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Can Human Activities Affect The Evolution Of Other Species?

[image: image2.wmf]


!"#$%&'()'*+,-.'/'01&2'3(.-4'516."&%7



8



988



:88



;88



<88



=<
>8



=<
>?



=<
;@



=<
@>



=<
<A



B%1&



!
"#



$%
&'
()
'3



(.
-4
'



51
6.
"&
%7



!"#$%&'()*



+,-)(%&'()*










!"#$%&'()'*+,-.'/'01&2'3(.-4'516."& % 7

8

988

:88

;88

<88

=

<

>

8

=

<

>

?

=

<

;

@

=

<

@

>

=

<

<

A

B%1&

!

"

#

$

%

&

'

(

)

'

3

(

.

- 4 '

5

1

6

.

"

&

%

7

!"#$%&'()*

+,-)(%&'()*

BACKGROUND: 
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The Peppered Moth (Biston betularia) is a common insect found throughout deciduous forests in Europe and North America.  The moths, which are nocturnal, spend most of the day resting on the bark of trees.  Their name is derived from the speckled-white pattern on their body and wings (see figure 1-light form). Their light color allows the peppered moth to camouflage with trees that have lightly-colored bark and avoid predatory birds.  Throughout much of history, this “peppered” pattern was the most common type of pattern found in the species.  A very small percentage of the population was not “peppered”, however, and instead had an entirely black body and wings (see figure 1-dark form). 
In 1848, however, English biologist R.S. Edleston started to notice an increased number of dark peppered moths in the forests near the industrial city of Manchester, England.  Soon scientists discovered several more black peppered moth specimens in forests around England.  Though the number of black moths was still small in the early 1800’s, they became increasingly common over the next 100 years.  By 1900, the frequency of the dark- colored trait had increased dramatically until nearly 98% of all peppered moths in England were black. 

Noticing the change, scientists became curious about why it was happening.  They quickly realized that the rise in dark-colored peppered moths was correlated with the increase in the number of factories being built in England as part of the Industrial Revolution.  The factories, which burned coal for fuel, released dark black soot that covered the surrounding countryside.  Trees that had previously been light-colored and covered by spotted lichens became dark and bare.  Scientists hypothesized that this change in the trees was having an impact on the peppered moths. 


In this experiment, you will determine why the peppered moth population changed as a result of the Industrial Revolution, and will examine the role human activities may play in the evolution of other species. 

MATERIALS: 

· 1 sheet of “light” tree bark

· 1 sheet of “soot covered” (black) tree bark

· 1 bag of paper peppered moths (should contain 24-25 moths)

· Stopwatch

PROCEDURE:

PART I: Pre-Industrial Revolution (Prior to 1850)

1. Designate one person within your group to be the time keeper and materials manager, and the other to be a predatory bird

2. Count the number of light and dark peppered moths in your population, and record the number of each in Table 1 of the Data Summary

3. Place the “light” tree bark sheet on the center of your desks

4. With the predator’s eyes closed, have the materials manager/timer randomly place the peppered moths on the tree bark sheet.  

5. Once the moths are evenly scattered, the timer will ask the predator to pick up as many moths as they can one-at-a-time in 5 seconds.  Set these moths aside. 
6. Record the ending populations in Table 2

7. The moths that remain on the paper will make up the starting population for trial 2.  Record the starting population for the 2nd trial in Table 1.

8. Re-scatter the remaining moths and repeat steps 5-7 for trial 2 and trial 3. 

9. Return all of your peppered moths to their bag and set aside the “light” tree bark sheet

10. Calculate the frequencies of the dark and light colored traits in the ending population of each trial, and record these values in Table 1.  You may express frequency as a percentage. 

PART II: Post-Industrial Revolution (After 1850)

11. Switch roles within your group so that a different person is the predatory bird. 

12. Place the “soot-covered” tree bark sheet on the center of your desks

13. With the predator’s eyes closed, have the materials manager randomly place the peppered moths on the tree bark sheet.  

