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	UNIT TITLE
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	AUTHOR(S)
	Dana Nicole Wilson, Roger Williams University

	COURSE/

GRADE LEVEL
	Biology, grades 9-10

	CONTENT AREA
	Biology
	TOPIC
	Adaptation & Selection

	TIME FRAME
	(11) 90 minute class periods
	NUMBER OF LESSONS
	7

	TARGETED STANDARDS/
BENCHMARKS
	Benchmarks For Science Literacy, 5F, Evolution of Life       
By the end of the 12th grade, students should know that


• 
The basic idea of biological evolution is that the earth's present-day species developed from earlier, distinctly different species.

• 
Natural selection provides the following mechanism for evolution:  Some variation in heritable characteristics exists within every species, some of these characteristics give individuals an advantage over others in surviving and reproducing, and the advantaged offspring, in turn, are more likely than others to survive and reproduce. The proportion of individuals that have advantageous characteristics will increase.

 • 
Natural selection leads to organisms that are well suited for survival in particular environments. Chance alone can result in the persistence of some heritable characteristics having no survival or reproductive advantage or disadvantage for the organism. When an environment changes, the survival value of some inherited characteristics may change.

 •    Evolution builds on what already exists, so the more variety there is, the more there can be in the future. But evolution does not necessitate long-term progress in some set direction. Evolutionary changes appear to be like the growth of a bush: Some branches survive from the beginning with little or no change, many die out altogether,  and others branch repeatedly, sometimes giving rise to more complex  organisms.

National Science Education Standards, Grades 9-12, Standard C, Biological Evolution

• 
Species evolve over time. Evolution is the consequence of the interactions of (1) the potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of those offspring better able to survive and leave offspring. 



	SUMMARY OF PERFORMANCE ASSESSMENT
	  Students act as biological consultants to the U.S. Fish and Wildlife Bureau, who is concerned about the threat of vegetative and avian invasive species to a Mid-Atlantic island with many ecologically and medically valuable endemic species.  They conduct research during two class periods to develop an invasive species profile for both plants and birds.  Students focus on population adaptations, rather than individual variations, and speculate on possible effects of selection and differential reproduction.  They are responsible for producing a PowerPoint presentation and presenting their finding to the class, who will act as members of the bureau.


	OVERVIEW OF STUDENT LEARNING ACTIVITIES

	>>> LESSON  1
	Students explore the relationship of form and function by investigating the advantages of certain forms in household objects.

	The Anatomy & Physiology of Household Tools

Engagement
	

	>>> LESSON 2
	Students investigate the relationship between form and function with different fish species.  The idea of adaptation is introduced. Students create their own imaginary thematic fish and diagram its adaptations.

	Barbels, Fins and Scales

Exploration 
	

	>>> LESSON 3
	Students explore the concept of biomimicry.  Students see the value of adaptations from both an ecological and an economical viewpoint.  This lesson helps students relate to the concept of adaptation.

	It’s Only Natural

Explanation
	

	>>> LESSON 4
	This lesson exhibits the natural variation found in nature, using stripes on sunflower seeds as an example.  A visual as well as graphical bell curve is generated as interspecies variation is measured.  This lesson acts as a bridge between the concepts of adaptation and selection.

	Seeds of Variation

Explanation  
	

	>>> LESSON 5
	Students participate in a simulation of the natural selection of a contrived species, a paper and straw “Egyptian Origami Bird”.  The concept of survival of the fittest is introduced.

	Origami Bird Selection

Explanation
	

	>>> LESSON 6
	Students explore the concepts of natural selection, “survival of the fittest,” and differential reproduction through the use of an online video and interactive online activity.

	No where to hide

Extension
	

	>>> LESSON 7
	See performance assessment overview.

	Alien Invasion 

Evaluation
	


	CONTENT CLARIFICATION BUILDER
Targeted Standards and Benchmarks
	SCIENCE

	STATE OF MASSACHUSETTS
	5.2.  Illustrate how genetic variation is preserved or eliminated from a population through Darwinian natural selection (evolution) resulting in biodiversity.

	Go to 
State  Standards…
	

	BENCHMARKS FOR SCIENCE LITERACY
	5F, Evolution of Life       
By the end of the 12th grade, students should know that

• 
The basic idea of biological evolution is that the earth's present-day species developed from earlier, distinctly different species.

• 
Natural selection provides the following mechanism for evolution:  Some variation in heritable characteristics exists within every species, some of these characteristics give individuals an advantage over others in surviving and reproducing, and the advantaged offspring, in turn, are more likely than others to survive and reproduce. The proportion of individuals that have advantageous characteristics will increase.


• 
Heritable characteristics can be observed at molecular and whole-organism levels-in structure, chemistry, or behavior. These characteristics strongly influence what capabilities an organism will have and how it will react, and therefore influence how likely it is to survive and reproduce.

• 
Natural selection leads to organisms that are well suited for survival in particular environments. Chance alone can result in the persistence of some heritable characteristics having no survival or reproductive advantage or disadvantage for the organism. When an environment changes, the survival value of some inherited characteristics may change.



	Go to Benchmarks…
	

	NATIONAL SCIENCE EDUCATION STANDARDS
	Grades 9-12, Standard C, Biological Evolution
• 
Species evolve over time. Evolution is the consequence of the interactions of (1) the potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of those offspring better able to survive and leave offspring.

	Go to NSES…
	


	CONTENT CLARIFICATION 
Associated K-12 Science  Standards and Benchmarks

	
	BENCHMARKS FOR SCIENCE LITERACY

	Go to Science Netlinks…
	

	K-2  BENCHMARKS
	By the end of the 2nd grade, students should know that


• 
Different plants and animals have external features that help them thrive in different kinds of places.



	3-5  BENCHMARKS
	By the end of the 5th grade, students should know that


• 
Individuals of the same kind differ in their characteristics, and sometimes the differences give individuals an advantage in surviving and reproducing.



	6-8  BENCHMARKS
	By the end of the 8th grade, students should know that


• 
Small differences between parents and offspring can accumulate (through selective breeding) in successive generations so that descendants are very different from their ancestors.


• 
Individual organisms with certain traits are more likely than others to survive and have offspring. Changes in environmental conditions can affect the survival of individual organisms and entire species.

	9-12  BENCHMARKS
	By the end of the 12th grade, students should know that


• 
The basic idea of biological evolution is that the earth's present-day species developed from earlier, distinctly different species.

• 
Natural selection provides the following mechanism for evolution:  Some variation in heritable characteristics exists within every species, some of these characteristics give individuals an advantage over others in surviving and reproducing, and the advantaged offspring, in turn, are more likely than others to survive and reproduce. The proportion of individuals that have advantageous characteristics will increase.


• 
Heritable characteristics can be observed at molecular and whole-organism levels-in structure, chemistry, or behavior. These characteristics strongly influence what capabilities an organism will have and how it will react, and therefore influence how likely it is to survive and reproduce. 

• 
Natural selection leads to organisms that are well suited for survival in particular environments. Chance alone can result in the persistence of some heritable characteristics having no survival or reproductive advantage or disadvantage for the organism. When an environment changes, the survival value of some inherited characteristics may change.

•    Evolution builds on what already exists, so the more variety there is, the more there can be in the future. But evolution does not necessitate long-term progress in some set direction. Evolutionary changes appear to be like the growth of a bush: Some branches survive from the beginning with little or no change, many die out altogether,  and others branch repeatedly, sometimes giving rise to more complex  organisms.



