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Propagation of disease from exotic infected predator
to native population-A prey predator model

Chanda Purushwani'* and Poonam Sinha?

Abstract

In this paper, a prey predator model for native population with Sl infection in exotic population is developed and
analyzed. A model with prey predator interaction in native population and exotic predator having the risk of
infection is suggested to observe the transmission of disease from exotic predators to native population. Disease
free equilibrium points (in presence and absence of predator) and endemic equilibrium points are calculated.
Conditions for the existence and boundedness of equilibrium points have been derived. The local stability
analysis of the model system around the all biologically feasible equilibrium points is discussed. We perform
global dynamics of the model using Lyapunov theorem for endemic equilibrium point. We compare the growth of
population in terms of ecological sensitive parameters predation rate (n3), carrying capacity of environment (K)
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1. Introduction

In modern era, Prey predator interaction is one of the chal-
lenging issue among researchers. Its complication is raised in
presence of disease either in prey or in predator or in both. We
cannot ignore these natural phenomena of regulating popula-
tion structure [1]. The disease spread in prey population, gen-
erally through contact with infected prey, whereas in predator
population occurred either through consumption of infected
preys [3-5] or by contact with infected predator [3, 6].

Many researchers have suggested several models to anal-
ysis effect of disease in interacting species system. Haque
(2010) studied the SIS predator—prey model with infection
spreading through the predator species only. It was shown
that infection in the predator species may save the prey from
death even if the basic reproduction number was less than one,
for which the prey to be able to occupy the predator. Pal et al.
(2014) gave a predator—prey model with disease in predator
species only. They showed that for some values of the preda-
tion rate all species could be survived and the disease did not
transmit in the predator population. Han et al. (2001) studied
four predator prey models in which disease spreads in both
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the prey and predator. They showed that when the disease
exists in the prey population and also the predators feed suffi-
ciently to survive, then disease will also persist in the predator
population. Venturino (2002) gave two mathematical models
with disease in the predators. Disease transmission involved
both mass action and standard incidence rates, respectively.
In the two models, it was assumed that the disease spreads
among predators only and the infection in individuals do not
reproduce. Stability analysis of the solutions of the two mod-
els was done to see the effect of the disease in the predator
species and on the ecological system, also the sound prey can
affect the dynamics of the disease in the predator population.
Zhang and Sun (2005) suggested a predator—prey model with
disease in the predator. General functional response and suf-
ficient conditions were found out for the permanence of the
ecological system.

Keeping in the view above discussion, we have concen-
trate to frame and analysis a model to see the effect of disease
spread to native population from exotic infected predators.
This paper is arranged in following manner. Section 2 in-
cludes formulation of model with help basic assumptions and
non linear differential equations. Section 3 contains bounded
region for the solution of the model. Section 4 has conditions
for existence of biological feasible disease free and endemic
equilibrium points. Section 5 carries conditions for local and
global stability of model system around equilibrium points.
In section 6 numerical simulation for all equilibrium points
has been performed and also results have been depicted by
graphs. In section 7 conclusion for growth of all the species
with respect to sensitive parameters is discussed to support
the analysis.

2. Mathematical Model

In this section, we have taken Native prey population (P),
Native predator population (Q), Exotic susceptible predator
population (Q;) and Exotic infected predator population (Q;)
as interacting species.In our model, Prey predator type of
interaction is considered for native population. Native prey
population (P) grows logistically with term rP (1 — %) and
POs

this population is decreased by term 1+,Z71‘;)+Q,QQ + 5%, P+ 05
n3PO;

57 - Native predator, Exotic susceptible predator and
1+ki Pk, 0 . .

