Evolution: Charles Darwin and Natural Selection

Introduction
	
Everything biological, from complex biochemical pathways up to whole ecosystems, is the result of millions of years of evolution. Thus evolution is a topic that underlies all biology. However, there are many misconceptions about evolution and how it happens. Even if you do not intend to study biology beyond this year, it is extremely useful to understand the ideas underlying Darwin’s theory of natural selection. Unfortunately evolution isn’t something we can observe in a three hour practical session. However, we can explore the principles underlying the theory of natural selection using some simple experiments.

NOTE: Creationists often criticize evolution for being only a “theory”. It’s worth remembering that in science a theory is "a plausible or scientifically acceptable general principle or body of principles offered to explain phenomena" NOT a hypothesis. Steve Gould explained it as follows:

“Evolution is a theory. It is also a fact. And facts and theories are different things, not rungs in a hierarchy of increasing certainty. Facts are the world's data. Theories are structures of ideas that explain and interpret facts. Facts do not go away when scientists debate rival theories to explain them. Einstein's theory of gravitation replaced Newton's, but apples did not suspend themselves in mid-air, pending the outcome. And humans evolved from ape-like ancestors whether they did so by Darwin's proposed mechanism or by some other yet to be discovered.”
—Stephen Jay Gould, Evolution as Fact and Theory (1991).
Practical Exercises

This practical has two parts. First we will watch a documentary about Charles Darwin and the theory of natural selection. We will then do some simple experiments to help us understand the process of natural selection in more detail. This is important because we cannot understand present-day diversity without understanding how the diversity of life evolved. We will also repeatedly return to the ideas underlying natural selection and species’ fitness in lectures, and in any biology modules you take in the future.

Assessment

Complete the exercises below, filling in the handouts as appropriate. Show your answers to your demonstrator before you leave or you will not get signed off for this practical.


Part A: Charles Darwin and the Tree of Life

Watch the video and answer the following questions. Note that these are in the order that they appear in the video.

1. How many different species of beetle are there?
a. 100,000
b. 350,000
c. 500,000
d. 1,000,000

2. When did the HMS Beagle set sail?
a. 1821
b. 1825
c. 1831
d. 1835

3. What unusual flightless birds did Darwin see on the Galapagos Islands?
a. Penguins
b. Puffins
c. Cranes
d. Cormorants

4. What kinds of animals have humans been selectively breeding for hundreds of years?
a. Dogs 
b. Cattle 
c. Horses 
d. Pigeons
e. All of the above

5. Name the naturalist who had a similar theory to Darwin’s and whose name also appears on the first abstract describing natural selection.
a. Alfred Russell Wallace
b. Albert Robert Wallace
c. Albert Russell Wallace
d. Alfred Robert Wallace



6. What year was “On the Origin of Species” finally published?
a. 1859
b. 1849
c. 1869
d. 1839

7. Which of the following was a problem with Darwin’s theory of evolution?
a. The earliest animals known from fossils were already extremely complex. People argued that it was impossible for this complexity to evolve spontaneously.
b. If evolution occurred as gradually as Darwin claimed, then the Earth would have to be billions of years old.
c. Amphibians are present on all continents. If they evolved only once then how did they get across the vast oceans, for example from Africa to South America?
d. Complex features such as the human eye would not work unless all the details were complete, so they could not have evolved gradually as Darwin claimed. 
e. All of the above.

8. Which (unexpected) animal can see as clearly as a human?
a. Flatworm
b. Octopus
c. Snail
d. Crocodile

9. Which features of reptiles allow them to live on land?
a. Waterproof eggs
b. Waterproof skin
c. Waterproof eggs and waterproof skin
d. Waterproof eggs, waterproof skin and waterproof nostrils

10. What extant (currently alive) group is descended from the dinosaurs?
a. Crocodiles
b. Snakes
c. Turtles
d. Birds

BONUS QUESTION
Name the nine species shown with David Attenborough just before the credits (after he shows people moving the Darwin statue in the Natural History Museum).