	
	NATIONAL SCIENCE EDUCATION STANDARDS

	Go to NSES…
	

	K-4  STANDARDS
	The Characteristics of Organisms

•     Organisms have basic needs. For example, animals need air, water, and food; plants require air, water, nutrients, and light. Organisms can survive only in environments in which their needs can be met. The world has many different environments, and distinct environments support the life of different types of organisms.

•     Each plant or animal has different structures that serve different functions in growth, survival, and reproduction. For example, humans have distinct body structures for walking, holding, seeing, and talking.

•    The behavior of individual organisms is influenced by internal cues (such as hunger) and by external cues (such as a change in the environment). Humans and other organisms have senses that help them detect internal and external cues.

	5-8  STANDARDS
	Organisms and their Environments

• 
An organism's patterns of behavior are related to the nature of that organism's environment, including the kinds and numbers of other organisms present, the availability of food and resources, and the physical characteristics of the environment. When the environment changes, some plants and animals survive and reproduce, and others die or move to new locations.
•     All organisms cause changes in the environment where they live. Some of these changes are detrimental to the organism or other organisms, whereas others are beneficial.

	9-12  STANDARDS
	Biological Evolution

• 
Species evolve over time. Evolution is the consequence of the interactions of (1) the potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of those offspring better able to survive and leave offspring. 

• 
The great diversity of organisms is the result of more than 3.5 billion years of evolution that has filled every available niche with life forms.


• 
Natural selection and its evolutionary consequences provide a scientific explanation for the fossil record of ancient life forms, as well as for the striking molecular similarities observed among the diverse species of living organisms.


• 
The millions of different species of plants, animals, and microorganisms that live on earth today are related by descent from common ancestors.

• 
Biological classifications are based on how organisms are related. Organisms are classified into a hierarchy of groups and subgroups based on similarities which reflect their evolutionary relationships. Species is the most fundamental unit of classification.



	CONTENT CLARIFICATION 
Related Content Knowledge

	SCIENCE FOR ALL AMERICANS
	Chapter 5, Heredity

One long-familiar observation is that offspring are very much like their parents but still show some variation: Offspring differ somewhat from their parents and from one another. Over many generations, these differences can accumulate, so organisms can be very different in appearance and behavior from their distant ancestors…If a mutated gene is in an organism's sex cell, copies of it may be passed down to offspring, becoming part of all their cells and perhaps giving the offspring new or modified characteristics. Some of these changed characteristics may turn out to increase the ability of the organisms that have it to thrive and reproduce, some may reduce that ability, and some may have no appreciable effect.

Chapter 5, Evolution of Life
Since the beginning of the fossil record, many new life forms have appeared, and most old forms have disappeared. The many traceable sequences of changing anatomical forms, inferred from ages of rock layers, convince scientists that the accumulation of differences from one generation to the next has led eventually to species as different from one another as bacteria are from elephants. The molecular evidence substantiates the anatomical evidence from fossils and provides additional detail about the sequence in which various lines of descent branched off from one another…. By its very nature, natural selection is likely to lead to organisms with characteristics that are well adapted to survival in particular environments. Yet chance alone, especially in small populations, can result in the spread of inherited characteristics that have no inherent survival or reproductive advantage or disadvantage. Moreover, when an environment changes (in this sense, other organisms are also part of the environment), the advantage or disadvantage of characteristics can change. So natural selection does not necessarily result in long-term progress in a set direction. Evolution builds on what already exists, so the more variety that already exists, the more there can be.



	Go to SFAA…
	

	BENCHMARKS FOR SCIENCE LITERACY ESSAY
	Before natural selection is proposed as a mechanism for evolution, students must recognize the diversity and apparent relatedness of species. . Natural selection should be offered as an explanation for familiar phenomena and then revisited as new phenomena are explored. To appreciate how natural selection can account for evolution, students have to understand the important distinction between the selection of an individual with a certain trait and the changing proportions of that trait in populations. Their being able to grasp this distinction requires some understanding of the mathematics of proportions and opportunities for them to reflect on the individual-versus-population distinction in other contexts. Controversy is an important aspect of the scientific process. Students should realize that although virtually all scientists accept the general concept of evolution of species, scientists do have different opinions on how fast and by what mechanisms evolution proceeds. A separate issue altogether is how life itself began, a detailed mechanism for which has not yet emerged. 

Grades  3 through 5 :

Students can begin to look for ways in which organisms in one habitat differ from those in another and consider how some of those differences are helpful to survival. The focus should be on the consequences of different features of organisms for their survival and reproduction. Evidence for the similarity within diversity of existing organisms can draw upon students' expanding knowledge of anatomical similarities and differences.

Grades  9 through 12 :

Knowing what evolutionary change is and how it played out over geological time, students can now turn to its mechanism. They need to shift from thinking in terms of selection of individuals with a trait to changing proportions of a trait in populations. Familiarity with artificial selection, coming from studies of pedigrees and their own experiments, can be applied to natural systems, in which selection occurs because of environmental conditions. Students' understanding of radioactivity makes it possible for them to comprehend isotopic dating techniques used to determine the actual age of fossils and hence to appreciate that sufficient time may have elapsed for successive changes to have accumulated. Knowledge of DNA contributes to the evidence for life having evolved from common ancestors and provides a plausible mechanism for the origin of new traits.

History should not be overlooked. Learning about Darwin and what led him to the concept of evolution illustrates the interacting roles of evidence and theory in scientific inquiry. Moreover, the concept of evolution provided a framework for organizing new as well as "old" biological knowledge into a coherent picture of life forms.



	GRADES: 3-5 & 9-12
	

	Go to Benchmarks…
	

	CONTENT CLARIFICATION BUILDER
Research into Student Learning and Ideas about Teaching

	Go To Benchmarks…
	Benchmarks for Scientific Literacy, 5D, Habitat
Middle-school and high-school students may believe that organisms are able to effect changes in bodily structure to exploit particular habitats or that they respond to a changed environment by seeking a more favorable environment (Jungwirth, 1975; Clough & Wood-Robinson, 1985a). It has been suggested that the language about adaptation used by teachers or textbooks to make biology more accessible to students may cause or reinforce these beliefs (Jungwirth, 1975).

Benchmarks for Scientific Literacy, 5F, Adaptation: Middle-school and high-school students may have difficulties with the various uses of the word "adaptation" (Clough & Wood-Robinson, 1985a; Lucas, 1971; Brumby, 1979). In everyday usage, individuals adapt deliberately. But in the theory of natural selection, populations change or "adapt" over generations, inadvertently. Students of all ages often believe that adaptations result from some overall purpose or design, or they describe adaptation as a conscious process to fulfill some need or want. Elementary- and middle-school students also tend to confuse non-inherited adaptations acquired during an individual's lifetime with adaptive features that are inherited in a population (Kargbo et al., 1980).



	BENCHMARKS FOR SCIENCE LITERACY
	

	NATIONAL SCIENCE EDUCATION STANDARDS:
CONTENT-SPECIFIC
INFORMATION


	National Science Education Standards, Standard C Essays:  

During the elementary grades, An understanding of the characteristics of organisms, life cycles of organisms, and of the complex interactions among all components of the natural environment begins with questions such as these and an understanding of how individual organisms maintain and continue life. Making sense of the way organisms live in their environments will develop some understanding of the diversity of life and how all living organisms depend on the living and nonliving environment for survival. The experiences and activities in grades K-4 provide a concrete foundation for the progressive development in the later grades of major biological concepts, such as evolution, heredity, the cell, the biosphere, interdependence, the behavior of organisms, and matter and energy in living systems.

