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Abstract

The effect of predator migration in the predator-prey system with disease in the prey population remains
untouched. In this article, | have considered the individual-level migration of susceptible prey, infected prey,
and predators between two different patches. | construct a couple of ODE models taking two different time
scales. | consider that the individual migration of the species is faster than their demographic changes like
birth, death, disease transmission, and interaction with predators. First | have study the model taking a large
class of density-dependent migration rates. It has been proved that the fast equilibrium point is unique and
asymptotically stable. Then | aggregate the model taking the advantage of two different time scales and
construct a SIP model. The model has been investigated both analytically and numerically considering some
particular type of density-dependent migrations. The theoretical study of the model includes evaluation of
equilibrium points, local stability, and basic reproduction numbers in different situations. | found numerically
the sensitivity of basic reproduction number with respect to migration ratios and the Switching of equilibrium
points due to predator migration.

Key words: S-1-P model, fast migration, heterogeneous patches, basic reproduction number.

1. Introduction

Nature is naturally heterogeneous. Due to the heterogeneity of nature species needs migration. The effects of
migration has been seen in many field ([1], [2], [3], [4]). In a region where two significantly different patches
exist migration models better explore the system is there. These types of models comprise an important
behavior of migration of species. There are several type of density-dependent migration like prey density-
dependent migration of predator ([5], [6], [7], [8], [9]), predator density-dependent migration of prey ([10],
[11]). In prey density-dependent migration of predators, predators moved towards a patch with a large prey
density and leave the patch when it is small. On the other hand, in predator density-dependent prey dispersal,
predators have a repulsive effect on prey i.e., prey leaves faster a given patch when more predators are there at
that time.

In 2002 Charles et al. studied the effect of the migration behavior of susceptible hosts on the ability of the
parasite to invade the system. But the existence of predators is natural as well as important to regulate the
infection of parasitism in the prey population. Earlier researches are mainly focused on the effect of parasitism
on the predator-prey system ([12], [13], [14], [15], [16]). In 2005 Roy and Chattopadhyay explore the
conclusion of disease selective predation of predator in a predator-prey system with disease in prey population.
In my treatise, | observe the impact of predator migration in an S-1-S system.

Here | consider a fast migration of prey and predators between two significantly different patches. | have
studied an S-1-P model considering prey density- dependent migration of predators as well as predator density-
dependent migration of both the susceptible and infected prey population. | study the situation when the
infected remains in either patch losses their ability of migration by some parasitic infection. | observe the
effect of predator migration on stability, population abundance, and the fitness of parasites in system. In all the
cases | invent a huge impact of predator migration. In section 2, | have developed a slow-fast model and write
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down the model without migration which was studied by Asrul et al. [17]. Then in section 3, | have proved the
asymptotic stability of the unique fast equilibrium point and the aggregated model. In section 4, the model has
been studied taking a particular type of density-dependent migration. Section 5 and 6 are devoted for numerical
analysis and conclusion.

2. Model Development

The following assumptions are made to formulate the model.

1. The migration of susceptible and infected prey population depends on the density of predator
population in the patches.

2. The migration of predator population depends on the density of susceptible and infected prey

population.

Migration is faster than the host growth, disease transmission and predator prey interactions.

4. Prey growth is regulated logistically by a density of both susceptible and infected host.

Predators growth rate due to predation of prey population follows Holling type-I1 functional response.

w

o

Schematic diagram of the migration

Patch-I 7 Patch-II
S, ) > S,
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I < - I
Py 7 h P,
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Under this assumption the following mathematical model has been developed.
To = (s = FPOS] + €S + 1) (1 =757 =S +valy = BiSih 115
das - S, +1 a,S,P
d_,: =[f(P)S1 — f(P)S;] + € [7”2(52 + 1) (1 —= 2) —dyS; +v2ly — B2S2ly — #;2;2],
dl _ P
= [Pl = GPOL] + €[ BiSihy = daly — anly = yaly — S22,
(2.1)

dl, _ a,l,P, e
ar [G(PDL — g(P) L] + €| B2S,1, — daly — azly — vl — 1+ byl
ar, — a,S1P; . ajlh Py
E— [h'(SZ)IZ)PZ_h(SllIl)Pl]+E[el+b151 e 1+b‘111_m1P1 )
ar, - a,S,P, , az,P,
dr [A(S1,1I;)P; — h(S3,1)P,] + € [e 1+ 5,5, e 1+ byl, —myP;|,
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where Sy, I;, P, and S,, I,, P, are susceptible, infected, predator population density in patch-l1 and patch-II
respectively.

