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The peppered moth (Biston betularia) is a classic example in evolutionary
biology that vividly demonstrates the principle of natural selection. This
case study provides a clear illustration of how environmental changes can
influence the prevalence of certain traits within a population over time. In
this article, we will explore in detail how the peppered moth exemplifies the
fundamental principles of natural selection, including variation,
differential survival, and inheritance, and how these processes lead to
evolutionary change.

Understanding Natural Selection

Before delving into the specifics of the peppered moth, it is essential to
understand what natural selection entails.

Definition of Natural Selection
Natural selection is the process by which certain heritable traits become
more or less common in a population over successive generations, driven by
environmental pressures. It involves three main components:

Variation: Individuals within a population exhibit differences in
traits.

Differential Survival and Reproduction: Some variants are better suited
to the environment, leading to higher survival and reproductive success.

Inheritance: Traits that confer advantages are passed on to offspring.

Over time, this process can result in adaptive changes in the population, a
process known as evolution.

The Peppered Moth: An Overview

The peppered moth has two main color morphs:



Light (typica) morph: Pale coloration that blends with lichen-covered
surfaces.

Dark (melanic) morph: Much darker, almost black, coloration.

Historically, before the Industrial Revolution, the light morph was
predominant. However, with the advent of industrial pollution, the
environment changed dramatically, affecting the survival of these morphs.

Environmental Change and Its Impact

The Industrial Revolution and Pollution
During the 19th century, rapid industrialization led to increased soot and
pollution, which darkened tree bark and surfaces where moths rested. This
environmental shift created new selective pressures.

Effects on the Moth Population
- Pre-Industrial Era: Light-colored moths were well-camouflaged against the
lichen-covered trees, making them less visible to predators such as birds.
- Post-Industrial Era: The soot darkened the trees, making the dark moths
less conspicuous and the light moths more visible to predators.

This change in the environment directly affected the survival rates of the
different morphs, leading to shifts in their frequencies.

How The Peppered Moth Demonstrates Natural
Selection

The peppered moth example embodies all the key principles of natural
selection:

1. Variation Within the Population
The existence of two color morphs—light and dark—is a result of genetic
variation. This variation is essential because it provides the raw material
upon which natural selection can act.



2. Differential Survival and Reproduction
- Pre-Industrial Times: Light morphs had higher survival rates because their
coloration offered camouflage against predators. Dark morphs, being more
conspicuous, were more likely to be spotted and eaten.
- Post-Industrial Times: The environment favored dark morphs because their
darker coloration provided better camouflage on soot-darkened surfaces. Light
morphs became more conspicuous and were preyed upon more frequently.

This difference in survival rates directly influences which individuals are
more likely to reproduce successfully.

3. Inheritance of Traits
The color traits are inherited genetically. Moths with the advantageous
coloration are more likely to survive and pass on their alleles to their
offspring. Over generations, this leads to a shift in the population's
genetic makeup.

4. Evolutionary Change Over Time
The cumulative effect of these processes results in a change in the
population's characteristics. Historically, the frequency of the dark morph
increased during the industrial period. As pollution decreased and
environments cleaned, the lighter morphs regained prevalence, demonstrating a
reversible evolutionary response.

Empirical Evidence Supporting Natural Selection
in Peppered Moths

Numerous studies have documented the changes in peppered moth populations,
providing concrete evidence for natural selection:

Historical Data
- In the 19th century, the proportion of dark morphs increased from less than
1% to over 98% in industrial areas.
- After pollution controls and cleaner environments, the frequency of dark
morphs declined, and light morphs re-emerged as the dominant form.

Experimental Studies
- Experiments have shown that predation rates differ based on moth coloration
and environmental background.
- Mark-recapture studies demonstrate that predation pressure favors the



morphs best camouflaged in a given environment.

Implications of the Peppered Moth Example for
Evolutionary Theory

The peppered moth case study exemplifies several critical ideas in
evolutionary biology:

Flexibility and Reversibility of Evolution
The shifts in moth coloration demonstrate that evolution is not a one-way
process; environmental changes can lead to reversible adaptations.

