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ABSTRACT

In this paper a mathematical model prey-predator and scavenger with linear harvesting in predator and scavenger. The
existence, uniqueness, limitations (roundedness) of solution and the stability analysis of every possible accumulation points
are studied. The Lyapunov function is used to study the global dynamics of the model. The effect of the scavenger and
harvest on system dynamics is discussed using numerical simulation.
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1. INTRODUCTION

In recent years, it has been important to study dynamics of
impulsive disorders on population models. In particular,
the models of impulsive assemblies of prey and predator
were verified by many researchers, Then these studies
began to expand more and more , Anderson and May [1,2]
were the first to combine ecology and epidemiology with
Lotka-Volterra prey and predator model with infection
disease extend among prey by contact between them and
no reproduction in infected prey, where the dynamics of
the epidemiological ecosystem and harvesting systems
were studied, and the latter is considered one of the most
important factors that help stop diseases and transmission
of infection Where most interactions have been described
with response functons known as functions Holing and
are of several types[3,4,5]:

1- y = ax linear type
i .

2- y=% Holing —I|
ax™ .

3- y= T HO”II’]g =

Many researchers have studied the dynamics of prey and
predator systems using the Holling response functions,
including the first type and the second type R.K. Naji [6],
and the third type pan-ping Liu [7].

Later, the prey -predator model was studied in the
presence of a scavenger, since it is known that
scavengers are animals that eat dead (cadaver) organisms
that have died or have been killed by other predatory

organisms While raking generally survey of raptors
tocarnivores thatfeed oncarrion, it is daso
aherbivorousfeeding  behavior scavengers play an

important role in the ecosystem by consuming dead animal
and plant material. Analyzers and catalysts complete this
process, by consuming residue sweepers points
Decomposers and detritivores complete this process, by
consuming the remains scavengers points. There is an
influence on the dynamics of the prey and predator

32

system, a small number of researchers have studied the
effect of scavenger presence in their models. Nolting et al.
[8] proposed and analyzed a three species system
consisting of a predator, its prey and a scavenger and
studied R.K.Ngi and H.A.Satar prey-predator and
scavenger model [9]

Further studied O.A.Ali and A.A.Majeed The dynamics of
prey-predator model with harvesting involving diseases in
both populationg[10] , and the More of researcher are
studied prey-predator model with nonlinear harvesting
O.M.Ali studied the SIR model with non-linear harvesting
and vaccination[11] and R.K.Ngji and H.A.Satar studied
prey-predator model with non-linear harvesting [12].

In accordance with the above, in this paper, however, we
proposed and analyzed a food web model consisting of
three species prey—predator—scavenger with two types of
functional response to predation and a linear harvesting
function in  predator and scavenger. Our aim is to study
the effect of harvesting and maximum attack rate of
scavenger on the dynamics of the system.

2.1 Mathematical model

In this part an ecological system consisting of prey—
predator—-scavenger if formulated mathematically for
study. It’s assumed that there is a linear harvesting on
predator and scavenger. So in order to formulate the
dynamics of such a real life system the following
hypotheses are adopted:

1- Let X(T ), Y (T) and Z(T ) represent the densities at
time t for the prey, predator and scavenger,
respectively. It’s assumed that prey species grow
logistically with intrinsic growth rate r > 0 and
carrying capacity K > 0.

2- predator consumes prey according to Lotka-V olterra of
functional response with maximum attack rate ¢ > 0,
while the scavenger consume prey according to
Holing- 1l types of functional response with
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maximum attack rate a > 0 , and half saturation rate
by >0 .

The predator, in the absence of prey, it decomposes
exponentially with death rate d; > 0, however the
existence of the prey contributes to predator’s growth
with conversion rate e; = 0.

