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SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area
	High School Biology 

	Recommended  Days of Instruction
	CP-12 Days/Applied II- 26 days

	Standard(s) addressed: 
B-5 The student will demonstrate an understanding of biological evolution and the diversity of life.

	Indicator: B-5.1  Summarize the process of natural selection.

	Unit VIII- Evolution Module B-5.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.1  

Summarize the process of natural selection.


	A Brief History of Biology

http://faculty.tamu-commerce.edu/jharvey/documents/BSC_106_Lecture_3.ppt
(04/07/2009) 

Biological Evolution in the Galapagos
http://www.galapagosislands.com/html/evolution.html (04/04/2009)
History of Evolutionary Thought

http://www.etsu.edu/math/gardner/mathbio/evol.pdf (04/04/2009)

	A Brief History of Biology is a powerpoint that includes information for natural selection, macroevolution, microevolution, and survival of the fittest.
Biological Evolution in the Galapagos 
Discusses biological evolution specific to the Galapagos Islands.  Use this website for teacher or student research.
History of Evolutionary Thought

This website contains information on various pioneers in the field of Evolution. It provides a history of evolutionary thought.  

	The objective of this indicator is to summarize the process of natural selection; therefore, the primary focus of assessment should be to generalize major points about the principles of natural selection.

In addition to summarize, assessments may require students to

· infer the fate of a particular species given a scenario of environmental change;

· compare microevolution and macroevolution;

· explain how changes in the environment may result in the appearance or disappearance of particular traits.


	Unit VIII- Evolution Module B-5.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.1  

Summarize the process of natural selection.

	Activity B-5.1a: History of Evolution
http://anthro.palomar.edu/evolve/evolve_2.htm - 
(04/04/2009)
Activity B-5.1b:

Peppered Moth Simulation
http://www.techapps.net/interactives/peppermoths.htm (04/05/2009)

Peppered Moth Lab Simulation Questions

www.fortbend.k12.tx.us/campuses/documents/Teacher/2009%5Cteacher_20090210_0829_2.doc (04/05/2009)
“Lizards Evolution in Action”
http://www.youtube.com/watch?v=PoeIIZFApF4&feature=related – (04/07/2009)
Science Teachers Resources
http://www.nclark.net/Evolution (04/05/2009)


	Activity B-5.1a (Quiz): History of Evolution
Identifies early scientists and their contributions to natural selection.

Website includes 6 videos, audio recordings from Beagle logs, and links to a quiz.  The home page links to various biological anthropology tutorials, practice quizzes, and a crossword puzzle.
Activity B-5.1b:

Peppered Moth Handout and Peppered Moth Simulation are online resources that may be used as a computer lab activity with groups of students at stations or as a whole class activity.
This activity could also work with variation, adaptation, descent with modification, or natural selection.
“Lizards Evolution in Action” 
This video illustrates reptile evolution. Use this five minute video at the beginning or ending of a lesson on evolution.
This website contains links to a variety of evolutionary topics, activities, labs, handouts and tutorials.
	

	Unit VIII- Evolution Module B-5.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.1  

Summarize the process of natural selection.


	Online Simulation
http://biologyinmotion.com/evol/index.html (04/05/2009)

Activity B-5.1c:

Mutations and Natural Selection

Online Simulation Handouts

http://www.biologycorner.com/worksheets/evolutionlab.html (04/05/2009)

Online Simulation Data Sheets

http://www.biologycorner.com/worksheets/evolution-data.html (04/05/2009)
Activity B-5.1d:

Peppered Moth Simulation with Graphing
http://biologycorner.com/worksheets/peppermoth_paper.html (04/07/2009)

Activity B-5.1e:

Crossword Puzzle
http://biologycorner.com/worksheets/cw_evolution2.html (04/07/2009)


	BiologyInMotion! Here you will find animations, interactive activities, and cartoons designed to explain the process of natural selection. These activities may be used in a classroom or lab setting.
Activity B-5.1c:

Mutations and Natural Selection and Online Simulation. These links provide lab simulations with data sheets.
Activity B-5.1d:

Peppered Moth Simulation with Graphing
Alternative lab simulation that includes graphing.
Activity B-5.1e:

Crossword Puzzle
Crossword puzzle using evolution vocabulary that could be used as a pre- or post-lesson assessment.
	

	Unit VIII- Evolution Module B-5.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.1  

Summarize the process of natural selection.


	Activity B-5.1f:

Review Guide
http://biologycorner.com/worksheets/dragonfly/ch15_review.html (04/07/2009)


	Activity B-5.1f:

Review Guide
Review guide for evolution that could be used as a formative assessment.

	

	Indicator: B-5.2  Explain how genetic processes result in the continuity of life-forms over time.

	Unit VIII- Evolution Module B-5.2

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.2

Explain how genetic processes result in the continuity of life-forms over time 
	Sexual Reproduction Overview

http://fig.cox.miami.edu/~ddiresta/bil101/Lec10.ppt  (04/06/2009)

Natural Selection Powerpoint
www.tamu-commerce.edu/biology/bcochran/Documents/101_Lecture_1_web2.ppt (04/06/2009)

“Paramecium in Conjugation”
http://www.youtube.com/watch?v=hx4rxNDRUac&feature=related (04/06/2009)

“Binary Fission”

http://www.youtube.com/watch?v=K0ZP8VtxUZ0 (04/06/2009)


	Sexual Reproduction Overview,
a Powerpoint presentation that may be used to introduce the indicator.
Natural Selection Powerpoint
Website that includes a link to a Powerpoint that includes natural selection (approximately ½ way through).
The following are six short videos that can be used to illustrate different types of reproductions:
“Paramecium in Conjugation” 

YouTube video that illustrates conjugation that may be used at the beginning of discussion on sexual reproduction. 
“Binary Fission – Rock and Roll Biology” YouTube video that illustrates binary fission.
After some discussion on binary fission reproduction show this video. 

	The objective of this indicator is to explain how genetic processes result in the continuity of life-forms over time; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing how sexual and asexual reproduction allows for the continuity of life-forms through the passing on of genetic material. 

In addition to explain, assessments may require students to

· recall the similarities between organisms that live today with those that lived in the past;  

· exemplify how genetic variability results in the continuity of life-forms; 

· compare the results of sexual and asexual reproduction; 

· summarize how sexual and asexual reproduction ensure that genetic material is passed to offspring allowing for the continuity of life-forms.



	Unit VIII- Evolution Module B-5.2

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.2

Explain how genetic processes result in the continuity of life-forms over time 
	“Hydra”
http://www.youtube.com/watch?v=489CSop00sY (04/06/2009)
“Frag an Anemone”
http://www.youtube.com/watch?v=o7BdqxW4ka0&feature=PlayList&p=1EA10CC09EE1B22B&index=10 (04/06/2009)
“Anemone Splitting”
http://www.youtube.com/watch?v=sPwi2QcLKao&NR=1 (04/06/2009)

“Sugarcane Propagation”
http://www.youtube.com/watch?v=fPraEesXRSs (04/06/2009)


	“Hydra” YouTube video that illustrates budding
After some discussion on reproduction by budding, show this video.
“Frag an Anemone” 

Video illustrating fragmentation.
“Anemone Splitting” 
Video illustrating fragmentation.
“Sugarcane Vegetative Propagation” 

Video illustrating vegetative propagation.

	


	Indicator: B-5.4  Explain how genetic variability and environmental factors lead to biological evolution.