Parameters description:

r; - Reproduction rate of prey population in patch - I (/time),

1, - Reproduction rate of prey population in patch - 11 (/time),

C; - Carrying capacity of patch - | (individual),

C, - Carrying capacity of patch - 1l (individual),

d, - Natural death rate of prey population in patch - I (/time),

d, - Natural death rate of prey population in patch - 1l (/time),

a; - Death rate due to disease in patch - | (/time),

a, - Death rate due to disease in patch - Il (/time),

B, - Disease transmission rate in patch - | (/individual/time),

B, - Disease transmission rate in patch - Il (/individual/time),

y; - Recovery rate of infected prey population in patch - | (/time),

¥, - Recovery rate of infected prey population in patch - Il (/time),

m, - Mortality rate of predators population in patch - | (/time),

m,, - Mortality rate of predators population in patch - Il (/time),

a, - Capture rate of predators to the susceptible prey in patch - | (/individual/time),

a, - Capture rate of predators to the susceptible prey in patch - Il (/individual/time),

a; - Capture rate of predators to the infected prey in patch - I (/individual/time),

a;, - Capture rate of predators to the infected prey in patch - I (/individual/time),

b, - half saturation constant of predator population in patch - | when predating susceptible prey (/individual),
b, - half saturation constant of predator population in patch - Il when predating susceptible prey (/individual),
b; - half saturation constant of predator population in patch - | when predating infected prey (/individual),
b} - half saturation constant of predator population in patch - I when predating infected prey (/individual),
e - conversion rate of susceptible prey to predator (unit-less),

e’ -conversion rate of infected prey to predator (unit-less),

and0 < e K 1.

Functions description:

f - Migration rate of susceptible prey from patch-1 to patch-11 which is a monotonic increasing positive valued
function for all P, > 0,

f - Migration rate of susceptible prey from patch-I1 to patch-1 which is a monotonic increasing positive valued
function for all P, > 0,

g - Migration rate of infected prey from patch-1 o patch-1l which is a monotonic increasing positive valued
function for all P, > 0,

g - Migration rate of infected prey from patch-Il to patch-1 which is a monotonic increasing positive valued
function for all P, > 0,

h - Migration rate of predator from patch-1 to patch-11 which is a monotonic decreasing positive valued
function forall S; >0andl; > 0,

h - Migration rate of predator from patch-11 to patch-I which is a monotonic decreasing positive valued
function forall S, >0 and I, > 0,

| assume that f, f, g, g, h, h € C*(R?) .
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If there is no migration then the system (2.1) becomes

ds,; S1+14 i CR!
a = [ (1-2) - s =it -]
a "LP

d_tl = [315111 - dlll - a111 - Y111 - f—:—bllli]’

@ _1, a;51P ¢! @l Py —myP

dt 1+b,S, 1+ b1, 101 |

The analysis of the model (2.2) has been done in [17].

3. Equilibrium analysis of the fast model and aggregation of the model

Research Article

>(2.2)

As | see, the system (2.1) is mainly driven by the migration part; the demographic one is being only a small
perturbation. 1 am now interested in the fast dynamics, and the corresponding fast model is obtained by

neglecting the slow part i.e., taking € = 0.

das,

L= [f(P)S, = f(P)S4], N\

% = [f(P)S; — f(P,)S],

1= [g(P)l — g(PDL,

% = [g(PDI — g(P)13], > (3:1)
% = [h(S3,I)P, — h(Sy, )Py ],
22 = [R(Sy, )Py — h(Sy, )Py,

J

where the total susceptible population is denoted by S = S; + S, , the total infected population is denoted
by I = I, + I, and total predator population is denoted by P = P, + P,. These are the constants of motion of
the fast system (3.1). So the fast equilibrium points and their stability are determined by the following system

of equations.

