BSCS Packet #1 – Engage, part 1 (Unit 1)
2013-2014
This Activity Packet belongs to: __________________________
At the end of the unit you will turn in this packet, usually for 10 points (3-4 points for correct answer, 6-7 points for completion). Record the completion due dates in the chart below.  You should expect a variety of quizzes: announced, unannounced, open-notes and closed-notes.
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If this packet is LOST, please:

drop it off at the BHS Science Dept. (rm 365) OR
drop it off in ___Koze___ classroom (rm _360_) OR
call the Science Dept. at (617) 713-5365.
Scientific Method Notes
STEPS:

	1. Observe and state the problem.



	2. Form a hypothesis. 
If the manipulated variable affects the responding variable, then this is my specific prediction.


	3. Test the hypothesis (Design a procedure)


	Manipulated (Independent) variable


	Responding (Dependent) variable
	Controlled variables

	Control group


	Experimental group

	4. Record and analyze data

[image: image2.jpg]Figure 2.10

percent of resistant
bacterial strains

a.

b.

c.

Increase in Resistance of Hospital

100 — Strains of Staphylococcus aureus

SOJ—

1910 1920 1930 1940 1950 1960 1970 1980 1990
year

1928: In the laboratory, Sir Alexander Fleming observed that the
mold Penicillium kills the bacterium Staphylococcus.

1939: Ernest Chain, Sir Howard Florey, and researchers at Oxford
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	5. Form a conclusion



	6. Repeat the work

Define Sample Size: 




Practice: Write a hypothesis for each of the statements and identify the variables, control group, and experimental group.
1. Cigarette smoking increases the risk of lung cancer.
Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________
Control Group: ___________________________
Experimental Group: _______________________

2. Eating breakfast increases performance in school.
Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________
Control Group: ___________________________
Experimental Group: _______________________

3. Hummingbirds are attracted to the color red.
Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________

Control Group: ___________________________
Experimental Group: _______________________

4. Bats locate food using sound waves.
Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________

Control Group: ___________________________
Experimental Group: _______________________

5. iBook batteries last for 5 hours.
Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________
Control Group: ___________________________
Experimental Group: _______________________

Situations: Read the situation below and design an experiment.

Lisa Simpson is working on a science project. Her task is to answer the question: "Does Rogooti (which is a commercial hair product) affect the speed of hair growth".  She has seen lots of commercials stating that it is the best hair product on the market to give you longer, more beautiful hair, so she wants to know if the claims are true.  Her family is willing to volunteer for the experiment.
1. What is Lisa’s hypothesis?
If_________________________________, then __________________________________

2. What materials will Lisa need to perform this experiment? __________________________________________________________________________________

__________________________________________________________________________________
4. Based on Lisa’s hypothesis, determine the following:


a. Control Group: ______________________________________________________________


b. Experimental Group: _________________________________________________________


c. Responding Variable: ________________________________________________________


d. Manipulated Variable: ________________________________________________________

e. Controlled Variables: _________________________________________________________


5. What type of data do you think Lisa will collect (What will be the results of the experiment?)? 

__________________________________________________________________________________

6. What are possible experimental results if Lisa’s hypothesis is correct? __________________________________________________________________________________

7. What are possible experimental results if Lisa’s hypothesis is incorrect? __________________________________________________________________________________

In the statements below, write the hypothesis, variable, control groups and experimental groups.

1. Plants grow best in white light.

Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________
Control Group: ___________________________
Experimental Group: _______________________

2. The deer population decreases in the winter due to the lack of food.
Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________
Control Group: ___________________________
Experimental Group: _______________________

3. Students who study perform better in school.
Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________
Control Group: ___________________________
Experimental Group: _______________________

Read the following situation and answer the following questions.
Suzie Q wants to know the effect of different colors of light on the growth of plants.  She believes that plants can survive best in white light.  She buys 5 ferns of the same species, which are all approximately the same age and height.  She places one in white light, one in blue light, one in green light, one in red light and one in the closet.  All of the ferns are planted in Miracle-Grow and given 20 mL of water once a day for 2 weeks.  After the two weeks, Suzie observes the plants and makes measurements.

Hypothesis: If ____________________________, then _____________________________________

Manipulated Variable: _______________________
Responding Variable: ______________________

Control Group: ___________________________
Experimental Group: _______________________

Controlled variables: _________________________________________________________________
What types of measurements can Suzie make on the plants to determine how they did in different types of light?____________________________________________________________________________
SpongeBob Squarepants and the Simpsons Scientific Method Practice
1 - Patty Power

Mr. Krabbs wants to make Bikini Bottoms a nicer place to live. He has created a new sauce that he thinks will reduce the production of body gas associated with eating crabby patties from the Krusty Krab. He recruits 100 customers with a history of gas problems. He has 50 of them (Group A) eat crabby patties with the new sauce. The other 50 (Group B) eat crabby patties with sauce that looks just like new sauce but is really just mixture of mayonnaise and food coloring. Both groups were told that they were getting the sauce that would reduce gas production. Two hours after eating the crabby patties, 30 customers in group A reported having fewer gas problems and 8 customers in group B reported having fewer gas problems.

