Note: some answers provided by the website are incorrect, so use your judgment!

CHAPTER 9. QUANTITATIVE GENETICS
1. Quantitive variation in a trait can be caused by as few as _______ simple Mendelian loci that each have _______ alleles. 
a. 16; 4

b. 6; 2

c. 10; 3 

Correct answer: B

2. Edward East investigated whether or not Mendelian genetic models could be applied to the study of quantitative traits by studying corolla length in long flower tobacco. He began with two pure-breeding strains, one with long corollas and one with short corollas. One of his central predictions was that, if the Mendelian model applied, the range of variation in his F2 hybrids would not extend all the way to the original parental phenotypes. Which of the following best explains why? 
Correct answer: He confirmed this by successfully breeding for long- and short-corolla plants in later generations. Had the alleles been lost, he could not have recovered the parental phenotypes. See pp. 2-5.


3. Regarding Edward East's study: What were East's two predictions regarding whether independent Mendelian loci can produce quantitative variation? Did his results match his predictions? 

Correct answer:   East predicted that if quantitative variation in a trait is due to Mendelian loci, then (1) the range of variation in the F1 generation will not extend all the way to the parental phenotypes, and (2) it should be possible to re-create the original parental phenotypes in just a few generations of selective breeding. The results matched his predictions. 



4. Quantitative trait locus (QTL) mapping can tell us which of the following? 
a. all of these,

b. the location of QTL in the genome

c. both the number of loci that influence a quantitative trait and the location of QTL in the genome.

d. the identity of QTL and the proteins they encode .
	Correct Answer:
	both the number of loci that influence a quantitative trait and the location of QTL in the genome 
	


  QTL mapping can also tell us the magnitude of the effects of QTL on the phenotype. Note, however, that it cannot tell us the exact identity of the QTL, or its protein product. That requires follow-up studies on the candidate loci. 



5. Match the key terms in this chapter listed below with the phrase that is the best match for it. 

	[image: image1.png]


Key term
	Phrase
	Your Answer

	A. quantitative trait locus  
	traits with highly variable phenotypes that do not fall into just a few categories   
	

	B. marker locus  
	traits that phenotypes that fall into just a few obvious categories   
	

	C. quantitative traits  
	the process of scanning chromosomes for regions that influence variation in a quantitative trait   
	

	D. candidate locus  
	a locus that is suspected, but not proven, to contribute to variation in a certain quantitative trait   
	

	E. qualitative traits, or discrete traits  
	a site in the genome where a simple test will reveal which alleles are present; often used to track nearby, closely linked loci.   
	

	F. QTL mapping  
	a locus that influences a trait that shows quantitative variation   
	




6. One of the following correctly finishes the statement, "Heritability is _____________." Which one? 
a. a number that indicates whether natural selection can act on a certain trait

b. the proportion of a trait that is due to genes rather than to environment.

c. the proportion of variation in a trait, across populations, that is due to genetic variation between the populations

d. the proportion of variation in a trait that is due to different environments. 
	Correct Answer:
	A , a number that indicates whether natural selection can act on a certain trait 
	




7. Why are marker alleles useful to study even though they do not actually affect the traits being studied? Explain in your own words the logic underlying QTL mapping. 

	


  The usefulness of marker alleles is simply that they allow an easy way to track the presence of other, closely linked, alleles. The basic logic of QTL mapping is that if enough marker alleles are studied, distributed across all chromosomes, then some of the marker alleles are likely to be closely linked to loci affect the quantitative trait. These marker alleles will be statistically associated with variation in phenotype-e.g. the presence of that particular marker allele will statistically explain part of the variation in the trait. By scanning large number of marker alleles for statistical associations with phenotype, researchers can identify particular regions of the genome that include the actual loci affecting the trait. 



8. Which of the following is/are a correct interpretation of the graph? 
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a. The trait has no genetic basis.

b. Variation in the trait is due to environmental variation. 
c. Variation in the trait is due to environmental variation. 
d. Heritability is 1. 
e. Variation in the trait is due to genetic variation. 
	Correct Answer:
	B, Variation in the trait is due to environmental variation. 
	


  The graph shows that, in this case, we can't predict offspring phenotype from parental phenotype. The slope of the regression line (an estimate of heritability) is nearly 0. Because we know parents and offspring share genes in common, the differences in phenotype must be due to differences in their environments. Notice this does not mean that genes play no role in this trait-it just means that in this particular environment, with this particular gene pool, genetic variation does not contribute detectably to phenotypic variation. 



