ANSWERS TO END OF CHAPTER QUESTIONS

CHAPTER 12 
1. Male bee-eaters should evolve to resist parental harassment and should tend to raise their own broods instead of helping at their parents' nest. If they try to raise their own broods, they will, on average, raise 0.51 nestlings (average nest success with no helpers), but if they help at their parents' nest, the helping will add only 0.3 more siblings, on average. Since 0.51 is substantially higher than 0.3, and since males are equally related to their own offspring and to their siblings (r = 1/2), males should try to raise their own offspring.

2. a. Since stotting doesn't increase a gazelle's risk of being captured, stotting has little cost to the gazelle (beyond the minor energetic expense) and may even have a benefit if it causes the cheetah to give up. Thus, for a gazelle, C, the cost of stotting is near 0 or below 0. In ground squirrels, the cost of trilling is substantially above 0, since trilling significantly increases a ground squirrel's chance of death.
b. Many answers are possible. For perspective, stotting is now generally regarded as communication from prey to predator. In essence, the gazelle is saying to the cheetah, "I see you, and you're not going to take me by surprise. If you chase me, I will escape: See how fit I am and how high I can jump. So you might as well give up now." Once a gazelle has seen the cheetah, the gazelle's decision to stott appears to benefit both the gazelle and the cheetah, by communicating this information between the two of them and saving them both the energy of an unnecessary chase. Thus, stotting may be a cooperative behavior-a rare example of cooperation, and communication, between prey and predator.
c. Caro reports that solitary gazelles will stott if they see a cheetah, even when no other gazelles are around. This is not in agreement with altruistic stotting, but is predicted if stotting is cooperative communication between gazelle and cheetah. 

3. a. Siblicide should evolve only when the benefit to the winning cub, B, is at least half of the cost of siblicide, C. This is because the winning cub is related to itself by r = 1.0 and is related to its sibling by r = 0.5. The winning cub must be increasing its chance of survival and reproduction markedly, enough to produce an entire additional offspring, in order to make up for the loss of the sibling.
b. The mother is related equally to both cubs (r = 1/2). By tolerating siblicide, she loses an entire offspring. If this is an adaptive behavior, the death of the losing cub must be balanced by the survival of the winning cub. (It is also possible that the mother hyena may be able to produce a few additional future offspring herself, by not having to care for as many cubs in the present.) This implies that one or both of the cubs would have died anyway even if no siblicide had taken place.
c. Generally, parents are expected to tolerate siblicide whenever reduction in the number of offspring greatly improves chances of survival for the surviving offspring. The most common reason for this is limited food. 

4. Blue jays have a complex social system and remain in small family groups for several months after leaving the nest. They are suspected to have kin-selected altruistic behaviors and may also exhibit reciprocal altruism. Both of these behaviors (after leaving the nest) require the ability to recognize and identify individuals. American robins, in contrast, leave their families when they leave the nest, and are not known for any altruistic behaviors. In consequence, their ability to recognize and remember individual birds is not as highly developed as in blue jays.

5. Haldane was referring to Hamilton's kin selection theory. The cost to Haldane of sacrificing himself is 1, since he is related to himself by r = 1.0. The benefit of saving two brothers is 2 x (0.5) = 1, and the benefit of saving eight cousins is 8 x (0.125) = 1, exactly enough to offset the loss of Haldane's own life. (Some versions of this story say that Haldane actually said three brothers or nine cousins. The extra brother, or cousin, would tip the balance definitively in favor of self-sacrifice.)

6. a. Mothers are related identically to current young (r = 1/2) and potential future young (r = 1/2). When B/C falls below 1, the slight additional benefit from nursing the current semi-independent offspring is not enough to make up for the cost of foregoing production of additional offspring. Mothers that wean before this, when the current offspring is still highly dependent, will run the risk of reduced health and survival of the current offspring. Mothers that wean too late will lose chances to raise additional offspring.
b. Mothers who can expect to rear only one more brood should nurse those offspring for as long as they want, because there is no cost of foregoing potential future offspring. Essentially, there should be no weaning conflict. 

7. The evidence for independent evolution of eusociality in the hymenoptera is summarized in the phylogeny in Figure 12.13. Eusociality evolved in two lineages that are quite distantly related to each other-the sphecid wasp / honeybee lineage, and the paper wasp / ant lineage. Evolution of similar traits in unrelated or distantly related lineages, due to similar ecological pressures, is convergent evolution.

8. Many answers are possible. Nondefending lions could be expected to spend more time nursing cubs and to be more likely to nurse cubs that are not their own, compared to lions that participate in territory defense. To test this hypothesis, we would first need several lion prides where the genetic relationships of adult females and cubs are known as completely as possible and where it is possible to view cub nursing well enough to identify which cubs are being nursed. We could then monitor each lion's percentage of time spent nursing her own cubs and other lions' cubs, particularly the cubs of the lions that participate in defense. Ideally we would also want to assess the benefit of this extra nursing, in terms of cub survival or health, compared to cubs which do not get any extra nursing.

9. Males are thought to feed first broods for a shorter period of time because of the cost of not being able to start a second nest. Apparently, males cannot simultaneously feed one brood of young while also starting a second nest. Once B (benefit to the current young) declines below C (cost of not starting a new nest), the male should leave the first nest. The fact that males feed the second group of nestlings for a longer time implies that there is no cost of foregoing a possible third nest; perhaps house sparrows do not have enough time to raise three broods in a year.
This could be tested in many ways, including removing males from nests to assess the benefit to nestlings of male feeding, hand-feeding nestlings to assess the additional benefit of prolonged feeding, investigating why and whether males cannot start two nests simultaneously, and investigating whether house sparrows can ever successfully raise three broods in one year.
The trade-off of investing in future offspring, versus continuing to care for current offspring who are progressively less dependent on parental care, is exactly analogous to weaning conflict in mammals.

10. The helper-at-the-nest social system is widespread in almost all human cultures; older siblings very often help with rearing young brothers and sisters, rather than starting their own families as soon as they are biologically able to. True eusociality, with specialized castes of worker individuals who never reproduce, is rare in humans, though some cultures have had slave or eunuch castes that may qualify. In general, the helper-at-the-nest system is much more common in social animals than is eusociality, because the helpers will almost always get a chance at reproduction eventually, whereas in true eusociality, a nonreproductive individual has almost no chance of reproduction.

11. The evolutionary explanation for sibling rivalry that lessens with age is that human siblings are (subconsciously) in conflict for parental resources during a time of life when parental care is especially important. Since a child is related to itself by r = 1 but is related to siblings by r = 1/2, evolutionary theory predicts that each sibling should try to get more than its share of parental resources (food, protection, living space, information, etc.). This puts siblings in direct conflict with each other. However, siblings should not try to completely monopolize parental resources-they should aim for siblings to have one-half the parental resources that they themselves get.
Later in life, as children become less dependent on their parents, the benefits of monopolizing parental resources become less and less significant. Humans are then more likely to cooperate with or even assist their siblings.
CHAPTER 14
1. a. Schrag et al.'s study showed that a population of bacteria can evolve antibiotic resistance when exposed to an antibiotic for many generations. Many similar studies have traced the origin of resistance to a particular mutation, such as mutations in the KatG gene of tuberculosis bacteria. Doing such studies in humans is obviously impossible, but Bishai et al. were able to study the origin of a rifampin-resistant strain of tuberculosis (TB) from a single patient. They demonstrated that the resistant TB strain was genetically identical to the patient's earlier sensitive strain, except for a single point mutation conferring resistance, and that it was different from all rifampin-resistant strains examined. This is evidence that that patient's resistant TB strain arose from a new mutation, probably in that one patient. Bloch et al.'s survey of isoniazid resistance in tuberculosis patients showed that occurrence of resistant strains in particular patients is correlated with whether that patient has previously been treated with antibiotics. Finally, population-wide surveys frequently show close correlations of antibiotic use with rising antibiotic resistance, as in Austin et al.'s population-wide study of penicillin resistance in Pneumococcus of Icelandic children.
b. The surest way to accelerate evolution is to exert strong selection. In this case, that means using antibiotics routinely wherever possible. Unfortunately, this has been common practice in human and veterinary medicine. Some examples are the routine dosing of food animals with antibiotics, regular washing of surgery rooms with the same antibiotics after every surgery, unnecessary prescriptions of antibiotics for human patients, and widespread over-the-counter use of antibiotic soaps. 

2. Evolution of human cancers proceeds quite slowly compared to the human life span. For this reason, full-blown cancers are more common in the elderly, and many humans die of other causes before cancers get a foothold. The reason that evolution of human cancers proceeds this slowly, on a time scale of decades, is thought to be due to selection for anti-cancer genes in the human population. Note that we are discussing two kinds of selection: selection for invasive cancer itself is occurring within one body on individual cells and how fast they can replicate, counteracted by selection occurring in the population of humans, where the relevant factor is the reproductive success of each human. In human populations, natural selection in human populations has apparently favored the evolution of genes that prevent cancer until breeding can occur. Thus, in humans as well as in other species, cancers typically do not develop until after the average age of last breeding.

