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The Theory of Evolution                     
The basic theory of evolution is surprisingly simple. It has three essential parts:

· It is possible for the DNA of an organism to occasionally change, or mutate. A mutation changes the DNA of an organism in a way that affects its offspring, either immediately or several generations down the line.

· The change brought about by a mutation is either beneficial, harmful or neutral. If the change is harmful, then it is unlikely that the offspring will survive to reproduce, so the mutation dies out and goes nowhere. If the change is beneficial, then it is likely that the offspring will do better than other offspring and so will reproduce more. Through reproduction, the beneficial mutation spreads. The process of culling bad mutations and spreading good mutations is called natural selection.

· As mutations occur and spread over long periods of time, they cause new species to form. Over the course of many millions of years, the processes of mutation and natural selection have created every species of life that we see in the world today, from the simplest bacteria to humans and everything in between.

Billions of years ago, according to the theory of evolution, chemicals randomly organized themselves into a self-replicating molecule. This spark of life was the seed of every living thing we see today (as well as those we no longer see, like dinosaurs). That simplest life form, through the processes of mutation and natural selection, has been shaped into every living species on the planet.

Mutations are a random and constant process. They produce variations (differences) in a population.  As mutations occur, natural selection decides which mutations will live on and which ones will die out. If the mutation is harmful, the mutated organism has a much decreased chance of surviving and reproducing. If the mutation is beneficial (otherwise known as an adaptation), the mutated organism is said to be “more fit” for their environment and therefore more likely to survive and reproduce, and the mutation gets passed on to its offspring. In this way, natural selection guides the evolutionary process to incorporate only the good mutations into the species, and get rid of the bad mutations.  
The book "Extinct Humans," by Ian Tattersall and Jeffrey Schwartz, puts it this way:

...in every generation, many more individuals are produced than ever survive to maturity and to reproduce themselves. Those that succeed -- the "fittest" -- carry heritable features that not only promote their own survival but are also passed along preferentially to their offspring. In this view, natural selection is no more than the sum of all those factors that act to promote the reproductive success of some individuals (and its lack in others). Add the dimension of time, and over the generations natural selection will act to change the complexion of each evolving lineage, as advantageous variations become common in the population at the expense of those less advantageous.
Charles Darwin is known as the father of evolution. When he was a young man, Darwin set out on a voyage on the HMS Beagle around the world as the ship’s naturalist.  At a stop along the way in the Galapagos Islands[image: image5.jpg]


 off the coast of Ecuador in South America he noted the same kind of finches but with very different beak structures that seemed to be specially suited to the conditions on the specific island they inhabited.  This lead to his beginning to describe the process of natural selection.
Let's look at an example of natural selection that involves whales:

The ancestors of whales lived on land -- there is evidence of the evolution of the whale from life on land to life in the sea, but how and why did this happen? The "why" is commonly attributed to the abundance of food in the sea. Basically, whales went where the food was. The "how" is a bit more perplexing: Whales are mammals, like humans are, and like humans, they lived and walked on solid ground, breathing air into their lungs. How did whales become sea creatures? One aspect of this evolution is explained as follows:

To make this transition, whales had to overcome a number of obstacles. First of all, they had to contend with reduced access to breathable air. This led to a number of remarkable adaptations. The whale's "nose" moved from the face to the top of the head. This blowhole makes it easy for whales to breathe in air without fully surfacing. Instead, a whale swims near the surface, arches its body so its back briefly emerges and then flexes its tail, propelling it quickly to lower depths.

Odd as it seems that the whale's "nose" actually changed positions, the theory of evolution explains this phenomenon as a long process that occurs over perhaps millions of years: Random mutation resulted in at least one whale whose genetic information placed its "nose" farther back on its head. The whales with this mutation were more suited to the sea environment (where the food was) than "normal" whales, so they thrived and reproduced, passing on this genetic mutation to their offspring: Natural selection "chose" this trait as favorable. [image: image6.jpg]Miions of years ago
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In successive generations, further mutations placed the nose farther back on the head because the whales with this mutation were more likely to reproduce and pass on their altered DNA. Eventually, the whale's nose reached the position we see today.

