Computer modeling of physical

phenomena

Predator-prey models



Predators and prey

Predation 1s a one of the basic interspecies population interactions
One species uses another as a food resource
Predators play an important role in controlling prey population

In simple systems, the predator-prey relationship results in coupled
population oscillations
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Hare vs lynx data
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Data based on Hudson Bay Company's skin
purchases between 1845 and 1930



No predators:

A Fraser Island 2012
B S. Stradbroke Is. 2013 -
C Phillip Island 1907
D Hindmarsh Is. <1901
E Torrens Island 1921

Darling Downs
-Moreton Rabbit
Board fence

Rabbit-proof fences 1901-1907

F Tasmania 19497 19727 19967 >20007
No evidence of wild ion from hunti

R o ¥

in F (1840s), G (Sydney 1850s) or Melboune (1860s) o E%

20 escapees (Kameruka, 1853, H) and release near 1871 ﬁ

the Dandenong Ranges (I, 1864) failed to establish. (x3) -+ 21805
- <1870

NO. I RABBIT PROOF FENCE.
THE LONGEST FENCE IN THE WORLD
COMMENCED HERE IN 1901

LENGTH 1837 km (1139 mites)

COMPLETED 1903 AT ESPERANCE ON
THE SOUTH COAST AND 1907 AT
PORT HEDLAND ON THE NORTH COAST

P

rabbits in Australia...




Lotka-Volterra model

* Alfred Lotka * Vito Volterra

American mathematician  [talian mathematician
and physical chemist » proposed the predator-
proposed the predator- prey model in 1926

prey model in 1920



Lotka: autocatalytic reactions

Alfred Lotka:

« Bornin Lwow (1880) - the son of American
expatriate missionaries
 From 1902 in USA

* Proposed a model for autocatalytic, periodic
reactions:

Contribution to the Theory of Periodic Reactions, J.
Phys. Chem, 14, 271 (1910)

g Y * Used these equations to analyze the predator-
ELEMENTS OF PHYSICAL

BIOLOGY prey dynamics in his book Elements of Physical
s )
‘ ALERED J.LOTKA ‘ B I Ol O g y

Lotka is also known for his work on evolution, demography, publick health,
and scientific productivity (Lotka’s law: number of authors writing n papers is
1/n? of the number of authors writing one paper)



Volterra: Family bussiness

Luisa D’Ancona, Silvia D’Ancona and Umberto
D’Ancona



Lotka-Volterra model
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Assumptions

The prey 1s sufficiently fed

Predator preys exclusively on the prey,

rate of change of population 1s proportional to its size
environment does not change 1n favor of any species
genetic adaptation 1s sufficiently slow

predator have limitless appetite



Phase trajectories

* Equilibrium Point:

Phase plot

x=(c/d), y= (a/b) 3 N

» Counter-clockwise  * ~~
motion e

quilibrium point (1,1)

Y, predator
a1

[N
T

A = Too many predators.
B = Too few prey.

O

C = Few predator and prey; e
prey grows ; | | | | |
D= Few predators, ample prey. 0 05 1 X ooy 2 25 ’

x(t=0)=y(t=0)=2 a=b=c=d=1



Phase trajectories
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Population

size

Population size evolution
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Characteristic phase shift between
predators and prey
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Hare vs lynx again
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Data based on Hudson Bay Company's skin
purchases between 1845 and 1930



Problems of Lotka-Volterra

No prey self limitation
No predator self limitation

No limit on prey consumption
per predator

solution of the Lotka-Volterra
equations depends on the
initial conditions
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Predator-prey relationships
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Food webs
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