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*ANSWER THE QUESTIONS THROUGHOUT THIS WS 

Understanding phylogenies 

PART 1: Understanding a phylogeny is a lot like reading a family tree. The root of the tree represents 

the ancestral lineage, and the tips of the branches represent the descendants of that ancestor. As you 
move from the root to the tips, you are moving forward in time. 

 

When a lineage splits (speciation), it is represented as branching on a phylogeny. When a speciation 
event occurs, a single ancestral lineage gives rise to two or more daughter lineages. 

 

Phylogenies trace patterns of shared ancestry between lineages. Each lineage has a part of its history 
that is unique to it alone and parts that are shared with other lineages. 
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Similarly, each lineage has ancestors that are unique to that lineage and ancestors that are 

shared with other lineages — common ancestors. 

 
 

QUESTIONS: 

1- In the 1st diagram, which 2 species are the most closely related? 

2- In the last diagram, which 2 species are the most closely related? 

3- In the 1st diagram, which species is the least related to the other species? 

4- Which species is the least related to the others in the last diagram? 

 

PART 2: A clade is a grouping that includes a common ancestor and all the descendants (living and 
extinct) of that ancestor. Using a phylogeny, it is easy to tell if a group of lineages forms a clade. Imagine 
clipping a single branch off the phylogeny — all of the organisms on that pruned branch make up a 
clade. 

 

Clades are nested within one another — they form a nested hierarchy. A clade may include many 
thousands of species or just a few. Some examples of clades at different levels are marked on the 
phylogenies below. Notice how clades are nested within larger clades (diagrams, below). 

https://evolution.berkeley.edu/evolibrary/glossary/glossary_popup.php?word=common+ancestor
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So far, we've said that the tips of a phylogeny represent descendent lineages. Depending on how many 
branches of the tree you are including however, the descendants at the tips might be different 
populations of a species, different species, or different clades, each composed of many species. 

 

QUESTIONS:  

5-  

Which of the following represents a clade? (circle all that are correct) 

 a. A & C 

 b. B & C 

 c. A, B & C 
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Part 3: Trees, not ladders 

Several times in the past, biologists have committed themselves to the 

erroneous idea that life can be organized on a ladder of lower to higher 

organisms. This idea lies at the heart of Aristotle's Great Chain of Being (see 

right). 

Similarly, it's easy to misinterpret phylogenies as implying that some 

organisms are more "advanced" than others; however, phylogenies don't 

imply this at all. 

In this highly simplified phylogeny, a 

speciation event occurred resulting in two 

lineages. One led to the mosses of today; 

the other led to the fern, pine, and rose. 

Since that speciation event, both lineages 

have had an equal amount of time to evolve. 

So, although mosses branch off early on the 

tree of life and share many features with the 

ancestor of all land plants, living moss species are not ancestral to other 

land plants. Nor are they more primitive. Mosses are the cousins of other 

land plants. 

So when reading a phylogeny, it is important to keep three things in mind: 

1. Evolution produces a pattern of relationships among lineages that is tree-like, not ladder-

like. 

 

2. Just because we tend to read phylogenies from left to right, there is no correlation with 

level of "advancement." 

 

 

 

 

  

Aristotle's vision of a 
Great Chain of 
Being, above. We 
now know that this 
idea is incorrect. 
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3. For any speciation event on a phylogeny, the choice of which lineage goes to the right 

and which goes to the left is arbitrary. The following phylogenies are equivalent: 

 
  

Biologists often put the clade they are most interested in (whether that is bats, bedbugs, or 

bacteria) on the right side of the phylogeny. 

Misconceptions about humans 

The points described above cause the most problems when it 

comes to human evolution. The phylogeny of living species most 

closely related to us looks like this: 

QUESTIONS:  

1. What does this cladogram display? 
 a- Humans evolved from chimps 
 b- Humans evolved from gorillas  
 c- Humans are more highly evolved than other lineages 
 d- Humans and chimps share a more recent common ancestor than humans and gorillas.  