Which people are in the control group? __________________________________________________
What is the manipulated variable? ______________________________________________________
What is the responding variable? _______________________________________________________

What should Mr. Krabs’ conclusion be? __________________________________________________
__________________________________________________________________________________

2 – Marshmallow Muscles

	Time
	Patrick
	SpongeBob

	Initial Amount
	18
	5

	After 1 week
	24
	9

	After 2 weeks
	33
	17


Larry was told that a certain muscle cream was the newest best thing on the market and claims to  double a person’s muscle power when used as part of a muscle-building workout. Interested in this product, he buys the special muscle cream and recruits Patrick and SpongeBob to help him with an experiment. Larry develops a special marshmallow weight-lifting program for Patrick and SpongeBob. He meets with them once every day for a period of 2 weeks and keeps track of their results. Before each session Patrick’s arms and back are lathered in the muscle cream, while Sponge Bob’s arms and back are lathered with the regular lotion.
Which person is in the control group? __________________________________________________
What is the manipulated variable? ______________________________________________________
What is the responding variable? _______________________________________________________

What should Larry’s conclusion be? _____________________________________________________
__________________________________________________________________________________

3 – Bart’s Microwavable Mice

Bart believes that mice exposed to microwaves will become extra strong. He decides to perform this experiment by placing 10 mice in a microwave for 10 seconds. He compared these 10 mice to another 10 mice that had not been exposed. His test consisted of a heavy block of wood that blocked the mouse food. He found that 8 out of 10 microwaved mice were able to push the block away. 7 out of 10 of the non-microwaved mice were able to do the same.

What is being tested? ________________________________________________________________
What is the control group? ____________________________________________________________
What is the experimental group? _______________________________________________________
What should Bart's conclusion be? ______________________________________________________
__________________________________________________________________________________

Lab 1-1: The Roly Poly Lab
Isopod Handling and Rearing
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Raise isopods (also known as sow bugs or pill bugs) in a clear shoebox or similar, the bottom should be covered with soil or sand and kept moist (use a mister). An old piece of bark and leaf litter covering the soil. Isopods can be fed carrots, raw potatoes or apples (alternately fish flakes can be used as food). Moldy food or soil should be removed. Females can carry up to 200 eggs in a brood pouch underneath her abdomen and will remain in the pouch for about three weeks - they look the same as adults, only smaller.

Larger isopods can be handled and observed easily with your hand, by picking them up with your fingers or gently scooping them up with a spoon. They are fast walkers and can withstand short drops. Immature isopods are more fragile than adults.

Background Information
Terrestrial isopods are land dwelling crustaceans, commonly known as sow bugs or pill bugs (or roly polies). They are related to lobsters, crabs, and shrimp and terrestrial isopods breathe with gills. While they look similar, sow bugs are different from pill bugs. Pill bugs will curl into a ball when threatened whereas sow bugs will attempt to flee.
Ethology is the study of animal behavior. Many behaviors involve movement of the animal within its environment. In this exercise, you will investigate some innate (instinctual) behaviors of isopods.

Orientation is a process by which animals position themselves with respect to spatial features of their environments. 

Consider the following example: A researcher places a dead rotting mouse in the center of a test area and adds a carrion beetle (an insect that eats dead animals) somewhere on the surface. The beetle crawls forward for three seconds, turns and crawls in a different direction for three seconds, and so on. The researcher concludes that the beetle is moving randomly in relation to the dead mouse. Continued observation reveals that the beetle crawls faster (and covers more ground) when it happens to turn in the direction of the dead mouse. In addition, the beetle crawls more slowly (and covers less ground) when it happens to crawl away from the mouse. In this way, the beetle's random movements will eventually bring it to the dead mouse. It is important to take in details such as time spent crawling in one direction or another when observing the movements of the animals.
Day 1 (see scientific method notes for help):

· Read the lab background information and develop a hypothesis.  Be sure to include a rational for your hypothesis.  Do this on a separate sheet of paper that can be handed in!  It should be formatted as below:

1. Hypothesis: __________________________________________________
2. Rationale (reasoning for your hypothesis): ___________________________________
3. Identify the following in regards to this experiment:
· Manipulated variable: 
_____________________________________

· Responding variable: 

_____________________________________

· 2 controlled variables: 
_____________________________________
 



_____________________________________

· Possible control group:
_____________________________________

· Possible experimental group: ________________________________

· Honors Students: In addition to the above, you need to develop a procedure for the experiment (typed) and bring in 2 copies – one for the teacher and one to be exchanged with another student for peer review.  Follow the guidelines below when developing your procedure:

· The purpose of the experiment is to test the pill bug’s behavior in response to two different stimuli as defined by your teacher: ____________________________.  You will test to see which environment your bugs prefer.

· Write your procedure in a step-wise format.

· Include enough details so that someone else will clearly understand every step (for example, don’t say, “put some bugs in the dish;” instead specify how many and where in the dish you will put them).

· Include a control group and at least one experimental group and clearly identify each.

· Specify how you will determine the bugs’ preference.  For each group (experimental and control) you should limit yourself to 15 minutes and you should have at least 10 data points.

Available materials per group of 4: 2-3 plastic dishes or containers, timer, 10 sowbugs, paper towels, spoon to transport sowbugs, and stimuli materials (____________________).  For other necessary materials, check with teacher.
Day 2 objectives:

· Hand in procedure to be distributed to other students and to be graded by teacher. Discuss what to look for when evaluating your assigned procedure.  You will receive a separate sheet that you should fill out and attach to the procedure to help the author make corrections.

