Extinction of the Human Race
Extinction is defined as the loss of a species Throughout the history
of our planet, Various Life forms previously present Now ONly remain ag
bores ('-’fr)om he Saber - tooth tiger which existed 15 millin years ago to
10 000 to the Splendid poison Fr‘og declared extinct in 2020, that creel
process of Aife is a Looming hreat o favna. and Flora.. One g uestion Which

remaing ab the back of the Mind is tne methods of extinetion of Homo
Qapiers. |
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To better grasp the covrepl:, let's take a closer leok ot the dynamics of

o biolegical System - In biomathematics, predator - prey inkenackion ond Outconmes
e modelled by a set of non-linear ObEs known as the LOTKA-VOLTERRA
EQUATIONS.

Consider o, Simple modd. Wherz o¢ is the NQ of 2ebras (prey) and y the no of
tigers ( predaxors). Without Salving,
From the 13*eq1 We can see that if the prdators

dﬁ - XX —Bxy Vanishly =0) e 1ould obkain exponential growth
dt of preys wWhich is congisbent Wit the Law of growth.
_(\\g_\. - gxﬂ - ‘(5 Similarly For the 9™ eq ,removing preys result in

dt predator exporential decay .

In the %eqn We note the term —Rocy and see thak y has o -Ve intemction Wwithox
i.€- When 5 ANDY meet, the growth of o Lpry) is edued - Similarly for the bom
Qxy inthe o™ eqn , ¢ hag a +ve interaction j.e. D¢ AND Y Meeting <) ggrowl;h.



or dumbness. Lo get faten
The greehn detters are +ve real ceefficients

+ % divectly infvences growth and could be a Fitness/Fertility Fackor for proys- X influnces

death of predabors and could be related bo Life SPan. > 0 inker pedator competition.
B From the rove of predation Could represent Ehe speed at which o precotor dovours

a prcy - Q relates Lo growl:h of pedotors and could be g Fackor of predalion

efeiciency + FPibness. (Absolute Fitness) — Tn bio(oaj Fitness measues

the “reproductive suecess™ of an organism and its contribution tothe gene pool.
Death vesuts From
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>These 2 berms depend on
L J, o AND § meeting .
+8xy < J/
G-row\:k rate
of prcy populal:ion Erowth rate
>0 =aoe - Bxy of predator
dt
Popola‘:'lon :

dy = Sxy -
.d% >y -0y

Solving will lead ko a periodic solv, net expressible in the usval brigenometric power Series,
The equations can be Lirearized and a Plot Similar to this is olotained.
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/\_/\/ ?rcg « Repesent both individval and Mutval

\/\/_\’ interactions.

Predator.

S5 time

* We can See that predakor Population lajs proy by 40
* Also predotor population is alsdnys degs Bhan prey .



Predators Each colour reprosents a. sek of inftial populakionvalves(2¢,y).

The orbits of the phoge plat reprsent the variation

(cydlic) of prey- predator population .
We also noticz Hhat the orbits are aktracied ko a

s Prey NON - 2er0 Fixed poing Thak Siﬂgdaﬁtg fepregents the

oyt ¥l = g By K valves of (2¢,4) For thich population Size remain
Yot = e v constant ! We olse netiaz that the Fixed- point is non-
o = €T e HEXTINCTION IS NOT POSSTRIE
x* for the chosen qreent Ledrers parameters.

Stability Analysic of the Fixed Point.
To do So, we Shall borrow some stoff Fram Linear Algebra.,namely the determinant .

1 /V\ % The determinant encodes vseful information on howd

T mor'phs\Rl. e. T: (,9) 3 (X,Y)
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We e doing So becovse a Systern of ODE can be express=d as veckors and thus vector
algebra. can be used! But we encounter a. problem, our §ystem of ODE is non -Linear.

Non- Linear transformations look Line this.

T /\ If we doou very clegely at small Sealeg, e
%’ can see thal: /. behaves Linearly.

— 1)

The equations deFiningT bakes a Set of values and send it somewbers else. Tis o Linear function.

The ODEs defining L takes o Set on initial popuation volves ond gend it to ancther valve .
We are brying to find the stable point to which [ can send the valves and debermine the

Nature of that Stable point.



Cmco*'ning the ODE partial derivatives can be ysed to see how e behaves without the inflvence

of Y and Seme for ¢ . Sekking ths up in the Usual Veckor notations of Litear Algebra. gives us the
JACOBTAN MATRIX.

Community Matrix.
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oh (iT=‘“‘ Bacy ®-BYy —Px |
Jlx,9) = = 7T | 5 —
3 Fz ﬁ’: d\&_\. = ng _\‘5 <
> Y dt \_S g x -Y
‘YTrcq\: y as consbant . o
(Poeu\o.l;jog Equili&ium. Extinction of
Eq/u fibrium O0ccurs when neither population sizes arc chmg'ms ‘E— both species
=) at 43;_ =p = Rx-Pxy = :)LUX-P:D =D Salvn : (2x,9) ’LQJO) X
dt B
Wwe have
- =0 T X
dg =0 D dxy-Ty = y(Sx "\5) - (x,y) =K—— ) B) Seen that
dt 3
T the fixed
S?;Ob) [ l-,g At these valves of the greels,  poink is
A]: \0 ,0) populabion sf2e IS constant non -2ero.
0
Community mabrix is 7\0,0) s K‘x . Ls Death is Followed bg'lmmed'w-be birth !
0 -
| J0,0) = 2T = K } 2 By inrtE Matrix Hhoem non- privied
0 -¥-A / h}lly 77 Soln For izvvrible Matriy 0417
Characteristic Polynomial © (X —)x) (X% ->\) =0 wh det. =D

>\. =X >\‘L ==X [yoo% AA’J’M
Remember % & Y are Fertility Fackors and must be greakerthan 0. =) The signs differ aluoo.ﬂg.

=) Saddle Toink. ot 10,0) — A saddle point is a. fixed point which is both akits minimum
n One Yoriable and maximum ok the other. ‘



Tmogine a horse saddle .

{ The pink Fixed point i minimom
A Cor- the rad axis but meximum
| for the blus axis and might “ fall

st ofe” Lefy or right =) Unstable!

The origin being unstable Fixed point is a good thing! Tt means that extinction is difficalt !

The population of prey and predabor can get cloge o 0 and skill recover-

Secw\ul Fixed Toint LOscillal:ions) {\A)‘hlz do the eigenwwcs m.prc&mt?
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|T=2T] DN =iy A= -isq T The imaginay vebes have opposite Signs.

(Conjugabe).
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EVCLUQHOV\ of Stak; \\l;3
We h&\re No Chanae in Populal:scm She ok (0,0) ond Q{ X >
At (0 ,0)

3(0)0) = [x 0 } = IJ&o,o)—XII:Lx—x)k—K-X)
0 -7

=) M= o, =Y
ﬁ \Using vieta's formula
booo¥  21300-T] =Xl h -l =0
YT =% -%)
o>\ = (2-3) £ J-s07 v ax
) O

Sine the greeus werc defined ag +ve reals; =) They aluways differ in S'\gn.

=) X >_\6 "‘> g <O X S
2
=) KCM Vaxﬂ Sign 3 3
g 2
=) Hyperbollc (Pom\;

:)>\alwmd4n«l' l)\)y?

) Nlore on Mobivs Tronshrmasons 4 Stabilty Aulyss!