9. When heritability is calculated using similarities between parents and offspring, an important assumption is _____________. 
a. that environments of parents and offspring are independent

b. that the environments of parents and offspring are thesame.

d.  that environments of parents and offspring are shared.

e. that heritability is due to genetic variation.  
	Correct Answer:
	A, that environments of parents and offspring are independent 




10. The response to selection can be calculated as: _________ x ___________. 
a. heritability; selection differential

b. heritability; relative fitness

c. selection gradient; relative fitness 

d. heritability; selection gradient. 
	Correct  Answer:
	heritability; selection differential 




11. Using the choices of mathematical terms in the three brackets below, what is the equation for calculating broad-sense heritability? 



  The correct equation is: VG / (VG + VE) 



12. What is narrow-sense heritability, and how can it be estimated? 

Correct answer:  Narrow-sense heritability, symbolized as h2, is an estimate of the amount of phenotypic variation in a population that is due to additive genetic variation. It can be calculated as the slope of the best-fit line of a scatterplot of the mid-parent value versus mid-offspring value. 



13. [image: image3.png]


Match the definition from this chapter listed below with the mathematical quantity that is the best match for it. 
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Mathematical quantity
	Definition
	Your Answer

	A. selection gradient  
	The difference between the mean value of a trait in the entire population, and the mean value of the individuals that breed successfully   
	

	B. response to selection  
	The difference between mean value of offspring, and mean value of the previous generation   
	

	C. relative fitness  
	The slope of the best-fit line of a scatterplot of trait vs. relative fitness, for all individuals in the parental population   
	

	D. selection differential  
	An individual's reproductive success divided by the average reproductive success of the entire population   
	




14. The relationship between selection differential, response to selection, and heritability is best described as _______________. 
a. S = R x h2

b. the stronger the selection differential, the less the heritability

c. the response to selection is highest when both heritability and the selection differential are high.

d.  h2 = S x R 
	Correct Answer:
	the response to selection is highest when both heritability and the selection differential are high 
	


  This makes sense biologically and it is exactly the relationship described by the equation relating these three quantities. 



15.  Suppose you are investigating the genetic factors that affect the incidence and severity of myopia (near-sightedness) in humans. You already know the locations of some particular genes associated with eye development and vision. Other research teams have performed a QTL mapping analysis and have reported the locations of three marker loci that each explain more than 10% of the variation in severity of myopia. What is your next step? Which of these loci would you study, how, and in which people? 

	


  Many answers are possible. The eye development genes are candidate locThe three QTLs can also be used to find candidate loci, by inspecting the chromosome map for any known loci in that area that seem likely (based on any known effects in humans or other mammals) to have some effects on vision or eye shape. In either case, a promising candidate locus, once identified, can be sequenced in a variety of patients, followed by statistical testing to examine each allele's association with severity of myopia. Particularly interesting alleles can also be studied with a transmission disequilibrium test. For any of these studies, data should be collected from people with many different degrees of myopia, as well as people with perfect vision. 



16. In this figure, look at the distribution of both traits before any offspring died. What is different about the phenotypic distribution of the two traits? Has disruptive selection had more of an impact on bill width or bill length? Why hasn't it had more of an effect on the other trait? 
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  Bill width is strongly dimorphic - the population had two distinct forms (morphs) in bill width, even before selection acted in that generation. Bill length, however, had a normal bell-like distribution. For some reason, disruptive selection has already had a pronounced effect on bill width but not on bill length. The strength of selection appears similar in both cases, judging from the complete mortality of all birds with intermediate bills. The response to selection for bill length may be limited by low heritability of lower mandible length. 

There are some other possibilities; e.g. selection may not usually be this strong on lower mandible length in most years; or selection may be opposed by some other force, e.g. migration from another population with long bills, or effects of bill-length genes on other aspects of development and anatomy. 



17. According to most evolutionary biologists, _______________ are the most common forms of selection. If this is the case, however; ____________. 
a. disruptive and stabilizing; genetic variability in natural populations is much greater than expected.

b. directional and stabilizing; genetic variability in natural populations is much lower than expected.

c.  disruptive and stabilizing; genetic variability in natural populations is much lower than expected.

d. directional and stabilizing; genetic variability in natural populations is much greater than expected 
	Correct Answer:
	directional and stabilizing; genetic variability in natural populations is much greater than expected 
	




18. Suppose you wanted to measure heritability of wool thickness in two different breeds of sheep. Describe in as much detail as possible the data you would collect and the way you would analyze it. Is there any way that your measure of heritability might be biased? What would you do if you knew only the mother of each lamb, but not the father? Finally, why would this heritability information be useful to sheep breeders, and what would a comparison of heritabilities of the two breeds tell you? 

Correct answer:   Many different answers are possible. We would measure wool thickness in as many different sheep as possible, of known parentage, in both breeds. Mid-parent wool thickness can then be graphed against mid-offspring wool thickness. Each breed's data should be analyzed separately. We would then fit a least-squares regression line to the data, and the slope of the resulting line would be an estimate of h2, narrow-sense heritability. If lambs' sires are not known, maternal wool thickness can be graphed against the mid-offspring value, and the slope of the best-fit line will then be h2/2. 