	Unit VIII- Evolution Module B-5.4

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.4

Explain how genetic variability and environmental factors lead to biological evolution.
	Mechanisms of Evolution

http://www.mnsu.edu/emuseum/biology/evolution/genetics/sourcesofgeneticvariation.html (04/06/2009)
Genetic Equilibrium
http://library.thinkquest.org/27407/geneequi.htm (04/06/2009)

Hardy-Weinberg

http://www.geocities.com/mom2mwnew/Hardy.htm (04/06/2009)
“Speciation” of Salamanders

http://www.youtube.com/watch?v=YCoEiLOV8jc&feature=related (04/07/2009)


	Explanations of the mechanisms of evolution (mutations, genetic drift, gene flow)
Website describes genetic equilibrium and how it relates to Hardy-Weinberg.
Website includes information about Hardy-Weinberg and 3 lab exercises.
“Speciation” of salamanders 

Video illustrating speciation.

	The objective of this indicator is to explain how genetic variability and environmental factors lead to biological evolution; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing how the factors influencing genetic variability, speciation, and processes of evolution due to environmental changes can lead to the evolution of a species over time.

In addition to explain, assessments may require students to

· summarize the factors influencing genetic variability in a population;

· summarize the Hardy-Weinberg principle;

· explain the process of speciation;

· summarize the patterns of macroevolution;

· compare gradual and mass extinction.



	Unit VIII- Evolution Module B-5.4

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.4

Explain how genetic variability and environmental factors lead to biological evolution.
	Patterns of Evolution

www.rbrhs.org/wt/borchers/documents/PatternsofEvolution0809.ppt (04/07/2009)

A Brief History of Biology

http://faculty.tamu-commerce.edu/jharvey/documents/BSC_106_Lecture_3.ppt (04/07/2009)

“Recent Extinctions”

http://www.youtube.com/watch?v=40nJPTQMY-0 (04/07/2009)

“Extinct and Soon to Be Extinct”
http://www.youtube.com/watch?v=0VscjSg_imo&feature=related (04/07/2009)

Mass Extinction
http://ethomas.web.wesleyan.edu/ees123/mass_extinctions.htm (04/07/2009)

“Why? Tell Me Why!”

http://www.youtube.com/watch?v=nqFbgkzOhRY (04/07/2009)


	Website includes a link to the Patterns of Evolution Powerpoint.  
A Brief History of Biology Powerpoint that includes biological evolution slides.
“Recent Extinctions: Living on Borrowed Time” 

Video identifying extinctions from the modern era.
“Extinct and Soon To Be Extinct Animals/Species” 
Video identifying highly endangered organisms.
Website defines mass extinction and identifies its causes (the later portion is advanced).
“Why? Tell Me Why!: Mass Extinction” 

Video illustrating mass extinction.

	

	Indicator: B-5.3  Explain how diversity within a species increases the chances of its survival.

	Unit VIII- Evolution Module B-5.3

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.3
Explain how diversity within a species increases the chances of its survival
	Resources in Natural Selection from B-5.4 can be used to reinforce and support this indicator.
M&M Natural Selection Lab http://web.me.com/wypixievicks/I_LOVE_science!/Teachers_Area_files/Natural%20Selection%20M%20M%20Lab.doc 

TI-83 Calculator Activity http://education.ti.com/educationportal/activityexchange/Activity.do?cid=US&aId=3898
Free to use and download.

(4/20/09)

Populus: Evolution simulation software
http://www.cbs.umn.edu/populus/
(4/20/09)


	Online source for Natural Selection Lab using M & M candies.  May also be used for B-5.3 and B-5.4 indicators
TI-83 Calculator Activity:

Variety is the Spice of Life

Site contains handouts, answer sheets, etc.  If the science department does not have graphing calculators, they can usually be borrowed from Math departments.
Populus:  The Populus software contains a set of simulations that are used to teach population biology and evolutionary ecology at the University of Minnesota.  Faculty and students at your school may download Populus and use it gratis for non-profit instructional purposes.
	The objective of this indicator is to explain how diversity within a species increases the chances of its survival; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing how variability in species ensures reproductive success and adaptation to its environment. 

In addition to explain, assessments may require students to

· summarize the ways that diversity affects a species chances of survival;

· exemplify favorable traits that ensure reproductive success or species survival;

· infer the fate of a particular species in the face of a specific environmental change based on the degree of diversity of its members;

· compare the chances of two species to survive in the face of a specific environmental change based on the degree of diversity among the members of each group.


	Unit VIII- Evolution Module B-5.3

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.3
Explain how diversity within a species increases the chances of its survival
	Standard B-5.3 PowerPoint Lesson
http://www.thewilsonshouse.com/science/presentations/Hilbish_sc2.ppt
(4/20/09)

Bird Beak Buffet Lesson Plan:

http://www.mysciencebox.org/birdbeak/lesson
(4/20/09)

Designing Hatcheries with Genes in Mind:

http://www.dfg.ca.gov/projectwild/salmon/100-106.pdf
(4/20/09)

Captive Breeding and Species Survival
http://www.kidsplanet.org/tt/wolf/reading/Spe.PDF
(4/20/09)
	PowerPoint Presentation Link

Designed to teach B-5.3 with many examples  
Bird Beak Buffet Lesson Plan

A class activity on beak variation that allows individuals to become more “fit” than others.

Designing Hatcheries with Genes in Mind
This online activity stresses the importance of diversity and how it can be manipulated in mariculture.  This may used as a group activity.
Captive Breeding and Species Survival 
This reading activity with questions discusses critically low populations of wolves and the idea that variability leads to preservation. 

	

	Indicator: B-5.5  Exemplify scientific evidence in the fields of anatomy, embryology, biochemistry, and paleontology that underlies the theory of biological evolution.

	Unit VIII- Evolution Module B-5.5

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.5

Exemplify scientific evidence in the fields of anatomy, embryology, biochemistry, and paleontology that underlies the theory of biological evolution.


	Anatomy and Embryology

http://instruct.westvalley.edu/svensson/b18_Basicbiologyevolution.html (04/08/2009)

A Brief History of Biology
http://faculty.tamu-commerce.edu/jharvey/documents/BSC_106_Lecture_3.ppt (04/08/2009)

Activity B-5.5a: Homologous Structures Lab
www.rtsd.org/599921115145857/lib/599921115145857/Homologous_Structures_Lab.doc (04/08/2009)
Vestigial Organs

http://www.associatedcontent.com/article/810257/vestigial_organs_what_are_they_and.html?cat=5  (04/08/2009)


	Anatomy and Embryology

Website

Explains how anatomy and embryology are used to study evolution.
A Brief History of Biology

Website 
Powerpoint that discusses homologous structures.
Activity B-5.5a: Homologous Structures Lab
This exercise can be used as a lab to study homologous structures.
Vestigial Organs Website

Explains how vestigial organs are used to study evolution.

	The objective of this indicator is to exemplify scientific evidence in the fields of anatomy, embryology, biochemistry, and paleontology that underlies the theory of biological evolution; therefore, the primary focus of assessment should be to give or use examples of how these scientific fields provide evidence that supports the change in species over time.   

In addition to exemplify, assessments may require students to

· identify fields of science that provide evidence for biological evolution; 

· illustrate evidence for biological evolution using pictures, diagrams, or words; 

· infer relationships among organisms based on evidence from each field of science listed;

· summarize the ways that each field of science listed provides evidence for evolutionary relationships. 



	Unit VIII- Evolution Module B-5.5

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.5

Exemplify scientific evidence in the fields of anatomy, embryology, biochemistry, and paleontology that underlies the theory of biological evolution
	“Avian Embryonic Development”

http://www.youtube.com/watch?v=3i0Y4k_QvHc&feature=related (04/08/2009)

“A Sea Biscuit’s Life”

http://www.youtube.com/watch?v=KeIvSE5S2yQ (04/08/2009)
Paramecium in Conjugation
http://www.youtube.com/watch?v=hx4rxNDRUac&feature=related (04/06/2009)

Howard Hughes Medical Institute HHMI Holiday Lecture Series
http://www.hhmi.org/biointeractive/index.html  (4/30/2009)

HHMI Evolution:  Constant Change and Common Threads
http://www.hhmi.org/biointeractive/evolution/index.html
 (4/30/2009)

HHMI Evolution: Fossils, Genes and Mousetraps

http://www.hhmi.org/biointeractive/evolution/talks.html
(4/30/2009)


	“Avian Embryonic Development” 

and “A Sea Biscuit’s Life” videos can be used to illustrate embryonic development and compare body forms between 2 different phyla of animals.
(could also be used in B-5.7)
“Paramecium in Conjugation” 

Video that illustrates conjugation This may be used to support evidence of evolution.
HHMI Lecture Series: 
DVD’s may be ordered free for teachers.
Animations, Lectures, Classroom Activities, and Video clips can be downloaded and used for classroom use.

