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Abstract:
The present model is devoted to an analytical study of a
three species syn-ecological model which the 1% species

(N,) ammensal on the 2" species (N,) and 2™
species (N,) ammensal on the 3" species (N,) . Here 1%

species and 2" species are neutral to each other. A time
delay is established between 1% species and 2™ species and
2" species and 3" species. All attainable equilibrium points
of the model are known and native stability for each case
is mentioned and also the global stability of co-existing
state is discussed by constructing appropriate Lyapunov
operate. Further, precise solutions of perturbed equations
are derived. The steadiness analysis is supported by
numerical simulation victimization MatLab.

Keywords: Ammensalism, Time Delay, Equilibrium points,
Global Stability, Lyapunov function, MATLAB.

I. INTRODUCTION

Ammensalisim is a relationship in which a result of one life
from adversary affects the other iving bemng. It is explicitly a
populace collaboration in which one creature is hurt, while the
other iz neither adversely nor decidedly mfluenced. The case
for anmmensalism, air contamimation brought abowt wia
vehicles, power producing stations or metal smelters
frequently causes extreme hamm of plants m the nfluenced
temtory, while people get no imumediate profit by this
relationship. Tall trees that structure the woodland shelter
prevent light from achieving littler plants howl. It is a fact that
time delay in biolo gical systems is a reality and it can have
cormplex impact on the dynamics of the systam namely loss of
stability, mduced oscillations and perodic solutions. It is a
known fact that in any prey-predator system, the consumed
prev does not contribute to the instant growth of the predator
population, but with a time lag. This is reflected in the works
of Cushing [4], EKuang [16], Gopalsanmny [17] and some
other authors have discussed models by incorporating delay
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terms. As far back as research in the order of a hypothetical
environment was started by Lotka[1] and Volterra [2]. Later
on, many mathematicians and ecologists contributed to the
growth of this area as reported in the treaties of Meyer [3],
Cushing [4] and Kapur [5, 6]. Lakshmi Narayan et al. [8, 9,
10] investigated prey-predator ecological models with a
partial cover for the prey and alternative food for predator and
Time Delay. Ravindra Reddy.B et al. [11] studied A Model of
Two Mutually Interacting Species with Limited Resources
and a Time Delay. Paparao. A. V. et al. [12, 13, 14] studied
three species ecological models with time delay. Kondala
Rao. K. et. Al [15] discussed a three species dynamical system
of ammensal relationship of humans on plants and birds with
time delay.

Amimensalism is a biclogical connection between
the species where first species (1) influence onthe second
species (IN2) and second species (N2) nfluence on the third
species (M3) without thanselves being influenced in ary
capacity. Here first species (N1) and third species (IN3) are
impartial to one another. The model is represented by a

All

possible equilibrivum points are identified and the stability

systeam of three ordinary differential equations.

of co-existing state iz discussed using Routh-Fharwitz
criteria. Further solutions of quasi-lineanzed equations and
the results are simulated by Murnencal examples using hiat
Lakb.

1. BASIC EQUATIONS.

The model equations for a system of three interacting
species are given by the following set of non-linear first
order simultaneous differential equations.

dd“t‘l — £(N,N,N)=aN —aN’

. 21
dc’j\:z = fz(NU Nz’ Na) = azNz _azzsz _anNzJ.kl(t_S)Nl(S)dS ( )
dN, T

t = fz(NuNz’Na):aaNs_assNaz_a N J.kz(t—S)Nz(S)dS.

