The study of natural selection

Topics

1) What is natural selection?

2) Direct observations of selection

3) How common is natural selection?

4) What are the causes of natural selection?
5) How variable is natural selection?

6) What are the forms of natural selection?
/) What is sexual selection?

8) The problem of correlated characters



Natural selection (1858)

Darwin Wallace
1809-1882 1823-1913

George Richmond https://en.wikipedia.org/wiki/Portraits_of Charles_Darwin English Heritage, http://wallacefund.info/content/paintings-and-sculptures
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J. A. Endler, Natural Selection in the wild (1986)
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1) What is natural selection?

“Natural selection acts on phenotypes. It is ineffective unless it favours one

genotype at the expense of another, but it may occur without doing so.
We (...) judge the intensity of Natural Selection (...) by a comparison of the actual
parents of the next generation with the population of which they are a sample.”

J. B. S. Haldane (1954)



lllustration of directional natural selection
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2) Direct observations of natural selection

Selection on medium ground finch on a Galapagos island



Galapagos living



2) Direct observations of natural selection

40 years of changes in beak size in Geospiza fortis



2) Direct observations of natural selection
Focus on the drought of 1977



2) Direct observations of natural selection
Focus on the drought of 1977

Measuring birds
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Focus on the drought of 1977



2) Direct observations of natural selection

1976-77
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Fig. 1 Selection differentials for traits of adult G. fortis during
two years of drought and low food supply, 1976-77 and 1981-82

Traits measured are shown as follows. WT, weight; WG,
wing length; TAR, tarsus size; BL, bill length; BD, bill depth; BW,
bill width.



3) How common is natural selection?

Endler (1986) survey Kingsolver et al (2001) 1984-1997 survey

Direct demonstration of natural selection on
heritable traits in wild populations



3) How common is natural selection?

Frequency distribution of directional selection coefficients
(in units of standard deviations)
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3) How common is natural selection?

(1)

How selection on discrete traits was measured using “s
in Endler (1986) survey



3) How common is natural selection?

Strength of selection (s) on discrete traits

Undisturbed populations

Perturbations field cages,
stressful environments



4) What do we know about its causes?

Experimental studies can help



4) What do we know about its causes?

Mimicry in Heliconius butterflies

postman rayed

H. melpomene

H. erato

http://en.wikipedia.org/wiki/File:Heliconius_mimicry.png



4) What do we know about its causes?

Parchem et al. (2007)



5) How variable is selection?

Selection at one life stage
may be counteracted by selection at another

http://animal.discovery.com/guides/wild-birds/s-y/song-sparrow.html



5) How variable is selection?

Selection can oscillate between years

Standardized selection differentials (S), calculated for
each sample surviving from year x to year x + 1.



6) What are the forms of natural selection?

Directional selection: Average fitness is higher on one side of the population mean value
than the other.

Stabilizing selection: The maximum fitness lies within the range of trait values in the
population (between the extremes)

Disruptive selection: The minimum fitness lies within the range of trait values in the
population (between the extremes)

Endler (1986)



6) What are the forms of natural selection?

Fithess

This population experiences
_.-‘-. ...only directional selection
.-‘-._ ...only stabilizing selection
.-‘-._ ...both types of selection

Trait




6) What are the forms of natural selection?

“Correlational” selection in song sparrows

Correlational selection: stabilizing or disruptive selection on a combination of traits

Schluter (1988) Evolution



/) What is sexual selection”?

Like natural selection, but is called sexual selection
when the fithess component is mating success

http://commons.wikimedia.org/wiki/File:Male_and_female_superb_fairy_wren.jpg



/) What is sexual selection”?

Directional selection coefficients are frequently higher for sexual selection than viability selection
(in units of standard deviations)
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8) The problem of correlated traits

Directional selection differentials in the medium ground finch
S — Zafter — 7before
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8) The problem of correlated traits

beak length

beak depth



8) The problem of correlated traits

Directional selection gradients in the medium ground finch
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8) The problem of correlated traits

The directional selection differential (S):

The shift in the mean trait value after selection minus before selection.

A selection differential results from selection on a trait and from selection on
correlated traits.

A non-zero differential for a trait might result from selection on the trait, but it can

also result without selection on the trait and instead from selection on correlated
traits.

The directional selection gradient (G):

The strength of directional selection on a trait.

If there is no selection directly on the trait the gradient is zero, even if the trait has a
non-zero selection differential resulting from selection on correlated traits.



9) Example exam questions on this section

What is the difference between natural selection and evolution?
What is the difference between stabilizing and directional natural selection?
What is the difference between a selection differential and a selection gradient?

Some researchers argue that natural selection acts only on genes, whereas others say
that natural selection acts on phenotypes of individuals. Which view is correct? Explain.

The table below [not shown here] shows the estimated selection differential and
selection gradient on several traits associated with survival in a population of fungus
beetles. The gradients are not the same as the differentials, indeed they are sometimes
of different sign. Why might this be the case?
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