EvoDots Evolution Simulation

Objectives:
1. Understand how the process of Natural Selection can lead to changes in a population over time

2. Model and predict changes in a population based on the process of Natural Selection
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Background: Read the article about Periwinkle Snails and Green Crabs below, before beginning the simulation

Part 1: EvoDots Simulation- A model of evolution by natural selection
Procedure: Follow the instructions on the class copy, and answer all questions in the space provided below when you reach them in the instructions. 
Question 1: Write a prediction: How will the population of dots evolve in response to predation (by you)? Be sure to explain your reasoning!
Question 2:  Compare the survivors to the staring population. Has the distribution of colors changed? How?  
Question 3:  Again, compare the survivors to the starting population. Has the distribution of colors changed again? How? Was the prediction you made above correct? Why or why not?  
Question 4: How many generations does it take for your population of dots to reach a point at which it can no longer evolve?
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Part 2: The requirements for evolution by natural selection:
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Now that you have a feel for how EvoDots works, we will start modifying the biology of our model population to explore the requirements for evolution by natural selection.

Variation
Each new population of dots you create contains considerable variation in size (and color, which is coded to indicate size). 
Question 5: Do you think the population of dots would evolve if there were no variation in the starting population?  Write down a prediction, and explain your reasoning. 
Question 6:  Does the population evolve? 
Question 7:  Was your prediction correct? 

Inheritance

Question 8:  Do you think the population of dots would evolve if size were not heritable?  
Write down a prediction, and explain your reasoning.
Question 9:  Does the population of dots evolve? 
a. If so, does it evolve the same way it does when size is heritable? 
b. Was your prediction correct?  
Selection

Question 10:  If you were to eat the dots at random, instead of selectively, do you think the population would still evolve? Write down a prediction and explain your reasoning.
Question 11:  Does the population of dots evolve? 
a. If so, does it evolve in the same way it does when survival is selective?
b. Was your prediction correct?

Part 3: Darwin’s theory of evolution by natural selection

Question 12:  Are the results of your experiments consistent with Darwin’s mechanism of evolution? 
Question 13:  After they were born, did the individual dots ever change their size or color? 
If the individuals didn’t change, how was it possible for the population to change?
Question 14:  What role did the predators play in causing the population of dots to evolve? 
Question 15: Did they create a need for the dots to change? Or did they simply determine which dots survived to reproduce and which didn’t?
Part 4: Evolution by natural selection in flat periwinkles
The flat periwinkle is a small (~ 1 cm long) marine snail that lives in the intertidal zone in New England.  Among this snail’s predators is the European green crab.  As its name suggests, the European green crab is not native to North America.  It is an invasive species that reached the East Coast from Europe early in the 19th century.  Prior 1900, the green crab did not occur north of Cape Cod, Massachusetts.  After the turn of the century, however, the crab expanded its range northward, and is now found as far north as Nova Scotia.  The crab’s range expansion exposed periwinkle populations north of Cape Cod to a new agent of natural selection.

Biologist Robin Seeley investigated whether flat periwinkle populations evolved in response to predation by green crabs. Seeley found, in a museum, samples of pre-1900 periwinkle shells collected at  Appledore Island, north of Cape Cod. She compared these old shells to shells she collected herself at the same place. Seeley measured the spire height and thickness of each shell.  Seeley’s data are depicted in the graphs below. 

As the graphs–and the photos-show, the crab population on Appledore island in the early 1980s was, indeed, dramatically different than it was in 1871.  The snails had, on average, shells that were both thicker and flatter than those of their ancestors.

How did this change, this descent with modification, happen?  The mechanism of evolution is the subject of this tutorial.  We will do experiments on a model population to explore how evolution works.  Then we will return to Seeley’s flat periwinkles to see how the model applies to them.

Robin Seeley hypothesized that the flat periwinkles of Appledore Island evolved by Darwin’s mechanism.  When the green crabs arrived, they started eating the thin-shelled snails.  This left only the thick shelled ones to reproduce. And when the thick-shelled survivors reproduced, they had thick-shelled offspring.  The end result is that the composition of the population changed.  Thin-shelled snails became rare, and thick shelled snails became common.  Seeley performed two experiments to test her hypothesis.  In the lab, Seeley offered each of 8 crabs a thin-shelled snail.  All 8 crabs quickly crushed and ate their snails.  It took them an average of 42 seconds.  Seeley offered each of another 8 crabs a thick-shelled snail.  Only one of these crabs was able to crush and eat its snail within 8 minutes.  During that time many of the other 7 crabs gave up trying.  In the field, Seeley drilled small holes in the shells of a number of snails, and used fishing line to tether the snails to seaweeds in the intertidal zone.  She then returned every few days to see which snails survived.  This method allowed Seeley to distinguish between snails that were killed by crabs, part of whose crushed shells remained tied to their tethers, from the few snails that broke free of their tethers or died in their shells.  She tethered the snails in pairs, with each pair including one thin-shelled snail and one thick-shelled snail.  Seeley tethered 15 pairs at Timber Cove, where crabs appear to be absent; 15 pairs at Sipp Bay, where crabs are present but rare; and 15 pairs of snails at Gleason Point, where crabs are common.  She checked on the snails after 6, 9, and 16 days.  The results appear in the graphs to the left. Blue circles (bottom line in all three graphs) represent snails with thin shells; red circles (top line) represent snails with thick shells.

Question 16:   What is the pattern in the data from Seeley’s field experiment?

Question 17:  What does this pattern suggest about whether and why crabs cause snail populations to evolve?
Review the requirements for evolution by natural selection.  

Question 18:  Have you seen documentation that the flat periwinkles of Appledore Island vary in the thickness of their shells? 
Question 19:  Have you seen documentation that shell thickness is heritable?
Question 20:  Have you seen documentation that snails with thick shells are more likely to survive than snails with thin shells?
Question 21:  You may feel that Seeley has missed something in her efforts to show that the periwinkle population evolved by natural selection imposed by predatory crabs.  Your challenge now is to design an experiment that would supply the missing information.  
· What would do you with the snails? 
· What data would you collect?  
· What graphs would you plot from your data?  
· What would the graphs look like if the snail population fits Darwin’s theory?  
· What would they look like if it doesn’t?
