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ABSTRACT

The System comprises of a Prey)(% Predator ($ that survives upon;Stwo Hosts $and S for
which §, S, are Commensal respectively i.e;,@d S benefit $ and S respectively, without getting
effected either positively or adversely. FurtherisSPrey for $and S is Predator for § Limited
resources are considered for all the fepecies in this case The model equations of tlséesy
constitute a set of four first order non-linearioedy differential coupled equations. In this pape
establish the global stability of a Four Spectegn Eco-System with Commensal Prey-Predator pair
with Prey-Predator pair of Hosts by constructirguaable Liapunov’s function. Further the numerica
solutions for the growth rate equations are congputsing Runga-Kutta fourth order method. Some
observations are identified from the relationshimeen the initial value and the carrying capaofty
four species.

Keywords: Equilibrium state, Globally asymptotically stabRredator, Prey, Liapunov’s function,
Commensalism.

AMS Classification: 92D25, 92D40

INTRODUCTION

Ecology is the study of living beings such asthis area of knowledge. The Ecological
plants and animals in relation to their habitatsinteractions can be broadly classified as
and habits. It mainly deals with the Ammensalism, Competition, Commensalism,
evolutionary biology which explains us about Neutralism, Mutualism, Predation and
how the living being is regulated in nature. It is Parasitism.

natural that two or more species living in a Mathematical modeling has been playing an
common habitat interact in different ways. important role for the last half a century in
Significant researches in the area of theoreticakxplaining several phenomena concerned
ecology has been initiated by Lotka [21] in with individuals and groups of populations in
1925 and by Volterra [27] in 1931. Since then, nature. The general concept of modeling has
several mathematicians and ecologistsbeen presented in the treatises of Meyer[22],
contributed to the growth of Kushing[16], Paul[23], Kapur[17,18].
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Srinivas[26] studied competitive ecosystem of A Schematic Sketch of the system under
two species and three species with limited andnvestigation is shown here under Fig. 1.

unlimited resources. Later, Lakshminarayan Hostof Hostof S

[19], Laxminarayan and Pattabhi '
Ramagharyulu [20]. studlgd prey-predator Sy Pedatorfors:
ecological models with partial cover for the : Second Level

prey and alternate food for the predator. Prey-Pradator

Stability analysis of competitive species was
carried out by Archana Reddy, Pattabhi
Ramacharyulu and Krishna Gandhi [5] and by
Bhaskara Rama Sarma  and Pattabh First Level
Ramacharyulu[6], while Ravindra Prey-Predator
Reddy[25] investigated mutualism between Commensd of§;
two species. Acharyulu K.V.L.N and Pattabhi
Ramacharyulu [1-4] derived some productive Preyof §; Predator of §;
results on various mathematical models of
ecological Ammensalism with multifarious
resources in the manifold directions. FurtherBASIC EQUATIONS

Phani Kumar [24] studied some mathematicalThe model equations for a four species syn
models of ecological commensalism. The eco-system is given by the following system of
present authors Hari Prasad and Pattabhfirst order non-linear ordinary differential
Ramacharyulu [7-15] discussed on the stabilityequations employing the following notation.
of a four species syn-ecosystem.

