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	[bookmark: _dmx9wccqkfsx]Learning Set 4: How do the differences between monkeyflowers develop over time?



	
Driving Question 
for the unit:
What causes the similarities and differences between organisms? 

Driving Question
for learning set 4:
How do the differences between monkeyflowers develop over time? 
	



	
Materials
Supplies:
· Big post-it

Background information:

Handouts:
· Driving Question Flowchart PPT (LS1) 
· Lesson 2 Fish cards
· Lesson 2 Fish sampling 
· Lesson 2 Link to Teacher Guide 
· Lesson 3 Part 1 Stickleback worksheet (fillable PDF)
· Lesson 3 Part 1 Stickleback Crosses cards
· Lesson 3 Part 1 Teacher Version
· Lesson 3 Part 2 Candidate Gene student worksheet
· Lesson 3 Part 2 Gene Cards
· Lesson 3 Part 2 Eda Reading 
· Lesson 4 Reproductive Advantage Cards
· Lesson 4 Reproductive Advantage Argument Organizer (student handout) 
· Lesson 5 Natural Selection Checklist
· Lesson 5 Natural Selection Argument
· Lesson 5 Evaluating Arguments Checklist
· Lesson 6 Adaptation through Natural Selection Argument Monkeyflower
· Lesson 6 Evaluating Arguments Checklist

Simulations:

Links to videos:
· Meet the Threespine Stickleback Fish
· What is Evolution? 
· What is natural selection?
· Adaptation 
Links
· Monkeyflowers as a model system
	
Suggested lesson time
13 days




	Framing the Learning Set



Purpose
In this learning set, the students will focus on the sub-driving question, “How do the differences between monkeyflowers develop over time?” and learn how traits evolved over time through natural selection. The students use the context of stickleback fish in Loberg Lake to figure out the principles of natural selection. Then, they will apply the concept of natural selection and adaptation to the changes of monkeyflowers. Finally, the students will construct an argument and scientific explanation to demonstrate their understanding.

Learning Goals 
· The students ask questions about how traits in a population change over time.
· The students analyze and interpret data to identify that individuals in a population typically vary in their traits.
· The students analyze and interpret data to figure out that heritable traits pass between generations by way of genes from parent to offspring.
· The students make an argument that organisms with an advantageous heritable trait tend to survive and reproduce more than organisms lacking this trait.
· The students make an argument that natural selection can cause adaptive traits to become more or less common in a population over time.
· The students construct a scientific explanation to explain that adaptation through natural selection can cause some organisms to become better suited to their environment; this process occurs over time and many generations. 


	Building Coherence



This unit guides students through a journey to figure out what causes the similarities and differences between two types of monkeyflower. Genes are regions in the DNA that contain the instructions that code for forming species’ traits. The organisms with traits that positively affect survival are more likely to survive and reproduce. Throughout the unit, students will investigate several sub-driving questions to support them answering the big driving question: “What causes the similarities and differences between organisms?” which encompasses these scientific ideas. See the Storyline

Guided by the sub-driving question, the journey unfolds as students figure out: 
· In LS1 - The different parts of the monkeyflowers and the similarities and differences in traits of organisms to answer the sub-driving question, “How are the traits of the two types of monkeyflowers similar or different?”  
· In LS2 - The structure and function of the DNA, the relationship between DNA and proteins, and the mechanisms of genetic variation to answer the sub-driving question, “What causes the differences between monkeyflower traits?”
· In LS3 - The effect of environmental conditions changes in the growth and survival of organisms to answer the sub-driving question, “How does changing the environmental conditions affect the survival of different monkeyflowers?”
· In LS4 - The process of natural selection to answer the sub-driving question, “How do the similarities and differences between monkeyflowers develop over time?”


	Overview of the Learning Set



	Instructional sequence overview
	Instruction days

	Lesson 1 - How do the differences between monkeyflowers happen over time?
In this lesson, students are introduced to a new organism that might have changed like the monkeyflowers. This will help them figure out how the monkeyflowers might have changed over time. 
	1

	Lesson 2 – Is the lateral plate trait variable among individuals in the population? 
The students collect a random sample of stickleback fish from Loberg Lake and arrange them by lateral plate number on a labeled bar graph. They repeat the process for three sampling periods.
	2

	Lesson 3 – Is the lateral plate trait heritable?
The students analyze a scatter plot showing data from different stickleback crosses. The plot shows a positive correlation between lateral plate number in parents and offspring. Then, working in pairs, they sort cards representing stickleback genotypes to find the gene that correlates with lateral plate phenotype.
	3

	Lesson 4 – Is there a reproductive advantage to having a low number of lateral plates in Loberg Lake? 
The students gain more practice with the components of an argument. First, they match “evidence cards” to reasoning, then they identify claims about who has the reproductive advantage in Loberg Lake. Students then choose which of the arguments are plausible. 
	2

	Lesson 5 – Is natural selection causing the lateral plate number in the population of sticklebacks to change over time?
The students make an argument that the stickleback fish case is an example of natural selection and natural selection can cause trait variation to become more or less common in a population over time.
	2

	Lesson 6 – Is natural selection causing the difference between two types of monkeyflower over time?
The students figure out and explain how the three principles of natural selection connect to the monkeyflower. 
	2

	Lesson 7 - Wrapping-up - revisiting the Driving Question Flowchart models 
The students will revisit the DQ flowchart and reflect upon their learning. 
	1



	Connection to NGSS



	Target Performance Expectations
HS-LS4-2. Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the environment.
HS-LS4-3. Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait.
HS-LS4-4. Construct an explanation based on evidence for how natural selection leads to adaptation of populations.
HS-LS4-5. Evaluate the evidence supporting claims that changes in environmental
conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the extinction of other species.

	Learning performances 
Students construct an explanation of how the process of natural selection can result in organisms that are more well adapted to their environment.

	Disciplinary core idea 
	Science and engineering practices
	Crosscutting concepts

	LS4.B: Natural Selection
Natural selection occurs only if there is both (1) variation in the genetic information between organisms in a population and (2) variation in the expression of that genetic information—that is, trait variation—that leads to differences in performance among individuals.
The traits that positively affect survival are more likely to be reproduced, and thus are more common in the population.
	Constructing scientific explanation 
· Construct their own explanations of phenomena using their knowledge of accepted scientific theory and linking it to models and evidence.
· Use primary or secondary scientific evidence and models to support or refute an explanatory account of a phenomenon.
· Offer causal explanations appropriate to their level of scientific knowledge.
	Cause and effect 
· Empirical evidence is required to make claims about specific causes and effects.

