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Objective 

The purpose of this lab exercise is to model the effects of natural selection on the appearance and genetic make-up of a natural population.  It is obvious in the case of the peppered moth. Hopefully it will also be obvious in the case of the pastel dragonflies.  Before we begin, we will need to define some important genetics terminology: 
· Describe the importance of coloration in avoiding predation

· Relate environmental change to changes in organisms

· Explain how natural selection causes populations to change

· Alternative forms of a gene are called alleles. 

· The genetic constitution of an individual is called its genotype. 

· The physical expression of a genotype is called the phenotype. 

· If two alleles are identical, an individual is said to be homozygous for that gene; if two alleles are different, the individual is said to be heterozygous. 

· A dominant allele has such a strong phenotypic effect in heterozygous individuals that it conceals the presence of the weaker (recessive) allele. 
  

Introduction 

The case of the peppered moth (Biston betularia) is a classic example of adaptation through directional selection (selection favoring extreme phenotypes). Prior to the industrial revolution in England (pre-1740), the peppered moth was found almost entirely in its light form (light body colored with black spots). The moths would spend daylight hours on trees covered by a light colored lichen, their light colors giving them almost perfect camouflage against predatory birds. There were a few dark individuals in the population, but their occurrence was very rare. Scientists have determined that body color in the peppered moth is controlled by a single gene. The allele (version of the gene) for dark body color is dominant, which means that a moth possessing at least one such allele will have a dark body. (Each individual will have two copies of the gene–one from each of its parents.) To have a light body, the moth has to have both alleles for light body color. 
Dark moths were at a distinct disadvantage, however, due to their increased vulnerability to bird predation. Thus the frequency of the dark allele was very low (about .001%), maintained primarily by spontaneous mutations from light to dark alleles. By 1819, the proportion of dark moths in the population had increased significantly. Researchers found that the light-colored lichens covering the trees were being killed by sulfur dioxide emissions from the new coal burning mills and factories built during the industrial revolution. Without the light background of the trees, the light moths were more visible to vision-oriented predators (birds). They were losing their selective advantage to the dark moths, which, against the trees’ dark bark background, were less visible to birds. In 1848, the dark moths comprised 1% of the population and by 1959 they represented ~90% of the population. So, in 100 years the frequency of dark moths increased by 1000 fold!  

Adaptations to pollution are just one example of natural selection.  Industrial Melanism is a term used to describe the adaptation of a population in response to pollution. One example of rapid industrial melanism occurred in populations of peppered moths in the area of Manchester, England from 1845 to 1890. Before the industrial revolution, the trunks of the trees in the forest around Manchester were light grayish-green due to the presence of lichens. Most of the peppered moths in the area were light colored with dark spots. As the industrial revolution progressed, the tree trunks became covered with soot and turned dark. Over a period of 45 years, the dark variety of the peppered moth became more common.

Equipment/Materials:

1 yard lengths of colored cloth

Various colors of paper punched out in the shape of insects (dragon flies)

Forceps
Colored Pencils
Clock with Second Hand
Small plastic cup (stomach) 
Graph paper

Laboratory Assignment

Answer Sheet

Safety:

No safety concerns

Instructions:

1. Shake the plastic bottle to mix the dragon flies.

2. Place a piece of material on the table and have one person spread 30 the entire contents of the plastic container of dragonflies over the surface while the other person isn't looking.
3.  The "predator" will then use forceps to pick up (eat) as many of the dragonflies as he can in 15 seconds and place them in the small plastic cup (stomach).
4. Remove the dragon flies from the cup after each predation. 

5.  This trial will be repeated by the other members of the class in lab groups with different colored material.

6.  Record the data in charts below.
7. After completion of the assignment, place dragon flies on white paper.

8. Carefully replace all dragon flies into the plastic container. 

Results: 
Record your results in the table below and answer the following questions. 

