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Abstract

This research is a mathematical model based upon the human influence on the
predator-prey relationship between Red Panda and Snow Leopard, which are
the major species in the mountain ecosystem. This research explores if these
species get extinct in a certain area due to imbalance in their interaction.
Firstly, simple model of the species is discussed with no interaction between
the species. Interactive model is then introduced to simulate their population
when they interact with each other. The human influence is then introduced
to the interactive model to observe if the species get extinct. The data in
this research are approximated for a certain area based upon the population
density and habitat of the two species. All the models are simulated in python
programs using Euler’s method.
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List of variables

Here are the variables and constants used throughout this report.
u(t) : Population of Red Panda at time t
v(t) : Population of Snow Leopard at time t

t : time, in months

d

ditl : Change in population of Red Panda with time
dv . . . .
I Change in population of Snow Leopard with time

k : Carrying capacity of the land area for a given population

a : Population increase rate of Red Panda [per month]

0 : Population decrease rate of Snow Leopard [per month]

B : Interaction constant of Red Panda and Snow Leopard [per month]

v : Interaction constant of Red Panda and Snow Leopard [per month)]

o : Decrease in Red Panda population per month due to Human Influence

0 : Decrease in Snow Leopard population per month due to Human Influence



Chapter 1

Introduction

Red Pandas are native to the Himalayas and Southern China. Snow Leopards
share the similar habitat, ranging from the Eastern Himalayas to Western
China. These two species share a common habitat in China, Bhutan, Nepal,
and India. Snow Leopard is one of the primary predators of Red Panda. The
snow leopard contributes to the red panda decreasing populations because
they are prey to them. Red Pandas are listed as endangered[l] and Snow
Leopard are listed as vulnerable[2] by ITUCN. The decreasing population of
Red Panda has put a risk in food-supply to Snow Leopards, effecting in their
population. However, the decrease in their population is contributed much by
human activities like poaching, hunting and climate change.

These species have been major organisms in the mountain ecosystem, so it is
necessary to simulate how these species’ population change over with time.

The purpose of this research is to find how these species interact with each
other with and without human influence. The population of both the species
is simulated over time to see their behaviour without human influence and
with human influence. How will the population of these two species behave
over time when they are killed by human effects? Will they get extinct? This
problem will be addressed by the research.

The calculations required for this will be explained and assembled in a Python
program. Several graphs will plot out the wanted information. Even though
this program is a large simplification of reality, leaving many factors(e.g. initial
population size in specific area is roughly approximated) unnoted, the outcome
of the program resembles the actual population interaction between the two
species along with environment factors. After varying the input data, including
initial population and decrement in population due to human effects, an ideal
model for the population species will be deduced and discussed.



In this research, a systematical build-up of population estimation with time
of both the species is done. In Chapter 2, the simple model of Red Panda and
Snow Leopard is discussed. In Chapter 3, the mathematical model of the two
populations is simulated taking their interaction in concern. In Chapter 4,
human influence on the interactive model is studied to find how they behave
and if they get extinct. Chapter 5 discusses the conclusions drawn from the
simulations of the models along with the final solution to the research.



Chapter 2

Simple Modelling of Red
Panda and Snow Leopard

In this simple model of two population species, the change in population of the
two species will be explored without taking their interaction terms in concern.
This simple model is idealized to study the behaviour of population change in
the species.

First, the theory behind the simple model is discussed. With the help of
python program, the mathematical model is simulated using Euler’s method.
Conclusion is drawn on the basis of the nature of the curves obtained by
simulation.

2.1 Theory Behind the Simple Model

Here, the mathematical theory involved in the model is discussed.

The two population species are independent of each-other as the interactive
constants, 5 and ~ are both zero for this model.