	How these elements are integrated and embedded in this learning set 
In this learning set, students will collect and analyze a random sample of stickleback fish from Loberg Lake to figure out three principles of natural selection and make an argument that natural selection can cause trait variation to become more or less common in a population over time. Then, they apply what they figured out to explain how natural selection affects monkeyflowers.




	Connection to Students’ Lives



Link to out-of-school activity and everyday life 
· Encourage students to observe the natural world around them. They can generate questions from what they observe and conduct experiments and analyze data to answer their questions that are related to their surroundings and even their own lives.

Link to career-awareness 
· This learning set introduces what scientists do: scientists ask questions about the natural world and try to answer their questions based on evidence. Let students know that what they will do in this learning set is very similar to what scientists do: they will plan and carry out investigations, collect and analyze data, and draw evidence-based conclusions.

	Instructional sequence for Learning Set



	Lesson 1 – How do the differences between monkeyflowers happen over time?



	Learning Goal
	The students ask questions about how the monkeyflower changes over time.

	Connection to NGSS 
	DCI: LS4B: Natural Selection

	
	Practice: Ask question

	
	CCC: Pattern



1. Introducing the sub-driving question for this learning set  
a. Remind students about the previous learning set 
· We have read the comic and learned about the monkeyflower plant and how scientists do field research to learn about how organisms reproduce and grow in different environments.
· We ended the comic with William asking about how the monkeyflower plants evolve over time.  
b. Link it to the driving question flowchart
· Bring the last sub-driving question about natural selection (How do the differences between monkeyflowers develop over time?)

[image: ]
2. Introducing the new context  
a. Introduce the stickleback fish
· We have come up with our sub-driving question about how organisms within a population evolve over time.
· To help us figure out how the monkeyflower populations might have changed over time, we are going to take a look at another organism whose population might have changed over time like our monkeyflowers.  
· The fish is called the stickleback fish 
· Watch a short video about the stickleback: https://learn.genetics.utah.edu/content/evolution/meet  
b. Outline this learning set 
· In this learning set, we will figure out how the stickleback have changed over time by using a simulation to collect and analyze data similar to what field research scientists collected at Loberg Lake. 
· Let’s see if what we figure out about the stickleback fish helps us answer our sub-driving question: How do the differences between monkeyflowers develop over time?
· Can we make a connection between the stickleback fish and the monkeyflowers?  



	Lesson 2 – Is the lateral plate trait variable among individuals in the population?



	Learning Goal
	The students analyze and interpret data to identify that individuals in a population typically vary in their traits. 

	Connection to NGSS 
	DCI: LS4B: Natural Selection

	
	Practices: Analyze and interpret data 

	
	CCC: Pattern



1. Introduce the lesson  
a. Do you think that the trait varies among individual fish in the population? Do you think the lateral plate trait may change over time in a population of stickleback fish? 
b. As researchers, you will collect a random sample of paper stickleback fish from Loberg Lake and plot them by lateral plate number on a bar graph. 

2. Stickleback Sampling
a. Distribute the fish card and student handouts. Have students take 20 fish cards from each sample year (1990, 1996, and 2002). 
· Lesson 2 fish cards: 
Note : There are 100 cards for each sample year. Make enough copies for each student or group to select 20 cards per sample year. Cut the cards out and shuffle them well. Keep each sample year separate. Tips: To make it easier to tell the sample years apart, print the cards in color or onto different colors of paper. Paperclip shuffled cards together in groups of 20 for easier distribution.
· Lesson 2 fish sampling worksheet 
b. For the 1990 sample only, tell students to arrange their fish by lateral plate number and plot them on their graphs. 
c. When students are finished, project or hand out the aggregate graph for 1990 and discuss: 
· Lesson 2 Teacher Guide PDF  
· Raise your hand if your graph looks different from your neighbor’s. Why might the graphs look different? 
· Raise your hand if your graph looks different from the aggregate.
· Sample size: 
· The fish in one small sample may not be representative of the whole population. A larger sample size is more representative of the population. 
· Using the aggregate graph, review graph interpretation: 
· What is the range in plate number? 
· What is the most frequent number of plates on fish in this sample? 
d. For the 1996 sample, tell students to arrange their fish by lateral plate number and plot them on their graphs. 
e. When students are finished, project or hand out the aggregate graph for 1996. Remind students that 6 years have passed, and sticklebacks live for roughly 2 years. Discuss: 
· How are the 1990 and 1996 graphs different? 
· Describe lateral plate trait in the population for 1996. 
· Are these the same fish from the previous sample, or different fish? (Answer: They are different fish.) 
· Where did the fish with fewer lateral plates come from? (Answer: They are the great-grandchildren of the 1990 population.) 
f. Repeat the process for the 2002 sample. Emphasize that each sample represents the descendants of the previous sample—not the same fish. Project the three aggregate graphs and discuss the differences between the samples: 
· What are the trends/patterns for the lateral plate number trait in Loberg Lake sticklebacks over the generations? (Answer: Over time, the number of lateral plates in the population decreased. Or, the number of low-plated individuals increased, while the number of high-plated individuals decreased, shifting the number of lateral plates in the population as a whole.)
g. Discuss: 
· Did the changes in the lake stickleback populations’ lateral plate happen in one generation? Or, did it take time to see this change? What do our data tell us?  
Emphasize the importance of time in these studies as related to the stickleback populations’ changing lateral plate trait. It is a HUGE  misconception that students often hold that a single organism can change its traits. These changes happen over time and many generations(remember, each generation lives for approximately 2 years) as these activities with the stickleback population have shown.
For comparison, they could think of parents, children, grandparents. Humans have a longer time span in generations (approximately 25 years).  They could also think the monkeyflower plants that could have about 3 generations in one year). 
You could remind students that the generations are labeled P1→F1→F2 etc. They saw this notation in the Mendelian genetics piece in LS2.   


	Lesson 3 – Is the lateral plate trait heritable?



	Learning Goal
	The students analyze and interpret data to figure out the heritable traits pass by way of genes from parent to offspring.

