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Evolution Evolutionary Thought

Aristotle’s mentor was Plato

•Aristotle
–“Ladder of life”
–Permanent and unchangeable
–Incorporated into Western thought

•Excavations for roads and mines revealed fossils

Formation of sedimentary rock and deposition of fossils from different time periods

Nautilus
(Chambered
nautilus)
Extant

Ammonites
Extinct

•Lamarck hypothesized that organisms changed over
time

Early Evolutionary Theories

Lamarck

•Malthus “Essay on Population”
warned human population
would double every 25 yrs

Early Evolutionary Theories

Malthus

An 1851 editorial cartoonist
imagines an overcrowded London
in the future; Thomas Malthus
raised the possible dangers of
overpopulation; his ideas helped
Darwin formulate ideas of natural
selection
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Charles Darwin

1854 1874 Alfred Russell Wallace

H.M.S. Beagle

A phylogenetic tree for the Galápagos finches

“Beak of the Finch”

30+ years of research
on Daphne Major conducted
by Peter and Rosemary Grant

Evolution that is fast enough to watch
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Adaptive Radiation = spread of species of 
common ancestry into different niches

Convergent evolution = occupation of the same 
niche by products of different adaptive 
radiations, especially in different parts of the 
world

Both phenomena are clearly evident in flora and 
faunas of:

a. Distant archipelagoes (Galapagos, Hawaii)

b.  Ancient lakes (Baikal, Rift lakes of East Africa)

Model for adaptive radiation
on island chains

Galapagos

Hawai’i
1. A collection of islands rather than a single island allowing

splitting of populations into full-blown species
2. Geographically remote so that few colonists reach it
3. Large enough to provide niches for radiation of many

species
4.  Still old enough for impressive radiation to have occurred

Distant archipelagoes marked by disharmony (i.e.,
wildly disproportionate representation of some major
groups and absence of others)

Birds of Hawaii
1. 100+ spp of endemic birds
2. 60+ spp extinct due to Polynesians and Europeans
3. Over half of endemics are honeycreepers
4. Ancestral honeycreeper thought to resemble a goldfinch
5. Most of honeycreepers now extinct

a.  Overhunting d.  Carnivorous ants
b. Deforestation e.  Bird malaria
c.  Rats f. Avian dropsy

Adaptive Radiation of Hawaiian 
Honeycreepers

1. Ou (Psittirostra psittacea) (finch-like)
2. Maui parrotbill (Pseudonestor xanthophrys)
3. Akepa (Loxops coccinea) (crossbill)
4. “Warblers” (Loxops & Himatione)
5. “Sunbirds” (Hemignathus) (long downward curving 

bills to siphon nectar from flowers)
6. Nukupuu (Hemignathus lucidus) (lower bill half as long 

as upper)(nectar feeds with upper bill; taps tree trunks 
with lower bill to remove bark to get at insects)

7. Akiapolaau (Hemignathus wilsoni) (woodpecker 
hammers bark and wood with lower bill; then probes 
with curved upper bill)



4

Scale nipper with “left-mouthed” and “right-mouthed” alleles

Essentials of Evolutionary Theory

1.  Populations have the potential to increase 
rapidly

2.  Natural populations do not grow 
unchecked

3.  Only a fraction of each generation survive
4.  Which individuals die depends to some 

extent on the structures and abilities of the 
individual

Evolutionary Theory cont.

5.  Favorable variations tend to be preserved 
and unfavorable destroyed - natural 
selection

6.  If the variation is inherited it will be passed 
to offspring

7.  Over many generations the overall genetic 
makeup of the population will change -
evolution

Life is like a tree

• Multiple branching from a common trunk

• All organisms related through descent

• Closely related species share more 
characteristics because of their common 
descent 
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Black
bear 

(Ursus 
americanus)

Terrestrial
Omnivore

Harp Seal (Phoca groenlandica)
Aquatic/Terrestrial, Carnivore

Female
Male

Hippopotamus amphibius Terrestrial/Aquatic, Herbivore

Sea Otter (Enhydra lutris)

Aquatic, Carnivore

King Penguin (Aptenodytes patagonicus)
Aquatic/Terrestrial, Carnivore
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Aquatic, Carnivore

Harbor Porpoise (Phocoena phocoena)

Blue Whale (Balaenoptera musculus)
Aquatic, Omnivore

Evidence for evolution

• Fossils 
– Graded series leading from an ancient form, 

through several intermediate forms, to the 
modern form

– Chronological appearance of ancestors
• Vertebrates = fish, amphibians, reptiles, mammals

• Structures are internally similar because of common 
ancestor but have different functions

• Forelimb of mammals

Comparative anatomy

• Remnants of structures that had important functions 
in ancestors but no longer used

• Pelvic bones in whales
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Vestigial structures

Analogous structures

• Convergent 
evolution

• Given 
environmental 
demands, unrelated 
organisms 
independently 
evolve superficially 
similar structures

• wings

Henodus chelops --Turtle or Not

• All vertebrate embryos look similar in early development
• All have tails and gill arches
• Differences result from changes during development



8

Cave Bear
(Ursus spelaeus)

Harp Seal 
(Phoca 

groenlandica)

Hippopotamus antiquus 
(Extinct)

Sea Otter (Enhydra lutris)
Aquatic, Carnivore

King Penguin (Aptenodytes patagonicus) Harbor Porpoise (Phocoena phocoena)
Aquatic, Carnivore
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Blue Whale
(Balaenoptera 
musculus)

Molecular biology

• Evolutionary relationships are reflected in 
the DNA and proteins.

• The closer the match between sequences, 
the more recent the common ancestor.

• A common genetic code for all living things 
is evidence that all are related.

Computer 
programs find the 
most likely fit

Fig 25.12

Computers build phylogenic trees based on sequence data
A portion 
of the 
aligned 
sequences
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Part of the aligned DNA sequences
A rooted 
phylogenetic tree 
made from the 
DNA sequence 
alignment

• DNA data suggest hippos as whale’s closest 
land relative but there was no fossil 
evidence to support this theory

• Recent discovery of 47 million year old 
fossils from a proto-whale

Proto-whale skeleton

Pakicetus
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Ambulocetus natans

Kutchicetus

Rhodocetus

Aetiocetus (skull and reproduction)

Dorudon

Basilosaurus

Current 
best tree


