Evolutionary Biology Core Concepts
Lesson Plan 1

[bookmark: _GoBack]Lesson 1: Natural Selection and Survival Advantage 

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. 

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. 

Synopsis: Students will explore how natural selection works and its long-term effects with a multi-round activity 

Materials: white butcher paper, colored construction paper, scissors, stopwatch, whiteboard, and whiteboard marker

Approach: 
-have students work as quickly as possible while still following the rules
-after each round, ask students to count how many of each color remains 
-follow the activity with a discussion of its relevance to actual evolutionary concepts  

Procedure - (1:45 - 2:30 PM):
Preparation
In preparation for the lesson, cut out 80 circles from white butcher paper and 70 circles of each color from colored construction paper. Lay out four large sheets of white butcher paper on the floor a significant distance apart and paste black construction paper onto the reverse side. Place an equal amount of each white and colored circle (15 of each) onto each of the four white sheets on the floor. Provide each student with a vocabulary sheet with key terms and their corresponding definitions that we will address in our activity (Appendix 1.1).

Activity Introduction - (1:45 - 1:50)
Review the key terms and their definitions from their vocabulary sheet with individual slides on a prepared PowerPoint presentation (Appendix 1.2). Inform the students that they will be participating in an activity that will model an example of natural selection. 

Explain the following to the students:
· The activity will consist of three rounds. 
· The circle cutouts in the activity represent individuals of the same species in a population and the different colors represent different phenotypes which arise from variation in genotype. 
· Think of each round as being a new generation. 
· The large sheets of paper represent an environment and the circles represent species that live in the environment. 

Split the students randomly into four groups and instruct them to sit around each of the four sheets of white butcher paper. Describe the rules of the activity that they will soon begin. Inform the students that they will have 10 seconds to pick up as many of the circle cutouts off of the paper as they can. Enforce the use of only two fingers on one hand for the activity.

Round 1- (1:50 - 1:52)
Have the students take turns picking up the circles in ten second intervals. Ensure the rules are continually being followed. Once every student in each group has taken their turn, the first round comes to an end. Have them count how many of each of the colors remains on the sheet and tally this on the board.  

Round 1 Discussion - (1:52 - 1:55)
Discuss the significance of the first round as follows: During the first round, the white circles are to be understood to have an advantage since they are not as easily spotted against the white paper sheets (environment).

Round 2 Introduction - (1:55 - 1:57) 
Introduce the second round as a representation of the population after one generation and reproduction by those in the previous round that survived. 

Round 2 - (1:57 - 1:59)
Before this round begins, add 5 white circles and 2 of each of the colored circles of those remaining to each of the sheets of butcher paper. Continue the activity in the same manner as the previous round. At the end of the round, again have them count the number of each of the remaining colors and tally this on the board. 

Round 2 Discussion - (1:59 - 2:02)
Explain that during the second round (or generation), more white circles were added to simulate their increased reproduction in comparison to the colored circles. Explain that the remaining white circles from Round 1 were able to survive to produce more offspring with shared characteristics. 

Round 3 Introduction - (2:02 - 2:05)
Remind the students that the sheet of butcher paper represents the environment and the completion of two rounds represents a passage of two whole generations. Explain that environments can change over time due to various factors. 

Round 3 - (2:05 - 2:07)
Before this round begins, remove all of the circles and turn each sheet of butcher paper over so that the side with black construction paper is facing up and replace the circles. Continue the activity in the same manner as previous rounds. At the end of the round, have students count the number of each of the remaining colors and tally this on the board. 

Round 3 Discussion (2:07 - 2:10)
Discuss the last round (generation) and explain that the sheet was changed from white to black to resemble a changing environment. The white circles were then at a disadvantage as they were easily spotted against the dark background. Describe how this shows that an organism’s ability to undergo natural selection is based on heritable characteristics that allow differential survival in a particular environmental condition. 

Expand on concepts utilized during the activity (2:10 - 2:30)
Explain to the students that the activity they just participated in was meant to demonstrate natural selection. Review the tally marks on the board and show how the color frequencies changed with each round. 

Define natural selection as a mechanism of evolution in which variations in the genotype (resulting in variation in phenotype) that increase an organism’s chances of survival and reproduction are preserved and multiplied from generation to generation at the expense of less advantageous ones. 