The scavenger, in the absence of its prey and al other
resources of food, it significantly degrades with a
natural mortality rate d, > 0, however the existence of
their prey contributes to scavenger’s growth with
conversion rate e, = 0. In addition it’s assumed that the
population of scavenger benefits from naturally died
predator and with benefit rate b, >0

Finally, predator and scavenger assemblies are
assumed to be harvested by external forces according
to linear type of harvesting function with constant rates
H; >0 and H,>0 for the predator and scavenger
respectively

According to the above hypotheses the dynamics of the
above food web system can be described mathematically
with the following set of first order ordinary diiferential
equations:
dx
dTr
gy
dT
=8 cXY — d]_ Y
- HY
dX  aX’z
dr ~ “2b + X2

aXx?z

X
=rx(1-2)—exy - 22
r. i XY b, + X2

(2.1)
+b,YZ - H,Z ~d,2Z

Note that the model proposed above contains (11)
parameters that make the mathematical analysis of the
system difficult. So in order to reduce the number of
parameters and determine which parameter represents the
control parameter, the following dimensionless variables
are used:

Then system (2.1) can be written in the following
dimensionless form:

dx i x%z
T L T e
T yyx =6 —u) = folx,y.2) (2.2)
dZ_ & +8a E—F|—= )
a = \pra POV TEF ) =Ry
Where

bl elck dl 1”1 €2a

— = ’6:—““__-—'(1:——

k br ”r r i
P2 e - F=—t

r c r

With x(0) =0,y(0) = 0and z(0) = 0.
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represent the dimensionless parameter of system (2.2). Itis
observed that the number of parameters have been
reduced from eleven in the system (2.1) to eight in the
system (2.2).

It is easy to check that all the interaction functions fi,
f.and f3 on the right side of system (2.2) are continuous
and have continuous partial derivatives on R3 with respect
to dependent variables x , y and z. Accordingly they are
Lipschitzian functions and hence system (2.2) has aunique
solution for each non-negative initial condition.
Furthermore the boundedness of the system is shown in
the following theorem.

Theorem (2.1): All the solutions of system (2.2 ) which
initiate in RS are uniformly bounded.

Proof.

Assume that (x(t),y(t),z(t)) be any solution of the
system 2.2) with non-negative initial
condition (x(0),y(0),2z(0)). According to the first

equation of system (2.2) we have:
dx

= A
T x(1-x)

Clearly according to the theory of differential inequality,
we get:

tlimsup x(t) < 1. Define the function

t t
wiey =iy 1 o 20,
Y «
Therefore,
dM y Z
ity gy I (E i
dt{x( x) y(5+y) cr(E+F ay)
aM
—<2-nM where n
dt

=min {§ + y, E+ F—0sup(y) }.
M) <2+ (M(O} —E) et
= = .

Thus 0 < M(t) E% ast — o, Hence al the solutions of

system (2.2) are unifermly bounded and the proof is
complete

2.2 Existence of accumulation points

In this section, the existence of every possible
accumulation points of the system (2.2) is discussed. it is
observed that , system (2.2) has at most seven
accumulation points.

1) The vanishing accumulation point E, = (0,0,0 )
aways exists.

2) The axial accumulation point E; = (1,0,0 ) aways
€exists.

3) The scavenger-free accumulation point E, =
(x,¥,0) exists iff there is a positive solution to the
following set of equations:

1-x—y=0 (2.2a)

yx—6—pu=0 (2.2b)

From the equation (2.2b) we have,



1.J.SN., VOL.12 (3) 2021: 32-40

- G+4u

== (2.2¢)
Now, by substituting equation (2.2c) in equation
(2.2a) we get:
_ §+u
y=1- —— (2.2d)
4
Note that the equation (2.2d) is a positive, provided that:
y>8+u
(2.2¢)
B _ gy F+ENx®—b=0  (23b
g BFE= S (a—-(F+ENx*—b= (2.3b)
From equation (2.3b) we
[B(F+E)
iz W .
= o (2.3¢)

Note that the equation (2.3¢) is a positive root, provided
that:

a>F+E (2.3d)

Now, by substituting equation (2.3c) in equation (2.3a)
we get:

