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Welcome to the lecture series on Mathematical Modeling and analysis in the last lecture we have

discussed the phase Diagrams and Null-cline functions, for a non linear differential equations’
and in the present lecture we will discussed about continuous time Lotka volterra competitions
model, so especially in this model, we will just use like two phase which can just compute each
other for the resources food or like the same species or like other phase can be present there over

for like they can be just compute for like different resources or different sources of foods.
(Refer Slide Time: 00:59)
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So second phase we will just go for this Lotka volterra competitions model since this scientist
like Lotka and Volterra they have discussed this model for two phase’s model when there is like
two phase present and they can just compute for this same resources. So if you just go for this

competitions model if instead of one phases in a population.
(Refer Slide Time: 01:28)




Introduction to Competition Model:
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If they are like two or then two types phases are introduced simultaneously into the same culture
then the growth of one special can be modified by the extent of this nutrients are habitat that are
shared by other type of phase this type of interactions is known as like competitiOons model
here, the competitions may be like inter-specific between two or more different phases or inter-

specific means like inside that population they can just like struggle easier to get the food.
So between member of the same phases especially it can be said to be, sometimes only the

strongest phases prevails, making weaker species to decline and this is called principle of
competitive exclusion, since somebody is stronger they can just to get the food and weaker they
cannot survive in that situations the competition models first given by Alfred James Lotka he is a
USA Mathematician and physical chemist and this Volterra who is a Italian Mathematician so

If instead of one species population, two or more than two type of species are
introduced simultaneously into the same culture then the growth of one species will
be modified by the extent the nutrients or habitat are shared by other type of species.
This type of interaction is known as competition model,

The competition may be inter-specific (between two or more different species) or
intra-specific (between members of the same specics).

Sometimes, only the strongest specics prevails, making weaker species to extinct.
This is called the principle of competitive exclusion.

The competition models were given by Alfred James Lotka (U.S, Mathematician
and Physical Chemist) and Vito Volterra (Italian Mathematician) independently.

NFTIL ONUNE

independently they have just given their model.
(Refer Slide Time: 02:43)

Lotka - Volterra Competition Model - formulation:

*
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Consider the logistic growth model, o ="M= ) =™ = LA

where ris intrinsic growth rate and K is called carrying capacity.
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Consider an island and only two type of species are living there. The corresponding

model will be given by:
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where [}, - effect on carrying capacity of first species due to individual of second
species and [h, - eftect on carrying capacity of second species due to individual of
first species. Thus i, N, represents tofal effect on carrying capacity of first species
due to second or in layman, the amount by which growth-rate of first species will be
declined due to presence of second. Same definition for iy, N,.
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And if you just go for this Lotka-Volterra competitions Model, so a simple logistic model if you
just consider that is in the form DN/DT this equal to rN into 1-N/K which can be especially



written has rN into K-N/K where r represent the intrinsic growth rate and K is the maximum
carrying capacity here so if we just consider an island where only two types species are living
there corresponding model will be given by like dN1/dt, where intrinsic growth rate it will be
present that is the corresponding to this like atmospheric conditions are like resources available
this population level with respective to time will get change that is especially r1 and we have just

tried and then this population level it will be controlled by different factors.
So first one it is some other species or certain other constant if it is or if it is present there then it

will be decline by the other species if there are present over there, that is why we have just
written here —B,N, similarly if second species it is just present over there that rat of change of
that population which can be written has r2 as the intrinsic growth rate N2 is the total population
level and which can be affected by like the total population level N2 with the present of like first

species whatever it is just present in that population level.
So that we have just explained it in a clear form here if you just see so > we have just written

here that affects on carrying capacity of first species due to individual of second species present
there and B2 on that affects the carrying capacity of second species due to the present of first
species there, so that is why BN, that restricts the total effect the carrying capacity of first
species due to the second or in layman we can just say that the amount by which growth rate of
first was affected will be declined due to the presences of second, same it can be applied for like
N2 population there and if you just consider her like constant 12N,; = 0 here then it means that
one of the species that will not be affected by other species there, but you can have a
competitions model sine inside the populations there will be some weaker elements and some are
stronger elements present there, they will just competitive each other for the food where

resources there.
(Refer Slide Time: 05:27)

Lotka - Volterra Competition Model - Analysis:

* If you consider f; = fy; = 0 in system 19.2, then it means there is no
competition between species of two different populations for resources. But
remember, there is still a competition among species of individual population.