Part B: The Theory of Natural Selection

Charles Darwin came up with his theory of natural selection by observing the natural world and making deductions based on his observations. Darwin’s observations were as follows:

1) All species produce more offspring than can possible survive. 
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For example, a pair of mice can have ten offspring in a litter, and 5-6 litters a year. That’s 50-60 offspring in a year. Each of these offspring become fertile after around 40-50 days and can have their own offspring. After a year you could therefore end up with half a million mice!!! However, we are not drowning in mice, so some mice must die without reproducing.

2) Individuals within a species vary. 





The second thing Darwin noticed was that there is a lot of variation within species. For example, dogs are all dogs but some look like Great Danes and others look like Chihuahuas. Even within Great Danes there is variation in colour and size.

3) Some of these variations among individuals affect rates of survival and reproduction.

Darwin then suggested that some of the variations among individuals might affect their chances of survival. For example, grey mice living in a dark environment might be harder for predators to detect than white mice. Therefore more grey mice would escape predation and survive to reproduce. Alternatively, the variation might influence reproduction, for example, if female mice preferred to mate with grey males, then grey mice would reproduce more often than white mice.
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4) Offspring inherit some of these variations from their parents.



Darwin’s final observation was that offspring tend to inherit characteristics from their parents. So if a parent has a trait that makes it successful at surviving and/or reproducing, and this trait is inherited by its offspring, the offspring will also be successful at surviving and/or reproducing. 

For example, if there is an advantage to being a grey mouse (perhaps because they get eaten less often than white mice), and the genes for being grey can be passed from parent to offspring, then over time there will be more grey mice than white mice because grey mice will survive and breed more often. Eventually the white variation might even go extinct so all mice are grey. This is natural selection. In the examples above we would say that the grey mice have “greater fitness” than the white mice.

Survival of the fittest?
Fitness does not mean the fastest or strongest or most able to run a long distance. It means “the ones that best fit the environmental situation”. In biology, we measure the fitness of an individual by looking at the number of genes it manages to pass on to its grandchildren. Passing on genes to children is not enough because if those children do not survive and breed they are an evolutionary dead end. 
Practical Exercises

IMPORTANT
For the explanations in this handout I will assume you are using black and white sheets of paper. You will actually be using coloured paper, so just substitute black and white for whichever colours you decided to use.

At the end of the practical please place ALL scraps of paper and paper creatures into the recycling bins. The technicians do not have time to pick up > 10,000 pieces of paper… 

Preparation
First you need to make some paper creatures! Take one black sheet of paper and one white sheet of paper and use the scissors to cut out 100 small squares from each colour. Place the white paper creatures into one Petri dish and the black paper creatures into another Petri dish. ***Your paper creatures represent one species with two different colour variations***

Take a NEW sheet of black paper and place it on the desk in front of you. This will represent the environment in your experiments.



EXPERIMENT 1: Natural selection in paper creatures

Work in pairs. 

1. Student A should look away while Student B puts 50 black and 50 white paper creatures onto the black background environment.



2. Student A then gets 30 seconds to remove as many paper creatures as possible using the forceps provided. Creatures must be removed one at a time! 
3. After 30 seconds count how many black and white creatures remain. If the total number of remaining creatures is an odd number remove one more so you have an even number. Fill in the creatures removed section of the results table below.

Here’s a quick example to show you how to fill in the table. Ask a demonstrator if you get stuck.

	Generation
	Creatures Removed
	Creatures Replaced
	Percentage

	
	Colour 1
	Colour 2
	Colour 1
	Colour 2
	Colour 1
	Colour 2

	Start
	-
	-
	-
	-
	50
	50

	1
	10
	4
	(10+4)/2 = 7
	(10+4)/2 = 7
	(50 - 10) +7 = 47
	(50 – 4) +7 = 53

	2
	8
	2
	(8+2)/2 = 5
	(8+2)/2 = 5
	(47 - 8) +5 = 44
	(53 – 2) +5 = 56



4. Add more paper creatures to the black background to make it up to a total of 100 creatures using equal numbers of each colour. For example, if you removed 24 paper creatures, add 12 black creatures and 12 white creatures. Fill in the creatures replaced section of the results table below. Note that the proportions of black and white creatures should now be different.
5. Repeat steps 2-4 ten times.

