Evolution Practice Questions

PART A: The Basics and Evidence
For Questions 1–5, match the structure with the correct type. A structure type may be used more than once. 

Name: ___________________________________	Period: _______


8

Anatomical Structure					       Structure Type
	  1. bat wing and mouse arm			A. homologous structure
	  2. reptile foot and bird foot			B. analogous structure
	  3. dolphin fin and fish tail			C. vestigial structure
	  4. eyes on a blind cave fish
	  5. snake tongue and dog nose





Use the illustrated homologous structures to answer Questions 6–9.
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6. How are the forelimbs similar?
	
	
7. How are the forelimbs different?
	
	
	
8. How are homologous structures such as forelimbs evidence for common descent?
	
	
	

9. How does the pattern of embryological development provide further evidence that organisms have descended from a common ancestor?
	
	
	

10. Complete the table about types of anatomical structures.

	Types of Anatomical Structures

	Structure Type
	Description
	Example

	
	Structures that are shared by related
species and that have been inherited
from a common ancestor
	

	
	Body parts that share common function, but not structure

	

	
	Body parts in animals that are so reduced in size that they are just vestiges, or traces, of homologous structures in other species
	



11. Complete the concept map.
Evidence for Evolution
includes
















12. Read these passages from the text and answer the questions that follow.

Evidence from Biogeography
Biogeography is the study of how and why plants and animals live where they do. It provides more evidence for evolution. Let’s consider the camel family as an example.
Biogeography of Camels: An Example
Today, the camel family includes different types of camels. All of today’s camels are descended from the same camel ancestors. These ancestors lived in North America about a million years ago.
Early North American camels migrated to other places. Some went to East Asia. They crossed a land bridge during the last ice age. A few of them made it all the way to Africa. Others went to South America. They crossed the Isthmus of Panama. Once camels reached these different places, they evolved independently. They evolved adaptations that suited them for the particular environment where they lived. Through natural selection, descendants of the original camel ancestors evolved the diversity they have today.
Island Biogeography
The biogeography of islands yields some of the best evidence for evolution. Consider the birds called finches that Darwin studied on the Galápagos Islands. All of the finches probably descended from one bird that arrived on the islands from South America. Until the first bird arrived, there had never been birds on the islands. The first bird was a seed eater. It evolved into many finch species. Each species was adapted for a different type of food. This is an example of adaptive radiation. This is the process by which a single species evolves into many new species to fill available niches.
Eyewitness to Evolution
In the 1970s, biologists Peter and Rosemary Grant went to the Galápagos Islands. They wanted to re-study Darwin’s finches. They spent more than 30 years on the project. Their efforts paid off. They were able to observe evolution by natural selection actually taking place.
While the Grants were on the Galápagos, a drought occurred. As a result, fewer seeds were available for finches to eat. Birds with smaller beaks could crack open and eat only the smaller seeds. Birds with bigger beaks could crack and eat seeds of all sizes. As a result, many of the small-beaked birds died in the drought. Birds with bigger beaks survived and reproduced. Within 2 years, the average beak size in the finch population increased. Evolution by natural selection had occurred.
Questions
a. What is biogeography and what does it provide?


b. Where do all camels come from?
c. Why did camels evolve?




d. What is adaptive radiation? Give an example.


13. Match the vocabulary word with the proper definition.
Definitions
_____ a. the strongest evidence for evolution from a common ancestor
_____ b. shows how organisms are related by descent from common ancestors
_____ c. structures that are similar in related organisms because they were inherited from a         
               common ancestor
_____ d. scientists who find and study fossils
_____ e. structures that are similar in unrelated organisms
_____ f. provide clear evidence that evolution has occurred
_____ g. reduced structures that are no longer used
_____ h. the process by which a single species evolves into many new species to fill available
niches
_____ i. the study of the similarities and differences in the embryos of different species
_____ j. the study of how and why plants and animals live where they do
_____ k. the study of the similarities and differences in the structures of different species
Terms
a. adaptive radiation			b. analogous structure	c. biogeography
d. cladogram				e. comparative anatomy     
f. comparative embryology		g. DNA sequences		h. fossils
i. homologous structure		j. paleontologist		k. vestigial structure


14. Scientists have noticed similarities between a bat’s wings and a dolphin’s flippers. What does this evidence tell us about the evolution of bats and dolphins?
A Bats probably evolved from dolphins.
B Bats and dolphins probably adapted to similar environments.
C Bats and dolphins probably have a common ancestor.
D Bats and dolphins use their wings and flippers for the same purposes.


15. When Charles Darwin first proposed the idea that all new species descend from an ancestor, he performed an exhaustive amount of research to provide as much evidence as possible.  Today, the major pieces of evidence for this theory can be broken down into the fossil record, embryology, comparative anatomy, and molecular biology.