These heritability estimates can be biased by shared environments between lambs of the same parents - particularly, shared influence of fetal environment, maternal care, and milk quality. Maternal care and milk quality issues can be addressed with cross-fostering experiments or hand-raising of lambs, but shared influence of prenatal environment will be difficult to untangle from genetic influences. 

This information would be valuable to breeders of both breeds simply because it would tell them whether selection on wool thickness is likely to lead to increased wool thickness. A comparison of heritabilities in the two breeds will tell you only which breed is more likely to respond to selection. 



19. This figure summarizes data from many human twin studies on several different personality traits. Notice both the height of each black bar on the y-axis (correlation between monozygotic twins), and the difference between monozygotic twins (black bars) and dizygotic twins (white bars). (Figure source: Open-source image from Wikipedia "heritability" entry)
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Are any traits unaffected by genetic variation? Are any traits unaffected by environmental variation? 

	


  All these traits are influenced by both genetic variation (i.e. black bar higher than white bar). All these traits are also influenced by environmental variation (i.e. heritability values are all far below 1). 



20. This figure summarizes data from many human twin studies on several different personality traits. Notice both the height of each black bar on the y-axis (correlation between monozygotic twins), and the difference between monozygotic twins (black bars) and dizygotic twins (white bars). (Figure source: Open-source image from Wikipedia "heritability" entry).
Look at the trait Processing Speed. Its heritability is only 0.22; yet the correlation between monozygotic twins is approximately 0.70. How can the correlation be this good with such low heritability? In general, why are the black bars of most traits much higher than the heritability value?
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Answer:   The height of the black bar - correlation between monozygotic twins - indicates the combined influence of shared genes and shared family environment. Processing speed appears to be particularly strongly affected by shared family environment. 



21. This figure summarizes data from many human twin studies on several different personality traits. Notice both the height of each black bar on the y-axis (correlation between monozygotic twins), and the difference between monozygotic twins (black bars) and dizygotic twins (white bars). (Figure source: Open-source image from Wikipedia "heritability" entry)
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Which four traits are most strongly affected by genetic variation? Which four traits have the lowest correlation between monozygotic twins (indicating a strong effect of environment)? Do any traits appear on both of these lists, and if so, how can this be?

	Answer:


  The traits most strongly influenced by genetic variation are general intelligence, verbal reasoning, extraversion, and neuroticism. The traits least similar between MZ twins are memory, neuroticism, vocational interests, and extraversion. Neuroticism and extraversion occur in both these categories. A trait can occur in both categories because even the traits with highest heritability still have a very substantial effect of environment. As it happens, these two traits appear almost equally influenced by environmental variation and genetic variation (i.e. heritability is very closely to 0.50). Furthermore, notice that in these two cases, the black bar almost exactly matches the heritability value, rather than being higher than the heritability value. This indicates that there is almost no complicating effect of shared family environment. That is, the environmental variation that influences these traits is the type of variation that drives siblings to be different from each other (e.g. social environments outside the home), and not the type that drives them to be similar to each other (e.g. family environment). 



22. Look at the traits General Intelligence and Extraversion. Heritability is only 0.52 for General Intelligence, and yet the correlation between twins is nearly perfect. Why? Extraversion has almost the same heritability (0.51) and yet its bars are much lower, with relatively low correlation between twins. Why? 

	Answer:


  General Intelligence's high correlation between twins, much higher than can be explained by genetic variation, indicates that shared family environment affects this trait. Extroversion's much lower correlation between twins, despite having a similar heritability, indicates that this trait is strongly affected by non-family environmental influences. Note, again, that some traits that are affected strongly by "environmental variation" may be affected more strongly by family environment - prenatal influences, parents, home life, and so on - effects which are very likely to be shared by twins. Other traits appear more strongly influenced by non-family environment - friends, jobs, life experiences, etc. - effects which are more likely to differ from twin to twin. 



23. Is the existence of two sexes an example of disruptive selection? 

	Answer:


  Sexual dimorphism - the occurrence of two distinct genders - is widely considered to be maintained by disruptive selection. Disruptive selection may act both via selection against reduced fertility in intersex individuals, and also via selection against reduced mating success if prospective mates reject intersexindividuals. (The two phenomena are linked; reduced fertility of intersexes should lead to evolution of mate preferences for distinctly gender-typical mates.) 



24.

[image: image9.png]


Candace Galen used the tools of quantitative genetics to determine whether or not differences in flower size between tundra and timberline populations of alpine sky pilots was due to selection imposed by the bumblebee pollinators of the tundra populations. Correctly match each graph with the finding it represents. 
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Graph
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	Heritability in flower size is 0.2 - 1.0.  
	B  
	Remember how heritability is measured. 

	B.
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	The selection gradient resulting from bumblebee pollination is about 0.13; the selection differential is about 0.74 mm.  
	A.  
	