	Connection to NGSS 
	DCI: LS4B: Natural Selection

	
	Practice: Analyzing and interpreting data

	
	CCC: Pattern



1. Introduce the lesson
a. In the last lesson we looked at trends/patterns for the lateral plate number trait in Loberg Lake sticklebacks over the generations. 
b. What did we figure out? 
· We figured out, over time, the number of lateral plates in the population decreased. Or, the number of low-plated individuals increased, while the number of high-plated individuals decreased, shifting the number of lateral plates in the population as a whole. 
c. In this lesson, as researchers, you will analyze a scatterplot showing data from different stickleback crosses. 

2. Stickleback Crosses Part 1 - This activity looks at the macro level idea of genetic heritability.
a. Provide each student with a worksheet- Lesson 3 Part 1 worksheet
b. Provide each student or pairs of students with one card. Lesson 3 Part 1 stickleback crosses cards
c. Teacher demo of the student worksheet- Lesson 3 Part 1 Teacher Version
d. Discussion
· Remember, in Learning Set 2, what did we figure out about the link between genes, traits, parents, and offspring? 
· Heritable traits pass by way of genes from parents to offspring.
· In this activity what were we comparing? 
· Lateral plates between parents and offspring
· What did we figure out about heritability from this comparison? 
· Heritability can be determined by comparing traits in parents and offspring. If a trait is heritable, offspring tend to resemble parents. 
· This could provide the opportunity to also talk about the relative contribution genes make to a trait.  
· What did the graphs show? Explain
· The plot shows a positive correlation between lateral plate number in parents and offspring.
· If the points in the graph are strongly correlated the genetic component is probably significant.  
· More variation in the points along the regression line would suggest either low heritability or that the environment might play a larger role. Meaning- if the points plotted do not follow a linear pattern, and are scattered all over the graph, it could mean there is low heritability or the environment might be playing a larger role. 
· Can we conclude that the lateral plates are heritable? 
· The Loberg lake data of the Stickleback fish, show that lateral plates are heritable.

3. Stickleback Crosses Part 2 - This activity looks at the micro level idea of genetic heritability.
a. From Part 1 of this lesson, we looked at the phenotype of the Stickleback fish and concluded that the lateral plates are heritable. 
b. Is there something else we could look at to confirm the lateral plates are actually heritable? 
· Besides phenotype, what else could we investigate? 
· genotype
c. Lesson 3 Part 2 Gene Cards. 
· In pairs, students sort cards representing stickleback genotypes to find the gene that correlates with lateral plate phenotype.
d. Students fill out the worksheet Lesson 3 Part 2 Candidate Gene Handout 
e. Is the lateral plate trait heritable? 
· Discuss with students-How did you figure it out?
f.  Distribute the Eda Reading after they have identified the candidate gene.
· After identifying the gene, students receive Lesson 3 Part 2 Eda Reading
· Note: As the reading states, Eda accounts for about 75% of plate number variability. A number of minor genes contribute the other 25%. This mechanism makes lateral plate number a continuous trait.
g.  Whole Class Discussion: What did we figure out from these two activities? 
· One way to determine which gene controls a trait is to compare DNA sequences of alleles from individuals with different phenotypes.
· We were able to identify the gene that codes for the lateral plates of the stickleback fish
· We looked at both the phenotype and genotype of the lateral plates of the  Stickleback fish
· From these activities, we can conclude that heritable traits pass by way of genes from parent to offspring.


	Lesson 4 – Is there a reproductive advantage to having a low number of lateral plates in Loberg Lake?



	Learning Goal
	The students make an argument that organisms with an advantageous heritable trait tend to survive and reproduce more than organisms lacking this trait.

	Connection to NGSS 
	DCI: LS4B: Natural Selection

	
	Practice: Engaging in argument

	
	CCC: Cause and effect 



1. Introduce the lesson
a. Review- In the last lesson, Lesson 3, we figured out that traits are heritable and passed from parent to offspring. 
· We looked at heritability from the phenotype and genotype of the Stickleback fish lateral plates. 
· In this lesson, we are going to figure out if having a certain number of lateral plates has a reproductive advantage. 
· What do you think? Do you think low, medium or high lateral plates have a reproductive advantage? 
· Why do you think so? 
· Do we already have evidence for this? Where?
· Students might come up with an answer of low number of lateral plates from the data already studied. 
· In order to confirm our hypothesis, we need to study more data. 
· The question we are going to investigate in this lesson is: 
· Is there a reproductive advantage based on the number of lateral plates in Loberg Lake? 
b. Provide each student or pair with the reading and accompanying reasoning and evidence cards
· Lesson 4 Reproductive Advantage Cards
· Students will gain practice with the components of an argument. 
· First, students read the Reasoning being presented
· Second, students identify the claim that reasoning is focusing on
· Third, students match “evidence cards” to reasoning, then identify claims about who has the reproductive advantage in Loberg Lake. 
· Under step 4, tell students to place the Evidence cards on their Reasoning pages.
· Students then choose which of the arguments are plausible (2 out of the 5).
· Once students have identified the plausible arguments, they should discuss their findings with another pair or have a whole group discussion.
· Have students make revisions as necessary
c. Scaffolding this lesson- for some students, this may be the first time they are exposed to this kind of activity using argumentation.                             We suggest:
· Structured support: Do the first argument together as a class and support students to do all of the steps in Reasoning #1. 
· First- Read the Reasoning statement together and discuss.
· Second- Identify and discuss together which claim is being supported by the reasoning.
· Third- Identify and discuss the evidence that supports the reasoning and claim.
· Finally- Discuss if the reasoning, claim and evidence make a plausible argument for the question and why. 
· Guided support: Do the Reasoning #2 together in a limited form. 
· First- Read the Reasoning together and discuss
· Second- Identify and discuss together which claim is being supported by the reasoning.
· Third- Have students, in pairs or small groups, identify and discuss the evidence cards that support the reasoning and claim.
· Come back together to discuss as a whole group
· Finally- Have students, in pairs or small groups, identify and discuss and then write on a sticky note, if Reasoning #2 is plausible or not and why they think it is or is not plausible.
· Limited Support: Have students work in their pairs or small groups to figure out Reasoning statements 3→5.
· First- Groups/Pairs read the Reasonings together and discuss.
· Second- Groups/Pairs identify and discuss together which claim is being supported by the reasoning.
· Third- Groups/Pairs identify and discuss the evidence that supports the reasoning and claim.
· Fourth- Groups/Pairs identify and discuss and then write on a sticky note, if the Reasoning is plausible or not and why.
· Finally- Once Groups/Pairs have completed Reasonings 3→5, have a whole group discussion on their answers. 
d. Whole class discussion on findings
· Reasoning #2 is part of a Bad Argument. Using the same evidence card (#4), come up with a more plausible line of reasoning that supports a reproductive advantage for low-plated sticklebacks in Loberg Lake. 
· Reasoning #3 does not relate to reproductive advantage in Loberg Lake, but it is relevant to sticklebacks in an ocean environment. Discuss how different traits can be an advantage depending on an individual's environment.
e. Once students agree with their choices, provide each student with an organizing sheet for students to write their final findings about all the Reasoning Statements. 
· Reproductive Advantage Organizer
f. Note: As in reality, in this activity the same pieces of evidence might be used to support multiple arguments; therefore, multiple copies of evidence statements are provided. Also, not all copies of the evidence cards can be matched to an argument; hence, some cards will be left over.
g. Concluding the lesson 
· Ask students: Is there a reproductive advantage based on the number of lateral plates in Loberg Lake? 
· Have students discuss and explain. 




