BCOR 12

Lab Investigation #1

Evolution by Natural Selection
Introduction

Life is incredibly diverse, with living organisms of many different sizes, shapes, life-styles, and behaviors that appear specially designed for the environments in which they live.  Is there a natural process that can explain why there are so many different species, and why they are so well suited to their environments?  Darwin suggested that the pattern of biodiversity we observe now could have arisen through time by a single, simple process, evolution by natural selection.   The essence of his argument is that organisms tend to produce more offspring than the environment can support, leading to competition within that environment for resources, territories, and reproduction.  Over time, competition can lead to a closer match between organisms and their particular environments, if the following conditions are met: if the members of a species vary in their characteristics (variation), and certain variants of those characteristics increase their reproduction relative to others (selection), and parents can pass those advantageous variants on to their offspring (parent-offspring resemblance).  This process would work on any new variants that appeared, modifying the population with each generation, such that different environments would eventually be filled with very different looking species whose form was uniquely well suited to that environment even if all were originally similar in appearance.  

In this lab, we will be investigating Darwin’s conditions for evolution by natural selection in a population of the common buckeye butterfly, Precis coenia.   Common buckeyes have colorfully patterned wings, with lines, splotches and circles of different colors.  We will be looking at digital images of the wing characteristics of adult P. coenia and their offspring, which were all collected from a population in North Carolina as part of the doctoral dissertation work of Susan Paulsen at Duke University in the early 1990’s.  Over the next two weeks, we will 1) determine whether there is variation in wing pattern characteristics and learn how to measure and describe that variation, 2) explore how selection might act on wing pattern characteristics and learn how to quantify its intensity, and 3) investigate the extent of parent-offspring resemblance in wing characteristics.  We will then put all three of these processes together to predict how much wing characteristics in this population should evolve, or change across generations, in response to selection.

Written Requirements

In-class material: You will need to answer all the questions in writing listed in the lab text.

Spreadsheets and tables: As part of the lab assignment, you will be creating an Excel spreadsheet with data, calculations, and graphs, as well as a histogram using the program ImageJ.  All of these need to be printed out and placed in your lab notebook.  

Lab Report:  You will submit the results of this exercise as a formal lab report.  A draft will be due in Week 3 and your final version of the lab report will be due in week 5.  In preparation for the lab report you must complete in the Pre-draft questions (see attached handout) and submit them to your lab instructor in week 2.

Pre-Draft Questions:


5 points (due week 2)
Draft Submission:


5 points (due week 3)
Peer Review:



5 points (completed during lab on week 3)

Response to Peer Review:

5 points

Final Lab Report:


40 points
Please see the separate handouts that have details of the Lab Report and writing assignments.

Week 1

Part I: Variation
Although different species are often recognized by the fact that they look different from one another, we generally think of a species as being composed of individuals that all look predictably the same (an elephant, for instance), so it is not obvious that there would be any variation within a species upon which natural selection might act. So our first question to answer is whether individuals do indeed vary, and for that we are going to have to examine them closely.  

Please work in groups of 2 for this investigation.  

A. Identifying characters

The physical make-up of an organism is called its phenotype; we can further break this down into many individual components, or characters, such as eye color, antenna length, or wing shape.  This is a useful way of describing the phenotype because it allows us to measure the variation of, and track changes in, each one of these components separately.  
To get a close look at the various characters that make up a butterfly wing, open up one of the P. coenia wing images (these are all images of the right front wing) by double-clicking on any image you like in the “P. coenia adults” folder in the “Butterfly Lab 2” folder on the desktop.  Make an outline drawing of the wing, indicating all the elements of the wing patterning that you see.  These will serve as characters for our investigation.  Pick one of these that you would like to focus on and note it on your drawing.  What to pick is up to you and depends on what aspect you think might be most important to a potential predator.

B. Quantifying variation

If there is variation in these characters, how can we describe it in a way that will be useful to others?  The verbal description you provided above, although informative, does not provide any specifications that any other group could use to compare with their own samples.  Instead of a verbal description, what we need is a quantifiable measure that describes the character in such a way that the same measure could be applied by anyone on any other sample in comparison.  This measure could be a classification system with discrete categories (e.g., round vs. square vs. triangular), in which each category would be a variant of the character, or a trait.   Alternatively, it could be a continuous measure along some numerical scale (e.g., length), in which we measure the trait value of the character.  We will focus on continuous measures today.  

Decide on a continuous measure that you will use to describe your chosen character in each individual; you want only one measure, not several.  You might want to measure the width of a color stripe, for instance, or you might think the total area covered by the stripe is more interesting and measure that, or the distance between your character and the wing edge, or even how light in color a particular feature is.  Show the measurement on your drawing, and verbally describe precisely what you will measure such that another group could make exactly the same measurement in their samples.  
C. Data collection

Now we will measure variation in your chosen character using digital images of the forewings of 40 individuals.  They are stored in a folder labeled “P. coenia adults” inside the “butterfly lab” folder, and are labeled as adult1-adult40.  

