PRACCIS Evolution Lesson 5 Teacher Packet

[image: image1.png]Lesson 5 — Peppered Moths
Why did the color of the peppered moths change?

1. Youansweredthis question before. You shouldhave newideasnowabouthoryto make
smodelto explainthis evidence. As you develop models of howthe moths changed, use what you
leamed fromthe models ofhowthe movntainsheep changed.

Tnthe 1950s,the woods and forestsin some parts of the.
US and Englandwere dirty with black soot from factories. The
soot covered everything from bulldingsto trees. Thetreesin
these forests are naturally ghter in color, but the soot from the
smoke stacks makes themlook very dark.

Gradually, from 1959 unfltoday, airpollutionlaws
haveledtoless air pollution. Because thereisless soot
‘producedby the factories,the trees have less soot onthem.
The old soot gets washed awayovertime by wind andrain,
andthe trees’ ghter natural color can againbe seen.

‘There aremoths called peppered moths that lve on.
these trees. They are calledpeppered moths becaise they have
black speckles on their wings.

n1959 and theearly 1960s, most of themoths hat
livedin these woods were darkerin color. Butnow, fewvofthe
‘moths are darkerin color. Most of the moths are ghterin
color.

Problem: Why did these changes happen to the peppered moths?
2. Readthe evidence belowto help you develop a modd ofhorw these changes occurred.

Eyidence . In1959 andthe ey 19605, about 90% ofthe pepperedmothshad
darker colored wings. Now about 10% of the peppered moths have darker colored wings,
andtherest have ighter colored wings.

‘Evidence 2, Scientists found dark wings on peppered moths are not stains or dirt
onthe wings fromsoot orpollution. The coloris in the wings. Darker wings arereally
darkerin color, andlighter wings are eally lighter in color

Evidence3, Thereis variationin wing color of the pepperedmothpopulation.

‘Some moths are very light all over, some are very dark all over, and others are different
shades of darker and ighter colors n between, as these pictures sho:
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3. Using this evidence, explain why you think pepperedmoths” wings are ighter today but were:
darkerin 1959. You don't haveto kno for sure. Just write down yourbestideas below. You

‘may also use diagrams orpictures to help you.
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4. Next,in groups, complete Evidence 4.6 onthe evidencesheet yourteacher gives you. After
‘youare done with each piece of evidence, discuss the questions forthat evidence. When you all

‘agree onthe best answer, circle i
‘Evidence 4: Whichis true when darker-colored moths matewith each other?

A Theyhave offipringthat are all exactly the samedatkcolor.
B. Theyhave offspringthat varyin colorbut tendto be darker.

C. Theyhave an equal mixture of very dark-calored andvery light colored offspring.

D. Theylaymore eges thanlighter-caloredmoths.
‘Evidence 4: Whichis trse whenighter-colored moths mate with each other?

A Theyhave offpringthat are all exactly the samelight color.
B. Theyhave offspringthat varyin colorbut tend to belighter.

C. Theyhave an equal mixture of very dark-calored andvery ight colored offspring.

D. Theylaymore eges than darker-cclored motks.

‘Evidence 5: Whichis true about what the scientists didinthe study?

A Thescientists placed light moths n environments with light trees andno soot.
B. The scientists placed light moths n environments with dark trees andblacksoot.
C. The scientists placed dark moths n environmerts with liht frees andno soot.

D. The scientists placed dark moths in environmerts with dazk trees andblacksoot.

E. All oftheabove.
‘Evidence 5: Whichis true about theresults ofthe study?
A Somelighter moths became darker while they were alive.

B. Some darkermoths became ighter while they were alive.
C. Darkermoths andlightermoths didnot change color while they were alive.

. Lighter moths anddarkermoths both becamelighterin color while they were alive.

‘Evidence 6. Whichis true about whatthe scientists didinthe study?
A Thescientists placed ight moths onlight trees.
B. The scientists placed light moths on dark trees.
C. Thescientists placed dark moths onlight trees.
D. The scientists placed dark moths on dark trees.
E. All ofthe above.

(One more question about Evidence 61is onthe next page)
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[image: image6.png]6. In groups, discuss how to revise Model D to make it better. Then, after
you have decided together, make your own individual changes to the
‘model. Be ready to argue for your changes during the class discussion.

