DATA 420 Notes — Feb 10, 2026

The Lotka-Volterra model (predator-prey)

This central insight of logistic growth is used in a slightly different way in the hugely
influential Lotka-Volterra predator-prey model, invented independently by Alfred Lotka
and by Vito Volterra in the early 20th century.

The idea is as follows. Suppose we have two species (say, bats and mice) where one
preys on the other for food. Let’s say the number of bats at time t is B; and the number
of mice is M;. Then, assuming the populations are well-mixed* the number of possible
encounters between them is proportional to the product of B; and M,;. In symbols:

# possible encounters, oc By x M,

(All the “proportional to” symbol o does is let us state this fact without having to
specify the value of the constant (called the constant of proportionality)).

This makes sense when you think about it. At some time ¢, there are B; x M, different
possible pairs of individual bats-and-mice. If each pair has an equal opportunity of
“happening” within a given time period, then the number of possible encounters is
directly related to this product.

Let’s call the constant of proportionality the encounter_frequency, which is measured
encounters/time
bat

mouse
how many encounters do we expect per unit time?”) Let’s call the proportion of these

encounters which end successfully for the bat (and in death for the mouse) the kill_ratio.
Now we have:

in units of (“For every mouse we have...then for every bat we have,

4 kills

time ¢

= B; x M,; x encounter_frequency x kill ratio

This dynamic is the heart of the Lotka-Volterra model.

*Meaning, they all have equal access to each other in a sort of well-stirred soup.
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A complete model

Converting into Python, we get:

import numpy as np
import matplotlib.pyplot as plt

delta_t = 1/30 # mo

t = np.arange(0,240,delta_t) # mo

batBirthRate = 1.2 # (bats/mo) /bat
mouseBirthRate = 1.2 # (mice/mo)/mouse
batDeathRate = 2.1 # (bats/mo)/bat
mouseDeathRate = 1.1 # (mice/mo)/mouse
nutritionFactor = 2 # bats/kill
killRatio = .05 # kills/encounter
encounterFreq = .02 # encs/mo/bat/mouse
B = np.empty(len(t))

M = np.empty(len(t))

B[0] = 10

M[0] = 30

for i in range(l,len(t)):
encounterRate = encounterFreq * M[i-1] * B[i-1] # encounters/mo

plt
plt
plt
plt
plt

killRate = killRatio * encounterRate # kills/mo
batBirths = batBirthRate * B[i-1] # bats/mo
batDeaths = batDeathRate * B[i-1] - killRate * nutritionFactor # bats/mo

mouseBirths = mouseBirthRate * M[i-1] # mice/mo
mouseDeaths = mouseDeathRate * M[i-1] + killRate # mice/mo

Bprime
Mprime

B[i]
M[i]

batBirths - batDeaths
mouseBirths - mouseDeaths

B[i-1] + Bprime * delta_t
M[i-1] + Mprime * delta_t

.plot(t,B,color="black",label="bats",linewidth=2,linestyle="solid")
.plot(t,M,color="red",label="mice",linewidth=1,linestyle="dotted")
.ylim(bottom=0)

.legend ()

.show ()




Now close your eyes and try to visualize what this simulation will produce. Will we get
an exponential growth of both populations? Or only of one? Or neither? Or will it
approach an equilibrium?

If you're like I was, you’ll be dumbfounded to see the following oscillatory behavior:
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The populations swing wildly back and forth, sometimes over order-of-magnitude ranges.

Now suppose we make the mice less nutritious, or the bats better hunters, or the mice
easier to find, or the bats less likely to die of other causes. Check out the following
plots, and make sure to orient yourself to the y-axis scale of each:
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(In case you're concerned, we dropped to a low of .0109 mice in that last run.)

If these results all line up with your intuition, pat yourself on the back. They certainly
don’t with mine!