Commensdl of &

Fig. 1 SchematicSketch of the Syn Eco - System

Predation: Predation is a relationship between S; . Prey for $ and commensal for
two species where one species Kkills ands;.
devours other for food. The species which kills S, : Predator surviving upon, &nd
other is called a predator and the species whicltommensal for S
is killed is called a prey. A common example S, . Host for the commensal (S
for predation is a cat killing a rat. and Prey for $
Commensalism Commensalism is a S, . Host of the commensal {S
symbiotic interaction between two or more and Predator surviving upon.S
populations which live together, and which Nj(t) . The Population strength of, S
only one of the populations is benefited while attimet,i=1, 2, 3,4
the other is not effected. Remora living with at : Time instant
Shark is an example for the Commensalism. g : Natural growth rate of, 3 =1,
Some real-life examples of a Syn-Eco-System2, 3, 4
with Commensal Prey-Predator pair with Pray- g . Self inhibition coefficient of $
Predator pair of Hosts are given in thei=1,2, 3,4
following Table.1. Q10,301 . Interaction (Prey-Predator)
Table.1 coefficients of $due to $and S dueto $
ny, | Fnplescl | Examplesol | ExamplesofS | Examples Q64,843 : Interaction (Prey-Predator)
S T Covm fish coefficients of $due to $and Sdueto $
T | Fmallbeetle | Femora f;];;ﬂ small | Shark Q13,34 . Coefficients of commensal for
S — Bﬁbme — S, due to the Hostsaind S due to the Host.S
T Tosects ﬁf.a,ms Farth worms | Bids
3 Grass Cow Tnsects Cattle
agrats
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_a . ] . _ Only two of the four species are washed out
i _; + Carrying capacities ofi I =1, i the other two are not.
I
2,3,4 E.:N,=0N,=0N,=2 N,=¥
Further the variables INN,, N3, N, are non- B B
negative and the model parametersag &, a; where

1, Sz, B3 4y A2, D1, A3, S, gy A3 AIE a:%—aﬁ%ﬂza3§.4ja§ ~0)y=aa gag zC
assumed to be non-negative constants.

The model equations for the growth rates ofThiS would exist only whena,a,, > a2,

SL S S S are
dN E:N,=0,N,=—2 N,=0N,=K,
=aN, aﬂNz_alzNJ\l sa NN B2oBas

(1) whered, =a,a,,+aa,,>0
sz , 1~ Y2944 4a24
dt :azNz_azzNz +6121NJ\|2+6124N£\|‘

o) E8N= N KZN =K,N,=0
dN N, = =0,N,=0,N,=K
d_t3 = asN3 - a33N 32 - a34N J\l . 3 Eg 5 !
dN ) Eo:N;=—2—,N,=0,N;=K,N,=0

t=g,N,-a,N,+a,NN, @ Q833

a whered, = 8,85+ a ;>0

EQUILIBRIUM STATES

oN=% N,=%4 N,=0N,=0

The system under investigation has sixteen B B
equilibrium states defined by

where a, =aa,,—aa,,,
dNy

=0,i=1,2,3, ﬁ1:a113-22+a123-21>01

Vi=a@g,+taa; >0
®) This would exist only when aa,,>aa,,
(). Fully washed out state

E:N,=0,N,=0,N;=0N,=C Only one of the four species is washed out

(i)). Semi/partially washed out states while the other three are not.
Sates in which three of the four species are = S _fBray - _a s _Y

ashed out and fourth is not B2t N, =0N = A
Wi out and fourth is not. a,,3 B B
E,:N,=0,N,=0,N,= ON,=K _ + _ _ _

2 _1 _2 _3 i 4 E,:N ap 8130" 2:0,N3:£,N4=Z
E,:N,=0,N,=0,N,=K,,N,=0 a,f B B
E,:N,=0,N,=K,,N,=0,N,=0
E,:N,=K,N,=0,N,=0,N,=0
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£, N=BP A BRRLAD R _oF -k
A &b V(N,,N,)=N,~N,-N |nm j+d{N4—N4ln(%ﬂ

(6)

where d, is a suitable constant to be

This would exist only when
a,,—a,p,>0

w” AP determined as in the subsequent steps.

Now, the time derivative of V, along with
%,N_%—% Nz_az@"'a?uﬁxa N=K,N,=C solution of (2) and (4) can be written as
. ’ 1 3 Y4 —_ —

afi af AV _(N=N,|dN, | (NN, )dN,

dt N, Jd ‘{ N, )t

(7)

This would exist only when
8,,0, ~8,8,5,>0

(iii). The normal steady state =(l\;—l\g)(azj\lz—azj\|;a2£\|g'a£}|) (NZN)(: l}]—plﬂ)

