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Chapter 29: Overview of the
Theory of Evolution

Our plan
• DeWitt’s chapter is organized backwards in terms of history of
science. But we’ll study the Darwinian worldview in a historical
order:
1. Evolutionary thought before Darwin
• This is not in DeWitt’s book.

2. Darwin’s evolutionary ideas
• This overlaps with DeWitt’s section on Darwin and Wallace.

3. Basics of modern evolutionary theory
• This is DeWitt’s first big section in the chapter.

Evolutionary thought before Darwin
The Problem of Organic Origins
What are the causal origins of species of organisms in the world?
• This was one of the most important scientific problems in the 19th
century.
• But the problem itself is much older, and there have been
competing solutions since antiquity (see next).

Evolutionary thought before Darwin
Solution 1: Species transformism
• Species change over time. Existing species are modifications of
other species, coexisting or already extinct.
• Note: this is a general idea that can be worked out in different ways
(see examples later).

Evolutionary thought before Darwin
Solution 2: Species permanence
• Species are fixed and do not change over time. Each species must
have its own causal origin that is distinct from other species.
• Note: this is also a general idea that can be worked out in different
ways (see an example later).

Evolutionary thought before Darwin
Species transformism (ancient example)
• Ancient Greek atomists speculated about how purposeless motions
and collisions of atoms could produce a primitive life form that can
then change into diverse forms of life.
• The atomists’ thought contains two separate ideas:
1. Inorganic origin of life
• The question of the origin of life is separate from species transformism.

2. Species transformism

Evolutionary thought before Darwin
Species permanence (example)
• As we discussed before, ancient Greek atomism was highly
speculative philosophy, and European science was dominated by
the more empirically successful Aristotelian worldview.
• The Christianized Aristotelian worldview incorporated species
permanence, because it cohered well with its core beliefs.

Evolutionary thought before Darwin
• In Week 6, we talked about Aristotelian essentialism (in the
context of physics of motion).
• In the context of biology, Aristotelian essentialism becomes:
Species essentialism
• A species has essential characteristics that distinguish it from other
species, and the essential characteristics do not change over time.
• Not all characteristics are essential. Some characteristics can
change or vary—they are called accidental characteristics. So
essentialism can account for variations within a species.

Evolutionary thought before Darwin
• Note how species essentialism goes with species permance:
Species essentialism
• A species has essential characteristics that distinguish it from other
species, and the essential characteristics do not change over time.
Species permanence
• Species are fixed and do not change over time. Each species must
have its own causal origin that is distinct from other species.
• Essentialism and permeance support each other, and together
imply the italicized part.

Evolutionary thought before Darwin
• In the Christianized Aristotelian worldview, there is another idea
that addresses the italicized part of the last slide:
Special creation
• God separately created all species as they exist today.
• Now put all three views together (see next).

Evolutionary thought before Darwin
The Christianized Aristotelian worldview before Darwin
Species essentialism
• A species has essential characteristics that distinguish it from other
species, and the essential characteristics do not change over time.
Species permanence
• Species are fixed and do not change over time. Each species must
have its own causal origin that is distinct from other species.
Special creation
• God separately created all species as they exist today.

Evolutionary thought before Darwin
• As we saw, this Christianized Aristotelian worldview was dominant
in European science for a long time.
• But in physics, this worldview began to be replaced over the course
of the 17th century.
• In the 18th century, biology felt the repercussions of this shift in
worldviews.
• The new physics (what we called the new science last week) stimulated
renewed interests in the origin of the universe. (This would be the
physicist’s version of the origin problem.)

Evolutionary thought before Darwin
• In addition, biological and geological research turned up more and
more fossils, and together with the new geological theory of the
Earth’s strata, scientists began to think that the age of the Earth is
much older than what the Bible seems to suggest.
• This meant that a theory invoking slow changes could work.

• Of course, just as we saw before, giving up the Aristotelian
worldview was impossible without formulating a replacement. In
biology, the replacement came from the sustained work by many
people on the problem of organic origins: What are the causal
origins of species of organisms in the world?

