Assortative Mating: The Case of Soldier Beetles
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Introduction
This module is designed to present opportunities for students to create and analyze graphical presentations of univariate and bivariate data in a real context. While an understanding of the context is necessary to effectively analyze the data, students are guided through the analysis process in small (and hopefully helpful) steps. 

These data are probably most efficiently analyzed using computer software, or at least with a graphing calculator viewscreen panel, but if students work effectively in pairs they should be able to accomplish the analysis “by hand” in a couple of days. 

We have found that while most students understand the graphic techniques, they often need help in following the “flow” of the analysis and seeing the purpose of the different plots. It may be useful to present a brief “advance organizer” to students to help them through the logical steps of the analysis. 

This module contains the following: 

· A copy of the student activity handout 

· Our “answer key” and plots of the data 

· Other information for teachers 

Does Like Like Like? The Case of Soldier Beetles
In animal matings that occur naturally, it sometimes happens that the mating pairs tend to be “more alike” in regard to some characteristic than is true for random pairs in the population. This phenomenon is called assortative mating. In a sense, it is the opposite of the assertion that “opposites attract.” It is obvious, when one thinks about it, that different species in nature will tend to mate with members of their own species. Interspecies mating carries an increased risk of infertile offspring—not the kind of thing that leads to the continuation of a species. (On the other hand, interspecies mating might lead to great plot possibilities for science fiction movies!) 

Within species, mate pairings often seem to occur based on some observable characteristic. Typically the size of the animals is more similar than one would expect if the pairings were random. 
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There are different theories about just what factors lead to assortative mating. Some theories suggest that assortative mating is the result of selection strategies—some combination of (1) female preference for “stronger” males and (2) males fighting over the “best” female. If both males and females regard larger mates as preferable, and they mate accordingly, this would result in larger males pairing with larger females, and data showing the sizes of mated pairs would show a positive correlation. 

Another theory is that mating pairs are formed by random selection, but are formed at different points in time, and this leads to mating by like-sized pairs. For example, the size of crane flies (Diptera: Tipulidae), both male and female, declines over the breeding period. If crane flies pick their partners at a certain time after birth, and the available partners are about the same size as they are, this size decline through time would result in similarly sized pairs. The males and females who emerge early in the season will mate, the ones who emerge in the middle of the season will mate, and then so will the later emergers. This is illustrated (and much exaggerated!) in the diagram. The three “clumps” of maters would occur at three different points of time, according to the “different points in time” theory, and within each time period the male and female size would be similar. Over the whole mating season, not just these three exaggerated points in time, it would appear to the data analyst that male and female sizes in mated pairs are strongly correlated. To investigate these theories, we will use the data below, gathered on a particular species of soldier beetle, Chauliognathus basalis. The measure of size chosen by the investigators is the elytron length in millimeters. The elytron is the hardened forewing of the beetle, that part of the back starting just behind the head in the picture at right. Data were gathered at different times over the approximately four-week mating season of these creatures. 
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The investigators gathered their data in order to address the question of which theory might be applicable to these beetles; in this activity we will analyze the data. 

Our data analysis will unfold in a logical manner, and we will ask probing questions as we proceed. First, we must address the question, does the data support the contention that these creatures engage in assortative mating? Are mated pairs of males and females more like each other than random pairs of males and females? Secondly, if there appears to be assortative mating, can we effectively eliminate the theory of “different sizes at different times” as a cause? Here are our questions in a nutshell: 

· Is there evidence of assortative mating? 

· If so, is there evidence of different soldier beetle size at different times over the mating period? 

Since we are talking about assortative mating, we will introduce an opportunity for you to do something similar—for this activity you are to pair up and share the work. (What criteria you use to choose a mate—er, we mean partner—is up to you.) 

And you are certainly encouraged to copy the data below into a statistical software program. 

The Data 

Soldier Beetle (Chauliognathus basalis) Elytron Length (mm) 

	Week 1 Pairs 
	Week 2 Pairs 
	Week 3 Pairs 
	Week 4 Pairs 

	Male
Week 1 
	Female
Week 1 
	Male
Week 2 
	Female
Week 2 
	Male
Week 3 
	Female
Week 3 
	Male
Week 4 
	Female
Week 4 