* The system given in 19.2 15 a set of two non-linear first order first degree
differential equations.

* The sieady states of system 19.2 are given as:
N(K-N; <Ny =0implies Ny =0or Ny + N, = K.
N, (K= Ny -y Ny = Oimplies Ny = or i, Ny + N, = Ky 50193
Ki=Piaks Ki- I,i”.l\',)

+ The .\‘!L\]«.]}-‘ states are (0, 0), (0, |\-_~). (K_h () and (|_\]J|‘|5| T |"-|-‘|5: .

@ mEm
So that is why still a competitions will exist between this individual species there and this system
if you just see here the equations represented in 19.2 here, so which represents two non linear
first order or first degree differential equations and if we want to go for steady state here then we




can just write this one as like N1 into K1 —-N1 —312 N2 this equal to 0 and also N2 into K2 -N2 —

B21NI1 is equal to 0 here, so this will just give you like N1 is equal to 0 or N1 +f12 +N2 this
equals to K1 similar N2 is equal to 0 from the second equations and f21+N1+N2 =K2 here, so
the steady state are like (0, 0) if you will just prove to N1 =0 we can just find K2 =0 also, so if
you just prove to like K1=0 the we will have like K2 N2 =K2 here and if you just prove to like
N1=K2 then we will have like K2=0 and another equilibrium point that is just occurring at K1-
B12 by K2 by 1-f12B21K2-$21K1/1-21 into B12.

So we will have like four equilibrium points now so this steady state (0, 0) this represent that no
specie is present at that level or this represent the absences of both the specie, so if the both the
species are absent so the populations cannot grow in that level, second one is like k10 this
represent that the first species is present second specie is absent (0, K2) represent that first
species is absent second species is present with maximum carrying capacity and the fourth one is
which is represented as K1/B12K2/1-f12B21and K2-$21K1/1-B12p21 which represent both the

species are co-existing at that level.
So if you just go for a Null-cline find this stability or on stability situations, so there are four

possibilities if you just see here so foist possibilities is that if you just see here so K2-f21K1 if
you just consider here so this means that K2/B21 either it is greater than K1 or it is less than K1
based on that we have just consider like four conditions here first conditions is that K2/21
greater than K1 and K2 is greater than K1 12 only this conditions we are just assuming here and
second conditions if you like both these are like less here this means that K2/B21it is less than K1
and K1/B12 it is like greater than K2 similarly one by one this like sign changes we have just
consider like different cases here so in this case we have just consider like the first case only it is
the reverses process here K1 is greater than k2/B21 and K2 this same one we have just consider
here, similarly in this four case we have just consider this one as like k2/B21 is greater than K1
and second one remain the same.

(Refer Slide time: 09:14=

Lotka - Volterra Competition Model - Analysis:

cdse LK/ iy = Ky and Ky = K/ figs case 3 Ky = Ky iy and K, = Ky/ iy
M- axh My,
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case 2Ky = Ko/ iy and K,/ iy = Ky case d K/ oy > Ky and K,/ iy > Ky
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So based on this four conditions if you just plot the graph here for case one we can just find that
we will have like K1 since K1 is less than K2/B21, so K2/B21 we have just consider it is a larger
point here similarly if you just put here K2, K2 is greater than K1/B12, so that is why we have
just joint all this points here to establish this relationship and we will have this exercise that is N1
axes and N2 axes similarly we have plot for like case 2, case 3 and case 4 here and for the like
case 3 we are just getting that whenever K1 is like greater than K2/B21 here so we will have like
k2/B21 it is less than K1 and K2 it is like larger than K1/B12 here if we are just connecting this

points that is K1 and K12 so there is a interactions of this lines all this is in Null-clines here.
(Refer Slide Time: 10:23)