1552 Evolution Lessons

KEY:

X shows which moths were killed

1,2, shows stepsin the process
1 2 3
Emm N [}
EE [ N |
EE Hm
1= [
=0 a0; [
The starting population of moths There s an environmental change. Now moths with lighter colors
includes moths with many colors, Tree bark gets lighter because of have an advantage. More of the
but mostly dark. They live on dark less pollution. light colored moths survive.
tree trunks. )
4

5
|

—e8 .

Surviving moths mate, lay eggs, and reproduce.
i ings tend to have offspring with

Moths with lighter
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Evidence: Study thetable of results for Evidence 6. Then:
‘Drawa big eirele aroundthe picture that shows the moths that were most ikely to stay onthe trees.
Drawa big square aroundthe picture that shows the moths that were least Hkcely o stay onthe rees.

Lightmoths onlighttcsss Dackmothsonlightirsss Lightmothson darkicees  Dack moths ondlds s

5. Nextyouril discussa series ofmodelsin class. For eachmodel, discuss this questionin
‘pairs, and then write your answerindividually.

A Which evidence contradicts Model A?Why doesit contradictit?

‘B. Which evidence contradicts Model B? Why doesit contradictit?

C. Which evidence contradicts Model C? Why doesit contradictit?
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‘Drawa big eirele aroundthe picture that shows the moths that were most ikely to stay onthe trees.
Drawa big square aroundthe picture that shows the moths that were least Hkcely o stay onthe rees.
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Day 1:  Lesson 5 – Peppered Moths





Objectives: Students will be able to:


1.  Develop models that show the change in variation of a species over time.  This model includes the initial variation of the species, the selection pressure, generations and offspring, and the final variation of the species.  





Assessment:  Students initial models (formative), evidence comprehension questions (formative), class discussions of evidence (formative).





Materials: 


PowerPoint: PRACCIS Lesson 5 Moths Slides


Word Doc: PRACCIS Lesson 5 Moths Evidence 1-6


PowerPoint:  PRACCIS Moth Models


Word Doc:  PRACCIS Lesson 5 Moths MODEL D


Word Doc:  PRACCIS Lesson 5 Moths Student Packet


Word Doc:  PRACCIS Lesson 5 Moths Teacher Packet








Do now:  Have students discuss an important component of one of the mountain sheep models they looked at in yesterday’s class.   





Procedure: Detailed procedures below. 





Closure: Ask students to summarize Evidence 4-6 in a class discussion.





Modifications: Planned by the teacher as it fits the needs of their particular students.





Lesson 5 – Peppered Moths





Unit: Evolution





Main Idea: Students will develop a model for why the population of peppered moths has changed color over the past 60 years.  This lesson is a continuation from the pre-assessment given on the first day of the Evolution Unit.    





Standards: NJCCS (2009)


5.3 All students will understand that life science principles are powerful conceptual tools for making sense of the complexity, diversity, and interconnectedness of life on Earth.  Order in natural systems arise in accordance with rules that govern the physical world, and the order of natural systems can be modeled and predicted through the use of mathematics.





Strands:


5.3.E Evolution and Diversity: Sometimes, differences between organisms of the same kind provide advantages for surviving and reproducing in different environments.  These selective differences may lead to dramatic changes in characteristics of organisms in a population over extremely long periods of time.  





CPI:


5.1.8.A.3 Use scientific principles and models to frame and synthesize scientific arguments and pose theories. Predictions and explanations are revised based on systematic observations, accurate measurements, and structured data/evidence. 


5.1.8.B.3 Use qualitative and quantitative evidence to develop evidence-based arguments. Carefully collected evidence is used to construct and defend arguments. 


5.1.8.D.1 Engage in multiple forms of discussion in order to process, make sense of, and learn from others’ ideas, observations, and experiences. Science involves practicing productive social interactions with peers, such as partner talk, whole-group discussions, and small-group work. 


5.3.8.D.3 Distinguish between inherited and acquired traits/characteristics. Traits such as eye color in hum beings or fruit/flower colore in plants are inherited.


5.3.6.D.2 Explain how knowledge of inherited variations within and between generations. Variation exits among organisms of the same generation (e.g, siblings) and of different generations (e.g., parent to offspring).