. (=% +1x?)
T

(2.3e)

Note that the equation (2.3e) is apositive, provided that:

a>F+E+b(F+E)

5) The paositive accumulation point E, = (X,y,Z) exists
and unique in the Int. R} of xyz- space iff there is a

positive solution to the following set of equations:
Xz

(2.3f)

l_x_y_b+x2:0 (2.4a)
yx—86—u=0 (2.4b)
2
am-l-Gy—F—E:O (2.4¢)
From equation (2.4b) we have,
J+
Fafl (2.4d)
14
i 9f df i
= — == 2bxz
j= |22 2 28| ek
T ox oy 9z | o
o of o)\ g
dox dy 0z

Stability of the accumulation point Ey = (0,0, 0)
The Jacobian matrix of system (2.2) a1 E, can be

written as,
1 0 0

Jo =J(Ep) = [0 —-6—pu 0 (2.8)
0 0 —-F—-E
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4) The predator-free accumulation point E; = (%,0,2)
exists iff there is a positive solution to the following
set of equations:

Xz

S e b

0 (2.3a)

Now, by substituting the equations (2.4d) in the equation
(2.4c) we get:

2

b(F+E)+(F+E—a)(5+“)

9 ’

(2.4e)

=2l

Note that the equation (2.4¢) is a positive root, provided
that:

F+E>a (2.41)

Now, by substituting equations (2.4e) and (2.4d) in
equation (2.4a) we get:

1-(2)- (””“””E-m(%“f)) (o)

r 9 &)

5]

(2.49)

Note that the equation (2.4g) is a positive root, provided
that:
1>%+7y (2.4h)
Consequently, the positive accumulation point
Ey=(x,7,Z) ol system (2.2) exists uniquely in the
Int. R? of xyz —space .

2.3 Local Stability Analysis.

In this part, we analyzed the local stability of the model
(2.2) around all accumulation point and discussed through
computing the Jacobian matrix  J(x,y,z) and
determined the eigenvalues of system (2.2) at each of
them the Jacobian matrix J(x,y,z) of the system (2.2) at
all of them can be written:

‘ x
> b+ a2
yx—48—u 0 A(2.7)
ax?®

Then the distinctive equation of J(Ey) is given by:
A=) (-6-pu-2)-F-E-2)=0,
So, the eigenvalues of [, are

Ay=1,dy=—-8-pAd;=—F—E
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Thus, the accumulation point E, is saddie point

Stability of the accumulation point E; = (1,0,0)
The Jacobian matrix of system (2.2) at E; can be

written as,
}1:1"(51)
L1 -1 __E
| b+1
=ly y-6-u 0 (2.9a)
a
0 —ife—E
lg 1+0Db

Then the distinctive equation of J(E;) is given by:
[22+BA+B,] ({5 —-F-E-2) =0,

where:
By=(@+u+1-y)>0
B,=8+u>0
So, either
o
((5-F-E-2) =0, (2.9b)

which givestwo eigenvalues of J(E;) by:

A = =5 — F — E, which is negative if the following
conditions hold.

L < F+E

1+b

(2.9c)

Or

AP 4+BA+B, =0

which gives that other two eigenvalues of J; with

negative real parts which are ( by using Routh
Hurwitz criteria)

1 2
by =5\ =By + [B} — 4B, ),
1 2
A= 5| =By~ |Bf — 4B, ).

So, accumulation point E; is locally asymptaticelly stable
inthe.R? . However, it is unstable otherwise.

Stability of the accumulation point E; = (x,¥,0)
The Jacobian matrix of system (2.2) at E, can be written
as,

[, 22 NGRSO
14 1 by? + (8 +v)?
Jo=J(E) =| &+u 0 i 0 (2.10)
a (8 +y) d+u
| * 0 by2+(6+y)2+9(1_( v p-r-k

Then the distinctive equation of J(E,) is given by

[12 + (E:—H) A+ ((5’;#32)] (;Zi;:);)z
So, either
(%4'9(1_(%))—37—5—1) =0,

(2.10a)
which gives eigenvalues of J(E;) by:

a (5+y)?