Lectures may be viewed and discussed in small groups or as a whole class.

	

	Unit VIII- Evolution Module B-5.5

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.5
Exemplify scientific evidence in the fields of anatomy, embryology, biochemistry, and paleontology that underlies the theory of biological evolution
	Evolution

http://bioweb.cs.earlham.edu/9-12/evolution/index.html
(4/20/09)
StreamlineSC:  Elements of Biology: Biological Evolution 
(56 min)

Segment:  The Evidence for the Theory of Evolution

(4/20/09)


	Online lesson with evidence for evolution using fossils, living organisms, and biochemistry.
Teacher can use for online class presentation, home reading assignment, or divide segments for group “expert” presentations.
Streamline Video clip (2:04 min).  Evidence for the Theory of Evolution
	

	Indicator: B-5.6  Summarize ways that scientists use data from a variety of sources to investigate and critically analyze aspects of evolutionary theory.

	Unit VIII- Evolution Module B-5.6

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.6

Summarize ways that scientists use data from a variety of sources to investigate and critically analyze aspects of evolutionary theory
	Most of the resources for B-5.5 can be referenced for this indicator.

http://www.youtube.com/watch?v=hx4rxNDRUac&feature=related (04/06/2009)

Howard Hughes Medical Institute HHMI Holiday Lecture Series
http://www.hhmi.org/biointeractive/index.html  (4/30/2009)

HHMI Evolution:  Constant Change and Common Threads
http://www.hhmi.org/biointeractive/evolution/index.html
 (4/30/2009)

HHMI Evolution: Fossils, Genes and Mousetraps

http://www.hhmi.org/biointeractive/evolution/talks.html
(4/30/2009)


	“Paramecium in Conjugation” 

Video that illustrates conjugation.
HHMI Lecture Series: 
DVD’s may be ordered free for teachers.
Animations, Lectures, Classroom Activities, and Video clips can be downloaded and used for classroom use.

Lectures may be viewed and discussed in small groups or as a whole class.

	The objective of this indicator is to summarize ways that scientists use data from a variety of sources to investigate and critically analyze aspects of evolutionary theory; therefore, the primary focus of assessment should be to give major points about how scientists in the fields of anatomy, embryology, paleontology, and biochemistry have used data to develop a picture of the process of evolutionary theory.    

In addition to summarize, assessments may require students to

· compare the evidence within the fields that scientists use to critically analyze evolutionary ancestry;

· recall the evidence that analogous and homologous structures provide for evolutionary relationships;

· infer how the fossil record has challenged scientists in paleontology;

· explain how biochemists use DNA evidence to show evolutionary relationship.



	Indicator: B-5.7  Use a phylogenetic tree to identify the evolutionary relationships among different groups of organisms.

	Unit VIII- Evolution Module B-5.7

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.7

Use a phylogenetic tree to identify the evolutionary relationships among different groups of organisms
	Caminalcules
http://nsm1.nsm.iup.edu/rgendron/labs.shtml 

Free to use and download.

(4/20/09)

Caminalcule Animation
http://nsm1.nsm.iup.edu/rgendron/CaminMovie.shtml
(4/20/09)
Tree of Life Web Project  

http://tolweb.org/tree/
(4/20/09)

Comparing Phylogenetic Trees  

http://cnx.org/content/m15807/latest/
(4/20/09)

Morphing Arachnids

http://www.youtube.com/watch?v=fObmcBGMm9I
(4/20/09)
	Activity B-5.7a:
Caminalcules
Classification and evolution lab uses imaginary animals to enable students to develop phylogenetic trees.  Assessment can be peer/self assessment of groups’ trees compared to correct tree.
Teacher presentation as part of the introduction to the Caminalcule activity.
Project includes reference material, phylogenetic trees, and lessons.
Comparing Phylogenetic Trees   Teacher may use for small groups to discuss trees supporting hypotheses and for class discussion.
Morphing Arachnids 
Video using phylogenies for time travel.
	The objective of this indicator is to use a phylogenetic tree to identify the evolutionary relationships among different groups of organisms; therefore, the primary focus of assessment should be to apply procedural knowledge of a phylogenetic tree to determine the evolutionary relationships among species. 

In addition to use, assessments may require students to

· interpret data from a phylogenetic tree; 

· classify organisms according to evolutionary relationships based on a phylogenetic tree;

· summarize information provided by a phylogenetic tree;

· infer the evolutionary relationships among groups represented on a phylogenetic tree;

· explain why organisms would be placed at various positions on a phylogenetic tree based on given scientific data.



	Unit VIII- Evolution Module B-5.7

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-5.7
Use a phylogenetic tree to identify the evolutionary relationships among different groups of organisms
	PhyloFacts: Integrating Evolutionary and Structural Analyses
http://www.youtube.com/watch?v=Y4iX2Ifjw8c
(4/20/09)

Understanding Evolutionary Trees
http://www.springerlink.com/content/v41w288751r82653/fulltext.html 
(4/20/09)
Constructing a Phylogenetic Tree using DNA Sequencing.  http://www.accessexcellence.org/AE/AEPC/WWC/1995/simulation_tree.php
(4/20/09)

An Automobile Phylogenetic Tree.  

http://www.accessexcellence.org/AE/AEPC/WWC/1995/autotree.php
(4/20/09)
	Video lecture about phylogenetic trees.
This article can be used for background information for the teacher. It also addresses student misconceptions of phylogenetic trees.  

Online Activity

Uses molecular biology rather than more common morphological/anatomical differences

This lesson could be used for more advanced students and/or as a group activity after several lessons.

Online Activity

This activity allows students to construct a tree.  This activity could be used as a first attempt at a phylogenetic tree after an introductory lesson.

Activity B-5.7b:

Teacher-made cladogram activity
	


High School Biology

Unit VIII
Evolution
Activities for Indicators
B-5.1, B-5.2, B-5.4, B-5.3, B-5.5, B-5.6, B-5.7  
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Activity B-5.1a  Microevolution

Activity B-5.1a - Quiz

Practice Quiz for Darwin and Natural Selection Top of Form

[image: image1.wmf]

../qpserver/evoqu


1.  Charles Darwin was best known in the 19th century for:


a. creating the idea of evolution.

b. creating the idea of uniformitarianism.

c. making the idea of evolution acceptable for scientists and the educated 


general public.

d. all of the above

2.  Darwin's ideas concerning the causes of evolution were probably formulated in his 
       mind:


a. while he was still a student at Cambridge University.

b. before he began his voyage of exploration around the world on H.M.S. Beagle.

c. during his voyage on H.M.S. Beagle, especially after he reached the Galápagos 

Islands during the late 1880's.


d. after he wrote On the Origin of Species.
3.  Charles Darwin concluded that the 13 species of finches on the Galápagos Islands:


a. were identical to 13 finch species in northwestern South America 600 miles to 

the east.

b. probably evolved from one ancestral South American species.

c. had all adapted to the same food sources.

d. B and C 

4.  Through careful observation, Charles Darwin came to understand that: 


a. populations of plants and animals in nature most often consist of individuals 

that are clones of each other.

b. those individuals whose variation gives them an advantage in staying alive 

long enough to reproduce are more likely to pass their traits on to the next 

generation.

c. populations of a species that become isolated from others by adapting to 


different environmental niches quickly become extinct.

d. all of the above 

5.  Which of the following statements is true about Charles Darwin? 


a. He believed that evolution was due to the inheritance of acquired 



characteristics. 


b. He supported Lamarck's explanation of how evolution occurred. 


c. He understood that the variation that exists in natural populations of plants or 

animals is the result of repeated mutations. 


d. none of the above 

Activity B-5.1a cont. - Quiz

6.  The example of the peppered moths living near English industrial cities 
demonstrates that: 


a. a change in an environment can result in the evolution of species living there.

b. evolution occurs so slowly that it is not possible to determine that it has 


happened in less than a million years.

c. the environment near these cities has always favored dark colored moths.


d. food in the moth’s diet made them change colors.
7.  The theory of evolution by natural selection was independently developed by: 


a. Charles Lyell and Charles Darwin.

b. Charles Darwin and Alfred Wallace. 


c. Erasmus Darwin and Lamarck.

d. Charles Lyell and James Hutton. 

