


Evolutionary Biology Core Concepts
Lesson Plan 2

Lesson 1
 Target learning objectives: 
1. [bookmark: _GoBack]Fossils are organisms that lived a long time ago. They show us how organisms have evolved over time and how groups of organisms are related to each other.
2. Vestigial traits provide evidence of common ancestry and evolution.
3. All organisms evolved from a common ancestor. Evolution is a branching process. All organisms alive today are equally highly evolved.  

Synopsis: Discuss what fossils are and how they are formed, and teach students to make a phylogenetic tree.

Materials: Visuals A – N, Pleistocene fossils, a phylogenetic tree worksheet for each student

Approach:
a. [Fossils - 20 minutes] Explain what fossils are, how they are formed, what information they can tell us, and how they provide evidence for evolution. 
a. Begin by bringing out dire wolf fossils without revealing what animal they originated from. Spend 2 minutes walking around with the fossils so that every student has a chance to see and touch them. 
i. Students who brought in their own fossils may also share information about their fossils and pass them around the classroom if they desire 
Notify the teacher beforehand to make an announcement to the class so that students know to bring in their fossils on the day of the lesson.
b. Ask students to guess what animal the fossils belong to and show the answer with visuals of the skull (A), entire skeleton (B), and reconstruction of the animal (C).
c. Discuss how fossils are formed. Accompany this discussion with visual D. Explain that:
i. Animals die and their bodies are left behind in the ground.
ii. The bodies are buried by sediment, which are bits and pieces of rock.
iii. Over thousands of years, the animal’s body undergoes chemical changes.
· The soft tissue (skin, muscle, etc.) rots and disappears.
· Water and minerals seep into the hard bones and replace bone with rock-like minerals.
iv. Finally, we’re left with fossils.
d. Explain that fossils can give us information about the animals. Accompany with visual E. Explain that:
i. Sloth droppings can tell us what the animal ate and potentially what kind of environment it lived in. 
· Plant material in the poop tells us what kinds of plants it ate and where it lived to have access to these plants. 
ii. Large saber teeth in Smilodon show it was carnivorous and how it killed prey.
· Large canines act like daggers to kill prey. Large gaping mouth to take down big prey.
e. Define evolution (the process by which different kinds of living organisms are thought to have come about and diversified from earlier forms throughout the history of the earth).
i. Distinguish between development and evolution (development happens in individuals in one lifetime, evolution happens in populations across many generations). Accompany with visual F.
· Development is in one lifetime of one organism; evolution is across many lifetimes in many different organisms.
ii. Ask students: are dinosaurs still alive? Answer: no, but birds are their descendants. Show visual of velociraptor, archaeopteryx, and modern bird and explain that fossils show transitional forms in evolution (G). 
· Archaeopteryx has dinosaur features and bird features: feathered wings and hollow bones like birds, teeth and a bony tail like dinosaurs. Accompany with visuals H and I.
· Discuss how transitional form fossils show evidence of evolution because they bridge ancestral species and modern species. Archaeopteryx shows transition from dinosaurs to birds (but Archaeopteryx is NOT a direct ancestor of modern birds).

b. [Phylogenetic Tree - 30 minutes] Construct a phylogenetic tree with students to illustrate the diversification result of evolution, and use it to discuss derived traits and vestigial traits. 
a. Give every student a blank phylogenetic tree worksheet with a word bank and have them arrange the following groups: amphibians, humans, rodents, birds, lizards.
i. Place the students in groups of 4 and instruct them to fill in their phylogenetic tree based on which animals they believe are most closely related to each other. Give them 5 minutes to attempt this with a partner.
ii. On the board, walk students through the correct grouping and discuss the different clades represented (reptiles, mammals, birds, amphibians) and their unique characteristics. Accompany with visual J. 
iii. Show how these characteristics can be placed on the tree (example: hair in mammals, scales in birds and reptiles, metamorphosis in amphibians, feathers in birds).
iv. Lastly, point out that evolution has resulted in diversification by showing that the tree splits into more and more branches and ancestors produce a variety of descendants over time. Emphasize that evolution is a tree, NOT a ladder.
· All animals today have been evolving for the same length of time (branch lengths).
· Extant animals do not evolve into each other (monkeys are not still evolving into humans)
· A lot of people think humans are the most advanced, but there are many things others animals do better than we do.
· Bees can see ultraviolet light, monkeys climb trees better, dogs have a better sense of smell.
b. Explain what vestigial traits are (structures that used to have specialized functions but have lost them through evolution because the functions were no longer needed). Discuss various vestigial traits that exist in humans and other animals and explain their ancestral functions. 
i. Ear muscles in humans: have students find out if they are capable of moving their ears. Explain that the muscles are present because our ancestors used them to orient their ears towards sounds of predators (time permitting: discuss the tail bone as well). 
ii. Hipbone in whales: whales originated from land-dwelling mammals with legs. They lost their legs when they returned to the ocean because they use their tail for propulsion and no longer needed hind legs. But some whales still have hipbones. Accompany with visuals L and N.
iii. Flightless birds: most birds use their wings to fly. The kiwi, however, have wings that are too small to be useful. They evolved from bird ancestors that had full wings. Accompany with visual M.
iv. Explain that vestigial traits show evidence of evolution because they are remnants of ancestors.