N LAY, o YA s _Q Z
BN = B =TSN = ) »
=a,(N-N) +a,[N N)(N;N)+d£—a4{4N 4—N)4J
- a . _ /4
where a, =a, +a,—, y,=a,+a,—~>0
B @ __ N = fda (N =N T
This  would exist only when d [@(NZ N2) dﬁM(N“ NH
8,0, ~8y,),> 0 —[(zldlazzaM—azA)(Nz—N)(N 4—N ﬂ

LIAPUNOV’'S FUNCTION FOR GLOBAL
STABILITY The constant d, as _so chos_en that, the
coefficient of (N,~N,)(N,~N,) in (8)
The present authors discussed earlier [11-151/alnish

the local stability of all above sixteen )

equilibrium states but onIyE7(O,N2,O,N4), Then we haved, = L>0 with this

. _ _ a22 44
E12(OaNz’N3’N4)- E13(N1,O,N3,N4), choice of a constard,
EM(Nl, NZ,O,N4) and Em(Nl, N, NS,N4)

were found to be stable.. In the present paper,d_V __ \/—( Y )2
the global stability of dynamical system (1), dt 2\ "2 2
(2), (3) and (4) at these five equilibrium states

are examined by suitable Liapunov’s functions

2

__ By -N
2@(N4 N4)

(9)

“which is negative definite.

Theore_m E The  equilibrium  point Hence, E7(O,N2,O,N4) is  globally
E7(O,N2,O,N4) is globally asymptotically
stable.

Proof : Let us consider the following
Liapunov’s function

asymptotically stable.
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Theorem 2The equilibrium .

_ @,
pointElZ(O,Nz,N3,N4)is globally E=al
asymptotically stable.

Proof : Let us consider the following _[\@N]_'l;rf-’_M[*\?‘E}?I-IEM-%)I.‘\-":—.‘\_":}I.‘Q—ﬁ;}
Liapunov’s function CeT croE A

|"J ! 3 -|
=0 aa. Voo = =
i | .‘\"_: - “\"_: :’ 1 ‘_t.l% —ly ,|.*‘l‘:5 - ‘\: > |.“\:4_ ‘\:4.,, {
\ q J

(12)
N The constantsl, and d, as so chosen that,
V(NN"N“) =NANA, In + NN the coefficients of
o (N, =) (N, =) (N, = N, ) (N, =) i
"'CL{’\L"\L‘NJn(TH (12) vanish.
N Th
en we have
(10) 2
where d, and d, are suitable constants to be d, =_%8s 5094 =% >0, with

)
a 42,2
determined as in the subsequent steps. _ 462_26‘34 44 8844
Now, the time derivative of V, along with this choice of the constantiandd, .
solutions of (2), (3) and (4) can be written as

_ - o V| daa 2
NN, N, = B ) )-  (n)
d’( N kw{ N %%[ N h R i e

(11) (13)
which is negative definite.

AN-NJ(a-aN+aN)+dNsN)azahzaly)  Hence. E,(0N,,N,,N,) is globally

asymptotically stable.
+d, ( 4" 4)(a4_a44N Jda N 9

Theorem 3The equilibrium point
Elg(Nl,O,N3,N4) is globally asymptotically
stable.

Proof : Let us consider the following
Liapunov’s function

= ( N, - N2)(3-22N2_a24N JSaNta N )

+d1(N3_ Na)(a33N3+a3N agN a N )

VN, N, N,) =N,—N,- Nln(Nl}d{N N NJH(I\EH
+dz(N4_N4)(a44N4_a4N s-a,Ni+a N )5 * A
- ) ) +¢[N4—N4—N4ln(%ﬂ
=8 (N, = No) +a, (N~ N ) (N~ N ) (14) 4

where d, and d, are suitable constants to be

—\2 _ _ determined as in the subsequent steps.
+d1[—a33(N3— N3) —a34(N <N Q(N N 4)} Now, the time derivative of V, along with
solutions of (1), (3) and (4) can be written as
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o _(N-NN, (NN (NR N, “
RS ﬂf R

(15)

511‘35131544 [N N |
da.a.a,
(17)
:(N N) a-aN+aN (LN N){a—ay—a M) which is negatixe deﬂnit(i.
Hence, E13(N1,O,N3,N4) is  globally
+d, ( “ 4) (2 -auN+aNg asymptotically stable.

