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Population regulation: examples in the wild 

“The catastrophes of the 1890s began with the great Rinderpest

panzootic in 1890.

Spreading southward from the Horn of Africa, Rinderpest swept over the 

country like bushfire, killing cattle and game. The estimate … 90 per cent 

of Tanganyika’s cattle and half of its wild animals perished from 

Rinderpest...

Famine and Smallpox followed [the Rinderpest], especially among 

peoples who depended on cattle. ..”

Koponen, Juhani Population: A Dependent Variable, 1996
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Widespread rinderpest 

vaccination of cattle

Although no wildebeest 
were vaccinated, their 
numbers increased by x8.

Large predators increased in numbers –
There was more food for them

Birth rates increased, mortality declined
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Predators versus Pathogens

PREDATORS

• Usually same size 

as victim.

• Similar, or slower, 

rate of population 

increase

• Tend to satiate

PATHOGENS

• Much smaller than 

victims

• Much faster rate of 

population 

increase

• Insatiable, unless 

vectored, or STD’s



5

From population regulation to ecosystem regulation 

Biodiversity and disease
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Lafferty et al.      

PloS Biology 

2007

Pathogen emergence 
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This course/workshop is a bit like a marathon …

 The basic models

 Variations of these models for different kinds of infectious 

diseases, and to incorporate structure in the host population 

(e.g. age, space) or in the community of hosts (e.g. species 

diversity)

 Different kinds of epidemiological models (deterministic, 

stochastic, individual-based)

 Sources of climate data and climate-based predictions

 Different kinds of model applications, especially at the 

interface with environmental forcing

 Current research in the field

 Parameter inference for process-based models 

 Group projects

all in two weeks!!!! 

Resources: 
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London’s
‘Bills  of Mortality’
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Kermack and 

McKendrick, 1927

Some key questions:

 Why do diseases suddenly develop in a community and then 

disappear without infecting the entire community?

 Once a pathogen invades a population, what determines 

whether an epidemic will take place?

Single epidemic

Time
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Main conceptual points:

 The idea of a population threshold for 
epidemic behavior

 The concept of R0: the basic reproductive 
number of a disease

 The concept of herd immunity

Why do we observe recurrent epidemics 
(i.e. cycles)?

Susceptible Infectious Recovered

S I R

Years    Days Many years    

N
u
m

b
e
rs

Time

Infection

Illness

Virus

Antibody

Basic variables: microparasitic infections



11

The population is divided into classes

Infection confers lifelong 
immunity

No immunity

Latent class

Other variations of this theme…

Asymptomatic 
carriers that can 
transmit infection

Vector-borne 
infection



12

SIR equations 

Susceptible

Infectious

Recovered

Death


















dt

dR

dt

dI

dt

dS

The transmission rate

Number of contacts / day

= contact rate κ

Probability of transmission 
given contact 

= infectivity ν

Fraction of 
individuals that 
are susceptible 

= S/N

Population size N

co
n
ta

ct
 r

at
e

Density-dependent transmission

Frequency-dependent transmission
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Mean recovery time –

Mean infectious period

Deriving the transmission rate
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When does the number of infecteds increase?

I
N

S

dt

dI
)(  

When 





N

S
, the number of infected individuals 

decreases 

When 





N

S
, the number of infected individuals 

increases 

EPIDEMIC

But what is happening to S/N?

Single epidemic

Time




S/N

I/N

Concept of a population threshold 
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The famous Ro or basic reproductive 

number

THOUGHT EXPERIMENT:                                     

introduce a small number of infected individuals in a 

population and ask whether there will be an epidemic

We need 

10 



R

A biological interpretation of Ro




1
.

Number of susceptibles 

that come into contact 

with an infected

Average duration 

of infection

R0 is the average number of 

secondary infections arising from 

an average primary infection (in an 

entirely susceptible population) 
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Density-dependent transmission




1
..0S

Number of susceptibles 

that come into contact 

with an infected
Average duration 

of infection

Estimates of Ro
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How many people should we 

vaccinate?

1967

1972

1975

Poster campaign

The final few cases
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The basic idea behind vaccination:

Reduce R0 below 1 by reducing the effective number of 

susceptibles.

Proportion p of the population that needs to be vaccinated

0

1
1

R
p 

Concept of herd immunity

Results with SIR model

• Epidemic occurs if and only if R0 > 1 

• Single epidemic, then disease 

disappears

• Cannot explain diseases that persist

• Cannot explain recurrent cycles of 

epidemics