8.  Which of the following statements about Darwin is true? 


a. He failed to convince the majority of biologists and other educated lay people 

in the late 19th century that life evolves. 


b. He thought that the biggest and strongest animals are always at an advantage 

in natural selection. 


c. His book On the Origin of Species did not sell well and the biologists in his time 

did not take much notice of it. 


d. none of the above 

9.  Darwin and Wallace's theory of evolution by natural selection failed to explain how: 


a. nature operates to reduce variation in a population every generation.

b. new genetic varieties can appear in a population every generation.

c. neither of the above

d. both of the above 

10.  The evolution of one species into two or more species as a result of different 
        populations becoming reproductively isolated from each other is: 


a. adaptive radiation. 


b. creationism. 


c. photosynthesis.


d. gradualism.
11.  Boucher de Perthes is known for discovering something in northern France during 
the 1830's.  What was it? 


a. a partial Neandertal skeleton 


b. prehistoric stone tools 


c. the major cause of biological evolution 


d. none of the above 

12.  Which of the following ideas was developed by Thomas Malthus? 


a. Peppered moths living near industrial cities provide an example of evolution. 


b. The diversity of Galápagos finch species is the result of natural selection. 


c. Living things often produce more offspring than are needed.

d. none of the above
Activity B-5.1a cont. - Quiz - Answers

1c
2c 
3b 
4b 
5d 
6a 
7b 
8d 
9b 
10a 
11b 
12c
Activity B-5.1b - Simulation

Peppered Moth Simulation 

adapted from: www.fortbend.k12.tx.us/campuses/documents/Teacher/2009%5Cteacher_20090210_0829_2.doc
Log in to the following website: http://www.techapps.net/interactives/peppermoths.htm
Choose the second icon “Pollution and peppered moths.”

As you read, answer the following questions:


1) Where was the first peppered moth caught?


2) By 1900, how had the peppered moth population changed?


3) What caused the change?


4) What is natural selection?

Now, at the bottom of the screen, click the bird picture 

(Bird’s Eye View of Natural Selection)


5) What are the 2 colors of wings for the moths?

Choose Light Forest, and follow the on-screen instructions.

When done with the game, create a data table representing the percent change for each color of moth (start and end percent).

What happens to the light moth population?

What happens to the black moth population?

Use the term “natural selection” to explain why these changes occurred. 

Activity B-5.1b cont. - Simulation – Answers
1.  The first peppered moth was caught in Manchester England.
2.  By 1900, 98% of the peppered moth population had become dark.
3.  The change to dark color was caused by a mutated gene that was inherited into the 
population where it gave an advantage to moths on soot-covered trees.
4.  Differences in individuals within a population that allow it to survive and reproduce 
will result in that trait becoming more prominent in that population to the point 
where the species could change.
5.  The 2 colors of moth wings are light (white) and dark (black).
The data tables will vary depending on the simulation parameters.
The answers concerning light moths will vary based on how the simulation is played.
The answers concerning dark moths will vary based on how the simulation is played.
The answers will vary but may include statements like:


“if more light moths survive and reproduce, then due to natural selection the 
population sizes of light moths will increase”.

Activity B-5.1c - Evolution Lab
Evolution Lab

(adapted from http://www.biologycorner.com/worksheets/evolutionlab.html)

In this lab, you will use a computer simulation to track a population of organisms as they evolve. You will take data on the number and varieties of the organisms and graph them to show change over time and determine how two factors: MUTATION RATE and SELECTION STRENGTH affect how populations evolve. 

Instructions

1. Go to www.biologyinmotion.com and click on the link that says "evolution lab"

2. Read the introduction and the contents to learn about the imaginary creatures you will be studying and how to operate the simulator. You may also want to look at the help link.

3. Open the simulator and practice using the controls before you go on to the real simulation. Be sure to "reset" the simulator when you're finished practicing.

The Simulations

	Simulation A - The purpose of this simulation is to determine how the mutation rate affects the evolution of your population. You will need to run 4 trials with varying settings for mutation rate. Fill out the Data Table and create a graph.  You will have 4 lines on your graph. The X-axis will be cycles, and the Y will be mean phenotype.

Simulation B - The purpose of this simulation is to determine how selection strength affects the evolution of your population. Run three trials with the selection strength at 0, and three trials with the selection strength at varying ranges. (See data table)

Fill out the data table and create a graph for simulation B.
	


Analysis

Answer the following questions on a separate page, title this page "Evolution Simulation" and make sure your name is on it. You can even type it in Word if you like.

1. Describe how the simulation models natural selection (and evolution). 

2. Explain HOW the mutation rate affects the evolution of your populations. 
3. Explain WHY the mutation rate affects the evolution of your populations.

4. Explain HOW altering the selection rate affects the evolution of your populations. 


(You may want to include an explanation of what "selection strength" means.) 
5. Explain WHY altering the selection rate affects the evolution of your populations. 

Activity B-5.1c cont. - Evolution Lab

Evolution Simulation Data Table

(adapted from http://www.biologycorner.com/worksheets/evolution-data.html)

	Simulation A 
Selection Strength Constant at .8

	Trial 1 
Mutation Rate: 0
	Trial 2
Mutation Rate: .2
	Trial 3
Mutation Rate: .5
	Trial 4
Mutation Rate: 1.0

	Cycles
Mean Phenotype 
1
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	Simulation B 
Mutation Rate Constant at .3

	Trial 1 
Selection Strength: 0
	Trial 2
Selection Strength: .3
	Trial 3
Selection Strength: .6
	Trial 4
Selection Strength:1 0

	Cycles
Mean Phenotype 
1
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Activity B-5.1c cont. - Evolution Lab – Answers
Analysis
1. Describe how the simulation models natural selection (and evolution). 


The simulation creates variations in the population which could lead to evolution.
2. Explain HOW the mutation rate affects the evolution of your populations.

 
The faster the mutation rate, the faster evolution occurs.


 3. Explain WHY the mutation rate affects the evolution of your populations.


The mutation rate affects evolution because it causes the variations in the 


population.
4. Explain HOW altering the selection rate affects the evolution of your populations. 


A low selection rate will result in a trait that may not help an individual survive 

as easily as a trait with a high selection rate.

(You may want to include an explanation of what "selection strength" means.) 


Selection strength is a measure of how well a new trait will be utilized by 


individuals in the population.

 5. Explain WHY altering the selection rate affects the evolution of your populations. 


Altering the selection rate will help individuals survive longer in the population

Simulation Data Tables 
Information in the tables will vary according to how the simulation factors are set.
Activity B-5.1d - Moth Simulation




Peppered Moth Simulation

(adapted from: http://biologycorner.com/worksheets/peppermoth_paper.html)

Objectives:

Describe the importance of coloration in avoiding predation.
Relate environmental change to changes in organisms.
Explain how natural selection causes populations to change.