= ( N, - Nl) (auNl— a,N,-~a,N+a,N ) Theorem  4The  equilibrium  point
EM(Nl, NZ,O,N4)is globally asymptotically

+d1(N3_N3)(a33N3+a3N saNgaN ) stable.

Proof : Let us consider the following

Liapunov’s function

+d,(N,-N,)(a,N,~a,N-a,N +a N )
=—a,(N,~N,)" +a,,(N,-N)(N,~-N) VINN.N) =N‘N—'_\hln{%]+d{Nz—NfNﬁ{%ﬂ
+0,[ =2 (No =N ~a (N~ N (N - N )| @{M‘NA‘NA'{%H

(18)

—_ \2 _ _
+d,| - - + - -
dz[ (NN +ay(N-NJ(N-N ”)there d, and d, are suitable constants to be

determined as in the subsequent steps.
& (i T -T.*]f ; . The time derivative of V, along with solutions
&= ‘{ﬁ,& ‘\1'\1"\"5’; |\'\"{ H-U%‘I_: "1”1\1‘\1”\‘\‘ of (1), (2) and (4) can be written as

H

; | - v N_N CN Nz_Nz CNz N4_N4 N,
4,4~ VH% i TN E{Tkﬂi[w n %[Tk

! ) (19)

(16)
The constantsl, andd, as so chosen that, the :(N N)(E& aN-aN) (1 _N)z(a_ayta N+aly)
coefficients  of (Nl - Nl) ( N N3) and

(N3 - N3)(N4— N4) in (16) vanish. *d, ( N = N4)(‘5‘4_‘5‘44'“ )

2
Then we have d, = % >0and = ( N, - Nl)(aﬂNl+ a,N,—a,N—a,N )

4a11a33
2 N o= -
d, :M>O +dl(l\lz_N2)(azzl\lz_azl\|1_a2L\| rapN fa N +a lz>l)
4a11a33a43
With this choice of a constanty andd, . +d (N -N )( N,-a,N A)
2\"V4 4 4
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Now, the time derivative of V, along with

Z_QJ.(NNZ_BE(NI_N)(NZ_N)Z solutions of (1), (2), (3) and (4) can be written
] aNAN NN NNINNL v (NN (NN, (NRN (NN,
*@[ﬂ«('\h‘f\'ﬂ d{ N )Eﬂi( N, d%( N, ]E‘dj[ N, ]E
(23)
%/:ﬂl( NAY (RN N =(N-N)(a-aN-a.NaNL+d[N 7N ){aza N sa N +a )
o 2[daaa,)(NN) (NN}

(20) +0,(N,~Ny) (a;-a.Ny;a,N ) +d [N -N }(aqa N ta M),

With d, = =% and the constand, as so _ _ _ _
%1 :(Nl_Nl)(a11N1+alJ\l ~aNgsaNraNzralN )
chosen that the coefficient of
(N2 - NZ)(N“ - N4) In (20) vanish. +dl(Nz_Nz)(agﬂz_azﬂ1_3-213l raNFaNtaly )
2

Then we haved, = %> 0, with this _ _ _

48,,8,, +d2(N3_N3)(333N3+334N s~azNza N )
choice of the constan$, andd, +d, ( N, - N4) (a44N4+ a,N,~a,N +a N )

{ (N-NJ {@(N N 2@( )H =a,(N - —a NN

(21) +d| - + N +
which is negative definite. dl[ aﬁ(N NZ) aﬂ( N)( ) : QN N)Z(N N)QJ
(N&

Hence, E14(N1,N2,0,N4) is  globally "'dz[‘ass(N Na) ay(N N) ﬂ
asymptotically stable. +d3[—am( N4—N4) +a4.(N3—N)(N4—N )}

Theorem 5The equilibrium & T _ Y . .
point Eg (N, N, N, N, is globally E—‘[]J@\{‘\N‘JE‘;W'W +\M—ql\|\{—\ﬁ|\’—\'ﬂ l

asymptotically stable.