2 73

Here K (t—s) &K, (t—s) is giving weight factors to
the influences at time t of N; and N, of time s.
That is K (t —s) &K, (t —s) are rate of change of N;

and N, after a time interval (t-s)
lett—Ss=z=>s=t-z2 (2.2)
k(z)>20&K,(z)>0 and we normalize it, so that
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jkgt—gdzzl&jkxt—gdzzl 2.3)
0 0

Therefore

d(;\tll = f1(N1’ Nz' Ng) = a1N1 _a11N1Z

iN l (2.4)
dtz = fz(Nll N2' Na) = azNz _aQZNQZ _a21N2J.k1(Z)N1(t _Z)dz

dN, ) T

dt = fa(Nll N2' Na) :a3N3_a33N3 _aastjkz(Z)Nz(t_Z)dZ

with the following notation

N, (t) : Population of the first, second and third species at a
time “t”, i=1, 2, 3.

a, : Natural growth rate of first, second and third species,
i=1, 2, 3.

o, - Rate of decrease of first, second and third species due to

internal competitions, i=1, 2, 3.

a,, - Rate of decrease of the second species due to attacks of
first species.

Q, : Rate of decrease of the third species due to attacks of
second species.

Further, the variables N,,N,,N, are
non-negative and the model parameters
a,o,;,1=123,a,,a, and «,_, are assumed to be

non-negative constants. K (z) >0&Kk,(z)>0 and we
normalize it, so that I k(z)dz=1& I k,(z)dz =1.

I11. EQUILIBRIUM POINTS:

For the system under investigation, eight equilibrium
points are identified. They are given below.

(E7). Only Third Species Extinct State:

— — a,o, —a =
N_ai,NZZ 27711 Zlal;N3:0
0!110.’22

(3.8)

This state would exist only whena,o;, —a,¢,; >0. (3.9)

(Eg). Co-Existent State:

Nl — i, NZ — azan _anal : Na — azanazz _azanaaz +ala21asz (310)
a a.a a0,

11 12 17722773

This state would exist only when a,«, >ac«, and

0, (3.11)

+aa,a, >a,o,

217732 27711782 "

IV. STABILITYOFTHESYSTEMAT EQUILIBRIUM

POINTS:
To examine the stability of the equilibrium state
(N,,N,,N,) we consider a small perturbation

(u;,u,,u,),such that

N, =N, +u,,N, =N, +u, &N, =N, +u,. (4.1)
After linearization, we get dau = AU (4.2)
dt

Where
a-2a,N, 0 0
A= 0 a,-2a,N,-a,N, 0
_a31N3 0 az_zasaNs_aazNz (43)
And U =[u,,u,u,]’ (4.4)
The characteristic equation for the system is
|A-21|=0 (4.5)

The equilibrium state is stable if all the roots of the
characteristic equation (4.5) are negative real parts.

4.1. Stability of the Fully Extinct state (E,):

Linearized equations are
du,

- . . g . du du
The equilibrium points are identified by solving d_tl = alul,T =a, 2’d_t3 = azUs;. (4.1.1)
% =0,i=12,3. The characteristic equation for the fully washed out state is
All Equilibrium points are classified as bellow a-4 0 0 —(1-a)(A-a)(i-a)=0
(Ey). Fully Extinct State: N, =0;N, =0;N, =0  (3.1) [A-2[=0=] 0 a2 0|0, .o
(E»). Eirst and Second Species Extinct State: 0 0 a-4
_ _ _ 412
N, =0:N, =0; N, = - 3.2) (4.12)
sy The characteristic equation corresponding to the fully
(Es). First and Third Species Extinct State: washed out state is (a, — A)a, — 2@, — 4)=0. ie. the
N, =0;N, =2, =0 (33) I
T Eigen wvalues of this characteristic equation ar
(E4). Second and Third Species Extinct State:
= — — A =a,A, =a, &, =a,. Here clearly 4,4, &4, are
N, =2 ;N,=0;N, =0 (3.4) g
(227) positive. Hence the equilibrium state is unstable.
Es). ly Fi ies Exti : . . .
(Es). Only |rstaSpeC|es XtECI_S'th The solution of the perturbed equations is
NIZO;NZZ_Z;NSZM (3.5) U =u-e® U —u.e® U —u.. e (4.13)
a,, a,a, 1 = Yot Uy = Upet 7 s Uz =Uget T e
This state would exist only whena.a, —a., >0. (3.6) 4.2. Stability of First and Second Species Extinct
(Ee). Only Second Species Extinct State: Stitef(EZ)'. . . . .
— Ta — a 37 Linearized equations for the existence of third species
all a33
Published By:
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du __odu (4.2.1)

dt _a1 17 dt _a2 29

The characteristic equation for the equilibrium state is
=(1-a)(1-a,)(1+a)=0

=0=1=a,a,-a

u dd‘f =—a,N, j k,(z)u, (t—z)dz—au,.