3. a. If some of the cells in a tumor population evolve a faster mutation rate, they will accumulate genetic differences from ancestral tumor cell lines at a faster-than-predicted rate, and they will appear to be older than they actually are.
b. The genetic markers used in these analyses should be selectively neutral. As discussed in Chapter 7, loci that are under strong positive selection can accumulate new fixed mutations at a faster-than-expected rate (i.e., faster the neutral hypothesis). Strong selection, just like a change in mutation rate, can distort apparent ages and the timing of branching points in a phylogenetic analysis. (In their study, Shibat et al. studied selectively neutral microsatellite markers.) 

4. The problem that pathogens face in small host populations is that they must not "use up" hosts (kill them or cause them to become immune) any faster than new, vulnerable hosts appear (through birth, migration, or loss of immunity). One solution is for a pathogen to move through the population at a leisurely rate, infecting new hosts only occasionally and staying a relatively long time in each host. Alternatively, new hosts can be "created" if previously infected hosts cannot maintain immunity. In comparing diphtheria to measles in humans, diphtheria might be expected to have a faster mutation rate (so that hosts cannot maintain immunity), a less effective vaccine, lower virulence, a lower transmission, or a long latency period.
As it turns out, diphtheria and measles have a similar latency and a low mutation rate, and diphtheria is more virulent. But diphtheria is much less contagious, and, in addition, many people vaccinated against diphtheria in childhood do not maintain lifelong immunity.

5. a. Shrag et al. wanted to test whether a back-mutation to sensitivity would be favored after many generations of evolution in the presence of antibiotics. Comparing the resistant strain to a wild-type strain would not be a fair test of this question because the wild-type strain would lack whatever other genetic differences might have accumulated during the generations of evolving in the new environment. Their solution was to splice just the sensitive gene-the desired back-mutation-into the resistant strain.
b. The key finding is that even after an antibiotic is withdrawn from use, bacterial populations may continue to be resistant. Back-mutations to sensitivity will not necessarily be favored. This is bad news for efforts to reduce antibiotic resistance by reducing use of antibiotics. 

6. Kluger's work on behavior fever in desert iguanas showed that higher body temperatures enhance survival of infected lizards, and that treatment with an anti-fever drug reduces survival. Banet's studies of rats implanted with cooling devices showed that though high fever can be detrimental to survival, a moderate fever, and particularly a higher metabolic rate, is beneficial. However, Doran's study of chickenpox in children showed little difference between acetaminophen and placebo, though this study is hard to interpret because the percentage of children with fevers in both groups was nearly the same. Finally, Graham's study on the common cold found that a placebo group had better symptoms and better measures of immunity than ibuprofen or aspirin groups; but, again, the incidence of fever was nearly the same across groups.
Many answers are possible to the second part of the question. The animal studies, while convincing, might not be directly applicable to humans, and the human studies did not succeed in comparing a group of patients with fevers to a group without fevers. Human medical studies are very difficult to design, for many reasons, including informed consent, patient freedom, and the ethical obligation to provide every patient with the best available treatment. However, with more rigorous attention to the assignment of patients to fever and non-fever groups, and exclusion of patients in whom anti-fever drugs do not succeed in reducing fever, a better study is possible. (See the Exploring the Literature section for some recent developments.)

7. Evolution is expected to result in behaviors that have certain precise consequences for reproductive success, but without the animal having any awareness of those consequences. The internal motivation is not important to natural selection. Any internal motivation will do, as long as the behavior occurs, and as long as it is heritable. To put it in intuitive (and anthropomorphic) terms, the reed buntings might be feeling an internal motivation along the lines of "I just feel like feeding these babies. . . . I don't know why, but I just do." Or perhaps "I feel like feeding these babies because I spent a lot of time with this female, and I like hanging out at her nest." Or the birds might not be thinking anything at all. They are certainly not thinking "I need to enhance my reproductive success, and probability of paternity is higher in this nest."
The same may very well be true of humans. In fact, the human behaviors thought to be most strongly influenced by evolution tend to be governed by "hot-blooded" emotions that are not very susceptible to reason. A person who discovers his or her mate has been unfaithful does not sit down and calculate r values of relatedness and probability of paternity; he or she is more likely simply to fly into a jealous rage.

8. The "violent personality" hypothesis doesn't apply to Flinn's study because the same men were fathers (to some children) and also stepfathers (to other children). Daly and Wilson's study, due to its mammoth sample size, was able to discern patterns in extremely rare behaviors such as infanticide. Such huge studies usually rely on correlations, though, and often there are confounding factors (such as personality, socioeconomic status, access to health care, etc.). Smaller studies like Flinn's cannot study extremely rare behaviors (no infanticides occurred in Flinn's study) and may miss other subtle correlations, but this is often balanced by greatly detailed information on each individual over time, which may allow cleaner comparisons with fewer confounds.

9. As the reed bunting example shows, a male is not always the father of every offspring in his nest (or house). Evolutionarily speaking, mothers are always certain that they are related to their own children by r = 1/2, but fathers cannot be absolutely sure that they are really the father of the children. On average, fathers can expect to be related to the children in their house (or nest) by somewhat less than r = 1/2. By the same logic, men can always be certain that they are truly the uncles of their sister's children (r = 1/4) but cannot be certain that they are truly the uncles of their brother's children (r < 1/4, on average). Thus, men are expected to direct extra care toward their sister's children (i.e., rather than toward their brother's children). In situations where uncertainty of paternity is particularly high, they may even direct more parental care toward their sister's children than toward their own children.

10. The birds, horse, and humans were all suffering from West Nile virus, which is now well known to be spread by mosquitoes.

11. West Nile virus virulence in humans and horses is an example of coincidental evolution. Once the virus reaches a human or horse, it will not find another host-it has reached an evolutionary dead-end, is unable to spread any further, and that particular population of viruses will die out with that host. Thus, we can infer that the virus was not selected to cause disease in either mammal species. Instead, West Nile was selected to cause disease in birds. Its ability to infect some mammals appears to be a coincidental side effect of the similar physiology of birds and mammals.

12. Spicer et al. are comparing oral contraceptives [OCs] to a "normal menstrual cycle." However, as described in the text, continued menstrual cycling may not be normal. Strassman's study on the Dogan indicates that amenorrhea (lack of cycling) may be the more "normal" state, and perhaps should be used as the baseline norm for reproductive studies in women. (When the normal state is redefined to be amenorrhea, menstrual cycles and OCs are both associated with increases in breast cancer risk.)

13. The worst human flu epidemics have been due to influenza A viruses that have moved to humans from another species (usually pig or bird). The worst epidemic of the last century was due to an avian influenza that may have moved directly into humans. Since H5N1 has recently developed the ability to move from birds directly to humans, and because it is a "high pathogenicity" strain, WHO officials are concerned that it could cause another epidemic. They are particularly interested in whether each human patient contracted the disease from a bird or from another human. If H5N1 evolves the ability to move from human to human, it will be much more likely to cause an epidemic.

CHAPTER 16
1. Evolution is changes in allele frequencies, but allele frequencies change independently in each species.

2. Morphospecies are identified on the basis of phenotypic differences; biological species are identified by failure to produce viable hybrid offspring; phylogenetic species are the smallest monophyletic groups on a tree of populations. The morphospecies concept is widely applicable but misses cryptic species and can become arbitrary when experts disagree. The BSC is sound theoretically but cannot be applied to extinct forms or the many species that reproduce asexually. The PSC is sound theoretically and widely applicable but the required data are only available for a relatively small number of species.

3. The PSC led to the recognition of additional species in both cases. In copepods, species that appear morphologically identical are actually reproductively isolated and well-differentiated genetically. In elephants, populations that appear somewhat different morphologically are also well-differentiated genetically.

4. Genetic exchange or "sex" in bacteria is one-way instead of reciprocal, involves just one or a few genes, and may take place between widely divergent species.

5. Dispersal occurs when individuals leave an area and physically move to a new habitat and colonize it, forming a new populations. Vicariance occurs when an existing population is fragmented into 2 or more isolated populations by changes in the habitat. Dispersal and vicariance produce geographic isolation, which reduces or eliminates gene flow between populations. Stated another way, geographic isolation leads to reproductive isolation.

6. The opening of the land bridge allowed terrestrial species to disperse between North and South America. The opening of the Panamal Canal is a vicariance event for terrestrial organisms but allowed dispersal for marine organisms from the Atlantic to the Pacific Ocean and vice versa.

7. The presence of Caribbean-Pacific sister species pairs is predicted by vicariance, because a continuous population should have been split into Caribbean and Pacific populations by the rise of the isthmus.

8. Because the islands appeared one by one over time, with the oldest islands to the west and the youngest to the east, the dispersal hypothesis predicts that flies would move from older islands to younger islands, forming a new species each time.