Evolutionary thought before Darwin
• Biologists in the 18th and 19th centuries explored species
transformism as an alternative to the Aristotelian worldview
(species essentialism, species permanence, and special creation).
Species transformism (examples around 1800)
1. Erasmus Darwin (1731–1802), English physician, naturalist; Charles
Darwin’s grandfather
2. Jean-Baptiste Lamarck (1744–1829), French naturalist

Erasmus Darwin, Zoonomia (1794)

Evolutionary thought before Darwin
• From Erasmus Darwin’s Zoonomia (a chapter on “Generation”):
• It appears that “all animals have a similar origin, viz. from a single
living filament.”
• “filament” is somewhat vague, but for our purposes, think of it as a basic
unit of life.
• Note that Darwin was writing before our idea that organisms are
composed of cells and that a cell is a unit of life was formulated in the
middle of the 19th century.

• See more quotes next.

Evolutionary thought before Darwin
• “Would it be too bold to imagine, that in the great length of time,
since the earth began to exist, perhaps millions of ages before the
commencement of the history of mankind, would it be too bold to
imagine, that all warm-blooded animals have arisen from one living
filament, which THE GREAT FIRST CAUSE endued with animality [. .
.] and thus possessing the faculty of continuing to improve by its
own inherent activity, and of delivering down those improvements
by generation to its posterity, world without end?” (Erasmus
Darwin)

Evolutionary thought before Darwin
• “Shall we say that the vegetable living filament was originally
different from that of each tribe of animals above described? And
that the productive living filament of each of those tribes was
different originally from the other? Or, as the earth and ocean were
probably peopled with vegetable productions long before the
existence of animals; and many families of these animals long
before other families of them, shall we conjecture, that one and
the same kind of living filaments is and has been the cause of all
organic life?” (Erasmus Darwin)

Evolutionary thought before Darwin
• Erasmus Darwin was also a poet. In The Temple of Nature (1803), he
writes:
“Organic life beneath the shoreless waves
Was born and nurs’d in Ocean’s pearly caves;
First forms minute, unseen by spheric glass,
Move on the mud, or pierce the watery mass;
These, as successive generations bloom,
New powers acquire, and larger limbs assume;
Whence countless groups of vegetation spring,
And breathing realms of fin and feet and wing.”

Evolutionary thought before Darwin
Species transformism
• Species change over time. Existing species are modifications of
other species, coexisting or already extinct.
• Erasmus Darwin’s view is one way of working out this idea:
• God (“the great first cause”) created the first living filament with a
capacity to change and transmit changes to successive generations.
• Simple organisms descended from this first living filament.
• More complex organisms descended from simpler organisms.

Evolutionary thought before Darwin
• The term “evolution,” since Charles Darwin, refers to species
transformism.
• Transformism, transmutation, etc were more common terms in the 19th
century.
• Charles Darwin’s own term was “descent with modification” (more on this
later)

• Let’s compare Erasmus’s evolutionary ideas and the Aristotelian
views.

Evolutionary thought before Darwin
Christianized Aristotelian Erasmus Darwin
Species

Fixed and immutable

Organic Origin Special creation

Can transform into other species
First life created by God, and simple
organisms descended from the first
life; others descended from simple
ones
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Evolutionary thought before Darwin
• Erasmus’s evolutionary ideas were quite speculative.
• But you can see how Charles Darwin was already familiar with evolutionary
thinking when he started his biological inquiries.

• Lamarck formulated a more thorough evolutionary theory.
• We’ll just look at his version of species transformism.

Lamarck, Zoological Philosophy (1809)

Evolutionary thought before Darwin
• In Lamarck’s theory, simple forms of life are constantly and
spontaneously generated through chemical processes in the
inorganic world (primarily, the actions of heat, light, electricity, and
moisture on inorganic matter).
• Each simple life then follows paths of organic development.
• For example, among animals, worms and insects are spontaneously
generated, and then they follow the same paths of organic development,
which end at various forms of mammals. (see the diagram next).
• So different species today are simply at different stage of organic
development.

Lamarck’s diagram
(organic development
starts from the top)
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Evolutionary thought before Darwin
Species transformism
• Species change over time. Existing species are modifications of
other species, coexisting or already extinct.
• Lamarck’s theory is one way of working out species transformism.
• Lamarck believed that the universe was created by God with
physical laws in place (like Newtonians thought).
• But instead of the creation of the first life as in Erasmus Darwin,
Lamarck thought that simple life forms can appear spontaneously
from chemical processes on inorganic matter.

Evolutionary thought before Darwin
• So there are many ways to work out species transformism, and
each version is a possible, non-Aristotelian solution to the organic
origins problem.
• In this respect, Charles Darwin’s major achievement is two-fold:
1. Establishing common descent with the wealth of evidence

• This is a version of species transformism, and Darwin showed that species
did change over time and share a common ancestor.

