Investigation 9.1: Variation in Size of Organisms
	In a population of organisms, small or large variations make each individual different from the others. Variations among familiar organisms are fairly obvious.  For example, you are very aware of differences among humans, but all bluebirds may appear alike to you. In this investigation, you will study individual variations in size among members of a sample population, draw graphs of the data, and interpret them.

Materials (per team of 3)

Metric ruler

Graph paper

50 objects of one type—dried bean seeds, peanuts in the shell, leaves from the same type of tree
	This investigation acquaints students with the concept of variation within a population and with some of the mathematical treatments of data. The investigation lends itself to small group learning; teams of 3 are recommended.

Time: One class period.



	Part A Line Graph

Procedure

1. Choose one object and measure its length in millimeters. How “typical” do vou think this object is in terms of its length? Guess how many millimeters larger the longest object will be. Then, guess how much smaller the smallest object will be. Record the object’s length and your two guesses in your data book.

2. Choose two team members to measure the objects. The third member will record the data. Using a metric ruler, measure the length of the other 49 objects to the nearest millimeter. (If an object measures 11 .5 mm, for example, round up to 12.0 mm.) Record the measurements in your data book with  your first measurement.

3. Construct a grid. Label the x (horizontal) axis Length. The size of your largest object will determine the length of this axis. Divide the axis into 10 or 20 equal parts and label each mark (10 mm, 20 mm, etc.). Label the y (vertical) axis Number of Objects. Divide this axis into 20 equal parts and label each mark (1, 2, 3, etc.).

4. Draw a line graph on the grid. Group the objects according to their length. Then, count the number of objects in each group and mark this number on the graph. For example, suppose there were 3 objects that were 20 mm long.  Find the 20 mm mark on the x axis and trace an imaginary line up from this pint Trace an imaginary line from the third mark along your y axis across the graph. At the point these lines meet, draw a large dot. Continue to construct the entire graph.

5. Connect all of the dots with one continuous line.
	PART A Procedure

1. Many students will pick a “typical” object that will fall somewhere in the middle of the range, but some will choose large or small objects. Few students will pick the object with the average length.

3. To help your students understand graphing, put an example on the chalkboard. Graph paper is not essential but will make constructing graphs simpler.



	Discussion

1. Is there variance within your population? What is the shape of your line? Does it resemble those of your classmates?

2. What would be the shape of the line if you pooled all of the data in the class? 

3. How close were your guesses about the largest and smallest objects? Do you think that using a small sample is a good way to predict the characteristics of a large population? Explain.


	Discussion

1, 2. There should be variation in all of the graphs. If every graph is in millimeters, then the wider the graph, the more variation is expressed in the population. Characteristics with continuous variation, such as the size of seeds, will show a bell- shaped curve if enough measurements are made.

3. Probably not. An individual rarely is a good representative of a population with variation. Although most individuals will be similar in size or shape, there will be noticeable, measurable differences. Make certain students understand that variation extends to internal structures and processes as well as external morphology.

	Part B: Frequency Distributions and Histogram
[image: image1.jpg]number of individuals

155

215 245
lengths of objects (mm)





Procedure

6. Using your data from Part A, construct a frequency distribution table as follows:
a. Determine the range of length in the sample by finding the difference between the largest and smallest objects.

b. Divide the range into 8 to 10 intervals, selecting a convenient size. For example, if the range of the sample is 23 (the smallest, 16 mm; the largest, 39 mm), it could be divided into 8 intervals of 3 mm each, - lows: 16—18, 19—21, 22—24, 25—27, 28—30,31—33,34—36, and 37—39.

c. Assemble your data in a frequency distribution table with the intervals listed in the x column and the number of individuals falling into each interval (frequency) listed in the F column, as shown in Table 9.1.
7. Construct a histogram similar to Figure 9.23 from your frequency distribution table. A histogram is simply a bar graph with the intervals on the horizontal axis and the frequency on the vertical axis

8. Calculate the mean, or average, of your data. The mean is the sum of all measurements divided by the number of individuals you measured.

9. What is the mode, or high point, on the histogram? The value of the mo usually is given as the midpoint of the interval having the highest bar. 1ff high point falls in the 16 to 18 range for example, choose 17 as the mode. In Figure 9. 23, the mode is 29.

10. Find the median, which is the value for the middle of the sample, when the values (lengths) are arranged in order. If a series of measurements is 2, 2, 3, 4, 7, 8, 9, 9, and 11, the median would be 7.

Discussion

1. Look at the data and your histogram. What is the difference in length between the longest and the shortest objects in your sample?

2. Given the overall size of the objects, do you think this difference is important? What might be the advantage or disadvantage of being smaller or larger than average?

3. Would you have noticed the differences if you had not measured the objects?

4. Do you think there would be any size difference if the objects were of different ages or from different plants?

5. When do you think a histogram is a better, or more accurate, way to present data than a line graph?


	Table 9.1
x

f

16—18

2

19—21

7

22—24

4

25—27

9

28—30

14

etc.

etc

PART B Procedure

8,9, 10. The average probably will be slightly different for each group. Depending on the number of modes, the data may be unimodal, bimodal, or polymodal. For clarity, treat the data as unimodal. Mean, mode, and median are measures of central tendency—the tendency of data to congregate around a central point. The students should under stand that these measures are used by biologists and provide different ways of using and interpreting data. Each is a valuable measure in demonstrating different points.

Discussion

1. Answers will vary from group to group.

2. Although size differences may be only slight, they could make a pro found difference in the life of an organism. For example, small seeds of many plant species tend to germinate faster than larger seeds. Small seeds will be dispersed farther from the parent plant than larger ones and will be harder to find by predators.

3. This is a subjective question. The difference in size may be more significant to some students than to others.

4. The size of many objects will vary with age. Also, objects from different individuals probably will show greater variation than objects from a single individual.

5. In this example, it will be easier for your students to make the histogram than the line graph. For data that are continuous, a line graph is most appropriate. For data that are discontinuous, a histogram is more appropriate.



	
	

	
	

	
	