i-a 0 0
0 A-a, 0
0 a,Nk'(A) A+a

2 Ve

|A-41|=0=

4.2.2
The characteristic equation corresponding to the fi(rst arzd
second species extinct state
is(1-a)(1-a)(1+a)=0,
i.e., the Eigen values of this characteristic equation are
A =a,d =a,&A, =—a, - Here clearly 4,4, are

positive. Hence, the equilibrium state is unstable.

The solution of the perturbed equations is
ul = l“lloeall 1 uz = uzoeEZl ’

_ _ (4.2.3)
a32N3u20k2‘(a2) apt [ a32N3u20k2‘(a2)J —agt
u =——%2_322_ 2% 4 |y + 220227 g%,
a, +a, a, +a,
4.3. Stability of First and Third Species Extinct State
(Ea):

Linearized equations for the existence of second
species are
du du y du -
=gy, —2=-a,N [k(2)u(t-2)dz-au,— =(a -a,N,u,.(4.3.1)
dt al 1 dt az1 Z,D[ 1( ) 1( ) 272 dt (afi a32 2) 3
The characteristic equation corresponding first and third

species extinct state is

Aa 0 0 S Ga)ata)(i-a)=0
A-Al]=0= @ NK() A+a 01=0_, o oo
0 0 /1-a

(4.3.2)
The characteristic equation corresponding to the first and
third species extinct state is (1 —a )(1+a,)(21—a,) =0,
i.e.,, the Eigen values of this characteristic equation

are 4, =a;, A, =—a, & A, =a,. Here clearly 4 & A,
are positive. Hence the equilibrium state is unstable.

The solution of the perturbed equations is

u =u.e",

,=— a21Nzu10k1 (a1) eait + uzo + a21N2k1 (al)um efaz:u3 — uaoe(ﬂafuazﬂz)l
& +4a, a+a,
(4.3.3)
4.4, Stability of Second and Third Species Extinct State
(Ea):
Linearized equations for the existence of first
species are

du du _ du
t=—au,—*=(a,—a,N)u,—=au.
dt al 1 dt (a2 a21 1) 2 dt a3 3

The characteristic equation corresponding second and third

(4.4.1)

species extinct state is|A_ 21 | =0

i+a 0 0 = (A+a)(2-(a-a,N))(1-2a)=0
=/ 0 j'_(%_auNJ) 0 =O:>/1:_a1!(az_azll\7‘1)’a1
0 0 A-(@-aN)

(4.4.2)
The characteristic equation corresponding to the second
and third species extinct state

iS(1+a)(A—(a, —a,N,))(1—a)=0,le., the Eigen values
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of the above equations are 4 =-a;, A, =a,-a,N,

A, = a, . Here clearly A, is positive. Hence, the equilibrium

state is unstable using the Routh-Hurwitz criterion.

The solution of the perturbed equations is

u =ue™ u =u.e*= u =u,e?. (443)

4.5. Stability of Only First Species Extinct State (Es):
Linearized equations for the existence of second and

third species are
du, du

dt —alul,T;:7a21N2’!‘k(Z)u1(tiz)dZ7a2u2’ (4.5.1)
du, =—a N Tk(z)u (t—2)dz—au
dt e ' A

The characteristic equation corresponding only first species
extinct state is

A-a 0 0
|A-A1|=0=|a, Nk (1) A+a, 0
a,Nk'(A) 0 A-s

3 Va2 1

=(4-a)(4+8)(4-s)=0
zozi:al,—az,sl.