	C.
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	Flower size responds strongly to selection imposed by bumblebee pollinators.  
	C
	Remember how the response to selection is determined. 


 
CHAPTER 10. ADAPTATION

EVOLUTIONARY ANALYSIS

1.Match the key terms in this chapter listed below with the phrase that is the best match for it. 
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	Key term
	Option
	Your Answer
	Correct Answer

	1.1
	A. reaction norm  
	Trait that increases the fitness of its possessor  
	
	D. adaptation   

	1.2
	B. genotype-by-environment interaction  
	An influence on phenotype by the environment  
	
	E. phenotypic plasticity   

	1.3
	C. trade-off  
	The normal range of possible phenotypes that a given genotype may produce under different environmental conditions  
	
	A. reaction norm   

	1.4
	D. adaptation  
	Genetic variation for phenotypic plasticity; a phenomenon in which some genotypes show higher phenotypic plasticitiy than others, in response to changes in environment  
	
	B. genotype-by-environment interaction   

	1.5
	E. phenotypic plasticity  
	A situation in which evolution of increased fitness of one trait causes reduced fitness in another trait  
	
	C. trade-off   




2.  Which of the following statements are correct?
a. Adaptations are usually perfect
b. Not every trait is an adaptation
c. Differences between populations may be assumed to be adaptations to their different environments
d. Adaptations that are intuitively obvious need not be tested experimentally.
	Correct Answer:
	Not every trait is an adaptation. 
	


  Differences between populations may be due to genetic drift; many adaptations are not perfect; and all hypotheses of a trait's adaptive value should be tested, no matter how "obvious" the answer may seem. 



3. Which of the following is not a guideline for good experimental design?
	
	
	

	Correct Answer:
	To avoid scatter in the data, repeat the test on no more than ten individuals. 
	


  For a., it is always best to repeat the test on as many individuals. 



4. Why was it important that Weeks ran the oxpecker experiment three times, with different assortments of cattle? Why was it important for Weeks to do the experiment at all? Are you satisfied with his results?
	

	


  Weeks ran the oxpecker experiment several times to rule out the possibility that the result of the first trial might have been due to a random fluke or to an unusual set of cattle. For this reason, it is always important to replicate experiments whenever possible. It was important to do the experiment in the first place for the simple reason that all assumptions should be tested - the assumptions that oxpeckers are beneficial to cattle had never been well-tested. 



5.  Felsenstein's method of independent phylogenetic contrasts is a method _________________.
	
	
	

	Correct Answer:
	of controlling for phylogenetic relatedness in comparative studies 
	


  Note that a. is incorrect, because Felsenstein's method requires, and relies implicitly on, accurate phylogenetic information. This is an important point to remember not just about this particular method, but about comparative studies in general; data interpretation will be heavily influenced by whether or not the true phylogeny is accurately known. 
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Which of these conclusions cannot be drawn from the tephritid fly experiment shown above?
	Correct Answer:
	Jumping spiders will retreat from marked wings; the wing-waving is not necessary. 
	


  Both wing-waving and wing markings are necessary, and both appear to be useful adaptations that increase the fitness of the flies who possess them. 



7.A trait may be assumed to be an adaptation if ____________________.
	
	
	

	Correct Answer:
	it is shown, in a well-designed study, to have a function and to increase fitness 
	


  It must be tested in a well-designed study. Plausible and interesting hypotheses seep into common knowledge quite often without being tested - and often, when they are finally tested, they turn out to be wrong. There is no substitute for good data. 



NEW MATERIAL?

8. In comparative studies, it is important to be aware of relationships among species because ___________________.

a. testing related species is more powerful than testing randomly chosen species

b.  it is not necessary to have large sample sizes if the species are closely related.

c. a trait that appears in several closely related species is probably an adaptation.

d. experimental conclusions are statistically more powerful when data points are not independent of each other.

e. data points should be independent, and two related species might have derived their trait from a shared ancestor, rather than each having evolved it independently.
	Correct Answer:
	data points should be independent, and two related species might have derived their trait from a shared ancestor, rather than each having evolved it independently 
	




9.  In bats, what is the evidence that brain size is negatively correlated with testis size? Is this true for all bats? What methods were used in data analysis? Does the evolution of larger testes cause the evolution of smaller brains?
	Answer:

	


  Pitnick's study of 57 bat species showed that those species that have evolved large testis size have also tended to evolve smaller brain size. This was a comparative study that used phylogenetically independent contrasts to control for effects of relatedness among different species. This type of study is powerful at revealing interesting correlations, but (like most non-experimental studies) it cannot demonstrate the "direction of causation" - i.e. it cannot show which factor (smaller brains or larger testes) caused the other to occur, or whether both were caused by a third factor. Pitnick et al. suspect that it is difficult for a species to maintain large testes and large brains simply because both are metabolically expensive - particularly for a flying species in which presumably every ounce matters. Interestingly, the correlation does not hold for fruit bats, which are heavier and not as nimble at flight as the insect-eating bats. 



