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Evolution







Answer Key
Learning goals
After completing this activity, you will be able to … 

· Describe the history of evolutionary theory.
· Understand the evolution produces changes in populations, not individuals.
· Evaluate the four assumptions of natural selection: overproduction, inherited variation, competition, and selection.
Vocabulary: artificial selection, evolution, heritable, mutation, natural selection 
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Warm-up question
Suppose you went to a remote desert island off the coast of a large continent. On the island, you find lizards that are similar to lizards on the continent. However, these lizards are black, can swim, and eat seaweed. (On the continent the lizards are green, live in trees, and eat fruit.) 

What would you conclude about the island lizards?
Answers will vary. 

Sample answer: The lizards from the continent somehow got to the island. On the island, there were no trees or fruit for the lizards to eat, so they ate seaweed instead. Eventually the lizards learned to swim and changed from green to black to camouflage with rocks rather than trees.
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Activity A: Origins of evolutionary theory
In December of 1831, the young Charles Darwin embarked on a voyage around the world aboard the HMS Beagle. Darwin, who had been a relatively undistinguished student at the University of Edinburgh and Cambridge, volunteered to be a “gentleman naturalist” and companion to the ship’s captain, Robert FitzRoy. The five-year journey had a profound influence on Darwin’s career and scientific history.

The Galapagos Islands are a collection of desert islands 926 kilometers off the coast of Ecuador. Here, Darwin observed a myriad of strange animals. These included giant tortoises, swimming marine iguanas, flightless cormorants, and a variety of small birds. Each of these species were similar to animals found in South America, but also different. For example, the marine iguanas in the Galapagos were definitely iguanas, but had a completely different lifestyle from their forest-dwelling cousins in Ecuador.
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Perhaps most interesting were the birds. On the islands, Darwin collected a variety of small birds. Some ate seeds, others insects. Some had large beaks, and others had small, pointed beaks. When he arrived, Darwin brought the birds to a specialist for identification and was surprised to learn that all of the birds were different species of finch. 

Faced with this evidence, Darwin came to the following conclusion. A long time ago, some finches had come to the Galapagos Islands. Perhaps they were blown there by a storm, or maybe they became lost while migrating and ended up there. Once they reached these barren, uninhabited islands, the finches started to change. Over thousands of years and many generations, they adopted new ways of life that were normally occupied by other birds.

Darwin quickly realized that all of the animals of the Galapagos showed similar evidence of change over time. The marine iguanas had probably arrived on mats of floating vegetation, found food wherever they could, and gradually adapted to a marine lifestyle. The tortoises had probably arrived at the islands in a similar way, colonizing the different islands and undergoing subtle changes on each island. The lack of flight in cormorants was probably explained by the lack of predators that made flight necessary, as well as the metabolic and functional costs of growing large wings that did not enhance survival. 
Darwin knew in his heart that evolution had taken place on these islands, but he did not know how it occurred. He decided to devote the rest of his life to this quest.
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1. What was interesting about the wildlife Darwin observed on the Galapagos Islands?

The wildlife on the islands were all similar to species on the continent of South America, but were all different from their cousins. In some cases, the island species looked different and had different feeding habits and lifestyles from the related species on the continent.
2. The Galapagos Woodpecker Finch makes its living by probing at trees and eating the insects it finds under the bark. This is similar to what woodpeckers do in other places. Why and how do you think finches acquired this lifestyle on the Galapagos?
Sample answer: 