Grades 5-8:

Understanding adaptation can be particularly troublesome at this level. Many students think adaptation means that individuals change in major ways in response to environmental changes (that is, if the environment changes, individual organisms deliberately adapt).

Grades 9-12:

Students in grades K-8 should have developed a foundational understanding of life sciences. In grades 9-12, students' understanding of biology will expand by incorporating more abstract knowledge, such as the structure and function of DNA, and more comprehensive theories, such as evolution. Students' understandings should encompass scales that are both smaller, for example, molecules, and larger, for example, the biosphere.

Students have difficulty with the fundamental concepts of evolution. For example, students often do not understand natural selection because they fail to make a conceptual connection between the occurrence of new variations in a population and the potential effect of those variations on the long-term survival of the species. One misconception that teachers may encounter involves students attributing new variations to an organism's need, environmental conditions, or use. With some help, students can understand that, in general, mutations occur randomly and are selected because they help some organisms survive and produce more offspring. Other misconceptions center on a lack of understanding of how a population changes as a result of differential reproduction (some individuals producing more offspring), as opposed to all individuals in a population changing. Many misconceptions about the process of natural selection can be changed through instruction.




	Alien Invasion
A Performance Assessment

	>>> ROLE OR PERSONA…
	>>> TARGETED BEHAVIOR…
	>>> AUDIENCE…
	>>> PRODUCT OR ACTION…

	You are a…

Biological consultant
	…who has been asked to…

Identify why certain species are better equipped to colonize islands.
	…who has been assigned by…

The U.S. Fish and Wildlife Bureau
	…who will…

Present your findings to the government agency and develop a profile of possible invasive terrestrial island species.

	PERFORMANCE TASK
	The first colonizers of organisms in new habitats (for example, ones that had been previously destroyed or volcanic islands that rise about sea level) are often plants and birds.  They are also the organisms that can most easily become invasive species, displacing native organisms.  The USFWB has identified a Mid-Atlantic island with many endemic (native) species that are not found anywhere else in the world and are of enormous ecological and medical importance. They are concerned about the threat of invasive species and would like to identify species to be particularly on guard against.   You will be allowed 2 class periods to complete your research, 1 week to prepare your presentation, and 5-10 minutes per group (of 3) to present your findings.  Each group member will receive a grade based on both individual and group performance (please see rubric).  

The Spread of Flora

Assume that the habitat of the island is very similar to ecosystems around your community.  Gather a selection of seeds, at least 4 specimens each of 3 different types per person (if seeds cannot be found for collection, then use packaged vegetable or flower seeds).  On a plain piece of  printer paper, sketch each type of seed.  Working in groups of three, complete the activities at each of the following stations:

~Carried by ocean currents -  Determine which seeds will float in salt water.  Leave a jar labeled with your names overnight and note which seeds are still floating the next day.

~Carried on the wind – drop specimens into the “wind” created by the fan and record how far each flies

~Carried by an animal – brush the piece of fur against the seed specimens, observe if any are caught on the fur.  If more than one specimen sticks, then shake the fur gently and record the type(s) of seed that remains attached longest

~Hidden features?  At the final station use the magnifying glass and/or the dissecting microscope to examine the seeds features in detail.  Sketch any structural details that may be adaptations, giving the seed an advantage for distribution.

Based on your findings, create a profile of an invasive plant species likely to colonize the island.  Include seed diagrams and/or models.  What characteristics of the species might be advantageous in this environment?  What might the population look like in twenty years, providing the conditions stay the same (ie. The effects of selection)

Invasion from the Air

How does wing size and shape affect a bird species’ ability to reach the island?  If any type of bird could be blown in during a storm, how would wing characteristics and other factors affect successful colonization?  Develop a short experiment using paper “birds” (made like paper airplanes) and use the results of the experiment to determine the characteristics of a likely invasive avian species.  Identify a species that meets these characteristics.  Research the species to determine how, if at all, it might be influenced by differential reproduction.  Include a model or diagram of the species in your presentation, and explain how this bird might help other species colonize the island as well.

When designing your presentation, refer frequently to specific adaptations that allow individuals to flourish on the island.  Your presentations should include a PowerPoint presentation with tables or charts documenting the results of your research, including all data collected.

	Successful Colonization: The Influence of Invasive Species’ Adaptations

	CRITERIA FOR SUCCESS
	PERFORMANCE INDICATORS



	
	4
	3
	2
	1
	0

	Collection of Seeds

(Individual Grade)
	~Student collected 4 specimens each of 3 different types of seeds.
	~Student collected 2-3 specimens each of 3 different types of seeds.
	~Student collected 1-4 specimens each of 2 different types of seeds.
	~Student collected 1-4 specimens of only one type of seed.
	~Student collected no seeds.

	Research on Seed Dispersal

(Group Grade)
	~Seed dispersal research is clearly documented in neat tables, charts, or graphs.
	~Seed dispersal research is documented in sloppy tables, charts, or graphs.
	~Seed dispersal research is documented without using tables, charts, or graphs.
	~Seed dispersal research is incompletely documented.
	~Seed dispersal research is not documented.

	Avian Experimental Design 

(Group Grade)
	~An experiment was conducted, including replicates, & the results supported the group’s final conclusions on characteristics of invasive birds.
	~An experiment was conducted, without replicates, & the results supported the group’s final conclusions on characteristics of invasive birds.
	~An experiment was conducted without replicates & the results were inconclusive.
	~An experiment was conducted, but the results were not used to support the group’s final conclusions on the characteristics of invasive birds.
	~No experiment was conducted.

	Use of Diagrams/Models to Exhibit Adaptations

(Group Grade)
	~Presentation included neat diagrams /models and used them to explain corresponding adaptations thoroughly.
	~Presentation included sloppy or unclear diagrams /models, but they were used to thoroughly explain corresponding adaptations.
	~Presentation included diagrams/models, but corresponding adaptations are not clearly indicated.
	~Presentation included diagrams/models, but no corresponding adaptations are noted.
	~Presentation included no diagrams or models. .

	Presentation of Findings

(Individual Grade)
	~Student presented approximately 1/3 of the group’s findings in a clear voice.
	~Student presented approximately 1/3 of the group’s findings in an unclear manner.
	~Student presented less than 1/3 of the group’s findings in a clear voice.
	~Student presented less than 1/3 of the group’s findings in an unclear manner.
	~Student did not present.

	Colonizing Species Profiles

(Group Grade)
	~Group developed a colonizing species profile for both plants and birds and explained each, including information on selection.
	~Group developed a colonizing species profile for both plants and birds, but it did not include information on a possible course of selection.
	~Group developed only one colonizing species profile and explained it, including information on selection.
	~Group developed one or two colonizing species profiles but did not explain them.
	~Group did not develop any colonizing species profiles.

	COMMENTS
	


	CURRICULUM INTEGRATIONS

	ART
	Students apply media, techniques, and processes with sufficient skill, confidence, and sensitivity that their intentions are carried out in their artworks

Students conceive and create works of visual art that demonstrate an understanding of how the communication of their ideas relates to the media, techniques, and processes they use

	> Go to Art Standards…
	

	McREL NATIONAL STANDARDS AND BENCHMARKS DATABASE 
	Knows that plants and animals have features that help them live in different environments

Knows that organisms have a great variety of body plans and internal structures that serve specific functions for survival (e.g., digestive structures in vertebrates, invertebrates, unicellular organisms, and plants)

	> Go to McREL…
	

	ENGLISH/
LANGUAGE ARTS
	Uses reading skills and strategies to understand and interpret a variety of informational texts 

Uses the general skills and strategies of the writing process 

Uses grammatical and mechanical conventions in written compositions

Students use a variety of technological and informational sources to gather and synthesize information and to create and communicate knowledge.