Fossils
This is a series of skulls and front leg fossils of organisms believed to be ancestors of the modern-day horse.  
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	Equus
(modern horse)
	Pilohippus
	Merychippus
	Mesohippus
	Eohippus
(Dawn Horse)


Source:  http://www.iq.poquoson.org
a.  Give two similarities between each of the skulls that might lead to the conclusion that these are all related species.


b.  What is the biggest change in skull anatomy that occurred from the dawn horse to the modern horse?
c. What is the biggest change in leg anatomy that occurred from the dawn horse to the modern horse?



16. The diagram below represents a section of undisturbed layers of sedimentary rock in New York State and shows the location of fossils of several closely related species. According to currently accepted evolutionary theory, which is the most probable assumption about species A, B, and C?
[image: ]

17. Organisms that are closely related may also have physical similarities before they are even born!  Take a look at the six different embryos below:
[image: ]

Hypothesize which embryo is from each of the following organisms:

	Species
	Embryo

	Human
	

	Chicken
	

	Rabbit
	

	Tortoise
	

	Salamander
	

	Fish
	



These are older, more developed embryos from the same organisms.
[image: ]
Hypothesize which embryo is from each of the following organisms:

	Species
	Embryo

	Human
	

	Chicken
	

	Rabbit
	

	Tortoise
	

	Salamander
	

	Fish
	



These are embryos at their most advanced stage, shortly before birth.
[image: ]
Describe how the embryos changed for each of these organisms from their earliest to latest stages.

	Species
	Anatomical Changes From Early to Late Stages

	Human
	

	Chicken
	

	Rabbit
	

	Tortoise
	

	Salamander
	

	Fish
	



a.  Look again at the six embryos in their earliest stages.  Describe the patterns you see.  What physical similarities exist between each of the embryos?




b. Does this suggest an evolutionary relationship?  Explain how these embryos can be used as evidence of a common ancestor between each of these six organisms.

PART B: The Process
[image: Description: deer 1][image: Description: deer%202%20copy][image: Description: deer%203][image: Description: deer%204]3
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Recall that there are four parts of natural selection to take place.

18. 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 (notice the flowers on the right-hand cactus), and picture 4 shows the situation a few months later.  

a) What is overproduction?


b) 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?

c) 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?

d) Differential Successful Reproduction (fitness): What effect does the deer's behavior have on the survival and reproduction of these two types of cactus?


e) Do you think that evolution by natural selection is occurring in this cactus population?  (Assume there is actually a large population of cacti, some look like each type of cacti shown above) Explain why or why not.

19. Peppered Moth Background: 

	Natural selection is the reproductive success of organisms that are best suited for an environment. It is the driving force of evolution. Natural selection occurs within populations, which are interbreeding groups of individuals of the same species. 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. Adaptations over many generations can lead to evolution. 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 (figure 14.11a), 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 (figure 14.11b). 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. 

Data: 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 legend.[image: ]

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


b) Why do you think these changes occurred? (your explanation needs to include the FOUR parts natural selection from your notes, using these moths as an example for each part)




c) 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? Why?

d) [image: ]Describe what is happening in figures 1-3 to the right.  Is the population of mice different in figure 3 than in figure 1?  Explain why.







e) 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?




f) 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.





g) 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





20.   Background:
Suppose that Tyrone had genes that he passed on to his cubs that helped his cubs to resist infections, so they were more likely to survive to adulthood.  These genes would be more common in the next generation, since more of the cubs with these genes would survive to reproduce.  
A characteristic which is influenced by genes and passed from parents to offspring is called heritable.  Over many generations heritable adaptive characteristics become more common in a population.  This process is called evolution by natural selection.  Evolution by natural selection takes place over many, many generations.
Evolution by natural selection leads to adaptation within a population.  The term evolution by natural selection does not refer to individuals changing, only to changes in the frequency of adaptive characteristics in the population as a whole.  For example, for the mice that lived in the beach area with tan sand, none of the mice had a change in the color of their fur; however, due to natural selection, tan fur was more common for the pups than for the mother mice.
In summary, a heritable characteristic that helps an organism to have more offspring which survive to reproduce will tend to become more common in a population as a result of evolution by natural selection.

a) Explain why a characteristic which helps an animal to live longer will generally tend to become more common in the population as a result of evolution by natural selection.






b)  Sometimes characteristics are not heritable but are environmentally influenced.  Describe three characteristics that are not inherited but affect survival.








c) Not all heritable characteristics which contribute to longer life become more common in the population.  Some characteristics contribute to long life, but not more offspring.  For example, a female cat which is sterile and cannot have any offspring may live longer because she will not experience the biological stresses of repeated pregnancies.  Explain why a characteristic like this which contributes to a long life, but with few or no offspring, would not become more common as a result of evolution by natural selection.


21. Besides predators, there are other living organisms in an ecosystem that interact with a population that can cause natural selection to occur. Brainstorm a list of some of the other organisms in an ecosystem that might contribute to natural selection through their interactions with a bug population.