For the Red Panda, the prey model is chosen. Its population increases with
time because of its higher birth rate and lower death rate. If o be the popula-
tion increase rate of Red Panda, k be the carrying capacity of the land-area and
u(t) be the population of Red Panda at time ¢ months, the rate of population
change per month is given by:

du u(t)
dt
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For the Snow Leopard, the predator model is chosen. Its population declines
with time because of the assumption that it can’t prey upon the Pandas, so
its death rate is more than birth rate. If § be the population decrease rate of
Snow Leopard and v(t) be the population of Snow Leopard at time ¢ months,
the rate of population change per month is given by:

dv
pri —0v(t) (2.2)

2.1.1 Euler’s method for differential equations

To implement the simulation of the differential equations, Euler’s method is
used. For the general differential equation

dy _

dt - f(t7y)7

the n-th step of Euler’s method is given by
y((n +1)At) = y(nAt) + At f(t,y(nAt)),

in which At is the time-step.

2.2 Simple Model of Red Panda

The population of Red Panda changes as per equation 2.1.

du u(t)
dat
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For this model, the value of k is chosen to be 300 in the area of 50 km square.
The value of « is assumed 0.118 (see Appendix A), regarding the passiveness
of Red Panda in mating. So, the equation now becomes:

du u(t)
= = 0.118u(t)(1 - )

This differential equation is modelled with the help of a python program using
Euler’s method.



2.2.1 Euler’s Method and Graphs

To implement Euler’s method, an appropriate step-size must be chosen. For
our model, we choose the step size, At as i as it produced a smooth graph
with less error. We choose the initial population, u(0) of Red Panda to be 40.
On simulating the curve using a Python program for this initial population
and time-step, the following curve (Figure 2.1) is obtained.
350 ,du/dt = 0.118%u(t)*(1-{u(t)/300)), u(0) = 40
300
250
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S 150
100
50
0

0 10 20 30 40 50 60 70 80
t (in months)

Figure 2.1: Population of Red Panda with time The x-axis represents
the time period in months and y-axis represents the population of Red
Panda. u(t) represents Red Panda population and t represents time in

months.

2.2.2 Equilibrium Points

For the equation of Red Panda, equilibrium point can be calculated be setting

du
E = O SO,

0.118u(t)(1 — ggg) =0

Solving for u(t),

Either,
u(t) =0
Or,
u(t) = 300

This equation has two equilibrium points, 0 and 300. We draw direction fields
to show how the solutions behave above or below the equilibrium points.

As shown in the direction field plot (Figure 2.2), the population of Red Panda
increases towards the equilibrium point 300 if it is greater than zero. If the
population is greater than 300, the population decreases towards this equilib-
rium point and becomes stable once it reaches 300. So, 300 is the stable point
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Figure 2.2: Direction field for population of Red Panda The x-axis
represents the time period in months and y-axis represents the population of
Red Panda. As shown by the direction fields, population of Red Panda is
directed towards the equilibrium point 300.

equilibrium. For the equilibrium point zero, the population remains this value
if initial population is equal to this value.

2.3 Simple Model of Snow Leopard

The population of Snow Leopard changes as per equation 2.2.

dv

For this model, the value of § is assumed 0.069 (see Appendix A). So, the
equation now becomes:

= = —0.069u(t)

2.3.1 Euler’s Method and Graphs

To implement Euler’s method, an appropriate step-size must be chosen. For
our model, we choose the step size, At as % as it produced a smooth graph
with less error. We choose the initial population, v(0) of Snow Leopard as 5.
On simulating the curve using a Python program for this initial population

and time-step, the following curve (Figure 2.3) is obtained.
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dv/dt = -0.069*v(t), v(0) =5

10

v(t)

0 10 20 30 40 50 60 70 80
t (in months)

Figure 2.3: Population of Snow Leopard with time The x-axis
represents the time period in months and y-axis represents the population of
Snow Leopard. u(t) represents the Snow Leopard population and ¢
represents time in months.