Lotka - Volterra Competition Model - Null-cline Analysis:

case 1 Ko/ iy = K and Ky = K/ By There are only three steady states,
. 1) (0,0)-mtersection of Ny =0and N, =10,
i) (0, Ky - intersection of N, = 0 and
b Ny +N, =K,
s m)  (Ky, 0) - mtersection of Ny, = 0 and
N+ PN, =K,
K | e +  From biological point of view:
' & % Steady state (0, 0) can not be stable, because
o, if 1t is stable it means both the species will
L T extinct  afer some time. This is not the
R k‘;-»'@_';(_,\;_.‘ N practical case, because species are just

competing for fopd not killing each other.

@ T
So if you just like for like further analysis of this points we can just find that whenever K2/B21 is
greater than K1 and K2 is greater than K1/812 here there are only three steady states here, first
one is( 0, 0) here second one is (0, K2) third one is like (1, 0) here and for the(0,0) if you just see
that these Null-Cline of N1 and N2 there are just intersecting each other, since we have just
consider that different Null-clines should inter set each other to get the steady state points and (0,
K2) if you just see here that is nothing but intersection of N1 =0 and P21 N1 +N2=K2 line,
similarly if you just see this K1 01 line here that is nothing intersection of N2 axes and N1+312

N2=kl axes here.
So from the biological point of view if you just see steady state( 0, 0) cannot be stable because it

is stable it means that both the special will extent after certain time so both will dies out in that
situations that cannot be stable positions so this is not the practical case because species are just
competitive each other for food not killing each other they will just survive each other whatever
the resources it will be available, so some species they can eat and they can survive in stand or in
type of situations so that is why we cannot say that this(0, 0) point is stable point here and if you
just see the K2 point here if you just consider any like point above this K2 or below this K2
always we can just find that this level or whatever the point we can have chose this tools just
move towards K2 and since this will just give you like increasing function there.




So towards the point K2 there and if you will find any like values which is above this K2 that
will just coming towards the point K2 so that is why this K2 is stable point in that scenario and
same thing we can just, we cannot observe that K1 point since if you put any value here K2 by
B21 if you just see here so K2 /B21 it is always larger than K1 so this mean that whenever this
population of K2 it will be larger compare to the fast populations so than they can just used this
food and we cannot find a like stable conditions at K1 level also.

(Refer Slide Time: 13:01 :

Lotka - Volterra Competition Model - Null-cline Analysis:

% Steady state (0, K,) or (K, 0) may be stable individually, but not
simultaneously. This shows that one of the species will dominate other and
make other to extinct,

& Since there is no intersection of two non-trivial null-clines, it means both the
species will not exist together.

¢+ Fornull-cline phase diagram:

& Take a test pomnt P = (0, 0). At point P, N', = 0 and N', = 0, which means
both N, N, will remain constant hence not stable. So arrow will point away in
both the directions.

% Remaining arrows can be drawn easily by using the fact that the nature of
arrow canges only at intersection of two null-clines.

% So by null-cline phase diagram, we can conclude that steady state (0, 0) and
(K}, 0) unstable while (0, K,) is stable. (only second species will exist)

- HETEL CHLINE
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So you just go for this further analysis of this model here steady state (0, K2) and (K1, 0) may be
stable individual if you just see but not simultaneously sine this is shows that one of the these
species will domain at other and make other to extent there this means that one will survive and

other will just dies out in that scenario.
So, if you just see this graphs here, whenever K2 is a stable point here this means that either we

can just consider either K2 or K1 here, since, there is no intersection of two non trivial, null-cline
for this case here it means both the spaces will not exist together. And if we will just analyze this
test case for the point (0, 0) here at point P N1°’= 0 to get this null-cline lines and N2’ = 0 which

means that both N1 and N2 remain constant. Hence, are not stable also.
So, that is why we are just pointing this arrow in both this away from the both these directions,