22. Besides predators, there are other non-living (abiotic) objects and events in an ecosystem that that might lead to natural selection through their interactions with the population. Brainstorm a list some of non-living objects or events in an ecosystem that might contribute to natural selection:



23. Migrating Deer Scenario: Imagine a population of deer lives in the valleys between mountain ranges. The deer have had no natural predators in these ecosystems for many years. One group of deer wanders into a new ecosystem they haven't been in before. It is a hard to reach valley between two mountain ranges. The deer find plenty of food to eat in this valley to sustain a large carrying capacity for deer. Shortly after arriving in the valley, a population of wolves also wanders into the same ecosystem. The wolves are predators for other animals, including deer.

After wolves enter the ecosystem, what do you expect would happen to the proportion of fast deer in this population in each future generation?
a) Nothing would happen. The proportions of fast deer in the population would never change in each new generation because trait variation related to speed gives no competitive disadvantage or advantage in this ecosystem.
b) There would be some slight fluctuation in the proportion of fast deer in the population. The proportions of fast deer in the population would vary up and down in each future generation, but it would remain close to a stable value because the wolves cannot change the trait variations in the deer population.
c) The proportion of fast deer in the population would decrease in future generations because the selective pressure from wolves would be to kill off the easier to catch deer. The faster deer are easier to catch so they would be removed from the deer population more frequently than the slower deer.
d) The proportion of fast deer in the population would increase in future generations because the selective pressure from wolves would be to kill off the easier to catch deer. The easier to catch deer are the slow ones. Dead slow deer can't have babies, but live fast dear can.
e) It’s hard to predict, since there are many opposing selective pressures. One pressure is that using up food too quickly by running too fast might cause the fast deers to starve more quickly. Another pressure is from running to fast and increases the chances of breaking a leg and getting caught by a wolf. Another pressure is from running too slow and being caught by a wolf.

24. If smaller animals are harder to find, how might natural selection also influence the size of prey over time?



25. How might natural selection influence the color of fur in a population of prey that lives in a snow-covered ecosystem that has many predators in it?

26. Insecticides are chemical substances that are used to reduce the population of insects. Many types of insecticides used around the home are bug sprays and solids that kill bugs that are exposed to them. To keep harmful bugs from destroying crops farmers often spray them with insecticides. A population of insects has variation in their inherited traits. On the outside one can observe that insects in the population are larger, or slower, or have different coloration than others.

Insects also have variation in their internal structures and substances they produce. Some insects may produce substances that allow them to digest food more slowly, that enable them to reproduce more quickly, or that give them greater resistance to effects of poisonous substances.
Insecticide resistance scenario: In the early 1900's people started to notice that bug populations were now more resistant to some pesticides that used to work relatively well. As new insecticides were invented, again cases of resistance were reported in the bug populations they were used on just a few years later.

a) In the past, these same pesticides used to be far more effective on populations of
bugs. They used to kill off most of the bugs in the population when they first were used. Use the mechanism of natural selection to explain why current populations of bugs are now more resistant to the pesticides that had been used on the population in them in the past.

Herbicides resistance scenario: Herbicides are chemicals that kills off certain types of plants. Imagine a new type of herbicide is invented this year. It starts being sold in stores under the brand name “DandelionBeGone”. Homeowners who use the herbicide the first year might find it works very well, killing off approximately 98% of the dandelions in a lawn with one spraying, without killing the grass.

b) If homeowners continued to use the same herbicide for many years in a row, the mechanisms at work from natural selection might lead to a disappointing outcome. Homeowners might find it doesn't work so well in future years on the lawn that it used to, even if the company doesn't change the ingredients in the “DandelionBeGone” herbicide they sell. Why?




27. Genetic Drift 
Polydactyly – extra fingers or toes – is one symptom of Ellis-van Creveld syndrome. The syndrome is commonly found among the Old Order Amish of Pennsylvania, a population that experiences the “founder effect”. This disease is more concentrated among the Amish because they marry within their own community, which prevents new genetic variation from entering the population. Children are more likely to inherit two copies of the recessive genes leading to the genetic disease. 
a. Is this an example of genetic drift? Explain your answer. 


b. Would the frequency of the disease be different in a larger population? Explain your 
answer.



c. Below are examples of genetic drift. What similarities do you see in the examples? 