_ S+u
ST byZe(s+y)?

¥

+6(1-(Z£) - F - E,

which is negative if’ the following conditions hold.

+0 (1 e (#)) (2.10b)
Or

o220 -

which givesthat other two eigenvalues of J, with negative
real parts which are ( by using Routh Hurwitz criteria)

a (& +y)?

F4+E>———-—
& by? + (8 +y)?
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+o(1— (ZE)-F-E-2) =0,

¥

s

52+ () (52 )

1/ S+ u d+pu # (6 +pw)?
=3 - () -

2 \ 14 ) Y Y
So, accumulation point E, is locally asymptotically stable
inthe.R? . However, it is unstable otherwise.

Stability of the accumulation point E3 = (%, 0, 2)
The Jacobian matrix of system (2.2) at E; can be written
as,

Js = J(Es) = |z], .. (2.11)

where
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B - —2bxz .y x2 Vi =~(211 + 222)
A1 = (1 T (b + i‘)z)'zlz =T A _"33 + 2’ Vo = 21125 — 213251 — Z13Z31
Vi = 213231200 — 213221232
1 =V% T =yX—6—1,23 =0, Using Routh Hurwitz criterion implies equation (2.11a) has
2abiz roots (eigenvalues)with negative real parts if and only if
231:_—._2’232:92': 233=0, VI>O,V3>0 and VIVE_V3>0.
(b +x2) Vi=—(z11+2;)>0
' ) ) Va = 21122p — 212221 — Zi3Z31
Then the distinctive equation of J(E;) is given by: Vi = 213231222 — 213221232 > 0 , provided that
yx <8+, (2.11b)
[AB+V, 22+V,A+V,] =0, (2.11a)
Further, it is easy to check that:
where:
ViV = V3 = (241 + 222) (= 211222 + 212251 + 213231) — Z13Z31%22 + 213221232
= (211 + 222)(=211202 + 212221) + Z11213231 + Zi3%7¢235 > 0
provided that 2E 454 2biii s 212¢)
(211 + 222)(=2112Z25 + 212291) + 211213231 > Z13Zp1232 rry (b +:."'3)2 (212

The accumulation point E; is locally asymptotically stable
inthe.R? . However, it is unstable otherwise.

Stability of the accumulation point E; = (%,¥,Z)
The Jacobian matrix of system (2.2) at E, can be written
as,

la = I(Es) = |dij] . (2.12)
Where
i iibxz i
dy=(1-2x-y— :;:z),du = —X,dy3
(b +i:2)
x2
T ba?

2akil
(b+17)

dyy = ¥X, dy; =0,dy3=0,d3 =

= 95 ,d33 = 0,
Then the distinctive equation of [(E,) is given by:

[(B+U, 2+U,2+U5] =0,
(2.12a)

where

Uy = —dyy

Up = —(dy2dyy + dy3dszy)
Uz = —(dy3dp1d3;)

Using Routh Hurwitz criterion impiies equation (2.12d) has

roots (elgenvalues)with negative real parts if and only if
U >0,U;>0 and U;U, — Uz >0.

Now U; > 0, provided that
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Also, we obtain that U; > 0

Further, it is @asy to check that:

Uy Uy — Uz = (d11d12dyy + dy3dsidyy) — dizdyydsy >0
provided that :

U,U, >0 (2.129)
Therefore , each the eigenvalues of J(E,) have a negative
real part under the given conditions , so E, is localy
asymptotically stable. However, it is unstable otherwise.

2.4 Global stability analysis

In this part the globa stability analysis for the
accumulation  points, which are localy stable
asymptotically to the system (2.2) is studied analytically
using a appropriate Lyapunov function as shown in the
following theorems.