c. [Closing - remaining time] Ask questions to assess student understanding of the concepts covered and address any lingering questions or misconceptions.
a. What are fossils are how are they formed?
b. What is the big deal about Archaeopteryx?
c. What is a vestigial trait? What are some examples?
d. Ask students if they have any questions.


Lesson 2
Target learning objectives: 
      4. 	Most traits are variable and many are heritable.
      5.   Natural selection is a mechanism of evolution and happens because variation in
            heritable traits affects survival and reproduction.
      6.   Evolution in nature is very slow. Life has been evolving for at least 3.5 billion years!

Synopsis: Discuss adaptation and variation with an activity that simulates the feeding adaptations of bird beaks. Demonstrate natural selection with a two-part activity that simulates how predators can drive evolution of their prey. Show the time scale of evolution and the major events in the evolution of life with an interactive presentation.

 Materials: Nutcrackers, peanuts, chopsticks, rubber bands, straws, cups of water, blue construction paper, hole-punches in various shades of blue, paper plates with numbers, visuals O – AR.

 Approach:
1. [Adaptation and Variation - 25 minutes] Illustrate the ideas of adaptations and variation in traits with an activity that demonstrates bird beaks and their feeding adaptations.
a. Ask students what they think adaptation means.
i. Define adaptation: a trait that helps an organism survive in its environment.
· Adaptations are the product of evolution.
ii. Display visual O and explain the adaptations that turtles and giraffes have.
· Turtles have hard shells to protect them from predators. Giraffes have long necks to feed on the leaves of tall trees. 
b. Activity: use simulated bird beaks to demonstrate variation and adaptation to food sources.
i. Select three student volunteers to come to the front of the classroom. Each one will be given one of the following tools: a nutcracker, chopsticks, or a straw.
ii. Begin by placing a pile of rubber bands on a table in the front of the class. Have all three students try to pick up as many rubber bands as they can in 15 seconds using only their assigned tool. Make sure they pick up the rubber bands one at a time. After 15 seconds, count how many each student picked up. The student with the chopsticks should be the winner of this round.
iii. Next, place a few peanuts on the table. Challenge the students to extract as many peanuts from the shells as they can in 15 seconds using only their assigned tool. The student with the nutcracker should prevail.
iv. Lastly, give each student a cup of water and instruct him/her to drink the water using his/her assigned tool. Have the students race to see who can finish the water in their cup the fastest. The winner should be the student with the straw.
v. Explain that each tool represents a different kind of bird beak and that different beaks are adapted for eating different foods. 
· Chopstick-like beaks, like stork beaks, are useful for long, slippery prey like worms and fish. Accompany with visual Q. 
· Nutcracker-like beaks, like blue jay beaks, are useful for extracting food from tough-to-crack nuts. Accompany with visual R.
· Straw-like beaks, like hummingbird beaks, are useful for drinking liquids such as nectar. Accompany with visual P.
c. Explain that Darwin’s finches are related birds with highly specialized beaks, which vary in size and shape because they vary in food source. This variation allows these birds, which live very close to each other on the Galapagos Islands, to avoid competition with each other for food. Accompany with visual S.
d. Have students come up with their own examples of adaptations in animals