· Many individuals are killed due to a disease that only attacks those with blue eyes, causing blue eyes to become rarer in the area. 
· An airplane crash introduces the white heron, which loves spotted mackerel, into a population of spotted and unspotted mackerel. Over time, fewer mackerel are born with spots. 
· A man steps on a group of beetles, randomly killing most of the green ones but leaving most of the brown ones alive, resulting in fewer green beetles being produced in the population. 
· A wildflower population consisting of blue, purple, and pink flowers is subjected to a mudslide that kills most of the blue ones. As time progresses, blue flowers eventually die out, leaving only purple and pink wildflowers. 
28. Charles Darwin noticed that finches on different islands of the Galápagos Islands were similar but that their beaks differed. What explanation for these differences did he propose?
A The beaks of the finches are adapted to the way the bird usually gets food.
B The beaks of the finches are randomly selected by genetic mutation.
C The different beaks would one day evolve into identical beaks.
D Beak size is related to the size of the finch.
29. Which of the following factors is necessary for natural selection to occur in a species?
A genetic variation within a population
B an abundance of food resources
C a hospitable environment
D a strong family structure
30. The table below shows average beak measurements for birds living on three islands. Narrow beaks are best for eating insects. On which island would you expect to find the most birds that eat insects?
[image: ]
A Verde Island
B Azul Island
C Rosa Island
D Verde Island and Azul Island

31. [image: ]

32. The spotted touch-me-not, a flowering plant, has seed pods that burst open when touched and forcefully eject their seeds. Why is such an adaptation favorable?


33. The diagram below illustrates the change that occurred in the frequency of phenotypes in an insect population over 10 generations. A probable explanation for this change would be?

[image: ]
34. The diagram below shows undisturbed sedimentary strata at the bottom of an ocean. The fossils found in layer B resemble the fossils found in layer A. This similarity suggests what?
[image: ]
35. Which of the following is NOT true of genetic drift?
a. It can lead to alleles being fixed in a population
b. It can increase the genetic diversity of a population
c. It results from the random transmission of alleles from parents to offspring in a population
d. It can lead to loss of alleles from a population
36. Which of the following is true of genetic drift?
a. It plays a much larger role in determining the genetic makeup of populations than natural selection
b. It is necessary in order for a population to be in Hardy-Weinberg equilibrium
c. It can decrease genetic diversity in a population
d. It can increase genetic diversity in a population
37. An ecologist observes a population of snakes on an island for one month every year. After the eleventh month, he sees that the snake population has been decimated, and decides to wait for the snakes to repopulate before coming back for further observation. When he returns five years later, he finds a very homogenous looking population of snakes. What is the name of the effect he observed? 
a. The founder effect
b. Genetic drift
c. Bottleneck effect
d. Extinction
e. Gene flow
38. Which of the following is true of the bottleneck effect?
a. Only the fittest members of the original population survive, making the new population more fit
b. Human activities, such as deforestation and over-fishing, make up the majority of bottleneck events
c. A bottleneck effect can result in either extinction or population recovery
d. Due to a sharp decrease in population, the new population is always less able to adapt
e. A bottleneck effect can result in either extinction or population recovery
39. In South Africa, there is a population that has a much higher frequency of Huntingdon’s disease than is seen in other regions of the world. The cause is likely due to the fact that this population is descended from a relatively small subset of European colonists. Which of the following choices best explains the phenomenon observed in this South African population?
a. Bottleneck effect
b. Genetic drift
c. Natural selection
d. Artificial selection
e. Founder effect
40. A massive, pre-historic earthquake caused the separation of approximately 500 people from the rest of their much larger population by an impassable fissure in the Earth’s crust. Which of the following would be the LEAST helpful in understanding the immediate future of this sub-group during the next 50 years?
a. Genetic drift
b. Natural selection
c. The bottleneck effect
d. The founder effect
41. Which of the following is true regarding genetic drift?
a. Genetic drift reduces genetic variation
b. It is the change in allele frequency due to sampling error
c. Effect of genetic drift is less in larger populations
d. All of these
42. Select the best example of bottleneck effect
a. A fungus nearly wipes out all of a farmer’s pea plants. Later the farmer learns from a botanist that the survivors possessed a gene that made those pea plants grow a thicker cuticle causing the fungus to be unable to take hold and kill the plant
b. A pair of wolves (1 male and 1 female) are released into a large national park to reduce the population of deer. The wolves prosper in their new prey-rich environment and eventually establish a larger wolf population
c. During a flash flood a small group of fish inhabiting a river are able to swim through the flood waters to a nearby lake where they remain when the water subside. This group of fish eventually dominates the lake which previously was home to smaller fish
d. Drought causes a local lake to shrink drastically. Eagles catch and eat nearly all the fish before seasonal rains replenish the level of the lake. The fish population eventually returns to its original numbers. 
43. Select the scenario that best describes genetic drift
a. Two populations of fish are separated by a strip of land that divides the lake into two bodies of water. For all practical purposes each sides of the lake is identical except the sources of food. Over time the populations become quite different
b. Two populations of fish are separated by a strip of land that divides the lake into two bodies of water. For all practical purposes each sides of the lake is identical except the females on one side only mater with males with a certain coloration. Over time the populations become quite different
c. Two populations of fish are separated by a strip of land that divides the lake into two bodies of water. For all practical purposes each sides of the lake is identical except there are different predators on either side. Over time the populations become quite different.
d. Two populations of fish are separated by a strip of land that divides the lake into two bodies of water. For all practical purposes each sides of the lake is identical; the selective pressures are identical. Over time the populations become quite different.
e. None of these