	Lesson 5 – Is natural selection causing the lateral plate number in the population of sticklebacks to change over time?



	Learning Goal
	The students make an argument that natural selection can cause adaptive traits to become more or less common in a population over time.

	Connection to NGSS 
	DCI: LS4B: Natural Selection

	
	Practice: Engaging in an argument 

	
	CCC: Cause and effect 



1. Link what they figured out in the three previous lessons to the principles of of Natural Selection
a. In pairs, have students work on the worksheet to figure out the three principles of natural selection and whether the difference between sticklebacks is the one of the examples of natural selection.
· Lesson 5 Natural Selection Checklist
b. Lead a class discussion to support students to figure out the three principles of natural selection, and answer the question “what are the principles that drive natural selection?”
· Principle of variation : Among individuals within any population, there is variation in physical and behavioral traits.
· Were the two populations the same? 
· How are they similar and/or different?
· What would have happened if they were the same? 
· Principle of heredity: Offspring resembles their parents more than they resemble unrelated individuals.
· Was the lateral plate trait of sticklebacks inherited?
· Did offspring resemble their parents?
· Principle of selection: Some forms are more successful at surviving and reproducing than other forms in a given environment.
· Which offspring were more likely to survive? 
· Which were more likely to have their population grow in Loberg Lake?
 
2. Making an argument about natural selection in Loberg Lake
a. Have students use the worksheet to write an argument using the prompt.
· Lesson 5 Natural Selection Argument worksheet
· Their argument must include:
· A claim: An answer to the prompt
· Evidence: As listed on the checklist
· Reasoning: Ideas about Natural Selection that are stated on the checklist (e.g., Natural Selection acts on traits that are variable, heritable, and confer a reproductive advantage, causing a trait to become more or less common over time.)
· Be on the lookout for common misconceptions:
· Individuals adapt to their environment.
· Natural selection is driven only by environmental change.
· Genetic variations arise in response to selective pressure (rather than pre-existing variations being selected).
· Changes in populations usually happen within one or a few generations.
b. Have students peer review the arguments using the Argumentation Checklist. For any item checked "no," ask reviewers to provide a specific suggestion for improvement.
· Lesson 5 Evaluating Argument Checklist 
c. Give students the opportunity to revise their arguments based on peer review(s).

3. With the students, watch the video. The video summarizes natural selection and adaptation. Discuss the relation between this video and the students’ findings about the sticklebacks. 
· What is Evolution? 
· What is natural selection?
















	Lesson 6 – Has natural selection contributed to the two varieties of monkeyflowers adapting to their environment over time? 



	Learning Goal
	The students construct a scientific explanation to explain that adaptation through natural selection can cause some organisms to become better suited to their environment; this process occurs over time and many generations. 

	Connection to NGSS 
	DCI: LS4C: Adaptation

	
	Practice: Constructing a scientific explanation

	
	CCC: Cause and effect 




1. Link to adaptation - Use the video below to help summarize important concepts from heredity and natural selection. It emphasizes that mutation and allele shuffling increase variation in a population, and natural selection decreases variation through the propagation of advantageous variations—with multiple possible outcomes.
· https://learn.genetics.utah.edu/content/evolution/adaptation 
· Discussion questions: 
· What were the main messages from the video?
· How do mutations and allele shuffling affect variation in a population? (more variation)
· How does natural selection affect variation in a population? (less variation through propagation of advantageous variations) 
· Does the idea of adaptation relate to the monkeyflowers? How? (The coastal and inland plants would have had to adapt to their environment to survive. This would have happened through mutations and allele shuffling as well as following the principles of natural selection.)  
2. Students figure out how adaptation, through the three principles of natural selection, connects to these two varieties of monkeyflower.
c. Choose one of the followings to present their conclusion: 
· Write a report to Maia and William
· Finish the comic 
· Create a skit
· Write a song
d. Use the Lesson 6 Adaptation through Natural Selection Argument Monkeyflower worksheet so they can first write their draft argument then, they can work to transfer their argument into one of the finished products above. 
e. Use the Lesson 6 Evaluating Arguments Checklist to have students peer review each other’s work. 
f. The finished product needs to include:
· Claim - The two varieties of monkeyflowers adapted to their environment over time following the process of natural selection. 
· Evidence - something they did in the previous learning sets that connects adaptation to the three principles of natural selection
· Different traits: Monkeyflowers have different traits- students saw that in the leaves and flowers of the coastal and inland
· Heritability: Students see how the monkeyflower plants inherit flower color
· Advantageous traits: The salt experiment - seeing the coastal plant have an advantage over the inland and can survive with seawater. 
· Reasoning- 
· use the three principles of natural selection to support their claim and evidence.
· The coastal and inland plants would have had to adapt to their environment to survive. This would have happened through mutations and allele shuffling as well as following the principles of natural selection.

	Lesson 7 – Wrapping up - revisiting the Driving Question Flowchart 



	Learning Goal
	The student will revisit the DQ Flowchart to discuss what questions have been addressed thus far and/or adding more questions to the DQ Flowchart. 