Materials:

Sheet of white paper
Newspaper
Forceps
Colored Pencils
Clock with Second Hand
30 newspaper circles (made with hole punch)
30 white circles (made with hole punch)

Purpose: 

In this lab, you will simulate how predators locate prey in different environments.  You will analyze how color affects and organism's ability to survive in certain environments.

Industrial Melanism is a term used to describe the adaptation of a population in response to pollution. One example of rapid industrial melanism occurred in populations of peppered moths in the area of Manchester, England from 1845 to 1890.  Before the industrial revolution, the trunks of the trees in the forest around Manchester were light grayish-green due to the presence of lichens.  Most of the peppered moths in the area were light colored with dark spots.  As the industrial revolution progressed, the tree trunks became covered with soot and turned dark.  Over a period of 45 years, the dark variety of the peppered moth became more common.

Procedure:

1. Place a sheet of white paper on the table and have one person spread 30 white 
circles and 30 newspaper circles over the surface while the other person isn't 
looking.
2. The "predator" will then use forceps to pick up as many of the circles as they can in 
15 seconds.
3. This trial will be repeated with white circles on a newspaper background, newspaper 
circles on a white background, and newspaper circles on a newspaper 
background. 

4. Record the data in chart below.

	
	
	Starting Population
	Number Picked up

	Trial 
	Background
	Newspaper
	White
	White
	Newspaper

	1
	white
	30
	30
	
	

	2
	white
	30
	30
	
	

	3
	newspaper
	30
	30
	
	

	4
	newspaper
	30
	30
	
	


Activity B-5.1d cont. - Moth Simulation

Analysis:

1. What did the experiment show about how prey are selected by predators? 

 

2. What moth coloration is the best adaptation for a dark (newspaper) background? 

     How do you know?

 

3. What would you expect the next generation of moths to look like after trial 1? 

    What about the next generation after trial 3?

 

4. How does the simulation model natural selection?

 

5.  Examine the table and construct a graph.  Using the following table, plot the years 
of the study on the X-axis, and the number of moths captured on the Y axis.  You 
should have 2 lines on your graph - one for light moths and one for dark moths.

	Year
	# of Light Moths Captured
	# of Dark Moths Captured

	2
	537
	112

	3
	484
	198

	4
	392
	210

	5
	246
	281

	6
	225
	337

	7
	193
	412

	8
	147
	503

	9
	84
	550

	10
	56
	599


Activity B-5.1d cont. - Moth Simulation

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


			 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


			 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 


			 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 



	6. Explain in your own words what the graph shows.

7. Describe a situation where this type of selection might occur.
	 

 

 




 

Activity B-5.1d cont. - Moth Simulation – Answers
The information in the data charts will vary depending individual trials.
Analysis:

1.  Prey that can be seen are selected by predators.
2.  The moth best adapted to the dark background is the “newspaper” color moth.
     This is because the “newspaper” color was selected less than “white” color.
3.  After trial 1 there should be more white dots than newspaper dots.
     After trial 3 there should be more newspaper dots.
4.  The simulation models natural selection because the 2 colors represent variations in 
the population.
Graph:
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6.  The graph shows the increase of dark moths captured and the decrease of light 
moth captured over 10 years.
7.  The answers will vary.
Activity B-5.1e - Crossword

Evolution Crossword

(adapted from:  http://biologycorner.com/worksheets/cw_evolution2.html)
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Across
2. structures that are similar
5. a characteristic that helps an organism survive
9. when one species evolves into many; adaptive ____
10. pattern of evolution where a species is stable for a long time then rapidly changes; 

_____ equilibrium
12. the name of Darwin's book; The ___ of Species
13. process by which evolution occurs; natural ______
17. had different shaped shells depending on the island they were from
18. well-supported testable explanation
20. when two species evolve together
21. natural selection is also known as the survival of the ______
22. islands that Darwin visited
23. principle that states that living species are descended from ancient ones; 

descent with ______
24. the name of the ship that Darwin traveled on

Down
1. when two unrelated organisms look alike (sharks & dolphins)
3. refers to the variety of living things
4. when organisms disappear from the earth
6. proposed the theory of evolution by natural selection
7. formation of new species
8. change over time
11. required for new species to form
14. preserved remains of ancient organisms
15. had different shaped beaks depending on the island they were from
16. the study of the earth
19. structures that have no current function 

Activity B-5.1e cont. - Crossword – Answers

Across
2. homologous
5. adaptation
9. radiation
10. punctuated
12. origin
13.  selection
17. turtles
18. theory
20. coevolution
21. fittest
22. Galapagos
23. modification
24. beagle

Down
1. convergent
3. diversity
4. extinction
6. Darwin
7. speciation
8. evolution
11. isolation
14. fossils
15. finches
16. geology
19.  vestigial

Activity B-5.1f - Review Guide

Evolution Review Guide

(adapted from: http://biologycorner.com/worksheets/dragonfly/ch15_review.html)

1. Define Evolution.
2. What is a theory? How are theories developed? Can theories be disproven?
3. Who established the Theory of Evolution by Natural Selection? What was the name of 
the book he published? What island is famous for its relationship to the theory?
4. How are finches on the Galapagos Islands similar? How are they different?
5. How are turtles on the Galapagos Islands similar? How are they different?
6. What is diversity? How is evolution related to diversity?
7. How did geology help Darwin establish his theory?
8. What are variations and adaptations? Give examples.
9. Describe the process of Evolution by Natural Selection. (4 steps)
10. What causes the "struggle for existence"?
11. What is common descent, or descent with modification?
12. What is geographic distribution?
13. What are homologous structures? Describe the forearms of vertebrates (birds, 
turtles, etc).
14. How does embryology show evidence of evolution?
15. What are vestigial structures (give examples)
16. How are new species formed? What is reproductive isolation? Define speciation.               17. What causes extinction? How does extinction affect the formation of new species?
18. What is macroevolution?
19. What is adaptive radiation (give examples)?
20. What is convergent evolution (give examples)?
21. What is coevolution (give examples)?
22. Compare gradualism to punctuated equilibrium.

Activity B-5.1f cont. - Review Guide – Answers

Answers will vary but may include the following.
1. Evolution is a change in a population over time that leads to speciation.
2. A theory is an explanation that is used for wide-ranging scientific ideas/concepts.
    Theories are hypotheses that have been repeatedly proven correct over a long 

period of time.
    Theories can be disproven but it’s not likely.
3. Charles Darwin established the Theory of Evolution by natural selection.
    His book was On the Origin of Species.
    The islands are the Galapagos Islands.
4. The finches are similar because they all are only found in the Galapagos.
    They are different because they have unique diets and beak shapes.
5. The turtles are similar because they all are only found in the Galapagos.
    They are different because they all have unique shell shapes.
6. Diversity is a measure of how many different species are found in a given area.
    Evolution increases diversity.
7. Darwin understood the Earth had to be millions of years old, not just thousands of 
years.
8. A variation is spots on a dog.  Adaptations are variations that make a dog different 
than a wolf.
9. The 4 steps of evolution by natural selection includes the overproduction of offspring, 
variation, adaptation, and descent with modification.
10. The “struggle for existence” is caused by competition for resources.
11. Common descent is when generations of offspring change from earlier generations.
12. Geographic distribution is where species can be found in relation to each other.
13. Homologous structures form from the same embryological tissue and are used for 
the same function.
      Vertebrate forearms include 1 bone in the upper arm, 2 bones in the forearm, a 
joint with multiple bones, ending in digits.
14. Embryology shows evidence of evolution thru the stages of development.
15. Vestigial structures have no (or limited) function in an organism (like the 
appendix).
16. New species are formed when adaptations change existing species into new 
species.
      Reproductive isolation is a type of isolation that keeps members of a species from 
breeding.
      Speciation is the creation of a new species.
17. Extinction is caused when the last member of a species dies.
      With no members of a species remaining, no new species will form from that 
extinct species.
18. Macroevolution is large-scale evolution affecting many species.
19. Adaptive radiation is when different species diverge from a common ancestor (like 
the Galapagos finches).
20. Convergent evolution is when 2 species evolve similar characteristics due to similar 
environmental pressures (like whales/sharks).
21. Coevolution is when 2 species evolve in response to each other (like 
hummingbirds/long-necked flowers).
22. Gradualism is a slow steady change whereas punctuated equilibrium is abrupt 
changes followed by periods of stability.
Activity B-5.5a -  Homologous Lab

Homologous Structures Lab

adapted from:  www.rtsd.org/599921115145857/lib/599921115145857/Homologous_Structures_Lab.doc
Purpose:

To establish the differences between analogous and homologous structures and the role that they play in evolution.
Materials:  

Worksheets of different skeletons from the classes of vertebrates.
Procedure:  

Label the diagram of the human skeleton.  Using the human skeleton as your model, find the same or similar bones and label them in the frog, the pigeon, and the cat.

