LABORATORY #11 -- BIOL 111

Natural Selection
We have been studying genetics and the biological explanations for variation of traits in living things.  Mendel described “particles” that were passed from parent to offspring.  We now know those particles were genes, and that variation in the traits he studied was the result of inheriting different alleles of each gene.  It’s important to have a good foundation in genetics to understand evolution.  

Evolution is formally defined as a change in allele frequency over time.  In other words, if you analyze a population of organisms today, and then sometime in the future, you may note a shift in the percentages (frequencies) of specific alleles.  We may observe shifts in genotypes that are reflected in phenotypes.  Populations change.  What fuels these changes? 

Although several mechanisms can lead to changes in allele frequencies, the principal process involved in evolutionary change is natural selection, which is defined as "differential survival and/or reproduction."  

There are three requirements that must be met for natural selection to actually take place:


1. There must be variation among the members in the population for the trait in question


2. The variants of the trait must result in differences in survival and/or reproduction.


3. The trait in question must be controlled to some degree by genes (e.g., when you dye your hair, this new variant is not controlled by genes). But the shape of your beak or ability to run away or catch prey, likely is controlled by genes. 
Note that if no variation exists in a population, then natural selection cannot work.

Keep in mind that other drivers of evolution exist as well (mutation, genetic drift, migration).  These can work alone or in conjunction with one another to drive evolution. Your instructor can explain these different mechanisms.
Your instructor will discuss a classic case of evolution by natural selection  in  “industrial melanism in peppered moths”.  Prior to the Industrial Revolution in England, nearly every peppered moth had light-colored speckled wings.  This coloration enabled the moths to blend in on the lichen-covered tree trunks.  The much rarer black peppered moths were so obvious that birds (the primary killer [i.e., the important "selector"] of peppered moths) easily caught and killed them.  The result is that these forms differed in survival probability and thus the light-colored moths survived and reproduced.  Black moths were only maintained because of the rare mutation.

Later on, the Industrial Revolution was responsible for the production of huge amounts of soot (from factory smokestacks).  The soot was produced so rapidly that it covered the once-light-colored tree trunks.  The now-dark tree trunks exposed the light-colored moths and the dark moths now were blending in.  The birds now caught mostly light-colored moths, thus dark moths had higher survival and reproduction.  Because they were producing more offspring (which had better survival probability), the dark moths now became abundant.  The population now contained a larger fraction of dark moths, and this follows the definition of evolution (i.e., change in allele frequencies).  Since then, the factories have cleaned up their act.  Soot is no longer being produced is great abundance.  The black moths are easily seen (and eaten) once again, and light-colored moths are able to blend in to the now light-colored lichen covered trees.  Predict what you might see today in terms of peppered moth populations, in England.

-----------------------------------------------
Procedure 

Today, we will simulate natural selection using simple tools.  We will  have two species: a predator (you—a population of students) and prey (  a population of bean species).  Every table will become a battleground between a population of prey and a population of predators. 
Set up:  In all, there will be 4 predators (you and your neighbors) and 200 prey (diﬀerent beans).  In each round, you will “eat” beans by collecting them into your “stomach”.  To catch beans, every predator will be assigned one (and only one) tool:  (The difference in tools represents variation in the predator population
 -    fork 

· knife

· teaspoon 

· soup spoon 

Before the game starts, all varieties of prey should be equal. Therefore, there should be:

· 50 small, white beans (Great Northern beans)

· 50 large, white beans (Lima beans)

· 50 medium, red beans (Kidney beans)

· 50 medium, speckled beans (Pinto beans)

Rules: 
1.  Every table becomes a team of players. Carefully read instructions, formulate hypotheses to answer question 1. 

2.  Put all prey (200 beans, 50 of each variety) to the center of the table, mix them, place your dishes in each corner. 

3.  Ready tools, remove all items from the table other than beans and dishes. 

4.  Start the hunt: you have a given number of seconds to catch and “eat” as many beans as possible. The prey may be caught only with the designated tool in your non-dominant hand, everything else is forbidden! 
You are allowed to catch more than one bean at a time, but you cannot move your “stomach”!  Try not to hinder your teammates’ progress.  After the “stop” command, stop catching immediately. If you just caught the prey but did not put it into “stomach”, release it. 

-     Calculate the results for predators: the predator that caught the most prey will reproduce to replace the most unsuccessful predator. In other words, if the predator with fork caught the maximal number of prey, and the predator with teaspoon caught the minimal number of prey, the teaspoon will starve and be replaced by the fork. 

-     Prey reproduce: all surviving beans should be doubled. For example, if 15 Limas, 18 Great Northerns, 28 Kidneys and 12 Pintos survived, add 15, 18, 28 and 12 beans of each variety, respectively. 

Play several rounds (5 or more) until you see the obvious changes in the prey predator frequencies.
Name_________________________
Requirements Lab 11
1.  Hypothesize which predator will be the most successful.  Hypothesize which prey species will be the most successful?  As with all hypotheses, be sure to include a reason for your thoughts.  (2 pts)
2.  Did you reject or fail-to-reject your hypotheses?  Who survived and why? (3 pts)
3.  Did the other tables end up with an ecosystem similar to yours?  Why or why not? 

(4 pts)

4.  Apart from natural selection, real evolutionary processes will also be inﬂuenced by mutations, migrations, and random processes (genetic drift).  Provide an example of how you could expand today’s lab activity to include each mode of evolution.  Be sure to indicate when you would implement this change, and how it might affect survival. (6 pts) 

a. mutation

b. migration

c. genetic drift
