BISC-838, Population Dynamics

January 25, 2021
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Instructor: Dr. Leithen M’'Gonigle
e-mail address: Imgonigl@sfu.ca
Office Location: lrrelevant
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Introduction

It can be helpful to differentiate two major classes of models:

1. Statistical models 2. Mathematical models

4
Datapoints
Regression

These are data-dependent models
that require data in order to test
hypotheses about the empirical
world.

These are data-independent models
that usually generate empirically
testable hypotheses.

These can intersect (e.g., you could fit statistical models to generate parameter
estimates that then go into a mathematical model). We will focus on the latter here.
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These models aim to provide general
insights that improve our overall
understanding about how things
could/should work.

However, they lack the realism to be
accurately model specific systems.
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Historically, mathematicians and
statisticians did everything by hand.

Today, we are fortunate to live in

the age of computers. It is no longer

necessary to be mathematicans to

analyze fairly sophisticated models.

For models that cannot be “solved”

by computers, one can run
simulations using R, C, C++, for
example.

Our goal in this class is to learn to
use computer simulations to model

basical population dynamics.
Ultimately, in three weeks, you

should be able to analyze your own

models!
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Example model

Mathematics permeates biology, from simple back-of-the-envelope calculations to the
development of sophisticated mathematical models.

As an example, in any given issue of Nature/Science, several of the biological articles
are likely to be based on research involving mathematical models.

A good example is a paper by Phillips:

Phillips, A. N., 1996. Reduction of HIV Concentration During Acute Infection:
Independence from a Specific Inmune Response. Science 271:497-499.
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Excerpts from the paper:

— The model is defined by four equations describing the interrelated changes over
time in the number of activated, uninfected CD4 lymphocytes (R), latently
infected cells (L), actively infected cells (E), and free virions (V).
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Example model

Excerpts from the paper:

— The model is defined by four equations describing the interrelated changes over
time in the number of activated, uninfected CD4 lymphocytes (R), latently
infected cells (L), actively infected cells (E), and free virions (V).

— These equations can be explained as follows.
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Example model

Activated, uninfected CD4 lymphocytes arise at a constant rate ', where I is the
rate at which new, uninfected CD4 lymphocytes arise and 7 is the proportion that are

activated and are removed by HIV-independent death at rate p or by infection at rate
BV.

dR
— =I7-puR-BVR
dt
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Activated, uninfected CD4 lymphocytes arise at a constant rate ', where I is the
rate at which new, uninfected CD4 lymphocytes arise and 7 is the proportion that are
activated and are removed by HIV-independent death at rate p or by infection at rate
BV.

dR
— =I7-puR-BVR
dt

Upon infection, a proportion p of cells become latently infected, and these are
removed either by HIV-independent cell death or by activation at rate a.

L
% = pBRV-pul-al (1)

Actively infected cells are generated immediately after infection or from the activation
of latently infected cells before they die at rate §.

% =(1-p)BRV+al-6E (2)

Free virions are produced at rate 7 by actively infected cells and removed at rate o.

ﬂ =wE-oV 3)
dt
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Example model

p
Tt N
—r

R[t]: Activated and uninfected CD4 lymphocytes
L[t]: Latently infected CD4 lymphocytes
E[t]: Actively infected CD4 lymphocytes
VIt]:

Free virions

Figure: Flow diagram.
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A decrease in virus after initial infection was originally thought to result from an
HIV-specific immune response.

The model presented here does not include any increases in the rate of removal of HIV
after infection and shows such a decrease can still occur.
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What is population dynamics?

So, what is “population dynamics”?

You could think of it as “Population Book-keeping”
— used to investigate how populations change (or stay the same!) over time
— described by fundamental statistics:

— B: number of births

D: number of deaths

— I: number of immigrants

— E: number of emigrants

Nty1 = Nt + Bi—D; + It —E;

This equation will form the basis for the first models we will investigate in this class.
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