9. Yes, because glacial sheets could split habitats into fragments separated by ice, or because climate change associated with glaciation could fragment large areas of forest or grassland. Fragmentation should reduce gene flow most in species that do not readily disperse long distances, such as salamanders, snails, and trees with large seeds.

10. Tetraploid individuals produce diploid gametes; diploid individuals produce haploid gametes. Hybrid, triploid offspring cannot undergo meiosis normally and rarely produce viable gametes.

11. If hybrid offspring have low fitness, then reinforcement should evolve and the populations should be come separate species. If hybrid offspring have equal fitness to the parental forms, then the parental populations should coalesce over time. If hybrid offspring have higher fitness than the parental forms in a certain habitat, then a new species or a stable hybrid zone may form in that habitat.

12. Reinforcement is the evolution of traits that reduce matings between divergent populations, due to natural selection against production of low-fitness hybrid offspring.

13. Speciation requires reproductive isolation and divergence. If divergent sexual selection leads changes in the traits that certain individuals use to choose mates, then sexual selection will cause those traits to diverge rapidly, and the individuals using the diverged traits as mate-choice criteria will be reproductively isolated from the original population.

14. Most biologists agree with the hypothesis, because selection is favoring individuals that are adapted to different habitats: clover vs. peas and benthic vs. limnetic habitats.

15. See the analyses and data on soapberry bugs in Chapter 2.

16. If crossbill populations are specialized for feeding on certain types of trees, then members of different populations should not breed together routinely. The ability to fly would slow down divergence, as birds from different populations might mix. If cones are in distinct patches, populations would tend to be restricted to those patches, which would reduce mixing.

17. Capture the colonizing iguanas and make morphological and genetic measurements that would quantify their characteristics. Do the same for species on nearby islands that may have served as the source population. Then repeat the measurements after 10, 20, or more years have passed.

18. They are distinct morphospecies and phylogenetic species. The best way to determine whether each species pollinates just one species of yucca is to mark individual moths and follow their movements.

19. They could be considered morphospecies based on differences in male coloration; the question provides no information relevant to the question of whether they are biological species. The best way to test whether divergence in male coloration is due to sexual selection is to offer females from different populations a choice of males with contrasting coloration, and document which males they respond to.

CHAPTER 20

1. A gene tree is the phylogeny of relationships of all alleles of a certain gene or stretch of DNA. Any given gene tree may or may not match the species tree, which is the tree of true relationships among the species.

Two methods by which gene trees diverge from species trees are as follows. First, if an ancestral species has several alleles for a certain gene at the moment when it splits into two (or more) daughter species, the daughter species can each inherit a set of alleles, not just one allele. Later, each daughter species can lose different alleles in a way that obscures the true species relationship. As an example, suppose the common ancestor of the African great apes had two alleles at a given site, one containing a retroviral insertion and one without it. Suppose all 3 species-chimpanzees, humans, and gorillas-inherited both alleles from the common ancestor. Later, humans and gorillas each happened to lose the allele that did not have the insertion, and chimpanzees happened to lose the allele that did have the insertion. In this case, the gene tree will not match the species tree.

The second method is lateral gene transfer. Any gene flow between closely related species after divergence can obscure the true species tree. For example, hybridization between two closely related daughter species can transfer alleles from one to the other. Again, in this case, the gene tree would not match the species tree.

Given these random vagaries of gene trees, the best method of reconstructing the true species tree is to examine many gene trees, not just one. The tree supported by the majority of gene trees is likely to be the true species tree.

2. The two major lines of evidence are the shape of the hyoid bone (which indicates whether or not the species had a descended larynx), and endocasts of the braincase (which can reveal the size of Wernicke's and Broca's areas). These studies have shown that Neandertal hyoids are quite similar to human hyoids, and that Homo erectus brains apparently had enlarged language areas. Thus, both hominins may have been capable of language. These lines of evidence are, of course, circumstantial; we cannot ever be certain whether each species truly used language. However, the data are certainly intriguing.

3. Bipedality came first. This was a surprise to most paleontologists. (The breakthrough discovery was the famous australopithecine fossil "Lucy," which fortunately contained all the necessary parts to test this question.) Subsequent discoveries have confirmed bipedality is the trademark of the hominin lineage; it was apparently a breakthrough adaptation that evolved immediately after, or during, the split from the chimpanzee lineage. But only a few hominins went on to evolve enlarged brains-and only quite recently.

4. Sarich and Wilson took advantage of a natural tool provided by mammalian evolution: the immune system's antibodies. Infection with any foreign protein (antigen) causes the immune system to produce antibodies that will bind to just that one antigen. Antibodies are so precise in their binding affinities that they can distinguish between very closely related proteins-and for this reason have become a major tool of molecular biologists. Sarich and Wilson simply injected purified human serum albumin into rabbits, and then tested the rabbit's antibodies for their strength of binding to serum albumin from other primates.

5. Ruvolo thought that studying the relationships of humans and the great apes required several nuclear genes as well as mitochondrial genes because a phylogenetic analysis of sequences from an individual gene would give us only a "gene tree," not a "species tree." Recall that mitochondrial genes are all inherited together, like a single supergene; therefore, all mtDNA genes will have the same gene tree. As discussed in question #1, any single gene tree may or may not match the true species tree. Using multiple genes helps compensate for this problem by providing the opportunity for a true phylogenetic signal to be detected against the background "noise" produced by the random loss of different alleles from a genetically diverse ancestor.

6. Saying that one of a pair of sister species "evolved from" the other is never correct (any more than would be saying that one sibling descended from another). We can say that humans and chimps shared a common ancestor, and it's possible that that ancestor resembled chimps more than it did humans. But chimpanzees have been evolving separately from humans for 3.5 million years or so, and are themselves derived, relative to that ancestor.
It is, however, accurate to say that humans evolved from apes. The immediate ancestor of humans and chimpanzees was certainly an African great ape, whatever its mixture of human-like or chimpanzee-like traits.

7. One possibility is that Rhesus macaques, as a species, may retain two different mtDNA haplotypes inherited from the common ancestor of Rhesus, Japanese, and Taiwanese macaques, whereas Japanese and Taiwanese macaques may have lost some of those haplotypes. If this is so, this would be another case in which a gene tree does not match the species tree. Another possibility is that there might be gene flow between the species-specifically, that particular Rhesus macaque might have a hybrid among its maternal ancestors.
(A third possibility is that random mutations in the mtDNA of one rhesus macaque led to a homoplasy via convergence with the mtDNA of the Japanese or Taiwanese species. However, in this particular case the Rhesus mtDNA sequence had such extensive and specific similarities with the mtDNA sequences of the other species that homoplasy is unlikely.)
For this reason, it is always advisable to sample as many individuals as possible from a given species, as was done in Figure 20.4.

8. a. Humans have very little genetic diversity compared to common chimpanzees, gorillas, and orangutans, especially considering the relatively large number of individuals tested. Gibbons and bonobos appear to also have rather low genetic diversity (though fewer individuals were tested in their cases.) This is probably related to small geographic range (in the case of bonobos or gibbons) and/or recent genetic bottlenecks (in the case of humans).

b. Since the most diverse human sequences occur in Africa, it is a safe guess that this sequence is from Africa. (In fact, it is from a !Kung tribesperson of South Africa. The other five humans included three other Africans of different tribes, an Asian, and a "presumably northern European.") 

9. Knuckle-walking and fist-walking are a solution to the problem of using forelimbs both as specialized tools-hands, in the case of apes-and as weight-bearing structures for locomotion. By folding the "tool" part of the limb behind the weight-bearing surface, the apes can accomplish rapid quadrupedal locomotion, while protecting the delicate fingers and sensitive inner touching surfaces of the fingers and palm.

Giant anteaters and sloths, similarly, have hands that are highly modified for a purpose other than locomotion. Giant anteaters' hands are modified as powerful ripping scythes to tear apart termite mounds, and sloths' hands are modified as hooks for hanging. Similar to apes, when they walk they fold the "tool" part of their hand safely behind the weight-bearing surface and out of harm's way.

Humans solved this problem a different way; we ceased to use our forelimbs as weight-bearing structures at all, and devoted them entirely to being hands. Some other animals have also freed their forelimbs from locomotory needs, notably theropod dinosaurs and kangaroos. In their case, they freed the use of their forelimbs by evolving a type of bipedality that was accomplished simply by counterbalancing with a long heavy tail. Apes apparently did not have this option because they had lost their tails.

10. The four models are:

African replacement or "out-of-Africa" -Homo sapiens evolved in Africa, and spread rapidly throughout the rest of the Old World, replacing other Homo populations without interbreeding with them.
Hybridization and assimilation model-Homo sapiens evolved in Africa, spread to other regions, with a minor amount of hybridization with other Homo populations.
Multiregional evolution model-Homo sapiens evolved in a large interbreeding population that was spread across Africa and the Old World, interbreeding with local Homo erectus populations in each area.
Candelabra model-Homo sapiens evolved simultaneously in different regions of the Old World from several different Homo erectus populations, without gene flow between geographic areas.

