 [U,6 G + (G;% + §2)(Upd —m — h Gs5)|
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and G; = B;G; + B,G} + B,G, + B, =0,

whereBo,B1,B2,B3 are constants depending on theparameters
U,ILS Pw,e rand C 1.

Hence, the Gy is positive root of the above polynomial.

5 Local Stability Analysis of the System

The system ( 2.1) variational matrix is,

Vii 0 Vg3
](Gl,Gz.Gg) =10 Va2 Vaz|,
V31 V3 Vi3
where
Gi(1-I) 2C:G1 0Gs 20G1*Gs
Vi = cir + - - + —2%G1,
(1+wGs) e (G2+5?H)  (G2+ 5%
Vi2=0,
Ciw(1 -T)G:1  0Gy
Vi3 = - - 5
(1 + wGs)? (G*+5?)
V21 =0,
202G2  dGs daG»
Vo = C— - + (]/ + G2+ QG3)2 - 27’162,
e y+G2+QGs) Gs
daG: QdG>
V23 = - + (y+G2+ QG3)29
y+G2+QGs) Gs
U10G3 2U10G %G5
Vi1 = + )
(G2+5?)  (G2+ 5%
U2dGs U2dG>
V32 = - (y+G2+ QG3)2,
y+G2+QGs) Gs
U106, U.dG2 QU2dG2Gs .
Vi3 = + - —m — 2hGs.

(G2+SY) ([F+G+0G3) (y+ G2+ QG
Theorem 5.1. The equilibrium point Eo is unstable.

Proof:

The system’s variational matrix J obtained at the equilibrium point Eo s,
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¢ 0 0
/(0,0,0)=1] 0 G 0
0 0 -m
The eigenvaluesareA, =C; > 0,4, =C, > 0and1; = —m < 0.
Therefore, the point of equilibrium Ej is unstable.
Theorem 5.2. If T" > | and
oUil'ei(Ci + Per) U2dCzex(C2 + nez)

m> + s
[CiT%ei + SHC1 + Ber)?] [¥(C2 + ne2) + C2ez]

the equilibrium point £1 exhibits stable.
Proof:

The system’s variational matrix J obtained at the equilibrium point E is,

oCil'ei(Ci + Per)
Ci(1-2I) 0 —Cilwlel(l+T)—

[Ci°T2e? + S*(C1 + Pen)]?

dCex(C2 + ne2)
J(G1, G2,0)=] 0 - -
[¥(C2 + ne2) + C2ez]
oUil'e1(Ci + Ber) U>d(rex(C2 + ne)
0 0 + -m

[Ci’T2e + SX(Ci +Per)?]  [y(C2 + nex) + Caea]

The eigenvalues of the above Jacobian matrix are,

A= Ci(1 —2D),
A= —(2,
oUil'ei(Ci + Ber) U>d(rex(C2 + ne)
13 = + -m.

[Ci°T2e + S3(C1 +Per)?]  [y(C2 + ne2) + Caea]

IfI"'>1and

oUil'ei(Ci + Ber) U>d(rex(C2 + ne)
m > + b
[CiT%ei? + SHC1 + Ber)?] [¥(C2 + ne2) + C2ez]

then the above eigenvalues are negative.
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Hence, the equilibrium point £ is stable.

c(1-T) B

Theorem 5.3. If CiI" + < , tr(J(E2)) <0 and det(J(E2)) >

(1+wB*) §?
0, then the equilibrium point £z is locally asymptotically stable.
Proof:

The variational matrix J at E> s,

A1l 0
J(0, G2, G3)=] 0 A»
N31 N32
Gi(1-0) 0B*
Where A= air+ -
(1+w)B* §?
A2=0,
N3 =0,
N1 =0,
20,4  dB* dA*B*
An = (e - +
e (ytA+QB) (yTA+QB)
dA* QdA*B*
A3 = - + ,
(y+A*+QB*) (y+A+QB*
oUB*
N3 = 5
S?
U.dA* U>dA*B*
N32 = -

(y+4°+QB) (y+A+QB)

U.dA* QU.dA*B*

N33 = —m—2hB~.

(y+A+QB) (y+A +QBY

The characteristic equation of the above matrix is given by:

(A =A)[A?2 = tr(J(Ey))A + det(J(Ey))] = 0.