2. Articulating natural selection as a mechanism of species
transformation
• This is an explanation of how species change.

• Both ideas are non-Aristotelian.

Darwin’s Evolutionary Theory
• We’ll look at two major aspects of Darwin’s evolutionary theory:
1. Common descent
2. Natural selection
• DeWitt describes how Darwin and Wallace arrived at the theory of
natural selection. (We’ll not discuss this topic in lecture.)
• DeWitt does not distinguish (1) and (2)—he speaks instead of
“evolution by natural selection”—so let’s start by discussing why
this distinction is important.

Darwin’s Evolutionary Theory
• Common descent is an empirical pattern or structure of
relationships among organisms.
• In other words, it is one possible type of relationships among
organisms. (see diagrams next)
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Darwin’s Evolutionary Theory
• Common descent is of course the usual structure of a biological
family.
• For example, blood-related siblings and either one of their parents
form a common descent structure.
• Another way to express the same structure is to say that the
siblings share a common ancestor.
• So to say that organisms are related by common descent is just to
say that organisms share a common ancestor.

Darwin’s Evolutionary Theory
• Organisms share a common ancestor.
• How could we confirm this hypothesis?
• In the case of a contemporary family, we can have direct evidence.
(We can see that someone was born from another.)
• But if you can’t have direct evidence, how would you confirm the
hypothesis?
• Review the confirmation reasoning (Week 3).

Darwin’s Evolutionary Theory
• Confirmation Reasoning
1. If T is true, then we should be able to observe O.
2. We do observe O.
3. Therefore, T is probably true.
• In our case, T = Organisms share a common ancestor.
• What would be O? (See an exercise next).

What is the most plausible
hypothesis about the relationship
between these girls?

You probably think that they are
twins: they share a common
ancestor.

Why is your hypothesis plausible?
An answer to this question has to do
with the prediction of the common
descent hypothesis.

Diane Arbus

Darwin’s Evolutionary Theory
• Confirmation Reasoning
1. If T is true, then we should be able to observe O.
2. We do observe O.
3. Therefore, T is probably true.
• In our case, T = Organisms share a common ancestor.
• What would be O? (See an exercise next).
• An example: similarities between organisms.

• That is, if organisms share a common ancestor, we should be able to
observe similarities between them.

What is their relationship?

Sandro Miller

Darwin’s Evolutionary Theory
• Common descent is an empirical pattern or structure of
relationships among organisms.
• It predicts (or explains) observable similarities between organisms.
• Darwin and later biologists have found many other things that are
explained by common descent.

• Natural selection is one mechanism (explanation) of species
transformation over the history of common descent.
• Note that these are two different ideas, and Darwin argued for
them differently.

Darwin’s Evolutionary Theory
• Before we look at Darwin’s arguments, let’s clarify some
terminology.
• In a popular account (or criticism) of evolution, people often talk
about evolution as fact and evolution as theory.
• In an anti-evolution writing, evolution is called a theory rather than a fact—
indicating that evolution is a mere opinion and not truth.
• This usage of the terms ‘theory’ and ‘fact’ is of course not ours in this
course. And it’s also not how scientists use these terms.

Darwin’s Evolutionary Theory
• In our terminology, a fact is a belief that is deeply held and welljustified in a given context of time (see Week 3).
• In this sense, common descent is a fact: it is deeply held (by
working biologists) and well-justified since Darwin’s days.

Darwin’s Evolutionary Theory
• Darwin’s arguments for common descent were so convincing that
by 1870 (11 years after the publication The Origin of Species), an
article in the leading scientific journal Nature said:
• “The fascinating hypothesis of [descent with modification] has,
within the last few years, so completely taken hold of the scientific
mind, both in [Great Britain] and in Germany, that almost the whole
of our rising men of science may be classed as belonging to this
school of thought. Probably since the time of Newton no man has
had so great an influence over the development of scientific
thought as Mr. Darwin.” (A. W. Bennett, 1870)

Darwin’s Evolutionary Theory
• By ‘theory’, scientists mean an explanatory or predictive apparatus.
• E.g., The Ptolemaic epicycle-deferent system is a theory in this sense.