The candelabra model has been rejected because it is highly implausible that the same species could evolve in multiple locations without gene flow. It has been difficult to distinguish between the other three models because they differ only in a matter of degree, (i.e., how much ancient genetic variation from different H. erectus populations was incorporated into the new species).

The bulk of data available to date indicates that the African replacement model is probably the correct one. The genetic variation found in non-African populations today appears to be only a very recently derived subset of the genetic variation that is found within Africa.

11. Whether or not the three species should be classified in the same genus is a matter of systematic philosophy. Unlike species, genera are not "real" entities in nature in the sense that they are simply assemblages of related species, not independently evolving units. The degree of similarity required to group species into a genus is therefore largely a matter of personal preference. Placing the species into the same genus means the genus is a good monophyletic group and emphasizes our close evolutionary relationships. For those who wish names to emphasize evolutionary relationships over other biological patterns, or for whom naming only monophyletic groups is important, "lumping" is appropriate.

Placing pygmy and common chimps into a separate genus from modern humans creates a paraphyletic group and emphasizes the biological (and other) differences between humans and chimps. For those who think our differences are more important than our similarities, "splitting" is appropriate. After all, the evolutionary relationships are the same regardless of the names we use.

The deeper philosophical disagreement between Diamond and Marks turns on whether our relationship to apes is seen as a useful comparison or not, in terms of whether it leads to a more complete understanding of human nature, and whether it leads humans to think of their heritage in a positive or a negative way. It is probably not a coincidence that Diamond is a biologist, while Marks is an anthropologist. Biologists who have studied the biology and behavior of apes typically find the similarities with humans to be overwhelming, and find that it greatly illuminates their understanding of their own species. Marks, in contrast, worries that emphasizing our relationship to apes may lead to an expectance, or even acceptance, of "brutish" behavior in humans.

12. These questions are largely matters of personal morals and ethics. The phylogenetic relationship between ourselves and the animals in question does matter to the extent that it informs both the potential usefulness of those animals (e.g., for biomedical research) and the potential harm we do them by exploiting them (the response of chimps to being caged in artificial settings may, e.g., be more similar to humans being kept under similar circumstances than would be the response of fish or small mammals). Further opinions or conclusions are left to the reader.

13. Fossils from strata dating from 6 to about 3 million years ago would be particularly informative, as they would allow us to examine putative changes taking place between the time of Sahelanthropus and the time of the earliest australopithecines. If Sahelanthropus represented a common ancestor between us and chimps, or were more closely related to us than to chimps, then we should be able to track morphological changes back in time, essentially "connecting" australopithecines to Sahelanthropus through a series of fossil intermediates. Features of the head skeleton (brain size, shape of skull, shape of face, shape of teeth, and so forth) would be the most informative as they would allow the best comparison of these new fossils to extant fossils.

14. The African replacement model proposes that regional variation among human populations is no more than a few hundred thousand years old (the time of the emergence of modern Homo sapiens from Africa). The multiregional hypothesis proposes that regional variation is much older, having begun to accumulate from geographically isolated populations of H. erectus/ergaster 1.5 to 2 million years ago. Using other African great apes as a point of comparison, we find extant humans are remarkably similar genetically; individual chimps in the same social groups are sometimes more genetically different than are humans from different regions.

As a historical note, the extraordinary genetic similarity of modern humans has only recently been discovered and was unexpected; it is one of the (many) truly surprising discoveries of molecular genetics. It was particularly surprising that the strong superficial differences in races-dramatic differences in skin color, hair texture and color, body size, facial features, and so on-are not accompanied by much genetic differentiation in other genes.

15. Although non-African human populations are descended from African populations, so are modern African human populations. That is, both modern African and non-African human populations are "equally evolved" from their most recent common ancestor; modern African human populations cannot, therefore, be considered "primitive."

16. Assuming that naming a group implies that members of that group are more similar to each other than they are to members of other groups, the "African," "Caucasian," "Asian," "Hispanic," and "Native American" categories badly misrepresent human genetic diversity because there is more variation within the group "African" than there is among the other groups. To be accurate, we should "split" the African group into several different ones and "lump" many of the non-African groups together.

Of course, genetic diversity is not the way to categorize humans. Traditional names of races may reflect important ethnic or cultural similarities. However, even from this viewpoint, the "African" category arguably contains a higher diversity of cultures, language groups, and histories than that contained in the other categories.

17. This finding is unlikely to help settle the debate between the two hypotheses because it's only one finding and could be interpreted several different ways. For example, on its face, it would seem to falsify the African replacement model because that hypothesis holds that H. sapiens replaced H. erectus and H. neanderthalensis relatively quickly; that pattern should have obtained on Java as well as in Europe. The fact that the two species coexisted, therefore, argues against the African replacement model. However, this is only one case, and the committed African replacement theorist could argue that it's an anomaly, with coexistence between the two species mediated by some unique feature of Javan ecology.

18. If early Homo did not participate in the production of Oldowan tools, several questions must be answered. The most obvious is, which other early hominid was the first tool maker? If it was an australopithecine (Australopithecus or Paranthropus), were they also responsible for Acheulean tools? If so, then they made the transition from Oldowan to Acheulean tools around 1.5-1.4 million years ago, then went extinct about 1 million years ago. Who, then, produced the Acheulean tools that persisted until 200,000 years ago? If not, how can we account for the fact that australopithecines persisted for some 0.5 million years after the last Oldowan tools are found?

19. Tobias might respond that the presence of enlarged Broca's and Wernicke's areas in Homo habilis argues strongly that H. habilis was capable of at least a rudimentary form of language as much as 2 million years ago. This rudimentary form need not be assumed to be as sophisticated as ours (as Catania's remarks imply); rather, they could have set the stage for selection favoring other modifications of the brain, larynx, throat, tongue, and so forth, that allowed the development of complex abstract language. In any event, even though language competence may safely be assumed to be adaptive, we aren't necessarily justified in assuming that it would have allowed our ancestors to "(take) over the world" within 50,000 years (that's not very many generations!).

20. The primary reasons appear to be that first, the ancestors of the African great apes were geographically very restricted, occurring only in relatively small locations on a single continent, whereas equines occurred worldwide. Second, the great apes were probably never very abundant in population, and certainly never approached the high population densities of plains grazing animals. Third, it appears that the human/chimpanzee ancestors may have lived in forest environments, which is a very poor location for fossilization. It is a testament to the persistence of field paleontologists in the last 50 years that we now have as many hominin fossils as we do.

Fragmentary fossils certainly demand expert anatomical skill on the part of the paleontologists. Rarely is any scrap of bone so thoroughly scrutinized as when it is from a potential human ancestor. Luckily, it is indeed possible to learn something from a single bone fragment, if it is the right fragment-for example, a knee joint, a tooth, or a part of the braincase.

The best course of action is undoubtedly to look for more fossils; and paleontologists continue to do exactly that.
Exam type questions

CHAPTER 12

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

	Key term
	Option
	Correct Answer:

	greenbeard effect
	total reproductive success of an individual, including reproduction by the individual and also reproduction by related kin.  
	C. inclusive fitness   

	indirect fitness
	fitness resulting from personal reproduction.  
	D. direct fitness   

	inclusive fitness
	fitness resulting from reproduction of kin.  
	B. indirect fitness   

	direct fitness
	natural selection that favors the spread of alleles that increase reproduction by related individuals.  
	F. kin selection   

	eusociality
	a theoretical model of a type of allele for altruistic behavior that could spread through a population via recognition of similar traits, without the involvement of kin selection or reciprocal altruism.  
	A. greenbeard effect   

	kin selection
	a social system involving overlap in generations, cooperative care of young, and nonreproductive individuals.  
	E. eusociality   




What is Hamilton's rule? What are its three mathematical terms, and how are they calculated?
	


  Hamilton's rule states that an allele for altruistic behavior should spread if Br - C > 0. B is the benefit to the recipient, and C is the cost to the actor, both measured as number of surviving offspring. r is the coefficient of relatedness; it is the probability that two homologous alleles in actor and recipient are identical by descent. (Equivalently, it is also the percentage of the genome that the actor and recipient are likely to share.) r is calculated by tracing each possible pathway of relatedness between two individuals; every step between parent and offspring represents a 0.5 probability of any allele being shared. The probability for a whole path is (0.5)<n where n is the number of steps. Finally, the probabilities for each separate path are summed. (See pp. 2-4 for a review of this topic.) 

Which of the following correctly complete the statement, "Reciprocal altruism directed toward non-kin may evolve when _______________"?

A. opportunities to offer altruism are rare

B.the cost to the actor is only slightly higher than the benefit to the recipient

C. individuals can recognize and remember other individuals

D. punishment is rare
E. individuals that do not reciprocate are not remembered
	Correct Answer:
	individuals can recognize and remember other individuals 
	


  For a., "rare" should be "common." For c., the cost to the actor must be less than the benefit to the recipient. For d. and e., non-reciprocating individuals should be remembered so that they can be avoided and/or punished later. 





