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Essence of Darwin’s ideas

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

« Darwin
— giraffes born with longer

Variation exists in natural populations

Many more offspring are born each season than |
can possibly survive to maturity

As a result, there is a struggle for existence

— competition
Characteristics beneficial in the struggle
for existence will tend to become more common |
in the population, changing the average
characteristics of the population
— adaptations necks survive better &

Over long period_s qf time, and given a steady leave more offspring who

input of new variation into a population, these inherit their | K

processes lead to the emergence of new species inherit their long necks

) Natural selection in action
Convergent Evolution

* filling similar ecological roles in similar « Insecticide & ’t ‘ p
environments, so similar adaptations were selected drug resistance >

 ..but are not closely related insecticide didn’t
kill all individuals

LN y
marsupial | \ ‘\'x : —resistant survivors e s | &
mammals i, . ,

. placental reproduce & e @

= mammals —resistance is inherited X’

= =T —insecticide becomes less @ ®
& less effective A A
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Darwin’s finches

+ Differences in beaks
— associated with eating different foods

— survival & reproduction of beneficial adaptations to Evolution
foods available on islands ) by
Warblerfinch  Cactus finch .
Woodpecker finch S @‘ Q Sharp-beaked finch Natu ral SeIeCtlon
Smallinsectivorous N4 \ ' Smallground
tcrteefinch' g 'm ’ finch ¢

Large

insectivorous ° Medium
tree finch ground finch
Veget.:rla: \ Large
tree find N ground finch 2006200
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LaMarck

= QOrganisms adapted to
their environments by

acquiring traits
@ change in their life time
= 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
@ transmit acquired characteristics to next
generation

Voyage of the HMS Beagle

¢ Invited to travel around the world
—1831-1836 (22 years old!)

— makes many observations of nature

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

Robert Fitzroy
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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 .‘

» Stopped in Galapagos Islands ol

— 500 miles off coast of Ecuador




Mylodon (left) Giant ground
sloth (extinct)

Modern sloth (right)

This wonderful relationship
in the same continent between
the dead and the living will...throw more light
on the appearance of organic beings on our eg
and their disappearance from it,
an any other class of facts.”

But Darwin found... a lot of finches

Darwin was amazed to find out:
All 14 species of birds were finches...

But there is only one species of finch on the mainland!

How did
one species
of finches become
so many different
species now?
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Darwin found... birds

Collected many different birds on the Galapagos
Islands.

Thought he found very different kinds...

Tree Thinking

A e A i
Descendant ‘\
species

Ancestral
species




Correlation of species to food source

Cactus__ Small )
ree

{

!
Seed Flower ‘ Insect
eaters ’ eaters |Featers

Rapid speciation:
new species filling new nich
because they inherited
ful adaptations.

es

Seed eaters

Ground finches Tree finches
Genus Geospiza Genus Camarhynchus

South American mainland

Adaptive radiation Common ancestor from X

Darwin’s finches

» Darwin’s conclusions
—small populations of original South American
finches landed on islands

« variation in beaks enabled individuals to gather food
successfully in the different environments

—over many generations, the populations of
finches changed anatomically & behaviorally
+ accumulation of advantageous traits in population
» emergence of different species

FE RSN

Woodpecker fincl

Smallinsectivorous &7
tree finch '
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Darwin’s finches

« Differences in beaks
— associated with eating different foods

— survival & reproduction of beneficial
adaptations to foods available on islands

Large

insectivorous
tree finch

Vegetarian
tree finch

®

Warblerfinch  Cactus finch
Sharp-beaked finch

e Vg
Smallground
N Y
C3

e Medium

ground finch
ll ect eater;

l Large

h ground finch

Seeing this gradation &
diversity of structure in
one small, intimately related group of birds,
one might really fancy that

from an original paucity of birds

in this archipelago,

one species has been taken &

modified for different ends.




[Soed eators
i o s020 eaters are adapted
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Darwin’s finches

 Differences in beaks
allowed some finches
to...

Smal bled nches camol
rusn arg socds s wel,
Butare moro ade

plat
Nanding smai soods

Cactus fnchos are

10d o cpening
Gactus s and

— successfully compete
— successfully feed

Bud sater
| T bud eater's neavy bl s adapied for
|rasping and wronching buds from branches|

ANCESTOR FINCH
from Soutn America
maniang

— successfully
reproduce

* pass successful traits
onto their offspring
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In historical context

= Other people’s ideas paved the path
for Darwin’s thinking

Darwin (evolution, natural selection)

Lyell (uniformitarianism?, sas .
el T
struggle for survival

population growth

American Revolution French Revolution
Ll L L Lo [ [ L | veo [ |
1795 Hutton proposes his theory of gradualism.
1798 Malthus publishes “Essay on the Principle of Population.™
1803 | Lamarck publishes his theory of evolution.