Double-click on the measurement program file ImageJ.exe and it should open to reveal a simple toolbar.  Go to File-Open on the main toolbar and select the first file from the image folder.  It should open up as an image.  On the ImageJ toolbar you can select a line tool for length measurements (the 5th button from the left) or the outline tool for measuring area (the 4th button from the left).  Use the cursor to choose your starting point on the image, then click and hold the mouse to create a line or shape.  When you have measured or outlined what you want, go to Analyze-Measure and a results window will open up (you can drag the corner to make this larger), which will include length (in pixels), mean gray value (a measure of how light something is) and area (in pixels).  When you have measured your character, close the image and open the next.  When you make the same measurement on the second individual, it will appear in the results window just below the first.  Continue until you have completed all 40 samples.  
Look over all your measurements.  According to your data, is there variation in your character in this population?

D. Describing variation in a population
Now you know if there is variation or not, but what we really want to have is a quantitative measure of how variable the character is.  Does it vary a lot or a little?  We can answer this by compiling our data together into a distribution of values, whose properties we can then describe.  We will do this graphically by creating a histogram, or plot of the number of individuals whose trait values fall into a set of size classes.  

To create a histogram of your data, click on Analyze-Distribution (not “Histogram”) and an options screen will pop up.  Select the correct measurement for your data (area or mean gray value or length), and put in 10 bins (the number of size classes it will sort your samples into).  Look over your measurements and figure out what the smallest and largest values are.  This is the range of values that you have.   In the “range” box, put a slightly larger range than that (e.g., if you have between 60 and 130, put down”50-150”), then click OK.  A graph should pop up showing the number of individuals in each increasing size class, and if you scroll over the bars you can read the size class of each bin and the number of individuals represented.  A number of mathematical descriptors of the distribution are listed below the plot.  

1. What is the overall shape of your distribution?  Where are the most samples located?

2. What is the mean trait value of your character (the mean is a measure of the central tendency of your distribution, calculated as the sum of all your individual values divided by the number of samples)?

3. What we are really after is a measure of how much variation there is in your character, or how much the individual samples deviate from the mean on average.  A commonly used measure of this is the standard deviation; for a normal (bell-shaped ) distribution, 68% of the samples will lie within one standard deviation away from the mean on either side.  So the bigger the spread of values, the larger the standard deviation will be.  What is the standard deviation in your character? 

4. How do different characters compare in their amounts of variability?  It is difficult to compare standard deviations directly, as a character with a large mean will also tend to have a larger standard deviation.  To control for this, we can use the coefficient of variation, the standard deviation divided by the mean, which is directly comparable across characters of any size.   Calculate the coefficient of variation for your character, and put your character, its mean trait value, and its coefficient of variation up on the board.  
5. Looking at all the data from the class, do different characters seem to have similar amounts of variation?  What types of things vary more, and what vary less?
6. Just based on these values, do you think these characters differ in their potential to evolve?  Which has more potential, and why?
When you have finished this part of the lab, make a folder for your lab group on the computer desktop.   Then click on File-Save inside the Results window and save your table to your folder as an excel file with your lab date, time, and last name of one member of your group (e.g., “Mon1130Smith”) as a file name (we will use these values again).  You should also save your histogram window as a jpeg file into your folder.  Your TA will copy your folder to a lab thumb drive so you can retrieve your data for parts II and II next week.

Week 2
Part II: Selection

What is natural selection?  It is often popularized as “survival of the fittest,” suggesting an extreme difference in outcome for those that are “fit,” who flourish, and those who are “unfit,” who die.  Is this description accurate?  In this part of our investigation, we will take a closer, more quantitative look at how the process of natural selection actually works by simulating selection acting on our wing pattern characteristics.  

To simulate the process of natural selection acting on our population, we will be serving as “predators” picking out butterflies to catch and eat based on what their wings look like. 

1. Would you predict that your character will impact whether or not the butterfly is picked out more often?  If so, do you think having a lower or higher value of your measure will make a butterfly less likely to be picked?  Briefly explain why.

A. Simulating natural selection: Butterfly predation
1. In the “Butterfly Lab” folder, you will find a Powerpoint file called “Selection panels.”  Double click on the file to open it.  

2. Choose one of you to go first, while the other serves as recorder.  

3. Each plate will have 20 wings, with every row assigned a letter name (A-D) and every column a number (1-5).  The plates are numbered from 1-10. When you are ready to begin, start the slide show from the first slide.  For each plate of 20 wings, pick out the one that most strongly catches your eye as quickly as possible and point to or call out the position of that wing (e.g., “B3”) to your labmate, who will record your choice in the table below.   Note that you will have only 3 seconds to make your choice before the slide advances, so pick quickly!