You will use these diagrams as a means to compare these different organisms to support the idea of “descent from a common ancestor”.   Examine each skeleton carefully and be as specific as you can when making your 
observations.

Discussion:

Answer the following questions:

1.  How has the adaptation/modification (whether it is the shape or size of the 
organism’s feet, wings, head or otherwise) helped it to reproduce and/or survive 
in its environment?

2.  Describe the process of natural selection.

3.  What is the difference between an analogous and a homologous structures?

4.  Give one example of an analogous structure between a species, and explain how 
this modification helps each species to survive and/or reproduce.
Activity B-5.5a cont. -  Homologous Lab
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Activity B-5.5a cont. -  Homologous Lab
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Activity B-5.5a cont. -  Homologous Lab
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Activity B-5.5a cont. -  Homologous Lab
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Activity B-5.5a cont. -  Homologous Lab
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Activity B-5.5a cont. -  Homologous Lab
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Activity B-5.5a cont. -  Homologous Lab
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Activity B-5.5a cont. -  Homologous Lab - Answers
Answers for the diagrams of the cat, human, bird, and frog can be obtained from comparing the labeled examples with the unlabeled figures

Written answers will vary but may include:

1.  The modification of hind legs has helped the frog swim and the eagle catch prey

     The forelimbs help bats fly and whales maneuver in the water

2.  Natural selection occurs because the individual members of a population have 
different traits which allow them to interact with the environment either more or 
less effectively than the other members of the population (results in changes in 
the inherited traits of a population over time)
3.  Analogous structures result from convergent evolution and homologous structures 
from divergent evolution

4.  An example of an analogous structure would be the wing of a bird and the wing of a 
butterfly (both used in flight)

Activity B-5.7a - Caminalcules


CLASSIFICATION AND EVOLUTION

Robert P. Gendron


Indiana University of Pennsylvania

Caminalcules are imaginary animals invented by the evolutionary biologist Joseph Camin.  They make ideal organisms for introducing students to two related topics: taxonomic classification and evolution.  In this lab exercise the students first classify 14 "living"species into genera, families, etc. Then they construct an evolutionary tree of the Caminalcules using an additional 57 "fossil" species. This illustrates how modern classification schemes attempt to reflect evolutionary history.  
In the process of doing this exercise the students are also introduced to concepts such as convergent evolution and vestigial structures. 

The pictures 
of the Caminalcules are copyrighted by the journal Systematic Biology and Robert R. Sokal. They are made available here with permission.

You are free to use and modify this lab in your own courses with the following provisions:

1.
You let me know if you use the lab and how it worked. (Any comments and suggestions would be appreciated as well.).

2.
Some mention is made of where the lab came from, even if it is modified.

3.
If the lab is sold to students (e.g. as part of a lab manual) this be done at cost and not for profit.

This document contains

1.
This cover sheet

2.
The Classification and Evolution Lab handout

3.
Pictures of the Caminalcules (in MS Word format)

4.
Instructor Notes for both a two- and three-hour lab

5.
A diagram of the correct phylogenetic tree (see below)

Note that in my lab I use only a subset of all the 77 Caminalcules.  To use the entire set would increase the time needed to complete the lab without appreciably increasing its educational value.  Thus, the phylogenetic tree that is reproduced here is a “pruned” version of the original; I digitally removed those branches that are not represented by my subset of Caminalcules.  If you want the entire set of Caminalcules and the complete phylogenetic tree you can contact me or scan in the pictures from the original source (Sokal, R.R. 1983. A phylogenetic analysis of the Caminalcules. I. The data base.   Systematic Zoology 323:159-184).

Robert P. Gendron

Biology Department

Indiana University of Pennsylvania

Indiana, PA 15705

rgendron@iup.edu
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CLASSIFICATION AND EVOLUTION


Robert P. Gendron


Indiana University of Pennsylvania

Humans classify almost everything, including each other.  This habit can be quite useful.  For example, when talking about a car someone might describe it as a 4-door sedan with a fuel injected V-8 engine.  A knowledgeable listener who has not seen the car will still have a good idea of what it is like because of certain characteristics it shares with other familiar cars.  Humans have been classifying plants and animals for a lot longer than they have been classifying cars, but the principle is much the same.  In fact, one of the central problems in biology is the classification of organisms on the basis of shared characteristics.  As an example, biologists classify all organisms with a backbone as "vertebrates."  In this case the backbone is a characteristic that defines the group.  If, in addition to a backbone, an organism has gills and fins it is a fish, a subcategory of the vertebrates.  This fish can be further assigned to smaller and smaller categories down to the level of the species.  The classification of organisms in this way aids the biologist by bringing order to what would otherwise be a bewildering diversity of species.  (There are probably several million species ‑ of which about one million have been named and classified.)  The field devoted to the classification of organisms is called taxonomy [Gk. taxis, arrange, put in order + nomos, law].

The modern taxonomic system was devised by Carolus Linnaeus (1707‑1778).  It is a hierarchical system since organisms are grouped into ever more inclusive categories from species up to kingdom.  Figure 1 illustrates how four species are classified using this taxonomic system.  (Note that it is standard practice to italicize the genus and species names.)

	KINGDOM
	Animalia
	Plantae

	PHYLUM
	Chordata
	Arthropoda
	Angiospermophyta

	CLASS
	Mammalia
	Insecta
	Monocotyledoneae

	ORDER
	Primate
	Carnivora
	Hymenoptera
	Liliales

	FAMILY
	Hominidae
	Canidae
	Apidae
	Liliaceae

	GENUS
	Homo
	Canis
	Apis
	Alium

	SPECIES
	sapiens
(human)
	Lupus
(wolf)
	mellifera
(honeybee)
	sativum
(garlic)



Figure 1
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In the 18th century most scientists believed that the Earth and all the organisms on it had been created suddenly in their present form as recently as 4004 BC.  According to this view, Linnaeus' system of classification was simply a useful means of cataloging the diversity of life.  Some scientists went further, suggesting that taxonomy provided insight into the Creator's mind ("Natural Theology").

This view of taxonomy changed dramatically when Charles Darwin published On The Origin of Species in 1859.  In his book Darwin presented convincing evidence that life had evolved through the process of natural selection.  The evidence gathered by Darwin, and thousands of other biologist since then, indicates that all organisms are descended from a common ancestor.  In the almost unimaginable span of time since the first organisms arose (about 3.5 billion years) life has gradually diversified into the myriad forms we see today.

As a consequence of Darwin's work it is now recognized that taxonomic classifications are actually reflections of evolutionary history.  For example, Linnaeus put humans and wolves in the class Mammalia within the phylum Chordata because they share certain characteristics (e.g. backbone, hair, homeothermy, etc.).  We now know that this similarity is not a coincidence; both species inherited these traits from the same common ancestor.  In general, the greater the resemblance between two species, the more recently they diverged from a common ancestor.  Thus when we say that the human and wolf are more closely related to each other than either is to the honeybee we mean that they share a common ancestor that is not shared with the honeybee.