~ 18311836 | Darwin travels around the world on HNIS Beagle.
1837 | Darwin begins his notebooks on the origin of species.
1844 | Darwin writes his essay on the origin of species.

1858 Wallace sends his theory to Darwin.

1859 The Origin of Species is published.
1865| Mendel publishes inheritance papers.

land masses change ove
immeasurable time

A Reluctant Revolutionary

Returned to England in 1836

—wrote papers describing his collections &
observations

—long treatise on barnacles
— 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

a young naturalist working in the East
Indies, had written a short paper with a
new idea. He asked Darwin to evaluate his
ideasand pass it along for publication.
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Voyage: 1831-1836

The time WaS ripe fOf' the idea! November 24, 1859, Darwin published

“On the Origin of Species by Means of Natural Selection”

1858 ON THE TENDENCY OF VARIETIES
TO DEPART INDEFINITELY FROM THE

o

ORIGINAL TYPE THE ORIGIN OF SPECIES
by Alfred Ri IW las Te February, 1858
by Al R Wate it Term, by - T R

distinctness of Species

BT MRS G NATERAL SLSCTIN,

e CHARL DARWI, XA, p W

JORK NUREAY, ALRINARLE SYNRET.

oo s prmmcert

5 8 ey ot G ey o o " e

oy et e s

To Lyell—

Your words

have come true
with a vengeance...
I never saw a more striking

“The Struggle for Existence.

Evidence supporting evolution

* Fossil record
— transition species
EVidence Of EVOlution . Anatomica| record

by Natural Selection — homologous & vestigial structures
— embryology & development

* Molecular record
— protein & DNA sequence

« Artificial selection
— human-caused evolution "jﬁ’(

Dodo bird
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Fossil Record

Fossil record

+ Layers of sedimentary rock contain fossils
— new layers cover older ones, creating a record
over time
— fossils within layers show that a succession of
organisms have populated Earth throughout a
long period of time

Fossil record Anatomical record
» Arecord showing us that today’s organisms * Homologous structures
descended from ancestral species — similarities in characteristics resulting from

common ancestr

wiio

%g e~
Eiophas o
Mammuthus _maximus _ (african
W Mammut Stegodond) _ (mammoth) (Asian elephan) elephan)
(mastodon) g

Millions of yoars ago
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Homologous
structures

* Similar structure
+ Similar development
« Different functions

+ Evidence of close evolutionary
relationship

— recent commron ancestor

Analogous structures

* Separate evolution of structures,
« similar functions
« similar external form
« different internal structure & deve
o different origin Y
~._ eno evolutionary relationship

\

Solving a similar problem with a similar solution

Convergent evolution Convergent evolution

. . . ® Fish: aquatic vertebrates
+ Flight evolved in 3 separate animal groups a

L . L, y ® Dolphins: aquatic mammals
— evolved similar “solution” to similar “problems o .
_ analogolis structu * s.|m|.lar adaptations to

life in the sea

+ not closely related




Vestigial organs

* Modern animals may have structures that serve little
or no function

— remnants of structures that were functional in
ancestral species

— deleterious mutations accumulate in genes for non-
critical structures without reducing fitness

« snakes & whales — remains of pelvis & leg bones of walking
ancestors

« eyes on blind cave fish
* human tail bone
* NOT LAMARCKIAN!

Molecular record

« Comparing DNA & protein structure
— universal genetic code!
* DNA& RNA
— Compare common genes
 cytochrome C (respiration)
» hemoglobin (gas exchange) | =r

Human/kangaroo
=
o
Dog/
rabbiy &
Todent
Wose/ Uamay J§ " Humanrodent
doniey

sheep/ Horse/cow
cen
goat. Pig/
i
2 Goat/cow
|

I I I L
% 50 75 o s

Closely related species have sequences that are
more similar than distantly related species
= DNA & proteinsare a molecularrecord of
evolutionary relationships

Millions of years ago
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Comparative embryology

+ Similar embryological development in
closely related species

— all vertebrate embryos have similar structures
at different stages of development
« gill pouch in fish, frog, snake, birds, human, etc.

a & & B
:‘})Lw_.‘ éy) 05?- (:é’%] 2

Comparative hemoglobin structure

PP > —

Human Macaque Dog Bird Frog Lamprey

A TN TS SV T T T
0 10 20 30 40 50 60 70 80 90 100 110 120
Number of amino acid differences between

h lobin (146 aa) of ver pecies and that of

10



Building “family” trees

Closely related species (branches) share same line of
descent until their divergence from a common ancestor

Lorisas. Taraiara New Waorld monkeya

Natural selection in action

Insecticide &

drug resistance 5 i

—insecticide didn’t oo @ =
kill all individuals $

—resistant survivors Srvmceomasin
reproduce

—resistance is inherited

—insecticide becomes less ]
& less effective @@ &

Artificial selection

* Artificial breeding can use variations in

populations to create vastly different “breeds” &
“varieties”