	> Go to English/Language Arts Standards…
	

	HISTORY
	Analyze the importance of discoveries in mathematics, physics, biology, and chemistry for European society.

	> Go to History Standards…
	

	MATHEMATICS
	Students should be able to compute basic statistics and understand the distinction between a statistic and a parameter, use simulations to explore the variability of sample statistics from a known population and to construct sampling distributions;

understand how sample statistics reflect the values of population parameters and use sampling distributions as the basis for informal inference

	> Go to Mathematics Standards…
	

	TECHNOLOGY 
	E2. Understanding about science and technology:

•
Scientists in different disciplines ask different questions, use different methods of investigation, and accept different types of evidence to support their explanations.

•
Science often advances with the introduction of new technologies.

•
Creativity, imagination, and a good knowledge base are all required in the work of science and engineering.

	> Go to Technology Standards…
	


	CURRICULUM WEB LINKS
	>>> Go to Marco Polo…
	

	NAME OF WEB LINK
	WEB ADDRESS
	DESCRIPTION

	NYTimes Article:  “Engineers ask nature for design advice”
	http://www.nytimes.com/learning/teachers/featured_articles/20011211tuesday.html
	An article that is used as reading material in the biomimicry lesson

	Handouts for lesson on interspecies variation
	http://www.indiana.edu/~ensiweb/lessons/origami.html
	Handouts describing the activity and instructions.

	A site focusing on variation within a species
	http://www.pbs.org/wgbh/evolution/library/01/5/l_015_04.html

	Graphic to show variation within a species, good explanation

	Evolution In Active Interactive
	http://www.pbs.org/wgbh/nova/link/evolution.html
	An interactive simulation of evolution available free online

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	Lesson Title:
Anatomy and Physiology of Household Tools (for teacher)
	>>> Go to FOR THE STUDENT…
	1

	LESSON OVERVIEW
	•  The purpose of the inquiry lesson is for students to discover how the use of anatomical parts is related to the form of the parts 

•  Multiple comparisons will lead to further study of diversity and adaptations for survival.

Students will inquire into the relationship between form and function in everyday objects and apply the same concept to the biological world.

	INSTRUCTIONAL GOALS
	1. Students determine how form is related to function.              

2. Students will observe characteristics of common tools and physical characteristics of various specimens.              

3. Students will form questions and make conclusions based on their comparisons.              

4. Students will be able to identify any given example and predict the function of a particular structure. 

	FORMATIVE ASSESSMENT
	There will be a homework assignment to assess student understanding.  Class discussion will also be used to assess progress.  Teacher will review work in students’ journals.

	LESSON ORGANIZATION
	Opening the Lesson: 
80-90 minutes
	When students arrive have a table set up with approximately 30 household objects, many with uses that students may not know about.  Instruct students to take an object and a 3 page investigation table and take 7-10 minutes to describe that object in the table.  When they are done with an object they will exchange it for another.  At the end of the period students are asked to bring in a picture of a car that illustrates their personality for the next class.

	
	Developing the Lesson: 
45 minutes

	On the second day, the class begins with how the forms and functions of their cars (in pictures) contribute to their suitability to each student. Have students write a journal entry about the features of their car and how they fit their personality.  Have a few student volunteers share their journal explanations.

 Hold up various objects seen last time and get student responses about their uses.  Ask students how they decided what each might be used for.  Follow with brainstorming analogous biological structures (ie. A shell is to a turtle what a hardhat is to a construction worker). 

	
	Closing the Lesson: 
45 minutes
	Carousel Brainstorm:

At 6 stations throughout the room pairs of pictures are posted on the wall alongside a piece of chart paper.  The first of the pair is a tool, machine, vehicle or other functional man made object.  The second is an analogous organism or anatomical part of an organism.  Have students work in groups and brainstorm why both the organism and the object would have that particular form, and what advantages of function that form provides.  Have students spend 3 minutes at each station then rotate.  


	Lesson Title: 
Anatomy and Physiology of Household Tools (for teacher)
	>>> Go to FOR THE STUDENT…
	1

	TEACHING RESOURCES
	Approximately 30 common household tools gathered from kitchen, workshop, garage, studio, etc.   A mix of those with obvious functions ranging through some with very obscure uses.

Chart paper and markers

Investigation table handouts

Picture pairs

	ENRICHMENT ACTIVITIES
	Extra credit for adding a column on their investigation tables that describes a biological form like that of the tool.

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Will work with most learners.

	STANDARDIZED TEST ITEM GENERATOR
	None found, but would address any form/function comparisons having to do with adaptation.

	> Go to State Exam Test  Items…
	


	Lesson Title: 

Anatomy and Physiology of Household Tools (for student)
	>>> Go to FOR THE TEACHER…
	1

	LEARNING GOALS
	You will:

~ determine how form is related to function.              

~observe characteristics of common tools and physical characteristics of various specimen.              

~ form questions and make conclusions based on their comparisons.              

~ be able to identify any given example and predict the function of a particular structure.

	ASSESSMENT
	You will be assessed on your homework assignments and journal entries.  Grades will be assigned based on my judgment on whether or not the assignment was completed and will be pass/ fail.

	LEARNING ACTIVITY
	see attachment


	ENRICHMENT ACTIVITIES
	For extra credit add a column on your investigation table that describes a biological form like that of the tool.


Investigation Table

	Give your object a name:
	What does it look like?

(draw or describe)
	Features
	What do you think its function is?
	Why do you think that?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Give your object a name:
	What does it look like?

(draw or describe)
	Features
	What do you think its function is?
	Why do you think that?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Give your object a name:
	What does it look like?

(draw or describe)
	Features
	What do you think its function is?
	Why do you think that?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Barbels, Fins, & Scales (FOR THE TEACHER)
	>>> Go to FOR THE STUDENT…
	2

	LESSON OVERVIEW
	Students will discover the relationship between form and function of fish features.  They are introduced to the concept of adaptation through a short interactive lecture.  Students create their own imaginary thematic fish and diagram its adaptations.

	INSTRUCTIONAL GOALS
	Students will be able to explain how form relates to function in living things.

Students will be able to classify fish behaviors based n their physical characteristics.

Students will understand that adaptations are physical features that promote an animal’s survival and ability to reproduce, and are thus passed down to later generations.

	FORMATIVE ASSESSMENT
	Students’ worksheets will be collected and reviewed.  Informal questioning will occur during the lecture.  Students will submit their fish for a participation grade and those will be posted on the bulletin board.

	LESSON ORGANIZATION
	Opening the Lesson: 
30 minutes
	Reading Fish Activity (see attached worksheet).  Students score fish on how fast certain features would make them.  They then Classify several fish by their shapes.  

	
	Developing the Lesson: 
30 minutes
	A short interactive lecture should be given on different features of fish and their uses (see background info).  Slides should be used to exhibit each different feature.   Introduce the idea of adaptations, that certain features have certain advantages that help an animal survive and pass on those characteristics.

Students will be divided into pairs.  Each pair gets a picture of a fish.  Pairs answer the questions on the attached discovery sheet.  

	
	Closing the Lesson: 
25-30 minutes
	Students start an assignment to be finished for homework if necessary.  They are to crate their own fish and draw a diagram of it complete with labels that describe the form enough to infer its function.  A transparency of examples of previous work is displayed, and an example of proper labeling is shown on the board.
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	TEACHING RESOURCES
	See attached info sheets.

Reading Fish handout.