2. Look at the diagram below. Draw at least 2 other ways the cladogram could be drawn accurately.    

 

 

PART 4: Building the tree 

Like family trees, phylogenetic trees represent patterns of ancestry. However, while families 

have the opportunity to record their own history as it happens, evolutionary lineages do not 

— species in nature do not come with pieces of paper showing their family histories. Instead, 

biologists must reconstruct those histories by collecting and analyzing evidence, which they use 

to form a hypothesis about how the organisms are related — a phylogeny. 

 

 

https://evolution.berkeley.edu/evolibrary/glossary/glossary_popup.php?word=species
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To build a phylogenetic tree such as 

the one to the right, biologists 

collect data about the characters of 

each organism they are interested 

in. Characters are heritable traits 

that can be compared across 

organisms, such as physical 

characteristics (morphology), 

genetic sequences, and behavioral 

traits. 

In order to construct the vertebrate 

phylogeny, we begin by examining 

representatives of each lineage to 

learn about their basic morphology, 

whether or not the lineage has 

vertebrae, a bony skeleton, four 

limbs, an amniotic egg, etc. 

Using shared derived 
characters 

Our goal is to find evidence that will 

help us group organisms into less 

and less inclusive clades. 

Specifically, we are interested in 

shared derived characters. A shared 

character is one that two lineages have in common, and a derived character is one that evolved 

in the lineage leading up to a clade and that sets members of that clade apart from other 

individuals. 

Shared derived characters can be used to group organisms into 

clades. For example, amphibians, turtles, lizards, snakes, 

crocodiles, birds and mammals all have, or historically had, four 

limbs. If you look at a modern snake you might not see obvious 

limbs, but fossils show that ancient snakes did have limbs, and 

some modern snakes actually do retain rudimentary limbs. 

Four limbs is a shared derived character inherited from a 

common ancestor that helps set apart this particular 

clade of vertebrates. 

However, the presence of four limbs is not useful for 

determining relationships within the clade in green above, since 

all lineages in the clade have that character. To determine the 

relationships in that clade, we would need to examine other 

characters that vary across the lineages in the clade. 

QUESTION:  

1- Is the evolution of 4 limbs a homology or an analogy? _________________. Justify your answer:  

 

*If you are uncertain (or even if you think you are), read on…. 

 

 

 
 
  

 
  

 

https://evolution.berkeley.edu/evolibrary/glossary/glossary_popup.php?word=character
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Homologies and analogies 

Since a phylogenetic tree is a hypothesis about evolutionary 

relationships, we want to use characters that are reliable 

indicators of common ancestry to build that tree. We 

use homologous characters — characters in different organisms 

that are similar because they were inherited from a common 

ancestor that also had that character. An example of 

homologous characters is the four limbs of tetrapods. Birds, 

bats, mice, and crocodiles all have four limbs. Sharks and bony 

fish do not. The ancestor of tetrapods evolved four limbs, and 

its descendents have inherited that feature — so the presence 

of four limbs is a homology. 

Not all characters are homologies. For example, birds and bats 

both have wings, while mice and crocodiles do not. Does that 

mean that birds and bats are more closely related to one 

another than to mice and crocodiles? No. When we examine bird wings and bat wings closely, we 

see that there are some major differences. 

 

Bat wings consist of flaps of skin stretched between the bones of the fingers and arm. Bird wings 

consist of feathers extending all along the arm. These structural dissimilarities suggest that bird 

wings and bat wings were not inherited from a common ancestor with wings. This idea is 

illustrated by the phylogeny below, which is based on a large number of other characters. 

QUESTIONS: 
1. Are bird and bat wings homologous or analogous? 
_________________. Justify your answer: 
 
 
 
 

2. Are bird and bat wings an example of convergent or 

divergent evolution? ____________. JUSTIFY your answer. 

 

 

 

 

  

https://evolution.berkeley.edu/evolibrary/glossary/glossary_popup.php?word=homology%2Fhomologous+structure
https://evolution.berkeley.edu/evolibrary/glossary/glossary_popup.php?word=tetrapod