Rapid Evolution
Changes in the moth population occurred over relatively short time frames
(decades), illustrating that natural selection can drive rapid evolutionary
responses.

Connection Between Environment and Genetic Traits
The example underscores how environmental factors exert selective pressure on
genetic traits, shaping populations over generations.

Conclusion

The peppered moth example remains one of the most compelling illustrations of
natural selection in action. It demonstrates how genetic variation within a
population provides the basis for selection, how environmental changes alter
survival and reproductive success, and how these processes lead to
evolutionary change. The case exemplifies the core principles of natural
selection—variation, differential survival, inheritance, and adaptation—and
highlights the dynamic relationship between organisms and their environments.
Understanding this example not only deepens our appreciation of evolution but
also emphasizes the importance of environmental factors in shaping the
natural world.

---

Keywords: peppered moth, natural selection, evolution, adaptation, genetic
variation, environmental change, industrial revolution, camouflage,
predation, evolutionary biology



Frequently Asked Questions

How does the peppered moth example demonstrate the
principle of natural selection?
It shows how moths with traits that better blend into their environment are
more likely to survive and reproduce, leading to a higher frequency of the
camouflaged trait over time.

What role does environmental change play in the
natural selection observed in peppered moths?
Environmental changes, such as pollution darkening tree bark, shift the
survival advantage from light-colored to dark-colored moths, illustrating how
natural selection responds to environmental pressures.

Why did the frequency of dark-colored peppered moths
increase during the Industrial Revolution?
Because soot darkened tree trunks, dark-colored moths became less visible to
predators, increasing their survival and reproductive success compared to
light-colored moths.

How does the peppered moth example illustrate the
concept of adaptation?
It shows how a population evolves specific traits—like coloration—that
enhance survival in a particular environment, exemplifying adaptation driven
by natural selection.

Can the changes in moth coloration be reversed if
environmental conditions change again?
Yes, if pollution reduces and tree bark becomes lighter, natural selection
may favor light-colored moths again, demonstrating how natural selection can
adapt populations to new environments.

What evidence from the peppered moth case supports
the idea of differential survival in natural
selection?
The observed shift in moth populations toward darker or lighter coloration
based on environmental conditions shows that some variants have higher
survival rates, leading to changes in trait frequencies over generations.
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The story of the peppered moth is a classic illustration in evolutionary
biology that vividly demonstrates the principle of natural selection. This
example not only captures the imagination but also offers compelling evidence
for how species adapt over time in response to environmental changes. By
examining the case of the peppered moth, we can gain a deeper understanding
of how natural selection operates in real-world scenarios, shaping the traits
of populations across generations.

---

What Is Natural Selection?

Before delving into the specifics of the peppered moth, it’s essential to
clarify what natural selection entails. At its core, natural selection is a
mechanism of evolution where individuals with certain heritable traits are
more likely to survive and reproduce than others in their environment. Over
time, this process results in the increase in frequency of advantageous
traits within a population, leading to evolutionary change.

Key components of natural selection include:

- Variation: Differences in traits among individuals within a population.
- Inheritance: Traits are heritable and can be passed from parents to
offspring.
- Differential Survival and Reproduction: Some individuals are more
successful at surviving and reproducing based on their traits.
- Adaptation: Over generations, populations tend to develop traits that are
better suited to their environment.

---

The Peppered Moth: An Overview

The peppered moth (Biston betularia) provides a textbook example of natural
selection in action. Found primarily in the United Kingdom, this moth
exhibits two main color morphs:

- Light-colored (typica): With a speckled white and black pattern, blending
in with lichen-covered tree bark.
- Dark-colored (melanic): Nearly black, which was initially rare but
increased dramatically during the Industrial Revolution.

Historically, the light-colored morph was common because it camouflaged well
against the pale, lichen-covered trees. However, during the early 19th
century, rapid industrialization led to increased soot and pollution, killing
the lichens and darkening the tree bark. This environmental shift drastically



changed the landscape, affecting which moth morphs were better camouflaged
from predators like birds.