So this means that, this is just going there and this is just going in outward directions. Since, N1’
and N2’ both are N1 is constant and N2 equals to constant there. And, remaining errors can be
drawn easily by using defect that whenever nature of arrow changes only at the intersection of
two null-clines and so while nun-cline phase diagram we can conclude that study state (0, 0) and

(K1, 0) is unstable while (0, K2) is stable here only second species will exist.
(Refer Slide Time: 14:36)




Lotka - Volterra Competition Model - Null-cline Analysis:

- . »  There are four steady states,
case 3K, > K/ fo)and K, > K,/ B, ) :
KDY

- intersection of fyy N,
= Kyand N+ B, N, = K.

From biological point of view:

% The In this case, two species can not co-exist
hecause the steady state (M By K- 15_‘|N|)
is not stable. 1=PBuafor " 1= Buaf

1) Individually, both the steady states (0, K,)
and (K,, 0) are stable. (Both the species are
existing but not co-existing together)

And if you just go for like, for the second case here, .so when K1 is larger than K2/B21 and
K1/B12 is greater than K2 here we can just plot this lines so first if you just here (0, 0) it will just
intersection of N1 and N2 axes and 0 K2 that is nothing but this line here so this intersection of
N1=0 and the second line that is f21 N1+N2=K2 since if N1=0 obviously K2=N2 there and third
point it is(K1, 0) which is intersection of this N2=0 if N2=0 we will N1=K1 and for this case we
can just find that K1 represent the stable state here but K2 it is on stable and there is no
intersection of Null-cline cell are here so for the test point if you just consider as a P=(0, 0) if

you just proceed like our earlier case but we have just consider here
So we will have an N1°=0 N2’=0 this means that N1 and N2 will remain constant hence not

stable so always if the food is are the resources it is utilize by the species they cannot be constant
sine either food resources will just goes down and one species will complete with other and one
will be decline and other will like survival over there over or further we can just say that one will
like grow up other will just decline there and the Null-cline diagram shows that if you just see
here at different levels we can just find that( K1, 0) if you just put in the equations we have just
find that it is just present a stable state while (0,0) and (0, K2) are unstable so first case will exist

In this case.
Third case if you just consider like K1 is greater than K2/B21 here and K2 is larger than K1/12

we will have this like equilibrium points (0, 0) (0,K2) (K1,0) and we can just find that the fourth
point that is existing as K1-f12 K2 /1/812 21 K2/-f21 K1/1-f12 B21 that is the intersection of
this lines which is just drawn from a like k22 K2/f21 and K1/B12 2K1 here since the
intersections of Null-cline it is just present there so it is just give you this steady state conditions
and if you just analysis this will just give you also a like intersection point which is represented

by this value here.
And in this case two species cannot co-exist because the steady state this one it is not stable if

you just see here all the value there are just going downwards and for this axes we are just
finding that all the value they are going outwards also, and in the above of this lines if you just
see, this is just point towards this N2 axes and in the like, in the left ward directions and if you



just see below this points they are just point towards this like away from this (0, 0) point, so that
is why this will not give you a steady state individually if you just see here so we can just find
that both these species are stable but not co-existing together here, since K2 level we are just
finding a stable point here and like K1 level we have also obtained a stable point here, so
individually both the steady state (0, K2) and (K1,0) are stable but no co-existing together.

(Refer Slide Time: 18:31 :

Lotka - Volterra Competition Model - Null-cline Analysis:

. ) There are four steady states,
L'\lSt'JJ K:J [.5:| > K] (l”'.] K|'; u];) l\: )