Exotic infected predator consume native susceptible preys.
N1, N2 and M3 denotes predation rate of Q, Qs and Q; on
preys P, respectively. Since the infected predator Q; is weaker
than uninfected predators Q and Q. so we have assumed
M3 < M1 and N3 < 7M. Native predator population (Q) is in-

. . amn P
creased by predation of preys with %
by natural death rate dQ. Exotic predator population (Q;)
: . .. an PQS

has recruitment rz}te A, which 1§ increased by T, P1haDs It
is assumed that disease transmits only from exotic infected
predator to exotic susceptible predator. Suppose J is the trans-
mission rate of disease. In this model, cause of infection and
prevalence are ignored. Hence this population is decreased by

B OsQ; and natural death rate dQs. Exotic infected predator

and decrease
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Table 1. Description of parameters

Parameters Description

P Native prey population.

0 Native predator population.

Qs Exotic susceptible predator population.

Qi Exotic infected predator population.

r Intrinsic growth rate of prey population.

K The carrying capacity of the environment

k1 Half saturation constant.

ko Magnitude of interference among predators.

o Conversion efficiency. (0 < o < 1)

B Disease transmission rate

A Recruitment rate of exotic predator popula-
tion.

m Search rate of exotic prey by native preda-
tors.

m Search rate of exotic prey by exotic suscep-
tible predators.

3 Search rate of exotic prey by exotic infected
predators. (1] and M2 > 1M3)

d Natural death rate of predator.

o Disease induced death rate of infected preda-
tor population.

population (Q;) is increased due to infection S QsQ; and pre-
dation %. It is decreased by natural death rate dQ;
and disease induced death rate 6Q;. Recovery and immunity
of infected predators are neglected.

On the basis of above discursion, we have developed a
mathematical model with the help of following system of

ordinary differential equations given below;

P p((_PY__mPQ  mPOs
dt K 1+kiP+kQ 14+kP+kQs
__ MPO
1+kiP+kQ;

7, PO,
1+5P + k0,

(@ro)e

Figure 1. Diagramic representation of the proposed
model
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g anPQ

dt 1—|—k1P—|—k2Q —do 2D

Qs _ , _ amPQs

W_A BOsQi+ 14+ ki P+k Qs 40s

dQ, ampPOi ‘
=BOs0;i + 71+k1p+k2Qi (d+0)0;

Associated initial conditions for the above model are as fol-
lows:

P(0) >0, Q(0) >0, Q4(0) >0 and Q;(0) >0

3. Bounded Region

To find out the bounded region for the solution of system (2.1)
let us assume,

V(P,Q, 0 Qi) =P+ Q0+ Qs+ Qi

differentiating V with respect to ¢ and using system (2.1). We
have,

av
—<rP

P
S <1 _K) +A—d(Q+0s+0Qi)—0Q;

<

P<r<1—£> +1> +A—P—d(Q+ Qs+ Qi) —0Q;

<P(r+1)+A—P—-d(Q+Qs+0Q;)—0cQ,.

P

K):

In particular, tlim sup P(t) > K since dP <r(1-
N

where K = max {P(0),K} Thus,

P( ) is bounded and defined on [0,

Y tmv < (r+ 1)K+A,

where m =min{1,d,d+ c}.

now applying tools of the theory of differential inequality we

get,

0<V(P,Q,0, Q) < 4 4 emmy (0)

A+K(r+1)
m

o)Vt > 0.

which gives 0 <V (P, Q, Oy, ;) <

ast — oo
So all the solutions of system (2.1) with respect to initial val-
ues are confined i.e. uniformly bounded in the region.

I ={(P0,0;,0;) €ER: :

A+K(r+1)
m

P+0+0;+0i < +€e}. 3.0

4. Equilibrium points and their existence

The system possesses following feasible biological equilib-
rium points given below;

4.1 The trivial equilibrium point
The trivial equilibrium point of system (2.1) is By(0,0,0,0).
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4.2 Disease-free equilibrium point without Preda-
tor

Disease-free equilibrium point without Predator of system
(2.1)is B; (K,0,0,0).