 List the three features of true eusociality. Name two types of insects, and two types of non-insects, that have true eusociality.
  True eusociality includes: (1) overlap in generations between parents and offspring, (2) cooperative care of offspring, and (3) specialized castes of nonreproductive individuals. Eusociality is found the Hymenoptera (bees, ants, etc.), termites, and a few other orders such as plant bugs and one family of beetles. It also occurs in at least two non-insects: snapping shrimp and naked mole-rats. 



Now consider weaning conflict in more mathematical terms. Choose the correct ratio in the following description of weaning conflict: When B and C are calculated from the mother's perspective, weaning conflict for families of full siblings should begin when B/C ratio is [1/4, 1/2, 1, 2, 4] and end when B/C ratio is [1/4, 1/2, 1, 2, 4]. Weaning conflict for families of half siblings should begin when B/C ratio is [1/4, 1/2, 1, 2, 4] and should end when B/C ratio is [1/4, 1/2, 1, 2, 4].
	


  Full siblings: Start at 1, end at 1/2. Half siblings: Start at 1, end at 1/4. Note that mothers always initiate the period of weaning conflict when B/C (from their perspective) is 1; that is, benefit and cost are equal. 



Choose the correct ratio in the following description of weaning conflict: When B and C are calculated from the offspring's perspective, weaning conflict for families of full siblings should begin when B/C ratio is [1/4, 1/2, 1, 2, 4] and end when B/C ratio is [1/4, 1/2, 1, 2, 4]. Weaning conflict for families of half siblings should begin when B/C ratio is [1/4, 1/2, 1, 2, 4] and should end when B/C ratio is [1/4, 1/2, 1, 2, 4].
	


  Full siblings: Start at 2, end at 1. Half siblings: Start at 4, end at 1. Note that offspring should finally accept the end of weaning when B/C (from their perspective) is 1; that is, benefit and cost are equal. 



10. Match the definition in this chapter listed below with the category of behavior that is the best match for it. 
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	Option
	Correct Answer:

	a. selfish behavior
	Behavior that is costly to the actor, and beneficial to the recipient.  
	C. altruistic behavior   

	b. cooperative behavior  
	Behavior that is beneficial to the actor, and costly to the recipient.  
	A. selfish behavior   

	c. altruistic behavior
	Behavior that is costly to both actor and recipient.  
	D. spiteful behavior   

	d. spiteful behavior  
	Behavior that is beneficial to both actor and recipient.  
	B. cooperative behavior   


 What is the evidence that whistling is selfish and trilling is altruistic in Belding's ground squirrels? Was similar evidence presented for the black-tailed prairie dogs? What patterns in the data from the black-tailed prairie dogs suggest that alarm-calling is altruistic in that species too? How could you verify whether alarm-calling truly is altruistic in the black-tailed prairie dogs?
  In Belding's ground squirrels, observations of actual attacks by predators documented that trilling doubles the squirrel's risk of being killed by the predator, while whistling decreases the squirrel's risk. Therefore trilling is definitely altruistic, and whistling is not, in this species. (It is important to note that not all alarm-calling behavior is automatically altruistic.) Similar data was not presented for black-tailed prairie dogs, and thus we cannot say for sure that this behavior is altruistic in this species. However,the patterns of the data shown in Figures 12.2 and 12.3 show that squirrels are more likely to alarm-call when they have kin nearby. This strongly suggests (but does not prove) that alarm-calling is altruistic. 



Summarize the logic behind the haplodiploidy hypothesis of eusociality. What is the evidence in favor of and against this hypothesis? Describe two other hypotheses for the evolution of eusociality.
  The haplodiploidy hypothesis is based on the proposition that females are more closely related to sisters than to their own potential offspring. In this case, natural selection should favor the evolution of sterile female workers who raise sisters rather than raising their own young. In favor of this hypothesis, eusociality is particularly common in haplodiploid taxa, and female workers do manipulate colonies toward a female-biased sex ratio. However, not all haplodiploid species are eusocial, and many eusocial species are not haplodiploid. The major evidence against the hypothesis, however, is experimental evidence that relatedness among females is actually much lower than the hypothesis assumes. Because most colonies have multiple fathers and often multiple queens, most worker females are not more closely related to sisters than to their own offspring. 

Two alternative hypotheses are (1) eusociality may represent the best option for females in taxa that build complex nests and in which young require extended care. If solitary females have very little chance of establishing a viable nest on their own, raising siblings is probably the next best option. (2) Eusociality may evolve in taxa that live in extremely inbred colonies, such as naked mole-rats. (Note that this is similar to the haplodiploid hypothesis in its essential logic, i.e., r among colony members is proposed to be very high.) 



13. Pied flycatchers are small birds that, like many small birds, often "mob" larger avian predators such as hawks, owls, and crows. During mobbing, several of the smaller birds harass the larger predator repeatedly until the predator leaves the area. Indrikis Krams and colleagues (2006) recently studied mobbing behavior of pied flycatchers presented with a stuffed Tawny Owl, a common predator of pied flycatcher nests. The stuffed owl was placed near and "looking at" one pied flycatcher nest (nest A), and within sight of another nest (nest B). In 17 control trials, the resident birds of nest A always began mobbing the owl, and birds from nearby nest B always assisted, joining the mobbing effort. The owl was later moved to nest B. Once again, the birds from nest B always mobbed the owl, and neighbor birds from nest A always assisted. 

Krams et al. then repeated this experiment on different pied flycatchers, except that this time, the first time the owl was presented, the neighbor birds in nest B were captured and held in a cage, preventing them from assisting. In 17 trials at different nests, the nest A birds always tried to mob the owl, but this time they were unassisted. The nest B birds were then released and the owl was moved to nest B. The nest B birds always mobbed the owl, but this time, only 4 of the 17 pairs of nest A birds assisted. 

Refer to the information above regarding pied flycatchers to answer these questions. 

Part I: Is assisting an altruistic behavior? How can you tell, or what further evidence would you need? How many hypotheses can you think of for why mob-assisting behavior has evolved in pied flycatchers? How could you test your ideas? 

Part II: Refer to the information above regarding pied flycatchers to answer these questions. Why did the nest A birds fail to assist their neighbors in the second experiment? Does this experimental result suggest which of your hypotheses might be correct? What else can you guess about pied flycatchers and their social systems?
	


  Part I: Assisting may be altruistic or cooperative, depending on whether the cost outweighs the benefit for the assisting birds. To investigate this we would need to know whether the birds that assist are taking a risk (i.e., a cost), by observing many natural mobbing events and seeing if the smaller birds are ever killed. (It turns out that mobbing, and assisting, are indeed risky; the predator sometimes catches the mobbing individuals. It is riskiest to be the first bird to start mobbing.) If it is a cooperative behavior (benefit greater than cost for the assisting bird), it could have evolved through simple natural selection. If it is an altruistic behavior (cost greater than benefit for the assisting bird), it might have evolved through kin selection or reciprocal altruism. A third possibility for evolution of altruism, the greenbeard effect, is extremely rare in nature. Therefore, the first question to ask would be whether the birds are related. (It turns out they are usually not.) 

Part II: The fact that the nest A birds failed to help nest B birds in the second trial, but always helped them in the first trial, indicates that this is probably a case of reciprocal altruism. A hallmark of reciprocal altruism is that "cheaters" (birds that don't assist when their help is needed) are remembered and punished - that is, help is withheld later. Knowing the results of this one experiment, we can also predict that pied flycatchers probably have other traits typical of species that have reciprocal altruism. They probably have a fairly complex social system in which they interact with the same individuals repeatedly. They also probably have good memories, and should be capable of recognizing and remembering individuals. (All of these turn out to be true.)

Reference: Krams, T. Krama, and K. Igaune. 2006. Mobbing behaviour: reciprocity-based co-operation in breeding Pied Flycatchers Ficedula hypoleuca. Ibis 148:50-54. 





The graphs plot the benefit/cost ratio vs. time for nursing in mammals. Correctly match each label on the graph with its meaning/interpretation. 
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	Option
	Correct Answer:
	Comments

	16.1
	A. Point ‡   
	Beyond this time, maternal fitness is best served by weaning the offspring.  
	B. Point *   
	Remember that the time of weaning conflict is the difference in optimal weaning time perceived by the parent vs. the offspring. If this point represents the parent's optimal time, is there any weaning conflict? 

	16.2
	B. Point *  
	This is the optimal weaning time for an offspring sharing maternal care with a group of full siblings.  
	C. Point †   
	Remember that differences in optimal weaning time are a function of the parent's relationship to its offspring and the offspring's relationship to itself vs. the other recipients of its mother's milk. The more equal the relationships, the earlier the optimal weaning time. 

	16.3
	C. Point †  
	This is the optimal weaning time of an offspring sharing maternal care with a group of half-sibs.  
	A. Point ‡   
	Correct! 