2.3.2 Equilibrium Points

For the equation of Snow Leopard, equilibrium point can be calculated be

d
setting d—: = 0. So,
—0.069v(t) =0

Solving for v(t),
v(t) =0

This equation has an equilibrium point, 0. We draw direction field (Figure
2.4) to show how solutions behave at points other than equilibrium points.
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Figure 2.4: Direction field for the population of Snow Leopard The
x-axis represents the time period in months and y-axis represents the
population of Snow Leopard. As shown by the direction fields, population of
Snow Leopard is directed towards the equilibrium point 0.
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2.4 Conclusion

In this simple model, the population of Red Panda and Snow Leopard was
simulated without taking the interactive constant. On simulating the model,
it is found the Red Panda population increases with time and becomes con-
stant after it reaches the equilibrium point of 300, while the Snow Leopard
population decreases with time and eventually reaches to zero.

12



Chapter 3

Interactive Modelling of Red
Panda and Snow Leopard

In this interactive model of two population species, the population change of
the two species will be explored taking their predator-prey relation in concern.
This model discusses how the population of both the species behave when they
interact with each other.

First, the theory behind the interactive model is discussed. With the help of
python program, the mathematical model is simulated using Euler’s method.
Conclusion is drawn on the basis of the nature of the curves obtained by
simulation.

3.1 Theory Behind the Interactive Model

In Chapter 2, we discussed the separate population model of Red Panda and
Snow Leopard, taking 8 = 0 and v = 0. In this model, the interactive con-
stants § and ~ are taken to be non-zero values and the model is simulated
using Euler’s method for systems.

For this model, the interactive constant 5 causes the decrement in population
of Red Panda as they are prey to Snow Leopard. The interactive constant ~
increases the population of Snow Leopard as they feed upon the Red Pandas.

For the Red Panda, the interactive factor decreases its population. So, the
equation for Red Panda population per time will be:

du _
dt

u(t)

au(t)(1 — %

) — Bu(t)v(t)

13



This can be written as:

du _
dt

. o) (3.1)

For the Snow Leopard, the interactive factor increases its population. So, the
equation for Snow Leopard population per time will be:

% — _5u(t) + o(t)u(®)

This equation can be written as:

dv ~yu(t)

= —sum1 - T4

(3.2)

These two equations can be represented as a system of differential equations:

du u(t)  Bo(t)
5 = eu)l-—= =)
(3.3)
dv yu(t)
o = - )

3.1.1 Euler’s method for System of Differential equations

For a system of differential equations, Euler’s method works as for a single
differential equation. For a system of differential equation, we can write them
in the form of vectors. So, if

be a vector representing a system of functions, u(t) and v(t). Then, the
differential equation for the system can be written as:

du
dX gt
v
dt
The vector on the right is a function of u, v and t. Because u and v are

the part of vector function X , these two functions on the right are also the
functions of X. So, the general form of this vector can be written as:

dX_ fl ta)z
dt fo (8, X

14



Because both functions depend on ¢ and X, we can now even define a vector
function F', of t and X which has as first component the function f; and as
second component the function fo as:

For this general differential equation, the n-th step of Euler’s Method is given
by

X((n+1)At) = X (nAt) + At F (nAt, X (nAt)) ,

in which At is the time-step.

3.2 Simulation of the Model

The values of «, § and k are kept the same from the simple model of Red
Panda and Snow Leopard (Chapter 2). The interactive constant 5 for Red
Panda population is set to 0.01 (see Appendix A) and + for the Snow Leopard
population is set to 0.002 (see Appendix A). The initial population for both
the species are kept the same: u(0) = 40 and v(0) = 5. On simulating the
curve using a Python program for these initial populations and time-step, the
following curve and trajectories are obtained.

du u(t)  0.01v(t)
(3.4)
dv 0.002u(t) B

dur'dtid)dlﬁ"um"( 1-(u{E}300)-{0.01%v)/0. 1 18)), dw/dt = -0.069*w(1}={1-{(0.002%u)/0.06%)}

—_yt)
v(t)

]
v
(=]