Present students with the rest of the PowerPoint presentation, covering the example of the peppered moths during the Industrial Revolution and how this correlates with the previous activity (Appendix 1.2). 

End discussion and instruct students to clean up.

Lesson 2: Evolutionary Trees and Relationships Between Species

Target learning objectives: 2, 3

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.

Synopsis: Students will learn how to read and construct an evolutionary tree utilizing animal subgroups such as mammals and amphibians. 

Materials: five poster boards, markers, glue sticks, animal photo cutouts (Appendix 1.3) 

Approach:
-have students work on the poster until they are confident that they have placed the animals in the proper order
-ask questions periodically 
-have them take turns working together on the poster
-have them place photos on poster board first and then paste them onto the board once their work is complete and checked for accuracy 


Preparation for lesson:
In preparation for the lesson, prepare the five poster boards with an outline of the evolutionary tree in marker. Print and cut out five sets of photos of the following animals along with five sets of their animal group labels (Appendix 1.4): 
· Amphibians: tree frog, salamander
· Mammals: bear, lion, tiger
· Lizards and snakes: Chinese water dragon, cobra
· Crocodiles: crocodile 
· Ostriches: ostrich
· Birds: hawk, eagle


Additionally, print five sets of the following animal trait labels (Appendix 1.4):
· Tetrapods
· Amniote
· Strong jaw muscles
· Serrated teeth in sockets 
· Feathers
· Requires water for reproduction
· Mammary glands
· Sheds skin
· Nostrils at snout tip
· Unable to fly
· Ability to fly
 
During the lesson:
Begin the lesson by introducing the concept of phylogenetic trees as depictions of evolutionary relationships among various biological species based on similarities and differences over time. Present the students with a short PowerPoint (Appendix 1.5) with examples of simple evolutionary trees. During this, be sure to emphasize that evolution resembles a branching process (tree) and not a progression (ladder) and all organisms alive today are equally highly evolved. 

While presenting examples of evolutionary trees through the powerpoint, introduce vocabulary associated with evolutionary trees:
· Root: base of tree, most recent common ancestor
· Node: point where species split of based on their traits
· Branch: line on the tree linking a species
· Clade: group of species that share similar traits

For the activity:
Inform the students that they will participate in a group activity in which they will construct an evolutionary tree. 

Present the students with PowerPoint slides of all the animal groups they will be using to construct an evolutionary tree (Appendix 1.5). Start by having the students describe the physical characteristics of each animal. Explain each group of animals and their defining characteristics, including the traits they will use to make their trees.   

Split the students to form five groups (~4-5 students per group) and provide each group with a poster board, glue stick, a set of animal photos, a set of animal group labels, and a set of animal trait labels.  

Instruct the students to place the animals on the evolutionary tree outline in the order in which they believe they belong but to not yet glue them in place. 

Throughout the activity ensure that students are understanding the aim of the activity by explaining the following:
· The nodes represent common ancestors and that traits changes are added to the tree, shared among species within following a node. 
· Traits arise through the passage of time and link these new traits to possible changes in habitat, genetics, and natural selection.
· Evolution does not necessarily entail the addition of new traits and that it could also be the loss of certain traits. Once students have worked through the activity, show the loss of hind limbs in snakes but inform them of their tiny hind bones, which are vestigial structures. Define vestigial structures as the presence of structures that have lost some or all of their ancestral function in the species.
· A loss of a certain trait does not mean that an organism is less evolved than another; all organisms alive today are equally highly evolved.

Instruct the students to place the traits that distinguish the organisms in between nodes from their available trait labels: tetrapod, amniote (organism with eggs with a membrane or shell that protects and  prevents it from drying out), require water for reproduction, mammary glands, strong jaw muscles, shed skin, serrated teeth in sockets, nostrils at snout tip, feathers, unable to fly, ability to fly


[image: ]SAMPLE POSTER:


Serrated


After they have attempted the activity in their groups, inform the students of the correct order and traits and where they are to be placed on the evolutionary trees. 

Instruct the students to paste the animal pictures, group labels, and trait labels in their correct positions with glue.

To conclude the activity, ask students to apply their new knowledge to solve the famous riddle: Which came first, the chicken or the egg? (Based on this phylogenetic tree, they can infer that animals that lay eggs preceded birds.) 
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