Lesson Timeline: 1.5 days


Day 1:  Introduction, Evidence 1-3, Initial Models, and Evidence 4-6.  


Day 2:  Models A-D, revision of Model D


 





Lesson 5: Day 1





General note:  In the first part of this lesson, please allow students to work with the evidence to construct their models with very minimal help from you. The evidence is fairly straightforward, so please do not discuss with them what the evidence says or how to interpret it. Let them work these out on their own as they read and reflect on the evidence and as they construct and justify their initial model in Questions 7 and 8.





1. Introduction:  Slide 1.   Go over Slide 1, which points out that they will continue to work on developing a model that can explain all the interesting phenomena they saw several days ago.  Also, they’ll continue to improve their (already substantial!) skill at using evidence to rule out some models, choose other 


models, and revise models to make them better.


  Slide 2.  Read slide 2 to the students.  “Today we’ll develop models that can explain why the color of the peppered moths changed over the past 60 years.  You already developed a model for this at the beginning of the evolution unit.  You should have new ideas now about how to make a model that explains the 3 pieces of evidence you already read and 3 new pieces of evidence.  As you develop a new model of how the moths changed, use what you learned from the models of how the mountain sheep changed.”     Please do not tell them anything specific about what in the mountain sheep models might be applied to the moth models.   


        Read the introduction on Slide 3  to the students. The pictures from the student worksheet of the dark and light trees are on Slide 4.  These pictures show darker trees that are covered in soot and what the trees look like without the soot on them (very light). 





2. Evidence 1-3 Tell students that they will develop a model for why this change occurred.  The first model they develop is based on Evidence 1-3, the same evidence from the pretest.  This is done individually.  Have students read through Evidence 1-3.  This evidence is on Slide 5.  Please do not hold a discussion about the evidence or give any hints about the evidence for the models.    





Evidence 1:  Shows that the population of peppered moths in 1959 and the early 1960s mostly had dark colored wings (90%).  This indicates that 10% of the population did not have dark colored wings.  Now only 10% of the population has dark colored wings, while the rest of the population has lighter colored wings.  





Evidence 2: Scientists determined that it was not the shoot that changed the color of the wings.  The color is in the wings.  





Evidence 3:  There is variation in wing color in the population of peppered moths.  The colors range from all white, all dark, and various shades of darker and lighter moths.  


      





Day 1 Continued:





3.  Initial Models:  (Slide 6) Read:  “Using this evidence, explain why you think peppered moths’ wings are lighter today but were darker in 1959.  Individually, develop an initial model. *Remember to think about what you learned from the models of the mountain sheep.  Try to come up with a different model from when you first did this.”





Give students about 10 minutes to develop their initial models.  Please do not give any hints. We would like to see how they do on their own after extensive exposure to the mountain sheep models.  





Hold a brief class discussion and ask students to share their initial models with the rest of the class.  Ask students why they think their model is a good model. 





At this point, allow students to generate the ideas. You may press students about a particular piece of evidence if you think that a model does not account for that evidence.  








Day 1 Continued:  





4.  Evidence 4-6:  In groups students will read over Evidence 4-6 on a separate handout.  Instructions are on Slide 7.  Once students finish each piece of evidence they should then, in groups, answer the two multiple-choice questions associated with that evidence.  These are evidence comprehension questions to make sure students understand what was done in the evidence as well as the results of the evidence.  Groups should first discuss the question and when everyone in the group agrees on the answer they should then circle it.  





Evidence 4:  Scientists did a study examining what kinds of offspring are produced by darker-colored parents and lighter-colored parents. They found that darker colored moths produced offspring that were also darker in color. Lighter colored moths produced offspring that were lighter in color. This evidence shows the need to include variation in the models, and that color is a genetic trait.  Also, there is no natural variation in how many eggs are laid by light and dark moths.





Evidence 5: Scientists placed 1145 moths in a variety of environments to see if they ever changed colors. They placed dark moths and light moths in environments with dark trees and black soot and in environments with light trees and no black soot. They examined the moths to see if their wings ever changed color.  This evidence rules out Lamarckian explanations. 





