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1  | INTRODUC TION

In this short article, I present a new R package called learnPopGen that I 
have developed with the expressed purpose of teaching (and/or learn‐
ing about) population genetics, quantitative genetics, and evolutionary 
theory. R (R Core Team, 2019) is a scientific computing environment 
that is commonly taught to biology majors at institutions of higher ed‐
ucation worldwide. Much of the diverse functionality of R arises from 
its contributed packages, built by individual scientists and software 
developers outside of the core R team. The learnPopGen package 

arises from a series of functions that I developed (and continue to de‐
velop) in fits and starts over the course of my nine or so years as a 
university‐instructor and that I have used both in undergraduate and 
graduate‐level pedagogy. To date, I have personally employed func‐
tions from this package in teaching courses or seminars in Evolution, 
Evolutionary Theory, and Animal Behavior; however, I anticipate that the 
functionality of the package could be of significant use in undergrad‐
uate or graduate courses across a variety of other disciplines, but par‐
ticularly in which themes from population or quantitative genetics are 
covered. Although there has been no prior publication describing this 
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Abstract
Here, I briefly present a new R package called learnPopGen that has been designed 
primarily for the purposes of teaching evolutionary biology, population genetics, 
and evolutionary theory. Functions of the package can be used to conduct simula‐
tions and numerical analyses of a wide range of evolutionary phenomena that would 
typically be covered in advanced undergraduate through graduate‐level curricula in 
population genetics or evolution. For instance, learnPopGen functions can be used 
to visualize gene frequency changes through time under multiple deterministic and 
stochastic processes, to compute and animate the changes in phenotypic trait val‐
ues or distributions under natural selection, to numerically analyze and graph the 
outcome of simple game theory models, and to plot coalescence within a population 
experiencing genetic drift, along with a number of other things. Functions have been 
designed to be maximally didactic and frequently employ compelling animated visu‐
alizations. Furthermore, it is straightforward to export plots and animations from R in 
the form of flat or animated graphics, or as videos. For maximum flexibility, students 
working with the package can run functions directly in R; however, instructors may 
choose to guide students less adept in the R environment to one of various web in‐
terfaces that I have built for a number of the functions of the package and that are 
already available online.
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package, the source code has been available online via my GitHub page 
for several years (previously under the alternative moniker, PopGen). 
Consequently, a number of colleagues have already reported using 
functions of the package in their own teaching.

In this short article, I will briefly describe the history of develop‐
ment of learnPopGen as well as the range of functions that presently 
exist in the package. Meanwhile, I will mention a few words about 
what I envision as being typical use of learnPopGen in instruction. 
Finally, I will describe the web interfaces that I have developed for a 
significant number of the package functions.

2  | DESCRIPTION AND IMPLEMENTATION

2.1 | Description of the package

The learnPopGen package is at its core a library of different R func‐
tions designed to be used in teaching and learning key concepts in 

evolutionary biology, evolutionary theory, and population genetics. 
Though I had never described the package in a formal publication 
until now, the functionality of learnPopGen has been years in the 
making. I first developed the initial series of functions of this package 
as part of an informal graduate seminar that I organized many years 
ago to review the excellent book Evolutionary Theory: Mathematical 
and Conceptual Foundations (Rice, 2004). The functions that I devel‐
oped at this time conduct both numerical analyses of relatively simple 
mathematical models along with some stochastic simulations. These 
functions were originally implemented for a different scientific com‐
puting environment; however, I subsequently translated all of them 
to run in R and they are now incorporated into learnPopGen. They 
range from a simple genotypic selection model, through frequency‐
dependent selection, through a model of natural selection and muta‐
tion, through a function for genetic drift, among others. All functions 
exported to the namespace at the time of writing (and thus directly 
available for package users) are listed and annotated in Table 1.

TA B L E  1   Annotated list of all the functions of the learnPopGen package at the time of writing

Function name Description
Uses 
animation?

Web 
interface?

clt Illustrates the concept of the central limit theorem by plotting the sum or 
mean of random variables with different underlying distributions

No Yes

coalescent.plot Creates a simulation of allele coalescence within a population and plots a 
genealogy of alleles through time

Yes Yes

drift.selection Simulates simultaneous genetic drift and natural selection at a biallelic locus 
and graphs the result

Yes Yes

founder.event Simulates a founder event or population bottleneck and graphs the result No Yes

freqdep Numerically analyzes a frequency‐dependent selection model and produces 
one of various graphs, including changes in allele frequencies through time

Yes Yes

genetic.drift Simulates genetic drift alone and plots the change in allele frequency 
through time

Yes Yes

hardy.weinberg Computes and plots the Hardy–Weinberg frequencies for a multiallelic locus No No

hawk.dove Conducts numerical analysis of a hawk‐dove game‐theoretic model and 
graphs the resultant change in each strategy through time

No Yes

msd Simulates simultaneous migration, selection, and genetic drift within and be‐
tween two populations and graphs the changes in allele frequency through 
time in each population

No Yes

multilocus.hw Computes and plots Hardy–Weinberg frequencies for multiple biallelic loci No Yes

mutation.selection Conducts numerical analysis of gene frequencies through time under muta‐
tion–selection balance and graphs the result

No No

phenotype.freq Computes and plots the phenotypic trait distribution for a polygenic trait 
under certain simplifying assumptions

No Yes

phenotype.selection Computes and animates the change in phenotypic trait distribution for a 
polygenic trait under directional natural selection

Yes No

rcd Simulates and graphs reproductive character displacement in an ecological 
community* 

No No

selection Performs numerical analysis of a frequency‐independent biallelic selection 
model and produces one of various graphs, including the change in allele 
frequency through time

Yes Yes

sexratio Numerically analyzes a hypothetical model of frequency‐dependent selec‐
tion on a sex‐determining genetic locus and plots the result

Yes No

*rcd( ) was developed as part of another study, but for convenience and to avoid the unnecessary proliferation of R libraries on CRAN has been 
packaged with the learnPopGen R library. 