4.3 Disease-free equilibrium point with Predator

Disease-free equilibrium point with Predator of system (2.1)
AN A

is BZ (PaQa QS»O)
where

A A
0= (an—dk))P—d

ks

A A
P and Qj can be evaluated by the following set of two equa-
tions

A A A
1P +c2P+c3Qs+cs =0

A A A A A
10y +exQsP+e3Qs+esP+es =0
Where
C1=—%Cz=(ar M),C3=—d704=(A+%),
= —dk2,62 = (OCT]Q —dkl), e3 = (Akz —d) , 64 = Ak; and
e5:A.

using Descartes’ rule of signs, we can easily conclude that
A A
P and Q; have at least one positive value. Thus equilibrium

A
point B; exists if P > T

d
m and omn > dkl

4.4 Endemic equilibrium point

* ok * *

Endemic equilibrium point of system (2.1) is B3 <P, 0,0, Q,-)
where
O— lam—di)pod gog g L |___emP 7 (1+kP) |,

: ((d+o>fﬁ 0,

}*) and Qy can be calculated by the following set of two equa-

tions 5 5
* *
flP Qs+f2P +f3Qs +f4PQv+f5P+f6Qs+f7
* %2 *

ngs P +ngs P+g3Q P +g4PQs +ngs +g6Q P+g7Qs +

ngs+g9P+g10 0
where
fi="200 = —URAE £ dlp,
f1=—B (karae — (amy — dky) + (d + ©)ky),
f5=((kera— (am —dki) + (d + 0)ki) (d + 0) — (d + o)ans),
Jo=—(d(d+ 0)kr+ (koA+2d + o) B),
fi=(koA+2d+0)(d+0),

= —B%ki, g2 = —B*kika, g3 = ((d + 0)ki — ans) Bki,
ga=—((M2+n3)oky —kikod + 2k B — (d+ 0)kika) B,

= {kod — B} B,
g6 = (am —kid) (d+0)ky+2k (d+0)B — affn3 — ABki Ky,
g7=—1{d(d+0)kx* + (d+ 0)Bkr + (koA — d) Bka + k2 B?} ,
gs = {(lkoA—d)(d+0)ka + (d+ 0)B — ABka},
g9 = klA(d + G)kz,glo = A(d + G)kz.
using Descartes’ rule of signs, we reach to the conclusion that

* *
P and Q; have at least one positive value.
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Thus equilibrium point B3 exists if
(d+o)

1(d+0)—an3
B .

Xk
>0s> 75

*
d
P> m,anl >dk],

5. Stability Analysis

5.1 Local stability analysis

To observe local stability of system (2.1) around all feasible
points, first we calculate variational matrix and using stability
theorem we determine the stability of model system.

5.1.1 Local stability behaviour of the system around B,
The variational matrix of the system (2.1) around By(0,0,0,0)
is given by;

r 0 0 0

L]0 —d 0 0

°=lo0 0 -d 0
0 0 0 —(d+o0)

Eigen values of matrix Jy are r,—d, —d and —(d + o). since
r > 0 i.e. one eigen value is positive Hence system (2.1) is
always unstable around By.

5.1.2 Local stability behaviour of the system around B,
The variational matrix of the system (2.1) around B; (K,0,0,0)
is given by;

-r - % - 1Z§<[1<K - 1231<11(1<
|0 e o
0 0k _y 0
0 0 0 i —(d+o)
Eigen values of matrix J; are —r, lofk‘llf( —d, f‘f,fllf( —d and
ﬂ’}ff} —(d+o0).
Hence system (2.1) is locally stable if 1 < %, n <

d(1+k K)
akK

(d+0)(1+k K)

e otherwise unstable.

and 3 <

5.1.3 Local stability behaviour of the system around B,
The variational matrix of the system (2.1) around

AN A
Bz (P7 Q7 Qs,o) is giVen by’

Vit Vi Viz Vi
I = Vor Vo Va3 Viy
Vsi Vo Va3 Vg
Var Vo Vaz Vau
where
A A AN
V]]Z)’—ZLKP— n/l\Q ~+ ’”lllj\ll’QA S
14+ky P+ky Q <1+k1P+sz>
A A N
2 Qs lekl PQS