At some point in the past, a group of finches colonized the Galapagos Islands. There were probably no other birds on the islands. Over time, the finches adapted to new food sources that were not available to them in their original habitat. The ancestors of the woodpecker finch probably started eating insects they found on trees to supplement their normal diet, then gradually changed their behavior and form to take advantage of this new food source.
Activity B: Evolution before Darwin
Contrary to popular belief, Charles Darwin was not the first to think that species had changed, or evolved, over time. The ancient Greek philosophers Anaximander and Empedocles proposed somewhat bizarre accounts of the origin of living things and humans that were evolutionary in nature. (According to Anaximander, human embryos had first developed inside fish.)
During the Enlightenment, several scientists began thinking about the origin of species again. In 1751, the French philosopher Pierre Louis Maupertuis proposed a theory of inheritance that included elements of natural selection. Another Frenchman, Georges-Louis Leclerc (usually known as Compte de Buffon, or Buffon), proposed a theory that various animals had “degenerated” into different species after their original creation. Darwin’s own grandfather, Erasmus Darwin, described a theory of evolution in a poem published in 1803.
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One of the most successful pre-Darwinian evolutionary theories was proposed in 1800 by Jean-Baptiste Lamarck. Lamarck’s theory proposed two forces driving the evolution of organisms. One was a force driving organisms toward greater complexity (the so-called “ladder of life”), and the other was a force causing animals to adapt to their environments. Lamarck believed that organs that were used frequently would become larger and stronger with use. These traits would then be passed down to offspring. 

For example, Lamarck imagined that long ago, ancestors of giraffes had rather short necks. As these animals strained to reach higher into trees, their necks may have stretched a few millimeters. These changes would be passed down to offspring, who would also lengthen their necks by a small amount. Over time, the giraffe’s necks became longer and longer until they reached their present length.

While several evolutionary theories were proposed, none were very convincing to most scientists. No evidence was found for Lamarck’s evolutionary forces, and other theories lacked a convincing mechanism for evolution to take place. Another major obstacle for evolution was the belief held by most scientists that species were perfect forms created by God. If this was true, it did not make sense that these perfect forms would change over time.
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The cheetah is the world’s fastest mammal, reaching running speeds of over 100 km/hr (60 mph). How would Lamarck’s theory of evolution explain the evolution of speed in cheetahs?
Sample answer: 
As they hunted gazelles and other fast animals, cheetahs tried to run as fast as they could. The more they ran, the stronger their muscles became and the faster they could go. They passed these traits to their offspring so the offspring could run faster as well. Over time, the population of cheetahs became faster and faster.
Activity C: Natural selection
After his return from in 1836, Darwin was convinced of the fact of evolution but did not yet know how it occurred. Inspiration came in 1838, when Darwin read an essay by the economist Thomas Malthus. According to Malthus, as human populations grew there would be increased competition for limited resources. Darwin realized that if this idea were applied to the natural world, only the best adapted individuals would survive, passing their favorable traits to their offspring. Thus was born Darwin’s theory of natural selection.
Natural selection makes three assumptions about the natural world: competition, inherited variation, and selection. 

· Competition

Organisms produce more offspring than can survive and reproduce. Populations of organisms are limited by the availability of food and shelter, the presence of predators and disease, and other factors. Individuals must compete with each other to survive and reproduce. 

· Inherited variation

In a given population, not all individuals are the same. Some individuals may have unfavorable variations that cause them to be more likely to die without reproducing. Other individuals may have favorable variations that cause them to be more likely to survive and/or produce offspring. These variations are heritable, which means they can be passed down from parents to offspring.
· Selection

In the competition to survive and produce offspring, the individuals with favorable variations tend to survive at a higher rate than others and produce more offspring. Over time, the favorable trait will tend to spread throughout the population, causing the population as a whole to change. In this way, species may evolve over time.

For example, think about the giraffes described in Activity B. As before, imagine a population of short-necked giraffes straining to eat leaves. Now, imagine that one giraffe is born with a mutation that gives it a slightly longer neck. This giraffe will be able to reach more leaves and therefore is more likely to survive than its fellow giraffes. This mutation is passed on to its offspring, giving them longer necks as well. Gradually, the longer-neck variation will spread through the population. Over many generations, new mutations that produce longer-necked individuals will continue to spread through the population, eventually resulting in the long-necked giraffes we observe today. 