(0,0,
Ny i i) (0,Ky),
. iy (K, 0,
Kb (M Piaky Ky B_‘IKI)
\ i) V=B =B
From biological point of view:
k| % The In this case, two species can co-exist
(] j.__} ) because the steady state (K\ =Pz K.’_“.’IKI)
\' S is stable. F= P 1= Praf
f e . |
e % Since they are co-existing logether, so
[N individually they can not achieve steady

state. (Both are co-existing together)
And if you just go for like case 4 here they are like four steady states especially if you just since
there is a intersection of this two Null-clines this existing here, so we will have this points (0,0)
(0,K2) (K1,0) and this co-existing conditions and in this case, two species can co-exist because
they steady state this one is stable here sine if you just see the above this lines point are pointing
towards like to the axes there N1 axes and if you just see here the points which is existing below
this line there also pointing towards this stable point which is existing for like co-existing for this
population level hence this represent this stable conditions since both are existing are co-existing

together so individually they cannot archive steady state.
(Refer Slide Time: 19:24)
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Lotka - Volterra Competition Model - Jacobian Analysis:

+  Consider the Lotka-Volterra competition model as given in eq. 19.2 again:

So further we will just go for like Lotka-Volterra competitions model that is, we will just do this
like Jacobian matrix analysis here if you just consider this Lotka-Volterra competitions model
which can be written, already written that one that is in the form of D1 DN1/dt this is written as
rIN1 into K1-N1-f12N2/K1 dN2/ dt which is written as like r2N2 into K2-N2-B21N1/K2 here
and if you just put this one is equal to 0 this=0 we can just find the steady state conditions but
first order diffractions with respective to N1 if you just do that will just give you this first here if
you just do this like diffraction with respect to N2 that will just to provide and if you just go for
like first order diffraction of N1 of this equation here then we will just get it as like — r2K2 r2/k2
N2p21.

So similarly we can just to get after like diffraction with respect to N2 we will have like
r2/K2(K2-2N2-B21 N1) here so this is nothing but the like diffractions with respect to D/DN1 for
the first function we are just doing this one if I will just tried this as like FN1 N2 here this is like
G of N1 N2 here, so then we are just diffracting this one F here this is D/DN2 of F here this is

D/D N1 of G here this is D/D N2 of G here.
(Refer Slide Time: 21:21)



Lotka - Volterra Competition Model - Jacobian Analysis:

+  Forsteady state (0, 0), Jacabian is given as:

n 0
h=
! IU J"‘r]
+  Jacobian J, is a diagonal matrix, hence the eigen values are given by entries of

principle diagonal elements, Both the eigen values ry and r, are positive so the
steady state (0, 0 is un-stable (compare the result with null-clines in all 4 cases),

+  Forsteady state (0, Ky}, Jacobian is given as:

LK -Boky) 0

rafa n

h=

@ (SR
So then at the steady state (0,0) we will have this Jacobian values if you just see here N1 N2 if
you just put 0 then can just find this values as a like first value as r1 here then 0, then 0 and r2, if
you just see since K1, K1 it will just cancel it out here N1 N2 is 0 so that is why it is just coming
as rl here so N1 is 0 so N2 is 0 here also so same thing here that is r2/K2 into K2 here so this

both the quantities are 0 so that is why it is just coming as a sample here.
And jacobian J1 is nothing but the diagonal matrix here so we will have this eigen values that is

nothing but the diagonal entries here rl and r2 both are positive, so the steady state is (0,0)
unstable here and we can just compare this result with the Null-clines in the all the four cases
you can just see so for a steady state (0,K2) if you just see the Jacobian matrix is just given this
values if you just directly put N1=0 and N2 =K2 we can just obtain this definition here..

(Refer Slide Time: 22:322

Lotka - Volterra Competition Model - Jacobian Analysis:

+Jacobian J; is a lower triangular matrix, hence the eigen values are given by
entries of principle diagonal elements only. One of the eigen values -r, is always
negative hence stability of the steady state will entirely depend on the nature of
eigen value I (K] . liuK:)f' Kl . When K] < IleKJ or K]:"’[5‘3< K; , the eigen
value will be negative and will make steady state (0, K,) stable. (compare the

result with null-clines in all 4 cases.)
Forsteady state (K, 0), Jacobian is givena J3= | o b
+ Forsteady state (K, 0), Jacobian 1s given a 4 )
Y 5l | L < }3 li [] KJE{KE_BE]KI)

+Jacobian Iy is an upper triangular matrix, hence the eigen values are given by
entries of principle diagonal elements only. We will make similar analysis as
done with J, . The stability region for (K, 0) will tftn out to be K,/p, < K, .