_ + )
A A A A 2
1 +ki P+ky Qg (l+k1P+k2Qs>

; o
Vip= —— e  IREE
I+ky P+ky Q <1+k1P+kz Q)
5 Y, 5
Viz=— nA2 A+ 772/\2 XA 7,Via = — : A9
I+ky P+ka Oy <1+k1P+k2Qs) 14k P
0 kum PO
o ok P
Vyy = —FIE . — UL, Va3 =0,
14k P+ky O <1+k1P+k2Q)
b ko PO
o (04
Vou =0,V = T x — 2111 - )
l+k1P+k2Q <l+k1P+k2Q>
0 ki1 PO
o ; o PO,
V3 = —RE 1172 72,V =0,
1k P+ O, <1+k1 Pk QS>
p kPO A
o o
V33 = i 122 > 2 7d7v34 = 7ﬁ QS?

A

A A A
I+ky P+ka Os (1+k1P+k2QS

)

A A
Vit =0,Vap =0,Vy3 =0,Vay = B Qs‘l-%”; —(d+o0).
1+k; P
The Eigen equation for J; is given by

A+ AL+ AN+ A3A +A4 =0

where

Al =—=Vi1 4+ Va2 + Va3 + Vi),

Ay = V11V +V11Vas + Vi1 Vg + Voo Va3 + Voo Vg + V33V
—V12Va1 = Vi3V31 — V34 Vs,

Az = V12V33Va1 + V12 Vaa Va1 + Vi3Vaa Va1 — Vi1 Vaa Vas
—V11V33Vag — V2o Va3Vaq — V11 V2 Vaa,

Ay = V11V2V33Vas — Vi3V V31 Vas — Vi2V21 V33Vas.

using Routh-Hurwitz criteria, system (2.1) is stable around
By if A1,Ay,A3,As > 0 and (A;.Ay — A3) A3 — A2.A4 > 0 oth-
erwise unstable.

5.1.4 Local stability behaviour of the system around B3
The variational matrix of the system (2.1) around

B3 (R 0,0, Qi) is given by;

Un Uy Uz Uy

Js— Uy Uxp Uxp Uy

Usi Uy Usz U

Uy Ugp Uy Uy
where . . .
mo LIS ;’Q M2 Os

.
—p_2rP
U=r—=¢

¥ = 3 " ¥
1+ky P4k O (1+k1 Bk Q> 1+ky P4ka O

% * * %
+ Moky PQOs M3 0i M3k PO;
« ¥\ 2 * * B w\ 27
<1+k1P+k2Qs> ki Ptk O (1+k1P+k2 Q,->
P ko P
U12:* ni *+ 771*2 Q* 7
14k P4+k2 O <1+k1P+k2Q>
* i *Q*
P PO,
Uy=——™=2C 4 mf —,
1+ky P+ko Qs <1+k1 P+ky Q;)
* ® K
P ko PO;
Uy = — 3 + N3ko PO;
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* * « «\2°
Lk P+ky Qi <1+k1 P+ky Q,-)
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U21 — an é _ O(k] m ;;é 5 <1+k1 ;’> <QS7Q*S> *kl Q*s <P*;’> 1
Pl l+k];+k2& s (1+ky P+ky Qy) 1+k1;+kzés
__ampP  akomPQ _ — N B N
Un = T0P60 ~ (e pig? 4 U8 = 0,024 =0, <1+k15> (QrQi) ~k10; (P—P)
any Qg ok M PQOs —
Ust = Trnpriags ~ <;+k1P+k 205 kU;zQ . » (14K P+k0) <1+k1 Pk é,-)
_ . any AMpkpPQs — -
Uss = =BOi+ m27605 ~ (rayp gy 41U = —POs: . (11020 () 12 (0-0)
Oﬂth _ (Xﬂ}kpol . —
Un = m 560 (kPO Usp =0,Us3 = BQ;, + (Q Q) an (1+k1P+k2Q)<1+k1 e é)
Usa = BOs + 1l — Pl _ (44 0)
Itk P4k Qi (l+k1P+k2Qi)2 ' * * *
The Eigen equation for J, is given by; + <Q‘Y — QS) - <Q‘Y - Qs) -B <Ql- - Qi>
A+ DA+ DA’ +D3A +Dy =0 0s Qs