10. Cleaner wrasses are a type of small coral reef fish that performs a wriggling dance at a certain location in the reef. Larger fish come to these locations, or stations, apparently attracted by the wriggling dance, and stay motionless while the cleaner wrasses move over them, apparently feeding off of the larger fish's body. The larger fish even permit the cleaner wrasses to swim into their mouths and feed there. 

Like oxpeckers, cleaner wrasses have long been assumed to be providing a beneficial cleaning service to their hosts, removing parasites and dead or diseased skin. How could you test this hypothesis?
	Answer:

	


  Many answers are possible. Good observations are usually the first step: Do cleaner wrasses create wounds? Are they seen feeding on wounds? Do larger fish exiting from cleaner wrasse stations have fewer parasites than those who have not visited cleaner wrasses? Do larger fish make deliberate choices about visiting cleaner wrasse stations? Once observations have revealed the general pattern of fish behavior, we could design experiments to test the beneficial value of cleaner wrasses - for example, capturing all cleaner wrasses from a reef and seeing if other fishes' parasite loads increase. 

Several such studies have now been done, and it appears that most cleaner wrasses do provide good cleaning services to their hosts. Some species of other fish are "aggressive mimics", appearing like cleaner wrasses and circulating at cleaner wrasse stations, but biting larger fish instead of cleaning them. The larger fish, in turn, are "choosy", visiting only those wrasse stations where they get good service - for example, parrotfish return preferentially to those wrasse stations where they previously received both prompt service and good cleaning. In another twist on the story, some of the mimics exhibit phenotypic plasticity, only acquiring wrasse-like coloring when there are wrasse stations nearby. 



11. Describe how Huey et al. tested the hypothesis that garter snakes behaviorally thermoregulate by identifying (1) what important feature(s) of the environment they monitored; (2) what specific prediction they made about the snakes' behavior; and (3) how they demonstrated that the snakes' behavior was not random.
	Answer:

	


  Note that the essential logic of hypothesis testing (observation, generating hypotheses, making predictions, testing predictions) is the same for experimental and observational studies. Similarly, both types of studies involve the use of controls and replication. Neither is inherently superior to the other; the best one to use depends on the question being asked. 



12. The graph illustrates the relationship between relative testes size and social group size in 17 species of Megachiroptera. The positive relationship between the two may be less strong than it appears because :
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a. the points do not fall on a straight line, so the correlation is probably weak.

b.   the points may not be independent -- the 17 species may have inherited their traits from a much smaller number of ancestors.

c. the sample size is much too small for meaningful conclusions to be drawn.

d. All of the above are correct. 
	Answer:
	the points may not be independent -- the 17 species may have inherited their traits from a much smaller number of ancestors. 


  This is the reason for using phylogentically independent contrasts. 



13. The graphs below illustrate the results of Schemske and Agren's studies of female flower size in Begonia involucrata. The bar graph illustrates the number of pollinator visits made to artificial flowers of three sizes; "mean" is the average male flower size. The scatterplot illustrates the relationship between the area of the petaloid sepals (the "blossom") and the number of female flowers per inflorescence. Which of the following correctly interprets these results? [image: image18.jpg]150 200
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a. Female begonias are under directional selection for increased flower size: bees prefer large flowers to small flowers.

b. Female begonias are under directional selection for reduced flower size: plants can produce a larger number of smaller flowers than larger flowers.

c. Female begonias are under directional selection for increased flower size: larger flowers set more seeds than do smaller flowers.

d. The first two choices are correct.



	Correct Answer:
	The first two choices are correct. 
	


  This is a correct interpretation of the bar graph. Is it the only correct interpretation of both graphs? 




14. In general, the hypothesis that a particular trait represents a trade-off implies that:

a. physiological processes regulate the trait.

b. the trait has no genetic basis .

c. the trait is the result of "conflicting" selection pressures.

d. natural selection has no role in the evolution of the trait. 

	Correct Answer:
	the trait is the result of "conflicting" selection pressures. 
	


  Selection plays the critical role of favoring the trait that results in the greatest fitness benefit in spite of the conflicting selection pressures. 





15. According to Delph and Lively's studies, why do fuchsia flowers turn red when they are no longer receptive to pollen rather than simply falling off? Use the graph to help you identify the correct answer. 
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a. It would be extremely maladaptive for fuchsias to drop their flowers before pollen tubes deliver pollen to the ovules -- which takes several days after pollination

b. Fuchsias receive a selective advantage from advertising to pollinators that individual flowers are no longer receptive to pollen.

c. Fuchsias are constrained by their total energy budget to limit the number of flowers that can be blooming at one time.

d. The first two choices are correct.


