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Chapter 22
Darwin and
Evolution by
Natural Selecti

DeMarco/Goldberg

"Nothing in biology
makes sense except
in the light of
evolution.”

-- Theodosius Dobzhansky
March 1973

Geneticist, Columbia University
(1900-1975)
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Life’s natural history is a record of successions & extinctions.
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Succession of Types

Armadillos are native to the
Americas, with most species

found in South America. Sixsbanded

armadillo

Glyptodont fossils are also
unique to South America.
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LaMarck

= Organisms adapted to
their environments

o through acquired traits

e change in their life time

= Use & Disuse
organisms lost parts because they did not use them
— like the missing eyes & digestive system of the
tapeworm

= Perfection with Use & Need
the constant use of an organ leads that organ to
increase in size — like the muscles of a blacksmith
or the large ears of a night-flying bat

e transmit acquired characteristics to next
generation

DeMarco/Goldberg

In Historical Context...
= Darwin did not originate the idea of evolution
= Geologic theories of Earth’s age & history

cleared the path for evolutionary biologists

Mendel (inheritance)
Darwin (evolution, natural selection
Lamarck (evolution)
American Revalution French Revolution U.S. Civil War
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1795 | Hutton proposes his theory of gradualism.
1788 | Mathus publishes “Essay on the Principle of Population.”
1808 | Lamarck publishes his theory of evolution.
1830 Lyell publishes Principles of Geology.
| i HMS Beagle.
1837 | Darwin begins his notebooks on the arigin of species.
1844 Darwin writes his essay on the origin of species.
1858 Wallace sends his theory to Darwin.
1858 The Origin of Speciesis published.
1865 Mendel publishes inheritance papers.

Charles Darwin

= 1809-1882

= British naturalist

= Proposed the idea
of evolution by
natural selection

= Collected clear
evidence to
support his ideas

Voyage of the HMS Beagle

® Travels around the world
+ 1831-1836
+ makes many observations
of natural world

= main mission of the Beagle was to chart
South American coastline

Robert Fit: y

Voyage of the HMS Beagle

= Stopped in Galapagos Islands = 4 ?‘“‘ &

Galapagos

Of relatively recent volcanic
origin most of animal species
on the Galdpagos live
nowhere else in world, but
they resemble species living
on South American mainland.

500 miles west of mainland J
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The Birds...

= Galapagos birds

« 22 of the 29 species of
birds on the Galapagos
are endemic

= found only on these island

« collected specimens of all

= One particular group...

« at first, he paid little
attention to a series of
small birds

+ some were woodpecker-
like, some warbler-like, & §
some finch-like

Darwin’s Finches

= Darwin was amazed to find

out they were all finches

« 14 species

« but only one species on
South American mainland

= 500 miles away

« all the birds had to originallyf#
come 4
from mainland
species

Correlation of species to food source
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Darwin’s Finches

= Differences in beaks
e+ associated with eating different foods
+ adaptations to foods available on islands

Warbler finch Cactus finch

Small insectivorous . A
tree finch '
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Darwin’s Finches
= Darwin’s conclusions
o small populations of original South American
finches reached islands
= variation in beaks enabled some to obtain food
successfully in the different environments
« Over many generations, the populations of
finches changed anatomically & behaviorally
= accumulation of advantageous traits
= emergence of different species

Foer
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Darwin’s Finches
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traits onto their

Variation Among Tortoises (> Darwin observed that the characteristics of many animals and plants varied
noticeably among the different Galapagos Islands. Among the tortoises, the shape of the shell comresponds to

X oot s different habitats. The Hood Island tortoise (right) has a long neck and a shell that is curved and open around the
offs pring (Connoea ohacea) g sataon neck and legs, allowing the tortoise to reach the sparse vegetation on Hood Island. The tortoise from Isabela Island

(lower left) has a dome-shaped shell and a shorter neck. Vegetation on this island is more abundant and closer to
the ground. The tortoise from Pinta Island has a shell that is intermediate between these two forms.
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microphiyes ////, "~ | Many islands also show
/. ..&-= / distinct local variations

g in tortoise morphology...

| This is not
) just a process
@ of the past... )
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Itis all
around
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Selective Breeding Selective Breeding [

Lots of hidden
variation comes
out!

The raw
genetic
material is
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hidden there./._,
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A Reluctant Revolutionary

= Returned to England in 1836

e+ wrote papers describing his collections
& observations

«long treatise on barnacles
o draft of his theory of
species formation in 1844

= instructed his wife to
publish this essay upon
his death

= reluctant to publish but
didn’t want ideas to die
with him

And then came the letter....
Then, in 1858, Darwin received a letter
that changed everything...

Alfred Russel Wallace
ayoung naturalist working
in the East Indies, had
written a short paper with a
new theory. He asked
Darwin to evaluate his
theory and pass it along for
publication.

..and the time was ripe for the idea!

1858 ON THE TENDENCY OF VARIETIES
TO DEPART INDEFINITELY FROM THE
ORIGINAL TYPE THE ORIGIN OF SPECIES
by Alfred Russel Wallace written at Ternate, February, 1858

Instability of Varieties supposed to prove the permanent B NEOS 08 SATTRAL SN,
distinctess of Species
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“The Struggle for Existencs.

Essence of Darwin’s Ideas
(1) Variation exists in natural populations.

(2) Many more offspring are born each season
than can possibly survive to maturity.

(3) As aresult, there is a struggle for existence.

. . Che !.vu...
- competition between members of a species etk

(4) Characteristics beneficial in the struggle
for existence will tend to become more
common in the population, changing the
average characteristics of the population.
- adaptations arise by survival!

(5) Over long periods of time, and given a steady input of
new variation into a population, these processes lead to
the emergence of new species...

Natural Selection

= Darwin referred to all of these factors
together as natural selection
e variation
« production of more offspring than can
survive
« competition

= for food, for mates & nesting
spots, to escape predators

« differential survival based
on traits
= successful traits = adaptations

The LaMarckian vs. DarW|n|an Vlew

= | aMarck

e in reaching higher
vegetation giraffes &
stretch their necks &
transmits the acquired
longer neck to offspring

= Darwin

e longer-necked giraffes
survive better & leave
more offspring who
inherit their long necks
(by genes, which he
didn’t know about!)



http://www.goldiesroom.org/Shockwave_Pages/040--Costs of Adaptation.htm
http://www.pbs.org/wgbh/nova/evolution/evolution-action.html