Dy = —(Uy1 +Un +Us3 + Uss), —

Dy = Up1Ux +U11U33 + U11Uss + UpUsz + UUsa (14,1 P42 Q) <1+k1 P+ky Qs)

+ U33Usq — UpUz1 — U13U31 — U14Us1 — UzgUsgs, * *
0i—0i)[B|Os—0Os

where <1+k2 Qi) (P—f?) —ky P (Qx —Q:)
+omn

D3 = U3qU Uz + ¢ + U14UpUsy + UzgUsaUys

+U12U33Uz1 +Ui4U33U41 4 U12UsaUzy + U13Usa U3y h § i .

—U11UxnUsz — U11U33Us4 — UppUs3Usy (1+"2 Qi> (P‘P) "‘2P<Qf‘Qf>
+ans

—UnUnUss —U13U34U41 — U14U31Us3,

(1+ky P4k Qi)(lJrk Ptk é,)
Dy = U14Ux»U33Us1 +U3UnUzsUsy +UraUxpUz 1 Usz e e

+ U12U21U34Us3 + U1 Un2U33Uss — U11U22U34Us3 Consequently, we gft following CXPIES sion giver,l bzelOW;
—U13UnU31Uss — U12U21 Us3Usy. W= — { —WkQ  mkOs "3"1*@) (P—P)
AA BB cc

,
K

using Routh-Hurwitz criteria, system (2.1) is stable at D3 if

Dy,D2,D3,D4 > 0 and (Dy.D> — D3) D3 — D3.D4 > 0 other- n ank P

wise unstable AA

5.2 Global stability behaviour of system around B;

o\ 2

To determine global stability of system (2.1) around + (O‘W?P ) (Qi — Q,v)

%k k% BB
B3 (Pa Qa QS7 Ql) ) m <l+k1 ;),am <1+k2é> N %
we consider, positive definite function W (P, Q, Qy, Q;)isgivenby + M (P P ) (Q - Q)

V= (P—pP—ploc? —0—0log 2 . .
v (R Q’ QS’ Ql) B <P P Plog ;’) * (Q Q Qlog é) 772<1+k| P)*O!T]2<1+k2 Qx) * *
* * ] * * . * (P_P) (QS_QS>
+ Qs_Qs_Qslogg + Qi—Qi—QilogQT’ BB
differentiating W withérespect to ¢ and using sysltem (2.1), we 3 <1+k. f)) —ans ( 1+ky é,) N s’
get following expression given below; + oy (P - P) (Qi - Qi)
W= (P —P ) r(l—%) - 1+k?ll>gk2Q - ]+k?§’JQj¢2Q5 The above expression can be written as L'"M'L’,
0 WhereL,: <P_;7Q_Q7QS_Q.YaQi_Qi> and

n3¢i
- 1+k1;’+k2Ql‘

- i an P - / / / /
+ <Q Q) <1+k1P+sz d) M{’P MfQ M/PQS M/PQ,-
+ (Qs —é ) (A —BO;+ 2t d) M= M,PQ M/QQ M/Q3Q MQ"Q

0, % P+520; Mpo, Moo, Mp,p, MQ 0
My, M,, M, M

+ (Q; 1) (ﬁQS + 1+k?11g+1;<2Q (d+ 0')) Poi Q0i 00 QiCi

W;Z(P—[*’> (—%(P—i;) where,
l = <r _ 771/<1Q 772]‘1 Qs _ sk Q1> M/ _ <06771]<2;’>
5 5 p A K * ) (0] * ’
<l+k] P) <Q7Q> h Q<P7P> B cc AA
- PR OmzkzP / ansky P
— + M, = 3 ,
(1+k1P+k2Q) <1+kl P+ky Q> Qst (Q; Qs BB ’ 0i0i cc