	Answer:
	The first two choices are correct. 
	


16. The table presents data from Futuyma et al.'s studies of genetic variation in larval and adult Ophraella beetles feeding on potential host plants. Which of the choices is/are correct interpretation(s) of these results? [image: image20.jpg]Summary of tests for genetic variation in larval
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(a) Tests for genetic vari larval and adult feeding,
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Beetle tested for feeding on a plant that is ... Yes No
in the same tribe as the beetle's actual host 71
in a different tribe than the beetle's actual host 417

(b) Tests for genetic variation in larval and adult feeding,

by relationship among beetles Genetic variation?
Beetle tested for feeding on a plant that is ... Yes No
the host of a beetle in the same major clade 12 4

the host of a beetle in a different major clade 9 14




 a.Genetic variation for feeding is more likely to be found when a beetle is tested on a potential host that is closely related to its actual host.

b. Genetic variation for feeding is more likely to be found when a beetle is tested on a potential host that is the actual host of a closely related beetle.

c. Many of the plausible host shifts in this group of beetles are genetically impossible due to a lack of appropriate genetic variation. The lack of variation constrains evolution, at least in part.

d. The first three choices are correct
	Correct Answer:
	The first three choices are correct. 
	


CHAPTER 11 SEXUAL SELECTION

1. Match the key terms in this chapter listed below with the phrase that is the best match for it. 
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	Option
	Your Answer
	Correct Answer

	1.1
	A. intrasexual selection  
	any consistent difference between males and females of a species (in physiology, behavior, morphology, etc.)  
	
	C. sexual dimorphism   

	1.2
	B. parental investment  
	differential reproductive success that is solely due to differences in the ability to attract mates  
	
	D. sexual selection   

	1.3
	C. sexual dimorphism  
	the energy and time expended in creating and caring for offspring  
	
	B. parental investment   

	1.4
	D. sexual selection  
	selection for the ability to compete directly with members of the same sex  
	
	A. intrasexual selection   

	1.5
	E. intersexual selection  
	selection for the ability to attract the opposite sex  
	
	E. intersexual selection   




2. Three of the following correctly complete the statement, "Sexual dimorphism is __________" while the other three do not. Which three are correct?

a. Usually caused by sexual selection.

b. An evolutionary consequence of different levels of investment of males and females in mating and parental care

c. Not present in humans.

d. Any morphological feature that is influenced by reproductive hormones.

e. A difference in the sexes that always takes the form of greater body size in males, and attractive features in females.

f. Any difference between males and females, such as in morphology, physiology, or behavior. 
	Correct Answers:
	An evolutionary consequence of different levels of investment of males and females in mating and parental care. 

Usually caused by sexual selection. 

Any difference between males and females, such as in morphology, physiology, or behavior. 
	


  "I" is the definition of sexual dimorphism. "III" is the fundamental reason that it evolves, and "IV" refers to the specific mechanism by which it evolves. "II" is incorrect because the feature must differ between the sexes, and sexual dimorphic features need not be influenced by reproductive hormones (though many are). "V" describes just one possible scenario of sexual dimorphism, but it is not always this way. "VI" is incorrect since sexual dimorphism is present in humans. 



3. Which statement is correct?

a. Males are always choosy, and females are always competitive.

b. Which sex is choosy or competitive usually depends on the strength of sexual selection for each sex.

c. Females are always choosy, and males are always competitive.
	Correct Answer:
	Which sex is choosy or competitive usually depends on the strength of sexual selection for each sex. 
	




4. Parental care by males ________________________.

a. is not common in any group of animals
b. is associated with "choosiness" in females
c. results in strong sexual selection on males 

d. is common in most birds

e. is common in most mammals (including humans). 

	Correct Answer:
	is common in most birds 
	


  Parental care by males is associated with choosiness in males and strong sexual selection on females. Male parental care is very common in birds, and also is common in certain groups of fishes and frogs, but is rare in mammals. 



5. In the experiment on rough-skinned newts, why was it important that many males failed to mate at all, while all females mated at least once?
	

	


  The fact that many males failed to mate at all indicates that the ability to attract mates is enormously important for male reproductive success. Females, on the other hand, are easily able to attract at least one mate; therefore, differences in their ability to attract mates is less important for their reproductive success. This one key difference means that males are under strong sexual selection and females are not. 



6. We discussed two species in which males are larger than females: marine iguanas and humans. For which (if either) of these species did we see direct evidence that large males have reduced survival or health (i.e. the sexually selected trait of large body size is in opposition to natural selection)?
	

	


  Large male iguanas are demonstrably larger than the "optimum" body size, and have reduced survival. In humans, we saw no evidence on the question of whether height strongly affects survival (though some studies do suggest that shorter men may have shorter life spans). 



7.For marine iguanas and humans, which (if either) of these species did we see direct evidence that large males attract more mates and/or have more offspring?
	


