Evolutionary Biology Core Concepts
Lesson Plan 3

Lesson 1: Introduction to Fossils
Target Learning Objectives:

1. Fossils are organisms that lived long, long ago; they can show us how organisms have evolved over time and how groups of modern organisms are related to each other; fossils can also tell us about past environments; fossils show us that life has been evolving on earth for at least 3,500,000,000 (3.5 billion) years.

Synopsis:

This lesson serves as a brief introduction to fossils and how they are made with example pictures of fossils from the La Brea Tar pits. Fossil remains from the tar pits are also used as visual aids for the students.

Materials:

Fossils (Homo erectus skull cast, mastodon tooth, sabertooth cat skull, saber tooth cat tooth cast #2, giant ground sloth humerus)

Approach:

· Introduce students to fossils, how they are made, and what they tell us about evolutionary history
· Show La Brea Tar pits fossils to the class. Ask students to identify fossils or what animals they were related to
· Answer any student questions

Procedure:

0:00 - 5:00 Discuss the conditions in which fossils are made and what they tell us about evolutionary history

5:00 - 10:00 Introduce students to the history of the La Brea Tar Pits and when these extinct organisms lived in evolutionary history. Ask them to hypothesize about what could have led to their extinction.

10:00 - 13:00 Explain two different hypotheses about their extinction. Discuss how human overharvesting of animals could have led to extinction. Discuss how climate change could have also resulted in their extinction.
13:00 - 15:00 Introduce each extinct animal to students with a picture and fossil, if available. Discuss the time frames in which the woolly mammoth, mastodon, saber-toothed cat, ground sloth, and dire wolf lived. Ask students to hypothesize what extant animals each extinct animal may be related to and why.

15:00 - 20:00 Answer any student questions

Lesson 2: Fossils, Phylogenies, Vestigial Traits 
Target Learning Objectives: 1, 2, 3
1. Fossils are organisms that lived long, long ago; they can show us how organisms have evolved over time and how groups of modern organisms are related to each other; fossils can also tell us about past environments; fossils show us that life has been evolving on earth for at least 3,500,000,000 (3.5 billion) years.

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:

As a class, discuss features of the tiktaalik using fossil evidence, and incorporate it into a phylogeny. In smaller groups, students will each draw a phylogeny of different lizards incorporating traits derived from common ancestry.

Materials:

Construction paper (order), pencils, and erasers.

Approach:

-Introduce students to phylogenies as a class, offering instruction and guidance.
-In the individual activity, help as needed.
-Ask questions throughout the lesson.
-Have a discussion afterwards to assess student learning and answer questions.

Procedure:

0:00- 27:00: Lecture with powerpoint slides. Details are outlined below.

0:00 - 8:00 Review how fossils are made and how they are found (i.e. older fossils are deeper into the sediment). Discuss how fossils tell us about evolutionary history, how all organisms are related to each other, and what they reveal about past environments.. Explain to the class that life has been evolving for 3.5 billion years.

8:00 - 13:00 Introduce tiktaalik fossil which is about 375 million years old. Talk about the unique traits of it (i.e. gills/scales, wrist bones & primitive lungs). Discuss how descent with modification predicts organisms with a mix of ancestral traits & new traits found in their descendants.

[image: ]13:00 - 18:00 Ask students where they think it belongs on a sample phylogeny shown here (between fish & tetrapods), but have ray-finned fishes, tiktaalik,and mammals removed at first.

18:00 - 23:00 Show the full phylogenetic tree and explain how phylogenetic trees are made and how shared traits lead to branching patterns.

23:00 - 27:00 Have them come up with
a hypothesis about what the tiktaalik fossil means in evolutionary history. Discuss potential hypotheses.

27:00 - 29:00 Pass out paper and have students each individually participate in an activity to demonstrate phylogeny on a smaller evolutionary timescale using lizards as an example.
[image: ]
29:00 - 44:00 Draw a simple common ancestor lizard together with the class as shown here. Draw this phylogenetic tree and introduce new traits (i.e. dewlap, horns) to different lineages together, but do not draw the final species yet. Have one species lose a trait (i.e. dewlap) to demonstrate that natural selection can operate by adding or removing traits from a population. Explain how each clade should have specific shared traits. Have students draw in the four terminal species with their specific traits. Discuss how evolution is a branching process and the lines represent a certain evolutionary timescale. Ask them if any lizard is “more evolved” than another.

44:00 - 46:00 Explain how this example occurs on a relatively shorter evolutionary timescale when compared to the phylogeny of the tiktaalik, which occurs on a longer time scale. Explain how evolution in nature is very slow and it may take thousands of generations before speciation occurs.
[image: ]
46:00 - 51:00 Provide another phylogeny tree revealing snakes’ relation to lizards and mammals shown here. Discuss the relationship between lizards and snakes. Ask the class what clues might be left behind in snakes if their common ancestor used to have limbs. Tell the class that some snakes have hind leg bones and discuss with the class what this could mean from an evolutionary standpoint.