What is the predominate color of your environment (material)? _____________________
	
	Red 
	Orange
	Yellow
	Pink
	Dr. Green
	Turquoise
	Purple
	Brown
	White
	Blue

	# eaten in 1st predation
	
	
	
	
	
	
	
	
	
	

	# eaten in 2nd predation
	
	
	
	
	
	
	
	
	
	

	# eaten in 3nd predation
	
	
	
	
	
	
	
	
	
	

	# eaten in 4th predation
	
	
	
	
	
	
	
	
	
	

	# eaten in 5th predation
	
	
	
	
	
	
	
	
	
	

	Number  remaining
	
	
	
	
	
	
	
	
	
	


Conclusion/ Analysis: 

Answer the following questions about the laboratory assignment.  You may use the back of the paper if you require more room. 
1. What did the experiment show about how prey are selected by predators? 
2. Which color of dragonfly best survived your predation? 

3.  What dragonfly coloration is the best adaptation for a dark background? How do you know?  This is based on results of all lab groups.
4. Generally what would the next generation look like if pink dragonflies could only mate with other pink or purple dragonflies?
5.  What would you expect the next generation of dragonflies to look like after trial 5? 
6.  How does the simulation (our pastel dragonflies) model and compare to natural selection similar to the peppered moths?
7.  What are the allele frequencies and phenotype frequencies of the prey population during each generation? NOTE: You should calculate these during class.  Use the Punnett Square. Your teacher will tell you which colors of dragonflies may mate. 
8.  How are allele frequencies changing over the course of time in the prey population? Explain why you might see the changes that we observe. 
9.  How are allele frequencies changing over the course of time in the predator population? Explain why you might see the changes that we observe.
10.  Explain how the environment chosen (that is, the surface over which we scatter the dragonflies) might affect the results of this experiment. Provide an example of this situation from the natural world.
11.  We run the experiment as before, but suppose we now allow predators to search for as long as they want. Assume that one cup of prey is enough to satisfy a predator, after which it retreats behind vegetation to snooze. How will this affect adaptations of the outcomes we observed? Explain your reasoning.
12. Again let predators search for as long as they want. However, now predators search until all prey are found; the only restriction is that each predator must pause for one minute after filling his or her cup (to “digest”), after which they may resume foraging (after dumping the cup out into a “save” pile). Assume that getting more food means you can grow faster and will be larger at adulthood. Explain your reasoning. 

13. How might humans aid or not further jeopardize the existence of all species of pastel dragonflies?
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Natural Selection in Pastel Dragon Flies

Teacher Notes:  

 PA Standards: 
3.2.  Inquiry and Design
The nature of science and technology is characterized by applying process knowledge that enables students to become independent learners. These skills include observing, classifying, inferring, predicting, measuring, computing, estimating, communicating, using space/time relationships, defining operationally, raising questions, formulating hypotheses, testing and experimenting, designing controlled experiments, recognizing variables, manipulating variables, interpreting data, formulating models, designing models, and producing solutions. 
A. 3.2.7
· Explain and apply scientific and technological knowledge

· Distinguish between a scientific theory and a belief.

· Answer “What if” questions based on observation, inference or prior knowledge or experience.

· Explain how skepticism about an accepted scientific explanation led to a new understanding.

· Explain how new information may change existing theories and practice.

B. Apply process knowledge to make and interpret observations. 

· Measure materials using a variety of scales.

· Describe relationships by making inferences and predictions.

· Communicate, use space / time relationships, define operationally, raise questions, formulate hypotheses, test and experiment, 

· Design controlled experiments, recognize variables, and manipulate variables.

· Interpret data, formulate models, design models, and produce solutions.

C. Identify and use the elements of scientific inquiry to solve problems.

· Generate questions about objects, organisms and/or events that can be answered through scientific investigations.

· Evaluate the appropriateness of questions.

· Conduct a two-part experiment.

· Judge the significance of experimental information in answering the question.

· Communicate appropriate conclusions from the experiment.

3.2.10 
A. Apply knowledge and understanding about the nature of scientific and technological knowledge.

· Compare and contrast scientific theories and beliefs.