% = [f(P — Pl)(S - 51) - f(Pl)Sl]' )
dl; _ _ A
- = [g(P —P)U - 1) —g(P)L], > (3.2)
= [AS = Sul = )P = P) = R(Sy, IDPy],
J
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The fast equilibrium point is the solution of the following system of equations:
fP=P)(S =) = F(P)S; =0, A
gP —P)(S —5) —g(P)S; =0,

h(s - Sl,l - 11)(P - Pl) - E(Slill)Pl = O,

Si+S,=5, > (33)
L+1,=1,
P+ P, =P,

J

which gives S; = n(P,)S, Iy = u(Py)I and P, = &é(Sy,I;)P where P, is the solution of the equation

Py =¢d(P(P),P(P)) v (3.4)
where ¢(x) = n(x)S, ¢(x) = u(x)I, ¢p(x,y) = &(x,y)P and

__J=x) __ 9P _ h(S—x, I-y)
M) = 75— FO) = Formgr—0 S &Y = R yyaneon 1=y - 1 EN

PO €3V Gk SR (VA5
F@+/E-0F

_G0)g'(P=x) +g(P — )7 @)
G0 +9P-0F

¢'(x) =

U_l(x:)’) +h(5—x;I—Y)]2

¢x(xv y) =

1]

i_l(x,y)hy(S —x,I—y)+h(S—x1— y)i_ly(x, y)
U_l(xJJ/) + h(s —X,I _}’)]2

1]

¢y(x»}’) = -

Based on the assumption on the functions f, f,g, g, h, h it is clear that the function ¢ and ¢ are decreasing
for all x>0 and the function ¢ is increasing for all x>0,y>0 . So the composite

function ¢ (q3(P1), qS(Pl)) is decreasing and positive valued. Therefore if there exist a feasible solution of the

equation (3.4) then it is unique. Let (S5, I, P;) be the fast equilibrium point. Then the characteristic equation
of the system (3.2) is

-p1— A 0 —D2
0 —p3 P |=0=> B +A2+4,0+4;=0
Ds Pe —P7—4A

where A; =p; + p3 +p7,

Ay = p1p7 + D37 + P1P3 + Pabe + P2Ds
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A3 = p1P3P7 + P1PaDe + D2D3Ds

and p; = f(P—P)) + f(Py),

pz = (S —=SDf'(P =P +Sif'(P),

ps =9 —P)+g(Pp),
pa=U—-1D)g'(P—P)+11g'(Py),

ps = (P = PDhs(S =S, I = I7) + hs(S1,17)
pe = (P — PDR(S =87, I = I{) + hy(Si,17)

pr=5h(S =S, 1-1).

where all p's are positive. Thus | have A; > 0 and A;A4, > A; . Therefore the fast equilibrium is always
asymptotically stable.

Now, | can obtain the global model at slow time scale t = et in terms of the aggregated variables S,I and P.

ds S+ S+l N\

pri [7’1(51 +1) (1 - lcl 1) +1,(S; + 1) (1 - 2c2 2) —diS1 — dpS; +vily +v2ly — BiS1ly — B2S21; —

a151P1 azszpz]

1+b1S;  1+b,S,1

dl a1 Py a1, P,

ar [[315111 + BoSoly — dily — daly — aqly — aply —yily = v2lp — 1+by0, 11 A > (3.5)
ar a5, P , al Py az5,P; , a3lP, p p

dt "1+ by, S THbL C14bS, S T+byl, 1T MR

where S;,S,,1;, I, Py, P, are replaced by the fast equilibrium point. /

4. Study of the model taking particular type of density-dependent migration

Let f(P,) = f,P, + fo and f(P,) = f,P, + fo be a particular type of density-dependent migration rate of
susceptible prey population from patch-II to patch-I and patch-I to patch-II respectively where f,, fo ,7p, fo
are positive. Let the predator density-dependent migration of infected prey from patch-11 to patch-1 and patch-I
to patch-11 are of the form g(P,) = g,P, + go and g(P;) = g,P; + g, respectively where g,, go , Gp, Go
are positive. | also assume that the density-dependent migration rate of predators from patch-I1 to patch-1 and
patch-1 to patch-Il are h(S,,1,) = ! and h(S, 1) =

h, hi, hy , hg, hi, ho are positive. It is clear that all the functions f,f, g, g, h,h satisfy the conditions
described in the section of model formulation. So our model (2.1) with the above stated density-dependent
migration rates becomes

respectively  where

ds,

= = S1+14
Fr [(prZ + fo)Sz - (pr1 + f0)51] +e€ [T1(51 +1) (1 2t

a,51P;
1+ b,S,)