• In this sense, natural selection is a theory: it is what explains
observable features of species transformation.
• Of course, if a theory accurately predicts and explains
observations, we are justified in believing it. (So a theory can
become a conceptual fact in our sense.)

Darwin’s Evolutionary Theory
• Darwinian evolutionary theory includes both common descent and
natural selection (among other things).
• Both are predictive and explanatory (theory in scientists’ sense)
and are strongly held and well-justified (fact in our philosophical
sense).
• So it’s at best confusing to think about evolution as fact or as
theory.
• Let’s now turn to Darwin’s arguments for common descent and
natural selection.

Darwin’s Evolutionary Theory
• Darwin published three major books on evolution:
1. On the Origin of Species (1859)
2. The Descent of Man (1871)
• This book deals with human evolution, which was left out in the Origin.

3. The Expression of the Emotions in Man and Animals (1872)
• Originally planned as a chapter of The Descent of Man. This book deals with
the evolution of emotions and emotional expressions in humans and other
animals.

• We’ll look at very brief summaries of some arguments from (1) and
(2).

Darwin’s Evolutionary Theory
• Darwin’s argument for common descent can be reconstructed as a
usual confirmation reasoning.
1. If T is true, then we should be able to observe O.
2. We do observe O.
3. Therefore, T is probably true.
• T = Organisms share a common ancestor.
• O = Similarities between organisms.

Darwin’s Evolutionary Theory
• In the Origin, Darwin presented many types of similarities between
organisms.
• One type is homology.
• The similar features of organisms of different species are called
homologous if the similarity can be explained by common descent.
• See example next.

From Darwin’s The Descent of Man.
Top: human embryo
Bottom: dog embryo

Darwin’s Evolutionary Theory
• In The Descent of Man, Darwin begins by presenting “the evidence
of the descent of man from some lower form.” He writes:
• “It is notorious that man is constructed on the same general type
or model with other mammals. All the bones in his skeleton can be
compared with corresponding bones in a monkey, bat, or seal. So it
is with his muscles, nerves, blood-vessels and internal viscera. The
brain, the most important of all the organs, follows the same law,
as shewn by Huxley and other anatomists.” (Darwin, The Descent of
Man)

Darwin’s Evolutionary Theory
• “Man is liable to receive from the lower animals, and to
communicate to them, certain diseases as hydrophobia, variola
[smallpox], the glanders, &c.; and this fact proves the close
similarity of their tissues and blood, both in minute structure and
composition, far more plainly than does their comparison under
the best microscope, or by the aid of the best chemical analysis.”
(Darwin, The Descent of Man)

Darwin’s Evolutionary Theory
• “The homological construction of the whole frame in the members
of the same class is intelligible, if we admit their descent from a
common progenitor, together with their subsequent adaptation to
diversified conditions [For Darwin, adaptation is the result of
natural selection]. On any other view the similarity of pattern
between the hand of a man or monkey, the foot of a horse, the
flipper of a seal, the wing of a bat, &c., is utterly inexplicable.”
(Darwin, The Descent of Man)

Darwin’s Evolutionary Theory
• “Thus we can understand how it has come to pass that man and all
other vertebrate animals have been constructed on the same
general model, why they pass through the same early stages of
development, and why they retain certain rudiments in common.
Consequently we ought frankly to admit their community of
descent: to take any other view, is to admit that our own structure
and that of all the animals around us, is a mere snare laid to entrap
our judgment. [. . .] It is only our natural prejudice, and that
arrogance which made our forefathers declare that they were
descended from demi-gods, which leads us to demur to this
conclusion.” (Darwin, The Descent of Man)

Darwin’s Evolutionary Theory
• “But the time will before long come when it will be thought
wonderful, that naturalists, who were well acquainted with the
comparative structure and development of man and other
mammals, should have believed that each was the work of a
separate act of creation.” (Darwin, The Descent of Man)
• Here we can see that Darwin understood common descent as a
rejection of special creation.

Darwin’s Evolutionary Theory
• Darwin’s argument for common descent can be reconstructed as a
usual confirmation reasoning.
1. If T is true, then we should be able to observe O.
2. We do observe O.
3. Therefore, T is probably true.
• T = Organisms share a common ancestor.
• O = Similarities, like homologies, between organisms.

