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Introduction and lectures 1 and 2

*Nutritional modes

*3 domains

*Major plant groups (Divisions)
*Definition of Ecology and subfields
*Biotic/abiotic

*Changing Earth and important dates
*Origin of life-major theories
*Prokaryotes/Eukaryotes

*Theory of Endosymbiosis
*Adaptation

*Tools used for classification

Nutritional Classification

Table 14.1 A
of Organisms
Nutritional Energy Carbon
Type Source Source
Photoautotroph Sunlight €0,
(photosynthesizers)
Chemoautotroph Inorganic o,
chemicals
Photoheterotroph Sunlight Organic
compounds
Chemoheterotroph Organic Organic
compounds compounds
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2 Kingdom System of Classification: Plants & Animals
(Linnaeus, ~1750)

5 Kingdom System:
Monera, Protista, Plantae, Fungi, Animalia
(Robert Whittaker, 1969)

3 Domain System: Bacteria, Archaea, Eukarya
(our current best hypothesis)

What does this timeline illustrate about the process of science?

Five Kingdoms
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Earliest
organisms
{a) The five-kingdom classification scheme
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Three Domains
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Bacteria  Archaca Eukarya

Earliost
organisms
(b) The three-domain classification scheme
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The land plant

Divisions
Angiosperms
150 mya
Gymnosperms.
280 mya
Ferns
o
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Bryophytes
750 mya
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What is Ecology?

* The scientific study of the interactions between
organisms and their environments is called ecology

« provides a basic understanding of how natural
processes and organisms interact,

« gives us the tools we need to manage the planet’s
limited resources over the long term

Subfields of ecology
We can divide ecology into four increasingly
comprehensive levels: organismal ecology,
population ecology, community ecology, and
ecosystem ecology

Major Components of the
Environment

* Abiotic components, which consist of
nonliving chemical and physical factors, such
as temperature, light, water, minerals, and air

 Biotic components, which include the living
factors—all the other organisms that are part
of an individual’s environment.

‘Life on Earth - Timescale
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The changing earth:
The Origin of Life

* Early Earth was a very different place than it is
now.
— Chemically reactive atmosphere
— Very little Oxygen
— Very High UV and other energy sources (UV
damages DNA/RNA)

Lynn Margulis: ACMG
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Origin of Eukaryotic Cells
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Oldest animal fossils
Origin of mutticellular
isms

Prokaryotes Eukaryotes
“Bacteria Archaea' Protists Plants Fungi Animals
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Conozoic Firsthumans ® 9(iy ¢ o
| Mesozoic [ Extinction of dinosaurs 4
500, Paleozoic  |-Plants and symbiatic fungi colonize land

Systematics: connecting phylogeny and

taxonomy

* Taxonomy = the science of classifying

organisms

Ancestral prokaryote

(a) Cell with nucleus \

and endomembrane Aerobic
system heterotrophic
prokaryote
Photosynthetic [T
prokaryote @y ®.

Chioroplast "
"
(Some cells)
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(b) Photosynthetic eukaryotic cell
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Precambrian| cyanobacteria

3500 Oldest prokaryotic fossils

Earth cool enough for crust to solidify

* Phylogenetics = the study of phylogeny, or the
history of evolutionary relationships among
species

Key principles of cladistics

Since organisms are related by descent, close
relationship implies recent common ancestors.
Organisms differ genetically and pass on these
differences (and resultant traits) to their ancestors.
Therefore, organisms which are closely related should
share new features, acquired by evolution, that are
not present in other groups.

These uniquely shared derived characters are the
best guide to the evolutionary sequence.

Perceived similarities can be misleading

Perceived similarities can be misleading

Jellyfish Starfish Human

Which pair is most similar?
Which pair is most closely related?

Jellyfish Starfish Human

e Live on land
* Have backbone

Live in water
¢ No backbone
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Perceived similarities can be misleading

Jellyfish Starfish Human

Derived characters are identified
through comparison with an outgroup.

« An outgroup is a taxon known (or
assumed) to have diverged from a
common ancestor less recently than any of
the other taxa we wish to classify

« Then derived characters are those which
are found in some of the taxa under
consideration but not the outgroup.

Adding an outgroup to our comparison

5

Sponge Jellyfish Starfish Human

Derived characters must be absent from
outgroup

Sponges, jellyfish, and starfish all live in water
and do not have backbones, therefore these are
NOT derived characters.

Derived characters found in only one taxon
set it apart

Backbones and living on land are unique to
humans.

Derived characters found in only one taxon
set it apart

Sponge Jellyfish Starfish Human

ackbone
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Derived characters found in all taxa do not
resolve relationships

Sponges have only one tissue layer.
The other taxa all have multiple tissue layers.

Derived characters found in all taxa do not
resolve relationships

Sponge Jellyfish Starfish Human

multiple tissue layers

Shared, derived characters group related
taxa together

Sponges and jellyfish lack enclosed body cavities.
(ancestral)

Starfish and humans have enclosed body cavities.
(derived)

Shared derived characters are called SYNAPOMORPHIES.

Shared, derived characters group related
taxa together

Sponge Jellyfish Starfish Human

enclosed body cavities

multiple tissue layers

We have just made a cladogram

» Phylogenetic tree showing the order in
which different lineages diverged from a
common ancestor

» Each branch point is labeled with (a)
diagnostic synapomorphy(ies)

» Each synapomorphy is found on one
branch of the tree but not the other branch

Synapomorphies mark each branch on a
cladogram

Sponge Jellyfish Starfish Human

enclosed body cavities

multiple tissue layers
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of species. These represent evolutionarily unified groups.

J

Figure 25.10 Note: Legitimate taxa, such as genera or families, are composed of monophyletic groups

Grouping 1 Grouping 2 Grouping 3
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a) Monophyletic (b) Paraphyletic

(c) Polyphyletic

and all of its

*Monophyletic groups contain a

groupings are missing a common ancestor.

derived, homologous traits.

*Paraphyletic groups are missing one or more descendants, and polyphyletic

*How do we construct hypothesized monophyletic groups? Using shared,

What are shared, derived, homologous
traits?

* Shared traits are similarities among organisms

* Some similarities are homologous, i.e. shared
because of inheritance from a common
ancestor

* Other similarities are analogous, i.e. due to
convergent evolution, NOT from inheritance
from a common ancestor

Photsoynthesizes

Flowers

Woody Stem

Lives on land

/ Ancestral trait shared by all 4 taxa

What about analogous

structures?
* Co-evolution —>

* Convergent evolution
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