PART C:  “Big Picture”

44. Lions and tigers are considered separate species since they have never been observed interbreeding in the wild. In fact in the wild, there is currently only one small region of overlap in their ranges and shared ecosystems, the Gir National Forest in India. But they are still similar enough in physical structure and gene copying mechanisms in both species to allow them to generate offspring (Ligers). If forced to mate in non-natural settings (e.g. zoos) they will develop offspring that can survive and reproduce. Their offspring are called Ligers.

Horses and Donkeys are considered separate species. Their gene copying mechanisms are different in some important ways that do not permit them to generate a fertile offspring. So though the gene information that results in the offspring when a horse and donkey interbreed together is still similar to create an offspring that can survive, it is not similar enough for it also to produce its own offspring. Since it can't produce offspring it is considered sterile. This animal is known as a mule. Foxes and dogs are separate species. Some species of foxes have 36 chromosomes and some have 34 in their somatic cells, while gray wolves and domestic dogs have 78 chromosomes. This chromosome difference is one barrier to producing viable offspring.

a. Why, therefore, can no viable offspring be produced from a cross between a horse and a donkey?


45. [image: ]


46. [image: ]

47. Macroevolution is evolution over geologic time above the species level. One of the main topics in macroevolution is how new species arise; this process is known as speciation. How does speciation usually happen? First a species become isolated. 

Assume that some members of a species become geographically separated from the rest of the species. If they remain separated long enough, they many evolve genetic differences. If the differences prevent them from interbreeding with the original species. They have evolved into a new species. This speciation is caused by geographic isolation. 

Assume Hawthorn flied lay eggs in Hawthorn trees. The eggs hatch into larvae that feed on fruits. Apple trees were introduced to the U.S. and often grown near Hawthorn trees. Some Hawthorn flied started laying eggs in nearby apple trees. When the eggs hatched, the larvae fed on apples. Overtime, they become reproductively isolated because they breed at different times; the breeding season matches the season when the apple or hawthorn fruits mature. Because they rarely interbreed, the two populations of flies are evolving genetic differences and becoming different species. This speciation is caused by temporal isolation. 

The blue footed booby bird has an elaborate mating “dance” that males must do to woo the female. The female can either then accept or reject the advances of the male. Other species of birds do not have the same mating dance and will be fully ignored by the female meaning they have no chance at reproducing with the female blue footed booby. This speciation is caused by behavioral isolation. 

a) How is macroevolution different from microevolution? 


b) What factors has to be present for speciation to occur? 



48. You were provided with examples and explanations of three isolation mechanisms previously. Use this information to identify the type of isolation mechanism is illustrated in these examples. 
a.  In North America, five frog species of the genus Rana differ in the time of their peak breeding activity. What mechanism is illustrated? _______________________________ 
b.  The lion and tiger habitat overlapped in India until 150 years ago, but the lion lived in open grassland and the tiger in forest. Consequently, the two species did not hybridize in nature. What mechanism is illustrated? ___________________________________ 
c. c. If a male firefly tries to impress a female and the female firefly does not recognize the patterns of light created by a male firefly. What type mechanism is illustrated? _______________________________ 

49. Gradualism or Punctuated Equilibrium? 

Every now and then, paleontologists uncover what appears to be a complete series of fossils. They find batches of fossils which seem to represent a population of one species, living at one period of time, and showing a typical range of variation, but still clearly members of one species. As they search layers of sediment above and below, they find more fossil groups of what appear to be the same species. 

As paleontologists study the entire series of fossils, they tend to find two kinds of patterns. Sometimes there appear to be slight shifts in the average features of the fossils over time, eventually becoming so different from the earliest form that they have to say a new species has formed. But with another series of fossils (may be a totally different kind of organism), they find very little difference for long periods of time, then, all of a sudden, they begin to find fossils similar to the earlier ones, but showing some striking differences, clearly a new species. Sometimes, in both cases, the original species continues to exist along with the new species, and sometimes the original species can no longer be found. 
 	a. Which rate would show transitional fossils showing slight variations in fossils? 
50. Section H: Rates of Evolution 
1. Identify if the following demonstrates gradualism or punctuated equilibrium. 
a. Evolution of humans ___________________________ 
b. Darwin believed that evolution happened slowly overly over a long period of time. 
_________________________ 
c. Bacteria becoming resistant _______________________________ 
d. Transitional fossils are present ___________________________ 
e. Pattern seen in horses in which long periods without change are interrupted by short periods of rapid change. ___________________________ 

