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image7.png
Lamarck on Giraffes

» Giraffes that stretch their necks to reach higher branches will elongate their
necks.
» Giraffes will pass on longer necks to offspring.

» Traits acquired through
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Precursors to Evolutionary Thought
Georges Cuvier (1767 — 1832)

» French naturalist and zoologist

» Father of
» Provided evidence for extinction

»

» Large catastrophes followed by new creation
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Precursors to Evolutionary Thought
Charles Lyell (1797 — 1875)

» Geologist who wrote Principles of Geology
» Forces are continuing to shape the earth

:earth shaped by slow
moving forces that are continuing to shape
the earth
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Charles Darwin’s Voyage

5 year trip around the world aboard H.M.S Beagle from 1831-1836

= Outbound voyage
* Inbound voyage
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The Galapagos Finches

) The Galspagos finches SO Rmeran unans
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Crystallization of an Idea

» Darwin read Thomas Malthus's An Essay on the
Principle of Population 6% ed. (1826)

» will be checked by limited
resources, disease, famine

> of birds after a cold snap near
Down House
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Alfred Russel Wallace

» Collected specimens in Brazilian Amazon the
throughout Malaysian Archipelago (Wallacea)
» Father of

» Geographic barriers often
separated closely related
species
» Wallace's Line

» Independently conceived idea
of natural selection
>
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On the Origin of Species

Darwin publishes his theory

» OnThe Origin of Species by Means of
Natural Selection or the Preservation of
Favoured Races in the Struggle For Life
(1858)

» Decent with modification
» Natural selection
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Darwin on Giraffes

» Variation in neck length within a population of giraffes

» Those with slightly longer necks will survive better where trees are hard to reach
Shorter necked individuals will fail to reach branches and die

» Longer necked individuals will pass on their trait for longer necks

*No stretching, just death
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Introduction to Theory of Evolution

» Common descent with modification: species of living things can
undergo modification in successive generations, with these changes
sometimes resulting in the formation of a new species
» Species are united by a common ancestor

» Natural Selection: the process through which traits that provide a
to an individual organism grow more common in
populations of organisms over successive generations
» Environmental conditions determines or selects organisms best suited for that
specific environment
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Darwin’s Four Postulates
Natural Selection
1) Individual organisms in a population ______in the traits they possess
2) Some of the trait differences are

3) Only some individuals survive long enough to produce offspring and
some produce more offspring than others

4) The subset of individuals that survive best and produce the most
offspringis ___a random sample of the population
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Introduction to Natural Selection

» Tallest individuals receive most sunlight, live longer, produce more
offspring with tall genes

20

5

0 20 30 W0 310 3 30 M 350 360
Redwood Tree Height (ft)

% of Population
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Evolution of a New Species

» Macroevolution: Large-scale evolution occurring over long periods of time
(geologic time) that results in the formation of (speciation)

» Microevolution: Small-scale evolutionary change resulting from a change of the
of a population

» Speciation: Development of a new species through evolutionary processes

2species
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Geologic Timescale

History of Earth
» 4.6 billion years

» Divided into Eras, Periods,and
Epochs

» Boundaries between Eras
correlate with

» First organisms ( )
arose ~ 3.5 bya

» First eukaryotes arose ~ 2.1 bya

» First fungi arose ~ 1 bya
» Moved to land around 500 mya

PRI O e 9 §

[
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Evidence for Evolution

Fossil record
Evidence for extinction

Evidence for diversification
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Evidence for Evolution

Fossil record B
Organic material replaced by minerals

» Petrified wood
Organic material: part of the organism
was preserved

Casts: impressions made by an
organism

Trace fossils: signs of life that
were preserved

» Footprints, burrows

Entire organisms
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Evidence for Evolution

forms: Intermediate
states between ancestral form and
its decedents

Archaeopteryx
» Teeth of reptile
» Feathers of bird
» Tail with vertebrae like reptile
» Claws of reptile
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Evidence for Evolution
Morphology: study of physical forms of organisms

Homologous structures: structures among
different taxa due to a common ancestor

Humerous-
Radius.
Ulna
Carples
Metacarples
Phalanges
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Evidence for Evolution

» Analogous structures: structures from
different species with similar function but W

evolutionary origin

> :the independent
evolution of similar features in species of
different lineages

shark ichthyosaur

mammal
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Evidence for Evolution