(compare the result with null-clines i all 4 cases.)

HPIEL OMLINE
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And if you just go for the analysis of this Lotka-volterra competitions model in this eigen values
analysis here jacobian j2 if you just see here these are lower triangular matrix so this diagonal
entries are nothing but the eigen values here and If you just see one of the eigen values —12 is



always negative since the stability of this steady state will be entirely depend on the nature of the
eigen value rl into K1-12 k2 here so when if we can just assume here k1 is less than 12 K2 or
K1/B12 less than K2 the eigen value will be negative and will make this steady state (0,K2) is

stable.
This means that we just try to compare this both this methods for this Lotka-Volterra

competitions model here and for steady state (K1, 0) we will have this jacobian that is in the
form of this here and if you just see here J3 is a upper triangular matrix and the eigen values are
nothing but we can just take principle diagonal elements here, so the stability region if you just
see here we can just find (K1, 0) will turn out to be K2/B21 it is less than K1 we can just

compare this one with the result of Null cline also.
(Refer Slide Time: 23:57)

Lotka - Volterra Competition Model - Jacobian Analysis:

+ For steady smte(‘“ Pk K: ﬁ-‘l"") , Jacobian is given as:
=P " 1= PiaPy

n(Kap-K)  npalK Pk
Ki(1=PBiafar) Ki1=Popa)

Jy=
nfu(K-fukl)  nlKiba-K)
Kx(1-Biafan) Ko (1-B1aar)

¢« Alot of algebraic work 1s required to find the ergen values of Jacobian 1, We
have skipped all these calculation here, because the primary goal is to analyze
instead of calculations. After solving for the stability region of steady state, we
will get Ko/ [y > Ky and K/ Py = Ky (which 1s same as the m-equality
considered 1n case 4. (compare the result with null-clines in all 4 cases.)

@ € mn o
Similarly if you just go for like for steady state at this point jacobian will be give as this one here
and for this we have to do like lot of algebraic works to find the eigen values for this jacbian here
and we have to skipped all these calculations inside here is a task here the sine the primary goal

is to analysis the calculations here after solving this stability region of steady state here will just
to get the different region we can just define here K2/B21 is greater than k1 K1/B12 is greater
than K2 which is same for the in equality it is consider in case 4 for this Null-clines we have just

consider
(Refer Slide Time: 24:40)



Lotka - Volterra Competition Model - Phase - Plane:
« Till so far, we have studied the null-cline behavior and Jacobian of Lotka.
Volterra competition model. Now we proceed for actual phase plane diagram
with help from null-cline and Jacobian. Manually, it's difficult to draw the phase
diagram, so we will just analyze them to get the clear picture of model.
Ny Ny

A~ Stable steady state
i

Stable steady state

N

*
K| K|

case 1: Ko/ Py > K and K, > K/ B case 2Ky > Ko/ 1y and K,/ pp, > K,

M

NFTEL OMLINE
1T ROGHEE CHIFCATION COURE

And till so far we have studied this Null-cline behavior and Jacobian of Lotka Volterra
competitions model now we can just proceed for actual phase plane diagram with the help of
Null-cline and jacobian so manually it is difficult to draw the phase diagram, so we will just
analyzer them to get a clear over view of this model if you just see for the first model here we
can just find that in Jacobian senses that if we are just finding here r1 and r2 are both are positive

so the steady state (0 ,0) is on stable we can just say that (0, 0) is on unstable point here.
Second analysis if you just do here like for (0, K2) we have obtain that one of this eigen value

that is (0, K2) is stable since we will have lie K1 is less than f12 K2 and k1/B812 is less than K2
the same thing we have just consider for this case also so that is why we have just find that K2 is
a stable find for this case and point wise analysis we can just to do this arrows if you will
visualize in case Null-clines here we can just to find that K2 is also a stable point if you just put
all this arrows in line form there that lines are nothing but if you just see here these are the lines

here.
Which is just point toward the point K2 here so for the second case if you just see here than we

have just obtain in Jacobian model K1 as the stable point here (k1, 0) if you just see the stability
region (k1, 0) will turn out to be K2/B21 is less than K1 the same thing we have obtain for this