652 X
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. <1+k1 1’;) —am, (sz é) Table 2. Values of Parameter
/ / /
M =M =0.M M =2 - , | Parameters Description Parameter
Q0 Q rRe 0P = AA value
B " P Native prey population -
, , L™ <1+k 1 P> —am <1+k2 Qs> 0 Native predator population -
M pro, — Mo p=13 BB s Oy Exotic susceptible predator population | -
Qi Exotic infected predator population -
* * r Intrinsic growth rate of prey population | 5
1+k P )— 1+ky O;
M. =M. =1 113( +a ') an3< + 2Q'> k The carrying capacity of the environ- | 800
PQi - Q,P -2 Cé ’ ment
, , , ki Half saturation constant 0.9
MQ;Q = MQ 0, =0 MQQ- = MQ»Q =0. ko Magnitude of interference among preda- | 2
tors
Therefore, W = dr is negative definite if the symmetric ma- o Conversion efficiency (0 < & < 1) 07
trix M’ is positive definite. Which is possible when the entire B Disease transmission rate 0.04
principal minors of M’ are positive. A Recruitment rate of exotic predator pop- | 30
p 5 A lation
M — kQ _ mkiQs _ mskiQ; <
P] = MPP = % - H]A/]z - 7723|§ - n3clé ') ) m Search rate of exotic prey by native | 0.65
, , , 2 predators (n;andn, > 13)
P 2= MPP‘M 00— M PQ m Search rate of exotic prey by exotic sus- | 0.52
_(r_mkQ mkQs M3k Qi ank, P ceptible predators . —
—\K An Bh ce AA 3 Search rate of exotic prey by exotic in- | 0.29
. 5 fected predators
m <l+k1 P> —an; (1+k2 Q> d Natural death rate of predator 0.5
—% = s o Disease induced death rate of infected | 0.25
AA predator population
P/ _ M/ M/ M/ M/ M/ M M/ 2
37 PP %Q' Qst*_ 00- *PQ QQ? PQ
[ r_mkiQ  mkiQs M3k Qi OﬂllkzP N N B
K AA BB cc AA p2 > 0if (Ir( Tllkl Q Mk Qs n3kl*Qi> (OﬂlllizP>
*
_A_ ombP BB; ) cc AA
05 05 BB m(1+k1 P>*06m<1+k2Q>

Al

2 1
* * > = s
1+k P ) —any | 1+k O, A
(an]k2P> 112< ! ) 2( 2QY> A

3 - * * *
AA BB / . . X *
P, >0if (1? _ k0 mhkO mk@) (am@p)

8]

<1+k ;> <1+k é) AA BB cc AA
* - *
_1 ( A + omzkzP) m ! m 2 < A + an2k2P>

4 * * * * *

0,0, BB AA 0,0, BB
2

and 5 m (H—kl P) 0”12(1+1<2Qc>
P =M, M, M M, M, M > 1(amkP

1= "ro Moo Moot Mra, Moo Mo, i\ 55

! ! ! !
+MPQ[ MogMg, o, —Mpp-Moy-Mg o Mg,

% 2
* * 2 m<1+klf’>fam<l+sz>
1+k P)—a 1+k * * A anpky P
_y ) e () (2, omii ) (sns # (2 mit) : and
4 * * 3

: BB AA
AA 0,0s BE ce , Qs Qa
(1k*> <1k§> ’ B >0t 2
M| 1+k P | —ony | 14k O; * * « X

41 ! s (amkzP) (omalizP) ' n1<l+k1P>fam(l+k2Q> A o b o b

4 BB AA cc 3 : (* + nz*z) (713*2)

, AA 05 0y BB cc
13 (l+k lf"-)fan <l+k Q'> * * * 2

+l ’ 't } 2 OﬂhkzP A + OmzkzP n2(1+k1 P)*(XT]2<1+IQQA'> * *

4 * * * 1 aniky P anzky P

cc AA 05 O BB +3 ¥ % %
BB AA cc
* * * *
_ (r _mkQ  mk Qs _ 3k Qi) (aﬂ1k2P> B N 2
K . 5 - * 1+k P-)—oc (H—k )
AA ) BB cc AA L1 TI3< 1Fi 3 20 anyks b A +anzk21*3