:study of development from Fish
fertilization to fetus stage

,,
we /7

development among vertebrate groups Tortoise
» Pharyngeal gill slits
» Post anal tail

Salamander.
» Similar structures during embryonic 5

Bird
Pharyngeal pouches 5
» Ontogeny recapitulates phylogeny

Human
» Ernst Haeckel Post-anal il g

%ww/
&
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Evidence for Evolution

:a structurein an
organisms whose original structure has
been lost during the course of evolution
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Evidence for Evolution

Radiometric dating:a technique used to date the age of an object by

measuring the
» Carbon dating
» C'?and C'*
» Half life of C'4 = 5730 years

» Uranium dating
» Uranium-238 to Lead-206
» Half life = 4.5 billion years

of radioactive elements within the object

o] \ater st hatire

TNl Ny (67300
N

T\ After 20d haltife

i 1
oSy
After 3rd haitife

7180 yr)

Number of 14C nuctei ()

10000 20,000
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Check Your Understanding

A paleontologist estimates that when a particular organism lived it contained
64mg of the radioactive isotope Carbon-14. The fossil organism now
contains 8mg of Carbon-14. The half-life of Carbon-14 is 5,730 years. How
old is this fossil?

a) 0.3 million years old
b) 11,460 years old

c) 1,910 years old

d) 17,190 years old

e) -5,730 years old
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Evidence for Evolution

otomAn oy i the ytocheome o oxidase gene

n DNA among
es

ies with simi i i 0
» Species with vslmllar traits have "
fewer base differences than = 12

e pig duck snske e moth
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Evidence for Evolution

John Endler’s guppy experiments show s
evolution under different environmental o
iti (Focia et
conditions

» Female guppies prefer brightly colored ‘
males

(Gronicichia i)

» Brightly colored males are easier to spot
by predator (pike)
» No predator = no pressure = bright males
» Predator present = drab coloration

Gupy
(Posci etcuias)

(Riwis harth)

>
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Evidence for Evolution

‘Spots per fish

Copyright ©The MeGraw- i ne,
No
prodaton
Low
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Check Your Understanding

Describe the differences between Lamarck's and Darwin’s theories
on the means of evolutionary change.
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Check Your Understanding

The remnants of pelvic bones in some whale species is an
example of

a. convergent evolution
b. a vestigial traits
c.analogous structures
d. embryology

e.a transitional form
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What is a Species?

:species are groups of actually or potentially
interbreeding natural populations which are reproductively isolated from
other such groups

» Between 3 million and |5 million species exist on earth
» Only 1.8 million species have been described
» 99% of all species that have existed are extinct!
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“There is grandeur in this view of life ... from so simple a
beginning endless forms most beautiful and wonderful have been,
and are being, evolved”

- Charles Darwin

Evolution and Phylogeny

Chapters 24, 25 and 26
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Describing Species

Ways species differ
Physical appearance
» Adaptations

a) Endangered species. {6) Not endangered

Behavior
» Mating behavior
» Vocalizations

Geographic range
Habitat type
Ecological niche
DNA

» Molecular differences
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< California gnatcatcher

Black-tailed gnatcatcher >
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How do new species arise?

I of population into two or more
separate populations that no longer interbreed
»  Geological event

»  Migration into a new area //”‘r %
G QU

2. Shiftin of separate populations
»  Genetic drift, natural selection, gene flow, sexual selection, =
mutation

3. Changes in allelic frequencies of populations results in 1
differences that prevent individuals from each population ’M@
from interbreeding with one another
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Speciation with Separation

speciation: speciation that results from the
of populations by a that prevents interbreeding between populations

(b) Altered environment

V

darker
coloration




image41.png
1. The original population
Started In the north and
migrated southward.

ot g pecis |

2. The population spit o the.
oast and wost of the
Centra Valley. Then two.
opuiations began to

ive independently.