Theorem (5.1)
Assume that the predator and scavenger free accumulation
point  E; =(1,0,0) of system (2.2) is localy

asymptotically stable in the R}.Then E, is globally
asymptotically stable on the sub region w, € R3 provided
that the following condition hold:

Z
G (x,y,zw)=(x—1- Enx)+%+a

It is easy to see that G,(x,y,zw)eC'(R3,R), and
G,(E;) =0, and G,(x,y,2) >0;V(x,y,z) # E; . Now
by differentiating G, with respect to time t and carrying
some agebraic hardling, given that:
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dG é§+
22 —(x—1)2—z(—“—1)
dt 0T ¢

—= E(E 4+ F— 6 — (I—X)

a y b+ x2
dG 8+
t< —(x—l)z—y(—#—l)—z(ﬁi-F—-9y~—ax)

dt 14
Thus, % is negative definite and hence G, is Lyapunov

function under the condition (2.15a) and(2.15b) . So E;

Thus, % is negative definite and hence G, is Lyapunov
function under the condition (2.16a) So E, is a globally

asymptatically stable on the sub region w, < R3and then
the proof is complete

Theorem (5.3)

Assume that the predator free accumulation point E; =
(x,0,2) of system (2.2) islocally asymptotically stable
in the R3.Then E; is globally asymptotically stable on the

: 5 . .
is a globally asymptotically stable on the sub region w, © S‘”bd, .reg'f];]‘ 1‘33 SRy provided that the following
R3 and then the proof is complete ELRRIEONS NOKIS
Theorem (5.2) : P> b, (2.17:1}J
Assume that the scavenger free accumulation point 27 % (2.17b)
E, = (%,¥,0) of system (2.2) is locally asymptotically i
stable in the R3.Then E, is globally asymptotically stable Ll - (2.17¢)
on the sub region w; € R} provided that the following 4
conditions hold:
where
] _ ;
F+E >Emax(y) — ax max(x) (2.16a) T 524 (5 +pu ) . x24 o 732
= —x Pl———=R [ o —
14 b4+x% b+1
Proof: Consider the following function
P Y= y _— iin% 2 And
G,(x,y,2z) = (x —Xx —.\'cn'.n:)-l—————-i—-
x |14 @ b= ) e e XX Z xxz
2= —Z y 2 2
It is easy to see that G,(x,y,z,w)e C*(R3,R), and bisras Tl
G2(E;) =0, and Gy(x,y,2) > 0;V(x,y,2) # E; . Now Proof: Consider the following function
by differentiating G, with respect to time ¢t and going R
; ; . . x y z—Z-—Zln3
some algebraic handling, given that: G5(x,y,z,w) = (x e T ) Aol z
E + F > 8 max(y) + @ max(x) (2.15b) X/ y a
Proof: Consider the following function It is easy to see that G3(x,y,z,w)e C*(R{,R), and
dcz R _ Xz xzz 7] G3(E3) = 0! and G3(xlylz)>0; V(x;y»z):’tE:s-
SR —(x- X)EH_—szrm +-yz Now by differentiating G; with respect to time t and
(F + E) going some algebraic handling ,given that
dG, . )2 z . ] _
i (x—x a( + i axx)
dG, d+u x Xz x? x?
- _ 2 o o | ¥ _ P
2 ===y )+ x)(b+a':2 ) T 2)(b+x2 N T
dG3< — ” (5+,u )+( N XXz xxz X2z Zx*
dt rEaRr =y Y 4 Z_Z) e Vo722 Y haae bAxE b4l- ~hi+ b

Thus, %Gf is negative definite and hence G5 is Lyapunov
function under the conditions (2.17a) —
(2.17c)and (2.11c). So E; is a globally asymptotically
stable on the sub region w; € R? and then the proof is
complete m

Theorem (5.4) :
Assume that the ‘nfected predator free accumulation point
E, = (X,¥,Z,) of system (2.2) is localy asymptotically