2. [Natural Selection - 25 minutes] Demonstrate the process of natural selection with a two-part activity.
a. Activity (part 1): predator simulation with colored paper.
i. Give each student a blue piece of construction paper as a background, along with a bag containing about 60 paper dots of three different shades of blue (20 per shade) and a small paper cup. The middle shade should match the background. Have them pour out the dots onto the background paper in a single layer so the dots are spread out and not in piles. 
ii. Tell the students that they are the “predators” in this game, hunting for their prey, which are the paper dots. 
iii. Give students 10 seconds to pick out as many dots as they can and place them into their paper cup. Tell them to pick up whichever dot they see first, one at a time. Repeat this for 3 rounds total, 10 seconds per round. Explain that each round is one meal for the predator and all 3 rounds are happening to the same group of prey.
iv. After 3 rounds, have students count how many of each color they have remaining on their background. Record the class total for each shade on the board. The middle shade, which matches the background, should be the most abundant. 
b. Discussion: Lead the students to conclude that prey animals are adapted to blend in with their environments in order to evade predators. Show that in this game, the dots that looked like their background survived most often because they were hardest to see. The population started out with an even number of all shades, but now has more shades of the middle blue. In the next generation, there will be more middle blue offspring than offspring of the other shades because there are more middle blue parents in the current generation and the blue color is heritable. 
i Explain that this is natural selection: traits vary, individuals with certain traits survive better, and these individuals determine the traits of the next generation (survival of the fittest). 
ii Natural selection helps drive evolution. If the environment remains the same color, eventually most individuals will be middle blue and the other shades may go extinct!

c. Activity (part 2): visual simulation of the discussed scenario with desert mice and hawks. 
i Show visual T. Ask students to count how many of each color mice there are, which colors are easy to see, and which color is difficult to see (most well-camouflaged). The middle shade of brown should be most difficult to see.
ii Show visual U. Explain that the hawks are their predators and ask students which mice are most likely to be caught and eaten. Remind them of Part 1 of the activity and which shade of blue they picked up least often. 
iii Show visual V. These are the mice that are remaining after a flock of hawks came and left. Ask students to count how many of each color mice are remaining.
iv Show visual W. Explain that each mouse from the previous generation produced two offspring of the same color as the parent. Again, ask students to count how many of each color mice are present.
v Repeat steps ii – iv for visuals X – Z. This was the second generation of these mice. 
vi Repeat steps ii – iv again for visuals AA – AC. This was the third generation of these mice. On visual AC, ask students to once again count how many of each color mice are present. Then, ask students to explain the difference between this fourth generation and the very first generation of mice (visual T). How did this difference arise?
· Explain that this activity simulated natural selection over multiple generations and resulted in more middle shade mice in the population because they camouflaged well and survived most frequently.

3. [Time-scale of Evolution] Use an interactive presentation to convey the old age of the earth, the long time-scale of evolution, and the relative recentness of human evolution.
a. Activity: explain that we will condense 4.5 billion years of evolutionary events into 4.5 minutes to illustrate the time scale of evolution (each minute represents 1 billion years). Give students numbered plates and have them line up around the room. Display a large digital clock for everyone to see. Tell them to raise their plate when their number is displayed while we read the description (dramatically, like a story) of each event. The numbers and descriptions are as follows:
1. (0:00) Earth was formed 4.5 billion years ago (visuals AD and AE) Swirling clouds of gas and dust collided into each other to form clumps of rocks and asteroids. Smaller clumps collided together to form larger clumps, like a snowball, getting bigger and bigger and bigger until finally it was the size of a planet - our planet! But it was a molten planet, under so much pressure and heat that everything was lava! It was HOT! Volcanoes all over the planet erupted and spewed gases into the air, forming the early atmosphere which had no oxygen yet. Finally, the planet began to cool, so that water in the air could begin to form clouds, and the lava hardened into the land we stand on today. The clouds started to rain, and they rained for so long that the puddles became our oceans. 
2. (1:00) Life first appeared 3.5 billion years ago (visuals AF and AG). A lonely, single cell evolved. It was tiny! Too small to see. It was the first living thing and lived in the rocks at the bottom of the ocean floor, without oxygen. Volcanoes underneath the ocean floor spewed heat and chemicals through the cracks, which the cell used for food to survive. Eventually, they could make enough energy and organic molecules to break free from the rocks and live freely in the ocean, floating aimlessly in the current. The oceans were toxic with chemicals, and hot, but these cells were tough! The Earth kept changing, but they kept evolving for the next 1 billion years to keep up. They replicated and made more and more of themselves, and then branched off and diversified into different species over time, specialized for different things.
3. (2:00) Bacteria evolved 2.5 billion years ago (visual AH). Some of the cells evolved into bacteria that could photosynthesize, which means using sunlight to make energy and food. They came up to the ocean’s surface to live their lives in the sun. As they took in sunlight, they made oxygen. Over hundreds of millions of years, this oxygen floated up to and stayed in the atmosphere. This was very important because all animals, including us, need oxygen to survive. 
4. (2:30) First eukaryote evolves 2 billion years ago (visual AI). Eukaryotes are cells with internal organs. They evolved when some cells engulfed each other so that one cell lived inside another cell as an internal organ. Our cells are eukaryotic cells, as are the cells of all animals and plants. The first eukaryotes were single celled, and used the oxygen in the atmosphere to survive. 
5. (3:00) Very first plants, animals, and fungi 1.5 billion years ago (visual AJ). They were still only single cells, but they began to do very different things and branch away from each other. All life still lived in the ocean at this point. 
6. (3:36) First multicellular life 900 million years ago (visual AK). Cells began to work together to make more complex organisms.
7. (3:42) First multicellular animal 800 million years ago (visual AL). They looked like sea sponges and were very simple animals with soft bodies and no bones. Eventually, they would evolve into primitive fish. 
8. (4:00) Animals move onto land 500 million years ago (visual AM). They probably evolved from primitive fish.
9. (4:06) Four-legged animals evolved 400 million years ago (visual AN). They proliferate and eventually evolve into all modern amphibians, reptiles, birds, and mammals. Of course, the most famous reptiles are...
10. (4:15) Dinosaurs! They show up 250 million years ago (visual AO). They were huge.
11. (4:18) First mammals appear 200 million years ago (visual AP). They were small and hunted by the much bigger dinosaurs. The earliest mammals looked like rats.
12. (4:26) Dinosaurs go extinct 65 million years ago (visual AQ). Sad for the dinosaurs but good news for us as mammals. Mammals evolve and diversify until...
13. (4:29.8) Humans appear (visual AR). First human ancestors appear VERY recently compared in the timescale of evolution.
b. Answer any questions that may have come up during the activity.