CHAPTER 14

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
	Correct Answer:

	A. virulence
	any part of a foreign protein that an immune system can recognize and remember  
	B. antigenic site   

	B. antigenic site
	a chemical that selectively kills certain bacteria by disrupting certain biochemical processes  
	E. antibiotic   

	C. vertical transmission
	the ability of a pathogen strain to tolerate a chemical that can kill other strains  
	F. resistance   

	D. horizontal transmission
	the ability of a pathogen to damage its host  
	A. virulence   

	E. antibiotic
	transmission of a pathogen from one host to another unrelated host  
	D. horizontal transmission   

	F. resistance  
	transmission of a pathogen from one host to the host's offspring  
	C. vertical transmission   


Why do pathogens evolve quickly? (There are at least four important factors)
  Pathogens evolve particularly rapidly because they tend to have high mutation rates, large populations (hence, many mutations introduced per generation), short generation times, and, because of continual, intense natural selection from the hosts' counter-evolving immune systems. See section 14.1 for a review. 



Some of the options below regarding hemagglutinin are correct and some are not. Decide which statements are correct.

A. Hemagglutinin is the major influenza protein that is recognized by the host immune system.
B Hemagglutinin is a protein found in the core of influenza A virus.

C. Hemagglutinin tends to accumulate amino acid changes in antigenic sites rather than non-antigenic sites in those flu strains that survive longest.
D. Hemagglutinin accumulates certain mutations that can be used to predict which flu strains will become most common in the next season.

E. Hemagglutinin has antigenic and non-antigenic sites distributed equally over the molecule surface.

F. Hemagglutinin is coded for by a gene that tends to accumulate more synonymous than non-synonymous substitutions at all sites, in accordance with the neutral theory.
	Correct Answer:
	Hemagglutinin tends to accumulate amino acid changes in antigenic sites rather than non-antigenic sites in those flu strains that survive longest. 

Hemagglutinin accumulates certain mutations that can be used to predict which flu strains will become most common in the next season. 

Hemagglutinin is the major influenza protein that is recognized by the host immune system. 
	




4. Name the hypothesis described, and give an example: Evolution of virulence can occur via natural selection for debilitating or killing the current host, if this will result in efficient spread of pathogens to other hosts.
  Trade-off hypothesis. Examples from the text include bacteriophage f1, and the weevil-invading fungus pictured in Figure 14.13. 

Name the hypothesis described, and give an example: Evolution of virulence can occur via natural selection for a certain environment or host, with virulence in another host being an accidental by-product.
  Coincidental evolution hypothesis. An example is the tetanus toxin produced by Clostridium tetani. 



8. Name one component of the modern diet that appears to have caused an evolutionary response in certain human cultures. What gene(s) is involved? Why do you think this dietary component has caused an evolutionary response, while others have not?
  Dairy products appear to have caused evolution of higher levels of lactase expression in people of cultures that domesticated cattle. (This has also occurred in cultures that domesticated goats or camels, such as the nomadic camel cultures of North Africa.) The gene involved is the gene that codes for the lactase enzyme, and whatever regulatory genes control its expression. This has likely happened because dairy products have been a component of these diets for several thousand years, much longer than most other features of the modern diet. (In addition, natural selection for the ability to digest lactose appears to have been intense in certain of these cultures.) 



9. Which of the following statements are correct and which are incorrect?

A. DNA sequences similar to Mouse Mammary Tumor Virus are approximately twenty times more common in cancerous breast tissue than in normal breast tissue.
B. Modern American women experience approximately one-third the number of menstrual cycles, over their lives, as do women in pre-modern cultures like the Dogon.

C. In Strassmann's study of a society that does not use contraceptives, approximately 80% of adult women were experiencing menstrual cycles at any given time.

D. Virus particles are more common in cancerous breast tissue than in normal breast tissue.

E. Many of the risk factors for breast cancer are related to number of menstrual cycles that a woman experiences.

F. The incidence of breast cancer is highest in European countries within the range of Mus domesticus, the mouse species in which Mouse Mammary Tumor Virus is most common.
	Correct Answer:
	Many of the risk factors for breast cancer are related to number of menstrual cycles that a woman experiences. 

The incidence of breast cancer is highest in European countries within the range of Mus domesticus, the mouse species in which Mouse Mammary Tumor Virus is most common. 

DNA sequences similar to Mouse Mammary Tumor Virus are approximately twenty times more common in cancerous breast tissue than in normal breast tissue. 
	


  For statement V, only a minority of adult women were experiencing menstrual cycles in Strassmann's study. For statement VI, modern American women experience three times the number of menstrual cycles as do the Dogon women. 



10. Do insect-borne diseases tend to have higher or lower virulence than diseases that are spread by direct contact? Why?

  Insect-borne diseases tend to have higher virulence, because a very ill host can still infect many other hosts, via the insect vectors. Direct-contact diseases tend to have lower virulence, because a very ill host is unlikely to infect many new hosts. An exception is direct-contact diseases that can also be spread by water; they can sometimes use water as a "vector" and can develop the high virulence typical of vector-borne diseases. 





12. Which of the following statements regarding the findings of studies on stepchildren presented in this chapter are correct and which are incorrect?

A. Stepchildren were, on average, ill longer than children who did not have stepparents.

B. Humans appear genetically wired to give care to biological children but not to stepchildren.

C. Stepchildren are not likely to have children of their own.

D. Stepchildren, in general, are likely to be abused or ignored by stepparents.

E. Biological children have higher reproductive success during early adulthood than stepchildren.

F. Stepchildren had higher levels of cortisol in their blood than biological children.
	Correct Answer:
	Stepchildren had higher levels of cortisol in their blood than biological children. 

Stepchildren were, on average, ill longer than children who did not have stepparents. 

Biological children have higher reproductive success during early adulthood than stepchildren. 
	


  Statements I and IV are false because stepchildren are, in fact, not likely to be abused, and are likely to have children of their own. However, they are relatively more likely to be abused in comparison to genetic children, and to have fewer children of their own in comparison to genetic children. Statement VI is false because it is absurdly overly simplistic. Statement VII is false because, though stepchildren are at higher risk of murder in comparison to genetic children, there are simply many more genetic children in the population. 



13. What was the likely source of the 1918 and 1968 influenza pandemic strains? Are they both thought to have arisen via recombination? How do we know?
	


  The 1968 flu strain appears to have arisen via recombination of genes from human influenza strains with avian influenza genes for hemagglutinin, neuraminidase, and PB1. This might have occurred in a pig. This information comes from sequence analysis and phylogeny reconstruction of dozens of influenza strains from birds, pigs, people, and horses. The phylogenies for each gene are different, and show clearly that some genes moved from one species to another. 

Genes from the 1918 strain have also recently been sequenced from a body that was buried in permanfrost. It appears that this strain did not arise from recombination; its genes do not nest within any other branches of the other phylogenies. It appears that this strain, or a very close relative of it, gave rise to all currently existing human and pig influenza strains. The best guess is that this influenza strain moved directly (without recombination) to humans from some group of birds that has not yet been studied. 



14. A recent large study of HIV patients in the United Kingdom followed 2537 patients with HIV from 1996 to 2003. None of them had received anti-retroviral drugs at the time they joined the study, and all of them were then placed on a combination of several anti-retroviral drugs. The figure below shows the prevalence over time of anti-retroviral drug resistance in HIV strains from these patients. Did any patients carry resistant strains of HIV in 1996, before they started drug therapy? Was treatment with anti-retroviral drugs associated with changes in resistance? Is this result what evolutionary theory would predict? Predict what you think will happen to the patients with resistant strains, patients whose strains are still not resistant, and the strains circulating in the general population.
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Reference: UK Group on Transmitted HIV Drug Resistance. 2005. Time trends in primary resistance to HIV drugs in the United Kingdom: multicentre observational study. British Med. J. 331:1368-1374.
  Yes, a small percentage of patients did have resistant strains already. This probably indicating that resistant strains are already circulating in the general population. Another possibility is inaccurate information about previous treatment of some patients. 

Prevalance of resistance increased rather alarmingly across the seven years of this study, with one-fifth of patients now carrying resistant strains. This one of the highest rates of anti-retroviral resistance known in any country. Development of resistance in patients undergoing long-term treatment is exactly what evolutionary theory would predict. 

Long-term predictions include: Treatment will probably cease to be effective in those patients whose strains have evolved resistance. Patients whose strains have not yet evolved resistance have been lucky; their luck may change at any time, due to the random nature of mutation. It is not clear whether the newly resistant strains will spread to the general population; this probably will depend on safe-sex behavior in those patients who are taking anti-retroviral drugs. 