By = (x —%)? +(x—f)(
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stableinthe R}.Then E, is globally asymptotically stable
on the sub region w, € R? provided that the following
conditions hold:

B > B (2.18a)

by

X>X,y>y,z> (2.18b)

where

xz(b +X?%)
b(b +f2))
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and

0 = g
)+E(y—y)(z—2)+(z—2)(

- _ [ Xib+x?)
b= -0 (Gran T

Proof: Consider the following function

Gy(x,y,2,w) = (x—ﬂ?—flné)—i—

X

It is easy to see that G,(x,y,2z)e C*(R3,R) , and
64(54) = 01 and Gq(X;J’»Z) = 0: V(x,y,Z) * E4 s

ISSN 2229 - 6441

b(x? — %2)
(b +x2)(b + 522))

(y—ff—?fn%) z—f—fln%

dG, _ _ [xz(b+ X*) —XZ(b + x%)
E:‘(x‘x)z‘(x_ﬂ( b+ )0 + )
da, xz(b + ¥*) —xZ(b + x?)

dt b(b + x2)

— < —(x—-%)P°—(x —i)(
Thus, % is negative definite and hence G, is Lyapunov
function under the conditions (2.18a),(2.18b) . So E,
is a globally asymptotically stable on the sub region w, <
R and then the proof is complete

6. Numerical simulation

In this part, we confirmed our obtained results in the
previous parts numerically by using Runge Kutta method
along with predictor corrector method. Note that, we use

Xy
14 a
Now by differentiating G, with respect to time t and
going some agebraic  handling, given that
+2o-pe-p+a-p(2E -2
2 PE- DTN G

b(x% —%%)

o i .
)"‘E()’—J_’)(Z—Z)-F(Z—Z) (m) =—p + 5,

turbo C++ in programming and matlab in plotting and then
discuss our obtained results. The system (2.2) is studied
numerically for different sets of parameters and different
sets of strating points. The objectives of this study are:
first investigate the effect of varying the value of each
parameter on the dynamical behavior of system (2.2) and
second confirm our obtained analytical results. It is
observed that, for the following set of hypothetical
parameters:

b=01,y=0986=02pu=03a=05,0=04E=0.2F=0.3, (25a)

3 T T T T T T T T T
prey
predator
scavenger H

25p

0.5

\B ' ' ! ! ' ! ! ' '

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time

Clearly, figure (1) shows that system (2.2) approaches
asymptotically to the positive accumulation point E, = o
(0. 5, 0.3, 0.1) starting from two starting point and this is
confirming our obtained analytical results

Now, in order to discuss the effect of the parameters
values of system (2.2) on the dynamical behavior of the
system, the system is solved numerically for the data given

3 T T T T T T T T T
prey
— predator
25 — scavenger H

0.5

:

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time

in (2.5a) with varying one parameter at each time and
sometime two parameters the obtained resulis are given
below.

The saturation rateintherange 0. 2< b < 0.9 ,keeping
other parameters as data given in (2.58) ,causes extinction
in the scavenger and the system will approach to the
scavenger free accumulation point. However for 0.1 < b <
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0.2 , it is observed that system (2.2) still approach
asymptotically to the positive accumulation point.

T
prey

predator
scavenger H

25F

0.5F

0

800 1000 1200 1400 1600 1800 2000
Time

0 200 400 600

Fig2 Time series of the solution of system (2.2)
approaches asymptotically to the scavenger free
accumulation point E, = (0.54, 0.420 , O) for the datagiven
in (2.5a) with b = 0.4,

On the other hand the maximum attack of predator rate in
the range 0.6 <y< (.9 ,keeping other parameters as data
given in (2.58) ,causes extinction in the predator and
scavenger and the system will approach to the axial
accumulation point. However for 0.1 < y< 0.6 , it is
observed that system (2.2) still approach asymptotically to
the positive accumulation point.