1. Have they included a step-by-step list of all procedures? 

2. Read through the procedure and imagine you are doing the experiment.  Write down any questions you have about the procedure (unclear steps, missing steps, etc).

3. Is there only one manipulated variable or do multiple variables change between the control group and the experimental group? (For example, does the procedure change the manipulated variable, but also use a different number of bugs or a different size container, etc, between groups?)

4. Have they described specifically how to set up each experimental group?

5. Does the procedure clearly state how you will collect measurable data? (For example, have they described how often to take data points?)
· Begin discussion of observations vs. inferences and types of data (Lab 1-2)

Day 2 homework:
· Evaluate a procedure using the guidelines above (on a separate sheet)

Day 3 objectives: 

· Distribute first draft procedures with teacher and peer comments

· Discuss examples of good (and bad) procedural statements

· Finish discussion of observation vs. inferences and types of data (Lab 1-2)

Day 3 homework: 
· Honors: Fix procedures based on comments from teacher and other students.  Tomorrow you will hand in a final draft of your procedure for evaluation and the teacher will select the best procedures to use during lab day.

· Everyone: Finish scientific method practice worksheets in the beginning of the packet.  Tomorrow we will spend 15-20 minutes reviewing these worksheets, and then there will be a quiz on the scientific method, procedure design, observations vs. inferences, and types of data.

Day 4 objectives (70 minute block):
· Complete the lab as described in the lab procedure.  Remember our philosophy – ASK THREE, THEN ME!  Gather data and discuss the results with your group.
Formal lab writeup

Take all of your notes and turn in a lab report that includes the following.  The lab report should be typed and proofread before being handed in!  Label each section with an appropriate heading.

	Section
	Details
	Max Score
	Student Score
	Teacher Score

	Introduction
	Background and purpose – Describe the purpose of the experiment, including relevant information about pill bugs.  Include your hypothesis and rationale in this section.  Do not change your hypothesis if it was wrong!  Use your original from before the experiment. 
	5
	
	

	Procedure
	Student designed procedure that you used in your experiment.  Clearly state the manipulated variable, responding variable, controlled variables, control group, and experimental group
	5
	
	

	Data
	Data table with all raw data and one sentence of observation.  No inferences or analysis in this section!  You should only make an observation.
	10
	
	

	Analysis and Conclusion
	Answer the following questions (numbered format is fine, but make the question clear in your answer. “Yes, because…” is not a suitable answer.):

1. Did the pill bugs exhibit a preference for one environment over another?  Use specific data to support your answer.

2. Look at the steps of the scientific method on the first page and evaluate what we did in this lab.  Did we follow all of the steps?  What would happen if we skipped one or more of the steps? 
3. Now that you have followed the student-designed procedure, re-evaluate it.  What changes would you make and why?  Honors must have two changes, standard have one.
	20
	
	

	Format and Grammar
	Typed, 12-point font, 1.5 or 2x spaced; Grammar and spelling are correct (clear evidence of proofreading)
	5
	
	

	Appendix
	Honors must include the two copies of their first draft procedure with teacher and students comments.

Everyone must include handwritten, original data
	5
	
	


Lab 1-2: Becoming a Keen Observer
Introduction:  Physicians and scientists must make careful observations in order to diagnose a patient or analyze an experiment.  You wouldn’t have any trouble recognizing your own dog or cat, but how about your own apple?  Apples are quite different if you observe each one carefully.  In fact, most living things of the same “type” are not as much alike as they appear at first glance.  All grasshoppers may look alike to you now, but in a later lab you will find that grasshoppers are individual in appearance too.  Now observe an apple and become acquainted with it.

Materials:  Bowl of apples, paper and pencil, Metric rulers, String, Balance

Procedure:  

1. Each person in class will be given an apple. Begin observing your apple and record all observations in your lab notebook under the “data” section.  Record your information as completely as possible so that you can pick it out of a bowl of apples at a later time.  Measure it, describe its shape, and do anything else you need to, but DO NOT mark it or change it in any way.  You should record observations from all your senses (except taste).  Does it smell?  How does it feel?  Use drawings if you have trouble with the right words.

2. When you have recorded as many observations as you can, return your apple to the bowl on the supply table.  The apples will be mixed up in this bowl.  Then use your observation data to find your apple.  If you have trouble finding your apple, make more written observations in your data.

3. When each member of your group has found his or her apple, put all the apples back in the bowl and now exchange lab notebooks with a lab partner from another group to see if that partner can locate your apple using only your written observations.

Analysis Questions:

1. What were all the different ways you found to distinguish one apple from another?

2. What kinds of observations proved to be the most useful when you had to find a specific apple? Explain.

3. People often have trouble distinguishing observations from inferences.  When someone makes an observation, he or she has collected some information that can be measured or detected directly with one of the senses.  An example is that the apple is red in color.  An inference is affected by judgment or experience.  For example, “the apple will taste good” is an inference, not an observation.

a. Did you make any inferences about your apple and record them as observations (it’s OK if you did at this point in the year!  You’re still learning!)?  What were they?  Label them as inferences in your notes.

b. Which of the following are observations and which are inferences?

i. The apple will bruise easily.

ii. The apple is smooth on the surface.

iii. The apple is not evenly colored.

iv. The apple is 6 cm high.

v. The apple has a skin around it.

vi. The apple has seeds inside it.

vii. The apple was picked from a tree last week.

viii. The apple is sweet in taste.

ix. The apple is round in shape.

