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How does one species turn into two?
How do different species stay different species?



2

Ligers:  Hybrid of male lion and female tiger
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Tigons:  Male tiger 
and female lion

Smaller:  inherit growth-
inhibitory genes from the 
lioness mother

Horse  + Donkey  =  Mule
64   +    62        =   63
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Salamander Speciation in 
California
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Genomic Epidemiology of CoVID-19

https://www.gisaid.org/epiflu-applications/next-sars-cov2-app/

https://www.gisaid.org/epiflu-applications/next-sars-cov2-app/
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Mechanisms of Speciation
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Squirrels of the Grand Canyon separated by the Colorado River

Kaibab squirrel (Sciurus
aberti kaibabensis)

Abert squirrel (Sciurus aberti
aberti)

N S

Mechanisms of Speciation
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Mechanisms of Speciation

Population Geographical
Barrier

Evolve:
Genetically

Different

Unable to
breed

Geographic Isolation

Lumpties
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Allopatric Speciation & 
Adaptive Radiation
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Honey Creepers, 
Hawaiian IslandsImportant:  Empty Niches

Adaptive Radiation of 
Australian Marsupials
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African 
Elephant Forest Dwelling

Elephant

Indian Elephant
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Optional:  (5 Min)

Disruptive Selection + Assortative Mating à
Sympatric Speciation

Apple 
Maggot Fly

Cichlid Fish
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How does a species STAY a species?
Reproductive Isolation --> #1 Temporal Isolation

Rana aurora
breeds January - March

Rana boylii
breeds late March - May



17

Reproductive Isolation --> Temporal Isolation

How does a species STAY a species?
Temporal Isolation:  Another Example

Nocturnal 
v

Diurnal
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How does a species STAY a species?
Reproductive Isolation --> #2 Habitat Isolation

Rana aurora (Red-legged frog) 
breeds in fast-moving, streams. 

Rana catesbiana (Bullfrog)
breeds in permanent ponds.

How does a species STAY a species?
Reproductive Isolation --> #3 Behavioral Isolation
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Reproductive Isolation:  Behavioral
Rana 

catesbiana
(Bullfrog)

Rana utricularia   
(Southern Leopard 

Frog)

More Examples:  Behavioral Isolation

The Blue 
Footed Boobie

The Hooded 
Grebe



20

More Examples:  
Behavioral Isolation

How does a species STAY a species?
Reproductive Isolation --> #4 Mechanical Isolation
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How does a species STAY a species?
Reproductive Isolation --> #4 Mechanical Isolation

Mechanical Isolation 
(Lack of fit between sexual organs)

Various penises of damselfly species
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Mechanical Isolation:  Example: 
Ducks 

Ballistic Penises and 
Corkscrew Vaginas

Start about 2:20

How does a species STAY a species?
Reproductive Isolation --> #5 Gametic Isolation
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How does a species STAY a species?
Postzygotic --> 

hybrid problems:  mortality, sterility, breakdown

Zygote

Gametes Postzygotic barriers
• Hybrid
incompatibility

Viable,
fertile

offspring
Prezygotic barriers
• Temporal isolation
• Habitat isolation
• Behavioral isolation
• Mechanical isolation
• Gametic isolation

How does a species STAY a species?
Reproductive Barriers

Practice Associating Examples with Types of 
Reproductive Isolation Mechanisms  p. ___
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Speciation Song

Peter and Rosemary Grant –
Finch Study (16 min total, Watch 5:05 – 14:00 9 min)
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Sorting Finches into Species

http://media.hhmi.org/biointeractive/click/finch/
Or Google:  Sorting Finch Species

Statistical Analysis & 
Graphing of Grant’s Data

• See Handout in binder
• Load Excel File (Science à AP Bio à 22 Finches_Dataset.xls)
• Calculate statistics (mean, SD, SEM, 95% CI) in an Excel 

spreadsheet
• Construct 4 Bar Graphs of Mean Wing Length, Mean Body 

Mass, Mean Tarsus Length, Mean Beak Size (depth) for 
Survivors & Non-Survivors; include 95% CI Error Bars

• Print out your graphs; describe significant differences
• Construct 2 scatterplots with trend-lines and coefficient of 

determination (r2); print out your graphs
– Beak Length and Wing Length
– Two variables of your choosing different from your partners
– Answer Questions on Handout (on last page, answer for BOTH 

scatterplot graphs) 

http://media.hhmi.org/biointeractive/click/finch/
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Calculating Coefficient of 
Determination R2 in Excel

• To determine how strong the correlation is between the 
sets of data, the wily Excel user can make a 
Scatterplot Chart and:

• 1. Right-click on one of the data points and
• 2. Choose Add Trendline
• 3. Right-click the Trendline and choose Format 

Trendline
• 4. Format the Trendline to your aesthetic preferences 

and
• 5. Put a Checkmark next to Display R-squared Value 

on Chart
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Gradualism vs. Punctuated Equilibrium

Gradual accumulation
of changes. Abrupt episodes

of speciation

Mechanisms of Speciation

Stickleback Evolution:  Example of 
Rapid Change

http://learn.genetics.utah.edu/content/selection/stickleback/

One Story to Put It All Together:  
Watch Evolving Switches (HHMI)
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Mr. Anderson’s 
Stickleback Evolution (9.5 min)

Watch 1:34-4:29, fast forward through data, then 7:30 to end

Story of the Sticklebacks Continued 
– How to make drastic change quickly
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Question #1

Question #6
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Part 2

Answer #4
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Answer #7

Question #9
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Question #10
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Natural Selection --> Perfect Organisms?????
1. Limited by the structure of their ancestors.

