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In an ideal world, we would be able to 
reconstruct the past by simply 

following the sequence of fossils 
through time.

Fossils



Moa (Extinct)

Fossils



Elephant Bird (extinct)

Fossils



Unfortunately, the real world 
is not ideal.

The fossil record is not nearly 
complete enough to permit this. 

Fossils



I look at the natural geological record as a 
history of the world imperfectly kept, and 

written in a changing dialect; of this history we 
possess the last volume alone, relating only to 

two or three countries. Of this volume, only 
here and there a short chapter has been 

preserved; and of each page, only here and 
there a few lines. Each word of the slowly-
changing language, in which the history is 
supposed to be written, being more or less 

different in the interrupted succession of 
chapters, may represent the apparently 

abruptly changed forms of life, entombed in 
our consecutive, but widely separated 

formations. 

Charles Darwin, On the the Origin of Species (1859)
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Biogeography



Why are penguins only found 
in the Southern Hemisphere?



Why are marsupials only found 
in Australia and the Americas?



Why are Tasmanian devils only found 
in Tasmania?



Why are Darwin’s finches only found 
in the Galápagos?



Biogeography

Southern Distribution



Biogeography
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Gondwanan Distribution



Biogeography



Biogeography

Hypothesis:

Ratite ancestor originated in Gondwana 
and then descendant species dispersed 
and speciated as the continents broke 

up.



Biogeography

Prediction:

Oldest lineages should be found on 
land masses that broke off earlier, and 
newest lineages on land masses that 

broke off later.



Biogeography

Prediction:

Groups found on the same land mass 
or continent should be most closely 
related to each other (sister groups).



Biogeography
These maps show the 
breakup of Gondwana. 
Based on these maps, 
ratites from _______ 
should have oldest 
lineages. 

A. South America
B. Africa
C. Australia
D. New Zealand
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The affinities of all the beings of the same class 
have sometimes been represented by a great 

tree. I believe this simile largely speaks the truth. 
The green and budding twigs may represent 
existing species; and those produced during 

former years may represent the long succession 
of extinct species.

Charles Darwin, On the Origin of Species (1859)
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Phylogeny



Which tree suggests a closer evolutionary 
relationship of frogs and lizards?

Neither
The two trees are equivalent.



Phylogeny

Trees are hypotheses



Trees are hypotheses

Phylogeny



Build Your Own Tree

In an ideal world, we would be able to reconstruct 
the past by looking at overall similarity between 

organisms. 
Thus, the extent of difference between two 

groups would simply be a function of the time 
they have been evolutionarily separated.



Build Your Own Tree

Unfortunately, the real world is not ideal. 
Convergent evolution occurs when species that 

are only distantly related acquire similar traits 
under the influence of similar selection 

pressures. 



Moby Dick, Chapter 32, Cetology

The uncertain, unsettled condition of this science of 
Cetology is in the very vestibule attested by the fact, that 
in some quarters it still remains a moot point whether a 
whale be a fish. In his System of Nature, A.D. 1776, 
Linnaeus declares, "I hereby separate the whales from the 
fish." But of my own knowledge, I know that down to the 
year 1850, sharks and shad, alewives and herring, 
against Linnaeus's express edict, were still found dividing 
the possession of the same seas with the Leviathan...

Be it known that, waiving all argument, I take the good old 
fashioned ground that the whale is a fish, and call upon 
holy Jonah to back me.  
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Build Your Own Tree
Analogy
• a similar trait in two groups that results from 
convergent evolution
• evolved more than once independently
• e.g., the wing of a bird and the wing of an 
insect 
Homology
• a similar trait in two groups that results from 
common ancestry 
• evolved once
• e.g., the pentadactyl (five-fingered) limb in 
humans and lizards
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Cassowary



Build Your Own Tree

Character 1 is a homology 
shared by all ratites.
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Build Your Own Tree

Character 2 is a homology 
shared by all ratites except 

Tinamous.



Build Your Own Tree

OG Outgroup

Cassowary



Build Your Own Tree

Now add the other 
branches and characters



Build Your Own Tree

Check with other groups and 
compare your results



Build Your Own Tree

Does this look like yours?



Build Your Own Tree

Recall our predictions. Based 
on this tree we constructed, we 
_________ our earlier 
hypothesis based on 
biogeography.
A. Accept
B. Reject
C. Need more data
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Build Your Own Tree

What would the tree have 
looked like if our hypothesis 
was correct?



Build Your Own Tree

Identify a sister group in part c.

!



Build Your Own Tree

How are the largest birds related to one another?



Build Your Own Tree

Can you think of a new hypothesis to explain these 
relationships?



New Hypothesis

How did they disperse to 
different land masses?
Flight

How did they become 
flightless?
Convergent evolution

How did they become so 
large (gigantism)?
Convergent evolution



A common 
ancestor and 

all of its 
descendants

A common 
ancestor and 
some of its 

descendants

Unrelated 
groups with 
no common 

ancestor

Phylogenetic Patterns



• Amniotes are monophyletic

Amniotes

Phylogenetic Patterns



• Reptiles are paraphyletic
Amniotes

Phylogenetic Patterns



• Warm-blooded animals are
polyphyletic

Amniotes

Phylogenetic Patterns
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