Conclusion – Don't forget to include this!  What did you learn from doing this experiment?
Journal 1-1: Lucy
Introduction:  Since the mid-1800s, scientists have been piecing together the puzzle of human evolution.   Some of the most important pieces of this complex puzzle are the fossilized skeletal remains of individuals who lived millions of years ago.  Dated at about 3.4 million years old, Lucy is one of the oldest and most complete hominid fossils.  Hominids are erect-walking primates that include modern humans, earlier human species, and early humanlike species.

In this activity, you will think about how Lucy may have looked and behaved while she was alive, and you will begin to appreciate how much humans have changed across time.  This activity is based on “Lucy” on pages 36-38 of your BSCS Textbook.

Process and Procedures:

1. Read “Digging Up the Past” (separate handout).
2. [image: image5.jpg]


Below, describe how Lucy may have looked.  Explain 3 things she might have done during a typical day and how she would have gone about doing them.
Use the photograph of the fossil skeleton to the right and your impression of what a hominid living 3.5 million years ago might need to do to survive.  Pay particular attention to Lucy’s hands, feet, posture, and way of moving.  Try to describe how she may have communicated with family members and others living in her group.

3. What evidence from the Lucy find could help scientists develop an explanation about the gap between modern humans and early nonhuman primates?  In other words, what characteristics from Lucy make her seem humanlike? What characteristics make her seem non-humanlike?  Compare early nonhuman primates, Lucy, and modern humans. 





	Evidence and Inference

When scientists find skeletal remains, they work carefully to gather as much information as possible from their findings.  Often the skeletal remains are incomplete, but such remains are evidence from which scientists can draw conclusions about the individual.  Scientists try to be aware of their own strong beliefs, moods, and prior experiences when they search for and find evidence because these factors can influence their observations.  Conclusions that follow logically from some form of direct evidence are known as inferences.  (Conclusions that do not follow logically from evidence are just guesses.  Guessing is not an acceptable way to draw scientific conclusions.)  For example, scientists have made inferences based on skeletal evidence about how tall an individual was and whether or not the individual was bipedal.  Fossil evidence and inferences based on this evidence may support a current theory about human origins or may point to new ideas.


Analysis – Use the information from your description to answer the following questions.

1. Compare hominids from Lucy’s lifetime to your own.  Do you think there have been more changes in physical characteristics of the body (such as hands, feet, head, posture) or more changes in how hominids lived (types of shelter, ways of getting around, ways of gathering food)?







2. Use the information in the “Evidence and Inference” box above to help you answer these questions.

a. Which aspects of your descriptions from #1 and #2 of the Process and Procedure did you base solely on evidence – no inferences?



b. Which aspects of your descriptions were inferences related to evidence?



c. Which aspects of your descriptions were guesses?

Journal 1-2: Modeling the Earth’s History
Introduction: The Lucy fossil is extremely old – more than 3 million years old.  According to geologists, however, the earth formed 4.6 billion years ago.  This is a time span that is difficult to comprehend because time for humans generally means tens and hundreds of years.  The time span of the earth’s history is called geologic time.  One way to grasp the immensity of the earth’s history is through a timeline.  In this activity, you will develop a timeline of the earth’s history to help you better understand when certain human events and major geological and biological events occurred.  This timeline should help you appreciate geologic time and the changes that have taken place since the formation of the earth.

Process and Procedures (Day 1)
1. Discuss the following question and list within your groups of 4:  How long ago do you think each of the following events took place and in what sequence?

· First dinosaurs

· Formation of the Rocky Mountains

· First hominids (human like organisms)

· First life (bacteria)

· First modern humans

· First oxygen in atmosphere

· First land plants

2. Make a list of the events in the order that your group thinks they happened.  Put the list on a large piece of paper.  List the most recent event first and put the number of years ago that your group thinks each event took place.

3. Post your group’s list on the board and answer the following questions:

a. Explain what evidence, if any, you used to come up with your list.





b. Why did your team’s estimates differ from those of other teams?





4. Examine the 2-sided handout called “Major Events in the Earth’s History.”  What times or sequences of occurrences surprise you? (Be specific)





5. Based on the reading “Fossils: Traces of Life Gone” (p 102-104) and “Technologies That Strengthen Fossil Evidence” (p 104-107) explain how a list of Major Events in the Earth’s history could be constructed using evidence.
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A second tool used by scientists to think about geologic time is a model—that is, a
simple system or situation that mimics a more complex system or situation.

You can make a more useful comparison of the events in the table by
constructing a timeline. A timeline is a type of model that shows when events took
place in relationship to each other. Because the length of a timeline corresponds to
time, a timeline offers a simple, visual way to picture how much time separated
certain events in the past. Figure 2.2 is a small version of the timeline that you will
work with in class. ‘

The distance between the red marks on the clothesline represents 1 billion
years. The distance between the short black marks represents 100 million years. Your
teacher has marked the timeline at 5 billion years ago and at the present.
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2.2 Timeline of earth’s history.

7. Decide where on the timeline each event card should go, and place your cards
in the appropriate locations.

Use the information in the table of events to help you decide. Beneath the name of the event

on each card, write the number of years ago that cach event occurred. Carefully locate the

correct time on the timeline. Fasten your event cards to the timeline as your teacher directs.

