Evolutionary Biology Core Concepts
Lesson Plan 4

Lesson 1: Genetic Inheritance, Variation, and Natural Selection

Target Learning Objectives: 4, 5, 6

4. Most traits of organisms are variable and some of the variation is heritable (genetic) and can be passed from one generation to the next.
 
5. Evolution by natural selection happens because variation in heritable traits affects survival and reproduction; organisms are adapted to their natural environment because of natural selection in the past.
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6. Evolution in nature is very slow, or at least it seems slow to us.  It takes many generations for natural selection to change a species.
 	a. In long-lived organisms, big changes take millions of years.  For example, humans and chimpanzees evolved from a common ancestor that lived 4-12 million years ago.
 	b. Short-lived organisms can evolve rapidly.  For example, the flu virus, which has a generation time of about 2 days, evolves so fast that new vaccines are developed every 6 months (by the time you get a flu shot, the virus may have already evolved enough that the vaccine does not work).
 	c. Evolution can be much faster when people decide which individuals survive and reproduce.  This is called artificial selection.  For example, dogs evolved from wolves and diversified into numerous breeds in less than 40,000 years.  

Synopsis: Introduce concept of genetic inheritance and how it affects natural selection through interactive classroom activities. Briefly explain the evolutionary time scale.

Materials: 1 large poster painted with a forest background, colored pencils, tape, cardstock, colored popsicle sticks, red & blue cups, Powerpoint slides (Appendix 1a)

Approach: 
· Prepare a forest poster beforehand by painting a white poster with green, yellow, and black paint
· Prepare red and blue cups covered with cardstock with one small slit through which a colored popsicle stick can be shaken out. 
· Set up stations before students come in.
· Use slides (Appendix 1a) to aid with lecture-style portions of lesson.
· Begin lesson with a preview of important vocabulary.
· Introduce and execute first part of the activity, then explain concept of heritable traits.
· Carry out second part of the activity, then explain concept of natural selection and moths during Industrial Revolution.
· Briefly introduce the evolutionary time scale, with emphasis on generation times influencing the rate of evolution.
· Take questions after each part of the activity.

Procedure:

Part 1: Heritable Variation & Butterfly Coloring
· [0:00 - 1:00] Begin lesson with a brief summary of classroom expectations. Instruct students to raise their hands if they’d like to volunteer to answer questions or if they have questions of their own. Explain that there may not be time for all questions to be answered during the lesson, but any time remaining at the end of the lesson will be used to answer questions.
· [1:00 - 5:00] Present first half of vocabulary words: trait, gene, allele, heritable, variation, referring to example images (Appendix 1a: Slides 2-6) and defining them as follows. Before presenting a definition, ask volunteers to explain what they think each word means. 
· Trait: A distinct variant of a characteristic that is present in an individual. Traits can be influenced by genes or the environment. Example: eye color  
· Gene: A piece of information that is transferred from parents to offspring and influences a characteristic of the offspring. Each gene occupies a particular section of your DNA. Genes are the basic unit of heredity. Example: eye color gene
· Allele: A specific variant of a gene. Example: For the eye color gene, there are many different alleles that could result in different eye colors such as brown, blue, or green.
· Heritable: Capable of being passed down from parents to their offspring. Example: Eye color is a heritable trait because the genes passed down from a parent affect eye color in the child. 
· Variation: Differences between individual organisms or groups of organisms. This can be influenced by genes or the environment, but we will be particularly interested in genetic differences because they are heritable. 
· [5:00-7:00] Discuss heritable variation with the students. Show an example pair of cats, ask students what they think the kittens from that pair would look like based on the parents (Appendix 1a: Slide 7). 
· Explain that the children will look more like their parents than other individuals because they get genes from their parents. 
· Explain that each individual gets 2 copies of each gene, one from their mother and one from their father.
· [7:00-8:00] Introduce the butterfly modeling activity to the students. Explain that each student will color in their own butterfly, and at the end all students will tape their butterfly on the poster at the front of the room.
· Divide students into groups of 4 and ask each group to sit at a prepared station with 1 butterfly cutout for each group member and 2 cups (1 red cup and 1 blue cup) containing colored popsicle sticks. 
· [8:00-18:00] At their stations, instruct students to shake 1 colored popsicle stick out of the small opening on the top of each of the 2 covered cups. Explain to students that each popsicle stick represents a gene that was passed to their butterfly from one of its parents, and each color represents a different allele for butterfly color. Instruct students to color in their butterfly using the colors of the genes that they chose. 
· [18:00-22:00] Gather students back at the front of the room, instructing them to bring their butterflies and popsicle sticks with them. Ask students to sit in their groups. Call up one group at a time to have the students stick their butterflies on the prepared poster at the front of the room. Ask the students to try to remember which butterfly is theirs. 
· Point out that there is considerable variation between butterflies based on the different genes that each student randomly chose from their cups. 
· [22:00-24:00] Count how many of each color of popsicle stick students selected by calling out each color and instructing students to raise in the air any “genes” of that color they have. Write the number of each color present in one column of a grid on the board. Label these values “Before Selection”. Title an adjacent column “After Selection” to be filled in later. 
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Part 2: Butterfly Predation & Natural Selection
· [24:00-29:00] Introduce the idea that certain traits may help an individual survive and have more children than other members of its species. Show images of a snow-covered landscape, and a few different individual rabbits (i.e. black, tan, white), and ask the class which individual they think would best be able to survive in that environment and why (Appendix 1a, Slide 10).

