	Evidence for Natural Selection - The Peppered Moth 
(From Ken Miller's Evolution Page)

	For years the story of the peppered moth, Biston betularia, has provided one of the best-known examples of natural selection in action. 
However, a recent book by Michael Majerus (Melanism -Evolution in Action) makes it clear that the peppered moth story has changed in recent years. 
	[bookmark: _GoBack]The Peppered Moth is routinely used as an example of evolution.

	The light-colored form of the moth, known as typica, was the predominant form in England prior to the beginning of the industrial revolution. Shown at right, the typica moth's speckled wings are easy to spot against a dark background, but would be difficult to pick out against the light-colored bark of many trees common in England. 
	[image: http://www.millerandlevine.com/km/evol/Moths/typica.gif]
The "typica" form of the moth. 

	Around the middle of the 19th century, however, a new form of the moth began to appear. The first report of a dark-colored peppered moth was made in 1848. By 1895, the frequency in Manchester had reached a reported level of 98% of the moths.

	 This dark-colored form is known as carbonaria, and (as shown at right), it is easiest to see against a light background. As you can well imagine, carbonaria would be almost invisible against a dark background, just as typica would be difficult to see against a light background. The increase in carbonaria moths was so dramatic that many naturalists made the immediate suggestion that it had to be the result of the effects of industrial activity on the local landscape.
	[image: http://www.millerandlevine.com/km/evol/Moths/carbonaria.gif]
The "carbonaria" form. 

	Coal burned during the early decades of the industrial revolution produced soot that blanketed the countryside of the industrial areas of England between London and Manchester. Several naturalists noted that the typica form was more common in the countryside, while the carbonaria moth prevailed in the sooty regions. Not surprisingly, many jumped to the conclusion that the darker moths had some sort of survival advantage in the newly-darkened landscape.
In recent years, the burning of cleaner fuels and the advent of Clean Air laws has changed the countryside even in industrial areas, and the sootiness that prevailed during the 19th century is all but gone from urban England. Coincidentally, the prevalance of the carbonaria form has declined dramatically. In fact, some biologists suggest that the dark forms will be all but extinct within a few decades.


	
	 

	

	
	

	 



Ken Miller
Brown University
Written in August, 1999
The allele (version of the gene) for dark body color is dominant, which means that a moth possessing at least one such allele will have a dark body. To have a light body, the moth has to have both alleles for light body color. 
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Figure 5.2
Dark and light phenotypes of the peppered moth on dark and light barked trees
 
Dark moths were at a distinct disadvantage, however, due to their increased vulnerability to bird predation. Thus the frequency of the dark allele was very low (about .001%), maintained primarily by spontaneous mutations from light to dark alleles. By 1819, the proportion of dark moths in the population had increased significantly. Researchers found that the light-colored lichens covering the trees were being killed by sulfur dioxide emissions from the new coal burning mills and factories built during the industrial revolution. Without the light background of the trees, the light moths were more visible to vision-oriented predators (birds). They were losing their selective advantage to the dark moths, which, against the trees’ dark bark background, were less visible to birds. In 1848, the dark moths comprised 1% of the population and by 1959 they represented ~90% of the population. So, in 100 years the frequency of dark moths increased by 1000 fold! 
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Figure 3.c.3
Composition of various populations of the peppered moth in the British Isles
 
 (http://www.globalchange.umich.edu/globalchange1/current/labs/Lab5_PepperedMoth/PepperedMoth.htm)
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Figure 14.10. Composition of various populations of the peppered moth (Biston
betularia) in the British Isles
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Figure 42-8 THE PEPPERED MOTH:
A CLASSIC EXAMPLE OF
DIRECTIONAL SELECTION.

The peppered moth, Biston betularia,
occurs naturally in two color variations:
the light, speckled moth and the black
variant. The light peppered type was
much more common in England until
the nineteenth century. When on the
light-colored tree bark, it was less
susceptible to predation than was its
darker and more visible relative. As
the Industrial Revolution darkened the
vegetation of England with pollution,
the darker moth came to have more of
a selective advantage against predatory
birds, and the frequency of the allele
for dark pigment increased in the
population. Today, as British pollution
controls lead to a cleaner countryside,
the frequency of the alleles for light
peppered moths is again increasing

in the population. Both light and dark
moths are shown against the normal
(a) and the polluted (b) tree trunks.





