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1 Introduction

Rabies is a relatively common disease among bats. In Flagstaff, a bat rabies epidemic has
spread from the bats to skunks and threatens wildlife, pets and humans in and around the
San Francisco Peaks area. This has become one of the most troubling rabies epidemics in the
country. Some evidence suggests that changes in the environment—caused by human activity or
climate change—may be contributing to the severity of the epidemic. For example, urbanization
has increased the areas where bats can roost, thereby increasing the local carrying capacity and
therefore size of the infected bat population. Warmer temperatures are likely to affect birth
and death rates of uninfected bats, but no one can predict how. Finally, there is worry that
a particularly transmissible version of the virus causing rabies will arise (or has arisen) in this
area. Below is a model you can use to study the dynamical consequences to these questions.

2 Model

Let S(t) and I(t) be the number of uninfected (susceptible) and infected bats at time t ∈ [0,∞),
respectively. Let r be per capita births minus natural (non-disease related) deaths (λ − µ in
the introductory model) and K = (λ− µ)/c be the carrying capacity for bats on a per hectare
basis. Furthermore, let β be the probability of transmission between infected and uninfected
bats and δ be the probability an infected bat dies in a month. Then the bat rabies model you
will study takes the following form:
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3 Initial parameterization

Parameter Meaning Initial value

r Bat intrinsic rate of increase 1
K Bat carrying capacity 100
β Rabies transmission rate 0.05
δ Infected bat death probability 1
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4 Model Analysis

Here is a suggested outline for your analysis of this model:

1. Completely analyze the case when there is no initial infection (I(0) = 0). Find the
equilibria (fixed points) and analyze their stability using the stability theorem from the
introductory exercise.

2. Code the model in MatLab using the parameters lised above. Set your initial number of
uninfected and infected bats at 1 and 0, respectively. (These values are scalled in 100s,
so 1 means 100.) Run the model to see how it behaves.

3. Begin to vary the parameters. Check the computer output against the mathematics from
the first step in the analysis. Make sure they completely agree before continuing.

4. Return the parameters back to their defaults. Keep the initial number of uninfected bats
(S(0)) the same, but now set I(0) = 0.1. Run the model and compare this result to that
when there was no infection. How does rabies affect the dynamics of the bat population?

5. Come up with at least 3 different scenarios in which environmental change could affect
parameters. Be specific. That is, in each scenario, suggest what the environmental
change is, what parameter it affects and how the parameter is affected (is it increased or
decreased?). Explore those scenarios in MatLab.

6. Play with the model and have fun. Try new things. Learn as much as you can about the
model and its behavior.
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