) —diS1 + vl — B1S1L —
1
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- = [(fppl + f0)51 - (prZ + fo)sz] te€ [7”2(52 + 1) (1 - ) —dy Sy +yaly — BrSol; — ————|,

dl; _ _ a’111P1

-0 = [(gppz +9o)l» — (gppl + 90)11] t+e€ [,815111 —dily —ayly —y1y — T+ b L (4.1)
1

dl, _ _ a’212P2

P [(GpP1 + Go)ly = (gpP2 + go)I2] + € | B2Sz 1, — dal; — a3, — 121, T T4 bl

dp, 1 1 a,S,P; i1, P,

ik Ppme————— P+ ’ —myPy|,

& s, mL v hy 2 RS v Rl kg e [e 1458, C1+by 1

dp, 1 1 4,S,P, a,L,P,

— == = — P, — P. e e’ —m,P,|,

dT [h551 + hlll + hO L hSSZ + hlIZ + ho 2] [ 1 + szz 1 + b1212 202

The aggregated system looks like (3.5) where S;,S,, 13,15, Py, P, are replaced by the fast equilibrium point
(81,85, 11,15, P{, P;,) given below.

S* _ pr;"'fO \
L RoPitfotfoPi+fo
. _ foPi+fo
foPi+fotfpPs+fo
I = 9pP3+90
1 JpPi+Jo+3gpPs+90 ’
oGPt > (4.2)
2 JpPi+3do+gpPs+90 ’
pr — hsS1+hil +hg
2 T RS;+hily+Ro+hsSy+hily+hy
pr — hsSy+hily+ho
2 T RSy +hily+Ro+hsSo+hilp+hg

If there is no infected prey then the system becomes

dSI = [(fyP2+ fo)S: = (FpP1 + fo)S:] + € [r151 (1 - _) diS; — ﬁiﬁ:]

= P+ )5 = (o + f)Sal e[ (1 2) - oS, — $2522]

ap, 1 1 a18,Py

ke 2 % Pi]+e [ —my Py,

At 'heS,+he RsS1+ho 14b,S;

ap, 1 1 a5;P;

— = |= — 1~ + [ - m2P2 )

At 'RgS; +ho hesy e 14b,5, Y,

The analysis of the model (4.3) has been done in [11] taking d; = d, = 0 and Holling type-I functional
response b, = b, = 0 for predation rates.

(4.3)
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4.1 Analysis of the model (4.1) in particular case

If | consider the constant migration and the constant b; = b, = 0 then the aggregated system looks like

ds _ h

= =TS 1l = kgS? — Iyl? ~ kgiSI — dyS + 71 ~ BSI — asP,

2= fSI—(di+a+7p)—a'lP, > (4.4)
dapP

i eaSP+e'a’'lP — mP,

J
h = = ks =2n 2 + 202, k=22 + 2,2, kg =22
where rg =1n +10, , T =Tl T Uy s=g M +C2712 i = +Cz.u21 si = Cln1u1+

22_2772#2 B =By + Baalty  ds = dymy +dany , di =dypy +dapty . ¥ =Valhh +Vallz s @ =gy +
fo

— — __ f
Aoy , @ = a1 &+ anésy , @' = a' & + a' &, , m=mé +myé; andny = fo_':fo M2 =7 =
9o _ 9o _ hy _ _ho
Jo+9o K2 Jo+90 ' fl Ro+ho ' 52 ho+hg

Equilibrium points of the model (4.4):

The trivial equilibrium point E; = (0,0,0) .
2. The axial equilibrium point E; = (5,0,0) where § = =%

3. The planer equilibrium point EL = (§,1,0) where § =22

and T is the roots of the

equation k12 + (kgS +d; — 1+ @)l + (kS2+dS—nS)=0.