Analysis

Use the timeline that you just created to answer the following questions with your
teammates, and then participate in a class discussion:

1. Look for and describe the following patterns on the timeline:
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Read the “Need to Know Box” Below (or on page 40 of the BSCS textbook).

Process and Procedures (Day 2)

7. Study the clothesline in the room and the event cards given to your group.

8. Use data from the handout “Major Events in the Earth’s History” to determine how long ago each of your given events occurred.

9. Fold the event cards in half to form a tent.

10. Using a paper clip, place the card on the timeline in the correct location.

11. There are many evolutionary transitions illustrated on this timeline.  Listed below are a few examples that different groups will explore further.  What events (biological or geological) made these evolutionary transitions possible?  What is the significance of each transition?  Write the answer to the transition that your group has been assigned, and then take notes on the others as the groups present.

a. Prokaryotes to eukaryotes


b. Single-celled organisms to multi-cellular organisms



c. Soft-bodied animals to animals with hard shells



d. Aquatic animals to land animals



e. Hominid to modern humans

Analysis
1. What is the oldest form of life and how long has it been around compared to modern humans?







2. Compare the location on the timeline of the first hominids to the location of the first life.







3. What relationships between geological and biological events do you notice? Mention specific examples.








4. What relationships between plant and animal events do you notice?  Mention specific examples.

Journal 1-3: Learning Natural Selection by Analogy and Observation
Introduction:  When Charles Darwin developed his theory of evolution by natural selection, he observed the world around him. As he did so he began reasoning by analogy.  He saw artificial selection as an analogy for natural selection. 

One way to summarize and remember Darwin’s Theory of Natural Selection is by using the letters OCVSRS

(Potential for) Overpopulation:  Organisms have the capability of reproducing at a great rate and ultimately overpopulating an area.  This is overpopulation because the number of organisms will become greater than the resources that are available.

Competition:  This situation creates competition among the members of the population for the resources that are available (food, shelter, water etc.) or to keep from being eaten.  There may also be competition to find a mate.  Remember that this competition is within a species, not between species.

Variety:  While all members of a population of organisms may (or may not) look the same, they are not the same.  Some may be faster or slower, stronger or weaker, more resistant to a disease or may vary in many other ways.

Selection:  By competing to survive in the face of challenges like finding food, predators, or the weather, some members of the population may survive while others may not.  The ones that survive are selected for, while the varieties that die are selected against. 

(Differential) Reproduction:  Those members of the population that have ​​​​​​​favorable traits will survive and be able to produce more young than those with less favorable traits.  Those favorable traits will be passed on to some of their offspring. Eventually, the frequency of favorable traits will increase among members of the population as those that are more fit pass on the traits.

Speciation: After many generations, the population may be different enough from other populations of the same species that mating between members of these populations will no longer be possible.  The populations will now be considered different species. (More on this later in the year)

Natural Selection vs Artificial Selection Chart

Please complete the chart below according to the information from the various activities and video clips from class.

	
	Finches on Galapagos Island
	Corn Plants
	Dog Breeding
	Hummingbirds
	

	Genetic Variation


	
	
	
	
	

	Overproduction of Offspring


	
	
	
	
	

	Struggle for existence (Competition)


	
	
	
	
	

	Differential Survival & Reproduction


	
	
	
	
	

	Natural or Artificial Selection?
	
	
	
	
	


What is an adaptation?

What is speciation?
Analogy 1: Jelly Beans, “Un-natural” selection

In class we were able to select jelly beans as a start to understanding Natural Selection.  Look back at the notes on the back of this page, the Jelly Bean data, the reading, and class notes and discuss how this analogy meets (or does not meet) OCVSRS.  You can skip speciation for now.

Analogy 2: Artificial Selection

In devising his Theory of Natural Selection, Darwin used Artificial Selection as a model.  In this sense, he was reasoning by analogy.  Darwin was particularly interested in pigeons.  We are more familiar with dogs. Ancestral dogs are thought to have looked like small wolves with curled-up tails and upright ears. Look at the picture of dog breeds and discuss the following:

· Would all of the ancestral dogs have been the same?

· If people had a group of ancestral dogs but wanted to develop dogs that were short and could go into holes after prey (like a dachshund), which ancestral dogs would they allow to breed?

· Presumably the offspring after one generation would not yet be dachshund like.  What further steps would the breeders need to follow to produce such a dog?

· How does artificial selection in dog breeds meet (or not meet) the OCVSRS stages?

Observation: Darwin’s Finches and el Nino

We have watched the video segment on the research of the Grant’s on Darwin’s Finches in the Galapagos Islands.  They were able to see natural selection take place in just a couple of years following an el Nino.  Based on this, discuss the following questions:

· What variation in the population of finches is being examined?

· In artificial selection, people act as the agents of selection (selection pressure). In natural selection, aspects of nature exert the selection pressure.  What is the selection pressure in this case?

· Over what resources were the birds competing?

· In el Nino years which variant of finch has the advantage?  Why?

· What change was brought about in the finch population?

· What would it take for the two variants of Medium Ground Finch to become different species?

 Journal 1-3: “I know beans…” write-up (homework)
Answer the following questions about natural selection.  You will be graded on the thoroughness and clarity of your explanations and how well you use vocabulary and demonstrate understanding of concepts.  Please type your responses, using 1.5 spacing, size 12 font.