2. Adaptations are often compromises.

3. Chance

4. Select from only existing variations.
.

Extinction
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Mass Extinction

Over 98% of documented species are now extinct

The Great Dying
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Extinction (5:00 min)

K T Asteroid --> Mass Extinction
Mechanisms of Speciation
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Watch:  Part 1:
The Day the Mesozoic Died 

(Next Slide)

Louis & Walter 
Alverez, 1980 

Watch about 8 minutes 
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Quick Overview to Origin of Life

Evolutionary 
Relationships
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Binomial
nomenclature

Phylogeny - The evolutionary history of a species.  
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Cladistics - a system of taxonomy that reconstructs 
Phylogenies; the higher the proportion of shared characteristics, 
the more recent a common ancestor

Cladogram

What is a Clade?
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Ways of sketching a cladogram
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What is a clade?
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Trees not Ladders
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Not “Higher or lower”

Are these cladograms the same?

How do we usually 
see this cladogram?
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CAUTION:  
Homology vs Analogy (Convergent Evolution)

Role of Outgroups

Build a Cladogram with the data
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Adding 
Time to a 

Cladogram
makes a 

Phylogram

Shared and Derived Characteristics

What is a 
shared 
characteristics 
for mammals?

Derived 
characteristics 
for some 
mammals?
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Cladogram of Mammals

Derived vs. Shared Traits

Derived Traits

Ancestral Traits
(Shared Trait)
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Characteristics –Gained Or Lost

Example Cladogram
page S43 in AP Manual
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Example 
Cladogram

Draw a Simple Cladogram

T74  Investigation 3

To clarify this idea, ask students to align the first five bases or amino acids in  
three to five sequences (such as the sequences they download from  
����	����������������������������������������������������
���
�������). 
Which ones are more similar/less similar to one another? Once students understand the 
principle behind matching alignments, they can even calculate the percentage similarity 
by dividing the number of matching sequence bases by the total number compared. The 
following is a simplified example of the concept: 

Organism A Sequence: ATGATCCAGT
Organism B Sequence: ACGACTCAGT
Organism C Sequence: TTGATCCAGT
In addition, you can have students align gene sequences on paper to simulate what the 

BLAST program is doing for them. When uploaded into the BLAST website, each gene 
sequence will appear in the query sequence. Students can copy the gene sequence on 
paper and compare it to the results once the gene is submitted on the BLAST website.

 ■ THE INVESTIGATIONS

 ■ Getting Started: Prelab Assessment
You may assign the following questions for homework; as a think, pair/group, share 
activity, in which pairs or small groups of students brainstorm ideas and then share them 
with other groups; or as a whole-class discussion to assess students’ understanding of key 
concepts pertaining to cladograms:

 1. Use the following data to construct a cladogram of the major plant groups:

Table 1. Characteristics of Major Plant Groups

Organisms Vascular Tissue Flowers Seeds
Mosses 0 0 0
Pine trees 1 0 1
Flowering plants 1 1 1
Ferns 1 0 0
Total 3 1 2

 2. GAPDH (glyceraldehyde 3-phosphate dehydrogenase) is an enzyme that catalyzes 
the sixth step in glycolysis, an important reaction in the process of cellular 
respiration. The following data table shows the percentage similarity of this gene and 
the protein it expresses in humans versus other species. For example, according to 
the table, the GAPDH gene in chimpanzees is 99.6% identical to the gene found in 
humans.

What is the outgroup?
What does the data tell you?
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The Cladogram

Draw Another

Investigation 3  T75

BIG IDEA 1: EVOLUTION

Table 2.  Percentage Similarity Between the GAPDH Gene and Protein in Humans and  
Other Species

Species Gene Percentage 
Similarity

Protein Percentage 
Similarity

Chimpanzee (Pan troglodytes) 99.6% 100%
Dog (Canis lupus familiaris) 91.3% 95.2%
Fruit fly (Drosophila melanogaster) 72.4% 76.7%
Roundworm (Caenorhabditis elegans) 68.2% 74.3%

a. Why is the percentage similarity in the gene always lower than the percentage 
similarity in the protein for each of the species? (Hint: Recall how a gene is 
expressed to produce a protein.)

b. Draw a cladogram depicting the evolutionary relationships among all five species 
(including humans) according to their percentage similarity in the GAPDH gene.