Colour 1 = 
Colour 2 = 
Background colour = 
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Q1: How has your population of paper creatures changed over 10 generations?








Q2: In your procedure, what represents each of these things?
· a population of small organisms
· a predator
· predation
· reproduction



Q3: Think of at least TWO real world situations that your experiment might represent. 















Q4: Which part(s) of the theory of natural selection is not demonstrated in this experiment?

· All species produce more offspring than can possible survive. 
· Individuals within a species vary. 
· Some of these variations among individuals affect rates of survival and reproduction.
· Offspring inherit some of these variations from their parents.



EXPERIMENT 2: The importance of variation (Darwin’s second observation)

1. Student B should look away while Student A puts 100 black paper creatures onto the black background environment.
2. Student B then gets 30 seconds to remove as many paper creatures as possible using the forceps provided. Creatures must be removed one at a time! 
3. After 30 seconds count how many black creatures remain. 
4. Replace the black creatures you removed.
5. Repeat steps 2-4 once.

Q5: Does your population change? Will it ever change? What does this reveal about the importance of variation to natural selection?






EXPERIMENT 3: Differential reproduction
In experiment 1 you replaced the creatures you removed with equal numbers of black and white creatures. You should have realized that this violated part of the theory of natural selection – although black creatures survived longer than white creatures, they didn’t also leave more offspring. In this experiment we fix this problem.

1. Student A should look away while Student B puts 50 black and 50 white paper creatures onto the black background environment.
2. Student A then gets 30 seconds to remove as many paper creatures as possible using the forceps provided. Creatures must be removed one at a time! 
3. After 30 seconds count how many black and white creatures remain. If the total number of remaining creatures is an odd number remove one more so you have an even number. Fill in the creatures removed section of the results table below.
4. Add more paper creatures to the black background to make it up to a total of 100 creatures using the opposite numbers of each colour. For example, if you removed 20 white creatures and 4 black creatures, add 20 black creatures and 4 white creatures. Fill in the creatures replaced section of the results table below. Note that the proportions of black and white creatures should now be different.
5. Repeat steps 2-4 ten times.

	Generation
	Creatures Removed
	Creatures Replaced
	Percentage
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	Colour 2

	Start
	-
	-
	-
	-
	50
	50

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	




Q6: How has your population of paper creatures changed over 10 generations?









Q7: Did your population change more quickly or more slowly than in experiment one?







EXPERIMENT 4: Environmental fluctuations

In this final experiment we will think about what happens to the fitness of individuals when the environment they live in changes. This change could be a change in habitat, temperature, or rainfall, or the evolution or extinction of a predator or pollinator.

1. Student B should look away while Student A puts 50 black and 50 white paper creatures onto the black background environment.
2. Student B then gets 30 seconds to remove as many paper creatures as possible using the forceps provided. Creatures must be removed one at a time! 
3. After 30 seconds count how many black and white creatures remain. If the total number of remaining creatures is an odd number remove one more so you have an even number. Fill in the creatures removed section of the results table below.
4. Add more paper creatures to the black background to make it up to a total of 100 creatures using the opposite numbers of each colour. For example, if you removed 20 white creatures and 4 black creatures, add 20 black creatures and 4 white creatures. Fill in the creatures replaced section of the results table below. Note that the proportions of black and white creatures should now be different.
5. Repeat steps 2-4 five times.
6. Now cause an environmental fluctuation! Remove the black background sheet of paper and replace it with a white background sheet. Selection will now be reversed as it is easier for a predator to see the black creatures than the white creatures! Make sure you move all the paper creatures from the black to the white background.
7. Repeat steps 2-4 another 5 times.

	Generation
	Creatures Removed
	Creatures Replaced
	Percentage
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Q8: What happens when the environment changes? How does it affect your population of paper creatures?








Q9: What do you think would happen if the background was replaced with a third colour, e.g., red or blue?










Q10: What are the weaknesses of these experiments for representing real life situations? Would a predator really hunt like you are hunting?
13
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