	6.95 
	7.22 
	7.49 
	7.54 
	6.87 
	7.49 
	7.52 
	7.74 

	7.39 
	7.84 
	7.13 
	7.72 
	6.94 
	7.78 
	7.08 
	7.88 

	7.08 
	7.27 
	7.04 
	7.64 
	7.28 
	7.91 
	7.14 
	8.14 

	7.33 
	8.38 
	7.38 
	7.67 
	7.45 
	7.90 
	7.82 
	8.31 

	7.02 
	7.85 
	7.37 
	7.71 
	7.06 
	7.35 
	7.12 
	7.61 

	7.16 
	7.81 
	7.26 
	7.41 
	7.03 
	7.76 
	6.50 
	7.38 

	7.25 
	7.46 
	7.30 
	7.73 
	6.86 
	7.90 
	7.34 
	7.10 

	7.22 
	7.59 
	7.32 
	7.85 
	7.15 
	7.45 
	7.01 
	7.32 

	7.60 
	8.22 
	7.26 
	7.62 
	7.39 
	7.51 
	6.96 
	7.57 

	7.75 
	8.22 
	6.72 
	7.07 
	6.82 
	7.15 
	6.91 
	7.45 

	7.17 
	7.85 
	7.00 
	8.03 
	7.65 
	7.82 
	7.05 
	7.16 

	7.41 
	7.91 
	6.94 
	7.42 
	7.29 
	7.92 
	7.04 
	7.74 

	7.15 
	7.88 
	7.36 
	7.95 
	7.12 
	7.50 
	7.72 
	8.19 

	7.20 
	7.55 
	7.02 
	7.63 
	7.62 
	8.33 
	7.20 
	7.34 

	6.78 
	7.82 
	7.59 
	8.43 
	7.45 
	7.16 
	7.71 
	8.23 

	6.72 
	7.71 
	7.02 
	7.44 
	7.65 
	7.93 
	7.72 
	8.11 

	7.47 
	7.70 
	7.51 
	7.86 
	7.07 
	7.72 
	7.08 
	7.91 

	7.43 
	8.57 
	6.98 
	7.44 
	7.09 
	7.50 
	7.65 
	8.20 

	7.41 
	8.05 
	7.37 
	7.48 
	7.27 
	8.21 
	7.40 
	7.80 

	7.02 
	7.41 
	7.53 
	7.71 
	7.57 
	8.50 
	6.98 
	7.40 


Question 1: Are the distributions of size different across time? 

First we will investigate the possibility that at different points in time the distributions of elytron size (both male and female) differ. (That is, we are checking out the second theory discussed above.) 

a. As a preliminary methodological step we will explore two different plots of univariate data: the box plot and the dot plot. Statisticians generally agree that both plots are informative, but that there is no single choice that is best for all data in all circumstances. Each of the two types of plot gives a different “look” at the data. For each of the two genders and four weeks, construct a box plot and a dot plot of the data. Do you see any instances where the dot plot and box plot seem to give a different interpretation of the data? (Remember that for effective comparison of the plots, the scales for the box plots and dot plots should be the same.) After considering both types of plot, you may decide for yourself which to use for this activity. 

b. Refer to your plots of the sizes of the males and females that emerged in the same week. You should have four pairs of plots (that is, a plot for each of the two genders for each of the four weeks). According to your data, in each of the time periods, are the males larger, smaller, or the same size as the females? Write a few sentences explaining your judgments; be sure to refer to specific characteristics of your plots of the data. 

c. Now rearrange your data by gender—look at male size for the four weeks and female size for the four weeks. Does it appear that the females’ elytrons are of different lengths at different times over the four weeks? The males’? Again, write a few sentences explaining your judgments and refer to specific characteristics of your plots of the data. 

Question 2: Is there an association between male and female sizes in mated pairs? 

Now we will analyze the data by making scatter plots of the sizes of mated pairs, with the horizontal axis (arbitrarily) representing male elytron size and the vertical axis female elytron size. 

Make scatter plots of female elytron length vs. male elytron length of all pairs—one scatter plot for each of the four weeks, and then a scatter plot for all the weeks combined. (Remember, this is a lot easier with a partner, whatever size he or she is!) 

a. Do you detect any difference in the scatter plots for the different weeks? If so, how do the scatter plots differ? 

b. Based on your answer to part 2a, do you feel it would be reasonable to combine the data from the four weeks and search for a relationship between elytron lengths over the whole mating season? Justify your response with specific references to your scatter plots. 

Question 3: Well, is there assortative mating? And can it be explained by the “different sizes at different times” theory? 

Based on your analysis in questions 1 and 2, does it appear that these creatures are mating assortatively, and for reasons other than simply what mates are available at the time they mate? As you answer this question be sure to utilize specific aspects of the graphs that you made, and discuss their relevance to your answer to question 3. 