1. Describe how the Jelly Bean analogy meets (or does not meet) each stage of the natural selection (OCVSRS).

2. Explain what happened to Darwin’s finches on the Galapagos Islands using the stages of the natural selection (OCVSRS).

3. What is artificial selection and why do we use it?

4. If all ancestral dogs were wolves, how could such a variety of breeds exist today?  Are all wolves identical in every way?
5. Compare and contrast artificial selection and natural selection.  Use the stages of natural selection (OCSVRS) and artificial selection in dogs to explain their similarities and differences.

Bacterial Antibiotic Resistance Notes

	Bacteria structure



	Good vs. Bad bacteria



	How do antibiotics work?
1.

2.

3.

	What is antibiotic resistance?



	How do bacteria become resistant?



	What are the mechanisms of resistance? 




What is immunity?  Are the bacteria immune?




	Subtherapeutic dosage problem


	Explain antibiotic resistance in terms of OCVSRS:

O – 

C – 

V – 

S – 

R – 




Lab 1-3: Bacterial Antibiotic Resistance

Intro: Antibiotic resistance in bacteria is a serious problem facing society today. There are many reasons for this problem, one of which is an overuse of antibiotics. Through evolution, tougher bacteria that cannot be killed by antibiotics are surviving and reproducing. This is not necessarily a problem in people with strong immune systems, but in hospitals where many people have compromised immune systems, harboring such bacteria can kill a person. In this laboratory investigation, you will be designing an experiment to test the concept of antibiotic resistance using different strains of bacteria, including Escherichia coli, Sarcina lutea, and Bacillus subtilis.

Materials:  Sterile agar Petri plates, inoculating loop, various antibiotics, chemicals, and paper discs, E. coli, S. lutea, and B. subtilis bacteria stock culture.

General overview of the lab procedure:  In order to determine bacterial resistance you will have to inoculate a Petri plate of nutrient agar with bacteria, then put various discs containing antibiotics or other chemicals on the dish you have inoculated.  After allowing the dishes of bacteria with added chemicals to grow for 24-48 hours you will observe and look for “clear zones” around the discs. A “clear zone” is an area where bacteria can’t grow.  If the “clear zone” is small (meaning the bacteria can grow close to the disc), that means the bacteria are resistant to the substance on the disc and that chemical is ineffective at killing that bacteria.  If the “clear zone” is larger, the bacteria are not resistance to that chemical and the substance on the disc is highly effective at killing the bacteria.

Procedure Day 1:

1. Watch carefully as your lab instructor demonstrates proper sterile technique and inoculating procedures.  Wear safety goggles for all parts of this lab.

2. Work in groups of 3.  Each group will inoculate 3 Petri dishes and test the substances available.  The group will pool the information.  Your group should analyze all data collected by the group.   Each individual in a group of 3 will be assigned a species of bacteria.  Record your assigned species of bacterium here: _______________

3. Label the bottom (agar containing) of the Petri dish with the letters A, B, C, D.  The letters should be equally spaced and away from the edges.  Also label the dish with your block and group name along the edge.  See figure on the right.
4. Wipe down your area using ethanol.

5. Inoculate a Petri dish of sterile nutrient agar with the bacteria you have been assigned.  The bacteria are suspended in a liquid nutrient broth.  Using a disposable pipette place 3-4 drops of the bacteria laden broth on the agar of the Petri dish.



6. Use the sterile cotton swab to evenly (and gently!) disperse the broth across the entire surface of the agar.  The liquid layer will not be thick, but make sure you have coated the entire plate.  When done, place your cotton swab in the 10% bleach solution, cotton down.  This will kill the bacteria.

7. Placing discs:  Each Petri dish will have 4 discs placed on the agar surface.  Discs are simply filter paper that has been soaked in a substance.  

a. Disc A: Distilled water

b. Disc B: Soap or cleaning solution of your groups choice _____________

c. Disc C: Mouth wash of your groups choice _______________

d. Disc D: Antibiotic disc ________________ 

8. Place the discs carefully onto the agar surface using forceps.  Be sure the discs correspond with the labels.  Lightly press the disc onto the agar surface to ensure it will stay in place.  (Petri dishes are incubated upside down).

9. Place in the incubator for 24-48 hours at 37(C.


Prelab Question:  What is the manipulated variable in your individual (not group) experiment that is occurring on your single plate? _________________


Procedure Day 2:

1. Draw 3 full size diagrams of your Petri dishes, one for each bacterial species.  

2. Observe each plate for clear zones and record your data on the diagrams that you drew earlier. Look for single colonies that appear in the clear zone.  These may be mutant bacteria that are resistant to the chemical being tested.  Record their presence in your diagram also.

3. Measure and record the clear zone size for each of the discs.  Make all measurements in mm. 

Prelab Question:  What is the responding variable? _____________________


Data Table: Clear Zone Measurements (mm)

	
	
	S. lutea
	E. coli
	B. subtilis

	A
	Distilled Water
	
	
	

	B
	Cleaning Substance

___________________
	
	
	

	C
	Mouth Wash 

___________________
	
	
	

	D
	Antibiotic

___________________
	
	
	


Analysis Questions Day 1: (Make the question clear in your answer)
1. What does it mean if there is a large clear zone around a disc? A small clear zone?

2. What was the control group in this experiment?

3. Why did we include a control on each Petri dish?  Would it have been acceptable to put the control disc on just one dish?  Why or why not?