51. Read each of the following examples of speciation/evolution and determine which type of speciation (convergent evolution, geographic isolation, coevolution or adaptive radiation) is best being described. 

a. Ducks and beavers both have webbed-feet. 

b. There are species of lizards that burrow underground. Gophers and moles are mammals that also burrow underground. 

c. The cuckoo bird and cowbirds have evolved eggs that closely mimic those of other birds (the hosts). Their young also have characteristics (feather coloration and calls) that mimic the young of those other birds and encourage the host parents to feed them. In response, some hosts have developed the ability to discriminate between their own offspring and eggs, and those of the cuckoos and cowbirds. 
d. Coyotes and wolves occupy different niches, but are also closely related. 
e. The entire group of animals known as marsupials (ex.: kangaroos, koalas and platypus) have adapted to having a “pouch” on their bodies, where their young can grow and develop. Marsupials were once related to other mammal, but are now reproductively isolated since being on the island of Australia for the last several millions years. 
f. With common ancestors, deer and elk in the United States live in many of the same environments. The niches they occupy are similar, but nonetheless are different. 
g. Many fruit-eating birds, especially in tropical rain forests, have adapted with the plants whose fruits they eat. The birds get nourishment, and in the process the plants get their digestion-resistant seeds dispersed (spread out) by regurgitation (throwing up, ew?) or along with the birds' droppings. 
h. Prehensile tails can curve around and grasp branches and other objects, like a 
supplementary arm. Many monkeys have these prehensile tails. Many chameleons (small lizards) successfully use this same adaptation. 
i. There are many plant species who rely on with color-blind animals to eat their fruits. These animals will eat the fruits, but the tough seeds within them are not digested. The benefit to the plant is that the animal will leave the area and the seed will be dispersed (spread out) in other areas, through the animals’ droppings. Since these animals are color-blind, the plants produce fruits that are more-smelly (rather than colorful), since these same animals tend to have good senses of smell. 
j. A species of plants called “silversides” live in Hawaii. They are very unique in that they have many different forms. Over the last several million years, they have been reproductively isolated from their original species, believed to be located in South America. 
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52. According to the diagram above, which of the following statements about finch species is true?
A Cocoa finches evolved from tree finches.
B Grassquits and ground finches do not have a common ancestor.
C Warbler finches are an older species than cocoa finches are.
D Tree finches are better adapted to their environment than grassquits are.

53. Read these passages from the text and answer the questions that follow.
Forces of Evolution
The conditions for Hardy-Weinberg equilibrium are unlikely to be met in real populations. The Hardy-Weinberg theorem also describes populations in which allele frequencies are not changing. By definition, such populations are not evolving. How does the theorem help us understand evolution in the real world?
From the theorem, we can infer factors that cause allele frequencies to change. These factors are the forces of evolution. There are four such forces: mutation, gene flow, genetic drift, and natural selection.
Mutation
Mutation creates new genetic variation in a gene pool. It is how all new alleles first arise. In sexually reproducing species, the mutations that matter for evolution are those that occur in gametes. Only these mutations can be passed to offspring. For any given gene, the chance of a mutation occurring in a given gamete is very low. Thus, mutations alone do not have much effect on allele frequencies. However, mutations provide the genetic variation needed for other forces of evolution to act.
Gene Flow
Gene flow occurs when people move into or out of a population. If the rate of migration is high, this can have a significant effect on allele frequencies. Both the population they leave and the population they enter may change.
During the Vietnam War in the 1960s and 1970s, many American servicemen had children with Vietnamese women. Most of the servicemen returned to the United States after the war. However, they left copies of their genes behind in their offspring. In this way, they changed the allele frequencies in the Vietnamese gene pool. Was the gene pool of the American population also affected? Why or why not?
Genetic Drift
Genetic drift is a random change in allele frequencies that occurs in a small population. When a small number of parents produce just a few offspring, allele frequencies in the offspring may differ, by chance, from allele frequencies in the parents.
This is like tossing a coin. If you toss a coin just a few times, you may by chance get more or less than the expected 50 percent heads or tails. In a small population, you may also by chance get different allele frequencies than expected in the next generation. In this way, allele frequencies may drift over time.
Genetic drift occurs under two special conditions. They are called bottleneck effect and founder effect.
1. Bottleneck effect occurs when a population suddenly gets much smaller. This might happen because of a natural disaster, such as a forest fire. By chance, allele frequencies of the survivors may be different from those of the original population.
2. Founder effect occurs when a few individuals start, or found, a new population. By chance, allele frequencies of the founders may be different from allele frequencies of the population they left.
Questions
a. Was the gene pool of the American population also affected by the gene flow described above? Why or why not?

b. Describe one special condition under which genetic drift occurs.
54. The main difference between macroevolution and microevolution is
a) the time frame of the evolutionary process.
b) the species that evolve during each.
c) that microevolution is only for small organisms, and macroevolution is for large organisms.
d) all of the above

55. Which of the following statements is correct?
a) Individuals do not evolve, genes do evolve.
b) Individuals do not evolve, populations do evolve.
c) Populations do not evolve, individuals do evolve.
d) Populations do not evolve, species do evolve.

