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Figure 1: Graphs called phase portraits of a model of frequency-independent natural selec-
tion called the Haldane-Fisher-Wright model for the overdominance (left) and underdominance
(right) cases. Blue curve is a graph of the model. Red line is the identity line, and thin
horizontal blue lines are the equilibria.

Prologue

The model of natural selection presented in the textbook (Computing Consequences Box 6.3,
page 194) was originally proposed by R. A. Fisher in 1922 (Fisher, 1922). Later, J. B. S.
Haldane (1924) and Sewall Wright (1931) developed the model further into what we now call
the “Haldane-Fisher-Wright” model, or just the HFW model for short. into what we now call
the Haldane-Fisher-Wright (HFW) model. (In fact, Haldane’s version is essentially identical
to the variation shown in Computing Consequences Box 6.6 on page 204 of the textbook.)
Although the HFW model is very simple, It was the first mathematical theory of natural
selection ever developed and still has enormous impact today (Charlesworth, 2022). Haldane
used it to show that evolution by natural selection happens smoothly even for qualitative
traits, which produce discrete phenotypes like purple vs. white flowers in garden peas or blood
types A, B, AB and O in humans. In Fisher’s hands it elucidated how genetic variation can be
maintained, and both Fisher and Wright extended it to study the interplay between selection
and mutation.
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1 Vocabulary

Selection coefficient Frequency-dependent selection Overdominance
Mean fitness Stable equilibrium Underdominance
Fixation (of allele frequency) Unstable equilibrium

2 Readings

� Required: §6.3 of the textbook (Herron and Freeman, 2014).

� Optional: Charlesworth (2022).

3 Natural Selection Models Exercise

Follow this link to a GeoGebra applet that we will use in this exercise.

This applet implements the HFW model. (See Prologue to this lecture.) It has the following
elements:

� A graph showing dynamics (change over time) of genotype frequencies and allele frequen-
cies. (Note the legend below the graph on the right.)

� Below the graph on the left are “Fitness parameters.” Below this, make sure “Absolute
fitnesses (w)” is selected. This applet uses the following notation: wAA is fitness of
genotype AA, wAa is fitness of genotype Aa, and waa is fitness of genotype aa.

� Beside the fitnesses you’ll see “Initial conditions,” which show the frequencies of each
genotype at the start.

� Next to that, make sure “Adult genotype frequencies” and “Adult allele frequencies” are
selected.

� Finally, to the far right is a table of the data graphed.

Play with this model a bit. Once you get familiar with how it works, begin to explore the
following 5 cases, listed here:

Case wAA wAa waa

1 1 0.75 0.5
2 0.8 1 0.5
3 0.75 0.5 1
4 1 1 0.4
5 0.5 0.5 1

Run the model for each case 4 times, using the following initial conditions:
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https://www.geogebra.org/m/fkav93to


fAA(0) fAa(0) faa(0)

0.5 0 0.5
0.9 0 0.1
0.1 0 0.9
0 1 0

For each case, answer the following questions.

1. How would you characterize this case’s transmission pattern: dominance, incomplete
dominance or something else?

2. How would you characterize this case’s selection pattern: dominant advantage, recessive
advantage, overdominance, underdominance or something else?

3. What is the proper description of the asymptotic (long-term) outcome of this case: fixa-
tion, polymorphism or something else?

4. In this case, how many stable equilibria are there?

5. Did the initial conditions affect the asymptotic (long-term) outcome? Explain in detail.

Image Credits

Figure, page 1: J. D. Nagy.
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