Analysis Day 2: (Make the question clear in your answer)
4. Different bacteria produce colonies with different appearances.   Do you think that more than one species of bacteria is present in your dish?  Why or why not?

5. What areas, if any, are free of bacterial colonies?  Why do these areas contain no colonies?

6. Which substances have the largest clear zones?  Rank them in order from small to large.

7. Why might one clear zone area be larger than another?

8. Did your control disc (the disc with water on it) have the results you expected?  What do the results from your control disc imply about the results from all of the other experimental discs?

9. Examine the clear area around each disc.  You may find one or more small colonies in this area.  Even if you didn’t find one, how could you account for such a colony if it existed? (In other words, how is this colony different from the other bacteria on the dish?)

10. What non-antibiotic substances (i.e. disinfectants, mouthwashes, etc) are best for killing or inhibiting growth of the bacteria?  Explain using results from this experiment.

11. Explain how penicillin resistant strains of bacteria may evolve from non-resistant strains of bacteria making reference to the stages of Darwin’s theory of natural selection (OCVSRS).
Conclusion – Don't forget to include this!  What did you learn from doing this experiment?
Journal 1-4: Evolution in Action
Introduction:  You have been studying the evidence, inferences, and mechanism for change over time in living organisms.  In this activity, you will apply your knowledge to explain three possible endings to a story about teenage girls who had surgery.  Use the vocabulary and concepts that you have learned to write well-reasoned explanations for the three possible outcomes to the scenario below.  This activity has been edited from page 58 in your textbook.

	A Turn for the Worse
The attendants wheel the teenage girl into the operating room as her mother waits anxiously in the sitting room at the end of the hall.  The girl’s appendix is so severely inflamed that her doctor worries that it might rupture before she can perform the operation.  In spite of the danger, the operation goes smoothly, and the surgeon removes the girl’s inflamed appendix without mishap.  After surgery, nurses take the patient to the recovery room.  In about 30 minutes, she regains consciousness and speaks to her mother.

All seems to be going well in the first 24 hours after surgery.  However, on the following day, the girl begins to run a fever, which quickly rises.  Her doctor realized that she has contracted an internal infection during the surgery.

The girl in this story has a bacterial infection.  A strain of Staphylococcus bacteria contaminated the open wound during surgery, and it continued to multiply inside her body.  Will she survive this infection?  Use your knowledge of evolution and your scientific thinking skills to propose an explanation for what happens next.  As you complete this activity, you will evaluate what you have learned about the way living organisms change across time.


Process and Procedures:
Read the following 3 descriptions of possible outcomes for the opening scenario.  Each description takes place in a different time period in the history of Western medicine.

Scenario 1

The year is 1925:  The girl becomes delirious from fever; in a few days, she dies.

Scenario 2


The year is 1945:  The girl receives an injection of the antibiotic penicillin, followed by repeated doses.  Within 24 hours, her fever is reduced.  In a week, she is released from the hospital, well on her way to recovery.

Scenario 3

The year is 1965:  The girl receives an injection of the antibiotic penicillin, followed by repeated doses.  Despite this treatment, her fever continues, and she becomes delirious.  In a few days, she dies.

1. Read the background information on antibiotics in the box.  Study the graph below.  Think about why the outcomes for the 3 scenarios are different.
	Antibiotics
An antibiotic is a medicine that is toxic to certain bacteria.  Antibiotics are used to fight bacterial infections.  You may have heard of antibiotics such as penicillin, amoxicillin, tetracycline, or erythromycin.  Researchers discovered a few antibiotics in the 1920s and some, such as penicillin, were in limited use by the late 1930s.  Mass production of penicillin in the 1940s made this powerful therapy against bacterial infections a widespread tool in medicine.  Before that time, doctors had few options to fight a bacterial infection once it started.  Patients often died of they suffered from serious infections such as bacterial pneumonia, gangrene, or a staph infection.
     Today, doctors have a wide range of antibiotics from which to choose.  They use them to treat a variety of illnesses such as sore throats (which are sometimes caused by a Streptococcus bacterium), bacterial pneumonia (a serious lung infection), and even acne.  This range of antibiotic choices is relatively recent in the history of medicine and human illnesses.  In fact, the dependence of Western medicine on technology, such as the development of antibiotics is a relatively recent cultural development.  This dependence has dramatically changed the way we think about health care and physicians.  Many patients now demand an antibiotic prescription when they are sick, even if an antibiotic will not cure their problem.
     Every antibiotic is not effective against every type of bacterium.  A particular antibiotic can kill only a limited number of bacterial species.  In addition, the genetic material (DNA) of some bacteria can change in a way that allows these bacteria to resist the killing effects of an antibiotic that was once effective.  These bacteria are said to be resistant to that antibiotic.  Such genetic changes do not occur very often.  But because bacteria with these changes can survive in the presence of the antibiotic, they are more likely to reproduce than nonresistant bacteria.  If the resistant bacteria pass their genetic changes along to future generations, an entire population of resistant bacteria can arise.  When that happens, the antibiotic becomes ineffective against that bacterial population.





2. For each outcome, write a few sentences that explain why that outcome is possible at that time in history.  Base your explanations on your experiences within this unit.