56. Which of the following statements is true concerning mutations? 
(1) Mutations are how all new alleles first arise. 
(2) Mutations create new genetic variation in a gene pool. 
(3) Only mutations that occur in gametes influence evolution. 
(4) Mutations really do not have much influence on allele frequencies.
a) 1 and 2
b) 2 and 4
c) 1, 2, and 3
d) 1, 2, 3, and 4

57. In a population with 100 members, the total number of copies of each gene in the population is
a) 50.
b) 100.
c) 200.
d) 400.

58. In a population with 100 members, if there are 120 dominant alleles, how many recessive alleles are there?
a) 60
b) 80
c) 120
d) 240

59. In a population with 100 members, if 9 individuals have the recessive phenotype, how many individuals are heterozygous?
a) 9
b) 21
c) 42
d) 70

60. The forces of evolution include
a) natural selection.
b) gene drift.
c) genetic flow.
d) all of the above

61. Which of the following describes disruptive selection?
a) Selection that occurs when one of two extreme phenotypes is selected for.
b) Selection that occurs when phenotypes at both extremes of the phenotypic distribution are selected against.
c) Selection that occurs when phenotypes in the middle of the range are selected against.
d) Selection that occurs when one phenotype is disrupted and goes extinct.
62. Match the vocabulary word with the proper definition.
Definitions
_____ 1. consists of all the genes of all the members of the population
_____ 2. creates new genetic variation in a gene pool
_____ 3. occurs over geologic time above the level of the species
_____ 4. occurs when one of two extreme phenotypes is selected for
_____ 5. refers to differences between the phenotypes of males and females of the same 
               species
_____ 6. occurs when phenotypes in the middle of the range are selected against
_____ 7. occurs when people move into or out of a population
_____ 8. occurs over a relatively short period of time within a population or species
_____ 9. occurs when phenotypes at both extremes of the phenotypic distribution are selected 
               against
_____ 10. how often an allele occurs in a gene pool relative to the other alleles for that gene
_____ 11. the science that focuses on evolution within populations
_____ 12. shows that allele frequencies do not change in a population if certain conditions are 
            met
Terms
a. allele frequency		b. directional selection		c. disruptive selection
d. gene flow			e. gene pool				f. Hardy-Weinberg theorem
g. macroevolution		h. microevolution			i. mutation
j. population genetics		k. sexual dimorphism			l. stabilizing selection

63. Read the excerpt below and answer the following questions

What Causes Speciation?

Speciation, or the evolution of reproductive isolation, occurs as a by-product of genetic changes that accumulate between two previously interbreeding populations of the same species.  For example, let us start with two populations of the same species that do not differ genetically.  Initially, an individual from population A is able to successfully breed with an individual from population B.  As these populations evolve, they each gradually accumulate genetic changes that are different from the other populations' genetic changes.  In other words, the two populations genetically diverge from each other.  These changes can be due to different selection pressures because of different environments, or because of genetic drift/founder events. 

How does Speciation Occur?
There are several different ways in which the evolution of reproductive isolation is thought to occur.  These can, however, be generalized into a series of events, or steps. 

The "Steps" in a speciation event:
Step 1:  gene flow between two populations is interrupted
(populations become genetically isolated from each other)
Step 2:  genetic differences gradually accumulate between the two populations
(populations diverge genetically)
Step 3:  reproductive isolation evolves as a consequence of this divergence
(a reproductive isolating mechanism evolves)
The main difference between the different models of speciation is in the first step, or how the populations become genetically isolated from each other. 

Reproductive Isolation
At some point in this process, some of these genetic changes cause the two populations to become reproductively isolated from each other.  In other words, these genetic changes no longer allow an individual from population A to successfully breed with an individual from population B.  They prevent gene flow between populations.  These specific genetic differences that confer reproductive isolation are called reproductive isolating mechanisms.
There are several different types of reproductive isolating mechanisms, which are classified according to when in the life cycle of the organism isolation occurs.  Isolation can occur before fertilization (prezygotic barriers) or after fertilization (postzygotic barriers). 
Prezygotic isolation can occur either before mating occurs (premating barriers) or after mating occurs (postmating barriers).  One type of premating prezygotic isolation occurs when potential mates from the two populations do not meet, either because they are separated in time (temporal isolation) or in space (habitat isolation).  Temporal isolation can occur if individuals in two different populations mate at different times of the day or in different seasons, or even years (e.g. species of periodical cicadas mate either every 7 years or every 13 years).  Habitat isolation occurs, for example, when herbivorous insects from two populations feed and mate on different host plants.  Another type of premating prezygotic isolation occurs when individuals from two populations meet, but they do not mate (behavioral or sexual isolation).  This occurs, for example, when courtship behaviors differ between individuals of two populations (e.g. songs in birds, pheromones in moths, light displays in fireflies, etc.).
One type of postmating prezygotic isolation occurs when mating actually takes place, but male gametes are not actually transferred to the female (mechanical isolation).  This happens when there is an anatomical incompatibility between individuals from two populations.  For example, the floral anatomy of some plant species prevents some pollinators that visit the plant from actually transferring pollen.  In this case, mating (pollination) occurs, but the male gametes (pollen) are not able to reach the eggs.  A second type of postmating prezygotic isolation occurs after mating taking places, male gametes are actually transferred, but the egg is not fertilized (gametic isolation).  This can be an important isolating mechanism in externally reproducing species that send out their gametes en masse. 