4. When you have gone through the entire slide show, switch roles.

Plate choices:
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When you have finished, use the key, which is an Excel file (“Selection plate key,” located either in the butterfly folder or on the desktop), to figure out which butterfly was picked in each panel, and list them below:

Butterfly chosen:
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Count up how many times you picked each of the 20 butterflies and add your data to the class tally up on the board.  To enter the class data into your own spreadsheet, open the table of trait value measurements that you saved from ImageJ (it will open in Excel).  Although we will be using only individuals 1-20 here, PLEASE DO NOT DELETE INDIVIDUALS 21-40 FROM YOUR DATASHEET – WE WILL NEED THEM IN PART III!  You can delete the columns with measurements you don’t need (i.e. all other than the sample ID and the area, mean gray value or length measurement you are using for your character), and then add a new column titled Predation and enter the total number of predation events for each of the first 20 individuals.  
1. Take a look at the predation values you see.  Are butterflies always chosen /never chosen, or is the risk of predation a more continuously distributed property? 

2. What do you think made the more fit butterflies less likely to be chosen? 
B. Quantifying natural selection

Although in each particular predation event an individual lives or dies (a yes/no description), over many predation episodes we can calculate the likelihood of being killed (a proportion, from 0-1), and by subtracting this value from 1, the likelihood that it will survive. This number represents how we expect that particular phenotype to do on average, which we can compare to the rest of the population.  If we assume that all survivors have the same number of offspring, this comparative measure is its fitness:  the average contribution of this phenotype to the next generation of butterflies relative to the population mean.  

1. To calculate the likelihood of being killed for each butterfly, make another column titled Proportion eaten, and in it divide the observed number of predation events for that individual by the sum total number of predation events (on everyone). 
2.  In the next column (called Survival), subtract these values from 1 to arrive at the likelihoods of survival for all the butterflies.  
3. In a third column (called Fitness), divide each individual’s survival value by the average survival value for the set of 20 butterflies.  By dividing by the mean, we are expressing how much better or worse this phenotype should do than the average (which is set at the number 1): values over 1 indicate better than average, while values lower than 1 indicate worse than average.  Your TA will show you how to use mathematical functions in Excel to automate this process.
Now we know that fitness varies, but we don’t yet know if that is associated with differences in the characters we have measured.  Does the trait value at your chosen character affect the likelihood of being chosen?  To test this, we need to test whether having a higher trait value at that character is associated with having a higher (or lower) fitness.  If it is, individuals with a higher trait value, on average, would contribute more (or less) to the next generation of butterflies; in other words, there would be natural selection on this character!

4.  In Excel, select the entire column of trait values for individuals 1-20.  Then hold down the Cntrl key and select the fitness values for those same individuals.  Go to Insert and select a scatter plot (dots only, no lines).  A scatter plot with the trait values on the X (horizontal) axis and the fitness values on the y (vertical) axis should appear.  Left-click on one of the data points, then right-click and select “Add trendline”.  A trendline window will appear.  Click OK, and a straight line should appear on your graph.  This line shows the average relationship between the trait value and fitness.  A positive relationship indicates selection for a larger value, a negative relationship indicates selection for a smaller value, and no relationship (a flat line) indicates no natural selection is acting on this particular character.  
5. Based on your graph, is there natural selection acting on your character, and if so, in what direction?

How steep the line is indicates the strength of selection, or how strongly selection is acting. 
 A useful way of quantifying the intensity of selection is the selection differential (S), how much the mean trait value shifts after natural selection has acted (ie after predation has taken place).  Note that we do NOT call this change evolution, because this is all happening within one generation of individuals and evolution is change across generations.  

6. To calculate S, we are going to calculate a new mean trait value that takes into account the likelihood that each individual would actually survive to reproduce after predation has occurred.  Make a fourth column in your Excel file called “Weighted value” which for each individual in the table will be the product of its trait value and its fitness (i.e. multiply the two values together). Then calculate the average of all the weighted values to get the post-selection mean trait value.  Subtract the original mean trait value from the new one, and you have the selection differential S.  Please note your S value below, and make sure to save all your work in your Excel file.  

7. Add the S value to the character summary table on the board.  Is selection acting similarly on the different traits measured by the class?  Does it seem like there is stronger selection on some traits than on others?  Are you surprised by how selection acted on any of these characters?
Part III: Parent-Offspring Resemblance
Even if there is very strong natural selection acting on a character, this does not necessarily mean there will be evolution.  One last step is required: the parents with higher fitness have to be able to pass on their trait values to their offspring in order for the next generation to show the effects of selection on their parents.  

