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	This chapter describes how biologist trace phylogeny (from the Greek, phylon - tribe and genesis - origin), the evolutionary history of a species or a group of related species. Constructing phylogenic trees is a part of the scope of systemics, the study of biological diversity in an evolutionary context.  Systemics also includes taxonomy which names and classifies species.  Our study of phylogeny and systemics begins with the fossils left by past life, such as the ancient fish found on page 484 or our fictitious creature called       Caminalcules.  We then examine the techniques through which systematists test and refine their hypotheses about phylogeny and classification.  In the process, we will see how molecular biology is changing systematics, as it is changing every aspect of biology.

If you have any problems – please sign up for extra help after school.
	Chapter 25: 

Phylogeny and Systemics


Chapter 25: Phylogeny and Systemics
OBJECTIVES:  
The Fossil Record and Geologic Time

__1. 
Distinguish between phylogeny and systematics. 

__2. 
Describe the process of sedimentation and the formation of fossils. Explain what portions of organisms 
mostly fossilize and why. 

__3. 
Distinguish between relative dating and absolute dating. 
__4. 
Explain how isotopes can be used in absolute dating. 

__5. 
Explain why the fossil record is incomplete. 

__6. 
Describe two dramatic chapters in the history of continental drift. Explain how those movements affected 
biological evolution. 

__7. 
Explain how mass extinctions have occurred and how they affected the evolution of surviving forms. 

__8. 
Describe the evidence related to the impact hypothesis associated with the Cretaceous extinctions. 
Describe the hypothesized consequences of such an impact. 

Systematics: Connecting Classification to Phylogeny

__9. 
Distinguish between systematics and taxonomy. 

__10.
Explain how species are named and categorized into a hierarchy of groups. 

__11.
List the major taxonomic categories from the most to least inclusive. 

__12. 
Define the parts and describe the interrelationships within a cladogram. Explain how a cladogram 
is constructed. 

__13. 
Distinguish between homologous and analogous structures. Explain why the similarity of complex 
systems implies a more recent common ancestor. 

__14. 
Distinguish between shared primitive characters and shared derived characters. Compare the 
definitions of an ingroup and outgroup. 

__15. 
Compare the cladistic and phylocode classification systems. 

__16. 
Explain how nucleotide sequences and amino acid sequences can be used to help classify 
organisms.
__17. 
Explain the advantages that molecular methods have over other forms of classification. 

__18. 
Explain how molecular clocks are used to determine the approximate time of key evolutionary events. __19.  
Explain how molecular clocks are calibrated in actual time. 
__20. 
Explain how scientists determined the approximate time when HIV first infected humans. 

KEY TERMS:
anaologous structures

binomial



clade


cladogram


class



convergent evolution

family


fossil record

genus



geological time scale

half–life


homologous structures
kingdoms


molecular clocks


order


outgroup


Pangaea



phyla (phylum)


phylogeny

shared derived character
shared primitive character

species 



systematics

taxon (taxa) / taxonomy

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
WORD ROOTS:
analog- 
= proportion (analogy: similarity due to convergence)

bi- = two; nom- = name (binomial: a two-part latinized name of a species)

clado- 
= branch (cladogram: a dichotomous phylogenetic tree that branches repeatedly)

homo- 
= like, resembling (homology: similarity in characteristics resulting from a shared ancestry)

mono- 
= one (monophyletic: pertaining to a taxon derived from a single ancestral species that gave rise to no species in any 
 
   other taxa)

parsi- 
= few (principle of parsimony: The premise that a theory about nature should be the simplest explanation that is 
 
   consistent with the facts)
phylo- 
= tribe; -geny = origin (phylogeny: the evolutionary history of a taxon)
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William of Occam 

(1287 – 1347)
Occam’s Razor:
"simpler explanations are, other things being equal, generally better than more complex ones"
or

a.k.a - Keep It Simple Students
Guided Reading: Chapter 25
1.  Why are sedimentary rocks (and not igneous or metamorphic rocks) the richest source of fossils?
2. Paleontologists use a variety of methods to date fossils.  Briefly describe two of the most common methods of dating fossils listed below:


