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Chapter 8 

Natural Selection   
 
8.1 The Origin of Life
8.2 Is there life on Mars or Venus?
8.3 Charles Darwin
8.4 Natural Selection
8.5 Examples of Natural Selection
8.6 Adaptation

8.5  The Peppered Moth

During the Industrial Revolution, coal was the primary fuel in England. Burning coal slathered dark soot 
on trees, rocks, and ground. And then a startling thing happened to the moths. 

Peppered moths in England had always been light in color, with the scattering of dark peppery flecks 
that gave them their name. Their coloration made them hard to see in a habitat of lichen-covered trees 
and rocks. (Lichens are a combination of fungi and photosynthetic algae or bacteria growing together; 
they form crust like growths on rocks, trees, and other surfaces.) It was believed that this camouflage 
protected the moths from birds, their main predators. As the Industrial Revolution progressed, pollution 
killed the lichens, leaving the trees first bare and then darkened with soot. In 1848, the first dark 
peppered moth was found in the industrial center of Manchester, England. Dark moths had probably 
always existed in the population, but they had been extremely rare. Over the next decades, as more coal 
burned and the environment became increasingly sooty, more and more dark moths were seen. By 1895, 
98% of peppered moths in industrialized areas were dark. Then, in the second half of the 20th century, 
antipollution laws were passed and soot disappeared. Light moths increased in number, and today the 
dark moths have all but disappeared.

FIGURE 8.13 

Can you find the moths? Light peppered moths are well camouflaged on lichen-covered trees. Dark 
peppered moths are well-camouflaged on soot-covered trees. These photos are from Bernard Kettlewell’s 
original studies of peppered moths.
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Did natural selection cause the coloration shifts in the peppered moth? Biologists hypothesized that in 
lichen-covered habitats, natural selection favored light moths because they were better camouflaged. In 
sooty habitats, on the other hand, natural selection favored dark moths (Figure 8.13). 

A series of experiments in the 1950s by the geneticist Bernard Kettlewell tested this hypothesis. Kettlewell 
released equal numbers of marked dark and light moths in polluted and unpolluted areas. After a while, he 
tried to recapture the moths. In polluted areas, Kettlewell recaptured more dark moths than light moths, 
which suggested that dark moths had survived better. The opposite was true in unpolluted habitats, where 
Kettlewell recaptured more light moths. Kettlewell also placed moths on tree trunks and filmed birds eating 
the moths. He found that birds ate what they could see: Birds ate more light moths in polluted habitats and 
more dark moths in unpolluted habitats. 

Kettlewell’s work became a classic example of natural selection. Eventually, however, certain aspects of his 
experiments were challenged. For example, moth experts pointed out that peppered moths don’t usually sit 
on tree trunks, where Kettlewell had placed them. Instead, they usually rest on the undersides of branches. 
In addition, Kettlewell released the normally nocturnal moths during the daytime. 

This may have affected the moths’ ability to find resting spots. Finally, Kettlewell used a mix of lab-raised and 
wild-caught moths, which could differ in their behavior. These doubts led Michael Majerus of Cambridge 
University to conduct a new set of experiments between 2001 and 2007. Majerus’s work confirmed that 
bird predation was the key factor affecting the relative numbers of light and dark peppered moths. It is also 
interesting that a shift from light to dark forms in polluted areas (and back again, as pollution is cleaned up) 
has been reported in more than 70 other moth species in England and the United States alone. 

Antibiotic-Resistant Bacteria
A patient is ill with pneumonia and gets a prescription for penicillin. After three days, he feels better and 
stops taking his pills. A few days later, his symptoms return. He quickly finds his pills and starts taking them 
again, but this time they have no effect. What happened? This frightening phenomenon is called antibiotic 
resistance. Antibiotic resistance is caused by natural selection: Penicillin killed most of the pneumonia 
bacteria, but a few penicillin-resistant bacteria survived. These bacteria multiplied, and the patient’s 
infection came back— only this time, the bacteria are resistant to penicillin. 

Antibiotics are wonder drugs. When penicillin, the first antibiotic, appeared, it dramatically cut the number 
of illnesses and deaths resulting from bacterial infections. After only a decade of use, however, the first 
penicillin-resistant bacterial strains appeared. Since then, antibiotic resistance has spread, with more and 
more bacterial populations becoming resistant to more and more different antibiotics. Diseases once easy 
to treat—tuberculosis, pneumonia, even common childhood ailments such as ear infections—are now often 
resistant to multiple antibiotics. In 2016, the World Health Organization reported that about 600,000 new 
cases of multi-drug-resistant tuberculosis appear each year, resulting in about 240,000 deaths. 