· Discuss the remaining vocabulary words: camouflage and natural selection, defining them as follows and including example photos. Ask for volunteers to explain the meaning of each word before presenting the definition. (Appendix 1a: Slides 11-12)
· Camouflage: A trait that allows organisms to blend in with their environments. Example: the white rabbit in the snowy environment 
· Natural Selection: A process that results in change in allele frequencies. Variation exists in heritable traits, and the traits influence the ability of individuals to survive and produce offspring. Individuals with traits enabling them to survive and produce more offspring will pass down their genes more to the next generation. Over many generations, this results in populations of organisms becoming better adapted to their environments. 
· [29:00-32:00] Explain to the class that now they will have the opportunity to be “predators” of the butterflies. However, there’s a catch that the predators cannot see colors as well as humans do, and they can only find the butterflies that don’t blend in well with the background. In their groups, ask the students to discuss which butterflies they think would be easiest for the predator to see on the background. 
· [32:00-36:00] Ask two volunteers from each group to come to the front of the room and remove one butterfly each (two per group) from the background that they think the predators will be able to see. 
· After each group has had the chance to be “predators”, point out that half of our butterflies did not survive, and won’t be able to pass on their genes to their children. 
· Ask students to raise their popsicle sticks in the air if their butterfly is still on the board. Count the number of each color that remain, and write them on the board in the column titled “After Selection”. 
· [36:00-39:00] Ask the students what they notice when comparing the allele frequencies before and after selection. Ask students how they expect this to impact the next generation of butterflies, and which colors they expect to be represented the most in that generation.
· Explain to the students that the distribution of alleles changed due to the selective pressure from the new predator.
· Explain that this will change the distribution of colors in the butterflies of the next generation, because only the individuals who survived can pass down their genes. 
· Explain that species that exist today are adapted to their environments, such as the white rabbit that lives in the snow, because this process of natural selection occured in the past. When an environment changes or a new predator arrives, new selective pressures may cause a species to change, like what happened in the exercise, but the process takes many generations. 
· [39:00-43:00] Discuss the peppered moth example during the Industrial Revolution in Europe. Present this as a real-life example of something similar to the activity that the students just completed. Tell the students there were 2 variants of this moth, white and black, and before the Industrial Revolution the white moths were more common. Show the class an image of the white moths camouflaging with trees (Appendix 1a: Slide 16). Ask the class why they think the proportion of white moths was higher than black moths. Explain that because of the Industrial Revolution, pollution caused trees to be covered with black soot (Appendix 1a: Slide 17). Ask the class what they think happened to the proportion of white moths and black moths. Explain that this is an example of natural selection acting on a timescale that scientists were actually able to observe and measure. 
· Emphasize that sometimes natural selection occurs more quickly, such as in this moth example or in the case of viruses, because these organisms have short lifespans and natural selection occurs on the timescale of lifespans rather than years. Ask the class whether they think a large mammal like an ape could evolve by natural selection faster or slower than these moths and why, and explain that they would evolve slower because their generation times are longer. 
· [43:00-45:00] Conclude the lesson with review questions to assess the students’ understanding. 
· Why didn’t all of the class’s butterflies look the same?
· Why did some butterflies survive better than others?
· How will this differential survival impact the next generation of butterflies?
· Why did the black peppered moths become more abundant than the white individuals during the Industrial Revolution?



Lesson 2: Evolutionary Relationships, Vestigial Traits, and the Evolutionary Time Scale

Target Learning Objectives: 2, 3, 6

2. Vestigial (useless, leftover) traits provide clear evidence of common ancestry and descent with modification (i.e., evolution).

3. All organisms are related to each other because they evolved from a common ancestor; evolution is a branching process (tree) not a progression (ladder); all organisms alive today are equally highly evolved.