Evidence 6: Scientists wanted to find out whether moths that fit the color of the trees they are on are more likely to survive. They placed the dead moths on the trees just before sunrise. At the end of the day, the scientists counted how many moths were still on the tree trunks where they had been placed.  This shows that moths are more likely to survive if their color matches the tree color.





Slides 8, 9, and 10 show the multiple choice questions from the student packet for Evidence 4, 5, and 6.  


Answers to multiple-choice:  B, B, E, C, A. Circle around Box 1 and Box 4. Square around Box 2 and Box 3.





Go over the answers to the multiple-choice questions with the students.  The multiple choice questions are just about the facts of the evidence, not about how to interpret them. You can discuss any errors students have made on these questions, but please don’t go beyond the facts encompassed by the multiple-choice questions to discuss how to interpret the evidence.  








Closure:  Have groups summarize the findings of Evidence 4-6.  As you discuss each piece of evidence have groups share their answers to the multiple-choice questions.    





Day 2:  Lesson 5 – Peppered Moths





Objectives: Students will be able to:


1.  Develop models that show the change in variation of a species over time.  This model includes the initial variation of the species, the selection pressure, generations and offspring, and the final variation of the species.  





Assessment:  Class discussion of models (formative), revision of Model D (formative), evidence-model relationship questions (formative).





Materials: 


PowerPoint: PRACCIS Lesson 5 Moths Slides


Word Doc: PRACCIS Lesson 5 Moths Evidence 1-6


PowerPoint:  PRACCIS Moth Models


Word Doc:  PRACCIS Lesson 5 Moths MODEL D


Word Doc:  PRACCIS Lesson 5 Moths Student Packet


Word Doc:  PRACCIS Lesson 5 Moths Teacher Packet








Do now:  Summarize one piece of evidence from yesterday’s class.





Procedure: Detailed procedures below. 





Closure: Ask students to discuss why their revised Model D is a good model.





Modifications: Planned by the teacher as it fits the needs of their particular students.





Lesson 5 – Peppered Moths





Unit: Evolution





Main Idea: Students will develop a model for why the population of peppered moths has changed color over the past 60 years.  This lesson is a continuation from the pre-assessment given on the first day of the Evolution Unit.    





Standards: NJCCS (2009)


5.3 All students will understand that life science principles are powerful conceptual tools for making sense of the complexity, diversity, and interconnectedness of life on Earth.  Order in natural systems arise in accordance with rules that govern the physical world, and the order of natural systems can be modeled and predicted through the use of mathematics.





Strands:


5.3.E Evolution and Diversity: Sometimes, differences between organisms of the same kind provide advantages for surviving and reproducing in different environments.  These selective differences may lead to dramatic changes in characteristics of organisms in a population over extremely long periods of time.  





CPI:


5.1.8.A.3 Use scientific principles and models to frame and synthesize scientific arguments and pose theories. Predictions and explanations are revised based on systematic observations, accurate measurements, and structured data/evidence. 


5.1.8.B.3 Use qualitative and quantitative evidence to develop evidence-based arguments. Carefully collected evidence is used to construct and defend arguments. 


5.1.8.D.1 Engage in multiple forms of discussion in order to process, make sense of, and learn from others’ ideas, observations, and experiences. Science involves practicing productive social interactions with peers, such as partner talk, whole-group discussions, and small-group work. 


5.3.8.D.3 Distinguish between inherited and acquired traits/characteristics. Traits such as eye color in hum beings or fruit/flower colore in plants are inherited.


5.3.6.D.2 Explain how knowledge of inherited variations within and between generations. Variation exits among organisms of the same generation (e.g, siblings) and of different generations (e.g., parent to offspring).





Lesson Timeline: 1.5 days


Day 1:  Introduction, Evidence 1-3, Initial Models, and Evidence 4-6.  


Day 2:  Models A-D, revision of Model D


 





Day 2:  





5.  Introduce Models A, B, and C: You will show students 3 models that try to explain why the color of the peppered moths have changed over the past 60 years.  You will show 1 model at a time. All models are contradicted by 1 or more pieces of evidence. For each model, show and describe the model to the students, but don’t give any hints about what is wrong with the model. Have students discuss in groups which evidence contradicts the model.  Students should write individually which piece(s) of evidence contradict the given model. This is on Slide 11.   





