_________________________________________Natural Selection Exercise

(from Kathy Gallucci, General Biology Lab Manual Fourth Edition (1998), Hunter Textbooks Inc.)

Possible changes in red – Cathy Silver Key

Introduction
An individual’s ability to reproduce depends on its ability to survive.  If it cannot survive, it will not reproduce.  If all gene variations conferred on the individual the same ability to survive in an environment, the appearance of any variation would be random or simply due to chance.  The number of individuals with each variation would remain about the same, since the frequency of each would be due to chance. (A figure would be nice…)

A variation of a characteristic may increase or decrease in a population because the individuals carrying the gene for it may have different probabilities of survival.  They may be more adapted or less adapted to their environment because of this variation.  The frequency of the variation in the population would then be nonrandom, because the success of the trait would not be due to chance alone.  If the variation increases an individual’s ability to survive, and thus reproduce, the variation will be “naturally selected.”  This process is called natural selection.

Remove paragraph from here and put in lecture or supplemental material: Charles Darwin and Alfred Wallace presented papers together on natural selection in 1858, although they arrived at the concept independently.  Before that, people thought that species were unchangeable.  Darwin reasoned that the environment controlled in nature what breeders controlled artificially.  He thought that when there was an overproduction of offspring, natural variation within a population, and limited resources, the environment would “select” for those individuals whose traits would enable them to survive (and reproduce). <<<<<

Remove or truncate paragraph (maybe a transition from class exercise?): There are modern examples of natural selection, which illustrate Darwin’s idea.  The peppered-moth found in industrial areas of England has shown different frequencies of its light and dark forms, depending on the background color of the tree trunks on which they rest.  The light variety is easily seen on soot-darkened tree trunks but hard to see on natural, lichen-covered trunks in areas that are not industrialized.  The reverse is true for the dark variety.  Since birds prey on them as they rest on the tree trunks, their survival, their ability to reproduce, and therefore the inheritance of their advantageous trait, are determined by the environment in which they are found.<<<<
In this exercise, you will simulate natural selection with beans that represent “beetles” in two environments.  The “beetles” will be easy or hard to find depending on how well they can be concealed by the environment.  If they are successful (not eaten by a predator) they will be able to produce more offspring with the same advantageous trait.

Objectives

After completing this exercise, you should be able to:

1. Define: natural selection, random, nonrandom. (extinction? adaptation? ie. Possible outcomes of natural selection process. Genetic variation vs Phenotypic variation)

2. Explain the basic ideas of the process of natural selection.

3. Determine if a sample set of data represents random or nonrandom results.

4. Determine which variation of an organism is the most successful and the least successful in a species, in a given sample set of data.

5. Determine if an environment allows natural selection to occur for a given variation in a species, in a given sample set of data.

Purpose

In this exercise you will evaluate the effectiveness of natural selection in two different habitats.

Procedure

Work in groups of three.  Each group will repeat the exercise in two different environments.  The natural selection of identical populations in tow different habitats can then be compared.

Lima, pinto and kidney beans will represent different color variations in a species of beetle.  Before your team leaves the lab to do this exercise outdoors, count out 10 of each of these beans from the caddy provided.  Double-check this number to be sure you have exactly 10 of each and a total of 30 beans.  This is your “P1 value” (your first organisms: the Parents), which means the number of each kind of “parent” beetle in the environment before the first predation occurs.  Likewise, P2 stands for the number of each kind of beetle before the first predation, P3 the number of each kind of parent before the third predation, etc.

1. Take your 30 beans and your caddy with extra beans to the location announce by the instructor.

2. One member of the team will scatter the beans over approximately 4 square feet.  (The “predator”, should not watch this scattering process.)

3. The predator will then enter the area and capture the “beetles” by placing each bean into a plastic bag, one at a time.  This will assure that visual contact is broken momentarily following each capture.  The predator will cease predation when 20 beetles have been captured.  (Stop when you have 20; count your beans at this point and readjust your number to 20 if necessary.)  These beetles have been captured and eaten, therefore they will not be scattered again but may be recycled in you bean caddy.