15. Septic shock is a dangerous blood infection that can occur when bacteria from the gut get into the blood, sometimes due to an abdominal injury. It is almost always fatal if left untreated. Septic shock normally causes high fever, which is sometimes treated with fever-reducing drugs. But, could fever be beneficial? Su et al. (2005) recently studied the possible benefits of fever in septic shock in 24 sheep. The sheep were randomly divided into four groups: normal body temperature, hypothermia, mild fever, and high fever. Body temperatures of sheep in the mild fever and normal temperature groups were lowered with acetaminophen and ice packs. (The hypothermia group consisted of a few sheep that spontaneously became hypothermic while under anesthesia.) All 24 sheep died within a day or two. Survival times are shown in the accompanying figure. Bars with asterisks were statistically significantly different from the bar without asterisks. 

To prevent the sheep from experiencing pain or distress, and to enable ease of blood collection, all 24 sheep were kept under anesthesia during the entire experiment. Anesthesia normally lowers body temperature by 1-2 degrees, and thus all four temperature groups were defined to be 1-2 degrees lower than normal. That is, an unanesthetized sheep's body temperature is normally 38C, but in this experiment, "normal", for anesthetized sheep, was defined to be 36-37C (i.e. the second bar from the bottom on the figure). 
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Reference: Su, F., ND Nguyen, Z Wang, Y Cai, P Rogiers and JL Vincent. 2005. Fever control in septic shock: beneficial or harmful? Shock 23(6):516-20. 

Part I: Apply the information and figure above relating to septic shock: Which group of sheep survived longest? Was mild fever beneficial? Was high fever beneficial? 

Part II: Apply the information and figure above relating to septic shock: What complications did the use of anesthesia introduce to the experimental data? Would you recommend that this experiment be done without anesthesia, given animal welfare concerns? Are there other ways that this topic can be studied ethically in humans or animals? 

Part III: Apply the information and figure above relating to septic shock: Suppose that your two-year-old child is ill and has a dangerously high fever. Your doctor recommends a fever-reducing drug, but you then discover that your doctor has not read Su's study, or the other studies on fever that were presented in this chapter. Do you have enough information to decide what to do? If not, what further information do you need (that is, what further studies should be done)? What would you do in the short term about your child's fever, and what would you say to your doctor? (Su's study was not published in a pediatrics journal; it was published in a specialty journal for shock.)
	ANSWER

	


  Part I: The "high fever" sheep (>39C) survived longest. High fever appears beneficial. Mild fever appeared to have no effect. (The "high fever" temperature also had some other beneficial effects, including increased blood oxygen levels.) 

Part II: Anesthesia altered all temperature categories such that the "high fever" group really experienced a mild fever, and the "mild fever" group was actually at normal body temperature for sheep. Thus, this experiment lacked a true high-fever group. Animal welfare concerns render this issue difficult to address ethically. One possible way to improve this experiment would be to add a fifth group of sheep that was warmed to reach a true high-fever temperature, such as 40-41. (Other answers are possible.) 

Part III: This question is left to the reader. Certainly our information is not complete, and a rigorous controlled study in humans has yet to be done. 



16. Fitch et al. hypothesized that influenza strains with novel antigenic sites would enjoy a selective advantage. The graphs represent data gathered as they tested this hypothesis. Graph A shows the degree of nucleotide divergence in hemagglutinin genes from samples of influenza virus collected from the mid-1960's to 1987. Graph B is a phylogenetic tree showing the pattern of descent in the various lineages. You may refer to Figure 13.4 in your textbook for more detailed graphs. Which of the following is/are reasonable interpretations of these results? 
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A. Flu strains accumulated nucleotide substitutions in the hemagglutinin genes in clock-like fashion.

B.  The flu strains present in the mid-1980's were all the descendants of a single ancestral strain from the late 1960's.
C.  The strains that survived to the mid-1980's were selectively favored because the mutations in their hemagglutinin genes gave them novel antigenic sites.
D. The first two choices are correct.
	Correct Answer:
	The first two choices are correct. 
	


  The good fit of the data to a straight line supports this interpretation; is this the only correct answer? 

17. Which of the following support(s) Fitch et al.'s hypothesis that influenza strains with novel antigenic sites enjoy a selective advantage over strains with mutations in non-antigenic sites?

A. Flu lineages that had survived over many generations had more than 3/4 of their amino-acid replacements in antigenic sites, while those that went extinct had amino-acid replacements evenly divided between antigenic and non-antigenic sites.
B. In an analysis of nucleotide substitutions in the hemagglutinin gene from 357 influenza A strains, 331 nucleotide substitutions were identified. 58% were silent and 42% were replacements.
C. In an analysis of nucleotide substitutions in the hemagglutinin gene from 357 influenza A strains, 331 nucleotide substitutions were identified. In 18 codons in the hemagglutinin gene, significantly more replacement substitutions occurred than silent substitutions.
D. The first and third choices are correct.

	Correct Answer:
	The first and third choices are correct. 
	


  Lineages with high rates of substitution in antigenic sites will have more "offspring" able to thwart host immune responses. When antigenic sites evolve slowly, host immune systems "learn" to recognize them. 

18. The global influenza pandemic of 1968 likely occurred because a human influenza strain acquired the hemagglutinin gene H3 from an avian influenza strain. Which of the following pieces of evidence support(s) the hypothesis that the acquisition happened after an avian and swine strain simultaneously infected a pig and swapped genes, creating a new strain that was then transmitted to humans?

A. Humans can acquire swine strains of influenza.
B.  Avian strains do not infect humans directly.
C.  Avian strains sometimes infect pigs.
D.  The first three choices are all correct.
	Correct Answer:
	The first three choices are all correct. 
	


  This allows us to rule out the idea that the swapping takes place in human hosts. Is it the only correct choice? 

19. Briefly describe one line of evidence in favor of the hypothesis that the use of antibiotics selects for resistance in bacteria.


20. The graph below illustrates changes in resistance of Pneumococcus bacteria in children in Iceland to penicillin. The use of penicillin was strongly discouraged starting in the early 1990's with the results illustrated. According to Schrag et al.'s studies on the cost of resistance, is the trend shown on the graph guaranteed to continue? Briefly explain why or why not. 
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  Remember this the next time you have a cold and think about requesting an antibiotic from your physician! 



21.
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Three hypotheses have been proposed to explain the evolution of virulence. Match each of the examples below to the hypothesis it best represents. 
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	Option
	Correct Answer:

	A. short-sighted evolution
	Late strains of HIV virus are more virulent than early strains within the same host.  
	A. short-sighted evolution hypothesis   

	B. trade-off hypothesis  
	Histoplasmosus capsulatum is a fungus found naturally in soils and in areas contaminated with bird and bat droppings. Most people living in areas where the fungus is endemic have contracted it through airborne spores and, after a brief period of flu-like illness (called histoplasmosis), become immune to it. However, some people develop severe lung infections; in some patients, the infection can spread to other organs. These infections can be fatal if not treated. Histoplasmosis is not transmitted from person to person.  
	C. coincidental evolution hypothesis   

	C. coincidental evolution hypothesis
	Plasmids of E. coli selected for horizontal transmission show lower virulence and slower reproduction than do plasmids selected for vertical transmission.  
	B. trade-off hypothesis  


  According to Ewald's analysis, pathogens that spread by direct contact cannot afford to be highly virulent because it will reduce their transmission rate. Group A streptococcus bacteria normally cause only relatively mild diseases such as strep throat and impatigo. 



Based on Banet's experimental work with rats, which of the following correctly characterize(s) the effects of fever in endotherms?

A. The higher the fever, the higher the survival rate for infected endotherms.
B. The effect of fever was associated more with elevated metabolic rates or other effects on the immune system than with elevated temperature per se.
C.  The effect of fever is a function of elevated temperature per se rather than a function of elevated metabolic rate.
D. The first two choices are both correct.
	Correct Answer:
	The effect of fever was associated more with elevated metabolic rates or other effects on the immune system than with elevated temperature per se. 
	


  In fact, Banet found that the highest fevers produced the lowest survival rates. 



. Refer to Figure 13.21 in your textbook. The graphs in the figure present the results of Graham et al.'s study of the effects of anti-fever medications on the common cold. Which of the following explain(s) these data?

A. Antifever medications interfered with the immune response. Therefore, fever is an adaptive defense against the common cold.
B. Antifever medications alleviate cold symptoms, even though they increase the duration of the cold.
C.  Antifever medications interfered with the immune response.
D.  The first three choices are all correct.
	Correct Answer:
	Antifever medications interfered with the immune response. 
	


  None of the data presented indicate that the patients ran a fever, or that the antifever medications reduced fever. This overinterprets the results.
CHAPTER 16 SPECIATION
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. reinforcement  
	the smallest evolutionarily independent unit  
	
	E. species   

	1.2
	B. cryptic species  
	a concept of distinguishing species based on their phenotypes  
	
	D. morphospecies concept   

	1.3
	C. biological species concept  
	a concept of distinguishing species based on whether or not they interbreed regularly with each other  
	
	C. biological species concept   

	1.4
	D. morphospecies concept  
	a concept of distinguishing species by finding the smallest monophyletic group on a phylogeny  
	
	F. phylogenetic species concept   

	1.5
	E. species  
	species that are evolutionarily independent from each other, but are not distinguishable based on morphology  
	
	B. cryptic species   

	1.6
	F. phylogenetic species concept  
	selection for reproductive isolation by means of reduced fitness of hybrids  
	
	A. reinforcement   




2. Briefly describe the classic view of how speciation occurs. What three things have to happen for one species to split into two? Do these three steps always occur separately and in the same order?
	 Answer:


  The three stages are isolation from other populations of the species; divergence in traits from other populations; and loss of the ability to interbreed with the other populations. It now appears that the first two steps often occur simultaneously, and the third step may never occur at all. 