Sea urchins, for example, release their gametes into the water column.  In reproductively isolated species, male and female gametes actually meet, but the sperm does not fertilize the egg.  Another example of this would be when pollen from a plant of one species lands on the stigma of a plant from another species, and a pollen tube is not completely formed.  In both of these cases, a genetic mismatch between the gametes prevents successful fertilization.

There are three types of postzygotic isolating mechanisms.  In the first type, mating occurs, a zygote is formed, but the hybrid has reduced viability (hybrid inviability).  In other words, hybrids do not survive long enough to reproduce.  The other type of postzygotic isolation occurs when hybrids are viable, but they have reduced fertility (hybrid sterility).  A classic example is the mule, which is the result of a cross between a donkey and a horse.  Mules are viable, healthy animals, but they are always sterile (i.e. they are unable to successfully reproduce).  The third type of postzygotic isolation occurs when hybrids are viable and fertile, but the offspring of the hybrids are inviable or sterile (hybrid breakdown).  In all of these postzygotic examples, individuals from the two populations will mate with each other, and the gametes fuse, but the genetic material in each of the gametes differs enough that the combinations of alleles are not compatible.

        a. Explain which type of selection in polygenic traits is likely to cause a speciation event.
       b. Explain why step 1 in speciation is necessary for speciation to occur.


       c. The three isolating mechanisms- behavioral, temporal, and geographic- are all examples of what type of barrier? Explain.

     d. State 2 ways postzygotic barriers differ from pre-zygotic barriers.



64. Describe how you could use artificial selection to breed pigeons with large beaks.



65. How does an animal’s level of fitness relate to its chances of survival and reproduction?




For Questions 66–68, write True if the statement is true. If the statement is false, change the underlined word or words to make the statement true.
	 66.  Natural selection acts on acquired traits.
	 67.  Any inherited characteristic that increases an organism’s chance of survival is considered an adaptation.
	 68.  Natural selection is the ability of an individual to survive and reproduce in its specific environment.
69. Below is a partially completed flowchart that models how natural selection drives evolution. The missing steps are listed below, out of order, and lettered A–D. Write the letter of the missing step in a blank box in the flowchart.
A. Adaptations are passed on to the next generation.
B. The accumulation of adaptations may lead to the evolution of a new species.
C. These offspring have few or no offspring of their own.
D. Some offspring inherit traits that increase fitness (adaptations).
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For Questions 70–75, complete each statement by writing the correct word or words.
70. Natural selection depends on the ability of organisms to 	, which means to leave descendants.
71. Every organism alive today 	 from ancestors who survived and reproduced.
72. Over many generations, adaptation could cause successful species to 	 into new species.
73. Common descent suggests that all species, living and extinct, are 	.
74. The principle that living species descend, with changes, from other species over time is referred to as 	.
75. The 	 provides physical evidence of descent with modification over long periods of time.
76. 	The art below shows how finch beaks are similar to certain kinds of hand tools. Suppose a finch fed on insects that burrowed into small holes on tree trunks. What type of tool do you think this finch’s beak would resemble? Explain your answer. 
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77. Explain the misconceptions about evolution exhibited by the following examples of student writing.

While discussing the research (Peter & Rosemary Grant) on the effect of drought and seed size/hardness on the beak size of medium ground finches, students made the following statements:

a. “The finches on the island each adapted to their own food supply via changes in beak structure. To adapt to eating seeds and nuts, medium ground finches developed a beak more suitable to scooping and eating their food supply to ensure survival.”





b.  “The medium ground finch beaks had changed in size over time because their genes changed and it changed so the beak could adapt to its food source.”

78. Examine the graph below and answer the following questions:
a. What can you infer about the fitness of the AA genotype?

b. Which genotype has the least fitness? Explain.
[image: ]

79.  Examine the graph below and answer the following questions.
a. Which colored moth is the most fit? Explain.


b. If light moth population evolved a gene that resulted in a bitter taste when consumed, what can you infer would happen to the population over time? Explain.
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