	Connection to NGSS 
	DCI: LS4B Natural Selection

	
	Practice: Asking Questions

	
	CCC: Cause and Effect





Revisiting the Driving Question Flowchart

With the class, revisit the Driving Question Flowchart. Prompt the students to reflect upon their learning using the following prompts:
· In smaller groups- assign each group one of the four sub-driving questions to discuss:
· Which questions and hypotheses on the DQ Flowchart have we answered, and which remain open?
· Students should attach their answers/artifacts of investigation onto the DQ flowchart next to the hypotheses and questions they relate to.
· Have students come back as a whole group to discuss what they found from discussing their sub-driving question. 
· What questions were answered? 
· What questions are still left unanswered? 
· Can they answer part of the BIG DQ of the unit with their sub-driving question? What answer did they come up with? 
· After completing the unit, do you have any additional questions? 
· Any new questions or hypotheses should be added to the board near the hypotheses they relate to.
· Discuss: Looking over our Driving Question Flowchart, can we say with confidence that we have/can answer all the sub-driving questions and ultimately, the Driving Question of the entire unit? 
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Lesson 2 Student Worksheet 1 per student 
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Lesson 2 Fish Cards 1 per pair of students 
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Lesson 3 Part 1 Data Cards- 1 Card per student or pair 
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Lesson 3  Part 1 Worksheet- 1 Worksheet per student. 
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Lesson 3 Part 1 Teacher Demo Sheet (with answers) 
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Lesson 3 Part 2 Student Worksheet Candidate Gene Approach 
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Lesson 3 Part 2 Gene Cards Candidate Gene Approach 1 copy per student or pair  
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[bookmark: xy9fa8b6ub7x]Lesson 3 Part 2 Eda Reading 1 per student 
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Lesson 4 Reproductive Advantage 1 per student or pair 
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Lesson 4 Student Worksheet 1 per student 
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Lesson 5 - Natural Selection checklist
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Lesson 5 - Natural Selection Argument worksheet 
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Lesson 5 Evaluating Arguments Checklist
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Lesson 6 - Adaptation through Natural Selection Argument Monkeyflower 

Write an argument about adaptation through natural selection affects the two varieties of Monkeyflowers.
	Is adaptation, through natural selection, causing the differences in the two varieties of monkeyflowers?



1. Write a claim to state whether adaptation, through natural selection, caused the differences between the two varieties of monkeyflowers- one coastal and one inland. Be sure to consider the following prompts to write a claim. 
· Is there a clearly stated claim?
· Is it consistent with all of the available evidence?
· Is it the simplest conclusion based on all of the available evidence?

	



					
2. Provide evidence to support your claim above. Be sure to consider the following prompts to write evidence. 
· Is there enough evidence to support the claim?
· Is all of the evidence relevant to the claim (there are no extra facts)?
· Do the data collection, analysis, and interpretation seem reasonable?

	





				
3. Use reasoning to link your claim and evidence. Be sure to consider the following prompts to write reasoning. 	
· Is there enough reasoning to justify why the evidence supports the claim?
· Is the reasoning related to the claim?
· Is it related to the evidence?
· Is it consistent with accepted science ideas?
· Does it use facts, not feelings? 

	






Lesson 6 Evaluating Arguments Checklist
[image: ]
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Stickleback Sampling

Instructions

1. Randomly choose 10 fish each from the 1990, 1996, and 2002 sample piles, OR use this organizer
as you go through the online stickleback data collection.

2. For the 1990 sample, sort your fish by number of plates, then fill them in on the graph below.
Each square should represent one fish.

Loberg Lake Sticklebacks - 1990

: :

8
5
3
§
2

15 20
Number of plates

. When your teacher tells you to proceed, plot your fish from the 1996 sample below:

Loberg Lake Sticklebacks — 1996

d ]

Number of fish

15 20
Number of plates
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4. When your teacher tells you to proceed, plot your fish from the 2002 sample below:

Loberg Lake Sticklebacks — 2002

Number of fish

15 20
Number of plates
Questions

1. Compare your graphs with other students’. Are all of the graphs identical? What are some
reasons they could be different?

2. Look at the aggregate graphs for each sample year and compare them to your own. Are your
graphs similar in range (number of plates) and shape (most frequent numbers of plates) to the
aggregate? Explain.

3. Whatis the main reason they could be different?

Circle the best summary for the lateral
plate trait in the sample population for
each year: 1990 Low | Medium | High

1996 Low | Medium | High

Sample year General number of lateral plates

2002 Low | Medium | High

Do the aggregate graphs show an overall change in lateral plate number over time? If yes, what
is the change?

©2016 University of Utah Stickleback Sampling 2
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Stickleback Crosses

Background

Traits may be influenced by genetic or environmental factors. Natural selection acts only on her-
itable traits—genetic traits that pass from parent to offspring. For heritable traits, offspring tend to
resemble their parents.

Experiment

Researchers wanted to know how the number of lateral plates in stickleback offspring compares to
the number of lateral plates in parents. They set up several crosses between pairs of sticklebacks
and collected data about the offspring.

Questions
Get a data card for one cross and use it to answer the questions.
1. Whatis the cross number at the top of your card? | |
2. How many plates do the parents have? Mother

Father

Total
3. Whatis the mean number of plates for the parents?

total number of plates

2 parents

4. Fill in the data table:

Number of Plates | Number of Offspring | | Plates x Offspring

x =

x =

x =

total number of total number of
offspring plates on all offspring

©2016 University of Utah Updated June 30,2020 1
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5. Whatis the mean number of plates for the offspring?

total number of plates in all offspring
total number of offspring B

Al of the data points for the experiment have been plotted on the graph below. Find and circle
the point on the graph that represents your data (x-axis = the parents’' mean number of plates,
and y-axis = the offspring’s mean number of plates).

Mean Plate Number in Stickleback Parents and Offspring

a0

Ed

s

28

2

20

16

Offspring's mean number of plates

o 4 8 12 16 20 24 28 3@ 3 40

Parents’ mean number of plates

Data simplified from Hagen, D. W. (1973).Inheritance of numbers of ateral
plates and gill rakers in Gasterosteus aculeatus. Heredity, 30(3), 303-312.