Students’ fish examples, copied onto a transparency.

Paper and colored pencils



	ENRICHMENT ACTIVITIES
	Students can study phenomena like bioluminescence, electricity (like in eels) and other adaptations that are not quite anatomical.

Go to http://www.liverpoolmuseums.org.uk/nof/fish/index.html


	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Groups provide peer scaffolding.  The reading may need to be guided.

	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
	


Background Info/Lecture Notes for Teacher:

As with most things in life, fishes' form follow their function. Fishes' tail symmetry, fin structure, scale type, and color, among other things, can all tell us a great deal about how the fish works, where it lives, what it eats, and what time of day it comes out into the open, if ever.

Think about how form follows function in body shape. What will a predator look like in its shape? Fat? Thin? Many predators, as common sense will tell you, are streamlined and have a pointed head. Why? So they can swim fast and catch their prey. This particular type of predator is what is called a rover-predator. Other predators like to ambush their prey. What would these fish look like? They are torpedo shaped and have big mouths so they can dart out from their hiding place and capture their prey. These are called lie-in-wait predators. Some fish have small bodies with upward turned mouths and flat heads. These guys, surface-oriented fish, do just that; they eat things like insects on the surface of water. Other fish have flat bodies and live mainly at the bottom of the water (bottom fish). Deep-bodied fish are flat from side to side, which helps them with maneuverability.

How about scales? What do you think they do? Protection. Fish do have to worry about trade-offs, though; those fish with thicker scales also cannot move as fast as one with thinner scales. It's like having armor.

Fins are used for a number of things. The paired fins - the pelvic and pectoral fins - are used for fine movement. Rover-predators have paired fins which are separated widely and are located low on the body for stability. Other fish have these fins higher on the body and have them oriented more vertically, to give a higher degree of maneuverability.

(You can sketch a generic fish here, to show the students where the pelvic and pectoral fins are. Point out the caudal fin, also.)

The caudal fin (the tail fin) addressed propulsion. A fish with a quarter-moon shaped tail with a narrow peduncle (the part that connects the caudal fin to the rest of the body) tends to be extremely fast. Fish with forked tails use them for continuous movement, either as rover-predators, or fish which live in regions with fast currents.

Spines make a fish look "bigger," as far as how easy it is to bite and swallow. These spines are oftentimes poisonous.

The size of the eyes can help us determine when fish is active. Bigger eyes usually indicate that a fish is active in the day. At night, because lighting is so bad anyway, fish tend to have smaller eyes because of the lack of their use.

Fishes' mouths tells us how a fish makes its living. A big mouth with sharp teeth tells us that the fish is a predator of other fish and animals. Bony lips (the type most of us think of when we think of fish) work like an eyedropper to suck in small pieces of food. Basically, the smaller the mouth, the smaller the prey.

Color can be used for camouflage. Silvery fish tend to be active in the day where their shininess blends in with sunlight. Red fish have the advantage of being the least visible in water (the color red is filtered out through water). "Poster colored fish" (the ones we think of when we think of the Great Barrier Reef) can have bright colors to either match their colorful environment, or to serve as a warning to other fish concerning its toxicity or some other danger.

	Form, Function, and Fish!


Name:
Get a good look at this fish and write down your best guesses for the following

1) What do you think this fish eats? Why?


2) Where do you think it lives? Why?

 

 

3) Do you think it's a predator or a prey? Why?

4) Do you think it's poisonous?

 

 

 5) What do this fish's colors tell you about it?

 

 

 6) What is the strong point of the fish (what does it do better than other fish)?
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	LEARNING GOALS
	You will be able to:

~ explain how form relates to function in living things.

~ classify fish behaviors based n their physical characteristics.

~ understand that adaptations are physical features that promote an animal’s survival and ability to reproduce, and are thus passed down to later generations.

	ASSESSMENT
	Your worksheets will be collected and reviewed for completion.  Informal questioning will occur during the lecture, and you will be expected to participate.  You will submit your fish for a participation grade (full credit for completion) and those will be posted on the bulletin board.

	LEARNING ACTIVITY
	You will discover the relationship between form and function of fish features, and classify fish by their features.  You will be introduced to the concept of adaptation through a short interactive lecture.  Working in pairs, you will then identify key features of a particular fish species and evaluate their species on its lifestyle.  Lastly, you will create your own imaginary thematic fish and diagram its adaptations.

	ENRICHMENT ACTIVITIES
	You can study phenomena like bioluminescence, electricity (like in eels) and other adaptations that are not quite anatomical.

Go to http://www.liverpoolmuseums.org.uk/nof/fish/index.html - and play with the interactive
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	LESSON OVERVIEW
	In this lesson, students explore the development of commercial products that imitate nature, known as biomimicry. Students then research natural phenomena that have inspired the development of such products and synthesize their understanding by creating infomercials.

	INSTRUCTIONAL GOALS
	Students will: 

1. Speculate about the natural source that inspired the developers of Velcro; speculate about other products that mimic nature. 

2. Explore some examples of biomimicry by reading and discussing "Engineers Ask Nature for Design Advice." 

3. Research natural phenomena that have inspired the development of commercial products; create and perform infomercials that advertise products that mimic nature. 

4. Synthesize their understanding of biomimicry by conceptualizing imaginary products that mimic nature and then designing print advertisements promoting the products.

	FORMATIVE ASSESSMENT
	Students will be graded on their participation in the infomercial activity and their homework assignments.

	LESSON ORGANIZATION
	Opening the Lesson: 
28 minutes
	Prior to class, arrange desks into groups of four, and place examples of items that use Velcro on a desk in the front of the room or on the chalkboard ledge. Write the following prompt on the board (for groups to respond to upon entering class): "As a group, identify a product that one of you has with you right now that uses Velcro (for example, a sneaker, a backpack or a jacket). If no one in your group has an example of such a product, you can borrow one from the front of the room. Velcro's development was inspired by something that exists in nature. As a group, brainstorm on a piece of paper the possible source of inspiration within nature." Each group uses hand lenses to view the structure of Velcro.  After three minutes, each group submits a sheet of paper to the teacher with their guess about the natural inspiration for Velcro.  Write a list of guesses on the board.  Hopefully, some students might think of burrs.  Have some to show each group the similarity.  Ask them if they can think of other examples of man-made products that mimic nature.

	
	Developing the Lesson: 
15 minutes
	Have students take turns reading aloud, or assign a structured reading activity using ”Engineers Ask Nature For Design Advice”, available at http://www.nytimes.com/learning/teachers/featured_articles/20011211tuesday.html
Slides of biomimicry lessons are viewed via projector.  Each group chooses a different example.

	
	Closing the Lesson: 
45 minutes
	Students have 15 minutes to come up with an infomercial for their product that is a maximum of 2-3 minutes long.  Each group then acts out their infomercial.  Students may choose to videotape their infomercial on their own time to be played next class.

Students receive a handout describing a homework assignment in which they will choose a natural process or phenomenon and brainstorm commercial implications, developing an imaginary product, and create a print advertisement for that product to be displayed in the classroom.
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	TEACHING RESOURCES
	Blackboard or Whiteboard

Products with Velcro

Hand lenses

Copies of the article

Biomimicry example slides

Homework assignment handouts

	ENRICHMENT ACTIVITIES
	If students come up with a great invention, the teacher can help them learn how to patent their idea.  

Extra questions for discussion or extra credit can be found at http://www.nytimes.com/learning/teachers/lessons/20011211tuesday.html?searchpv=learning_lessons


	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Structured reading activities are necessary for students with trouble reading.