Darwin’s first sketch of common
descent in his notebook. (Notebook
B, 1837–1838)

Darwin’s diagram of common
descent in the Origin (1859)

Darwin’s Evolutionary Theory
• Darwin’s central argument for natural selection has the following
structure:
1. If these conditions [to be specified next] hold in nature, natural
selection occurs.
2. And these conditions do hold in nature.
3. Therefore, natural selection occurs.
• Notice this is a deductive argument.

Darwin’s Evolutionary Theory
• “If during the long course of ages and under varying conditions of life,
organic beings vary at all in the several parts of their organisation, and I
think this cannot be disputed; if there be, owing to the high geometrical
powers of increase of each species, at some age, season, or year, a
severe struggle for life, and this certainly cannot be disputed; then [. . .] I
think it would be a most extraordinary fact if no variation ever had
occurred useful to each being’s own welfare [. . .]. But if variations
useful to any organic being do occur, assuredly individuals thus
characterised will have the best chance of being preserved in the
struggle for life; and from the strong principle of inheritance they will
tend to produce offspring similarly characterised. This principle of
preservation, I have called, for the sake of brevity, Natural Selection.”
(Darwin, On the Origin of Species)

Darwin’s Evolutionary Theory
• “If during the long course of ages and under varying conditions of life,
organic beings vary at all in the several parts of their organisation, and I
think this cannot be disputed; if there be, owing to the high geometrical
powers of increase of each species, at some age, season, or year, a
severe struggle for life, and this certainly cannot be disputed; then [. . .] I
think it would be a most extraordinary fact if no variation ever had
occurred useful to each being’s own welfare [. . .]. But if variations useful
to any organic being do occur, assuredly individuals thus characterised
will have the best chance of being preserved in the struggle for life; and
from the strong principle of inheritance they will tend to produce
offspring similarly characterised. This principle of preservation, I have
called, for the sake of brevity, Natural Selection.” (Darwin, On the Origin
of Species)

Darwin’s Evolutionary Theory
1. If these conditions hold in nature, natural selection occurs.
• Darwin’s conditions are (see the red texts on the last slide):
a. Organisms vary in their individual structures.
b. There is struggle for existence (for these organisms).
c. Some individual variations are useful for their bearers to survive
the struggle for existence.
d. These individuals tend to transmit the useful variations to their
offspring.

Darwin’s Evolutionary Theory
1. If these conditions hold in nature, natural selection occurs.
• Darwin’s conditions are (see the red texts on the last slide):
a. Organisms vary in their individual structures.
b. There is struggle for existence (for these organisms).
c. Some individual variations are useful for their bearers to survive
the struggle for existence.
d. These individuals tend to transmit the useful variations to their
offspring.
• In many chapters of the Origin, Darwin shows how these conditions
commonly hold in nature (as indicated by the blue texts next).

Darwin’s Evolutionary Theory
• “If during the long course of ages and under varying conditions of life,
organic beings vary at all in the several parts of their organisation, and I
think this cannot be disputed; if there be, owing to the high geometrical
powers of increase of each species, at some age, season, or year, a
severe struggle for life, and this certainly cannot be disputed; then [. . .] I
think it would be a most extraordinary fact if no variation ever had
occurred useful to each being’s own welfare [. . .]. But if variations useful
to any organic being do occur, assuredly individuals thus characterised
will have the best chance of being preserved in the struggle for life; and
from the strong principle of inheritance they will tend to produce
offspring similarly characterised. This principle of preservation, I have
called, for the sake of brevity, Natural Selection.” (Darwin, On the Origin
of Species)

Darwin’s Evolutionary Theory
• So Darwin’s argument is:
1. If the following conditions hold
a.
b.
c.
d.

Organisms vary in their individual structures.
There is struggle for existence (for these organisms).
Some individual variations are useful for their bearers to survive the struggle
for existence.
These individuals tend to transmit the useful variations to their offspring.

then natural selection occurs (i.e., individuals with useful variations will
be preserved).
2. And these conditions do hold in nature.
3. Therefore, natural selection occurs.

Darwin’s Evolutionary Theory
• For Darwin, successive generations of natural selection will transform
species.
• We’ll illustrate this point with a simulation when we discuss modern evolutionary
theory next week.

• This mechanism of species transformation is consistent with common
descent.
• Darwin of course did not think his work was the last word on the
subject. Rather, he identified many difficulties of the theory he proposed
and opened up new scientific problems for generations of biologists.
• Darwin himself revised and updated the successive editions of the Origin in
response to criticisms and new findings.