3. Evolution of
aster population.

-~

4 Evolutionof
wostorh population.

ﬁ’

‘came back together I Southern
nteroroe o oduced i
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Speciation Without Separation

speciation: Speciation without geographic separation
» Ecological niche:The of a species within its ecosystem.
» Includes the interaction with all other organisms

Haplochromischiotes

b s W

opiaciegars =
e toeder)  Macropleurodus bicolor
et " foadson snails and oiher molluscs)
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Polyploidy

Polyploidy:a of a set of
chromosomes that results from an
accident during cell division

Autopolyploid: more than two sets of
chromosomes derived from the same
species

» Tetraploid: four sets of chromosomes

2n-6 mraplmn cell
4n

2 New species

Gametes produced (4"
by tetraploids

Autopolyploid speciation
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Polyploidy

Allopolyploid: duplicate set of Species A Species B
-6 2n-4

chromosomes from

species that become fertile over time

Normal gamete Normal gamete
n-3 n-2

Sterile hybrid with
5 chromosomes.

Mitotic or meiotic error
doubles the chromosome
number.

New species:
Viable, fertile hybrid
(allopolyploid)
2n-10
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Hybrid Zones

Regions where two different
species meet and mate

|solated Possible
! population ybrig eSS
Three possible outcomes: diverges. z0ne <
» Reinforcement: reproductive 4
Reinforcement

barriers are strengthened
» Hybrids diminish

¢

) . . Fusion
» Fusion: reproductive barriers
are weakened Population  Barrier to <=
» Two species fuse into one gene flow Stability

Hybrid
individual
» Stability: Hybrid individuals

persist
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Importance of Understanding Evolution

» Evolution unites all living things
» Common ancestor
» All living things have evolved and are evolving

» Theory of evolution provides actual evidence for understanding
the diversity of nature
» Everything can be explained through the processes of evolution
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Hybrid Zones
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Adaptive Radiation

Adaptive radiation: process in which
organisms »especially
when exposed to a new environment
with different challenges, new resources,
and available niches
» After mass extinction events
Cambrian explosion

Mammal diversification after Cretaceous
mass extinction 65 Mya

» Archipelagos
Galapagos finches
Hawaiian silverswords

©)The Gatipago e

=y

o s o
e Sl

& . sEe’
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How do evolutionary changes arise?

» Evolutionary novelties
» Exaptations

» Evolution of genes that control development (“Evo-Devo”)
» Changes in spatial pattern
» Changes in rate and timing of development
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from
structures

Evolutionary Novelties

» Novel and complex structures arise
to existing

(c)Pinhole camera-ype eye

Epthotium

s
N
anie
e —_—
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e

Example: Nautius

(a) Patch of pigmented cells
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Example: Patels, a limpet
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Exaptation

Biarmosuchus,
» Structures that evolved an extinct synapsid ke
for one function but Tempora. = Articular
sy Quadrate
become for ; Dentary
i et = Squamosal
another function.
(a) Artcular and quadrate bones in the jaw
» Inner ear bones in Middie ear
mammals Ewaum \ spes Ionerear Eardrum  Widdle ear

» Feathers in birds

Present.day reptile Present.day mammal
(b) Articular and quadrate bones in the middle ear
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Evolutionary Development (Evo-Devo)

Study of the evolution and modificatior -
of development processes (ontogeny) .
of various organisms .

» Homeobox genes: |80 base pair
DNA sequence that codes for a
section of the protein that controls
gene regulation
» “Tool kit”
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Evolutionary Development (Evo-Devo)

:type of homeobox gene
that determines body plan in animal

embryos
» Nearly identical in all animals

Adut
frult y %
t
Frut y embryo
(10 hours) «<Iwy

1
Pty CORTTVATH

chromosome
Mouse.
chromosomes

Mouse embryo
(12 days)
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Evolutionary Development (Evo-Devo)

Change in gene expression
» Alteration of developmental gene can cause significant morphological changes
» Insects from crustacean-like ancestor

Hoxgene & Hox gene 7 Hoxgene 8

About 400 ﬂ\\

A E—

Drosophila Artemia





image55.png
Gene Expression: Promoters and Enhancers

» Transcription factors
(enhancer and promotor
proteins) can increase or
decrease the rate of
transcription, which can
increase or decrease gene
expression.