	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
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	LEARNING GOALS
	You will: 

1. Speculate about the natural source that inspired the developers of Velcro; speculate about other products that mimic nature. 

2. Explore some examples of biomimicry by reading and discussing "Engineers Ask Nature for Design Advice." 

3. Research natural phenomena that have inspired the development of commercial products; create and perform infomercials that advertise products that mimic nature. 

4. Synthesize your understanding of biomimicry by conceptualizing imaginary products that mimic nature and then designing print advertisements promoting the products.

	ASSESSMENT
	You will be graded on your participation in the infomercial activity, as well as for the completion of your homework assignment.  I reserve the right to use my judgment to determine completion.

	LEARNING ACTIVITY
	You will explore Velcro’s structure and relate it to nature.

You will read out loud in turn from your own copy of “Engineers Ask Nature For Design Advice.”

You will develop a short infomercial with your group and perform it for the class.

You will complete a homework assignment according to the guidelines on the handout.



	ENRICHMENT ACTIVITIES
	If you come up with a great invention, the teacher can help you learn how to patent your idea.  

Extra questions for discussion or extra credit can be found at http://www.nytimes.com/learning/teachers/lessons/20011211tuesday.html?searchpv=learning_lessons



	Seeds of Variation
FOR THE TEACHER
	>>> Go to FOR THE STUDENT…
	4

	LESSON OVERVIEW
	This lesson exhibits the natural variation found in nature, using stripes on sunflower seeds as an example.  A visual as well as graphical bell curve is generated as interspecies variation is measured.  This lesson acts as a bridge between the concepts of adaptation and selection.

	INSTRUCTIONAL GOALS
	Students will be able to:

1. Classify living things via specified characteristics

2. Observe the statistical bell curve of variation in populations

3. graph their data

4. connect the concepts of adaptation, variation, and natural selection

	FORMATIVE ASSESSMENT
	Teacher observations, questioning, and graph completion will form the assessment.

	LESSON ORGANIZATION
	Opening the Lesson: 
15 minutes
	Ask students to think about their wardrobe.  Are their different types of clothes that are worn at different times?  What would happen if they moved to Florida?  What would happen if the school instituted a dress code?  Get at the points that different pieces of clothing have advantages in different “environments” and that they will still have those pieces of their wardrobe, even if they no longer have an advantage for them.

	
	Developing the Lesson: 
30 minutes
	Each student receives a packet of 50 sunflower seeds and a data table.  Students are instructed to hold a seed with one side facing them and count the stripes on that side.  They then place those seeds in half of a Petri dish (labeled with the # of stripes) with the number of seeds in it as there were stripes on that seed.  They continue with another seed, recording the # of stripes on each seed in a data table, and putting aside the same number of seeds as there were stripes, until they are out of seeds.  Students then bring their Petri dishes up to a row of graduated cylinders, each numbered to represent the number of stripes and empty them into the corresponding cylinder.  This should create a physical bar graph of data in the shape of a bell curve.  Students bring their data to a class computer, where it is entered into  a spreadsheet and class data is graphed, with the graph displayed via projector.

	
	Closing the Lesson: 
15 minutes
	Direct instruction is given on variation.  Teacher asks students to write down the purpose of the activity, including what the fundamental concept was.  Students are also asked to respond in writing to what might make one variation better than the other in a wild situation.
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	TEACHING RESOURCES
	A large bag of sunflowers seeds

Several Petri dishes for each student

Copies of a data table for each student

A set of graduated cylinders

Computer with Microsoft Excel

Projector



	ENRICHMENT ACTIVITIES
	Students can come up with other examples of variation within the same species, and explore its relationship with factors the species may be subjected to.

Students could graph their own data using Excel or a comparable program

Have students visit http://www.pbs.org/wgbh/evolution/library/01/5/l_015_04.html


	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Some students may need hand lenses to help them see the stripes.

	STANDARDIZED TEST ITEM GENERATOR
	More than 1.5 million species of 

animals have been described, yet 

all of them have DNA that is made 

of the same building blocks. This is 

evidence that all animals have 

A. a common ancestor. * 

B. identical fossils. 

C. similar appearances. 

D. the exact same DNA sequences. 

	> Go to State Exam Test  Items…
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	LEARNING GOALS
	You will be able to:

1.   Classify living things via specified characteristics

2. Observe the statistical bell curve of variation in populations

3. Graph your data

4. connect the concepts of adaptation, variation, and natural selection

	ASSESSMENT
	Teacher observations, questioning, and graph completion will form the assessment

	LEARNING ACTIVITY
	Each of you will receive a packet of 50 sunflower seeds and a data table.  You will hold a seed with one side facing them and count the stripes on that side.  Then place those seeds in half of a Petri dish (labeled with the # of stripes) with the number of seeds in it as there were stripes on that seed.  Continue with another seed, recording the # of stripes on each seed in a data table, and putting aside the same number of seeds as there were stripes, until you are out of seeds. Then bring your Petri dishes up to the row of graduated cylinders, each numbered to represent the number of stripes and empty them into the corresponding cylinder.  This should create a physical bar graph of data in the shape of a bell curve.  Bring your data to the class computer, where it will be entered into a spreadsheet and class data will be graphed, with the graph displayed via projector.

	ENRICHMENT ACTIVITIES
	Come up with other examples of variation within the same species, and explore its relationship with factors the species may be subjected to.

Graph your own data using Excel or a comparable program

Visit http://www.pbs.org/wgbh/evolution/library/01/5/l_015_04.html and explore
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	LESSON OVERVIEW
	Students participate in a simulation of the natural selection of a contrived species, a paper and straw “Egyptian Origami Bird”.  The concept of survival of the fittest is introduced.  Students discover that selection acts upon populations.

	INSTRUCTIONAL GOALS
	Students will be able to demonstrate that mutations occur randomly, selection is based on immediate circumstances of the environment in relation to the organism’s needs, the success of inherited characteristics are contingent on their usefulness in the present environment, and one cause of speciation is the isolation of a subpopulation.

	FORMATIVE ASSESSMENT
	A lab report will form the assessment of this lesson.  Most of the report is completed for the students, they just need to attach their data sheet and discussion to the handout.

	LESSON ORGANIZATION
	Opening the Lesson: 
5 minutes
	Handout instructions.  Read introduction:

The Egyptian Origami Bird (Avis papyrus) lives in arid regions of North Africa. It feeds on prom dates (Palmus juniorseniorus) and drinks from Palm Springs. Only those birds which can successfully fly the long distances between the sparsely spaced oases will be able to live long enough to breed successfully. In this lab you will breed several generations of Origami Birds and observe the effect of various genotypes on the evolutionary success of these animals.

	
	Developing the Lesson: 
120 minutes
	Over the course of two class periods, students follow the instructions and “breed” the birds.  Students answer discussion questions on separate pieces of paper.

	
	Closing the Lesson: 
55 minutes
	Students are grouped in pairs for a think, pair, share activity.  The handout describes questions that they will answer in their notebooks.


Extension Questions:  to be answered in a Think, Pair, Share activity

1. A flock of Origami Birds is blown off the mainland and onto a very small Mediterranean island. There are no predators here. Like the flightless fruit flies (Drosophila sp.) of Hawaii and the Dodo (Raphus cucullatus and Didus ineptus) before the arrival of humans on Mauritius and Reunion, these birds face little danger on the ground but experience significant risk when flying, since they can be blown off the island. The best survival strategy for these birds is to not fly at all.  

In your notebooks, predict the adaptation that would not allow these birds to fly.  Then pair with your partner and compare your predictions, revising as necessary.  Test your hypothesis, recording your methods and the results, then revise your hypothesis as necessary.