Scenario 1






Scenario 2






Scenario 3






Analysis
The example of bacterial infection in this activity can serve as a model of evolution. Using OCVSRS as your guide explain how this example illustrates evolution in action.  Write your essay to explain what changed over time in these three scenarios and how it happened.  Be sure to include the following terms:  evolution, natural selection, variation, mutation, and adaptation. Below is a brief outline of OCVSRS, but you should consult your class notes on evolution for more information.

O: Overproduction of Offspring
C: Competition for Limited Resources

V: Variation exists within any population
S: Selection- organisms with adaptations are selected
R: Reproduction- those organisms that are selected survive to reproduce

S: Speciation- the accumulation of changes over time results in new species

Answer the questions below on a separate sheet of paper.

1. Describe the evolutionary change that occurs in this model.
2. Identify the factor in the bacteria’s environment that exerts a pressure for natural selection (tip – this pressure doesn’t cause the original mutation…)
3. Explain the role that variation in individual characteristics plays in the evolution of resistant populations.
4. Explain how new generations of offspring play a role in the evolution of resistant bacterial populations.
5. Explain why bacteria evolve much more quickly than humans.  Think about their generation time (there are at least 20 years between human generations and 20 minutes between bacterial generations).
Unit 1 Engage and Evolution Reading Guide

Chapter 1 The Science of Biology

I. Ch 1-1. What is Science? p. 3 

A. What is science?

B. Thinking Like a Scientist

1. Scientists usually make _______________ in order to collect _______________. Data are either quantitative or qualitative. Distinguish between the two types of data and give an example of each.

2. Distinguish between an observation and an inference:

C. Explaining and Interpreting Evidence

1. What is a hypothesis?

2. What do scientists use to form good hypotheses?

D. Science as a Way of Knowing

1. Science is an ongoing process that is constantly changing and requires that scientists be skeptics as well as open minded. Why is skepticism an important trait in a good scientist?

II. Ch 1-2 How Scientists Work

A. Designing an Experiment

1. What are the 5 important parts of designing a good experiment? Explain each part. Be sure to give a clear description of what a Controlled Experiment is.

B. Publishing and Repeating Investigations

1. In 1668 Francisco Redi published experiments that scientists debated for 200 years. Why is it important that scientists publish their work?

C. When Experiments are Not Possible

1. Why are controlled experiments sometimes impossible to do?

D. How a Theory Develops

1. What is the scientific definition of a theory?

Chapter 15 Darwin’s Theory of Evolution

III. Chapter 15-1, The Puzzle of Life’s Diversity, p. 369

A. Define Evolution:

IV. Voyage of the Beagle

A. Darwin made numerous observations during his five-year voyage from 1831-1836 on the HMS Beagle. Which continents did he visit and what did he do there?

B. Describe one of the main observations that Darwin made:

C. Darwin observed fossils as well as living animals. How did the fossils he observed compare to the living organisms?

D. What did Darwin notice about the various species of tortoises on the Galapagos Islands?

V. Ch 15-2 Ideas that Shaped Darwin’s Thinking, p. 373

A. What was the prevailing idea about how life came to be what it was in Darwin’s day?

VI. Ch 15-3 Darwin Presents His Case, p. 378

A. When Darwin returned to England he noticed that some of the species he collected were found nowhere else in the world and that the birds he thought were wrens, warblers and blackbirds were actually all finches. What else did he notice about island species versus mainland species?

VII. Publication on On the Origin of Species

A. What prompted Darwin to publish his controversial ideas on evolution after almost 25 years of working on his ideas?

VIII. Inherited Variation and Artificial Selection, p. 379 

A. What was one of Darwin’s most important insights?

B. Darwin realized that variation occurred in both natural populations as well as in domesticated plants and animals. He learned from farmers that variations could be passed on from parents to offspring, and that farmers used this in artificial selection. What is artificial selection?

IX. Evolution by Natural Selection, p. 380

A. Describe what Darwin meant by the “Struggle for Existence”: 

B. Darwin’s also observed that some organisms had a better chance of surviving than others. Describe what Darwin meant by ‘fitness’:

C. What is an adaptation? Give an example.

D. Describe the process of survival of the fittest: 

E. How does natural selection increase a species’ (remember-not an individual) fitness over time? 

F. Describe what is meant by ‘Descent with Modification’: 



X. Summary of Darwin’s Theory

A. In your own words as much as possible, briefly describe Darwin’s Theory of Evolution by Means of Natural Selection:

BSCS – “Engage” Exam Study Guide

1. Making Observations, asking questions, and gathering information to help you answer your questions are the steps that scientists use when they attempt to solve a problem (Scientific Method).

a. What kinds of observations are the most meaningful when recording data?

b. What were some ways that you could have improved the accuracy of your studies of the sow bugs and how they reacted to different stimuli?

c. How does data from the roly poly lab support these hypotheses?

2. Identify relationships between various events in earth’s history and explain them.

3. Explain the contributions Darwin made to the theory of evolution including: 

a. Natural Selection and the role of variation in natural selection 

b. Reproductive Success

4. Thoroughly explain natural selection, including the variation and environmental factors that lead to it (OCVSRS).

5. Explain the evolution of a strain of bacteria because of variation and selective pressures caused by antibiotics.

6. How is reproductive success important to the evolution of such bacteria?

7. Explain the effect of fitness for a particular environment on natural selection (use striped versus plain clovers to illustrate your points).

A





B





C





D









