Phylogenies and the History of Life
(Ch. 27)
I. Introduction

A. Getting from speciation to the Tree of Life
B. The Sixth Extinction

I1l.  Background
A. Phylogenies 101
B. The Fossil Record — see text, 548-550
C. Life’s timeline

I11. Lessons from major branching and pruning events
A. The Cambrian Explosion
1. Patterns of fossils
2. Genetic mechanisms of change
B. Adaptive Radiation
1. Colonization/loss of competitors
2. Morphological innovations
C. Major pruning: Mass extinctions

Phylogenies and the
History of Life

I. Introduction
» Life has existed on Earth for some
3.8 hillion years:

— What patterns can be discerned in the
tree of life as species appeared and
disappeared over the course of history?

— Why do those patterns exist?
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A. Getting from speciation to the tree of life

>

Anagenesis Cladogenesis

C&R Fig. 24.1a C&R Fig. 24.1b

3 Domain Scheme

o
ﬁ%ﬁ%&wﬁﬁ%&éﬁ%@ﬁf

Plants, fungi, and
N animals are small

ancestor of archaea and eukaryotes

This node represents the comman
ancestar of all arganisms alive taday
Figure 18 Bickogical Schence, 2o © 2008 Pearsen Prentice Hall inc.

B. The “Sixth Extinction”?

2. Devonian
370 mya
’ e
1. Ordovician I
’ J V| 4. Triassic !
440 mya 2omya |y
3. Permian !
250 mya .

ey




The human
population has
been expanding
rapidly since 1700
“,

e

)

Population (billions)

0.14

) 500 1000 1500 2000
Year

Figurs 26-30 Blslogical Sclence, Tis
© 2005 Pearsin Prestice Hall o

2500

Current extinction rates are 10-100
fold higher than past

Extinctioes par thowsind species por millerrskors

00 000
Distant past Recont past Future
(fossil record) (known extinctions) (modeled)

a—— rreen e ton times

1
Long-beem mverage
I L sttt
o1

Extinction

\ Thy

I1. Background
A. Phylogenies 101

 The evolutionary history of a group
of organisms is called a phylogeny.
A phylogenetic tree shows
ancestor-descendant relationships
among evolutionary groups (usually
species or populations).

1. Basic structure of a phylogeny
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26.2 Phylogenetic tree of some of the great apes
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Fig. 26-3. Which phylogeny is not like the others?
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2. How Do Researchers
Estimate Phylogenies?
« Morphological and genetic characteristics

are used to estimate phylogenetic
relationships among species.

*Phenetic approach: similarity indices, clustering

ecladistic approach: focus on synapomorphies
(shared derived characters of the species under
study)

This is a monophyletic group This is a monophyletic group
that shares a derived trait that shares a derived trait
(the“C”in the third position) (the“G"in the fifth position)
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Problem with cladistic approach?
 Convergent evolution: homoplasy (= analogous traits)
vs. homologous traits.

» How to avoid this problem?

« Parsimony: identify the phylogenetic tree that
minimizes the overall number of convergent evolution
events.

« Parsimony: the most likely explanation or pattern is
the one that implies the least amount of change or the
least complexity.

» Assumption: convergent evolution is less likely than
similarity due to shared descent.

Whale Evolution: A Case History

Phylogeny based on morphological data

The astralagus is a synag phy that identifies artiodactyls as a
monophyletic group.
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Alternative hypothesis: whales most closely
related to hippos

If whales are related to hippos, then two evolutionary changes occurred
in the astralagus.
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B. Using the Fossil Record

» The fossil record is the only source of direct
evidence about what prehistoric organisms
looked like, where they lived, and when they
existed.

*Not covered in lecture. See pp. 548-50.
— How do fossils form?

— What are the limitations of the fossil record (the 4
biases)?
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Precambrian = ~ 4 billion years

The Paleozoic eraincluded the origin and early diversification of animals, land plants, and fungi.
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I11. Lessons from major branching
and pruning of the tree of life

*|s the pace of evolution constant?

*What potential mechanisms could lead to rapid
evolution?

*What mechanisms lead to adaptive radiations?
*What are the major extinction events in earth’s
history and how have they occurred?

*What have been the consequences for those
species that survive?

A. The Cambrian Explosion

« Bottom line: when they finally
happened, animals happened fast.

 Animals first originated around 565
million years ago (Ma).

*Soon after that, animals diversified
into almost all the major groups
extant today. This is known as the
Cambrian explosion.

Animal phylogeny (Ch. 32)

Lophetrachozon Ecdyseroa

fﬁfﬁffﬁfﬁﬁfﬁ
re/ "7 2 f;!..

'riphhlany (rigin of masoderm)
"'=--._ symmetry and cephalization
"‘-\.,\___l dial symmatry

\I‘um Diploblasty

Mulricsllul I-rny




1. Cambrian Fossils: pattern
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(b) Doushantuo fossils are. (e} Small, soft-bodied with hard parts from
microscopic. animals from Ediacara Burgass Shale

2. The Genetic
Mechanisms of Change

» How did the major changes
chronicled in the fossil record occur?

Evo - devo

» Combination of several fields of study:

— Paleontology;

— comparative anatomy;

— developmental biology;

— molecular genetics
« Clarify the genetic basis for novel
structures such as heads, tails, and limbs
« Called evo-devo, because it combines
evolutionary and developmental studies.
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Questions

» What event likely wiped out the dinosaurs? .

» What three pieces of evidence support this
hypothesis?

» What were the consequences for species
persisting after this event?

Background Mass extinctions
extinctions
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Iridium is present at high concentration
in rocks formed 65 mya.

What Killed the Dinosaurs?
(Mass extinction at K-T boundary)
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« Early hypothesis: climate change. T o Y S
« Recent impact hypothesis: an 5% Strong peak nridu
asteroid struck Earth and caused E = E;zt:;::s-Tertiarv
widespread destruction and extinction § o

(Figure 27.16).
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Minerals that form during asteroid impacts
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The asteroid left a crater [180 km (112 miles) wide

Mesico.
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Recovery

* Ferns appear to have replaced
diverse woody and flowering plants
in many habitats following the K-T
extinction.

Mammals diversified to fill the
niches left empty following the
dinosaur extinctions.

KEY CONCEPTS

® Phylogenies and the fossil record are the
major tools that biologists use to study the
history of life.

KEY CONCEPTS

® The Cambrian explosion was the rapid
morphological and ecological
diversification of animals that occurred
during the Cambrian period.

KEY CONCEPTS

® The new field of “evo-devo” is providing
insights into how major events in the history
of life occurred, by revealing the genetic
mechanisms involved.




KEY CONCEPTS

® Adaptive radiations are a major pattern in
the history of life. They are instances of
rapid diversification associated with new
ecological opportunities and new
morphological innovations.

KEY CONCEPTS

® Mass extinctions have occurred repeatedly
throughout the history of life. They rapidly
eliminate most of the species alive in a
more or less random manner.