2. Another flock of Origami Birds is blown onto a different, somewhat larger, island. Silver Scissor Foxes (Vulpes cisoria sp. argentatum) live on this island, so birds which cannot fly will be eaten. The best survival strategy for these birds is to fly in boomerang or loop-the-loop curves. Birds which fly straight might drift off the island and be swept away.  

Repeat the steps that you used in #1.  Find at least one adaptation that will allow the birds curved flight paths.

3. Your Origami Bird remained on the mainland where a drought is occurring. Only those birds that can fly straight and far between oases will survive.

Repeat the steps used in the first two activities.  Record adaptations that will allow birds to survive in this environment.
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	TEACHING RESOURCES
	· Instructions

· Paper

· Tape (clear or masking)

· Straws (non-bending are best)

· Six-sided die

· Copper, or other metal

· Binary random number generator (ie. a penny)

	ENRICHMENT ACTIVITIES
	Evolution in Action interactive simulation found at http://www.pbs.org/wgbh/nova/link/evolution.html


	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Some students may need help assembling birds.  Ensure that any student that has difficulties with motor skills is grouped with a responsible, helpful student who can make the birds.

	STANDARDIZED TEST ITEM GENERATOR
	What are some of the released state standardized test items that can be integrated into this lesson?  Enter them here.

	> Go to State Exam Test  Items…
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	LEARNING GOALS
	You will be able to demonstrate that mutations occur randomly, selection is based on immediate circumstances of the environment in relation to the organism’s needs, the success of inherited characteristics are contingent on their usefulness in the present environment, and one cause of speciation is the isolation of a subpopulation.

	ASSESSMENT
	A lab report will form the assessment of this lesson.  Most of the report is completed for you, you just need to attach the data sheet and discussion to the handout.

	LEARNING ACTIVITY
	You will be provided a handout with instructions and materials for completing their investigations.  You should answer the following questions in a think-pair-share activity.

Extension Questions:  to be answered in a Think, Pair, Share activity

1. A flock of Origami Birds is blown off the mainland and onto a very small Mediterranean island. There are no predators here. Like the flightless fruit flies (Drosophila sp.) of Hawaii and the Dodo (Raphus cucullatus and Didus ineptus) before the arrival of humans on Mauritius and Reunion, these birds face little danger on the ground but experience significant risk when flying, since they can be blown off the island. The best survival strategy for these birds is to not fly at all.  

In your notebooks, predict the adaptation that would not allow these birds to fly.  Then pair with your partner and compare your predictions, revising as necessary.  Test your hypothesis, recording your methods and the results, then revise your hypothesis as necessary.

2. Another flock of Origami Birds is blown onto a different, somewhat larger, island. Silver Scissor Foxes (Vulpes cisoria sp. argentatum) live on this island, so birds which cannot fly will be eaten. The best survival strategy for these birds is to fly in boomerang or loop-the-loop curves. Birds which fly straight might drift off the island and be swept away.  

Repeat the steps that you used in #1.  Find at least one adaptation that will allow the birds curved flight paths.

3. Your Origami Bird remained on the mainland where a drought is occurring. Only those birds that can fly straight and far between oases will survive.

Repeat the steps used in the first two activities.  Record adaptations that will allow birds to survive in this environment.



	ENRICHMENT ACTIVITIES
	 Try the Evolution in Action interactive simulation found at http://www.pbs.org/wgbh/nova/link/evolution.html
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	LESSON OVERVIEW
	Students explore the concepts of natural selection, “survival of the fittest,” and differential reproduction through the use of an interactive online activity.

	INSTRUCTIONAL GOALS
	Students should be able to:

~understand that differential reproduction means that certain individuals, because of their traits, will survive and pass on their genetic information to the next generation

~inherited traits may or may not enhance an organism’s fitness

~natural selection does not produce a perfect population, nor do organisms necessarily evolve into “better” organisms over time

~natural selection is the driving force of evolution



	FORMATIVE ASSESSMENT
	The teacher will monitor students when they are using the computers.

The discussion, students notebook entries, and homework responses will be used to evaluate student understanding.

	LESSON ORGANIZATION
	Opening the Lesson: 
20 minutes
	Have students write down what they think "survival of the fittest" means. Give them five minutes to do this and then have a class discussion regarding what they each wrote down. Note: students will do this again at the end of the lesson in the Assessment section.   During the discussion, you will want to watch for student misconceptions and make sure they understand the following:

· In terms of natural selection, there are two distinct processes in evolution that are important to understand. First, the occurrence of new traits in a population occurs because of environmental conditions, survival needs, over-use or under-use of certain bodily organs or abilities, genetic mutations, and/or the formation of new combinations of existing genes. Point out that a genetic mutation OR the formation of new combinations of existing genes can affect the individual's life and that this change in genetics can be passed to one's offspring, thus affecting successive generations. Second, that these new traits have an effect on long-term survival.  
· In terms of the big picture of natural selection, it is important that students understand that a change in a population results from the survival of a few individuals that preferentially reproduce and NOT from the gradual change of all individuals in a population.  
· In terms of adaptation in the theory of natural selection, it is important to point out that populations change or adapt over generations inadvertently not deliberately! Thus, this type of adaptation is not a conscious process. It may be helpful to point out that there are different types of adaptation. For example, there are non-inherited adaptations acquired during an individual's lifetime AND there are adaptive features that are inherited in a population (e.g., natural selection).

	
	Developing the Lesson: 
45 minutes
	Have students watch the video on How Evolution Works at http://www.pbs.org/wgbh/evolution/educators/teachstuds/svideos.html (video #4)

This introduces the idea of differential reproduction and ties together what they’ve learned so far.

Next have them participate in the No Where To Hide interactive at http://www.sciencenetlinks.com/interactives/evolution.html
Students answer the questions on the handout in their notebooks.

Their handout also includes a purpose statement for this lesson

	
	Closing the Lesson: 
20 minutes
	Students get together in groups of three to come up with a revised definition of natural selection.

After 5 minutes, they share their responses.

The following definition is read aloud by the teacher:

Natural selection is a process where individuals in a population who are well 

adapted to a particular set of environmental conditions have an advantage over 

those who are not so well adapted. The advantage comes in the form of survival 

and reproductive success. For example, those individuals who are better able to 

find and use a food resource will, on average, live longer and produce more 

offspring than those who are less successful at finding food. Inherited traits that 

increase individuals' fitness are then passed to their offspring, thus giving the 

offspring the same advantages. This is also known as "survival of the fittest"

The teacher distributes the article that students are to read for homework.  Students are assigned to select at least three quotes from the reading that struck them and write a short reflection paragraph on the significance of each.

If there is time students can start their homework.
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	TEACHING RESOURCES
	Copies of student handout and homework assignment.

Computers with internet access and either quicktime or realplayer software installed

Headphones



	ENRICHMENT ACTIVITIES
	None selected for this lesson

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Simple technological tools accommodate most learners.  Group interactions enrich the experience.

	STANDARDIZED TEST ITEM GENERATOR
	Which of the following is NOT a part of Darwin's theory of evolution by natural selection?

  


A)  
Individuals in a population vary in many ways.


B)  
Some individuals possess features that enable them to survive better than individuals lacking those features.


C)  
More offspring are produced than can generally survive.


D)  
Changes in an individual's genetic material are usually harmful.