51:00 - 55:00 Ask the class for
examples of human vestigial traits. Provide the examples of human vestigial traits (tailbone, appendix, wisdom teeth, arrector pili). Discuss with the class how vestigial traits show common ancestry and descent with modification (evolution).

55:00 - 60:00 Answer any questions the class may have.


[bookmark: _GoBack]Lesson 3: Mechanisms of Evolution 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.


Synopsis:

Explain the three components of natural selection: variation, heritability, and differential survival or reproduction. Use guppy example to illustrate how the environment affects adaptation.
Perform natural selection simulation activity as a class. Students receive cards with varying feather thicknesses that affect their survival once the environment changed. Students observe natural selection on feather thickness through generations as the environment changes.

Materials:

Feather thickness cards with numbers and construction paper.

Approach:

-Introduce students to natural selection, variation in heritable traits, and adaptation in depth.
-In the class activity, guide students to conclusions about natural selection.
-Ask questions throughout the activity/lesson to assess learning.
-Answer student questions.

Procedure:

0:00 - 17:00 Lecture with powerpoint slides. Details are outlined below.

0:00 - 5:00 Introduce to the class to the three components of natural selection: variation, heritability, and differential survival/reproduction. Discuss how evolution can take thousands of generations.

5:00 - 8:00 Show students example below and ask which mouse will survive better and why. Discuss how mouse color in the population can change over generations due to natural selection.

[image: ]

8:00 - 15:00 Introduce the two guppy environments (below waterfall with high predation, above waterfall with low predation). Show the class the two guppies that occupy each environment and ask them to hypothesize about why their coloration differs. Discuss with class situations where this sort of coloration is advantageous or disadvantageous (predation vs reproduction).
[image: ]	[image: ]
Guppy from high-predation stream	Guppy from low-predation stream

15:00 - 17:00 Discuss how adaptations are influenced by changing environmental conditions through natural selection.

17:00 - 19:00 Start natural selection simulation activity by splitting students into four groups of four and two groups of three.

19:00 - 21:00 Pass out cards with feather thicknesses.

21:00 - 24:00 Discuss that feather thickness is scaled from 1-10 (10 being thickest). Explain to students that they are individuals in a species of bird with varying feather thicknesses trying to survive in a changing environment. Each group represents a population of birds.


24:00 - 26:00 Present a new environment. The temperature becomes very hot where individuals with feather thickness 6+ are now unsuitable for the environment.

26:00 - 29:00 Ask students to hypothesize (in their groups) why birds with thin feathers survive better in this environment.

29:00 - 32:00 Call on each group to discuss as a class the possible advantages of thin feathers in this environment.
· Possible hypotheses:
· Wasting energy on making feathers (when it’s not useful)
· Birds can spend more time outside without overheating:
· More time for foraging → more food
· More time to encounter mates

32:00 - 34:00 Pass out group worksheets. Explain how individuals with favorable traits will survive to pass on their genes to the next generation. Explain the worksheet and review calculating averages.
· [image: ]Example worksheet for group 1:
34:00 - 39:00 Have students fill out worksheet for generation 1 (hot temperature= 6+ unsuitable). Both partners will walk around and provide help as needed to groups.

39:00 - 41:00 Reconvene as a class. Ask students what they got for their group average. Write it on the board.

41:00 - 44:00 One partner will explain that individuals with lower numbers survive and are able to reproduce/pass on their traits to the next generation. Remind them that this is because genes, which control feather thickness, are heritable. Simultaneously, the other partner will go around and collect their cards.

44:00 - 45:00 Pass out new cards (lower numbers). Explain that this is the new generation of bird offspring arising from previous survivors.

45:00 - 49:00 Move onto generation 2. Explain that the environment is still hot. Have them fill out generation 2 portion of the worksheet (6+ still unsuitable). Circulate the classroom to provide help as needed.

49:00 - 51:00 Reconvene as a class. Write group averages on the board. Ask the class to compare the averages and if they see a trend.

51:00 - 53:00 Explain why each group/population average has shifted. Explain how natural selection can change the frequency of traits in a population over time.

53:00 - 55:00 Thought experiment: ask the students to imagine that the environment turned cold. What would be the trend in feather thickness?

55:00 - 57:00 Thought experiment: Ask the students to imagine the only food source is a trumpet flower (show them picture). Ask them what kind of beak would help them get nectar from this flower. Explain that a really long beak is favored by natural selection.

57:00 - 60:00 Drawing activity: one partner will pass out paper and coloring pencils. Other partner will instruct them to draw a bird that they think would survive best in an environment that is cold and filled with only trumpet flowers for food. Answer any questions the class may have.
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