Another way of showing the evolutionary relationship between organisms is in the form of a phylogenetic tree (Gk. phylon, stock, tribe + genus, birth, origin):
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Figure 2

The vertical axis in this figure represents time.  The point at which two lines separate indicates when a particular lineage split.  For example, we see that mammals diverged from reptiles about 150 million years ago.  The most recent common ancestor shared by mammals and reptiles is indicated by the point labeled A.  The horizontal axis represents, in a general way, the amount of divergence that has occurred between different groups; the greater the distance, the more different their appearance.  Note that because they share a fairly recent ancestor, species within the same taxonomic group (e.g. the class Mammalia) tend to be closer to each other at the top of the tree than they are to members of other groups. 

Several types of evidence can elucidate the evolutionary relationship between organisms, whether in the form of a taxonomic classification (Fig. 1) or a phylogenetic tree (Fig. 2).  One approach, as already discussed, is to compare living species.  The greater the differences between them, the longer ago they presumably diverged.  There are, however, pitfalls with this approach.  For example, some species resemble each other because they independently evolved similar structures in response to similar environments or ways of life, not because they share a recent common ancestor.  This is called convergent evolution because distantly related species seem to converge in appearance (become more similar).  Examples of convergent evolution include the wings of bats, birds and insects, or the streamlined shape of whales and fish.  At first glance it might appear that whales are a type of fish.  Upon further examination it becomes apparent that this resemblance is superficial, resulting from the fact 
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that whales and fish have adapted to the same environment.  The presence of hair, the ability to lactate and homeothermy clearly demonstrate that whales are mammals.  Thus, the taxonomist must take into account a whole suite of characteristics, not just a single one.

The fossil record can also be helpful for constructing phylogenetic trees.  For example, bears were once thought to be a distinct group within the order Carnivora.  Recently discovered fossils, however, show that they actually diverged from the Canidae (wolves, etc.) fairly recently.  The use of fossils is not without its problems, however.  The most notable of these is that the fossil record is incomplete.  This is more of a problem for some organisms than others.  For example, organisms with shells or bony skeletons are more likely to be preserved than those without hard body parts.

The Classification and Evolution of Artificial Organisms
In this lab you will develop a taxonomic classification and phylogenetic tree for a group of imaginary organisms called Caminalcules after the taxonomist Joseph Camin who devised them.  At the back of this chapter are pictures of the 14 "living" and 58 "fossil" species that you will use.  Take a look at the pictures and note the variety of appendages, shell shape, color pattern, etc.  Each species is identified by a number rather than a name.  For fossil Caminalcules there is also a number in parentheses indicating the  geological age of each specimen in millions of years.  Most of the fossil Caminalcules are extinct, but you will notice that a few are still living (e.g. species #24 is found among the living forms but there is also a 2 million year old fossil of #24 in our collection).

The purpose of this lab is to illustrate the principles of classification and some of the processes of evolution (e.g. convergent evolution).  We do these exercises with artificial organisms so that you will approach the task with no preconceived notion as to how they should be classified.  This means that you will have to deal with problems such as convergent evolution just as a taxonomist would.  With real organisms you would probably already have a pretty good idea of how they should be classified and thus miss some of the benefit of the exercise.

Exercise 1: The Taxonomic Classification of Living Caminalcules
Carefully examine the fourteen living species and note the many similarities and differences between them.  On a sheet of notebook paper create a hierarchical classification of these species, using the format in Figure 3.  Instead of using letters (A, B, ...), as in this example, use the number of each Caminalcule species.   Keep in mind that Figure 3 is just a hypothetical example.  Your classification may look quite different than this one.
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	PHYLUM CAMINALCULA

	CLASS 1
	CLASS 2

	ORDER 1
	ORDER 2
	ORDER 3

	FAMILY 1
	FAMILY 2
	FAMILY 3
	FAMILY 3

	GENUS 1
	GENUS 2
	GENUS 3
	GENUS 4
	GENUS 5
	GENUS 6

	A
	G
	H
	D
	B
	J
	L
	E
	K
	C
	F
	I



Figure 3

The first step in this exercise is to decide which species belong in the same genus.  Species within the same genus share characteristics not found in any other genera (plural of genus).  The Caminalcules numbered 19 and 20 are a good example; they are clearly more similar to each other than either is to any of the other living species so we would put them together in their own genus.  Use the same procedure to combine the genera into families.  Again, the different genera within a family should be more similar to each other than they are to genera in other families.  Families can then be combined into orders, orders into classes and so on.  Depending on how you organize the species, you may only get up to the level of order or class.  You do not necessarily have to get up to the level of Kingdom or Phylum.

Exercise 2.  The Comparative Approach to Phylogenetic Analysis
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Construct a phylogenetic tree based only on your examination of the 14 living species.  This tree should reflect your taxonomic classification.  For example, let us say you have put species A and G into the same genus because you think they evolved from a common ancestor (x).  Their part of the tree would look like the diagram on the right.

[image: image152.wmf]E

C

K

y

z


When there are three or more species in a genus you must decide which two of the species share a common ancestor not shared by the other(s).  This diagram indicates that species E and K are more closely related to each other than either is to C.  We hypothesize that E and K have a common ancestor (y) that is not shared by C.  Similarly, two genera that more closely resemble each other than they do other genera presumably share a common ancestor.  Thus, even in the absence of a fossil record it is possible to develop a phylogenetic tree.  We can even infer what a common ancestor like y might have looked like.

Exercise 3. The Phylogeny of Caminalcules
Using a large sheet of paper, construct a phylogenetic tree for the Caminalcules.  Use a meter stick to draw 20 equally spaced horizontal line on the paper.  Each 
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line will be used to indicate an interval of one million years.  Label each line so that the one at the bottom of the paper represents an age of 19 million years and the top line represents the present (0 years).

Cut out all the Caminalcules (including the living species).  Put them in piles according to their age (the number in parentheses).  Beginning with the oldest fossils, arrange the Caminalcules according to their evolutionary relationship.  Figure 4 shows how to get started.


Figure 4

Hints, Suggestions and Warnings
a.
Draw lines faintly in pencil to indicate the path of evolution.  Only after your instructor has checked your tree should you glue the figures in place and darken the lines.

[image: image153.wmf]
b.
Branching should involve only two lines at a time:


Like this
Not this

c.
Some living forms are also found in the fossil record.
d.
There are gaps in the fossil record for some lineages.  Also, some species went extinct without leaving any descendants (remember the dinosaurs, Fig. 1).
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e.
The Caminalcules were numbered at random; the numbers provide no clues to evolutionary relationships.

f.
There is only one correct phylogenetic tree in this exercise.  This is because of the way that Joseph Camin derived his imaginary animals.  He started with the most primitive form (#73) and gradually modified it using a process that mimics evolution in real organisms.  After you complete your phylogeny compare it with Camin's original.

Problems
1.
You will notice that some lineages (e.g. the descendants of species 56) branched many times and are represented by many living species.  Discuss the ecological conditions that you think might result in the rapid diversification of some lineages (A real world example would be the diversification of the mammals at the beginning of the Cenozoic, right after the dinosaurs went extinct.
2.
Some lineages (e.g. the descendants of species 58) changed very little over time.  A good example of this would be “living fossils” like the horseshoe crab or cockroach.  Again, discuss the ecological conditions that might result in this sort of long-term evolutionary stasis.

3.
Some Caminalcules went extinct without leaving descendents. In the real world, what factors might increase or decrease the probability of a species going extinct?