A key difference between Darwin’s theory and that of Lamarck is that, in Darwin’s theory, any changes that occur during an individual’s life are irrelevant. The only variations that matter for natural selection are those variations that can be inherited, and these are variations that individuals are born with. If a giraffe manages to stretch its neck a few millimeters, this change will not be passed down to its offspring. However, if a giraffe was born with the capability for a longer neck, then this variation could be passed down. In this way, the effects of evolution are seen as changes in populations, not in changes an individual acquires over its lifetime.

A major influence on Darwin’s work was the domestication and breeding of animals. Darwin looked at how human breeders had created many varieties of dogs, cats, cows, sheep, and pigeons over a relatively short period of time. Darwin even experimented with his own pigeon-breeding experiments. If artificial selection could create variations as different as a Bulldog and a Great Dane in only a few thousand years, what could nature do in millions of years? 

Darwin worked out the basics of natural selection in 1838, but decided not to publish his ideas right away. He knew that natural selection would be controversial and wanted to gather enough evidence that it could not be disputed. Thus followed a period of 20 years during which Darwin carefully gathered evidence for natural selection, got married, started a family, and battled persistent health problems.
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Darwin may have sat on his theory for many more years if not for Alfred Russell Wallace, an itinerant naturalist who travelled extensively in the Amazon and Indonesia. During his travels, Wallace became a believer in evolution and independently reached the same conclusions as Darwin. In 1858, Wallace sent Darwin a paper that outlined his own theory of evolution by natural selection. 
Realizing that Darwin’s theory was about to be “scooped,” Darwin’s friends arranged the presentation of Wallace’s paper along with several private letters by Darwin that demonstrated he had come up with the idea before Wallace. Today, Wallace and Darwin are considered co-discoverers of natural selection, although Darwin is credited as the first to conceive of the idea.
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Prompted by Wallace, Darwin quickly wrote his seminal book On the Origin of Species. When it was published in 1859 the book was an immediate sensation, attracting fierce critics and passionate defenders. Over time, the vast majority of the scientific community has come to support the theory of evolution by natural selection. In the time since the theory was first published, evidence supporting evolution by natural selection has continued to grow, from the discoveries of “missing link” fossils such as Tiktaalik (right) to the reconstructions of species family trees using DNA sequences. 
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1. Does the theory of evolution by natural selection explain how an individual changes over its lifetime, or how a population changes over many generations? Explain your answer.

Sample answer: 

Evolution by natural selection produces changes in populations over many generations. If an individual changes over its lifetime, such as a person undergoing surgery to improve her eyesight, these changes cannot be inherited by her offspring and will have no effect on evolution. Only variations that an organism is born with can be inherited and spread through a population over many generations. 
2. How would the theory of natural selection account for the development of speedy cheetahs? Include references to competition, inherited variation, and selection in your explanation.
Sample answer: 
A population of cheetahs competes for a limited resource, gazelles and other swift-moving prey. Some cheetahs are born with heritable variations that make them faster than other cheetahs. These cheetahs will catch more gazelles and are more likely to survive and reproduce than slower cheetahs. Eventually, the “faster cheetah” variation will spread through the population. Over time, many of these “faster cheetah” variations will spread, creating the very fast cheetahs we see today.
3. How is artificial selection (such as breeding dogs) related to natural selection?
Sample answer: 

The only difference between artificial selection and natural selection is that, with artificial selection, a human breeder decides which individuals will reproduce and pass down their variations to the next generation. With natural selection, the individuals most likely to survive and reproduce in the wild will pass on their variations to the next generation.
4. Challenge: The praying mantis is notorious because, after mating, the female will usually eat the male. Suppose a mutation arises that causes males to avoid females and thus not get eaten. Do you think this mutation would be favored by natural selection? Explain.
Sample answer:
This mutation will not be favored by natural selection because it will not be passed down to the next generation. Males who avoid females might be more likely to survive, but they will not be able to pass down their genes to the next generation, so once they die the variation will disappear as well.
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