(a) Relative Dating -


(b) Absolute Dating - 

3. Why is the fossil record incomplete?

4. What was Pangaea and how long ago did it break up causing geographic isolation of colossal proportions?
5.  What is systematics?
6. What is taxonomy?
7. Every organism on Earth may be referred to by a unique binomial, or a two-part name. These are in Latin, or latinized. What is your binomial? What does it mean? 
8. What are the two components of every binomial?
9. What is your COMPLETE scientific name?
10. Taxonomy uses hierarchical categories that nest within each other, like Russian dolls. The figure below shows the categories, each called a taxon. Label each taxonomic category, in the boxes, and then give the one that applies exclusively to this panther to the side of each box.
[image: image2.jpg]Panthera Mephitis Lutra lutra Canis Canis
Species pardus mephitis (European || familiaris lupus
(leopard) | | (striped skunk) | otter) | |(domesticdog) |  (wolf)
Genus
Family | Felidse | Mustelidas [Canidae]]
Order

‘Copyright © Pearson Education,Inc. publishing as Benjamin Cumimings.




11. You will notice that the most general category, domain, the one that encompasses the most organisms, is shown at the bottom of the figure. As you move up in the figure, the organisms show greater and greater degrees of relatedness. You are expected to memorize these taxonomic categories in order! Most students use a mnemonic device linked to the first letter of each taxon to remember them.
Make up your own, or try mine:
D K P C O F G S or Dear King Phillip Comes Over For Good Strawberries
(You may choose to have King Philip come over for something else—whatever you can remember best!)
12. So, which are more closely related, organisms in the same phylum, or those in the same order?
13. Below is a phylogenetic tree. Recall that branch points represent common ancestors of the two lineages beyond the branch or node. Circle the common ancestor of striped skunks and European otters and label it as A. Circle the common ancestor of domestic dogs and wolves and label it as B.
      Which 2 species are more related? Explain your answer.

[image: image3.emf]
Let’s look back at an idea from Chapter 22. This idea is repeated in this chapter.
Study Tip:
Homologous structures show evidence of relatedness.
Example: whale fin, bat wing

Analogous structures are similar solutions to similar problems but do not indicate close relatedness.
Example: bird wing, butterfly wing

14. Molecular systematics is a valuable tool used today to sort homology from analogy. What is it?
15. Below are three cladograms. What is a cladogram? What is a clade?
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(a) ____________________

(b) ____________________

(c) ____________________

16. In the space below each cladogram, identify which is a monophyletic, paraphyletic, and polyphyletic group.

17. Circle a clade that is not highlighted below.
18. Why is Group I monophyletic?
19.  Explain why Group II is paraphyletic.
20. What is a polyphyletic group?
21. Clades are derived by using shared derived characters. What are these?
22. Explain why for mammals, hair is a shared derived character, but a backbone is not.
23. Explain the principle of parisomy.

24. Who was William of Occam and how does “Occam’s Razor” relate to the principle of parisomy.

25. How does “Occam’s Razor” apply to the construction of phylogenic trees?
Let’s summarize some important information before you start the last section. The rate of evolution of DNA sequences varies from one part of the genome to another; therefore, comparing different sequences helps us to investigate relationships between groups of organisms that diverged a long time ago. For example, DNA that codes for ribosomal RNA (rRNA) changes relatively slowly and is useful for investigating relationships between taxa that diverged hundreds of millions of years ago. DNA that codes for mitochondrial DNA (mtDNA) evolves rapidly and can be used to explore recent evolutionary events.

26. Which method reveals that the Pima of Arizona and Yanomami of Venezuela are descendants of the same Native Americans that crossed the Bering Land Bridge 13,000 years ago?
27. What are molecular clocks?
28. Through the use of molecular clocks, approximately when did HIV emerge?
29. CLADOGRAM ACTIVITY
As defined in question 15, a cladogram is a diagram that depicts evolutionary relationships among groups. It is based on PHYLOGENY, which is the study of evolutionary relationships. Sometimes a cladogram is called a phylogenetic tree (though technically, there are minor differences between the two). 
In the past, biologists would group organisms based solely on their physical appearance. Today, with the advances in genetics and biochemistry, biologists can look more closely at individuals to discover their pattern of evolution, and group them accordingly - this strategy is called EVOLUTIONARY CLASSIFICATION. 