4.
Find two additional examples of convergent evolution among the Caminalcules.  This means finding cases where two or more species have a similar characteristic that evolved independently in each lineage.  The wings of bats, birds and bees is an example of convergence since the three groups did not inherit the characteristic from their common ancestor.  Write your answers in complete sentences (e.g. “Species x and y both have ____ but their most recent common ancestor, z, did not”).


List two additional real-world examples of convergent evolution (ones that we have not already talked about in class) and discuss what might have caused the convergence.

5.
Describe two examples of vestigial structures that you can find among the Caminalcules.  These are structures that have been reduced to the point that 

they are virtually useless.  Ear muscles and the tail bones are examples of vestigial structures in our own species.  


Explain how vestigial structures provide clues about a species’ evolutionary past.  Illustrate your argument with vestigial structures found in humans or other real species.
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LIVING CAMINALCULES
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FOSSIL CAMINALCULES
[image: image155.wmf]
(numbers in parentheses indicate age in millions of years)
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FOSSILS (continued)
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Instructor notes for a three-hour majors lab
meter sticks
1 per group of 2-4 students

scissors

1 per student

white glue

1-2 per table

Paper


1 large sheet (approximately 2.25’ x 3’) per group.  These sheets can be cut from newspaper “end rolls” available from the local newspaper.

Every group of 2-4 students needs a sheet of paper for constructing the phylogenetic tree.  Cut the paper into rectangles about 3 feet long.  A good way to do this is to mount the roll on a broom handle so the paper can be pulled out and cut with a razor or scissors.  Alternatively, have the students cut off sheets as needed.

With a three hour lab there should be time to complete the three exercises but you also have the option of having the students do the first and second exercise on their own before they come to class (see below).  You could then go over the results at the beginning of the lab in some detail.

After completing Exercise 2 it students should better understand that,

a.
the taxonomic classification reflects evolutionary history,

b.
species within a taxonomic group (e.g. within a genus) share a common ancestor not shared by other species, and

c.
species should be grouped together on the basis of more than one shared characteristic.

With respect to this last point, many students conclude that, because they both have claws, species 3 and 12 must be more closely related to each other than to any other species.  You may have to draw their attention to other characteristics (body shape, elbows, hind feet, etc.) 

A copy of the "correct" phylogenetic tree, as devised by Camin is available but should not be shown to the students until after they have done there own.  It is unlikely that many students will come up with exactly the same tree.  The important thing is that their tree is internally consistent  and that they understand the evolutionary concepts involved in the exercise.

Example Lab Assignment:

The lab next week on the classification and evolution of organisms involves three exercises.  You will do exercise 1and 2 before coming to lab.  Make two copies of your work and turn in one copy at the beginning of the lab.  You will keep the second copy to use during the lab as you do the third exercise.
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Instructor notes for a two-hour non-majors lab
meter sticks
1 per group of 2-4 students

scissors

1 per student

white glue

1-2 per table

Paper


1 large sheet (approximately 2.25’ x 3’) per group.  These sheets can be cut from newspaper “end rolls” available from the local newspaper.

Every group of 2-4 students needs a sheet of paper for constructing the phylogenetic tree.  Cut the paper into rectangles about 3 feet long.  A good way to do this is to mount the roll on a broom handle so the paper can be pulled out and cut with a razor or scissors.  Alternatively, have the students cut off sheets as needed.

The classification & evolution lab runs a bit long for a two hour class period.  You might want to try one of the following approaches.

1.
Run through the first two exercises with the class as a whole, using an overhead projector and transparent cutouts of the living Caminalcules.  You can ask the students questions and guide their responses.  This not only speeds up the lab, it also minimizes confusion because you can insure that the students are starting the lab on the right foot.

2.
Have the students do the first two exercises on their own before they come to class (see below) then briefly go over the results at the beginning of the lab.

After completing Exercise 2 students should better understand that,

a.
the taxonomic classification reflects evolutionary history,

b.
species within a taxonomic group (e.g. within a genus) share a common ancestor not shared by other species, and

c.
species should be grouped together on the basis of more than one shared characteristic.

With respect to this last point, many students conclude that, because they both have claws, species 3 and 12 must be more closely related to each other than to any other species.  You may have to draw their attention to other characteristics (body shape, elbows, hind feet, etc.) 

A copy of the "correct" phylogenetic tree, as devised by Camin is available but should not be shown to the students until after they have done there own.  The important thing is that their tree is internally consistent and that they understand the evolutionary concepts involved in the exercise.

Example Lab Assignment:

The lab next week on the classification and evolution of organisms involves three exercises.  You will do exercise 1and 2 before coming to lab.  Make two copies of your work and turn in one copy at the beginning of the lab.  You will keep the second copy to use during the lab as you do the third exercise.
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1. Possible answers may include the following.   A new niche becomes available do to the extinction or reduction of another species or type of organism.  A rapid change in the environment.  The reduction of food source or predator that limits the population.

2. Possible answers may include the following.  The organism may be general enough (not so specific in its needs) that it can adapt to varying conditions.  

3. Possible answers may include the following.  If the species is too specific in its needs, it may not be able to survive if its needs become threatened.  Changing climate might increase or decrease the organism’s ability to compete for resources.

4. Example:  Species 9 and Species 20 both have a flipper type tail/end but  Ancestor 74 did not.  There are other examples in the chart.  Additional real-world examples may include.  Fusiform shapes in penguins, fish, and dolphins and flying in bats (mammals), birds, and insects.

5. Possible answers may include the following.  Species 13, 14, and 28 have very shortened “arms” that would seem to be virtually useless.   Illustrations of vestigial structures may include the following.  Whales with vestigial hip bones and cave animals with non-functioning eyes. 

Activity B-5.7b - Cladogram Practice
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1. After which animals did mammary glands develop? 

2. What animal does not have jaws?
3. Which animals have lungs? 

4. Which animals are probably predators?  
5. After which animal did protection from the elements arise? 

6. What other animals would come after the chimp? 

7. Which animals would come before the hagfish? 
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1. What does all life stem from according to this picture? 

2. What major group came before animals? 

3. What group are mammals from? 

4. Which came first the chicken or the egg? 

5. What is the first amniote? 
6. Which animals are considered vertebrates? 

7. What organisms are non-flowering plants closely related to? 

8. What organisms are insects closely related to? 
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1. After which animals did mammary glands develop? Pigeons, Lizards, Salamanders, Perch and Hagfish
2. What animal does not have jaws? Hagfish
3. Which animals have lungs? Salamander, Lizard, Pigeon, Mouse and Chimp
4. Which animals are probably predators?  All of them
5. After which animal did protection from the elements arise? Salamanders
6. What other animals would come after the chimp? Humans
7. Which animals would come before the hagfish? Protists
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1. What does all life stem from according to this picture? Bacteria
2. What major group came before animals? Plants
3. What group are mammals from? Amniotes
4. Which came first the chicken or the egg? Chicken, egg was an adaptation for survival
5. What is the first amniote? Turtle
6. Which animals are considered vertebrates? Bony Fish, Amphibians, Turtles, Snakes & Lizards, Crocodiles and Birds and Mammals
7. What organisms are non-flowering plants closely related to? Flowering Plants
8. What organisms are insects closely related to? Crustaceans
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Standard(s) Addressed: Standard B-5 The student will demonstrate an understanding of biological evolution and the diversity of life.





Indicators: 


B-5.1: Summarize the process of natural selection.





B-5.2: Explain how genetic processes result in the continuity of life-forms over time.





B-5.4: Explain how genetic variability and environmental factors lead to biological evolution.





B-5.3: Explain how diversity within a species increases the chances of its survival.





B-5.5: Exemplify scientific evidence in the fields of anatomy, embryology, biochemistry, and paleontology that underlies the theory of biological evolution.





B-5.6: Summarize ways that scientists use data from a variety of sources to investigate and critically analyze aspects of evolutionary theory.





B-5.7: Use a phylogenetic tree to identify the evolutionary relationships among different groups of organisms.
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