The eigenvalue is

IJIDDT, Volume 16 Issue 7, 2026
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c(1-T) B

A2 N23
J(E2) = ;
N32 N33
Here
201 A* d
tr(J(E2)) = (O —2mA*+hB*)—-m+____ (B*+ U4
e (y +A*+ QB
QdA*B*
- [1+U]<0
(y + A"+ QB
20,A* dB* dA*B*
det(J(E2)) = (C2— - + —2nA*)
e (ytA+QB) (y+A+QBY
U.dA* QU.dA*B*

—m — 2/iB*)

((y +A*+QB*) (y+A*+QB)

dA* QdA*B*
—(- +
( (y+A*+QB*) (y+A4+ QB*)Z)

U.dA* U>dA*B*

AT GrATeEy

By the Routh-Hurwitz criteria, the equilibrium point £2 is locally asymptotically stable if

Ci(l-T) B
cir + < , tr(J(E2)) < 0 and
(1+wB*) &

det(J(E2)) > 0. Hence, the proof is completed.

Theorem 5.4. The equilibrium point £3 is locally asymptotically stable if the following condition are satisfied.

(1) n>0,

2) >0,
IJIDDT, Volume 16 Issue 7, 2026
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3) xyy2—y3>0.
Proof:

The system’s variational matrix is
2

on 0 013
J(G1, G2, G3)=] O 622 623 ,
631 632 033

G(1-I) 2G6Gr* oG 20616
- - + —2PBGr*
(1+wG3*) e (G + 5 (G2 + §?)?

where 6u= CiI'+

612=0,

Ciw(l -G  0Gr*

o= — - ,
(1 + WGs*)? (G +5?)
621=0,
202G>*  dGs* dG*
on= G- - + (¥ + G2* + QG3)*2 — 2nGy,
e Y+ Gr+QGs*) Gs
dGo* QdGGs*
6p= - + ,
(y + G+ QG3*)  (y + Gx* + QG3*)?
U10Gs* 2U10G1%2G3*
631 = +
(G +5%) (G2 + §?)?
UdGs* UodGr*G3*
0= - )
(y + G+ QG3*)  (y+ Gx* + QG3)*?
U10G* U2dGyr QU>dG»*G3* .
033 = + - —m — 2hGs*.

(G +5Y) (y+Gr+QGy) (y+Gr+QG3)*?
The characteristic equation is,
B+ pda+ pd+ x3=0.
x1=—(61+ 62+ &33)
Ci(1-T) 2C:Gr* dGs 20617 G5

= -CiI' - + - - +2PGrr — 2
(1+wG3*) e (G +5) (G + S§?)?
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202G dGs* dG»*
+ + - (¥ + G2* + QG3)* + 2nGo
e y+Gr+QGs*) Gs
UioGr* U»dGo QU2dG2*G3* .
- - + +m+ 2hGs*.

(G +5Y) (y+Gr+QGy) (y+Gr+QG3)*?
x2=0611(822 + 833) + 622033 + 813831 — 623032

G(1-I) 2G6Gr* oG 20616
= (ar+ -

(1+wG3*) e (G +5%) (G + §?)?

202G dGs* dG*

(C2— — + (y + G2* + QG3)** — 2nG2*)

e y+Gr+QGs*) Gs

U10G U2dGor QU2dG2*G3*
+( + -
(G +5Y) (y+Gr+QGy) (y+Gr+QG3)*?

202G dGs* dG*

+(C2— - + (y + G2 + QG3)** — 2nG2*)

e y+Gr+QGs*) Gs

U10G U2dGor QU2dG2*G3*
+ —

(
(G +5Y) (y+Gr+QGy) (y+Gr+QG3)*?

Ciw(1 -T1)Gr*  oGr* U10Gs* 2U10G1+*G3*
- - ) +
(1 + wGs*)? (G1?+8) (G1?+5) (G2 +S5?)

+(

dGor QdG2*Gs*
~(- ' )
(y + G+ QG3*)  (y + G2 + QG3*)?