4. Another planer equilibrium point EXf = (S’,0,P") where S’ = eﬂ; and P’ = 52% _ %S’.
The interior equilibrium E*(S*, 1%, P*) is the solution of
1S + 1yl — kS? — kil? — kg SI — dgS + 71 — BSI — aSP = 0,
BS—(d;+a+y)—a'P=0, (4.5)

eaS+e'a'l—m=0.

4.2 Basic reproduction number

The concept of basic reproduction number is fundamental to study the epidemic of infectious diseases. The
basic reproductive number is the average number of secondary infections produced when one infected
individual is introduced into a host virgin population. The basic reproductive number measures the fitness of
the parasite in an ecological system. There are two basic reproductions number first one in absence of predator
denoted by R, and the second one in presence of predator denoted by R,. The effect of prey migration on basic
reproduction ratio in absence of predator has been analyzed by Charles et al. (2002). Here | have found both
the basic reproduction numbers using the next-generation matrix method.
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0 —1.S — 1l + kg S? + k;I? + ky;SI + d,S — yI + BSI + asP
F=|BSI|,V = (d;+a+y)+a'lp
0 —eaSP —e'a'lP + mP

Basic reproduction number in absence of predator:

Here the new infection matrix F(E;) = [%] and the transfer matrix V(E;) = [%] at the equilibrium
J J
point E, = (5,0,0) where § =%
0 0 0 A B C
Therefore, F(E)) = [0 fS 0| and V(E)=|0 D 0
0 0 O 0 0 E
where A = -1, +2k,S+d;,B=-1,+kyS+pS—7,C=aS,D=d;+a+7y,E=—eaS +m
[0 o o0
So, the next generation matrix is FV~1 = w0 BSAE 0
0 0 0

Thus the eigenvalues of FV~1 are {0,%, 0}.
The basic reproduction number is the largest eigenvalue of FV~1 ([18], [19]) which is
Ry=o(FV-hy==E5_ ... (4.6)

di+a+y

Basic reproduction number in presence of predator:

In this article, | am interested to explore the influence of predator migration on basic reproduction number. So

| have to calculate the basic reproduction number at the equilibrium point EXf = (S’,0,P") where S’ = eﬂ_d
and p’ = =% _Ksgr,
a a
(gl 1l
| evaluate the new infection matrix F( EL) = [%] and the transfer matrix V( E}) = [%] at the
J J

disease-free equilibrium point EXf = (S',0,P’).

0 0 0 A B C
Therefore, F(E1)=[O £S’ ol and V(E;)=10 D 0
0 0 0 E F G

where A= -1, +2k,SS'+aP' +d;, , B=-1,+kyS' +pS'—y , C=asS’' , D=d;+a+y+aP ,
E =—eaP', F=—-e'a'P',G=—eaS'+m .

0 0 0
So, the next generation matrix is FV~! = ﬁ [0 BS(AG — EC) Ol
0 0 0

Thus the eigenvalues of FV~1 are {0,[%5, 0}.

The basic reproduction number is the largest eigenvalue of FV~1 ([18], [19]) which is

_ Bs'
RO = Q(FV 1) = m. ............................. (47)
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B1S1 my

Similarly Local basic reproduction number of patch-1 is LRy; = —————— where S; =— and P| =
ditas+yita Py ea,
n-di T
a; Ca, v
. . . s;
Also the local basic reproduction number of patch-Il is LRy, = L,, where S5 = 2 and P; =
dytaz+y,+ayP, ea,
Rp=d, T o
a, Cpa, "2

4.3 Local stability of the equilibrium points

1. The trivial equilibrium point E, = (0,0,0) is stable if ry < d,that is reproduction rate of prey population is
lesser than the death rate in the aggregated system and otherwise unstable.

2. The axial equilibrium point E; = (S,0,0) is stable if E, is unstable and R, < 1 and m > eaS$ that means
basic reproduction number in absence of predator is less than unity and mortality rate of predator in aggregated
system is sufficiently small. Otherwise E, is unstable.