Online Activities
You may also assign the following online activities:
• “The Evolution of Flight in Birds”  
�����������������
��
�
��
	��
	�������
������������
�����������������

This activity provides a real-world example of how cladograms are used to understand 
evolutionary relationships.
• “What did T. rex taste like?”  
�����������������
��
�
��
	��
	�������
�������������������
���	
������

• “Journey into Phylogenetic Systematics” 
�����������������
��
�
��
	�����	����	������

 ■ Designing and Conducting Independent Investigations
Now that students have completed this investigation, they should feel more comfortable 
using BLAST. The next step is to have students find and BLAST their own genes of 
interest. They might investigate something they have heard the name of, or you could 
ask them to think about and explore an enzyme or protein they studied before (e.g., 
DNA polymerase). They could look online for additional information to inform their 
questions (e.g., Are there diseases where DNA polymerase does not function normally? 
Do viruses make DNA polymerase?) Another option is to ask students to identify a 
disease that they know is related to proteins, such as spinocerebellar ataxia or various 
storage diseases. Search for the normal versus mutant versions of the protein or DNA. 
What is different about their sequences?

GAPDH = glyceraldehyde 3-phosphate dehydrogenase

Why is the % similarity in the gene lower than the % 
similarity in the protein?

Table on pg. S44 in AP Manual
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Where we will end up:
Compare DNA sequences to 

determine evolutionary 
relationships.

Use Shell Cards to create a 
cladogram based on Morphology

Alternate:  http://www.hhmi.org/biointeractive/sorting-seashells
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One Cladogram based on Morphology

How to use DNA sequences to 
evaluate relationships

HHMI Quick & Learn Start at Slide #6

http://www.hhmi.org/biointeractive/creating-phylogenetic-trees-dna-sequences
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Two Software Programs:

• ClustalX – aligns and 
compares DNA sequences

• NJPlot – views the 
phylogenic tree

• GET FILES FROM THE 
SHARED FOLDER – Put on 
desktop

• (Other software to find genes 
will follow)

File Formats:  FASTA
>gi|377685879|gb|JN850779.1| Canis lupus familiaris isolate 
dog_3 cytochrome oxidase subunit I (COI) gene, partial cds; 
mitochondrial
TACTTTATACTTACTATTTGGAGCATGAGCCGGTATAGTAGGCACTGCCTTGAGCCTCCTCATC
CGAGCCGAACTAGGTCAGCCCGGTACTTTACTAGGTGACGATCAAATTTATAATGTCATYGTAA
CCGCCCATGCTT…

One FASTA file can have more than one 
gene sequence in it.
Needs to be saved as a .txt file
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Which gene sequence to use?

COI  =
mitochondrial cytochrome c oxidase subunit I 
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Learn to Use ClustalX –
See Handout Directions

Step 1: Load sequences

Learn to Use ClustalX –

Step 2: Align Sequences
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Learn to Use ClustalX –
Step 2: Align Sequences

Which sequences are most closely related?

Learn to Use ClustalX –
Step 3: Draw Tree

This created a file with the name:  test.ph

Step 4: See the tree – use NJPlot
Launch Njplot & open your test.ph file.
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Perform Exercise 2:  
Which two groups of gastropods among 

neogastropods, tonnoids, and cowries are more 
closely related? 

Tonnoids Cowries Neogastropods

File:  molluscs1.txt   - Has the FASTA files for COI

Perform Exercise 3:  
Compare the phylogenetic tree above, obtained using 

morphological information, with a tree obtained using DNA 
sequence data. 

File:

Molluscs2.txt
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Perform Exercise 3
The file molluscs2.txt contains COI DNA sequences 

from all of the shells in this tree*.

Load à Align à Draw Tree à
View

Exercise 4A:  Comparing COI 
sequences with 5 organisms of your 
choice.See Encyclo. Of life (eol.org) to look up scientific names.

Exercise 4B:  1.Choose a gene. 2. Choose 
10 organisms.  3. Create a hypothesis (a 
cladogram).  4. Test your hypothesis by 
comparing  the gene sequence across 10 
organisms. Make and print out the NJPlot
Cladogram. 5. Write:  a.  Compare your two 
cladograms.   b. What is your gene – what does it 
code for? c.  What happens (diseases) when the 
gene mutates?
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Finding the FASTA files for 
your organisms

1. Go to:  https://www.ncbi.nlm.nih.gov
2. Search for organism’s coi fasta file
3. Should be around 650 bp big
4. Click on FASTA
5. Starting at the “>” copy the entire file and 

past into a word document
6. Enter a shorthand name followed by a 

space, e.g. “Dog ”
7. Repeat for more organisms
8. Save the Word file as a .txt file.
9. Run Clustal X and NJPlot
10.Print your tree; compare to your hypothesis

Pick your gene  
Write your name and the gene code for your selection

https://www.ncbi.nlm.nih.gov/
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NEXT:
Compare Your DNA sequences to 

determine evolutionary 
relationships.