» Greater expression of
Hoxc8 gene results is more
thoracic vertebrae in mice
compared to chickens

 ome
et o nwonse

ey SRR .

ety b
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Evolutionary Development (Evo-Devo)

Allometric growth: variation in the relative of different body parts
Newbom 2 5 15 Adult
Age (years)
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Importance of Understanding Evolution

Understanding evolution you will give you a greater appreciation for...
-the way plants and animals survive

-why plants and animals look the way the do

-why species are found only in certain areas

-the natural world!!!
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Evolutionary Development (Evo-Devo)

Heterochrony: evolutionary change in
the of developmental events

» “Different time”

Chimpanzee infant  Chimpanzee adult

Examples: = AN
» Growth rate of skull banes in human and @_. %
chimpanzee infants =
» Growth of phalanges in bats Chimpanzee fetus  Chimpanzee adult
» Decreased growth rate in pelvic bone of whales % %
-
Wumanots  Human adut
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Evolutionary Development (Evo-Devo)

Paedeomorphosis: when an organism Jovenile Adule

reaches sexual maturity while retaining
characteristics { ‘F&‘
Alligator - Z

» Mexican salamander

» Birds?

g modifed from Bhulsr ¢ aL 2012 Nstre. VoL 467 lsue 7406, p223:226
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Evolution of Species

Anagenesis: evolutionary change that
occurs a lineage

Cladogenesis: evolutionary change
that results in the formation of a new

e W\
7 ¢

NoRpHOLOGY ——— Anagenesis Cladogenesis
>
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Theories of Evolutionary Change

Gradualism: Small changes over time

» Ernst Mayr WJ “ W““

Punctuated Equilibrium: Speciation
occurs in with long periods
of time with little change and short periods / e

of time with large change
» Stephen J. Gould and Niles Eldredge

.o

[o—

[epee—
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Evolutionary Trends

Evolutionary trends are not

» Interaction between organisms
and their current environment
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Classifying Organisms: Taxonomy

‘Species Genus Family Ordor Class Phylum Kingdom Domain

» Domain s
» Kingdom {hmercan, o o o o o o e

Phylum (plural, phyla)
Class

Order

Family

Genus (plural, genera)
Species (no specie!)
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Hypothesizing Evolutionary Relationships
Morphological Data

Perissodactyla Artiodactyla

fused
metapodials
3and 4
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Using Molecular Clocks to Track Evolutionary Time

Molecular clock: Using a relatively constant in DNA and
protein sequences to estimating the time of evolutionary change

S0l years a
CAATGOATCG H
25 mitonyors tr: £
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E
e 5
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2 30
£
25 tonyer tr 2
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Organizing Evolutionary Relationships

Phylogeny: the evolutionary history of a species

Phylogenetic tree: hypothesis about evolutionary
relationships where branch length often represents amount
of evolutionary change or time

Cladistics: an analytical approach to classification that groups
organisms based on shared characteristics

Cladogram: a phylogenetic tree formed using cladistics
methods, which only infers the relationship between
organisms based on shared traits
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Phylogenetic trees can be Order Family Genus Species

used to depict taxonomic
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History of Evolutionary Thought

1609
Lamarck pubishes s
ypathst ofsvluon
750 smmm- g
vats pstes | g1, 003 by Watata
Essay oo Pncsle | S putnes s

o’ | w0
Vit sty sp00ms
{Gho oo o T4

1795
Hutton proposes.

el o Sotvin e pness o
Bookay ey i
| oo

0
150

Chares Danvm nina ongnot

o Shoces & putehod.
SisBesge 1o

B vt s

sy on doseont





image67.png
Understanding a Phylogenetic Tree

rganisms that share
an immediate common ancestor

ineage that diverged
early in the phylogenetic history

» Patterns of decent, not
phenotypic similarity

» Branching does not always
signify age of particular species

» Taxon did not evolve from sister
taxon

Branch point
where lineages diverge Taxon A
™\ © TaxonB|
~ $ ister
\b Taxonc | @@
Taxon D
ANCESTRAL Taxen €
LINEAGE Taxon F
Taxon G >{:is;"
Common ancestor of Polytomy: an unresolved
taxaA-G. pattem of divergence,
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Phylogeny Terms

» Ancestral trait: a characteristic that existed in an ancestor
» Symplesiomorphy: an ancestral trait shared by two or more taxa

» Derived trait: a characteristic that is a modified form of an ancestral trait
» :a shared, derived characteristic
Used to

» Clade:a group of species used in cladograms and phylogenetic trees, which
contains one ancestor and
»