14. Once the moths are evenly scattered, the timer will ask the predator to pick up as many moths as they can one-at-a-time in 5 seconds.. Set these moths aside.  

15. Record the ending populations in Table 2

16. The moths that remain on the paper will make up the starting population for trial 2.  Record the starting population for the 2nd trial in Table 2.

17. Re-scatter the remaining moths and repeat steps 13-15 for trial 2 and trial 3.

18. Calculate the frequencies of the dark and light colored traits in the ending population of each trial and record these values in Table 2.  You may express frequency as a percentage. 

19. Complete the Data Summary and Postlab Questions sections of the lab

DATA SUMMARY: 
Table 1: Change in Peppered Moth Populations as a Result of Predation Before Industrial Revolution [3]

	
	
	# in Starting Population
	# in Ending Population
	Frequency in Ending Population

	Trial
	Tree Color
	Dark Moths
	Light Moths
	Dark Moths
	Light Moths
	Dark Moths

Frequency = (# dark moths) x 100

            (#dark + # light)
	Light Moths

Frequency = (# light moths) x 100

            (#dark + # light)

	1
	Light
	
	
	
	
	
	

	2
	Light
	
	
	
	
	
	

	3
	Light
	
	
	
	
	
	


Table 2: Change in Peppered Moth Populations as a Result of Predation After Industrial Revolution [3]

	
	
	# in Starting Population
	# in Ending Population
	Frequency in Ending Population

	Trial
	Tree Color
	Dark Moths
	Light Moths
	Dark Moths
	Light Moths
	Dark Moths

Frequency = (# dark moths) x 100

                           (#dark + # light)
	Light Moths

Frequency = (# light moths) x 100

            (#dark + # light)

	4
	Black
	
	
	
	
	
	

	5
	Black
	
	
	
	
	
	

	6
	Black
	
	
	
	
	
	


Graph 1: Create a line graph to illustrate the change in the frequency of both light and dark colored traits between trials 1-6. In your graph, be sure to: 
· Mark the y-axis with an appropriate scale [1]

· Plot the frequencies for the dark-color trait from trials 1-6 and connect the points [1]

· Plot the frequencies for the light-color trait from trials 1-6 and connect the points [1]

· Create a key to easily distinguish between points representing dark and light trait frequencies

                             Change in Light vs. Dark Peppered Moth Frequency Over Time
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Postlab Questions: Answer these questions after completing the lab above. 
1. Identify the variation that exists within the peppered moth population. [1]

___________________________________________________________________________________________

2. State one event which may occur that could give rise to variations like those seen in the peppered moth. [1]

___________________________________________________________________________________________

Use the data table and graph below to answer question 3.  The data table contains the actual number of light and dark moths captured in the Manchester forests after the start of the Industrial Revolution. 

3. Do your experimental findings make sense given what actually occurred in the peppered moth population after the industrial revolution?  Identify at least one source of experimental error that may have resulted in any differences between your findings and the actual changes in the moth population. [2]

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Based on your data, which trait increased in frequency prior to the Industrial Revolution?  Why? [2]

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. Following the start of the Industrial Revolution, which colored moths were best adapted to the environment?  Use your results to support your answer. [2]

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6. What would you expect the population of peppered moths to look like after 25 generations after the Industrial Revolution began?  In your answer, be sure to use the following concepts: [2]

Fitness

Evolution
Natural Selection
Adaptation

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
7. In response to concerns about global warming and air pollution, many governments passed strict anti-pollution laws which resulted in a sharp decrease in the amount of pollutants (such as soot) being released into the environment.  Predict how this change will affect the frequency of the dark colored trait in the peppered moth population, and explain your reasoning. [1]

______________________________________________________________________________________________________________________________________________________________________________________

Figure 1: Light and Dark forms of Biston betularia
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