T T
prey
predator
scavenger H

25F

05

0 T L . . L .
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time

25

prey
predator
scavenger

pop

0.5H

0 : L : : r r
800 1000 1200 1400 1600 1800 2000

Time

0 200 400 600

Figd Time series of the solution of system (2.2)
approaches asymptotically to the axial accumulation point
E, =(0.84, 0, 0) for the datagiven in (2.5a) with y = 0.4

The death rate of predator in the range 0.5 <é< 0.9,
keeping other parameters as data given in (2.5a), causes
extinction in the predator and scavenger and the system
will approach to the axial accumulation point. However
for 0.1 < §< 0.5, it is observed that system (2.2) till
approach asymptotically to the positive accumulation
point.

The harvesting rate of predator in the range 0.7< u < 0.9,
keeping other parameters as data given in (2.5a) ,causes
extinction in the predator and scavenger and the system
will approach to the axial accumulation point. However
for y=0.6, it is observed that system (2.2) still approach
asymptoticaly to the scavenger free accumulation point.
Further for 0.1< u < 0.6 the solution of the system (2.2)
approaches to the positive accumulation point
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Fig4 Time series of the solution of system (2.2) approaches asymptotically to the scavenger free accumulation point E, =
(0.54, 0.420, 0) for the datagiven in (2.5a) with u = 0.6

While when pu = 0.75 the solution of system (2.2)
approaches asymptotically to the axial accumulation point
E, =(0.84, 0, 0) for the datagiven in (2.5a)

The maximum attack rate for scavenger in the range
0.1<a< 0.4 ,keeping other parameters as data given in
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(2.58) ,causes extinction in the scavenger and the system
will approach to the scavenger free accumulation point
.However for 0.5 < a< 0.6, it is observed that system (2.2)
till approach asymptotically to the positive accumulation
point. Further for 0.6< a< 0.9 the solution of the system
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(2.2) approaches to the predator free accumulation point
as shown in the following figure.
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Figs Time series of the solution of system (2.2)
approaches asymptotically to the infected free
accumulation point E, = (0.54, 0, 0.33) for the datagiven
in (2.5a) with & =0.4.

The harvesting rate of scavenger in the range 0.25 <E <
0.9 ,keeping other parameters as data given in (2.5a)
,causes extinction in the scavenger and the system will
approach to the scavenger free accumulation point.
However for 0.1<E<O0., it is observed that system (2.2) still
approach asymptotically to the positive accumulation
point

CONCLUSIONS

In this paper, model have been discussed prey- predator
and scavenger model  with linear harvesting on predator
and scavenger populations are discussed. the model it is
found that the dynamics of the predation were dependent
on the value for the basic eigenvalues, it is observed that
axial accumulation state , exist dways and eigenvaluves
are negative and all the trgjectories will be approaching
towards the (DFE) E, if the hold the condition (2.9c). The
local and global stebility of the axal accumulation point is
also discussed.

There is the scavenger free accumulation point E, of
system(2.2) exist provided that the condition (2.2e) is
hold . The local and global stability of the scavenger
accumulation point is also discussed by using Lyapunov
function. Further there is the predator free accumulation
point E; of system(2.2) exist provided that the conditions
(2.3d) ,(2.3f) is hold . Thelocal and global stability of the
scavenger accumulation point is also discussed by using
Lyapunov function

While there is the positive accumulation point E, of
system(2.2) exist provided that the conditions (2.4¢)
,(2.4h) is hold . The local and global stability of the
positive accumulation point is also discussed by using
Lyapunov function and also study cases of all parameters.
Further, the effect of maximum attack rate is also seen on
the prey population. The prey population gradually
decreases and predator and scavenger population increases
as the predation rate increases. But as we induce
harvesting in the predator and scavenger populations, the
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prey population suddenly decreases to a very lower level.
It was noticed that the harvest works to stabilize the
system, and this gives great importance to the harvest.
Thus, we can conclude that harvesting rate plays a very
important role for a stability to occur and this stability can
be controlled by harvesting
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