UdGs* U2dGar*Gz*

( )
(7 + G +QGr) (v + G + QGo)?
X3 = 611622633 — 611623032 + 613622031
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G(1-I) 2G6Gr* oG 20616
= (cr+ ~ - + —2BGrY)
(1+wG3*) e (G172 +5%) (G2 + §?)?
202G dGs* dG»*
(C2— — + (y + G2* + QG3)** — 2nG2*)
e (y+ G+ QG G
UioGr* U»dGo QU2dG2*G3* .
( + - —m—2hGs*)
(G +5Y) (y+Gr+QGy) (y+Gr+QG3)*?
G(1-I) 2G6Gr* oG 20616
—(Cir + - ~ + —2BG1*)
(1+wG3*) e (G + 5 (G + §?)?
dGor QdGGs*
(- + )
(Y + G2 +QGs*) (¥ + G+ QG3*)?
U»dGs U>dG*G3* Ciw(l -G  0Gr*
( - e - )
FGr Q) rrGrrQe)?  (raGey | (GRS
202Gy dGs* dG»*
(C2— — + (y + G2* + QG3)** — 2nG2*)
e (y+ G+ QGs) G
U.0Gs* 2U10G1**G3*

( +
(G172 +5H) (G2 + S§?)?

By applying the Routh-Hurwitz criterion and the stability of the coexistence equilibrium point £3 exhibits locally
asymptotically stability if y1 > 0, y2> 0 and y1y2 — y3 > 0 are satisfied.

Hence, the theorem is proved.

6 SADDLE NODE BIFURCATION ANALYSIS

Sotomayor’s theory was applied to identify the stable states that exhibit bifurcation conditions. Numerous
researchers have used Sotomayor’s theory to examine various bifurcation. Moreover, model ( 2.1) can be modified
as described below:

G Gi1f1(G1, G2, G3)

aG G> G2f G, G2, G3)

IJIDDT, Volume 16 Issue 7, 2026
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dt with G = and F(G1, G2, G3) =
G G3f3(G1, G2, G3)
Next, the second order derivative of F(G1, G2, G3) with respect to G is given by:
2C; 60G1G3 8dG1°G3
— + — — 2§B
e (G*+5?) (G* + 5%*
20 2dGs 2dG2*G3
D*F(G1, G2, G3)=| — + - —-2n
e (Y +G2+ QG  (y+ G2+ QG3)*
2QdU2G2 2Q3U2dG2G3* R
- + —2h
G +G+QGY  (y+Gat QG

1 oB* Ci(1-T1)
Theorem 6.1. When I passes through = __[ - ,
G s (1 + wB*)

system ( 2.1) experience a saddle node bifurcation at E» if t7(J(E2)) < 0 and de#(J(E2)) > 0 holds.
Proof:

The eigenvalue 41 of J(0, G2, G3) becomes zero when I' = I'*and negative under Routh-Hurwitz criteria t(J(E2)) <
0 and det(J(E2)) > 0.

Let B, and £, be eigenvectors of J(0, G2, G3) and J7(0,G2,G3) and the corresponding eigenvalue A1 = 0, respectively.
Here,

0 A

1 M1

B, = Agy and £L; =| As,
A A

Az3 22
1

Straight computation gives the following equation:

1
(1+ wB*)
Fr~(E2, I') =
0
0
A3l
LTFr*(Es, T )= — #0.
Au(l + wB*)
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A2 N31 N32
Ly T[D*Fr*(E2, T*)(B1, B1)] =2 (1 +(—)%) [¢—+ T—— Q] #0.
N23 A1l N33
Where,
Ci
= —+%B
el
> 2dB* 2dA**B*
g= __- + +n

ex (ytA QB (y+A QB

2QdU2A* 2Q°U>dA*B* .
Q= - +h
(y +A+QB)  (y+A +QBY’

Accordingly, by Sotomayor theorem, system ( 2.1) near E> with I = I'*experience the saddle node bifurcation. The

proof is completed.

Theorem 6.2. When Ci passes through

Ci = % [811 + 85, + 833], system (2.1) experience a saddle node bifurcation at E3if y> > 0 and y1y2— 3> 0 holds.

Proof:

The eigenvalue y,; of J(G{, G, G;) becomes zero, when C; = C7 and others are negative under Routh-Hurwitz

criteria y2 > 0 and yiy2— y3> 0.

Let B2and Lz are eigenvectors of J (G, G5, G3) and JT (G5, G5, G3)

and the corresponding eigenvalue y1 = 0, respectively.