©2016 University of Utah Stickleback Crosses 2
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7. Based on the graph, which claim do you agree with?

a. There s a positive relationship in the number of lateral plates between parents and offspring:
offspring tend to resemble their parents for this trait.

There is a negative relationship in the number of lateral plates between parents and off-
spring: offspring do not resemble their parents for this trait.

€. There is no relationship in the number of lateral plates between parents and offspring.

8. For the two options you did not choose (positive, negative, or no relationship), draw and label
graphs that show what the data would look lik

9. Ifatraitis heritable, there will be a positive relationship between the phenotype in the parents
and the offspring. s lateral plate number heritable?

10.What s your evidence?

©2016 University of Utah Stickleback Crosses 3
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Stickleback Crosses

Background

Traits may be influenced by genetic or environmental factors. Natural selection acts only on her-
itable traits—genetic traits that pass from parent to offspring. For heritable traits, offspring tend to
resemble their parents.

Experiment

Researchers wanted to know how the number of lateral plates in stickleback offspring compares to

the number of lateral plates in parents. They set up several crosses between pairs of sticklebacks
and collected data about the offspring.

Questions

Get a data card for one cross and use it to answer the questions.

What s the cross number at the top of your card? | 1

2. How many plates do the parents have? Mother 5
Father 6
Total 11
3. Whatis the mean number of plates for the parents?

total number of plates

2 parents -0
4. Fillin the data table:
Number of Plates | Number of Offspring Plates x Offspring
4 x 2 - B
5 x 5 = 25
s x 3 18
x -
x -
x -
10 51
total number of total number of
offspring plates on all offspring

©2016 University of Utah Updated July 1,2020 1
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5. Whatis the mean number of plates for the offspring?

total number of plates in all offspring
total number of offspring = o

6. Al of the data points for the experiment have been plotted on the graph below. Find and circle
the point on the graph that represents your data (x-axis = the parents’ mean number of plates,

and y-axis = the offspring’s mean number of plates).

Mean Plate Number in Stickleback Parents and Offspring

a0

E3

s

28

2

20

16

Offspring's mean number of plates

o 4 8 12 16 20 20 28

Parents’ mean number of plates

Data simplified from Hagen, D. W. (1973).Inheritance of numbers of ateral
plates and gillrakers in Gasterosteus aculeatus. Heredity, 30(3), 303-312.

©2016 University of Utah

2

E3

Stickleback Crosses 2




image28.png
Learn.Genetics.utah.edu
NAME DATE (GENETIC SCIENCE LEARNING CENTER

The Candidate Gene Approach

Background

From analyzing stickleback parents and offspring, scientists knew
that lateral plate number was influenced mainly by just one gene.
To find out which gene is at work, you will use the candidate gene
approach.

The candidate genes i this case are genes that might influence
lateral plate phenotype. Short sections of these gene are shown
below. Each individual has two alleles, but for some of these.
genes the population has up to three alleles.

In this activity, you will compare the DNA sequences of the can-
didate genes in fish with different phenotypes. Then you will look
for a connection between a fish's phenotype and its allele combi-
nation, also known as its genotype.

Completely plated

Instructions Lateral plate phenotypes

1. Sortyour cards (18 in all) by phenotype (low, partially, or
completed plated). See the example card on page 2.

2. For each phenotype, look for similarities and differences in the allele combinations (genotype). s
there a gene for which the genotype always corresponds to a particular phenotype?

Candidate genes: Alleles:
May inflence phenctype  Sections of candidats genes, showing DNA dfferances

TR [—

Geno

e T,

©2016 University of Utah Updated June 26,2020 1
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Prenype —f————y

Partially

Fish dentiication ————
b [ These alleles differ by one
base (pold letters show
where aleles differ).
Genotype for Gene 1.
Different aleles are shown
in different colors or shades.

[ These ines show where

bases have been

Genetype for Gone & inserted or deleted.
el allos = hown ‘There s no physical

in the same color or shade. break in the DNA strand,

Questions

1. Which gene do you think influences lateral plate phenotype?

2. What s different about the allele combinations for this gene in low, partially, and completely
plated fish?

©2016 University of Utah The Candidate Gene Approach 2
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The Candidate Gene Approach
The Eda Gene

The Gene 2 DNA sequences are from the Eda gene.

Low-plated fish have 2 copies of the lighter Eda allele, and completely plated fish have 2 copies of
the darker Eda allele. Partially plated fish have one copy of each. You looked at the DNA sequence
of justa short piece of Eda. The entire gene is several thousand bases long, and the two alleles have
several DNA differences between them.

Scientists don't know exactly how the DNA variations work, but the low-plated allele is not function-
al. It may make protein at the wrong time or place, or it may make no protein at all.

Eda genotypes Eda protein Phenotype

LELE T

The low-plated Eda allele is common in populations of lake sticklebacks, but rare in ocean stickle-
backs. This explains why we see mostly low-plated fish in lakes and mostly completely plated fish in
the ocean.

Other animals have Eda genes too
Many other organisms also have an Eda gene that is very similar to the stickleback gene. In zebrafish,

Eda plays a role in the formation of scales. In mammals, Eda is involved in the formation of skin,
sweat glands, hair, teeth, and nails.

Why do fish have such a broad range of lateral plate numbers?

Edaiis just one of several genes that influence lateral plate number. Eda has the biggest effect, but
anumber of other genes have minor effects. Variations in these genes might shift the number of
lateral plates up or down by one or two.

Lots of other traits work this way too. For example, people with a ‘brown’allele of a major gene that
influences eye color will have brown eyes. But not all brown eyes look alike. Other genes influence
the shade of brown, whether there are green flecks, and other variations.

©2016 University of Utah Updated September 28, 2016 1
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Reproductive Advantage in Sticklebacks
Plausible Arguments

Background

Reproductive advantage means that indi-
viduals with certain characteristics are more
likely to produce offspring than individuals
with other characteristics. If individuals with

a certain variation in an inherited trait are
more successful at reproducing, then they will
have a chance at passing their genes-and the
particular variation-to the next generation.

Most sticklebacks breed just once in their life- L @ :
time. Females place several hundred eggs into
a male stickleback’s nest. The males fertilize
the eggs, and then care for the young fish for a
few weeks after they hatch, keeping the young
in the nest and chasing predators away.

