


aEA

aEA + bEA

� Be(3; 17) ;
aNA

aNA + bNA

� Be(4; 4:5);

aEA � � (mean = 30; var = 150) ; aNA � � (mean = 4; var = 4) :

Here the hyperparameters on the fatality rate areaEA , bEA , aNA , and bNA , which di�ered

between European/African and Native-American populations.LN , U , Exp , � , and Be

denote log-normal, uniform, exponential, gamma, and beta distributions, respectively.



can be expressed mathematically as,

Ri; NA � MVLN (R0;NA ; � 2
R i;NA

	 ) ; (S3)

	 � Exp (� dD) ;

d � Exp (500);

where 	 represents the 8� 8 dimensional variance-covariance matrix which speci�es the

pairwise spatial correlations betweenRi parameters for each pair of Native-American pop-

ulations which decays exponentially with distance.D is a normalized geographic distance

matrix between these populations (Fig. 1).MVLN denotes a multivariate log-normal dis-

tribution.

Markov chain Monte Carlo (MCMC) sampler

The posterior distribution for non-linear compartmental models is usually not available

in closed form. One way to approximate the posterior probability density for the model

parameters is via sampling-based methods, such as Markov chain Monte Carlo (MCMC). To

use this approach, we evaluated the likelihood using an automatic second- and third-order

pair step-size Runge-Kutta-Fehlberg integration method algorithm (Matlab; Mathworks,

Natick, MA). The state variables in the SEIR model change smoothlyover time (Anderson

and May 1991) and modern integration methods perform well with such equations (Kreyszig



Unexplained Variation

Socio-demographic di�erences between populations are almost certainly part of the reason

why the model with population-speci�c basic reproductive ratesRi describes the process

more adequately than the model with a single, average basic reproductive rate. These

di�erences, however, are responsible for only some of the variability among epidemics, and

it is reasonable to expect that there will still be some unexplained variability present.

The main reason for this lies in the fact that epidemics are stochasticprocesses, and

will di�er from instance to instance - from population to population, from year to year, etc,

beyond what we can attribute to e�ects of measured variables. This stochasticity of epidemics

is one of the reasons why we see the variation between epidemics in di�erent populations,

and that variation is especially visible in smaller populations. Accordingly, it is not just

the \explainable" di�erences that are driving the variability in the basic reproductive rates;

some variability will always be present even after we account for theexplicit di�erences,

simply due to the stochastic nature of epidemics.

Variation between di�erent instances of epidemics, even those resulting from the same

contagion, is natural. This is particularly true when epidemics are occurring in di�erent



Epidemics in Small Populations

To determine whether deterministic models provided a good approximation, we compared

the �t of a stochastic SEIR model to its deterministic counterpart in each population. To

do this, we ran both the stochastic and deterministic models using the best-�t parameter

estimates from the model that assumed inter-population di�erences in the reproductive rate

of spreadRi (Model 3). The stochastic model used the SEIR framework in combination with

the Gillespie Direct Algorithm (Gillespie 1977, Keeling and Rohani 2008).The Gillespie

algorithm assumes that only one event occurs at a time and so it steps through individual

events in an epidemic as it progresses through the population. Giventhis assumption, only



The simulations and their 95% probability intervals show that the deterministic model

�ts the data well (Table S2 and Fig. S5), but that the uncertainty is far greater in the

stochastic model, as expected. Note that the x- and y-axes in Fig.S5 di�er due to population-

level di�erences in mortality numbers and epidemic length. The pointwise median estimate

clearly follows the deterministic output for all populations. This is notsurprising given

that stochastic models for disease outbreaks are recommended for populations under 100

individuals (Daley and Gani 1999). Additionally, the close match of thelog of the average

likelihoods for the deterministic and stochastic model lends furthersupport (Table S2) to

the use of the deterministic model in our analysis. The Bayesian analysis, however, could

be undertaken using a stochastic SEIR model as well, and the uncertainty in such a model

would be expected to be even greater than the one communicated inthe Results presented

in this paper.
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Tables

Table S1: E�ects of R0 priors on the R0 posterior distributions with 95% Credible Intervals for the best-�t

model of population-level di�erences in R0.

Distribution Prior Intervals Posterior Intervals

Original 4 (0.7, 23.7) European/African { 6.7 (3.17, 14.43)

Native-American { 8.1 (4.11, 15.50)

Optimistic 1.8 (0.13, 24.2) European/African { 6.6 (3.00, 14.53)

Native-American { 8.1 (4.06, 14.32)

Pessimistic 7 (1.9, 26.3) European/African { 7.7 (3.96, 17.13)

Native-American { 8.5 (4.93, 14.96)
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Figure S2
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Figure S3

European/African Populations
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Figure S3: Histogram of the prior of mortality using the hyperprior structure for the European/African and

Native-American populations.
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Figure S4
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