  In both species, large males have more mates and more offspring than small males. 



8. For marine iguanas and humans, which (if either) of these species did we see direct evidence that large males have an advantage in combat with other males for access to females?
	

	


  In marine iguanas, large males have a definite advantage in combat with other males for access to females. Few clear-cut studies have been done on this topic in humans. (Larger men obviously have a clear advantage in combat sports such as boxing, but it is not clear whether large body size definitely leads to an advantage in real-life situations or that it translates to greater access to women.) 



9. Why have Catasetum orchids evolved to fire a pollinarium at a bee in a way that is apparently unpleasant for the bee?
	Answer:

	


  Catasetum orchids have an unusual pollination system in which only one male flower can pollinate a female flower. There is thus selective pressure on male flowers not only to attract bees and place pollen on them, but also to "train" them to avoid other male flowers - by making the entire experience rather unpleasant for the bee. This turns the bee into a personal pollen-delivery system for that one male flower. Note that this system can only evolve if male flowers can appear physically different from female flowers - that way, the bee will still be willing to visit the female flowers, and will avoid only the male flowers. 



10. Sand gobies are a small, shallow-water marine fish in which males construct nests underneath empty mussel shells. Females come and lay eggs in the mussel shell nest, and males then guard the eggs until they hatch. Males fan water over the eggs with their fins while the eggs develop. The more eggs in their nest, and the more those eggs consume oxygen from the surrounding water, the more the male will fan the eggs. 

Kai Lindstrom and colleagues were curious about how females choose males. In a first experiment, females were placed in an aquarium from which they could view two males, one of whom had been provided with a small nest (a 6-cm-wide flowerpot nested within a 10-cm-wide flowerpot), and the other with a large nest (a 10-cm-flowerpot). Females were kept (with clear partitions) to the side of the nest so that they could not see the inside of the nest - from their point of view, the nests appeared identical. They could, however, see the male at the nest entrance. In a second experiment, low-oxygen water was piped into one of the nests. Again, the females could not perceive the difference in oxygen level from their location - all they could view from their vantage point was the male at the entrance of the nest. 

After the females had been given ample time to view the males, the small flowerpot removed (in the first experiment) and the low-oxygen-water-pipe turned off (in the second experiment. The female was then given access to entire aquarium. For the first time she was able to inspect the inside of the nest. What she saw was that both males had identical nests - 10-cm-wide flowerpots with normal oxygenation. Yet, in the first experiment, 82% of females chose the male who had had the larger nest earlier. In the second experiment, 73% of females chose the male who had had low-oxygen-wate r piped into his nest earlier. 

What explanation do you have for these results? How were females able to perceive differences in nests that they could not see, and why did they make the choices that they did?
	 Answer:

	


  The most likely explanation is that females were able to distinguish the differences in nests by the males' behavior at the entrance of the nest, and specifically, by his fanning behavior. Lindstrom et al. discovered that, in fact, males with the larger flowerpots spent much more time fanning the nest, as did males with low-oxygen nests. Interestingly, the males with large flowerpots actually spent less time courting the female in order to spend more time fanning the nest - and females preferred this! Lindstrom et al. consider this to be a case of females choosing males based on the males' quality of parental care: females were choosing males who fanned their nest more. 

Reference: Lindstrom, Kai, C.M. St. Mary, and C. Pampoulie. 2006. Sexual selection for male parental care in the sand goby, Pomatoschistus minutus. Behavioral Ecology and Sociobiology 60:46-51. 



11. We take for granted that female humans develop breasts at puberty and retain them throughout life. And we take for granted the fact that men are often very interested in those breasts. However, this is a highly unusual trait. In other mammals, breasts (or udders) develop only when nursing young, regress at other times, and are generally not a feature that males are interested in. In humans, breasts develop under the influence of estrogen in puberty, and are composed (in non-nursing women) primarily of fat tissue. Why do you think women have evolved to have well-developed breasts throughout life? Which is the "choosier" sex in humans? How could you test your ideas?
	Answer:

	


  (Many answers are possible.) This is a sexually dimorphic feature. Its presence in one sex but not in the other, and its obvious value in mate attraction, indicates that this is almost definitely due to intersexual selection. Men apparently continue to exert this selection today, as indicated by men's notable tendency to be interested in female breasts. The appearance of breasts only at puberty, and their correlation with estrogen level and body fat, indicates that men who are attracted to women with breasts may be (unconsciously) choosing women who are fertile and ovulating (as indicated by the high estrogen levels) and who have good body fat reserves to support a pregnancy. In fact, the great emphasis on female beauty seen in many cultures (again, something we take for granted, not realizing how unusual it is for mammals) is itself an indicator of "choosiness" in males, and is probably a sign of an ongoing sexual selection on females for a variety of features. Though some aspects of female beauty vary between cultures, many are cross-culturally similar, particularly those related to youth, fertility, and high estrogen levels. 