4. Leave the remaining 10 beans on the ground!  These are the survivors. They will be allowed to reproduce before the predator returns.  The reproductive process will be asexual to simplify things; each bean left will produce 2 more of the same kind.  Determine how many beetles of each color have escaped detection and still remain in the habitat.  DO NOT PICK THESE UP!   For every surviving “beetle”, place 2 more “beetles” of the same color down. (Of course, in nature, the offspring would not be identical to the parent – no clones!)  This will reestablish a population of 30.  The 20 individuals of the “new” generation will be scattered in the same habitat by a team member.

5. The procedure of predation, analyzing captures, replication the survivors, and returning the offspring to the habitat will be repeated 3 times for each habitat.  After the third capture, calculate the survivors and record the final number of each kind.

6. All members should then gather the remaining 10 beetles, if possible, thus clearing the habitat for the next team.

7. Repeat the procedure in a different habitat.

8. Each member will record the data in the table provided and show the data in a bar graph.  Bar graphs are used when you want to show the relationship between a numerical value (P values, in this case) and a qualitative value (kind of beetle).  Be sure to label the table and the graph with the name of the habitat (grass, brick, etc.).

Clean Up:

Separate the collected beans into the appropriate section of the caddy and return the caddy to the front of the lab.

Before you leave, hand in the table, graph and the answer sheet as directed.

Name: ______________________ Group Members:____________________________

Date: _____________

Table 1.   Summary of Beetle Captures.



       HABITAT #1: ______________
HABITAT #2:___________

	
	Lima
	Kidney
	Pinto
	Total
	Lima
	Kidney
	Pinto
	Total

	A
	P1 generation
	
	
	
	30
	
	
	
	30

	B
	# “eaten”
	
	
	
	20
	
	
	
	20

	C
	# “survivors (A-B)
	
	
	
	10
	
	
	
	10

	D
	# “offspring” (2*C)
	
	
	
	20
	
	
	
	20

	E
	P2
	
	
	
	30
	
	
	
	30

	F
	# “eaten”
	
	
	
	20
	
	
	
	20

	G
	# “survivors (E-F)
	
	
	
	10
	
	
	
	10

	H
	# “offspring” (2*G)
	
	
	
	20
	
	
	
	20

	I
	P3
	
	
	
	30
	
	
	
	30

	J
	# “eaten”
	
	
	
	20
	
	
	
	20

	K
	# “survivors (I-J)
	
	
	
	10
	
	
	
	10

	L
	# “offspring” (2*K)
	
	
	
	20
	
	
	
	20

	M
	P4 (K + L)
	
	
	
	30
	
	
	
	30


Need Graph paper for bar graphs…. Graph results of each habitat separately with P1, P2, P3 and P on X-axis (3 groupings of P1 through P4, one for each type of bean) and the number of “Beetles” on the Y-axis.  Place name and group members on these graphs and turn in.

Questions:

1. For each habitat, were your results random or nonrandom?

Habitat 1: 
Lima:



Pinto



Kidney:

Habitat 2: 
Lima:



Pinto



Kidney:

2. For each habitat, what was (were) the most “successful” variation (s)?

Habitat 1:

Habitat 2:

3. For each habitat, what was (were) the least successful variation(s)?

Habitat 1:

Habitat 2:

4. Did “natural selection” occur? Explain.

5. Fill in the table below to indicate the steps of natural selection that occurred for the bean/beetles.

TABLE.  Natural Selection of Beanie “Beetles”

	STEP 1
	Genetic/Trait (Difference)
	

	STEP 2
	Selective Pressure

[environmental conditions]
	

	STEP 3
	Survival rate Increased? (Y/N)
	

	STEP 4
	Reproduction rate increased? (Y/N)
	

	RESULT
	Adaptation
	


6. Imagine that the “predator” was wearing a blindfold.  Answer both questions:

a.  Brainstorm with your group and predict what the outcome of the natural selection experiment might be. (require more that one prediction? graph?)

b. Using terms you have learned pertaining to evolution and the process of natural selection, explain why your groups prediction.

7. Suppose all the kidney, pinto and lima beans in the first parental generation (P1) had been painted black and had been placed on asphalt to simulate beetles that were covered with dark mud or pollution and lived on dark, rich soil. 

a. What would be the colors of the offspring in the next generation?

b. Explain why the next generation would have the phenotype(s) that you indicated in 6a.

8. Propose an experiment to further test the element of chance and the process of natural selection.???????
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