	> Go to State Exam Test  Items…
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	LEARNING GOALS
	You should understand:

~that differential reproduction means that certain individuals, because of their traits, will survive and pass on their genetic information to the next generation

~inherited traits may or may not enhance an organism’s fitness

~natural selection does not produce a perfect population, nor do organisms necessarily evolve into “better” organisms over time

~natural selection is the driving force of evolution

	ASSESSMENT
	The discussion, your notebook entries, and homework responses will be used to evaluate your understanding, and will be graded for completion.

	LEARNING ACTIVITY
	How Evolution Works Video

1) Go to http://www.pbs.org/wgbh/evolution/educators/teachstuds/svideos.html, click on video #4 

2) Watch the video with your headphones on. 

No Where To Hide Interactive

1) Go to http://www.sciencenetlinks.com/interactives/evolution.html to play the online interactive activity about natural selection.  
2) Click the "How to Play" button on the bottom left of the screen. Scroll down using the arrow key to read all of the instructions for the game.  
3) Now click the "Back" button to go back to the game and begin the online interactive. Remember, the goal of this activity is to observe what happens to the bugs (green and orange) in response to an increase or decrease in pollution levels (the color of the background). The pollution level can be altered by dragging the slider either towards the orange factory (more pollution) or towards the green trees (less pollution).  
4) Once you are finished playing the game, click on the "Learn More" button to read about the science and history behind the game.  
Answer these questions in your notebook, based on the knowledge you gained from playing the interactive and from reading the "Learn More" section.

1) Which bugs (orange or green) were eaten more when there was a low level of pollution (background green)?  

2) Which bugs (orange or green) were eaten more when there was a high level of pollution (background orange)?  

3) What factor determined the survival of the bug? Why?  

4) If the pollution level is high for an extended period of time, does this affect the survival of the green bugs? Yes or No.  

5) Would they increase or decrease over time?  

6) If the pollution level is low for an extended period of time, does this affect the survival of the orange bugs? Yes or No.  

7) Would they increase or decrease?  

8) In natural selection, the organisms that are best suited to survive in an environment have the most babies and grow in numbers, while organisms that aren't as well suited to the environment shrink and disappear. True or False.  

9) Do you think this process occurs over a short period of time or a long period of time?

The main point of this lesson is to understand the concept of natural selection including the meaning “survival of the fittest.” Get together in groups of three and come up with an explanation of natural selection and what “survival of the fittest” means. You will have five to ten minutes to do this activity. Be ready to share the answer you had before and after you did this lesson.


Misconceptions about Natural Selection

Because natural selection can produce amazing adaptations, it’s tempting to think of it as an all-powerful force, urging organisms on, constantly pushing them in the direction of progress—but this is not what natural selection is like at all.
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First, natural selection is not all-powerful; it does not produce perfection. If your genes are “good enough,” you’ll get some offspring into the next generation—you don’t have to be perfect. This should be pretty clear just by looking at the populations around us: people may have genes for genetic diseases, plants may not have the genes to survive a drought, a predator may not be quite fast enough to catch her prey every time she is hungry. No population or organism is perfectly adapted.

Second, it’s more accurate to think of natural selection as a process 
rather than as a guiding hand. Natural selection is the simple result of variation, differential reproduction, and heredity—it is mindless and mechanistic. It has no goals; it’s not striving to produce “progress” or a balanced ecosystem.

This is why “need,” “try,” and “want” are not very accurate words when it comes to explaining evolution. The population or individual does not “want” or “try” to evolve, and natural selection cannot try to supply what an organism “needs.” Natural selection just selects among whatever variations exist in the population. The result is evolution.

At the opposite end scale, natural selection is sometimes interpreted as a random process. This is also a misconception. The genetic variation that occurs in a population because of mutation is random-but selection acts on that variation in a very non-random way: genetic variants that aid survival and reproduction are much more likely to become common than variants that don't. Natural selection is NOT random!

Evolution doesn’t work this way!

Survival of the “Fit Enough”

There are many reasons why natural selection may not produce a “perfectly-engineered” trait. For example, you might imagine that cheetahs would be more fit (produce more offspring) if they could run just a little faster and catch more prey. Here are a few reasons why natural selection might not produce perfection or faster cheetahs:

· Lack of necessary genetic variation Selection can only operate on the available genetic variation. A cheetah might run faster if it had “faster genes”—but if “faster” genes are not in the population from mutation or gene flow, evolution in this direction will not happen. A “faster” cheetah might evolve if the fastest cheetah in this population passed its “faster” genes to its offspring.

· Constraints due to history Perhaps a different arrangement of leg muscles and bones would produce cheetahs that run faster—however, the basic body form of mammals is already laid out in their genes and development in 
such a mutually constrained way, that it is unlikely to be altered. There really may be “no way to get there from here.”
· Trade-offs Changing one feature for the better might change another for the worse. Perhaps “faster genes” are in the population—but there is a trade-off associated with them: running faster for short distances means the cheetah’s metabolism requires even more energy or that the cheetah's legs must become hazardously delicate. Although longer limb bones increase stride, their chances of failing due to bending loads increases as well. In this case, perhaps it would get no net increase in fitness as a result of the “faster genes.”

Deleterious Genes

A “perfect” population would not carry any deleterious genes—but as we’ve already seen, natural selection does not produce a perfect population.

We would expect natural selection to remove genes with negative effects from a population. Individuals who carry those genes would not reproduce as much, so the genes should not be passed on. 
And yet we see cases where this expectation is not met. For example, human populations generally carry some disease-causing genes that affect reproduction.

Why might deleterious genes exist in a population?

· They may be maintained by heterozygote advantage.  When carrying two copies of a gene is disadvantageous, but carrying only one copy is advantageous, natural selection will not remove the gene from the population—the advantage conferred in its heterozygous state keeps the gene around. For example, the gene that causes sickle cell anemia is deleterious if you carry two copies of it. But if you only carry one copy of it and live in a place where malaria is common, the gene is advantageous because it confers resistance to malaria.
· They may not really reduce fitness.  Some genetic disorders only exert their effects late in life, after reproduction has taken place. For example, the gene that causes Huntington’s disease typically does not exert its devastating effects until after a person’s prime reproductive years. Such genes will not be strongly selected against, because an organism’s fitness is determined by the genes it leaves in the next generation and not its life span.

· They may be maintained by mutation.  The mutation may keep arising in the population, even as selection weeds it out. For example, neurofibromatosis is a genetic disease causing tumors of the nervous system. Natural selection cannot completely eliminate the gene that causes this disease because new mutations arise relatively frequently—in perhaps 1 in 4000 gametes.

· They may be maintained by gene flow.  The gene may be common, and not deleterious, in a nearby habitat. If migration from the nearby population is frequent, we may observe the deleterious gene in the population of interest. For example, in places like the U.S., where malaria is not a problem, the gene that causes sickle cell anemia is strictly disadvantageous. However, in many parts of the world, the gene that causes sickle cell anemia is more common because a single copy of it confers resistance to malaria. Human migration causes this gene to be found in populations all over the world.

· Natural selection may not have had time to remove them yet. The direction of selection changes as the environment changes—what was advantageous or neutral ten generations ago may be deleterious today. It is possible that some of the deleterious genes that we observe in natural populations are on their way out, but selection has not yet completely removed them. For example, although there is debate about the issue, some researchers have proposed that the relatively high frequency in European populations of the gene causing cystic fibrosis is a historical holdover from a time when cholera was more rampant in these populations. It is proposed that carrying the cystic fibrosis gene provided some resistance to cholera and so increased in frequency in earlier European populations. Now that these developed nations are no longer threatened by cholera and the selective environment has changed, natural selection may be slowly weeding the cystic fibrosis gene out of those populations.
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