(45.2)
The characteristic equation corresponding to the only
first species extinct state is (1-a)(1+a,)(1-s) =0, i.e., the
Eigen  values of this characteristic  equation
are A =a,4,=-a,&4, =S . Here clearly A, is positive.
Hence the equilibrium state is unstable.
The solution of the perturbed equations is

m m m m
U, =U.€%,U, =—me* +(u, +m )e ™ u = [uzD — ——3]&‘ e R e
81731 s]+aZ 51731 Sl+a2
Where
m‘ — aszzumk;(aJ sz — axstumkzk(az) m‘] m3 — azzNzkz‘ (az) (uz‘J + m‘)&sl — a3 _ 26{33N73 _awNZ
a+a, S-a S+a,

(4.5.3)
4.6. Stability of Only Second Species Extinct State (E):
Linearized equations for the existence of first and third
species are
% = —@ul,% =(a, —amﬂl)uz,% =-al, —aaZNSJ:kz(z)uz(t ~7)dz.(4.6.1)
The characteristic equation corresponding only second

species extinct state is ‘ A— Al ‘ =0

+a 0 0| =(A+a)i-(a-a,N)(A+a)=0
=| 0 ﬁ—(az—auﬂl) 0 |=0 :A:_aly(az_a N)Y_%'
0 ayNQk;( ;L+a3 2N

(4.6.2)
The characteristic equation corresponding to the second
species extinct state is (1 +a )(1—(a, —a,N,))(1+a,) =0,
i.e., the Eigen values of this characteristic equation
are ] =-a, 4, =a, -a,N,, 4, =—a . Here clearly A, & A, are

2

negative. When a <a, N, , A

2
equilibrium state is conditionally asymptotically stable.
The solution of the perturbed equations is

u1 — ume*alt , uz — Uzue(aT@lﬁl)‘,

R a32u20N3k2 (Z) eszf +lUu + a32u20N3k2 (Z) e’afﬂ
30 SZ +a?

is negative. Hence the

(4.6.3)

3

S, +a,
Where Sz = az — &, N_1
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4.7. Stability of Only Third Species Extinct State (E;):
Linearized equations for the existence of first and
second species are

du du — — =7

A = 0 =20, — N, — o, [k (D - ) (4.7.2)
0

du,

E =(a3— aazﬁz)ua

The characteristic equation corresponding only third species

washed out state is

i+a 0 0
|A-Al|=0=la, Nk () 2-(a,-2a,N,-a,N) 0 =0
0 0 A-(a-a,N,) (4.7.2)

= (A+a)(A-(a -2a,N, -a,N))(A-(a -a,N,) =0
=i=-a,(@ -2a,N,-a,N) @ -a,N,).

The characteristic equation corresponding to the only
third species extinct state
is (1+a)(A-(a —2a,N,-a,N))(A-(a -a,N,)) =0, ie, the

2 2 21 1
Eigen values of this characteristic equation are

A=-a,4=(@,-2a,N,-a,N) 4 =(a,-a,N,). Here clearly
A, is negative. Whena <24 N, +o,N.&& <a,N,, 4, &1,
are negative. Hence, the equilibrium state is conditionally
asymptotically stable.
The solution of the perturbed equations are
u =u.e™,u =(u,—m)e* +me™, u, =ue = (4.7.3)
Where - _ a.NUk () o (4.7.4)
) (s,+a)

4.8. Stability of Co-existing State(Eg):

Linearized equations for the co-existing state are

s,=a,—2a,N,—a, N,

3

du, du, o NN -
E_ au, ot —(a.2 zaZQNZ a21N1)uz aleZ!K(Z)u1(t Z)dZ, (481)
%:(ag_z%m,%ﬂz)ua ~a,N, [k (@)u,(t-2)dz

The characteristic equation corresponding existence of all

three species state is

Ata 0
A-41|=0=|a, Nk (2) A-(a-2a,N,-a,N) 0 =0
0 a Nk (2) A=(a,-2a,N,~a,N,) (4.8.2)

= (A+a)(A-(a,-2a,N, - o, N))(A-(a - 2a,N, - a,N,)) =0

= 1=-a,(a,-2a,N,-a,N),(@-2a,N,-a,N,).

