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Navigating the unknown: model
selection in phylogeography

Models of population structure: tools for
thinkers
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Despite the widespread use and obvious strengths of

model-based methods for phylogeographic study, a per-

sistent concern for such analyses is related to the defini-

tion of the model itself. The study by Peter et al. (2010)

in this issue of Molecular Ecology demonstrates an

approach for overcoming such hurdles. The authors were

motivated by a deceptively simple goal; they sought to

infer whether a population has remained at a low and

stable size or has undergone a decline, and certainly

there is no shortage of software packages for such a task

(e.g., see list of programs in Excoffier & Heckel 2006).

However, each of these software packages makes basic

assumptions about the underling population (e.g., is the

population subdivided or panmictic); these assumptions

are explicit to any model-based approach but can bias

parameter estimates and produce misleading inferences if

the model does not approximate the actual demographic

history in a reasonable manner. Rather than guessing

which model might be best for analyzing the data (micro-

satellite data from samples of chimpanzees), Peter et al.

(2010) quantify the relative fit of competing models for

estimating the population genetic parameters of interest.

Complemented by a revealing simulation study, the

authors highlight the peril inherent to model-based infer-

ences that lack a statistical evaluation of the fit of a

model to the data, while also demonstrating an approach

for model selection with broad applicability to phylogeo-

graphic analysis.
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Genetic data have never been easier to collect, either using

Sanger sequencing or next-generation methods. As we
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enter this new genomic era, it is worthwhile to reflect on

how we will use these data to make inferences regarding

the biology of the focal taxa. Evolutionary genetics aims to

identify important demographic processes using genetic

data; these may be historical (phylogeography) or contem-

porary (landscape genetics), but in either case, the process

begins with the data collection and results in one or more

inferences concerning the demography of the organism.

The field has devoted a great deal of attention to the devel-

opment of powerful methods for parameter estimation,

and these estimates often play a key role in the inference

process. However, their accuracy depends on how well the

empirical data fit the assumptions of the method, and to

date, the process of model choice has received relatively lit-

tle attention (Buckley 2008; Carstens et al. 2009; Knowles

2009).

Peter et al. (2010) provide a clear demonstration of the

importance of assessing the fit of the demographic model

to the data. They explore two approaches to Bayesian

model choice procedures and demonstrate that both are

accurate and unbiased. The simplest of these calculates the

relative posterior probabilities of the competing models

and is capable of identifying the best model across a wide

range of sampling schemes. Intriguingly, while precise

population genetic parameter estimation using Approxi-

mate Bayesian Computation (ABC) requires a large number

of simulations spanning the prior distribution, their results

show that it is possible to distinguish between two models

without precise parameter estimates. While the generality

of this finding is unknown at this time, it provides some

solace to what could be construed as a daunting computa-

tional challenge. Some historical scenarios may require

more data and ⁄ or additional simulations across the range

of parameters specified by the prior to be distinguished

statistically, and it is also possible that some scenarios may

not be distinguishable. The power of the procedures for

model selection described by Peter et al. (2010) will have to

be investigated with additional detailed study on a case-

by-case basis, especially in the context of analyses based on

ABC (see Bertorelle et al. 2010).

The study also shows how model choice can dramati-

cally effect parameter estimates and hence conclusions

about the processes underlying the patterns of genetic vari-

ation. With detailed simulations, Peter et al. (2010) confirm

that estimates of genetic diversity (h = 4Nel) derived

under a single, panmictic population model that allows

size change can contain genetic signatures of either expan-

sion or contraction when the data are drawn from struc-

tured populations, even if the data have evolved under

history in which there was no change in population size.

Inconsistencies of this sort put empiricists in a bind—the

actual history of an empirical system is unknown, and
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analyses may lead to misleading inferences when datasets

are analyzed under an inappropriate model. The procedure

described in Peter et al. (as discussed above) provides one

solution to what otherwise is a primary detractor of

model-based phylogeographic inference—the need for sta-

tistical procedures for model selection.

Peter et al. (2010) are not the first to evaluate alternative

demographic models using ABC (e.g., Fagundes et al. 2007)

or to show that model choice can have a dramatic effect on a

study’s conclusions, such as inferring population expansion

or decline when there was none (e.g., Becquet & Przeworski

2009; Nielsen & Beaumont 2009). Their study is nonetheless

notable in two specific regards. First, it demonstrates empiri-

cally the impact of model choices that had previously been

limited to the theoretical realm. Namely, their work high-

lights the potentially grave conservation consequences if

management decisions were based on conclusions about a

panmictic declining population, as opposed to a stable,

small subdivided population. Second, they show how to

avoid being mislead by poor judgments about model choice.

The flexibility of the ABC framework (Bertorelle et al. 2010)

suggests that the model choice procedure described by Peter

et al. (2010) could, in principle, be expanded beyond the two

models considered in the study to calculating the relative

posterior probability of models representing any number of

demographic scenarios.
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