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Chapter 24:

The Origin of Species

Chapter Reading – pp. 500-516

What is a Species?

Biological species concept:

• interbreed and producing fertile offspring in the wild

Other species concepts are necessary for

organisms that reproduce asexually:

• morphological species concept: classification based 

on the similarity of observable phenotypes

• ecological species concept: classification based 

on the similarity of ecological requirements (niches)

• phylogenetic species concept: classification based 

on genetic similarity (DNA & protein sequences, etc)

Applies to species that reproduce sexually which will be our focus.

Speciation
The generation of new species (speciation)

from a single existing species is the basis of

macroevolution and requires

1) reproductive isolation of distinct populations of

a given species

• no mixing of genetic alleles (i.e., no interbreeding)

between the populations

• typically due to geographic barriers

2) each population experiences different selective

pressures

• each population follows a different evolutionary path
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(a) (b)Allopatric speciation.

A population forms a

new species while

geographically isolated

from its parent population.

Sympatric speciation.

A subset of a population

forms a new species

without geographic

separation.

Speciation can 

occur with or 

without 

geographic 

barriers

ALLOPATRIC SYMPATRIC

Reproductive Barriers

In sympatric speciation, reproductive isolation 

results from “barriers” that are not geographic in 

nature: 

PREZYGOTIC BARRIERS hinder mating or fertilization

• e.g., individuals that breed at different times, sperm 

& egg that are not molecularly compatible

POSTZYGOTIC BARRIERS resist viable, fertile offspring

• e.g., hybrid zygotes do not develop properly or are

infertile

Prezygotic Reproductive Barriers
Prezygotic barriers
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Post-
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Reduced Hybrid
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Key Terms for Chapter 24

• reproductive isolation:  prezygotic vs postzygotic

• species:  biological, morpological, ecological &

phylogenetic

• speciation:  allopatric vs sympatric

Relevant 

Chapter 

Questions 
1-7

Chapter 25:

The History of Life on Earth

Chapter Reading – pp. 519-538



5/27/2016

4

How Did Life Begin?

No one can say for sure, however scientists

have proposed various scenarios, all of 

which are consistent with:

1) all natural laws

• i.e., what we know about the nature of physics,

chemistry, biology…

2) all physical evidence

• i.e., fossils, geological, astronomical evidence

Many prefer other explanations for life’s origins, 

however the goal of science is to 

explain phenomena in terms of the natural world.

The Early Earth
The oldest evidence for life on earth dates to

~3.5 billion years ago.

ammonia (NH3) methane (CH4) 

hydrogen (H2) hydrogen sulfide (H2S) 

water (H2O) hydrochloric acid (HCl) 

carbon dioxide (CO2) nitrogen (N2) 

Geologic evidence for this time indicates the

atmosphere at this time was composed of:

Notice there is no oxygen (O2)!

This is important because it avoids the degradation 

of organic compound by oxygen

How Might Life Have Begun?
For life to arise, the molecules of life must:

1) store information (like DNA, RNA)

2) reproduce themselves

3) catalyze biochemical reactions

4) be enclosed in some sort of “container” to keep

them together

One molecule can do the first 3 of these: RNA
• yes, some RNA molecules have been shown to reproduce

and/or to have enzymatic activity (i.e., “ribozymes”)

Phospholipids form microsomes (enclosed spheres)

which can account for our 4th requirement.



5/27/2016

5

The Earliest Organisms
The 1st organisms were certainly single-celled

anaerobic (i.e., don’t use O2) prokaryotes:

• simplest type of living organism

• early atmosphere lacked oxygen (O2)

To be followed by photosynthetic prokaryotes:

• exploiting a vast source of energy – sunlight!

• would contribute oxygen to the atmosphere

To be followed by aerobic (i.e., use O2) prokaryotes:

• requires protection from O2 (a very reactive molecule)

• more efficient ATP production (via respiration)

“Oxygen 

revolution”

Time (billions of years ago)
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Atmospheric Oxygen over Time 

due to photosynthetic
organisms

Plasma membrane

DNA
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Ancestral

prokaryote

Nuclear envelope

Nucleus Endoplasmic 

reticulum

Aerobic heterotrophic

prokaryote

Mitochondrion

Ancestral

heterotrophic eukaryote

Photosynthetic

prokaryote

Mitochondrion

Chloroplast

Ancestral photosynthetic

eukaryote

From Prokaryotes to Eukaryotes
The Endosymbiont Theory indicates 

that some eukaryotic organelles are 

derived from internalized prokaryotes.
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Evidence for Endosymbiosis
Supporting the Endosymbiont Theory is the 

fact that mitochondria and chloroplasts have 

many prokaryotic features:

1) have their own, single, circular DNA containing 

genes more homologous to prokaryotes 

2) they have their own ribosomes which are

more similar to those of prokaryotes

3) they have their own tRNAs which are more

similar to those of prokaryotes

• produced by mitochondrial, chloroplast genes

• produced by mitochondrial, chloroplast genes

The Transition to Multicellularity

Once eukaryotic cells came to be, they were

certainly followed by multicellular eukaryotes:

• many primitive multicellular aggregates (such as 

algae shown here) exist today

Eventually multicellular

organisms explode in the 

fossil record.

• Cambrian explosion ~500 

million years ago

Key Terms for Chapter 25

• endosymbiosis

• ribozymes

• aerobic vs anaerobic

Relevant 

Chapter 

Questions 
2-5