3. The planer equilibrium point £} = (S,1,0) is stable if m > eaS + e'a’l and r, < 2k,S + kI + BT, 1; <
2k, + ky;S + d; + @ which implies predator mortality and prey reproduction in the aggregated system is
sufficiently small. Otherwise EZ is unstable.

4. The planer equilibrium point EXf = (S’,0, P") is stable if R, < 1 and unstable otherwise.

4.4 Effect of predator migration on basic reproduction number

The basic reproduction number in presence of predator can be written as follows

I

_ Bs' _ ma Dy
Ry=——o—=————— =L (4.8)
di+a+y+a’'p e(di+a+y)a?+a'le(rs—ds)a—kgm]  Ny+N,

where Dy = (Binipy + Banziz) (Miéy + my&r) (a1 € + azn, &),

Ny = e[(dy + ay +y)uy + (dz + az + ) uz] (aniéy + azn2€,)%,

N, = (@11 + axipér)[ef(ry — dny + (rp — donp}(amén + aznaeéz) — (;_17712 + 2_27722) (m.&; +
m,&;)],

If the predators migrate more to patch-1 then we can take & = ?—> 0. In this case

1

Dy

R, = —%
0™ N,+A,

................................ (4.9)

where D; = (Bin1py + Balaptz)myasny,

N =e[(dy + ay + yDu + (dy + az + v2)pzlaing,

N, = ajp [e{(ry — d)ny + (r, — dy)nz}agmy — (2_17]12 + Z_anz) my],
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Further if the infected prey migrate more to patch-1 then we can take u = £2 - 0. In this case

H1

ﬁ1m1a177% (4 10)

e(d;+aq+y1)ain?+al [e{(7”1—d1)771+(7“2—dz)nz}aﬂh—(2_17712"'2_27722)7”1]

Ry; =

Again if the infected prey migrate more to patch-11 then we can takei =21, 0. In this case

H2

Ry, = —P2Tallz__ .. @.11)

e(dy+az+y2)a;
5. Numerical Results

In this section, | have numerically simulated the theoretical results of our model. The hypothetical parameter
values are mainly taken from [1] and [17]. The values of the new parameters which appear due to inclusion of
predator in the system are taken on the basis of biological feasibility. |1 have used MATLAB version R2016a
for numerical simulation of the model.

Table-1 Table-2
parameter values units parameter values units

7 0.18 /days r 52 /days

Ty 0.2 /days Ty 55 /days

dy 0.15 /days dy 0.15 /days

d, 0.16 /days d, 0.16 /days

C; 180 number C, 880 number

C, 130 number C, 830 number

aq 0.1 /days ay 5.8 /days

a, 0.1 /days a, 5.8 /days

Y1 0.5 /days Y1 0.5 /days

Yy 0.5 /days Yy 0.5 /days

By 0.4 /number/days By 0.05 /number/days
B, 0.3 /number/days B, 0.05 /number/days
a 0.08 /number/days a, 0.05 /number/days
a, 0.01 /number/days a, 0.05 /number/days
a; 0.1 /number/days ay 0.1 /number/days
a; 0.1 /number/days a; 0.1 /number/days
e 0.1 unit-less e 0.01 unit-less

e’ 0.1 unit-less e’ 0.01 unit-less
my 0.02 /days my 0.01 /days
m, 0.01 /days m, 0.01 /days

fo 10 /days fo 10 /days

fo 4 /days fo 4 /days
Jo 4 /days Jo 4 /days
Jo 4 /days Jo 4 /days

hg 4 /days hg 4 Idays

hg 4 /days hg 4 /days

5.1 Numerical sensitivity analysis
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Definition: The normalized forward sensitivity index of a variable, m that depends differentiably on a

o d
parameter n, is defined as I'™ = % X %

. . . aR . .
For R, the analytical expression of the sensitivity becomes F,f" = a—n" X Ri where n is a parameters involved
0

in Ry. | have computed the sensitivity of R, with respect to the three parameters & = ? related to predator
1

migration, u = £2 related to infected prey migration and n = Zrelated to susceptible prey migration. It has
u n
1 1

been found that [ = 0.7731,T,* = —0.2556 and I;;° = 0.5130with respect to the set of parameters given
in Table-1. So I have found that the parameter is & = g—z = % is more sensitive than the other two. Thus we can
1

0

say that predator migration is more sensitive than the migration of susceptible and infected prey to changing
the basic reproduction number.

