
Lab 4: Evolution, Systematics, Phylogenetics 
Today’s lab will introduce you to some of the basic of phylogenetic thinking.  

HOW THIS LAB WILL WORK: 
1. As before, open a Word doc or similar on your computer 
2. At various points I will ask you to answer a question based on the activities in this lab.  
3. I will indicate these points by this symbol: 

4. These answers might be verbal or in some cases visual, such as me asking you to use 
images.google.com to find a representative picture.  

5. After you have assembled the answers into your Word doc, go to the course Canvas page. 
6. On the module for this week there is a link to TurnItIn. 
7. Please upload your document using the TurnInIt. 
8. That completes the lab assignment. :)  

 
SOME TERMS: 
  Ontogeny = development of an individual over its lifespan.  

This is to be contrasted with phylogeny, which is: 

  Phylogeny = evolutionary development of a group or species   
                       of organisms 

For example, in the ontogeny of a human, the bodies of children 
are smaller (though not the eyes, which remain the same size 
throughout our lives), and develop into adolescence and 
adulthood, then change further in old age. This gives rise to one of 
the most famous misstatements in science:  

   “Ontogeny recapitulates phylogeny.” 

1. “Ontogeny recapitulates phylogeny.” 
No, it doesn’t. The basic idea here is that during embryonic development, organisms 
“recapitulate” their entire species’ development. In other words, in this conception, as human 
embryos develop, because during a phase of our evolution lineage we were fish, then the 
developing human embryo temporarily takes on “fishlike” features. 

One of the main proponents of this mistaken idea was German biologist Ernst Haeckel. It is often 
visually represented with a diagram such as this: 
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A problem here is that this sketch, based upon observations by Haeckel, leaves out a lot of the 
details, in such as way that it might seem to be supporting his case rather than making a faithful 
representation of embryonic development.  

2. How are fish, salamanders, tortoises, chickens, hogs, calves, rabbits, and humans 
related? 

Despite the issues with the concept of “ontogeny recapitulates phylogeny,” there are a number of 
ways in which all of these organisms share common features because they share common 
ancestry.  

         Common ancestry =  the concept that organisms descend with modification from earlier    
     evolutionary forms 

What are some things fish, salamanders, tortoises, chickens, hogs, calves, rabbits, and humans all 
have in common? __________________________________________ 

What are some things salamanders, tortoises, and chickens all have in common? 
__________________________________________ 
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What are some things hogs, calves, rabbits, and humans all have in common? 
__________________________________________ 

3. Organization, classification, systematics, cladistics 

Not so long ago, scientists adhered to the 17th century style of classifying organisms developed 
by Carl Linnaeus (1707-1778). Linnaeus grouped organisms based on how they looked, and 
ranked them in terms of a 7-fold hierarchy that went: 

    Kingdom  > Phylum > Class > Order > Family > Genus > Species 

For instance, we might classify a fish as Kingdom: Animalia, Phylum: Chordata, Class: 
Actinopterygii, etc… We might classify a salamander as Kingdom: Animalia, Phylum: Chordata, 
Class: Amphibia etc... 

So far so good. But what about 
animals, such as Tiktaalik rosaea, 
which seems to have 
characteristics of both? Is it a fish 
or is it an amphibian?  

And what about dolphins, sharks, 
and an ichthyosaur? They all share 
a great number of characteristics… 
should a Linnaean classification put 
them all in the same group? 

Linnaeus insists on a choice, but it’s forcing nature 
into this artificial classification scheme 
that seems to reflect our needs rather 
than the variety in nature. That’s where 
the Linnaean system breaks down.  

We still use parts of the Linnaean system, but it has mostly been replaced 
by systematics.  

  Systematics = the relationships between organisms related by a common ancestor 

Geology 121 Lab 4: Evolution & Phylogeny, page  of   3 13

Please answer the previous questions in your Word doc. 



Systematics is a subset of taxonomy, which is: 

  Taxonomy = the science of classifying organisms 

A taxon is a group of organisms that form a distinct unit. A common task in systematics is the 
“three-taxon statement,” which means a comparison of three related organisms in order to 
determine their evolutionary proximity. For example, in your family you might have a sister and 
a cousin. You share a common ancestor with both (grandparents), but you share more genes with 
your sister than your cousin.   

We can express systematics by use of charts. A phylogenetic chart is a “tree” that shows 
evolutionary relationships between organisms; this is especially good at locating the evolutionary 
position of common ancestors. Here is an example: 

Closely-related to a phylogenetic tree diagram (and for our purposes interchangeable) is a 
cladogram.  