As students are writing, walk around to see who has ideas that you can draw on in the discussion. 


In each model, try very hard to find students who can articulate different pieces of evidence that contradict their model. Only point out and explain additional contradictions if no student is able to come up with them. 





Model A:  Slide 12 shows an initial population of moths that vary in color.  Then birds eat the darker moths that stand out on white trees.  This causes only the light color moths to survive.  This model does start off with an initial variation within the population.  However, it is not a good representation of the actual population (90% dark, 10% light) (Evidence 1).  The final population of moths is only light in color.  This is not supported by Evidence 1, since 10% of the population was darker in color.  This model does not discuss offspring or generations (Evidence 4).  And birds do not live for 50 years, so you have to have multiple generations in the model.  





Model B: Slide 13 shows variation in the initial population, mostly darker in color. This model does show that moths with lighter wings lay more eggs and produce offspring (generation).  The model does not indicate why only the white moths are reproducing; no environmental change is mentioned (Evidence 6).  The evidence explicitly states that the light moths and dark moths do not differ in the number of eggs laid (Evidence 4).  The final population in the model does show variation in the population similar to Evidence 1 (10% darker), which is good. The model only shows 1 generation, which is not enough to cover 50 years (Evidence 1).  There is nothing in the model about lighter moths surviving better on lighter trees (Evidence 6).


	This model is a more abstract representation.  Students should discuss the advantages and disadvantages of using triangles to represent the moths rather than drawing out the moths each time.  Later on in Lesson 7, students will only see abstract representations of models.  So it is important to consider the benefits of developing models this way.  





Model C:   Slide 14 shows only 1 moth as a representation of the initial population and dark in color.  This is not supported by Evidence 1.  This model does bring in the trees represented by a grey rectangle, which is a good representation of the environmental change.  However, the explanation that the moths are changing color to protect themselves from birds is not supported by Evidence 2 and 5.  The model does talk about offspring, but does not show variation within the new population.  Also, the moths are able to change their wings to a lighter color, which is contradicted by Evidence 2 and 5.  The final population of moths is only represented by 1 moth that is light in color. This is contradicted by Evidence 1.





Day 2 Continued:  





6.  Introduce Model D:  Pass out Model D to the students.  This is not part of the student worksheet (because we didn’t want them to flip ahead to see it when they were doing their initial models).  Read the directions about Model D on Slide 15.  Students are to get in groups and discuss how to revise Model D to make it better using what they learned from the class discussions around models A, B, and C.  Students should then individually make any changes to the model directly on the Model D handout.  Inform students that they should be ready to argue for the changes they made and really think about the 6 pieces of evidence they read.   While introducing this model to the students do not hold a class discussion about what is good or bad about this model until students have made their revisions.  Allow students time in their groups to come up with their own ideas.  Encourage students by telling them that they have been doing a great job so far and to keep up the good work.    





Model D:  (Slide 16) This model is an abstract representation.  The moths and their color are represented by rectangles.  The trees are represented by a rectangle with a circle on top that shows color.  Each box is represented by a number to show order.  One thing that is missing is a key to identify what the shapes represent.  This model shows the correct initial population of the moths (mostly darker in color).  The environmental pressure is identified and shows how the trees have changed over time.  However it does not mention the pressure of the birds eating the moths.  More of the light-colored moths survive and the darker-colored moths have died out, shown by a red X.  This model also shows reproduction and the variation of the offspring.  It also shows generations of moths.  Lastly, it shows that the trees have gotten lighter, but the final population of moths is not represented correctly, it does not show any variation (10% darker, 90% lighter).  This is contradicted by Evidence 1.  One final misrepresentation is in Box 2, the trunk of the tree is completely white which does not show the proper change in the tree color over time.  This is a minor mistake. 





7.  Class Discussion/Closure: (Slide 17) Invite students to share what changes they made to Model D.  Make sure students provide reasons for the changes they made.  A discussion in terms of model goodness criteria should take place.   Ask other students if they agree with the changes made by that student.  Students should support their argument with evidence.  Ask if other students agree with the new idea presented by the student.  If students all agree with the students changes, play devils advocate (I think that the drawing out the moths is better than drawing rectangles).  Ask students to discuss the benefits of having a more abstract representation of the model.    
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