The characteristic equation corresponding to the only
co-existence state
is (1+a)(A-(a -2a,N, -a,N))(A-(a -2aN,-a,N))=0 ,
i.e., the Eigen values of this characteristic equation are
A=-a,4,=(@-2aN -aN)A=(@-2aN,-aN,).

2 2
Here A is clearly negative.

When a <2¢.N +a,N,a <2aN-a N, , then 2 &4 are
negative. Hence, the equilibrium state is conditionally
asymptotically stable ifa <2a N, +a,N &a <2a. N -a N .
The solution of the perturbed equations are

U=uge™u =(u, -me +me™u=(u,-m-m)e*+me*+me™.

(4.8.3)
Where
m = ZNUK (Z), _a,Nk (Z)(um—ma)yS —a-2a N - N (484)
e (5.-5) ,=a,—2a,N —-a,N,
=M 5 a2 al,
(s,+a)
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V. GLOBALLY STABILITY:
Theorem: The system is globally stable at the co-existing
state at E, (N1, N2, N3)
Proof: Let the Lyapunov’s function be
log(N,)+log(N,)+log(N,)
V (N, N, N;) = . . . .
’azlfo kl(Z)J‘H N, (u)dudz ’asz_[o k (Z)J‘H N, (u)dudz

The time derivate of V along the solutions of equations (5.1)
is

(5.1)

N; NI N w 5.2
av W1+N—Z+N—3—0121J.0 kl(z)[Nl(t)—Nl(t—z)]dz (5:2)
o« —at, [k (2)[N, (1) = N, (t—2) ]z
Using the system of equations (5.1) and the relations
IO kl(Z)dZ:l&J.o k,(z)dz =1 (5:3)

Then equation (5.2) is

1 1 “
E[alNl _0‘11N12]+N*2|:32N2 _‘)’zzNz2 _a21N2£k1(Z)N1(t - Z)dl} (54)

o

av 1 R
n +W{33N3 _aaaNaz _aast'[kz (DN, (t- Z)d2:| _azl_[ k; (2N, (t)dz
3 0 0

+aty j K, (2N, (t - 2)dz —aaZ.[kz(z)Nz(t)dz +ay, j K, (2)N, (t - 2)dz
0 0 0
a -ayN; +8, -ayN, _az1J‘k1(Z)N1(t -17)dz
’ (5.5)

av K “
=2 =Ny~ [l (ON, (- 202 [ (N, ()2
0

it )

+ azj k; (2N, (t-z)dz - asz (ZN,(t)dz + aaz]‘: k, (2N, (t - z)dz

& —ay;N; +a, —a,N,z+a; —ag,N,
av (5.6)

At | @, O] k(22 - @, O K, (2)d2

Since_[owkl(z)dz zl&fowkz(z)dz — 4 then

av 5.7
E:(ai_an’\h)"'(az_azzNz+a21N1)+(a3_a33N3_a32N2) 7
By proper choice of a,a, &a,

(a1 = anﬁl)r(a? = azzNiz + a21W1) &(as = a33W3 + a32N72) (5.5)
Then Substitute (5.5) in (5.4), we get

v (5.6)

E:’an(leﬁl)’azz(Nz’Niz)’an(Nl’Wl)’am(Nz’Niz)’aaz(szNiz)

3(2—\::—(0[11+a21)(N1—W1)—(a22 +a32)(N2 _Wz)_ass(Ns_Wa)

Using the inequality _, _ a’® +b?

(5.7)

av 1 —2| 1 = 1 | (5.8

15 (ay+ ) +(N-N J_E () +(N,~N - o +(Ny -y } (5.8)

:%/ng (a11+(121)z+(N1’W1)Z+(’122+a32)2+(N2’Wz)z+aaaz+(Na’Wa)2} (59)
dt

Hence the system is globally stable at the positive equilibrium
point E, (N1, N2, N3)-
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VI. NUMERICAL SIMULATION:

The systems of equations (2.1) are simulated using Matlab
using ode45.