· Know that science uses both direct and indirect observation means to study the world and the universe.

· Integrate new information into existing theories and explain implied results.

B. Apply process knowledge and organize scientific and technological phenomena in varied ways.

· Describe materials using precise quantitative and qualitative skills based on observations.

· Develop appropriate scientific experiments:  raising questions, formulating hypotheses, testing, controlled experiments, recognizing variables, manipulating variables, interpreting data, and producing solutions.

· Use process skills to make inferences and predictions using collected information and to communicate, using space / time relationships, defining operationally.

C. Apply the elements of scientific inquiry to solve problems.

· Generate questions about objects, organisms and/or events that can be answered through scientific investigations.

· Evaluate the appropriateness of questions.

· Design an investigation with adequate control and limited variables to investigate a question.

· Organize experimental information using a variety of analytic methods.

· Judge the significance of experimental information in answering the question.

· Suggest additional steps that might be done experimentally.

D. Identify and apply the technological design process to solve problems.

· Examine the problem, rank all necessary information and all questions that must be answered.

· Propose and analyze a solution.

· Implement the solution. 

· Evaluate the solution, test, redesign and improve as necessary.

· Communicate the process and evaluate and present the impacts of the solution.

D. Know and use the technological design process to solve problems.

· Define different types of problems.

· Define all aspects of the problem, necessary information and questions that must be answered.

· Propose the best solution.

· Design and propose alternative methods to achieve solutions.

· Apply a solution.

· Explain the results, present improvements, identify and infer the impacts of the solution.

3.3.  Biological Sciences
Biology concerns living things, their appearance, different types of life, the scope of their similarities and differences, where they live and how they live.  Living things are made of the same components as all other matter, involve the same kinds of transformations of energy and move using the same basic kinds of forces as described in chemistry and physics standards.  Through the study of the diversity of life, students learn to understand how life has changed over a long period of time.  This great variety of life forms continues to change even today as genetic instructions within cells are passed from generation to generation, yet the amazing integrity of most species remain.

3.3.7

A. 3.3.7 

· Describe the similarities and differences that characterize diverse living things.

· Describe how the structures of living things help them function in unique ways. 

C. Know that every organism has a set of genetic instructions that determines its inherited traits.

· Identify and explain inheritable characteristics.

· Identify that the gene is the basic unit of inheritance.

· Identify basic patterns of inheritance (e.g., dominance, recessive, co-dominance).

· Describe how traits are inherited.

· Distinguish how different living things reproduce (e.g., vegetative budding, sexual).

· recognize that mutations can alter a gene.

· Describe how selective breeding, natural selection and genetic technologies can change genetic makeup of organisms.

D. Explain basic concepts of natural selection.

· Identify adaptations that allow organisms to survive in their environment.

· Describe how an environmental change can affect the survival of organisms and entire species.

· Know that differences in individuals of the same species may give some advantage in surviving and reproducing.

· Recognize that populations of organisms can increase rapidly.

· Explain how biologic extinction is a natural process.

Lab Time:
Approximately 40 minutes
Preparation:
 Place the material on a large flat surface and be careful not to loose dragonflies to the floor.
Considerations/ Students should already know: 

Students should read and be familiar with camouflage and characteristics of natural selection. Students should read the hand-out about the peppered moth. 

The Peppered Moth

http://www.utm.edu/~rirwin/moth.htm

In pre-industrial England, a species of moth, the peppered moth (Biston betularia) occurred. Almost all peppered moths were gray with dark flecks, but very rarely a black moth was observed. The color forms are illustrated here; note that they belong to the same species; they reproduce with each other, and the color difference depends primarily on alternate alleles for a single gene. The black moths were presumably produced by mutation: biochemical change in DNA that makes up the genes for a trait.
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Peppered moths rest during the day on tree trunks, where they are vulnerable to being eaten by birds. In pre-industrial England, tree trunks were gray. As illustrated here, gray moths are well camouflaged on gray tree trunks; black moths stand out.
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It has been shown experimentally (by Kettlewell) that in areas with gray tree trunks, black moths are much more likely to be eaten by birds than are gray moths (presumably because black moths are much easier for the birds to see.)