Phylogeny & Systematics

\s%

V / An unexpected family tree. What are the

u evolutionary relationships among a human, a
mushroom, and a tulip? Molecular systematics
has revealed that—despite appearances—
animals, including humans, and fungi, such as
mushrooms, are more closely related to each
other than either are to plants.
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lllustrating phylogeny

» Cladograms
— patterns of shared characteristics
a - o
y/
Lam":elet =P * J%‘
(outgroup) Lamprey Tuna Salamander Turtle Leopard
[Hair |

Classify organisms according to
the order in time at which
branchesarise along a
phylogenetic tree

Parsimony & analogy vs. homology

B

Lizard Bird Mammal Lizard Bird Mammal

Four-chambered
heart

Four-chambered
Four-chambered heart
heart

(a) Mammal-bird clade (b) Lizard-bird clade

Phylogenetic trees are hypotheses
Which is the most parsimonious tree?
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lllustrating phylogeny

» Page 538 fig. 26.5: How to Read a Phylogenetic

Tree .- AR A
Branch poin: jow to read a rooted phylogenetic tree
wheee lineages diverge Taxon A
Thoad _Sister
TaxonC e
Taxon O
ANCESTRAL el
UINEAGE
Taxon F
Basal
TaxonG “yavon
This branch point This branch point forms a
represents the polytomy: an unresolved
common ancestor of pattern of divergence.
taxa A-G.

Phylogeny & Systematics

* Phylogeny
— evolutionary history of a species
— based on common ancestries inferred from
« fossil record
* morphological & biochemical resemblances
* molecular evidence

* Systematics

— connects classification
system to phylogeny by
categorizing & naming
organisms

12



Building phylogenies

» Morphological & molecular homologies

— similarities based on shared ancestries
* bone structure
« DNA sequences

— beware of analogous structures -
« convergent evolution :

£

placental mole

Systematics

® Connecting classification
to phylogeny )

# hierarchical system b

« Carolus Linnaeas

+ Binomial nomenclature
= genus
= species

Evaluating molecular homologies

€ Ancestral homologous.

DNA segments are 1 CCATCAGAGTCC

. Allgnlng DNA identical s species | 3 [CCATCAGAGTEE
and species 2 begin to
di fi th
sequences oo Stetos

H Deletion
—more basesin @ mnmn 1 ccarcaghoree
common = more had been matching 2 CCA=CAGAGTCC
sequences in the two
closely related s i

— analyzed by '
© Homologous regions
software 1 CCATCAAGTCC

(yellow) do not ail

mutations

V

© Homologous regions
realign after a com-
puter program adds
9aps in sequence 1

ACGGATAGTCCAC GCA
GGATAGTC CTAGGCACTA 1CCAT

TCACCGACAGGTCTTITGACTAG

Molecular Systematics

« Hypothesizing phylogenies using molecular data

— apply principle of parsimony
+ simplest explanation
« fewest evolutionary events that explain data

O mM®bM@BODmMmEpbNMNDNM M m

3 possible phylogenies
(there are more)

hypothetical bird
species

Three possible phylogenetic hypotheses
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2lign because of these. 3 [ A TIGIIAIC AIGIAG T C C

CA AGTCC
2 CCATGTACAGAGTCC

13



Parsimony

» Choose the “tree” that explains the data
invoking the fewest number of evolutionary
events

To identify the most . - -

parsimorious tree, we total all he base- [ @ [m 00 m [m m m [
change events noted in steps 3-6 (don't

forget to include the changes for site 1, on

the facing page). We conclude that the

first tree i the most parsimonious of these

three possible phylogenies. (But now we

must complete our search by investigating

the 12 other possible trees.) Sevents 9 events 10 events.

Of Mice and Men...

» Evolving genomes

— now that we can compare the entire genomes of
different organisms, we find...
* humans & mice have 99% of their genes in common

* 50% of human genes have a close match with those of
yeast!

— the simplest eukaryote
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Modern Systematics

» Shaking up some trees!

—5
- ®
2 4@‘
» @ 9
Lizards Snakes Crocodiles Birds

Crocodiles are now
thought to be closer to
birds than other reptiles

Universal Tree of Life

H B. i Euki Arch
° 3 Domalns . T s Kaeaﬂ Symbiosis of
. chloroplast
— Bacteria ancestor with
— Eukarya 1
— Archaea

ancestor of
green plants

© Symbiosis of
mitochondrial
ancestor with
ancestor
of eukaryotes

Billion years ago

@ Possible fusion
of bacterium
and archaean,
yielding ancestor
of eukaryotic cells

@ Last common
ancestor of all
living things

Origin of life
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