Proof : Let us consider the following {:JGEHI—?}—@N—T&;H+\lﬁdp‘%—dﬁ4l\|\r—?ﬂ\;—T\;@‘

Liapunov's function

~NJ+a (N -N}(N N,

| }\‘T | o N \ (24)
VNN, =N~ N-Nh| 2 |+d N-N-Nn 2 | a
\:11 ) © N with  d, =—2>0 and the positive
ol vl -
- - IN N,
. d:[.lg—.lg—ﬁgln— a’{\; §-Ni _] constantsl,, d, are so _chosen _that, the
M| ) coefficients  of (Nl - Nl) ( N,- N3) and
22]

N,-N,)(N,-N,) in (24) vanish.
whered,, d, and d, are suitable constants to ( 2 2)( 4 4) in (24) vanis

be determined as in the subsequent steps.
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3,
4a, 8,

Then >0 and

we have d,=

2
428,83
With this choice of the constantg, d,, d,

\[ti 'y] _*‘Vi i% ‘¥4 '.‘V; i j .“V4_“V4 }J}
(25)
which is  negative  definite,

a,a,8,A.A,,~30 2 3 & .

Hence, the normal steady state is globally

asymptotically stable.
A NUMERICAL SOLUTION OF THE
GROWTH RATE EQUATIONS

18.00
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s.o0 | |
400 | |
3.00
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o.0o0 ©

tTime)
M3

[—m1 —m2 na |

Fig. 3 Variation of N, N,, N3 and N,against time
(t) for =0.88, a=0.48, a=2.1, a=1.4, a,=0.45,

when a&s=1.65, 2,=0.18, a,=0.72, 3,=0.22, a;=0.33,

Ki1=4.4, K;=1.6,
K3=3.5, K4 =1, Ni)=2, N,g=0.75, No=1.4, N;c=0.3

5.00
475
4.50
425
4.00
275
=50

325
2.00
275
250
2.25
2.00
1.75

The numerical solutions of the growth rate
basic equations (1), (2), (3), (4) have been
computed employing the fourth order Runge-
Kutta method. Some specific typically chosen
values of system parameters characterizing in
ecological model under investigation and
properly chosen initial conditions. Making use
of Matlab facility. What follows are the s ]

results of numerical computation and these arq:ig_ 4 Variation of N, N, N5 and N against time
illustrated in figures (2) to (13 ) and some (t) for a=5.7, a=5.6, a=4.4, a=7.2, a,=1.36,

(N1, N2, N3, N4

1.50
1.25
1.00
0.75
0.50

o.25

o0.00
oo o0s 1.0

15 =20 25 30 35 40 45

t (Time)

5.0

M3

observations made here under.

Case(i): If N, <%, i=1,2,34.

&.00
5.50

s5.00

N1, N2, N3, )

oo oS 10 15 2O =S 30 0 O3S 40 45 5.0

t(Time)
M3

[ 1 — 2z 4

Fig. 2 Variation of N, N,, N3 and N, against time
(t) for &=3.6, 3=4, 8=2.7, a=1, a,=0.18, 3,=0.98,
2:=0.2, 3,=0.09, a,=0.1, a:=0.15, K=1.4,
K,=2.5, K3 =3, K; =4.2, N=0.5, Njg=1, N3=0.8,
N40:2
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a5=0.14, 2,=0.34, 2,=0.07, 3,=0.16, a,=0.24,
K,=3.8, K=2.8,
Ks =2, Ky =4.5, N=1.6, No=1.2, Ny=0.8, Nyp=2.1

Case (ii): If N,>K,, i=1,2,3,4.