Example 1: Let a;=0.02, a,=0.05, a;=0.08, ;,=0.04, 0,,=0.4,
033=0.4, 05,,=0.09, (132:0.09, N10:5, N20=lO and N30:15.

The system dynamics with the above parameter
values without the delay argument is shown the graphs
6.1.1(A) and 6.1.1(B).

Fig 6.1.1(A) shows the time series analysis of the
model (2.1) is a stable system with fixed equilibrium point
converging to E (1.9, 0.08, 0.32). The phase portrait of the
system is shown in Fig 6.1.1(B)

Fig 6.1.1(A) Fig 6.1.1(B)
Let us assume the delay kernels the above model
k(1) = e ,a >0 for different values of ‘e’ the system
dynamics is studied and placed in the following table
Fig (A) : shows the Time series analysis of the model (2.2)

Fig (B) : shows the phase portrait of the model (2.2)
Table 1:

S.No | Parameters values a&p Nature of system
and Converging equilibrium

point E

1 =0.005,E(1.9,0.00,0.33) The second species is extinct. The systemis
stable and converging to equilibrivm point E

(1.9,0.00,0.33)

2 o=0.05, E (1.9, 0.00, 0.34) The second species is extinct. The system s
stable and converging to equilibriumpointE

(1.9,0.00,0.34)

3 o=0.5, E (1.9, 0.12, 0.33) The system is stable and converging toa

fixed equilibriumpointE (1.9, 0.12,0.33)

4 o=1.5,E (1.9, 0.14, 0.33) The system is stable and converging to a

fixed equilibrium point E (1.9, 0.14, 0.33)

5 o=5,E (1.9, 0.25, 0.35) The system is stable and converging to a

fixed equilibrium point E (1.9, 0.25, 0.35)

6 o=15,E(1.9,0.29,0.36) The system is stable and converging to a

fixed equilibrium point E (1.9, 0.29, 0.36)

7 o=100,E(1.9,0.31,0.36) The system is stable and converging to a

fixed equilibrium point E (1.9, 0.31, 0.36)

1. @=0.005, E (1.9, 0.00, 0.33)

Fig 6.1.2(A)
2. =0.05, E (1.9, 0.00, 0.34)

Fig 6.1.3(A) Fig6.1.3(8)
3. 0=0.5, E (1.9, 0.12, 0.33)
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Fig 6.1.4(A) Fig 6.1.4(B)
4. a=15,E (1.9, 0.14, 0.33)

Fig 6.1.5(A) Fig6.15(8)

5. 0=5, E (1.9, 0.25, 0.35)
. " N [ Foret apecien
|
Fig 6.1.6(A) Fig 6.1.6(B)

6. a=15, E (1.9, 0.29, 0.35)

Fig 6.1.7(A) Fig 6.1.7(B)
7. «=100, E (1.9, 0.31, 0.36)

Fig 6.1.8(A) Fig6.1.8(B)

As on delay kernel value, 'a" increases the growth rates of second
and third species are slightly increasing. The system is stable and
delay further stabilizes the system for the above mentioned
parametric values.

Observations:

The parameters for the model are identified shows the stable
system and the impact delay parameter ‘o’

(i)As o ranges from 0.005 to 0.05, the second is washed out, a
slight increase in the third species population and first species
population is stabilizes, hence the system is being stable.

(if) As o valueranges from [1.5, 100], the second and third
species populations are slightly increasing from zeros, Hence
the delay is having a slow impact in the population growth rates
of second and third species.

(iii) No variation inthe first species population growth even
though the delay is imposed

Example 2:
Let a;=1, a,=2, a3=3, 041=0.9, 0,,=0.8, 033=0.8, 0;=0.9,
03,=0.9, N4p=5, N»,=10 and N3,=15.
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The system dynamics with the above parameter values
without the delay argument is shown the graphs 6.2.1(A) and
6.2.1(B).