]
(=)
(=]

u(t) and v(t)
5 &
[=] o

[
[=]

NNANA~~———

0 100 200 300 400 500
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o

Figure 3.1: Population of two species with time The x-axis represents

the time in months and y-axis represents the population of Red Panda and

Snow Leopard. u(t) and v(t) are Red Panda and Snow Leopard population
respectively.
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0 20 40 60 80 100 120
u(t)

Figure 3.2: Trajectory of the two population species The x-axis
represents the Red Panda population and y-axis represents Snow Leopard
population. u(t) and v(t) are Red Panda and Snow Leopard population
respectively.

On simulating the model for these initial populations, the population of both
the species change for around 500 months (Figure 3.1) and tend to stabilize on
approaching the equilibrium point, which is discussed further in the subsection
3.2.1.

3.2.1 Equilibrium Points

For the system of differential equations,

du u(t)  0.01v(t)
— = 0.118u(t)(1 — —
dt w0 =300 ~ 018
(3.5)
dv 0.002u(t)
— = -0 - —
dt 0.0690(t)(1 = =5 569 )
ey . . du dv )
The equilibrium points can be found by setting T 0 and - 0. Solving

for the equilibrium points, the following equilibrium points are obtained for
the system of these two differential equations:(0,0), (300, 0), (34.5,10.44) with
the ordered pair representing the equilibrium population of Red Panda and
Snow Leopard respectively.

To see how solutions behave near the equilibrium points, different trajectories
with varied initial populations are simulated. The trajectories obtained for
the simulation is shown in Figure 3.3.

On analyzing the Figure 3.3, the population value of both the species are clus-
tered near the equilibrium point (34.5,10.44). So, whatever initial population
values are taken, they will reach to this equilibrium point after some time
period and the population stabilizes as shown in Figure 3.1, 3.2 and 3.3.

16



Figure 3.3: Simulation for varied initial population. The x-axis
represents the Red Panda population and the y-axis represents the Snow
Leopard population. u(t) and v(t) are Red Panda and Snow Leopard
population respectively.

3.3 Conclusion

In this interactive model, the population of Red Panda and Snow Leopard
was simulated taking the interactive constants § and . On simulating the
model, it is observed that population of both species keeps on increasing and
decreasing for some months and eventually approach towards the equilibrium
point (34.5,10.44) and stabilize thereafter. Thus these two species maintain
balance in their population.

17



Chapter 4

Human Effect on Interactive
Modelling

In this chapter, the human effect on interactive modelling is discussed to give
the report a more realistic approach. The death of Snow Leopards and Red
Pandas per month is taken into account to simulate how these populations
behave on the influence of human activities.

4.1 Theory Behind the Human Influence Model

In Chapter 3, the interactive model between Red Panda and Snow Leopard
was discussed. In this model, the decrement in population of both the species
is taken and simulated using Euler’s method to observe how their population
changes with time.

The constants o and 6 represent the decrease in population of Red Panda and
Snow Leopard per month respectively.

So, for our model, the equation for Red Panda population per time will be:

W cuy1 ") gu(tyer) - o

dt
This can be written as:
du u(t)  Bu(t) o
== au)(1 - =L — - 4.1
dt au(t)( k « au(t)) (41)

The equation for Snow Leopard population per time will be:
dv

e —ou(t) + yu(t)u(t) — 6

18



This equation can be written as:

dv ~yu(t)
o - Wl - e (4.2)

These two equations can be represented as a system of differential equations:

du u(t)  Bu(t) o
dt au(t)(1 = koo au(t))’
(4.3)
dv ~yu(t) 0
= —ov(t)(1 — 5T 5v(t))