  Cladogram = a phylogenetic diagram that shows cladistic relationships 

A bit of a circular definition, I know. But a clade is… 

  Clade = a group of organisms including a common ancestor and all the decedents of that             
ancestor.  
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Each one of the boxes below can be thought of as a clade. 

In the diagram above, how many total clades can you identify? ______________________ 
If you picked just 3, why? What about the green box? :) 

Cladograms usually have hash marks or ticks indicating characteristics. There is a whole 
confusing vocabulary surrounding the nuances of these (apomorphy, plesiomorphy, 
synapomorphy, symplesiomorphy etc.), but let’s keep things simple for now. One thing we can 
talk about is a derived characteristic.  

The placement of derived characteristics is shown in red below: 

These can be anything—the development of a hinged jaw, the presence of a spinal column, the 
evolution of hair. As we move up the line (from D to A to B to C) these characteristics persist 
among the descendants (unless explicitly lost). All the organisms above the red mark will have 
that characteristic. 
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Let’s look at an example that breaks out characteristics like a Venn diagram: 

Which of these have lungs? ______________________ 

Which have limbs? _______________________ 

Which have amniotic membranes? ________________  
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We could also add further characteristics to clarify the features these organisms have: 

 
Are humans diapsids (it’s a type of skull)? ________________ 

Are crocodiles homeothermic? (maintaining body temperature) __________________ 

Are flamingoes diapsid? __________ 

Are flamingoes homeothermic? _________________ 

4. Drawing a cladogram 
A cladogram is a diagram showing evolutionary relationships. The evolutionary closeness can be 
easily seen by the physical closeness of the end members.  

In the diagram below, we can label certain parts:  
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Very generally, we can think of roots as the position of common ancestors, and nodes as 
speciation events. 

In the example below, we have four organisms represented by letters.  

 

Which is the common ancestor of A, B, and C? ____________________ 

Which is more closely related, B & C or A and C? ______________________ 

Note: You ever wonder why sailors of old got the disease scurvy? It turns out humans can’t 
synthesize our own vitamin C; we have to get it from our diet. That’s true of primates and guinea 
pigs. But most everything else can do synthesize it. One hypothesis about why we lost the 
function of this gene (though we still have it) is that our primate lineage had access to so much 
fruit rich in vitamin C that losing the gene had no ill effect. Until people started sailing on boats 
without access to fruit for months.  

Using your knowledge about these animals, let’s try to check-off some common features in a 
table. 
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A B C

D



 

Let’s now try to construct our own cladogram for these animals based on these features: 

 

 

vertebrate limbs 
with 
digits

amniotic  
eggs

produces  
milk

can produce its own 
Vitamin C

fish

salamander

chicken

humans

rabbit
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In the diagram above, what is the letter of the common ancestor of all the animals shown? 
_______________ 

Is C more closely related to B or to A? ______________________ 

Are cows more closely related to deer or to whales? __________________- 

Are camels more closely related to peccaries or to hippos? ___________________ 
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Last time we looked a gizzard stones from dinosaurs. Do lizards have gizzards? ____________ 

Does this suggest dinosaurs are or are not lizards? ___________________ 

Do birds have gizzards? _____________ 

Does this suggest dinosaurs are closely related to birds? ___________________ 

What is a feature found in lizards and rats but not in frogs? ________________ 

What is a feature found in gorillas and alligators but not in hagfish? ____________________ 
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This phylogenetic chart of primates helps us understand human relationships to other primates.  

About how long ago did Old World Monkeys split from the apes? _____________________ 

If you know, what is a major physical difference between apes and Old World Monkeys? 
_______________________ 

About how long ago did gorillas split from humans/chimps? _______________ 

Are orangutans more closely related to chimps or to gorillas? ______________ 
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I hope you will see that this is very different than the ossified Linnaean classification scheme, 
and far superior because it expresses features in a framework that models how organisms 
evolved over time. It’s not based just on “how things look” but on what they are and how they 
evolved that way.  

By properly reading a cladogram, the evolutionary history (phylogeny) unfolds before you, 
showing you how different groups evolved the features that make them distinct, while carrying 
along the genetic baggage of their past.  

Instead of “ontogeny recapitulates phylogeny,” we might instead say “cladistics recapitulates 
phylogeny.”  :p 
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