Lesson 3 & Review
Synopsis:
Introduce the concepts of cells with a presentation and discussion. Discuss the evolution of tetrapods for students who are skeptical that mammals and fish could be related. 

Materials:
Visuals AS – AX.

1. [Cells - 10 minutes] Explain that cells make up all living things and life began as simple, single celled organisms. Accompany with visual AS.
a. Discuss the definition of what a cell is and how all life is made up of this common building block.
i. Cells are the smallest unit of life. All living things are made up of cells. The cells in our body work together to keep us alive. 
ii. Cells contain a nucleus, where the DNA is stored. DNA tells the cells what to do and contains all of our genes. 
iii. Cells can look very different because they have different jobs that help keep the whole animal alive. Accompany with visual AV.
b. Explain that cells make up all living things. Show examples of this by showing a sequence of pictures that zoom in from the whole organism, to a tissue, to a cell.
i. Do this for a plant (visual AT) and human (visual AU).
c. Ask: why do you think all living things are made up of cells?
iv. Explain that since cells make up all living things, it makes sense that the first living thing was a cell. We are multicellular organisms and multicellular organisms arose from a group of single cells that found it beneficial to work together. 

2. [Evolution of tetrapods – 10 minutes] Although it may sound far-fetched that all animals today evolved from fish, it really is true. 
a. Show visual AW. Explain that early on in the earth’s history, all life lived in the ocean. 
i The top skeleton belongs to sarcopterygian, which was a fish with bones in its fins. Most fish today do not have bones in their fins. The bony fins of the sarcopterygian were suitable for evolving into limbs.
ii The second skeleton belongs to the tiktaalik, an animal that looks like it’s half fish and half salamander. Its muscular and bony fins are longer and stiffer than before, which allowed it to drag itself onto land. It probably lived in shallow coasts where water and land met.
iii The third skeleton is acanthostega. It probably also lived between land and water. Its fins look much more like limbs and the tips of its fins look like fingers. Its leg bones are joined to its spine, allowing it to move around more easily on land. 
iv The fourth skeleton is ichthyostega. It probably lived fully on land. It had true limbs and fingers that could support the weight of its body on land and help it move around. Also, unlike acanthostega, its skull was not joined to its front limbs, so it could move its head around.
v The fifth skeleton belongs to a modern-day salamander. Notice the progression from fins to limbs in their skeletons. Early land-dwelling animals first evolved into prehistoric amphibians similar to the salamanders of today.
vi These early land-dwelling animals are called tetrapods (which means having four limbs). They evolved into all the tetrapods we see today (amphibians, mammals, reptiles, birds). Accompany with visual AX.

3. [Review – 10 minutes] Ask students questions to review major concepts and key terms covered in our lesson plans. 
a. What is a fossil? What can they tell us?
b. What is evolution?
c. What is a vestigial trait? What are some examples?
d. What is an adaptation?
e. What is natural selection?