Here,
812023 — 61265, 1
W 832011 — 612031
B, = 8y and L; = 822031
6 _ou
1 831

Straight computation gives the following equation:

G; (r ) GI)
_ 1 1L = S
FF* (E2’ F*) — (1 + (A)GS) eq .
0
0

e -, . 1-T G
LZFL:I(EC%'Cl):Gl F+m—e—l -'FO.
3
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= = 03,011 — 01,0 0
L3 [D?F; (Bs, C) (B, B,)] = R [:7-[1 bgp, 2200 " Ozl g Oz
! 622631 522
Where,
81283 — 81,855\ 2 2
R=(12 23 12 22) +(—) +1
611622 822
2CF 60G;G; 80G;°G:
}[1:__1+ *21‘32 - *21‘234_2‘«8
e, (G*+5?) (G*+5?)
26, 2dG; 2dG32G3

Hy =—

_ 20dU,G;

_+ * * - * * -
€z (y +G; +QG3)* (v +G; +QG3)*

2n

203%U,dG;G3? R

H, = —
; (v +G; +QG3)?

Accordingly, by Sotomayor theorem, system ( 2.1)
near E> with I' = I'* experience the saddle node
bifurcation.

The proof is completed.

7 NUMERICAL SIMULATIONS

To illustrate the dynamical behaviour of the proposed
model, the following numerical simulations are carried out
using MATLAB to generate the corresponding figures. The
parameter values used in the simulations are assumed
values selected to demonstrate the population dynamics,
stability properties and bifurcation behaviour of the model.

The first set of assumed parameter values is C 1= 1.7725,
C1=25e=8,2=9,=05 0w=04"0=1,5 =1,P
=0.1,d =1,y=1,0=0.5,n=0.1, U1=0.46, U>= 0.51,
m = 0.48 and /2" = 0.1, with initial populations G1(0) = 1.2,
G2(0) = 2.5 and G3(0) = 5.4. The resulting trajectories of
Gi(f), G2(?) and Gs(¢) illustrate the interaction among the
two prey populations and the predator population, as shown
in Figure 1.

For the stability of the coexistence equilibrium. E3 =(
Gi,G3, G3), the assumed parameter values are C | =
0.26562638, C 2= 2.09202627, e1=

10.41019572, ex = 7.49297222, T = 0.25647719, w =
0.54650155, 0" = 1.21857695, S = 0.65973891, P =
0.15222389, d = 0.67050803, y = 0.89122819, Q =
0.61339215, n = 0.10320676, Ui = 0.59339929, U> =
0.66891889, m = 0.67594699 and A~ = 0.07831420. The
corresponding  trajectories  approach the positive
coexistence equilibrium F3, indicating the coexistence of
the three populations and supporting the stability of E3, as
shown in Figure 2.

The saddle-node bifurcation associated with the
equilibrium £ is investigated using the assumed parameter
values C 1=1.7725,C 2=2.5,e1=8,e2=9, w=0.4, 0=

(0 +G; +QG)*

1, =099, P=0.1,d =1,y=0.7,0=0.66,n=0.1, U
=0.46, U>=0.60, m = 0.40 and /" = 0.05. The bifurcation
diagram is obtained by varying I. The equilibrium £ is
stable for a certain range of I' and loses its stability as I’
passes through the critical value. Since the saddle-node
bifurcation conditions are satisfied at the critical value of T,
the numerical results confirm the occurrence of a saddle-
node bifurcation at £>, as shown in Figure 3.

The saddle-node bifurcation associated with the
coexistence equilibrium E3 is examined using the assumed
parameter values € 2=2.5,e1=6,e2=5,'=0.5, w =04,
"0=099,S =1,P=02,d =1,y=0.98,0=0.5,n=0.1,
U1=0.46, U>=0.51,m=0.48 and 4" = 0.1. The bifurcation
diagram is obtained by varying C 1. The equilibrium E3 is
stable over a certain range of C 1 and undergoes a change
in stability as C" 1 passes through its critical value. Since the
saddle-node bifurcation conditions are satisfied at the
critical value of Ci1, the numerical results confirm the
occurrence of a saddle-node bifurcation at E3, as shown in
Figure 4.