Fig 6.2.1(A) shows the time series analysis of the model (2.1)
is a stable system with fixed equilibrium point converging to
E (1.11, 1.23, 2.35). The phase portrait of the system is
shown in Fig 6.2.1(B)

1 (A) Fig 6.2.1 (B)
For different delay kernel ‘e’ the system dynamics is studied
and placed in the following table

Table 2:
$.No | Parameters values a&p Nature of system
and Converging equilibrium
point E
1 0=0.005,E (1.11,0.00, The second species is extinet, There is a significant
3.75) growth in third species . The system is stable and

converging to equilibriumpoint E (1.11, 0.00, 3,75).

L]

=0.05, 0=0.05,E (111, The second species is extinct. The system is stable and
0.00, 3.75) converging to equilibriumpointE (1.11, 0.00, 3.75).

3 0=0.5, E (1.11,0.07, 3.58) | Thesystemis stableand converging toafixed
equilibrivmpointE(1.11,0.07, 3.58)

4 a=1.5,E(1.11, 1.65, 2.5) | The system is stable and converging to a fixed
equilibrivm point E(1.11, 1.65, 2.5)

5 o=5,E(1.11,2.25, 3.24) The system is stable and converging to a fixed
equilibrivmpointE(1.11,2.25, 3.24)
6 0=15,E(1.11,2.42,3.57) The system is stable and converging to a fixed
equilibrivmpointE (1.11,2.42,3.37)

7 0=100,E (1.11,2.49,3.72) | The system is stable and converging to a fixed
equilibrium point E (1.11, 2.49, 3.72)

1. «=0.005, E (1.11, 0.00, 3.75)

Fig 6.2.2(A) Fig 6.2.2(B)
2. 4=0.05, E (111, 0.00, 3.75)
1
2}
ol
|

Fig6.2.3(B)

Fig 6.2.3(A)

3. 4=0.5, E (.11, 0.07, 3.58)
Fig 6.2.4(A) Fig 6.2.4(B)

4.0=15, E (111, 1.65, 2.5)
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Fig 6.2.5(A) Fig 6.2.5(B)
5. a=5, E (111, 2.25, 3.24)

Fig 6.2.6B)

Fig 6.2.7(A) Fig 6.2.78(B)
7.0 =100, E (1.11, 2.49, 3.72)
J
£ 0
Fig 6.2.8(A) Fig 6.2.8(B)

Observations:

The parameters for the model are identified shows the stable
system and the impact delay parameter ‘o’

(i) As a ranges from 0.005 to 0.05 , the second is washed out, a
slight increase in the third species population and first species
population is stabilizes, hence the system is being stable.

(i) As o value ranges from [0.5, 1.5] , the second species
population is increasing and third species populations is slightly
decreasing, Hence the delay is having a slow impact in the
population growth rates of second and third species.

(iii) As o valueranges from [1.5,100], the second and third
species population is increasing, Hence the delay is having a
slow impact in the population growth rates of second and third
species

(iv) Novariation inthe first species population growth even
though the delay is imposed

VIlI. CONCLUSION:

In this present investigation, we studied three spices,
ecological model, in which the first species ammensal on
second species and second species ammensal on third species.
Here first species and third species are neutral to each other. A
time delay is introduced between first species and second
species and second species and third species.
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All possible equilibriim pomts were identified and the
stability of co-existing state was discussed analytically. The
analytical results were supported by manerical simulation.
We obzerved that E;, E;, E;, Es, and Es are unstable. Further,
obzerved that Ej E-.
asynptotically stable and we discussed stability of Eg
Co-existing state. The impact delay is studied by choosing

we and E; are conditionally

suitable parameters in support of stability analysis using Mat
Lab simulation. Two examples are chosen for analysis and
detailedinvestigation withresults is shown intable 1 & 2. The
results are compared with different delay arguments of the
model with the system without delay argimments. The delay
argument fiwther stabilizes the system. In two examples the
systam is asynptotically stable. Even we emplovee the delay
kemel the systan still exhibits the same natwe. Hence the
delay argument further stabilizes the system.
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