When industry developed in England, pollution from factories turned tree trunks in forests in industrial areas black. As illustrated here, on black tree trunks, black moths are well camouflaged; gray moths stand out.
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It has been shown experimentally (by Kettlewell) that in areas with black tree trunks, gray moths are much more likely to be eaten by birds than are black moths (presumably because gray moths are much easier for the birds to see.)

In industrial areas, because black moths avoided being eaten by birds, they survived better and therefore reproduced more (had higher fitness.) As a result, each generation, more and more of the offspring born came from black parents and inherited the black coloration, since the color differences between moths (gray versus black) are genetic. After many moth generations, almost all the moths in industrial areas were black. Black coloration is an adaptation to an environment with black tree trunks; that is, it has evolved through natural selection because black individuals have higher fitness in forests with black tree trunks than do gray moths.
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Note that this example illustrates Darwin's four postulates:

· not all young produced in a generation survive to reproduce -- many more moth eggs are produced than can survive; many moths will be eaten by birds before they reproduce. 

· there is variation among individuals -- some are black in color, others are gray 

· the variation is genetic -- black moths have different alleles for color than do gray moths 

· the different forms differ in fitness -- in industrial environments, black moths survive to reproduce better than do gray moths since gray moths get eaten by birds. 

Note also that an individual moth does not adapt -- it is genetically either black or gray and can not change. Individuals do not adapt. The population of moths adapts because those individuals with lower fitness traits do not reproduce as much, so their genes are not carried on from generation to generation as much as the genes for higher fitness traits, so the traits coded for by those genes (in this case the trait of being a gray moth) die out over time, and traits with high fitness (in this case the trait of being a black moth) become common.

The case of the peppered moth (Biston betularia) is a classic example of adaptation through directional selection (selection favoring extreme phenotypes). Prior to the industrial revolution in England (pre-1740), the peppered moth was found almost entirely in its light form (light body colored with black spots). The moths would spend daylight hours on trees covered by a light colored lichen, their light colors giving them almost perfect camouflage against predatory birds. There were a few dark individuals in the population, but their occurrence was very rare. Scientists have determined that body color in the peppered moth is controlled by a single gene. The allele (version of the gene) for dark body color is dominant, which means that a moth possessing at least one such allele will have a dark body. (Each individual will have two copies of the gene–one from each of its parents.) To have a light body, the moth has to have both alleles for light body color. 
Dark moths were at a distinct disadvantage, however, due to their increased vulnerability to bird predation. Thus the frequency of the dark allele was very low (about .001%), maintained primarily by spontaneous mutations from light to dark alleles. By 1819, the proportion of dark moths in the population had increased significantly. Researchers found that the light-colored lichens covering the trees were being killed by sulfur dioxide emissions from the new coal burning mills and factories built during the industrial revolution. Without the light background of the trees, the light moths were more visible to vision-oriented predators (birds). They were losing their selective advantage to the dark moths, which, against the trees’ dark bark background, were less visible to birds. In 1848, the dark moths comprised 1% of the population and by 1959 they represented ~90% of the population. So, in 100 years the frequency of dark moths increased by 1000 fold!  

Adaptations to pollution are just one example of natural selection.  Industrial Melanism is a term used to describe the adaptation of a population in response to pollution. One example of rapid industrial melanism occurred in populations of peppered moths in the area of Manchester, England from 1845 to 1890. Before the industrial revolution, the trunks of the trees in the forest around Manchester were light grayish-green due to the presence of lichens. Most of the peppered moths in the area were light colored with dark spots. As the industrial revolution progressed, the tree trunks became covered with soot and turned dark. Over a period of 45 years, the dark variety of the peppered moth became more common.

Vocabulary:

Organic evolution is defined as change in genetics of a population over time (generations) 

A population refers to all individuals of the same species living in a defined area at the same time. 