&.00
5.50
s.00
.50
400

3.50

=.00

(N1, N2 N3 N9)

z.50 .

z.00

1.50

1.00

o.50

o.00
o

o o5 1.0 15 =0 =5

t(Time)
M3

=0 =5 40 45

[—m1 — 2z |

Fig. 5 Variation of N, N, N3 and N, against time (t) for
=3.6, 3=4, a=2.7, a=1, 3,=0.18, a;=0.98, 3,=0.2,
8,=0.09, 3,=0.1, a5=0.15, K=1.4, K;=2.5, K3 =3, K4

=4.2, N=3.5, Ng=5.5, Nsg=4, Ny=4.5
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(N1, N2, N3, N4)

t({Time)
[ — 2 N3 ni4

Fig. 6 Variation of N, N,, N3 and N, against time (t) for
2=0.88, 2=0.48, 3=2.1, a=1.4, 3,=0.45, a;=1.65,
,=0.18, 2,/0.72, 3,=0.22, 35=0.33, K=4.4, K=1.6,
K3=3.5, Ky =1, Nj=4.5, Ng=6.5, Ny=4, Nyo=3.5

B.00

(N1, N2, N3, Nd)
w
8
"

“““““

t(Tirme)
[—r1 —n2 —na — 4
Fig. 7 Variation of N, N,, N3 and N, against time (t) for
=5.7, 3=5.6, a=4.4, a=7.2, 3,=1.36, 35=0.14,
8,=0.34, 3,=0.07, 8,=0.16, a;=0.24, K=3.8, K=2.8,
K3 =2, K, =4.5, N=4.75, N=3, N35=2.5, Nyi=6.5

Case (iii): If % <N,, <K;,i=1234.

(N1, N2, N3, Nd)

2.00
=50 /’
2.00 ) oS S E——

/
4
180 |/

oo 05 10 15 20 2S5 30 325 40 45 50

t(Time)
[—mrt —nz2 N3 e

Fig. 8 Variation of N, N,, N3 and N, against time (t) for
=3.6, 3=4, =2.7, a=1, 3,=0.18, a;=0.98, 3,=0.2,
,=0.09, 3,=0.1, a5=0.15 K=1.4, K,=2.5, K3 =3,
Ks=4.2, No=1, Npg=2, N3=2.5, Ni=3
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Fig. 9 Variation of N, N, N3 and N, against time (t) for
%=0.88, @=0.48, 3=2.1, 3=1.4, 3,=0.45, 3:=1.65,
&:=0.18, 8,=0.72, 8,=0.22, 35=0.33, K=4.4, K;=1.6,
K3=3.5, K; =1, Ni¢=2.5, Njg=1.5, N3g=3, Nyp=0.75
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Fig. 10 Variation of N, N,, N3 and N,against time (t)
for =5.7, 3=5.6, a=4.4, a=7.2, 3,=1.36, a;=0.14,
3,=0.34, a,=0.07, 3,=0.16, a:=0.24, K;=3.8, K,=2.8,
Kz =2, K, =4.5, N=3.5, Noi=2.25, N=1.25, Ni=4

Case (iv): If
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Fig. 11 Variation of N, N,, N3 and N,against time (t)
for =3.6, 3=4, 8=2.7, a=1, 4,=0.18, 3;=0.98, 3,=0.2,
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34=0.09, 3,70.1, a5=0.15 K;=1.4, K;=2.5, K5 =3, K,
=4.2, Ng=1.4, Ng=2.5, Nyg=3, Nyp=4.2
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Fig. 12 Variation of N, N,, N3 and N,against time (t)
for =0.88, 2=0.48,a=2.1, a=1.4, 3,=0.45, 3:=1.65,
8,=0.18, 8,0.72, 8,=0.22, 35=0.33, K=4.4, K~=1.6,
K3 =3.5, Ky =1, Nig=4.4, No=1.6, Ny¢=3.5, Nyg=1
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Fig. 13 Variation of N, N,, N3 and N,against time (t)
for =5.7, 8=5.6, a=4.4, a=7.2, 3,=1.36, 3;=0.14,
3,=0.34, 3,=0.07, 3,=0.16, a;=0.24, K=3.8, K=2.8,
Kz =2, K, =4.5, N¢=3.8, Ng=2.8, Nyg=2, Nyo=4.5

OBSERVATIONS OF THE ABOVE
GRAPHS

which the dominances are reversed. This is a
situation in which the carrying capacity ofi$
lowest. Further we noticed that the first and
second species have a steep rise initially and
then suffers a fall. (Fig. 3).