6. Evolution in nature is very slow, or at least it seems slow to us.  It takes many generations for natural selection to change a species.
 	a. In long-lived organisms, big changes take millions of years.  For example, humans and chimpanzees evolved from a common ancestor that lived 4-12 million years ago.
 	b. Short-lived organisms can evolve rapidly.  For example, the flu virus, which has a generation time of about 2 days, evolves so fast that new vaccines are developed every 6 months (by the time you get a flu shot, the virus may have already evolved enough that the vaccine does not work).
 	c. Evolution can be much faster when people decide which individuals survive and reproduce.  This is called artificial selection.  For example, dogs evolved from wolves and diversified into numerous breeds in less than 40,000 years. 

Synopsis: Introduce the evolutionary tree and relationships between organisms with an interactive classroom activity, then lead into vestigial traits and the evolutionary timescale.

Materials: Blue painter’s tape, 8 animal cut-outs (see Figure 1), black marker, large poster, tape, colored pencils, Powerpoint slides of lesson (Appendix 1b), homologous structure coloring sheets (Appendix 1c), index cards

Approach: 
· Lay out tape on the floor with animal cutouts to mirror the phylogenetic tree (Figure 1) before students arrive for the lesson.
· Use slides (Appendix 1b) to aid with lecture-style portions of lesson.
· Prepare poster with outline of phylogenetic tree (Figure 1) beforehand, including the traits labeled in black but without labeled endpoints or blue labels.
· Provide instructions to students before beginning the activity.
· Tie together evolutionary relationships and introduce vestigial traits.
· Introduce homologous and analogous structures and execute coloring activity with students.
· End class by emphasizing common ancestors, branching, and evolutionary time scale.