Organic evolution can be studied at two different levels: 

1. microevolution, which refers to small-scale genetic changes within populations 

2. macroevolution, which refers to the large-scale results of genetic changes in populations, including the formation of new species and the evolution of large scale trends seen across species in what traits they have. 

INTRODUCTION TO MICROEVOLUTION: 

Microevolution occurs through several mechanisms. The first of these that was discovered, and the form which is best known, is natural selection. It was discovered independently by Charles Darwin and Alfred Russel Wallace. 

Natural selection is evolution that occurs because individuals with some traits survive and reproduce better than do individuals with other traits. As a result, those traits that result in high survival and reproduction are passed from generation to generation, through reproduction, at a higher rate than are other traits. These traits become increasingly more and more common in populations. 

Fitness refers to the degree to which individuals with certain traits are expected, on average, to survive and reproduce. Natural selection can also be said to occur because of difference in fitness within a population. 

Adaptation refers either to the process of natural selection, or to a trait that has evolved through natural selection. 

There are four properties of a population (your textbook calls these "Darwin's four postulates") that, together, result in natural selection. These are: 

· More young are produced each generation than can survive to reproduce. This is generally observed in all species; many of the offspring born to any generation die before reproduction. 

· Individuals in a population vary in their characteristics. This is also generally observed in species; individuals are not identical to one another. 

· The differences among individuals are based on genetic differences. We know the genetic basis for many traits in natural populations and often have observed that the differences among individuals are present because of genetic differences. 

· Individuals with some characteristics survive and reproduce better (have higher fitness) than do individuals with other characteristics. This has now been observed in hundreds of populations. 

If these four postulates are all true of a population, they result in natural selection; those individuals with higher fitness end up being the ones who survive each generation, and as a result reproduce more (you don't reproduce when you're dead); since the traits are genetic, they get passed on to the next generation, and therefore become more common than they were in the previous generation. 

The peppered moth: One of the earliest examples of natural selection to be described occurred in the peppered moth. It shows how the four postulates work, and how natural selection occurs. 

HIV evolution: The example of AZT resistance in HIV is an example of natural selection. It also illustrates how the four postulates work, and how natural selection occurs. 



INTRODUCTION TO MACROEVOLUTION: 

Speciation refers to the formation of new species; it occurs when one ancestral species evolves into more than one (typically two) descendant species. 

Species are typically defined as groups of organisms that are so similar to each other that they can reproduce and produce healthy fertile offspring (later in the term we will consider other ways of defining species, but this definition is good for now.) The idea is that if organisms belong to the same species then they can reproduce and their offspring can also survive and reproduce. If organisms belong to different species, they can't reproduce with each other or, if they do, their offspring die or are sterile. 

Since speciation occurs when one species evolves into more than one new species, it increases the number of species that exist. Note that evolution does not necessarily cause speciation -- for example, peppered moths evolved from gray to black but no new species were formed. 

Phylogeny refers to the evolutionary history of species, or history of speciation; it refers to the family tree of all life, indicating how all living things are related. It is typically diagrammed as a tree. 

http://www.utm.edu/~rirwin/391introlec.htm

The process of speciation, and how it leads to phylogenetic history, which can be diagrammed as a tree, is illustrated here: 
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Phylogenies can be drawn in several different ways. Some of these are illustrated here: 
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We will use phylogenies, drawn as trees, extensively in this course. At this point, you should study the phylogeny of HIV and related immunodeficiency viruses in Chapter 1 in your textbook and make sure you understand what such a diagram indicates about the history of life. 

Study Tips: 

1. practice applying Darwin's four postulates to real situations (as in qu. 3 in ch. II of the lab manual) 

2. start being very careful in how you use the words "individual", "population", and "species."  They have different meanings, and if you use the wrong one by mistake you say something very different from what you mean (and will lose points on homework, exams, and papers as a result.) 

3. take some phylogenies (from this page, lecture notes, or your textbook) and practice drawing the same phylogeny in different ways so that it becomes obvious to you when two drawings represent the same phylogeny. 
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