(A*_|_0“72’i21’> (an3k2P> 4 cc AA 05 Oy BB

05 Qs BB cc X X X .

x iy i k k k1 Qi k
P{ S0if L > MkQ  mkOs M3k1 Qi > (Ir( — iQ L 1*Q" —_~ 1*Q'> <an1*zP>
K AA BB ce AA BB cc AA

< A + an2k2;’> (amkzP)
Q05 Os BB cc

653 ey
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Table 3. Equilibrium points for various values of

Transmission rate of | Equilibrium points

disease(3)

0.04 B3(795,3.47, 13.8, 51.4)

0.06 B3(795.4,3.47,9.22, 52.4)

0.08 B3(795.7, 3.48, 6.921, 52.08)
Table 4. Equilibrium points for various values of 13

Predation rate (13) Equilibrium points

0.29 B3(795,3, 13, 51)

0.2 B3(795.5, 3.47, 15.3, 46)

0.1 B3 (796, 3.4, 17.0, 41.2)

Thus if previous conditions hold then (By) is stable, otherwise
unstable.

6. Numerical Simulation

The main object of this section is to observe the dynami-
cal behaviour of the system for various values of parameters
and calculate equilibrium points. Here, we have performed
numerical simulations using MATLAB R2014a (32-bit) and
Wolfram Mathematica 8.0 softwares for system (2.1). Pre-
dation rate (7)3), carrying capacity of environment (K) and
transmission rate of disease (f3) are significant parameters
from study point of view. For validity of the results of the sys-
tem (2.1), we choose a set of biologically feasible parameter
values, which are given in Table 2.

We have obtained a set of invariant equilibrium points for
various values of 8 under the fixed value of 113 = 0.29 and
K = 800 started in Table 3 given below;

We have found out a set of invariant equilibrium points for
various values of 713 under the fixed value of § = 0.04 and
K =800 listed in Table 4 given below;

We have carried out a set of invariant equilibrium points for
various values of K under the fixed value of 8 = 0.04and
13 = 0.29 putted in Table 5 given below;

Thus, on this section we have observed the dynamic behavior
of model system (2.1) for various values of 13, 8 and K.

7. Conclusion

Predation is an important factor that regulates prey popula-
tion. The fatal disease can harm population that decreases

Table 5. Equilibrium points for various values of K

Carrying capacity of en- | Equilibrium points
vironment (K)

600 B3(595,2.47, 14.01, 50.60)
800 B3 (795, 3.47, 13.8, 51.4)
1000 B3(994, 4.4, 13.7, 52.03)
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the growth rate or increasing the death rate. In this paper, a
non linear mathematical model with native population and en-
demic exotic predators was formed to study the transmission
of disease. It is shown that three factors i.e. transmission rate
of disease(f3) ,predation rate (13) and carrying capacity of
environment (K) which can be taken as sensitive parameters
affects the community size. Keeping 13 = 0.29 and K = 800
fixed, it was concluded that as § disease transmission rate
of disease decreases exotic susceptible predator population
increases (see Fig.2) and exotic infected predator population
decreases (see Fig.3). Keeping B = 0.04 and K = 800 fixed,
it was seen that as 73 the predation rate of exotic infected
predators, decreases exotic susceptible predator population
increases (see Fig.4) and exotic infected predator population
decreases (see Fig.5). Keeping 173 = 0.29 and 8 = 0.04 fixed,
it was observed that as K decreases native prey population, na-
tive predator population, exotic infected predator population
decreases (see Figs.6,7,9) and there is not effect of change in
K on exotic susceptible predators Qs (see Fig.8). Dynamic
of all the species is also depicted (see Fig.10). However, it
is also argued that consumption of prey by infected predator
may have positive or negative effect on community structure,
depends upon infection severity. Special care or prevention
should be given to species to save society from disease.
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