Jacobian as well as in null-clines for this case also.
(Refer Slide Time: 26:40)



Lotka - Volterra Competition Model - Phase - Plane:

Ny N
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Similarly we have analysis the stable state for like third case that is K1 is greater than k2/B21 and
K2 >K1/B12, so we want to visualize that both this like quality approaches and the Null-clines
both should be same so that is why this analysis has been prove to it over there. So, that is why
for case three we have obtained this line analysis whatever this arrows we have put it over there.
So, always it is just pointing towards the point K2 and for this point if you just see these points, it
is just moving towards this point and this is also moving towards the point, but at this level if you
just see these points are just going outward from this point. In this level we cannot say that this is
a stable point here. And for case four we have just find that this is the stable steady state point
that is the co-existing point if you just see and at this level if you just see these points are
pointing outwards here and in this level also you can just see the, this points are outwards
moving. If you just see this one, but at this level if you just see all these points are pointing
towards this point here. So, that is why it is represented service stead.

(Refer Slide Time: 27:48:

[ntensity of Competition:

* The parameters fiy, and b, in Lotka Volterra Model decide the intensity of
competition. If the parameter is < 1 then it means competition is less intense, if 1i('s
> 1 then 1t 1s more intense

+ Depending on this, there are 4 possible cases:
i) fp=land fy>1,
||] ﬁ|_:> I and ﬁ_‘| < l,
m) < land fiy = 1
) < land fiy <L

*In first three of above cases, at least one of the species 1s aggressive and hence
making them not to existing together, While the last case, where both parameter are
less intense, making system to reach the state which can make both the species
exist together.

+ If you observe, above mentioned 4 cases can easily be obtained from previous in-
equalities in 4 cases by considering same carrying capacity i.e. K, = K.
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So, if you just go for this like intensity of this competition level if you just analyze, this means
that 12 and 21 parameter have it is just performing for this Lotka volterra model. So, then if
this parameter is less than 1 then the competition is less intense and if it is greater than 1, if you
just see it is more intense. So, Depending on this behavior we have like four possible cases: first
one it is B12 it should be greater than 1 and B 21 it should be greater than 1, second case we have
just assumed as B12 is greater than 1 and P21 is less than 1, third case 12 less than 1 and 21

greater than 1 and B12 is less than 1 and 21 is less than 1.
So, all the possible cases we have just assumed for f12 and B21 in a coupled form, so in the first

three of the above cases if you just see, at least one of the species aggressive and hence making
them not to co-existing together. While in the last case, if you just see both these parameters are
less intense making the system to reach the steady state which can make both the species to exist
together. Since both this parameters are less than 1 here and if you observe, all these above four
cases easily be obtained from previous in-equalities four cases by considering same carrying
capacity that is K1=K2.

(Refer Slide Time: 29:17:

Summary:

Competition Models.
Lotka - Volterra Competition Model,

% Formulation,

< Biological meaning of mathematical assumptions.
Null- cline diagrams.

Jacobian,

4 Phase plane diagrams,

Intensity of competition
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And in this model, we have just discussed like first the competition models where like more than
1 species they just exist. Then we have discussed about Lotka volterra competition models. So,
first we have formulated the model and analyze the model then we have just tried to explain the,
what is the biological existence of this model with the mathematical assumptions, then we have
just tried to analyze this model using null-cline functions, then this Jacobian and tried to compare
both this like null-cline functions and Jacobian with the phase plane diagrams, then final phase

we have just discussed this intensity of this competition levels. Thank you for listen this lecture.
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