4.2 Simulation of the Model

In this model, we specify the value of o and 6 and observe how the populations
behave over different values of 6 and «. The values of «, 6§, k, S and  are
kept the same from the previous models of Red Panda and Snow Leopard
(Chapter 2 and 3). The initial set of populations is also the same: «(0) = 40
and v(0) = 5. Thus the system of differential equations for this model is:

du u(t)  0.01v(t) o
— = 0.118u(t)(1 — — —
g~ OO = 5500 = 58 T 0tise)
(4.4)
dv 0.002u(t) 0
— = —0. t)(1—
g~ 00690 0069 ' 0.0690(1)
4.2.1 Model for 0 = 0
For o = 0, the system of differential equations 4.4 can be re-defined as:
du u(t)  0.01v(t)
— =0.11 1-— —
g~ O8O =505 = 58 )
o (4.5)
dv 0.002u(t 0
— = —0. t)(1 —
gt~ 00690 () 0069 T 0.0690(7)

4.2.1.1 Behaviour of the model

In this model, the Snow Leopard population decreases to zero within some
months (Figure 4.1 and 4.2). The more the value of 6, more rapidly the
population of Snow Leopard falls to zero. When the population of Snow
Leopard reaches to zero, the Red Panda population behaves like in section 2.2,

19



thus it reaches its equilibrium point 300 after some time period and remains
constant throughout.

So, for this model, the Snow Leopard population gets extinct while the Red
Panda population behaves as in the simple model to reach its equilibrium
point and remains constant thereafter.

dujdt =§b}dﬁ*u[l)“( 1-{u(t)/300)-({0.01*v)/0.118)), dvfdt = -0.06F*v(t}*(1-((0.002*u)/0.069)) - 1

—_—u(t)

250 vit)

u(t) and v(t)
o o O 8
o o o o

=]

0 20 40 60 80 100 120
t (in months)

Figure 4.1: Population of both species for ¢ =0 and 6 = 1. The x-axis
represents the time period in months and the y-axis represents the Red
Panda and Snow Leopard population. u(t) and v(t) are Red Panda and

Snow Leopard population respectively.

dujdt =3% B=ult)*(1-{ut)/300)-({0.01*v}f0.118)), dv/dt = -0.089*v(t}*{1-{(0.002*u}/0.069)) - 2

—_u(t)
vit)

NN
(=2
(= =]

u(t) and v(t)
s &

[
o

(=]

0 50 100 150 200 250 300
t (in months)

Figure 4.2: Population of both species for ¢ =0 and 6 = 2. The x-axis
represents the time period in months and the y-axis represents the Red
Panda and Snow Leopard population. u(t) and v(t) are Red Panda and

Snow Leopard population respectively.

4.2.2 Model for § = 0

For 6 = 0, the system of differential equations 4.4 can be re-defined as:

du u(t)  0.01v(t) o
U p118u(t)1 — LY _
g~ 8O0 =500 = 5118 T otise)
(4.6)
dv 0.002u(t)
- — . 1 =2\
g~ 00090 = —55e0)
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4.2.2.1 Behaviour of the model

In this model, the population of both the species, Red Panda and Snow Leop-
ard, reaches to zero after some months (Figure 4.3 and 4.4). On simulation,
for o < 2, the population of both the species keeps increasing and decreasing
for around some time period and then approaches to zero (Figure 4.3). For
o > 2, the Red Panda population decreases while the Snow Leopard popu-
lation increases slightly at first and then decreases. The population of Red
Panda reaches zero first and then the Snow Leopard population behaves as in
section 2.3 to reach zero.

So, for this model, both the species get extinct.

dujdt =§b}dﬁ*u[l)“( 1-{u(t)/300)-({0.01*v)f0.118)) - 1, dv/dt = -0.069*w(t)*(1-{{0.002*u)/0.069))

)\

0 50 100 150 200 250 300
t (in months)

—_ ()
vit)

u(t) and v(t)
5 & 8 B
o o o o

w
(=]

=]

Figure 4.3: Population of both species for ¢ =1 and 6 = 0. The x-axis
represents the time period in months and the y-axis represents the Red
Panda and Snow Leopard population. u(t) and v(t) are Red Panda and