5.2 Basic reproduction number versus migration

In (4.8), | have expressed $R_0$ in terms of the migration rate of susceptible prey, infected prey, and predator
species. | have found the limiting expression of basic reproduction number in (4.9) when the migration rate of
predators from patch-1l to patch-1 is very larger than from patch-1 to patch-11. In Figure-1(a) we can observe
how the infection increases in the system and crosses the epidemic threshold value when ¢ increase. | have
also found the limiting expression of basic reproduction number in (4.10) and (4.11) when the migration rate
of infected prey from patch-ll to patch-1 is very larger than from patch-1 to patch-ll and the opposite
respectively. In Figure-1(b) we can observe how the infection decrease in the system and become below the
epidemic threshold value when u increase.

I observe numerically that the basic reproduction in absence of predator is R, = 6.8449 which is much higher
than the basic reproduction in presence of predator R, = 0.6215. | calculate the local basic reproduction
number for both patches. The local basic reproduction number for patch-1 and patch-Il are LRy, = 0.6375 and
LRy, = 1.9878 respectively.

=4
o

e
o

Basic reproduction number (R _)
Basic reproduction number (R )

[u] 0.5 1 1.5 2 2.3 3 [u] 0.3 1 1.5 2 245 3
Ratio of migration rates of predators { £) Ratio of migration rates of infected prey { )
ia) 1=}

Figure-1 : (a) Basic reproduction number is increasing when & increase. (b) Basic reproduction number
is decreasing when u increase. Parameter values are taken from Table-1
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My numerical investigation over the model (4.4) explores the switching of the equilibrium points due to
migration of predator population when the infected prey lives in one of the patches losing their mobility due to
infection. From Figure 2(a) we can observe that when g, = 0 that is the infected prey does not migrate to
patch-1 in other words the infected prey remains in patch-11 then E* switches to EX! as ratio of migration rates
of predators increases from 0 to 10. Again From Figure 2(b) we can observe that when g, = 0 that is the
infected prey does not migrate to patch-I1 in other words the infected prey remains in patch-1 then E* switches
to EL as Ratio of migration rates of predators increases from 0 to 10.

w
[=]
[=]

Fredator

Infectad Pray

Fa
wh
[=]

[
[=]
[=]

o
=]

201

Population abundance

Population abundance

o
=]

Susceptible Pray

Susceptible Prey

(5]
=1

Intzcted Pray 5t Predatar
0 A . .
] 2 4 B 2 10 o 2 4 ] a 10
Ratio of migration rates of predators { £) Ratio of migration rates of predators ( £)
(a) For g,=0 {b) For g,=0

Figure-2 : Switching of equilibrium points when & increase. Parameter values are taken from Table-2
6. Conclusion

In this article, | intend to explore the effect of the migration of predators on a two-patch predator-prey model
with disease in the prey population. Here | consider the migration of susceptible prey, infected prey, and
predator population between two different patches. An ODE models has been constructed taking two different
time scales. | consider that the individual migration of the species is faster than their demographic changes like
birth, death, disease transmission, and interaction with predators. The model has been studied taking a large
class of density-dependent migration rates. |1 have proved that the fast equilibrium point is unique and
asymptotically stable. Then | aggregate the model taking the advantage of two different time scales and
construct a SIP model. The model has been investigated both analytically and numerically considering some
particular type of density-dependent migrations. | investigate the effect of predator migration on stability,
population abundance, and fitness of parasites in the system. In all the cases | invent a huge impact of predator
migration. | observe that if the infected prey lives in one of the patches losing their mobility due to infection
then for the fast migration of predators the stable endemic equilibrium E* can switch to EX or EZ according to
the infected prey lies in patch-I1 or in patch-I respectively. Thus if the infected prey lives in one of the patches
due to the migration of the predator the system will be either disease-free or predator-free. | establish
theoretically that the disease-free equilibrium is stable if R, < 1 and otherwise unstable. | observe numerically
that the predator migration is more sensitive than the migration of susceptible and infected prey to changing
the basic reproduction number.
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