Choosiness by human men might be related to humans' unusually high degree of male parental care. Males, in turn, appear to also be under strong sexual selection themselves - women are generally as choosy in selecting men as men are in selecting women. Thus, humans appear to be an unusual case in which both sexes contribute so much parental care that both sexes are choosy - a situation that can cause much romantic distress when the chooser is not chosen in return! (Most other species do not get into this sort of romantic difficulty, because one sex is usually not very choosy.) 

Testing these hypotheses is obviously extremely difficult. A first step would be a cross-cultural analysis of the importance of breast size in female attractiveness. A valuable second step would be analysis of any correlations between breast size and number of children produced, in as many cultures as possible. 



12. The “puzzle of sexual dimorphism” refers to the fact that

a. in many organisms (both plant and animal) males and females differ.

b. in many organisms, one sex or the other often exhibits traits that are not found in the other and that appear to be maladaptive.

c. offspring differ from their parents.

d. Darwin was unable to explain sexual dimorphism 
	Correct Answer:
	in many organisms, one sex or the other often exhibits traits that are not found in the other and that appear to be maladaptive. 
	


  That males and females differ isn't surprising -- they must differ at least in their reproductive anatomy and physiology to be classified as members of different sexes. There is a more precise answer. 




13. According to sexual selection theory, differences in reproductive investment lead to differences in factors that limit lifetime reproductive success. Based on the graph, __________ of this species have the highest reproductive investment 
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	Correct Answer:
	males 
	


14. Why did Wikelski et al. infer that body size in male Galapagos marine iguanas was sexually selected? Use the graph to help identify the correct answer. In each histogram, asterisks mark the largest size at which individuals could maintain body weight in two different years. 
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a. Females are larger than male.

b. Marine iguanas are large

c. Iguanas on Santa Fe are larger than those on Genovesa.

d. Average male body size was larger than the optimal body size based on energetics. 

	
	
	

	Correct Answer:
	Average male body size was larger than the optimal body size based on energetics. 
	


  Look at the histogram again -- is this even true? 




15. List and briefly describe three different traits that might be selectively favored in males facing sperm competition.
  As Gage reasoned, traits that help males "win" in sperm competition may bear costs. Can you identify one or more potential costs that might be associated with the traits you identified here? 



16. In African lions, infanticide seems to be adaptive for males because of the combination of _____ and _____.
	
	
	

	Correct Answer:
	short male residence time/long interbirth intervals 
	


  Neither of these conditions would promote infanticide -- males would have many opportunities to inseminate females, so there would be no reason for them to bear the cost of fighting females in order to kill their cubs. 

a. hort male residence time/long interbirth intervals

b. long male residence time/long interbirth intervals.

c. short male residence time/short interbirth intervals.

d. long male residence time/short interbirth intervals.


17. Generalizing from the example of female choice for genetic quality in grey tree frogs, "good genes" models of sexual selection via female choice should include which of the following?

a. The quality of male ornamentation (song, color, behavioral display, etc.) is a reliable indicator of his genetic quality.

b. Females receive direct benefits from ornamented males in the form of food, protection, or parental care for their young.

c. Offspring of the most ornamented males will have performance/fitness advantages over offspring of less ornamented males.

d. The first and third choices are correct. 

	
	
	

	Correct Answer:
	The first and third choices are correct. 
	


  This is a critical component of such models -- if variation in male ornamentation isn't reliably correlated with variation in male genetic quality, then females can't reliably select the best males on the basis of appearance. But is this the only correct answer? 




18.The chief prediction of the sensory exploitation hypothesis for female choice is that

a. female preference for a male trait evolves before the male trait itself

b. the males with the best ornaments or advertisements provide the best genetic benefits to the female's offspring.

c. males with the best ornaments or advertisements provide nutrients, protection, or some other benefit to females.

d. The second and third answers are both correct.
	Your Answer:
	female preference for a male trait evolves before the male trait itself. 


  This sounds contradictory until you remember that female sensory preferences arise because they use their senses for many different activities. This model proposes that males exploit sensory biases in the female that evolve in non-mating contexts. 



19.Evidence that sexual selection explains some examples of sexual dimorphism in flowers through selection on male function (pollen donation) includes which of the following?

a. Stanton et al. found that, in wild radishes, reproductive success through pollen donation was limited by pollinator visits, whereas reproductive success through seed production was not.

b. Delph et al. found that, in wind-pollinated plants, the sex with the largest reproductive parts always had the largest perianth.

c.  In 29% of 42 animal-pollinated plant species Delph et al. studied, females had the largest reproductive parts but males had the largest perianths.

d. The first and third choices are both correct. 
	
	
	

	Correct Answer:
	The first and third choices are both correct. 
	


  This finding is consistent with the hy