Snow Leopard population respectively.

duidt = [}‘SHB*U[()"( 1-(u(£)/300)-({10.01*v)f0.118)) - 2, dw/dt = -0.069*v(t/*{1-({0.002*u)/0.069))

—_u(t)
vit)

u(t) and v(t)
s 8 8

—
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X
0 20 40 60 80 100 120
t (in months)

(=]

Figure 4.4: Population of both species for ¢ =2 and 6 = 0. The x-axis
represents the time period in months and the y-axis represents the Red
Panda and Snow Leopard population. u(t) and v(¢) are Red Panda and

Snow Leopard population respectively.
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4.2.3 Model for non-zero ¢ and 6

For nonzero o and 6, the system of differential equations is:

du u(t)  0.01v(t) o
M o.118u(t) (1 — LY -
gt~ O8O = 50 = s T 0 iTsum
(4.7)
dv 0.002u(t) 0
Y 0.0690(t)(1 —
g — 0-069u()( 0,069 T 0.0690(1)

4.2.3.1 Behaviour of the model

dujdt = [hblﬁ"u[()"! 1-(u(£)/300)-((0.01*v)/0.118)) - 1, dvidt = -0.069*v(t)*(1-{{0.002*u)/0.069)) - 1

—y(t)

250

o
o

v(t)

u(t) and v(t)
g & B
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o

=l

0 50 100 150 200

t (in months)

250 300

Figure 4.5: Population of both species for ¢ =1 and 6 = 1. The x-axis
represents the time period in months and the y-axis represents the Red
Panda and Snow Leopard population. u(t) and v(t) are Red Panda and

Snow Leopard population respectively.

dufit = QPO 1-{u{t)/300)-(0 01'v)/0.118)) - 3, dufdt = -0.065"W"(1-4(0.002°u}/0.063)} - 1
—_— ()
v(t)

u(t) and v(t)
g 58 &

v
o

=1

0 20 40 60 80

t (in months)

100 120

Figure 4.6: Population of both species for ¢ =3 and 6 = 1. The x-axis
represents the time period in months and the y-axis represents the Red
Panda and Snow Leopard population. u(t) and v(¢) are Red Panda and

Snow Leopard population respectively.

In this model, the Snow Leopard population decreases to zero within some
months (Figure 4.5, 4.6 and 4.7). However, the Red Panda population behaves
according to the value of 0. If o < 3.7, the population of Red Panda rises
and remains constant on reaching its equilibrium point which is less than 300
(Figure 4.5 and 4.6). The steepness of the Red Panda population is determined

22



du/dt = 0. JSIG”U[()"! 1-(u(£)/300)-((0.01*v)/0.118)) - 4, dwidt = -0.069*v(t)*(1-{{0.002*u)/0.069)) - 1

—u(t)
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MNoow
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Figure 4.7: Population of both species for ¢ =4 and 6 = 1. The x-axis
represents the time period in months and the y-axis represents the Red
Panda and Snow Leopard population. u(t) and v(t) are Red Panda and

Snow Leopard population respectively.

by the value of o, the more the value of sigma, less positive the slope is. If
o > 3.7, the population of Red Panda also decreases and eventually reaches
zero after few months, with the curve having negative slope (Figure 4.7).

Thus, in this model, the Snow Leopard population gets extinct whatever values
o and 6 take. For the Red Panda, its population gets extinct if ¢ > 3.7 per
month.

4.3 Conclusion

In this human influence model, the behaviour of the interactive model between
Red Panda and Snow Leopard was studied by including the decrement in their
population due to human influence. The population decrement constants per
month ¢ and 6 were introduced for Red Panda and Snow Leopard respectively.