---

How the Peppered Moth Demonstrates Natural Selection

The peppered moth case exemplifies natural selection through the following
process:

1. Existence of Variation in Traits

Within the moth population, there was naturally occurring variation in
pigmentation—some moths were light, others dark. This variation is crucial
because natural selection acts on existing differences, not on new mutations
alone.

2. Heritability of Traits

The coloration trait is heritable, meaning offspring tend to resemble their
parents. This genetic basis ensures that advantageous traits can be passed
down through generations.

3. Environmental Change Alters Survival Odds

Prior to industrialization, the light-colored morphs had a survival advantage
because their coloration provided effective camouflage against predators on
lichen-covered trees. Conversely, the dark morphs were more conspicuous and
thus more likely to be eaten.

When industrial pollution darkened the environment, the adaptive landscape
shifted: the once-camouflaged light moths became more visible against the
soot-darkened bark, increasing their predation risk. The dark morphs, now
better camouflaged, had higher survival rates.

4. Differential Reproductive Success

Moths better camouflaged from predators survived longer and had more
opportunities to reproduce. As a result, the frequency of the dark morph
increased in the population during the period of heavy pollution.

5. Evolutionary Change Over Time

Over successive generations, the proportion of dark-colored moths increased
dramatically, demonstrating evolution driven by natural selection. When
pollution levels later declined and tree bark returned to a lighter state,
the frequency of the light-colored morph rebounded, illustrating the
reversible nature of adaptation.

---



Key Principles of Natural Selection Illustrated by the Peppered Moth

Let's explore the core principles of natural selection as exemplified by this
case:

Variation in Traits

- The presence of both light and dark morphs within the moth population
showcases phenotypic variation. This variation is essential because, without
differences, natural selection has no substrate to act upon.

Heritability of Traits

- The coloration pattern is genetically determined, ensuring that
advantageous traits can be inherited and propagated through generations.

Differential Survival and Reproduction

- Predation acts as a selective pressure. Moths that are better camouflaged
are less likely to be eaten, thus having higher chances to reproduce and pass
on their traits.

Environmental Influence

- The environment (pollution level, tree bark coloration) directly influences
which traits are advantageous, demonstrating how natural selection is
context-dependent.

Adaptation

- Over time, the population's genetic makeup shifts toward the trait that
confers the highest survival advantage in the current environment,
exemplifying adaptation to environmental changes.

---

List of Major Lessons from the Peppered Moth Example

1. Natural selection can lead to rapid evolutionary changes when
environmental conditions shift significantly.
2. Selective pressures are often external and environmental, such as
predation or habitat alteration.
3. Phenotypic variation must be present for natural selection to act upon.
4. Heritability ensures that advantageous traits can become more common over
generations.
5. Reversible evolution can occur if environmental conditions change back,
demonstrating the dynamic nature of adaptation.
6. The example underscores the importance of environmental context in
determining which traits are beneficial.

---



Broader Implications and Significance

The peppered moth is more than just a fascinating story; it is a powerful
demonstration of how natural selection operates in natural populations. It
provides tangible evidence that evolutionary change is not just a theoretical
concept but a measurable process observable in real time. This case has
influenced scientific understanding of evolution and underscored the
importance of environmental factors in shaping the genetic makeup of
populations.

Moreover, it highlights how human activity—such as industrial pollution—can
influence natural selection by altering habitats and the selective pressures
on species. The reversal of the moth population trends as pollution levels
decreased further emphasizes that evolution is a dynamic and ongoing process.

---

Conclusion

The peppered moth example remains a cornerstone in the study of natural
selection. It illustrates how variation within a population, combined with
environmental pressures, can lead to significant shifts in traits over
relatively short periods. This case exemplifies the fundamental principles of
natural selection—variation, heritability, differential survival, and
adaptation—in a clear, accessible manner. As a result, it continues to serve
as an educational tool and a testament to the power of natural selection in
shaping the diversity of life on Earth.
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