S

Some young sticklebacks in freshwater lakes are
eaten by dragonfly arvac

After that, the young fish are on their own. Most will be eaten by predators, die from disease o star-
vation, or meet another unfortunate end. Just a few young from each nest will survive the two years
it takes to reach adulthood, successfully reproduce, and pass their alleles to the next generation.

Question

Ina population of sticklebacks in Loberg Lake in Alaska, researchers observed that the frequency of
low-plated fish increased over time. Do low-plated sticklebacks have a reproductive advantage over
completely plated fish in Loberg Lake?

Instructions
1. Read the Reasoning pages and the Evidence cards.

2. Decide what Claim each line of Reasoning supports.

3. Match the Evidence cards to the Reasoning pages.
Note: There may be fewer than 3 pieces of supporting Evidence for some of the Reasoning pages.
You may not need to use all of the Evidence cards.

4. Once you are happy with your matches, do one of the following:

« Attach the Evidence cards to the Reasoning pages.
« Fillin the table on the Plausible Arguments Organizer.

5. Which arguments are plausible? Decide whether the reasoning is sound, supported by evidence,
and related to the question (above). If it is not, itis a bad argument; set the sheet aside.

©2016 University of Utah Updated July 17,2020 1
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Since lateral plates are made of bone, low-plated sticklebacks need to make less bone tissue than
their completely plated peers. This allows the low-plated fish to grow more quickly in fresh water,
which has a low concentration of minerals. Because the low-plated sticklebacks grow larger, they are
then better able to survive their first winter and are therefore more likely to reproduce the following
year.

Claim

According to this reasoning, which fish have the greatest reproductive advantage in Loberg Lake?
Low plated Partially plated Completely plated None

Evidence

Place the cards that support the reasoning below:

Notes

©2016 University of Utah Reproductive Advantage in Sticklebacks 2
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Because low-plated sticklebacks hatch at a higher rate in fresh water than completely plated fish
do, low-plated sticklebacks will have fiercer competition with other low-plated sticklebacks for the
same resources. Since completely plated fish are fewer in number, they will have unique advantages
compared to so many low-plated sticklebacks. Because they are more rare, the completely plated
fish will have a reproductive advantage.

Claim

According to this reasoning, which fish have the greatest reproductive advantage in Loberg Lake?

Low plated Partially plated Completely plated None

Evidence
Place the cards that support the reasoning below:

Notes

©2016 University of Utah Reproductive Advantage in Sticklebacks 3
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Because they have more protection, completely plated fish are more likely to escape from the jaws
of predatory fish and survive any resulting damage. In the ocean, this makes completely plated fish
more likely to reproduce. Since Loberg Lake has no predatory fish, there is no reproductive advan-
tage to having more lateral plates

Claim
According to this reasoning, which fish have the greatest reproductive advantage in Loberg Lake?

Low plated Partially plated Completely plated None

Evidence
Place the cards that support the reasoning below:

©2016 University of Utah Reproductive Advantage i Sticklebacks 4
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Reasoning #4

Young sticklebacks with fewer lateral plates are faster and more nimble; therefore, they are more
successful than completely plated fish at escaping predatory dragonfly larvae. Since low-plated fish
also grow more quickly than completely plated fish, they are vulnerable for a shorter period of time
to dragonfly larva predation. Since the low-plated fish are more likely to survive predation by drag-
onfly larvae than completely plated fish are, they are also more likely to reproduce.

Cl

According to this reasoning, which fish have the greatest reproductive advantage in Loberg Lake?
Low plated Partially plated Completely plated None

Evidence

Place the cards that support the reasoning below:

Notes

©2016 University of Utah Reproductive Advantage in Sticklebacks §
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Reasoning #5
Both the low-plated fish and the completely plated fish will use the same basic cellular machinery to
transcribe and translate the two different £da alleles. Because low-plated sticklebacks tend to grow
faster in fresh water than completely plated sticklebacks do, and because they move faster, their
cellular machinery will need to use more energy. This greater need for energy puts the low-plated
fish at a reproductive disadvantage.

Claim

According to this reasoning, which fish have the greatest reproductive advantage in Loberg Lake?

Low plated Partially plated Completely plated None

Evidence
Place the cards that support the reasoning below:

©2016 University of Utah Reproductive Advantage i Sticklebacks 6
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Evidence Card 1

In freshwater lakes,
low-plated sticklebacks
grow larger more quickly
than completely plated
sticklebacks. But in salt
water, there is no differ-
ence in growth rate.

Evidence Card 2

In freshwater lakes, larger
fish are more likely to
survive their first winter
than smaller fish are.

Evidence Card 3

Young sticklebacks with
fewer lateral plates are
faster and more nimble
than their completely
plated peers.

Evidence Card 1

In freshwater lakes,
low-plated sticklebacks
grow larger more quickly
than completely plated
sticklebacks. But in salt
water, there is no differ-
ence in growth rate.

Evidence Card 2

In freshwater lakes, larger
fish are more likely to
survive their first winter
than smaller fish are.

Evidence Card 3

Young sticklebacks with
fewer lateral plates are
faster and more nimble
than their completely
plated peers.

Evidence Card 1

In freshwater lakes,
low-plated sticklebacks
grow larger more quickly
than completely plated
sticklebacks. But in salt
water, there is no differ-
ence in growth rate.

Evidence Card 2

In freshwater lakes, larger
fish are more likely to
survive their first winter
than smaller fish are.

Evidence Card 3

Young sticklebacks with
fewer lateral plates are
faster and more nimble
than their completely
plated peers.
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Evidence Card 4
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Evidence Card 5

The concentration of
minerals, such as calcium,
is higher in ocean water
than in freshwater lakes.
Young sticklebacks need

calcium for building
strong bones, including
lateral plates.

Evidence Card 6

In the ocean, sticklebacks
are often eaten by larger
fish. Because young

fish are small, they are
more vulnerable to fish
predation, but predatory
fish eat sticklebacks of all
sizes.

Evidence Card 5

The concentration of
minerals, such as calcium,
is higher in ocean water
than in freshwater lakes.
Young sticklebacks need
calcium for building
strong bones, including
lateral plates.