Situation 3: In this situation the first species
dominates over the second and third till the
time instantt* =0.18 andt* =0.65, which is
reversed later. Further we notice that the forth
species is with high natural birth rate. This is a
case in which the commensal coefficiepf ia
lowest. (Fig. 4).

Situation 4: In this situation initially the Ss
dominated byhe Sup to the timet* =0.1 and
the dominance is reversed. Further the initial
value of S is highest and the forth species
increase initially while the other three decrease.
(Fig. 5).

Situation 5: In this situation the forth species
is dominated by the third which itself
dominated by the second and first. This is a
case in which the commensal coefficiepf ia
highest. Further we noticed that the first and
second species have a steep rise initially and
then suffers a fall. (Fig. 6).

Situation 6: In this situation initially the first
species dominates over the second and third till
the time instantt* =0.17 and t* =0.4 after
which the dominance is reversed. Further we
notice that the natural birth rates of first and
second species are almost equal and all the four
species decrease initially. (Fig. 7).

Situation 7: In this situation the S is
dominated by $ up to the time instant
t* =0.29 after which dominate time we find
reversal of the dominance. This is a case in

Situation 1: This is a situation in which the which commensal coefficient;ais highest.
carrying capacity of gs highest and the forth Further we notice that the third species has low
species has the least natural birth rate. It isgrowth rate. (Fig. 8).

noticed that the first species is dominated bySituation 8: This is a situation in which the
the third which itself dominated by the second initial value of the $is lowest. It is notice that

and forth as shown in Fig. 2.

the forth species has low growth rate and the

Situation 2: In this situation the second species third is a weak competitor with no appreciable
is dominated by the third up to the time instantgrowth even from the start. (Fig. 9).

t* =0.9 and the second up ttf =1.5 after
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Situation 9: In this situation the initial value of adversely. Furtherz;Ss Prey for $and S is
the S is highest. Initially the first species Predator for § The pair (§ $) may be
dominates over the second and third till thereferred as °llevel Prey-Predator and the pair
time instant t* =0.12 and t*=0.5 after (S5, S) the 2° level Prey-Predator. It is
which the dominance is reversed. Further weobserved that, all the five equilibrium states
notice that only the first species decreaseErEi»E13E4,Ec are globally asymptotically
initially. (Fig. 10). stable. This is achieved by constructing suitable
Liapunov’'s fuction. Furher the numarical
Situation 10: This is a situation at the carrying solutions for the growth rate equations are
capacity of the $is highest. Initially the computed using Runge-Kutta foutrh order
second species is dominated by the thirdmethod in four cases.
species up to the time instatt =0.2 after (): The initial values of the three species are
which the dominance is reversed. Further weless than half the respective their carrying
notice that the first species has the least initiacapacities.
value. (Fig. 11). (ii): The initial values of the three species are
Situation 11: In this situation initially the §s  greater than their respective carrying capacities

dominated by $up to time instant* =0.16  (iil): The initial values of the three species are
lie between half their respective carrying

and the $up to t* =1 after these dominate - _ . -
capacities and its carrying capacities.

times we find reversal of the dominance. It is™ > )
notice that the forth species has low grovvth(lv): The !nltlal valges of th.e three spgues are
rate and the third is a weak competitor with noequal their respective carrying capacities.
appreciable growth even from the start. (Fig.
12).

Situation 12: In this situation the third species
has the least natural birth rate. Initially the
second and third species are dominated by th

first up to the time instantt* =0.1 and _ _ .
Dept. of Zoology, Kakatiya University,

t* =0.4 after which the dominance is . ,
. _ _ Warangal (A.P), India for their valuable
reversed. It is notice that the forth species has .
. __'suggestions and encouragement. And also we
low growth rate. Further we notice that the first

knowledge to Mr.K.Ravind th Gupta f
and third species decrease initially. (Fig. 13). ac nowg ge O. ' avindrana Hpta for
neat typing of this research paper.
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