The influence of intraspecific competition on the first prey
population Gi(¢) is investigated by varying the parameter P,
while keeping the other parameters fixed. The term—PG7
represents the intraspecific competition among individuals
of G1. Increasing P strengthens the competition within the
first prey population and produces a stronger density-
dependent reduction in Gi(¢). The effect of P on Gi(¢) is
shown in Figure 5.

Similarly, the effect of intraspecific competition on the
second prey population G2(?) is studied by varying n, while
keeping the remaining parameters fixed. The term involving
—nG7 represents the intraspecific competition within G .
An increase in n strengthens the competition among
individuals of the second prey population and consequently
affects its population density. 4The influence of n on G2(¥)
is shown in Figure 6.
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Finally, the effect of intraspecific competition on the
predator population Gs() is examined by varying /" , while
keeping the other parameters unchanged. The parameter /"

— o Stable
represents the intraspecific competition effect within the = =E; Unstable
predator population. Increasing /4" strengthens the 164 Q _Critical point
competition among predator individuals and influences the

population density of Gi(f). The effect of 4~ on Gs(¥) is 154
shown in Figure 7. 7144

V= 0.5446
~

6 T T T 134
—Gt) - First 124
5[ |G- Second 114
G)-
6.6
af
%3 - / - ¢ 56
N Figure 3: Saddle-Node Bifurcation at E> .
o
125
1 ]
5 N e E; Stable
/ 15 \ \ - = [y Unstable
0 ' : \ \ O Saddle-node
0 5 10 15 20 0.8 - \ \=
Time . \/‘ l = 0.6569
Figure 1: Dynamics of the System. S 06
| ==—— Stable trajectory
0.3 ¢ B=(6].G:G)) 044
0.25 0.2 ~-\
38 |
0.2- ¥ 2 !
) 410 v
G‘- (13 (11
0.151 Figure 4: Saddle-Node Bifurcation at E3 ..
0.1 1
0.05
ot
0 -
0.204 06 0.8 3.2 3.2533 0.
G G: .
Figure 2: Equilibrium Point E; is stable. -
ot
ot
0 ] ! !
0 2 4 6 8 1
G
1

Figure 5: Intraspecific Competition on Gi(?).
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0 2 4 6 8 1
G

Figure 6: Intraspecific Competition on Ga(?).

0.

G@®
Figure 7: Intraspecific Competition on G3(?).

8 CONCLUSION

This article investigates a three dimensional prey-predator
model involving two prey populations and one predator
population, incorporating saturated fear effects,
intraspecific ~ competition and different functional
responses. The Holling type IV functional response is
considered for the first prey population, while the
Beddington-DeAngelis functional response is used for the
second prey population. The model is shown to possess
positive and bounded solutions, which ensures the
biological feasibility of the populations. The local stability
of the coexistence equilibrium is analysed using the
Jacobian matrix and the corresponding stability conditions.

The bifurcation analysis shows that the equilibria £2and E3
undergo saddle-node bifurcations when the corresponding
critical parameter values are reached. In particular, the
parameter I" is considered for the saddle node bifurcation
associated with E2, while C 1is considered for the saddle
node bifurcation associated with F£3 . The numerical
simulations support the analytical results and illustrate the
changes in stability near the critical parameter values.

The influence of intraspecific competition is also examined
for all three populations. The parameter P describes the
intraspecific competition in the first prey population G1, n
represents the corresponding competition effect in the
second prey population G» , and A" represents the
intraspecific competition effect in the predator population
G5 . The numerical results demonstrate that changes in these
parameters can significantly influence the population levels
and the interaction among the species.

A practical example of the proposed model can be found in
agricultural ecosystems, where two pest species feed on
crops and share a common natural predator such as a
ladybird beetle, lacewing or predatory bug. The two pest
populations may compete for the same food resources,
while the predator feeds on both pest species. The presence
of predators can also produce fear effects that modify the
feeding, movement and activity of the pest populations. In
addition, competition among individuals of the same pest or
predator species becomes stronger as their population
densities increase. Thus, the proposed model can help
describe how changes in fear effects, intraspecific
competition and predator feeding behaviour influence the
persistence and coexistence of pest and predator
populations.  Overall, the results provide useful
mathematical insight into the stability and bifurcation
behaviour of interacting populations in ecological systems.
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