Some of the most dangerous antibiotic-resistant bacteria are found in hospitals, where the use of many 
different types of antibiotics allows widely resistant strains to evolve. Methicillin-resistant  
 
Staphylococcus aureus (MRSA), a bacterial strain that is resistant to most of the antibiotics currently available, 
is responsible for more than 90,000 life-threatening infections and 20,000 deaths in the United States 
each year. And, some MRSA strains are beginning to show resistance to the antibiotic vancomycin, often 
considered “the drug of last resort.” Another worrisome development is the emergence of MRSA in the wider 
community. 
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The Centers for Disease Control (CDC) estimates that 1 in 3 people carry S. aureus in their nose, and that 1 
in 50 people carry MRSA. Sometimes, these can turn into infections. Community-based MRSA infections 
usually start as skin infections and spread through skin-to-skin contact. Some of these cases turn into “flesh-
eating” disease, and others are halted only by drastic measures such as amputation. Environments with a 
higher risk for community-based MRSA infections include athletic facilities, dorms, prisons, and day-care 
centers. Compared to people whose infections respond to antibiotics, people who have antibiotic-resistant 
infections require longer hospital stays and are more likely to die from their infections. 

All antibiotic use has the potential of contributing to resistance. However, resistance has been greatly 
accelerated by the overuse of antibiotics. Under pressure from patients, physicians may prescribe antibiotics 
for illnesses that are not caused by bacteria. (Many common illnesses, such as colds, flus, and most sore 
throats, are caused by viruses.) These antibiotics select for resistance in the normal (non–disease-causing) 
bacterial populations in our bodies, making it possible for resistance genes to be transferred to disease-
causing bacteria that later invade the body. The fact that patients sometimes stop taking their medications 
too soon contributes to the problem; this selects for antibiotic-resistant strains without providing the 
sustained dose that would actually kill all the bacteria. 

Antibiotics have also seen heavy use in the livestock industry, where animals have long been given 
antibiotics regularly—even when they are healthy—to promote growth. Unfortunately, this practice greatly 
promotes the evolution of antibiotic resistance. The Centers for Disease Control report that, each year in 
the U.S., about 6,200 cases of antibiotic-resistant salmonella infections are reported. For example, in August 
2011, an outbreak of antibiotic-resistant salmonella in ground turkey caused at least 79 illnesses and one 
death. In 2017, an antibiotic-resistant salmonella outbreak was linked to contact with infected dairy calves, 
some of which were used in 4-H youth agricultural programs across the country. This outbreak resulted in 56 
illnesses and 17 hospitalizations. 

What can be done about antibiotic resistance? First, humans must learn to use antibiotics wisely, taking 
them only when they are needed—that is, for bacterial infections—and then taking the entire course of 
treatment. Second, physicians and veterinarians can promote a socially responsible approach to antibiotics 
by educating patients and agriculturalists on 
the proper use of these drugs. Third, the use of antibiotics in livestock should be controlled. In early 2017, 
the U.S. Food and Drug Administration finally banned the use of antibiotics to help livestock gain weight. 
Farmers now have to obtain prescriptions for antibiotics from veterinarians, rather than being able to buy 
it at feed stores or online. However, some scientists are concerned that loopholes in the law will mean that 
heavy use of antibiotics in livestock could continue. Finally, since many antibiotics are less effective now 
because of resistance, scientists must search for new antibiotics to take the place of those that no longer do 
the job. 

READING CHECK

How did Bernard Kettlewell test whether natural selection was acting on peppered moth 
populations?

CHECK YOUR ANSWER 

Kettlewell released equal numbers of marked dark and light moths in different habitats, waited for a while, 
and then tried to recapture the moths. Kettlewell then compared the number of dark moths and light moths 
he recaptured in order to determine which moths had survived better. 
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You can read more about peppered moth evolution here:

https://www.nationalgeographic.com/science/phenomena/2013/10/09/evolution-in-color-from-
peppered-moths-to-walking-sticks/

And you can learn more about antibiotic resistance here:

https://www.cdc.gov/drugresistance/about.html
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