CLADISTICS is form of analysis that looks at features of organisms that are considered "innovations", or newer features that serve some kind of purpose. (Think about what the word "innovation" means in regular language.) These characteristics appear in later organisms but not earlier ones and are called DERIVED CHARACTERS. 

Examine the sample cladogram below, each letter on the diagram points to a derived character, or something different (newer) than what was seen in previous groups. Determine the character for each letter.

Note: this cladogram was created for simplicity and understanding, it does not represent the established phylogeny for insects. 
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(A) _____________________________________
(E) ______________________________________

(B) _____________________________________
(F) ______________________________________

(C) _____________________________________
(G) ______________________________________

(D) _____________________________________
(H) ______________________________________

30.  To make a cladogram, you must first look at the animals you are studying and establish

       characteristics that they share and ones that are unique to each group. Based on that chart, 
       create a cladogram like the one on the previous page.
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DRAWING OF YOUR CLADOGRAM:
 

Chapter 25: Summary of Key Concepts

THE FOSSIL RECORD AND GEOLOGIC TIME
· Sedimentary rocks are the richest source of fossils (pp. 484-486, FIGURE 25.1) The fossil record provides the historical archives biologists use to study the history of life.

Activity25A:  Grand Canyon Video
· Paleontologists use a variety of methods to date fossils (pp. 486-488, TABLE 25.1FIGURE 25.2) Sedimentary strata reveal the relative ages of fossils in successive geologic periods. The absolute ages of fossils in years can be determined by radiometric dating and other methods. The geologic eras and periods correspond to major transitions in the composition of fossil species. The chronology of geologic periods and eras makes up the geologic time scale.

Activity25B:  A Scrolling Geologic Time Scale
· The fossil record is a substantial, but incomplete, chronicle of evolutionary history (p. 488). The fossil record favors species that existed for a long time, were abundant and widespread, and had shells or hard skeletons.

· Phylogeny has a biogeographic basis in continental drift (pp. 488-490,  FIGURES 25.3, 25.4) Continental drift has had a significant impact on the history of life by causing major geographic rearrangements affecting biogeography and evolution. The formation of the supercontinent Pangaea during the late Paleozoic era and its sub sequent breakup during the early Mesozoic era explain many biogeographic puzzles.

· The history of life is punctuated by mass extinctions (pp. 490-492,  FIGURES 25.5, 25.6) Evolutionary history has been characterized by long, relatively stable periods interrupted by intervals of extensive species turnover--mass extinctions followed by grand episodes of adaptive radiation.
SYSTEMATICS: CONNECTING CLASSIFICATION TO PHYLOGENY
· Taxonomy employs a hierarchical system of classification (pp. 493-494, FIGURE 25.7) Systematics, the study of biological diversity in an evolutionary context, includes taxonomy, the identification and classification of species. The hierarchy of taxa should reflect the branching nature of phylogeny.

· Modern phylogenetic systematics is based on cladistic analysis (pp. 494-497, FIGURES 25.11, 25.12) A clade is a monophyletic taxon, an evolutionary ancestor and all its descendants. In cladistic analysis, clades are defined by their evolutionary novelties, or shared derived characters.

· Systematists can infer phylogeny from molecular data (pp. 497-499, FIGURE 25.13) Species-to-species comparisons of the amino acid sequences in proteins and the base sequences in nucleic acids reveal phylogenetic relationships.

· The principle of parsimony helps systematists reconstruct phylogeny (pp. 499-501, FIGURE 25.15) Among phylogenetic hypotheses, the most parsimonious tree is the one that requires the fewest evolutionary changes.

· Phylogenetic trees are hypotheses (pp. 502-503, FIGURE 25.16) The best phylogenetic hypotheses are those that incorporate extensive molecular and morphological data.

· Molecular clocks may keep track of evolutionary time (p. 503, FIGURE 25.17) The base sequences of some regions of DNA change at a rate consistent enough to serve as clocks to date episodes in past evolution.

· Modern systematics is flourishing with lively debate (pp. 503-505, FIGURE 25.19). The progress in our understanding of phylogeny is built on research stimulated by scientific debates.
To make a cladogram, you must first look at the animals you are studying and establish characteristics or traits that they share (ancestral) and ones that are unique (derived) to each group. Create a cladogram like the one in your Chapter 25 Study Guide (# 29) for any one Family of Colleacules.
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