Procedure:
· [0:00-5:00] Give a brief presentation about phylogenetic trees and how to read them. Include examples of simple phylogenetic trees (Appendix 1b: Slides 3-4) and how scientists can place animals on the tree depending on which traits they have. Emphasize that phylogenetic trees are hypotheses about the evolutionary relationships between organisms. Explain how the upcoming activity will work and how the students will navigate between the tables and find their animal group.
· [5:00-11:00] Give each student an index card with instructions for completing the “maze”. Each index card will include a list of traits that match up to traits labeled at nodes of the tree of tape on the floor. Instruct each student to begin the maze at the same point, the shared common ancestor. At each node, the tree will split in two directions, and each direction will be labeled based on having or not having a certain trait (i.e. “Hair” or “No Hair”). Each student will individually navigate through the maze by matching the traits on their index card to the traits labeled on the floor until they reach a station where they will find a cutout of their organism. 
· 3-4 students will arrive at each station and form a group, and there will be one cutout present per group. Instruct students to wait at their station until all of their group members arrive, and then to raise their hands. When a group raises their hands, visit the group to confirm that each student reached the correct station based on the trait instructions they had been given. 
· While students wait in their groups, instruct them to discuss whether they are confused about the meaning of any of the traits on their index cards, and whether they think all of the traits listed are present in their organism.
· [11:00-14:00] Show the class the outline of the phylogenetic tree on a poster. The displayed phylogenetic tree will match the tape phylogenetic tree that the students followed on the ground, including labels of the traits, but without labels of the animals at the endpoints. Call up each group to tape their cutout on the poster in the correct place based on the traits labeled. After placing their cutouts on the poster, instruct students to sit at the front of the room. 
· [14:00-22:00] Ask the students questions to reinforce concepts and assess their understanding of phylogenetic trees.
· Does anyone have questions about the meaning of one of the traits listed on their index card?
· Explain that amniotic eggs are an adaptation to living on land, in addition to answering any other questions
· Are humans more closely related to whales or frogs?
· Emphasize the concept that we can compare how closely related organisms are to each other by looking at when they share a most recent common ancestor.
· Why did everyone start the maze at the same place?
· Emphasize the concept that all species on our tree descended from a single common ancestor and therefore are all related. Explain that this also pertains to all living things on Earth, which are all related and shared a universal common ancestor many millions of years ago. 
· Ask for a volunteer to label the common ancestor of all organisms on the tree with a premade label.
· Are there any animals on our tree that are more highly evolved than others?
· Emphasize the concept that no particular animal is more highly evolved than any other, but each of them evolved so they are best suited to their environment. Point out that all of the branch lengths on the tree are equal, and all living organisms today have been evolving for the same amount of time, thus making them equally as evolved.
· [22:00-25:00] Introduce the vocabulary words: adaptation and vestigial structure, defining them as follows, and including example photos (Appendix 1b: Slides 10-11). Before defining each word, ask volunteers to explain what they think the words mean.
· Adaptation - a trait that is a product of natural selection that allows the organism to be better suited for its environment. Example: As we discussed during the previous lesson, some organisms may have adapted to their environments by evolving camouflage to hide from predators or unsuspecting prey.
· Vestigial structure - a structure in an organism that has lost all or most of its function in the course of evolution
· Ask students is they can think of any vestigial structures in humans (i.e. tailbone, appendix, wisdom teeth).
· [25:00-26:00] After explaining vestigial structures, ask students if anyone noticed that some traits on their index card have “disappeared” in their organism. If needed, specifically address the “whales” and “snakes” groups, and guide students to noticing that snakes and whales seem to have lost their legs.  
· [26:00-28:00] Explain that whale and snake leg bones are examples of vestigial traits, and show images showing the remaining traces of these structures (Appendix 1b: Slide 13). Explain that even though these traits have no functions now, they show that these animals evolved from ancestors that benefited from them. This is evidence of evolution. 
· With premade labels, ask for volunteers to label the loss of hind limbs (whales) and the loss of limbs (snakes) on our tree, as seen in the blue text in Figure 1. 
· [28:00-34:00] Showing an image of a whale skeleton (Appendix 1b: Slide 14), ask students if they think whales’ front limbs are vestigial. If needed, remind students that vestigial traits have lost their function, and ask students if they think whales’ front limbs are serving a function. Explain that whales’ front limbs are not vestigial, and instead of losing their function they have become adapted to serving a different function. Use this example to transition into a discussion about homologous structures.
· Based on the example of a whale’s front “legs”, ask students to guess what they think a homologous structure is.
· Explain that a homologous structure is a similar structure found in different species that demonstrates that those species come from a common ancestor, even if the structure does not serve the same function in each organism.
· Show photo examples of homologous structures: human arm, cat leg, bat wing, whale flipper (Appendix 1b: Slide 15)
· [34:00-45:00] Introduce the homology coloring activity. Explain to students that they will receive a worksheet with the outlines of a human arm and a whale flipper (Appendix 1c). Instruct students to refer to the colored-in image of the arm skeleton on the board (Appendix 1b: Slide 16) to see the groups of bones that they will be coloring in. Instruct students to color each bone or group of bones on the human arm one color, and then color the corresponding bone or group of bones in the whale flipper the same color. 
· Using an overhead projector, model the activity for the students to ensure that they understand the instructions. Color in the humerus on the human arm with a marker, then ask a volunteer to come to the front of the room and color in the corresponding bone on the whale flipper. 
· Divide students into groups of 4 or 5, and send each group to a table in the room that is set up with 1 worksheet per student and a box of colored pencils.
· Instruct students to discuss with their groups about which bones correspond to each other in each structure as each student colors in their own worksheet.
· [45:00-50:00] Ask students to return to the front of the room. Project images of the human arm and whale flipper colored in on the board (Appendix 1b: Slide 17) and discuss the activity.
· Ask students how their own colored in worksheets compare to the images on the board.
· Ask students to identify similarities and differences between the human arm and whale flipper 
· Which bones are longer in the whale? Which bones are shorter? How does the number of phalanges compare between the animals?
· Ask students how the differences between the structures may relate to their functions.
· [50:00-52:00] Briefly introduce analogous structures, structures that have similar functions that evolved independently, with example images (Appendix 1b: Slide 18). Explain that analogous and homologous structures are evidence for evolution.
· [52:00-55:00] Ask the students how long they think the evolutionary process of the maze took when those animals were actually evolving. Explain that what they accomplished in a matter of minutes took natural selection hundreds of millions of years, and all the animals we see today, including us, are products of natural selection. 
· [55:00-56:00] Introduce OneZoom.org as an avenue for further exploration, where students can explore detailed phylogenetics trees in their own time and discover more evolutionary relationships. Encourage students to explore the website at home to learn about evolutionary relationships between their favorite animals, in addition to other living things like plants.
· [56:00-1:10:00] Use remaining class time to review concepts from both lessons. Encourage students to ask questions or share the favorite things they learned with any time remaining. 
· Lesson 1 Review
· What determined the color of the butterflies? Which survived the most when the predator arrived? What changed in the next generation? What do we mean by natural selection? Why might butterflies or moths evolve more quickly than apes?
· Lesson 2 Review
· What are phylogenetic trees and how do scientists put them together? What is a node and what does it represent? Why did everyone start our maze activity in the same place? Are any animals more highly evolved than others? What is a vestigial structure? What’s the difference between a homologous structure and an analogous structure?



Figure 1: Phylogenetic Tree
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Resources used in Figure 1
Remaining image resources cited in Appendix 1a and 1b

https://www.biostars.org/p/258025/ 
http://clipart-library.com/cartoon-frog-face.html
http://clipartbarn.com/fish-clipart_34010/ 
http://cliparting.com/free-shark-clipart-5977/ 
http://worldartsme.com/prehistoric-people-clipart.html#gal_post_86989_prehistoric-people-clipart-1.jpg 
http://moziru.com/explore/Bird%20clipart%20cartoon/ 
http://weclipart.com/sea+snake+clipart 
http://www.stickpng.com/img/animals/sea-animals/cartoon-whale-clipart 
http://www.drawingcoach.com/how-to-draw-a-bunny.html 
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