On simulation of the model, different behaviour were observed for different
values of 0 and 6. For ¢ = 0, the Snow Leopard population gets extinct
while the Red Panda population behaves like its simple model to reach its
equilibrium point and remain constant. For § = 0, both the species get extinct.
For non-zero o and 6, more variant behaviour was observed. For o < 3.7, Snow
Leopard population gets extinct while the Red Panda population reaches to
its equilibrium population (depends upon o) which is less than equilibrium
point of simple model, 300. For ¢ > 3.7, both the species get extinct.
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Chapter 5

Conclusion

Human influence on the population species causes imbalance in their popula-
tion interaction and may result in their extinction too. The results drawn from
this research for a small set of population can be inferred to a large population
group, assuming the two species are interacting only with each other. Human-
influence in their interaction changes their population-interaction behaviour
and species may get extinct. To gain more realistic view of population interac-
tion, more population species, interaction factors and feasible environmental
factors can be added and simulated to find their behaviour.

In this research, the simple model discussed how population of the two species
behaved without interaction. The Red Panda population increased to reach
its equilibrium point 300 and remained constant throughout while the Snow
Leopard population got extinct. In the interactive model, the population of
both species kept on changing for some months and eventually approached
towards the equilibrium point (34.5,10.44) for Red Panda and Snow Leop-
ard population respectively and stabilized thereafter. Thus these two species
maintained balance in their population. For human-influence model, different
behaviour were observed for different values of o and 6. For o = 0, the Snow
Leopard population got extinct while the Red Panda population reached its
equilibrium point 300 and remained constant. For 6§ = 0, both the species
got extinct. For non-zero ¢ and 6, more variant behaviour was observed. For
o < 3.7, Snow Leopard population got extinct while the Red Panda popula-
tion reached its equilibrium population which was less than equilibrium point
of simple model, 300. For o > 3.7, both the species got extinct. Thus human
influence caused imbalance in their population interaction.
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Appendix A

Choosing the values of «a, 9, k,
8 and -y

Here, the values of constants used throughout the research are discussed. The
data taken for assuming these constants are taken from[l, 2, 3, 4].

For the Red Panda, taking it’s passiveness in mating
in concern, the value of a is calculated. A female
Red Panda gives around 4 births in around 16 months.

4
So, a female gives birth to 16 Red Panda in a month.

The male and female population is considered equal.
So, the birth rate becomes:

4

Birth rate = = 0.125 per month

16 % 2 P
Life span of Red Panda is around 10 - 12 years.
1 Red Panda lives around 144 months.

1
Death rate = 1 = 0.0069444 per month
So, «o = Birth rate - Death rate

(0.125 - 0.0069444) per month
0.1180556 per month
0.118 per month

For the Snow Leopard, the assumption is made that its
reproductive rate decreases as well as death rate
increases as it can’t prey upon Red Panda.

So,from our assumption, a female Snow Leopard gives
around 2 birth in 70 months.

2
A female gives birth to -0 Snow Leopard in a month.

The male and female population is considered equal.
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So, the birth rate becomes:

2
Birth rate = 02 = 0.0142857 per month

1 Snow Leopard lives around 12 months with
this assumption.

1
Death rate = B = 0.0833333 per month

So, § = Death rate - Birth rate
(0.0833333 - 0.0142857) per month
0.0690476 per month

0.069 per month

For the carrying capacity population of the land area
for Red Panda population, its value is assumed to be
300 on the basis of available small land-area,
feeding habit of Red Panda, etc. Red Panda feeds upon
Bamboos the most and prefers solitude, this carrying
capacity is kept for our model with land area chosen
as 50 km square.

For our model, 40 Red Pandas and 5 Snow Leopards are
chosen as initial population size in the area of 50
km square. This small population size is chosen given
that both are endangered species and have small
population all over the world.

Given the small population size of both species over
the 50 km square area, their interaction is obviously
less. The assumption of 1% of total Red Panda
population is eaten by a Snow Leopard per month is
made .

So, B

1% per month
0.01 per month

Again, the assumption is made that for every 5 Red
Pandas eaten, Snow Leopard population gets benefited

by one.

0.01
5 per month

So, 7y

0.002 per month
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