» Outgroup: a taxa that diverged before all other taxa in the phylogenetic tree,
which is used for reference
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Interpreting Phylogenetic Trees

=2 ER._ =

Hagfish Doer

Aquatic
habitat

Ganivorous
foeding

‘\\ Synapomorphies are placed on

Tetrapod structure. «———————— the phylogeny to depict the
groups with the derived traits
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Interpreting Phylogenetic Trees
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Interpreting Phylogenetic Trees
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Check Your Understanding

Write the names of the listed organisms in the correct location in the phylogeny
below. Place the synapomorphies in the correct location on the phylogeny.

fes li
Butterfly

Wolf
I_J Coyore

Bear

Eagle

Rabbit
Mouse

Adaptaions
Wings

Backbone

Mammary glands

Carnassial teeth (flesh eating teeth)
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Phylogenetic Groupings
Monophyletic — Clade that includes ancestor and ____ of its descendants.

Paraphyletic — Grouping that includes ancestor and .but not all, of it” s descendants.

Polyphyletic — Grouping that lacks a most recent .

(2) Monophyletic group (clade)  (b) Paraphyletic group (¢) Polyphyletic group
A A
B Group1 B
Group 1
€ c
o o

m
m

Group 11 E
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Phylogenetic Trees

Phylogram: phylogenetic tree where branch length represents amount of

character change or genetic differences

Drosophila g
Lancelet

Zebrafish s

Frog

Chicken 9

Human

Mouse _,




image76.png
Phylogenetic Trees

Chronogram: phylogenetic tree

where branch length represents |Drosophila #
amount of geologic time since Lancelet ™
divergence | Zobrafish ™%
Frog
| Chicken
Human {9y
| Mouse "
<o 3
PALEOZOIC MESOZOIC | ENS-
542 21 655 Present

Millions of years ago
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Precursors to Evolutionary Thought
» Carl Linnaeus (1707 — 1778)

» Swedish botanist, zoologist, and physician

» Father of (classifying organisms)
» Binomial nomenclature
Ex. Homo sapiens
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Phylogenetic Trees

Edentota (arteaters, sioths, armadios)
Photdota (pangoins)

o8 Lagomerpha (rabixts, hares, and pikas)

Rodertia (nice, rats, squirels, gophers, porcupines, beavers, €1c)

Macroscelidea (elephant shrews)

Primates (monkeys, lemurs, gorilas, chimps, humans, etc.)

Scandertia (ree shrews)

Chiroptera (bats)

Dermoptera (cotugos or fiying lemurs)

Insectivora (shvews, moles, hedgehogs, etc.)

Creodorta +

Carmivora (dogs, cats, bears, raccoons, weasels, mongooses, hyenas, seals, wakuses)

Condylarthra +

Artiodactyla (pigs, deer. cattle, goats, sheep, Nppopotamu

Cetacea (whales, dolphins, porpoises)

Tubuidentata (aardvark)

Perissodactyla (horses, tapis, ihinoceroses)

Hyracoidea (hyraxes, dassies)

Sienia (manatees, dugon, sea cow)

Desmostylia +

Embrythopoda +

Proboscidea (slepharts, mammoths, mastodons, eic.)

. comels, etc)

Aoy
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Constructing a Phylogeny

» Maximum Parsimony: adopting the simplest explanation that is
consistent with the facts.

» Tree which requires the or the number of times a
derived trait appears within the phylogenetic tree

e LlesvsS st
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Constructing a Phylogeny

> : phylogeny based on the most likely outcome of
DNA data when considering the ways that DNA sequences change over
time.

Human  Mushroom  Tulip

15%
Human o 30%

Tuli

i 20% 25% }

Tree 1: More Inkely Tree 2: Less likely

(a) Percentage differences between sequences
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Cladistics and Cladograms
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Constructing a Cladogram

Taxa
Characters | Millipede | 2° | Beete | AN | oo Ant
Louse By
Wings 0 0 | 1 1 1
3 body regions 0 1 1 1 1 I
Social o o o o I 1
Complete

Metamorphosis ° 0 ! 0 ! !
Mobile Head 0 0 0 0 | [
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Precursors to Evolutionary Thought
» Jean-Baptiste de Lamarck (1744 — 1829)

» French naturalist

» Proposed that organisms could
acquired traits

» Changes that occurred during an organisms life
could be passed on