Natural selection selects those genetic mutations that make the organism most suited to its environment and therefore more likely to survive and reproduce. In this way, animals of the same species who end up in different environments can evolve in completely different ways.
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A) Above is a series of pictures representing changes in a population of cacti.  Pictures 1 and 2 show what happened when a deer came to eat, picture 3 shows the cacti a few weeks later, and picture 4 shows the situation a few months later.  
1) Genetic Variation within the population:  In picture 1, what is the main difference between the cactus on the left and the cactus on the right?
2) Struggle to survive:  Why would a deer be more likely to eat the cactus on the left than the cactus on the right in picture 1?
3) Differential Successful Reproduction (Fitness): What effect does the deer's behavior have on the survival and reproduction of these two types of cacti?
4) What adaptation seems to increase the fitness of the cacti on the right? How does it increase the ability of the cacti on the right to survive and reproduce?

5) Explain specifically how evolution by natural selection is occurring in this cactus population.

B) Peppered Moth Background: 


Natural selection is the reproductive success of organisms that are best suited for an environment. Genetic variation is one factor that influences natural selection. Genetic variation occurs when a population has multiple versions of a trait. For example, some organisms in a population of moths are dark colored, while some are light colored. Natural selection over time results in adaptations, where certain traits are favored due to their influence on survival. Peppered moths have lived in the forests around Manchester, England for hundreds of years. There are two genetic variations for color in peppered moths- the moths can be dark with light spots OR light with dark spots. 
Before the 1800s, the trees were light colored and the light colored moths were well camouflaged. After the 1800s, when England went through the Industrial Revolution, the pollution from factories made the trees darken. Now, the trees were dark colored and the dark colored moths were well camouflaged. Various birds eat both kinds of moths IF they are able to be seen. 
The table below displays the number of peppered moths of each color found over a ten year period. Graph the data below to show how the peppered moth populations changed in the 1800s. You should make a line graph with two lines. Years should be on the x axis and number of moths on the y axis. Assume year one was the start of the Industrial Revolution. Don’t forget a key.
	Peppered Moth Populations

	Year
	Light Colored Population
	Dark Colored Population

	1
	537
	112

	2
	484
	198

	3
	392
	210

	4
	246
	281

	5
	225
	357

	6
	193
	412

	7
	147
	503

	8
	84
	594

	9
	53
	638

	10
	38
	673


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Analysis Questions for B: 
1. What changes occurred in both forms of the moth over these ten years?

2. Why do you think these changes occurred?
3. England has recently cleaned up their factories and now produces much less pollution. As a result, the trees are slowly becoming lighter. What might happen to the populations of each form of the moth in the next 10 years? 


C) Mice: 
1. Describe what is happening to the two mice populations in figures 1-3 to the right.  Explain why this is happening. 
2. Living things that are well adapted to their environment survive and reproduce.  Those that are not well adapted don’t survive and reproduce.  An adaptation is any characteristic that increases fitness, which is defined as the ability to survive and reproduce.  What characteristic of the mice is an adaptation that increased their fitness in #3?
3. The table below gives descriptions of four female mice that live in a beach area which is mostly tan sand with scattered plants.  According to the definition given for fitness, which mouse would biologists consider the fittest?  Explain why this mouse would be the fittest.

	Color of fur(
	Black
	Tan
	Tan and Black
	Cream

	Age at death
	2 months
	8 months
	4 months
	2 months

	# pups produced by each female
	0
	11
	3
	0

	Running speed
	8 cm/sec.
	6 cm/sec.
	7 cm/sec.
	5 cm/sec.


4. A more complete definition of fitness is the ability to survive and produce offspring who can also survive and reproduce.  Below are descriptions of four male lions.  According to this definition of fitness, which lion would biologists consider the “fittest”?  Explain why.

	Name(
	George
	Dwayne
	Spot
	Tyrone

	Age at death
	13 years
	16 years
	12 years
	10 years

	# cubs fathered
	19
	25
	20
	20

	# cubs surviving to adulthood
	15
	14
	14
	19

	Size
	10 feet
	8.5 feet
	9 feet
	9 feet


D) Polar Bears

There are 3 types of polar bears: ones with thick coats, ones with thin coats and ones with medium coats.  It is fall, soon to be winter.  The temperatures are dropping rapidly and the bears must be kept warm, or they will freeze to death.  Many of the bears have had 2 cubs each, but due to the extreme temperatures, many mothers only have one cub left. 

1. Identify the type of variation in the polar population. 

2. Which type of polar bear will not benefit from natural selection? 

3. Which polar bear mother is the most fit in her environment? 

4. Predict how the gene pool will change over time. 
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