How traits are passed from parents to offspring was a mystery to Darwin. Today we recognize that the primary unit of information that is inherited by offspring is the gene, a stretch of DNA that codes for a specific protein.  In BCOR11, you were introduced to the Laws of Inheritance proposed by Gregor Mendel, and the patterns of inheritance from parent to offspring for characters controlled by one gene with dominant-recessive relationships among alleles.  Inheritance at single genes produces a discrete set of alternate traits (wrinkly vs. smooth, white vs. red, etc.), and the proportions of offspring traits can be predicted from the genotypes of the parents.  Continuously varying characters, like those we are measuring today, are usually produced by alleles at many genes, each of which has a small effect on the trait value (increasing or decreasing it a little bit).  The overall effect of all these genes produces a bell-shaped distribution of offspring phenotypes. 

In addition to genetics, the phenotype can also be influenced by environmental factors, such as nutrition, temperature or crowding.  Since these factors are not shared by parents and their offspring, an individual with a larger-than-average character due to the environment would not necessarily be expected to have offspring with a larger-than-average character, regardless of how strongly selection favors the larger trait value!

So if we want to know how strongly offspring will resemble their parents, we need to find out the character’s heritability: what proportion of the variation we see is caused by genetic variation (and will therefore be passed on).  Unlike inheritance, which is the individual-level process of transmitting information, heritability is a population-level measure of the relationship between parent and offspring trait values.  In this part of the lab, we will measure heritability of your character by analyzing the offspring of the adults you measured in Part I of the lab.  

A. Measuring offspring
1. In the folder labeled “Offspring images,” you will find forewing images for two offspring of 20 butterfly pairs (the 40 parents you measured before).  Individuals are labeled as motherXfather and then by offspring number (e.g., “1X2off1” for the first offspring from the pairing of adult 1 and adult 2).  Using ImageJ, measure all of the offspring just as you did the parents, being sure to note down the ID of each sample as you proceed because the program will not name them in the results window.  

2. When you are done, save the results file and then open it up in Excel.  Replace the ID numbers with the actual names of the samples so you can keep track of which offspring are which.

B. Comparing parents and offspring

If the trait value of your character were 100% determined genetically, we should be able to predict the size of the offspring solely from the average values of the parents.  That means that if we were to plot out the average values of the offspring against the average values of their parents, an analysis called mid-parent regression, we should see a 1:1 correspondence, or a line with a slope of 1 (i.e. if the parent average is 3, the offspring average should be 3, while if the parent average is 20, the offspring average should also be 20).  In contrast, if genes played absolutely no role (0% genetic contribution), there should be no relationship between what parents and offspring have, so the line would be flat with a slope of 0.  The slope of the actual line, somewhere between 1 and 0, is the heritability (h2), telling us what proportion of the variation is due to genetic effects (so a value of 0.75 means 75% of the variation is genetic).  

1. To conduct your own mid-parent regression, you will need to assemble a new table in Excel with two columns:  midparent average and offspring average.  For every pairing, you will have to calculate the average of the trait values of the two parents, and then calculate the average of their two offspring.  To get the parent values, you will need to also open up your file of the parent measurements if it is not open already.

2. When you have all 20 families in your table, insert a scatter plot graph exactly as you did to look at fitness, with the parent averages on the x axis and the offspring values on the y-axis.  Add a trendline, and this time click on the “display equation on chart” option before clicking okay.  The equation will be for a line with the form y=mx+b.  The m value is the h2 value. What is the heritability of your character?

3. As before, write your h2 value on the class summary table.  Do the different characters vary in how heritable they are?  How do you think this impacts their evolutionary potential?
Part IV: Putting it all together

Our quantitative measures of variation, selection and parent-offspring resemblance allow us to make some pretty precise predictions of what we should see happen over time.  From one generation to the next, the response to selection (R) is the amount that the mean trait value should change, or the amount by which the character should evolve, between the parent and offspring generations (so it is similar to S but across, not within, generations).  Here’s the formula for R:

R = h2S

Using your calculations of h2 and S, calculate R and the new mean expected in the next generation for your character and put them up on the board.  

1. Given the current mean trait value, what do you expect the mean to be in the next generation? Do you expect your character to evolve?  

2. Look at the entire table.  Is evolutionary change the exception or the rule, based on these data?  Explain your answer. 
Questions for thought:  If we were to allow our population of butterflies to evolve in an environment full of human predators, what would they evolve to look like?  Imagine we conducted this type of experiment and then went out and caught the butterflies again after 20 generations.  Using the class-wide summary table as your guide (remember to write it down before leaving lab!), think about an average image of a butterfly forewing from the original population, and then what you imagine the average forewing would look like in the 20th generation population. Why would the forewing change in the way you predict? How do the different components of evolution by natural selection (variation, selection, parent-offspring resemblance) contribute to the change you expect to see? Remember that different components might be most important in promoting or limiting change for different characters.
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