Instructor’s Notes:  Systematics of Some Enigmatic “Fossils”
Order of “species” introduction in the guided exercise (Paperclipidae)
The guided exercise is designed to add taxa and characters in increasing degrees of complexity.  It is probably best for the students to begin the exercise assuming that each individual represents a separate species.  Constructing the initial cladogram using only the bending characters for the staple and large and triangular paper clips is simple.  The later steps require students to consider tree length and parsimony in deciding where to add species.  Adding in the tack and presence/absence of a head brings in issues of character reversals; the plastic-headed push pin and colored paper clip address issues of character convergence.  
The hypothesis that plastic evolved convergently in two groups of paperclipids yields the most parsimonious phylogeny, but there are three most-parsimonious trees (see supplemental slide set).  This would be a good point in the exercise to introduce or remind students of consensus trees and phylogenetic uncertainty (polytomies).  In previous uses of this assignment I have waited to introduce these issues until after running the data from the pasta exercise (where multiple MPTs are common), but in the future I think I will introduce it here.

The small metal paper clip is added last to shake up the assumption that each individual is automatically a separate species.  The assignment as given here includes only the text “What is this?” at this point in the exercise, as an open lead-in to a class discussion.  An earlier version of the lab included additional text discussing some of the possibilities, which was as follows:
The sister species of the large metal paper clip?
How do we know it is even a separate species?

Maybe it is a juvenile large paper clip (ontogenetic size variation).  Maybe metal paper clips are sexually dimorphic, and one adult sex is larger than the other.  Either way the two metal paper clips are the same species—but even if we figure that out, can we determine if the small one is an adult or a juvenile?

For that matter, we assumed earlier that the presence of plastic made the colored paper clip a different species; we assumed the presence or absence of plastic was a valid character to distinguish between closely related species.  But what if the plastic coating is a secondary sex character that develops at maturity (like antlers)?  Then the colored paper clip might be the same species as the small metal paper clip.  

So the small metal paper clip could be

(1) its own species

(2) an immature large metal or small plastic clip

(3) an adult of the same species as the large metal clip if the species is sexually dimorphic in body size

(4) an adult of same species of the small plastic clip if the species is sexually dimorphic in ornamentation

Is your head spinning yet?  Welcome to the fun of working out relationships in the fossil record….

Modifications

--The activity as outlined here is used in a one-semester combined paleontology and stratigraphy course.  In a stand-alone paleontology course, where more time may be available to devote to phylogenetic issues, it is recommended that the students themselves receive basic training in cladistic analysis software of the instructor’s choice, and run the analysis of the pasta matrices themselves.
--Any other combinations of fasteners, pasta, or other related objects with a variety of shapes could be substituted to accomplish the same goals.

Additional Tips

It has been my experience that students will often get into lively debates over character definitions in the Pastaformes exercise.  I have found it best to practice non-interference, but then revisit the debates the following week during the discussion of results.  These arguments, though occasionally silly on the surface, will usually hinge on valid issues of character definition.  By way of example, I have twice had disputes arise over the definition of “flat,” specifically whether it can be applied to penne.  By one interpretation, the character of “flatness” was absent in penne because it was a tube.  By the other interpretation, “flatness” was present in penne because it was a flat sheet rolled into a hollow cylinder.  The fact that there was more than one possible way to define “flat” was a shock to most….
Solution Set/Supporting Materials
A specific solution set has not been provided, due to the fact that there really are no correct vs. incorrect answers.  A sample of the material provided to students for the follow-up discussion for the Pastaformes exercise, including each group’s character matrices and cladograms, is provided as supplementary material.
