BIOL 151 -- Introductory Zoology

Spring 2013, Minot State University

Laboratory #8: Phylogenetic Systematics 

For the past two weeks, you used morphometric techniques to estimate phylogeny for three species of salamander.  This week you will use a parsimony method, which uses the presence/absence of characters that differ among taxa, rather than numbers that describe differences in commonly held characters.  In this lab exercise, you will determine enough characters to use to estimate a phylogeny for six species of amphibians.  

A primer for inferring phylogeny using parsimony
The basis for inferring phylogeny is the synapomorphy = a shared, derived characteristic.  For example, the presence of a cranium is a synapomorphy for the Craniata.  No other animals have a skull.  Thus, this synapomorphy supports a phylogenetic hypothesis that states that all craniates (fishes, mammals, amphibians, reptiles and birds) are more closely related to each other than to any other groups of animals.

Using synapomorphies, one can place species on a "family tree" or phylogeny.  Because traits are subject to natural selection, it is uncommon to find concrete synapomorphies that define an entire group.  Terrestrial vertebrates are called the "Tetrapoda" in reference to a significant synapomorphy: presence of four limbs.  However, snakes are a member of the Tetrapoda even though they lack external evidence of legs.  Yet there are numerous other characteristics that clearly make snakes reptiles, thus members of the Tetrapoda.  Use of only one characteristic (presence or absence of four limbs) would lead one to an incorrect phylogeny that did not include the snakes with the reptiles.  Use of as many characters as possible is critical to developing a rigorous phylogenetic hypothesis.

Loss of legs in the snakes is an example of what is referred to as evolutionary reversal.  The most rigorous phylogenetic hypothesis is one in which the number of evolutionary reversals is minimal.  This is known as the principle of parsimony.  There is a consensus among evolutionary biologists that the most parsimonious phylogenetic hypothesis is the one that is most likely to represent the true geneology of a groups of organisms.

DIVERSITY

The diversity of life forms natural categories of organisms that can be organized to form a taxonomy: a heirarchical system of names that is designed to reflect ancestor-descendent relationships.  A name in a taxonomy is called a taxon (pl. taxa).  For example, "Vertebrata" is a taxon.

If done properly, a taxonomy should reflect phylogeny.  This means that all members of the same taxon should be descended from a common ancestor.  Members of the same taxon should be more closely related to all other members of that taxon than they should be to members of a different taxon.

Each taxon should be able to be defined by one, or more, synapomorphies.  If a taxon is not defined by synapomorphies, then it is unlikely that the taxon in question is a monophyletic unit.  In many cases, synapomorphies have not been used, and phylogeny is not well-understood.  Thus taxonomy often does not reflect phylogeny.

Because complete knowledge does not exist, bad taxonomy is a necessary consequence.  A notable example that is currently undergoing revision is the "Five Kingdom." The five kingdoms currently recognized are Monera, Fungi, Protista, Plantae, and Animalia.  It is likely that organisms do not fall naturally into this kind of heirarchy.  A more natural system that is based on synapomorphies (and thus phylogeny) recognizes three domains of life: the Archaea, the Bacteria and the Eukaryota.  

To increase your familiarity with how the history of life is discovered by a study of diversity, be sure to continue to consult these webpages:

http://www.ucmp.berkeley.edu/exhibit/phylogeny.html


and

http://www.ucmp.berkeley.edu/clad/clad1.html
---------------------

You will construct a “character-polarity matrix” for six species of amphibian: Ambystoma maculatum (the spotted salamander), Ambystoma tigrinum (the tiger salamander), Lithobates pipiens (the leopard frog), Lithobates sylvatica (the wood frog), Scaphiopus bombifrons (the Plains spadefoot), and Bufo cognatus (the Great Plains toad).  (The species of Lithobates were formerly called Rana.  Frogs in the genus Scaphiopus are often referred to the Spea.)
A character-polarity matrix is a table that lists the presence (+) or absence (-) of a character for each species.  This table is created based on inspection of specimens, and is then used to create the most parsimonious hypothesis.  The most useful characters are ones that some of the taxa being inspected possess and that the other taxa do not have.  This is referred to as a “polymorphic” character.  Monomorphic characters (i.e., autapomorphies) fail to help us deduce phylogeny.  Feel free to use them, but you will figure out pretty quickly that they are not helpful.
You will be given an example of how to create this matrix in lab.

---------------------

HYPOTHESIS

In the last lab on numerical systematics (morphometrics), I provided you with the hypothesis.  This lab, you should provide a phylogeny with these six species on a tree.  PLACE THIS PHYLOGENY AS “FIG. 1” IN THE HYPOTHESIS SECTION.
MATERIALS AND METHODS

1. Obtain a specimen for one of the species and develop notes on features that you think will be useful in your character matrix.  You may also consult web resources to help you choose useful characters.  You are welcome to begin finding useful characters for the character matrix before you come to lab.  For example, it may be worthwhile to google images of each species.
2. Create a character matrix using species as row (six rows, one for each species) and characters as columns (as many characters as you wish). THIS CHARACTER MATRIX SHOULD BE “TABLE 1” IN YOUR RESULTS.
3. Inspect an individual of each species in order to fill out your character matrix with ‘+’s and ‘-‘s, signifying presence or absence, respectively, of that character in each species.

4. Use your matrix to build a parsimonious hypothesis/tree/phylogeny.  THIS TREE SHOULD BE “FIG. 2” IN YOUR RESULTS.
5. Create another hypothesis in order to demonstrate that your hypothesis of Step 4 is more parsimonious.  You will be given some guidance in lab on how to do this.  THIS TREE SHOULD BE “FIG. 3” IN YOUR RESULTS.
In your Results section, be sure to place the ‘Table’ heading ABOVE the table, and place the ‘Figure’ legends BELOW the figures.  Each Table and Figure should have a written description of what the table or figure contains and describes.  

In addition, a good Results section always includes a written description and summary of your data, your analysis, and your conclusion about your hypothesis.
(All this stuff in big font means that if you do not do it, you will lose points.)
IN THE DISCUSSION SECTION, ADDRESS THE FOLLOWING QUESTIONS/TOPICS.

Was your hypothesis supported or rejected? Briefly describe why.

Discuss how your characters that are only seen in one group (this group can be one, two or more species) represent an innovation for that group and enable that group to do things that other groups lacking that innovation cannot.

When writing your Discussion section, I do not want you act like these are the questions to be answered.  I mean these questions to be a guide to what you should try to write about. 
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