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Summary

Students and instructor work through a guided exercise to construct a character matrix and cladogram describing relationships between different types of paper clips.  Students then break into small groups to complete a related exercise with a larger set of different types of pasta.
Goals

--Acquire hands-on experience with phylogenetic reconstruction and cladistic analysis through character definition and coding and construction of cladograms
--Practice distinguishing fossils species based on morphological criteria while considering sources of intraspecific variation

--Compare different outcomes derived from different interpretations of the same data set
--Encourage student participation through group work and class discussion
Description

Students are given sets of different shaped fasteners (staples, paper clips, tacks, etc.) and work with the instructor through a guided exercise in which they construct a character matrix and cladogram depicting the phylogeny of the “organisms”.  Students are then divided into small groups; each group receives a set of various shapes/colors of pasta.  (The sets are all the same.)  Each group must decide how many species are present in their sample (considering the potential for ontogenetic and sexual variation within species), choose and define characters for a cladistic analysis, and construct a character matrix.  The instructor runs the matrices through cladistic analysis software, and the following week the students receive the results from analysis of each group’s data.  The class then discusses the effects of species definition, character choice, etc. on phylogenetic hypotheses.  The activity allows students to directly confront issues of identifying and distinguishing morphological species.  Conflicting results obtained by different groups analyzing the same data set drive home the complicated nature of character choice and definition in construction of a character matrix for cladistic analysis, and underscore the fact that individual cladograms represent phylogenetic hypotheses subject to modification by further analysis.  
Systematics of Some Enigmatic “Fossils”
In this exercise you will experience for yourselves some of the issues encountered by paleontologists trying to work out phylogenetic relationships.  If nothing else, the next two exercises should prove to you that the process is nowhere near as simple as it sounds.
We are going to do exercises with two “fossil” groups.  The first one will be a guided exercise in which I will help you work through and get the hang of the general process.  For the second one, you are on your own….

Exercise 1—the Paperclipidae
Each group has been given a cup with individuals representing several paperclipid species.

We will begin with a simple analysis using three of these species (the staple, the large paper clip, and the triangle paper clip).  Our outgroup (which I have not given you) is a straight metal pin, similar to a needle with no eye.

Given the outgroup and these three species, fill in the first part of the character matrix below using the following characters: 


(1) Wire bent


(2) Wire doubles back on itself


(3) Wire crosses over itself

Remember:  0=character absent, 1=character present

	
	1
	2
	3
	4
	5

	Outgroup
	
	
	
	
	

	Staple
	
	
	
	
	

	Large paper clip
	
	
	
	
	

	Triangle paper clip
	
	
	
	
	

	Thumb-tack
	
	
	
	
	

	Colored paper clip
	
	
	
	
	

	Push pin
	
	
	
	
	


Using the information in the table, construct a cladogram showing the relationships between these species.

Now we add a new species, and an additional character.  Update your matrix by adding in the thumb-tack, and character (4) head present.

Now we need to update the cladogram.

Where does the thumb-tack fit on cladogram?  There is more than one possibility here.

How do we decide?

Next addition: bring in the colored paper clip and the push pin; add character (5) Plastic present.

Now update the matrix again.

And update the cladogram.

The main issue here is whether plastic evolved once or twice.  Which scenario gives you the most parsimonious tree?

Now to really mess things up….

Consider the small metal paper clip.

What is this?

Exercise 2—the Pastaformes  (you’re on your own for this one….)
Each group has been given a container holding a set of pastaform individuals.

Assume the following to be true:
1) The spaghetti is the outgroup.
2) No other individual is from the same species as the spaghetti.
The remaining individuals may or may not all represent separate species—keep in mind the potential for ontogenetic changes, sexual dimorphism, etc.  It is up to you and your group-mates to determine how many species there are, and which characters are valid for distinguishing species (as opposed to ontogenetic variation, secondary sex characters, etc.)
Using the table schematics on the next two pages, construct a character matrix for the phylogeny of the Pastaformes.

Each group should turn in:

Table 1:  a list of characters and character states (see example below). 
	Character
	Description
	State 0
	State 1
	(State 2)

	1
	Flattening
	Individuals not flattened
	Individuals flattened
	


Multi-state characters are acceptable (e.g. 0=no flat areas present; 1=some flat areas present; 2=individual entirely flat), but not required.

Define as many characters as you think are useful for analysis of your data set.  Do not feel compelled to fill the entire table.

Table 2:  a completed data matrix for your taxa and characters.  Be sure in the taxon column to list by abbreviation (see abbreviations on next page) all the individual(s) that you are assigning to each species.

I will run each group’s data through cladistic analysis software and show you all the results next week in lab.
	Shape Name
	Abbreviation
	Description

	Ditalini
	Di
	small cylinder

	Elbows
	El
	

	Farfalle
	Fa
	bowties

	Gemelli
	Ge
	double twist

	Linguini
	Li
	

	Penne
	Pe
	

	Pipette
	Pi
	large elbow

	Rotini (green)
	Gro
	

	Rotini (red)
	Rro
	

	Rotini (white)
	Ro
	

	Shell (large)
	LSh
	

	Shell (small)
	SSh
	

	Spaghetti
	Sp
	


Table 1: Characters and Character States
	Character
	Description
	State 0
	State 1
	(State 2)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Table 2:  Data Matrix

	Character
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Taxon
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sp (outgroup)
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