Evidence Card 6

In the ocean, sticklebacks
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fish. Because young

fish are small, they are
more vulnerable to fish
predation, but predatory
fish eat sticklebacks of all

Evidence Card 5

The concentration of
minerals, such as calcium,
is higher in ocean water
than in freshwater lakes.
Young sticklebacks need
calcium for building
strong bones, including
lateral plates.

Evidence Card 6

In the ocean, sticklebacks
are often eaten by larger
fish. Because young

fish are small, they are
more vulnerable to fish
predation, but predatory
fish eat sticklebacks of all
sizes.
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Lateral plates help to
protect sticklebacks
from being punctured
by the teeth of preda-
tory fish. Fish with more
lateral plates have better
protection.

Evidence Card 8

Loberg Lake does not
have a population of
larger predatory fish,
but sometimes adult
sticklebacks eat young
sticklebacks that are still
very small.

Evidence Card 9

Like many other fresh-
water lakes, Loberg Lake
has a population of drag-
onfly larvae. Dragonfly
larvae are predators that
sometimes eat young
sticklebacks. Once stick-

lebacks reach a certain
size, they are too big for
the dragonfly larvae to
catch and eat.

Evidence Card 7

Lateral plates help to
protect sticklebacks
from being punctured
by the teeth of preda-
tory fish. Fish with more
lateral plates have better
protection.

Evidence Card 8

Loberg Lake does not
have a population of
larger predatory fish,
but sometimes adult
sticklebacks eat young
sticklebacks that are still
very small.

Evidence Card 9

Like many other fresh-
water lakes, Loberg Lake
has a population of drag-
onfly larvae. Dragonfly
larvae are predators that
sometimes eat young
sticklebacks. Once stick-
lebacks reach a certain
size, they are too big for
the dragonfly larvae to
catch and eat.

Evidence Card 7

Lateral plates help to
protect sticklebacks
from being punctured
by the teeth of preda-
tory fish. Fish with more
lateral plates have better
protection.

Evidence Card 8

Loberg Lake does not
have a population of
larger predatory fish,
but sometimes adult
sticklebacks eat young
sticklebacks that are still
very small.

Evidence Card 9

Like many other fresh-
water lakes, Loberg Lake
has a population of drag-
onfly larvae. Dragonfly
larvae are predators that
sometimes eat young
sticklebacks. Once stick-
lebacks reach a certain
size, they are too big for
the dragonfly larvae to
catch and eat.
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Plausible Arguments Organizer

Claim: Which fish havea  Supporting
reproductive advantage?  Evidence cards

Reasoning summary

1 - Low-plated
sticklebacks need

to make less bone,
so they grow more
quickl

(GENETIC SCIENCE LEARNING CENTER

Learn.Genetics.utah.edu (é

Plausible argument? f no, why not?

2 - Low-plated
sticklebacks hatch
ata higher rate in
fresh water, so they.
will have fiercer
competition...

3 Completely
plated fish are more
likely to escape

from predatory fish...

4-Low-plated
fish are faster, so
they are better at
avoiding predatory
dragonfly larvae...

5 - Low-plated fish
grow faster, so their
cellular machinery
uses more energ)
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Natural Selection Checklist

Organism Trait

Natural selection causes a trait to become more or less common in a population over the course
of multiple generations. Not all change over time is the result of natural selection. But we can use
evidence to infer whether natural selection is at work, even f it acted in the past.

Has the frequency of the trait in the population changed over time? Yes No

Example: Over time, some colors become more comman in the population.

Evidence:

Natural selection requires three ingredients:
1. Variability Yes No

Does the trait vary among individuals in the population?
Example: Individuals are different colors.

Evidence:

2. Heritabilty [ ] ves [ ] No
Is the trait influenced by genes that pass from parents to offspring?
Example: Offspring tend to be the same color as their parents.

Evidence:

3. Reproductive advantage [ | Yes [ ] No

Are individuals with a certain trait variation more successful at reproducing than others?

Example: Individuals of some colors are more successful at reproducing than others because they
are better able to survive to adulthood.

Evidence:

Is this an example of natural selection? (Are all three ingredients present?) [ | Yes [ | No

©2020 University of Utah Updated June 26,2020 1
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Lesson 5- Natural Selection Argument

Write an argument about natural selection in Loberg Lake.

Is natural selection causing the lateral plate number in the population of
sticklebacks to change over time?

1. Write a claim to state whether natural selection caused the lateral plate number in
the population of sticklebacks to change over time. Be sure to consider the
following prompts to write a claim.

o Is there a clearly stated claim?
o Is it consistent with all of the available evidence?
o Is it the simplest conclusion based on all of the available evidence?

2. Provide evidence to support your claim above. Be sure to consider the following
prompts to write evidence.
o Is there enough evidence to support the claim?
o Isall of the evidence relevant to the claim (there are no extra facts)?
© Do the data collection, analysis, and interpretation seem reasonable?

3. Use reasoning to link your claim and evidence. Be sure to consider the following
prompts to write reasoning.
 Is there enough reasoning to justify why the evidence supports the claim?
Is the reasoning related to the claim?
Isit related to the evidence?
Is it consistent with accepted science ideas?
Does it use fucts, not feelings?
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Evaluating Arguments Checklist

Argument for:

Background

Ascientific argument should have a clear claim, supporting evidence, and reasoning that connects
the evidence to the claim. It should be based on facts, not feelings.

Instructions

1. Draw a box around the[claim] A claim is a statement or conclusion that answers the original
question

2. Underline the evidence. Evidence is observations or data that support the claim.

3. Squiggly-underline the reasoning. Reasoning is the justification for why the evidence supports
the claim. It contains logic andrelovant scionco idaas

4. Use the checklist below to evaluate the parts of the argument. I you check “no," write in a
suggestion for improvement.

Yos No CLAIM Notes / Suggestions for improvement

O Isthere a clearly stated claim?

[ 1s it consistent with all of the available evidence?

[0 s it the simplest conclusion based on all of the
available evidence?

EVIDENCE

Is there enough evidence to support the claim?

O
[ O 1sallof the evidence relevant to the claim (there:
are no extra facts)?

Do the data collection, analysis, and
interpretation seem reasonable?

REASONING

Is there enough reasoning to justify why the
evidence supports the claim?

Is the reasoning related to the claim?

Is it related to the evidence?

Is it consistent with accepted science ideas?

oooo O

Does it use facts, not feelings (system 2 thinking,
not system 1)?
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