3. The most important evolutionary force causing genetic divergence of separated populations is _________.

a. mutation

b. genetic drift

c. natural selection 

	Answer:
	natural selection 




4. Apple maggot flies (Rhagoletis) have recently evolved an "apple race" that has distinctive alleles related to the timing of apple fruiting. What statement below can also factually be stated about apple maggot flies?

a. They are an example of allopatric speciation in action.

b. They probably are dividing into two populations because they are highly sedentary and incapable of flying between different trees

c. They originally evolved on apple trees, but have recently adapted to use hawthorn trees

d. They have recently divided into two populations which still experience some gene flow.

e. They probably are evolving by the process of genetic drift. 

	Correct Answer:
	They have recently divided into two populations which still experience some gene flow. 
	


  Apple maggot flies are an excellent example of sympatric (not allopatric) speciation that is being driven by natural selection (not genetic drift). 



5. Describe the unusual mating behavior of Drosophila heteroneur. Why are these species thought to have diverged via sexual selection, rather than via natural selection? What is the evidence that sexual selection has played a role? Could natural selection also have played a role?
	


  This species was originally suspected to have speciated due to sexual selection based on the following facts: (1) It has a morphological feature, a very wide head, that is highly unusual compared to its closest relative and to other "typical" fruit flies. (2) It uses that wide head in mating behavior. (3) It uses a lekking mating system, in which males fight on a communal display ground for tiny territories, and winners are then chosen by females. Lekking is associated in other species with strong sexual selection for elaborate male ornaments or weaponry. (4) A key observation is that it occurs on the same island as its closest relative, which implies that allopatric speciation has not played a role. 

The experimental evidence indicating that the wide head is due to sexual selection includes fighting trials, in which wide-headed males won more fights, and courtship trials with females, in which wide-headed males were chosen by females more often. These data show that the wide head almost definitely evolved by sexual selection. But does it prove that the speciation event was due only to sexual selection? No. The fruit fly populations might also have been diverging due to natural selection for adaptation to a new host plant, new microhabitat, etc. Sexual selection and natural selection may have been working together. Testing this possibility would require careful analysis of the two populations' habitats, food preferences, etc. and relative fitness. 



6. Which of the following statements regarding reinforcement are correct?

a. It is supported by laboratory research showing that Australian fruit flies evolve differences in mating pheromones when they are kept in close contact with each other.

b. It is supported by Coyne & Orr's Drosophila studies showing that prezygotic isolation evolves more rapidly in sympatric than in allopatric species.

c.  It is not supported by many field studies or genetic models

d. It can occur when closely related species come back into contact and hybridize, and when hybrids have reduced fitness.

d. It is essential for speciation.
	Correct Answers:
	It is not supported by many field studies or genetic models. 

It is supported by Coyne & Orr's Drosophila studies showing that prezygotic isolation evolves more rapidly in sympatric than in allopatric species. 

It can occur when closely related species come back into contact and hybridize, and when hybrids have reduced fitness. 

It is supported by laboratory research showing that Australian fruit flies evolve differences in mating pheromones when they are kept in close contact with each other. 
	




7. Suppose you are studying two related species of lizards, one of which lives in warm lowland deserts and the other in forested mountains. You discover that where the two species' ranges meet, in low-lying, lightly forested woodland, they hybridize. Can you predict the likely evolutionary fate of hybrids, and the parental species? How could you test your ideas?
	

	


  The answer depends on whether the hybrids have higher, equal, or reduced fitness to the parental forms. Since in this case the hybrids are in an ecotone (a transitional habitat between the two parental habitats), a reasonable hypothesis is that hybrids might have greater fitness in this ecotone than either parental species. If this is so, the hybrid zone should be stable, and the two parental species will remain as they are - neither coalescing nor diverging further. The first steps in the studying this question would be to study the phenotypes of the hybrids compared to the parental species, and inspecting historical records (if any) to see if the size and distribution of the hybrid zone has been stable over time. The next step would be to assess reproductive success of hybrids and parental species in each of the three habitats, and, of course, to keep monitoring the hybrid zone over time. 





9. Historically, North America has been home to at least two species of large canid. The gray wolf, Canis lupus, existed in forests throughout most of North America, where they preyed on large ungulates such as elk and moose. A second species, the much smaller coyote (Canis latrans), was restricted to the plains and deserts of central North America, where they fed on much smaller prey. Coyotes and wolves were easily and unambiguously distinguishable by morphology. 

Since 1900, wolves have been almost completely extirpated in the United States, though populations still exist in Canada. Coyotes, in response, enormously increased their range northward and eastward, inhabiting areas that had formerly been inhabited by wolves, and also taking advantage of deforestation and agriculture that turned forested areas into a more open habitat. 

In 2003, a research team announced the startling discovery that mitochondrial DNA from two old wolf skins - two wolves that were killed in New York State and Maine in the 1800's - did not match mitochondrial DNA of known gray wolves. Both of these animals had mtDNA more similar to that of coyotes than of gray wolves. The mtDNA of the New York wolf nested within coyotes; but the mtDNA of the Maine wolf was on a deep branch near the split of gray wolves and coyotes. Yet the skins, morphologically, appeared unambiguously those of wolves, not coyotes. 

Part I: What is your interpretation of the results describing wolves in North America above? 

Part II: Today, due to the scarcity of their own species and the arrival of coyotes, the few wolves left in eastern North America often hybridize with coyotes. As a result, many wolves in eastern North America carry a confusing mixture of wolf and coyote alleles. Similar patterns are seen in another unusual population, the highly endangered "red wolf" of the southeastern United States. Thus, there appears to be a large amount of hybridization occurring in the few surviving wolf populations of North America. 

In the United States, hybrids are not protected under the endangered species Act. In Ontario, hybrids are given the same protection status as their parent species. Which do you think is the better policy? 

Part III: Before these genetic discoveries, conservation biologists had been pursuing plans to reintroduce the gray wolf to Maine. Do you think they should proceed with this course of action?
	

	


  Part I: The research team had discovered a cryptic species, now tentatively referred to as the eastern timber wolf, Canis lycaon, that is distinct from the gray wolf, Canis lupus. In retrospect, it is clear that the "timber wolves" of the east coast have always been noted by naturalists to be slightly different than gray wolves of the west. Timber wolves were slightly smaller-bodied, preyed almost exclusively on white-tailed deer rather than on moose and elk, and lived primarily in deciduous forests, which is not a typical habitat of gray wolves. 

Though the outlines of the story are still murky, the best-supported hypothesis currently is that eastern timber wolves are sister species to coyotes, and that both evolved in North America, whereas the gray wolf clearly arrived from Europe via the Bering Strait land bridge. After arrival of European settlers, the eastern timber wolf was nearly extirpated by hunting. When human-related changes in the landscape caused the massive range expansion of coyotes, coyotes came back in contact with the few remaining eastern timber wolves, apparently leading to the establishment of a hybrid zone that essentially encompassed nearly all of the eastern timber wolves' small remaining population. Timber wolves are more willing than gray wolves to interbreed with coyotes (perhaps related to timber wolves' smaller body size, and difficulties in finding mates of their own rare species). Timber wolves are now so rare that hybrids may be all that are left. 

Other research appears to concur with this hypothesis - though there are several other plausible hypotheses regarding the extent and direction of hybridization between gray wolves, eastern timber wolves, red wolves (another puzzling wolf population of the southeastern United States), and coyotes. See Kyle et al. (2006) for a thorough review. 

Part II: Many opinions are possible. Kyle et al. (2006) present a convincing case that the Canadian policy is the better one. 

Part III: Plans to reintroduce gray wolves to New England may have to be reassessed, since it might not be a "reintroduction" after all. The wolf that was native to New England was the timber wolf, not the gray wolf. 

Wolf study references: Kyle, C.J., A.R. Johnson, B.R. Patterson, P.J. Wilson, K. Shami, S.K. Grewal, and B.N. White. 2006. Genetic nature of eastern wolves: Past, present and future. Conservation Genetics 7:273-287. Wilson, P.J., S. Grewal, T. McFadden, R.C. Chambers, and B.N. White. 2003. Mitochondrial DNA extracted from eastern North American wolves killed in the 1800s is not of gray wolf origin. Can. J. Zool. 81:936-940. 





CHAPTER 20 HUMAN EVOLUTION

1. Match the term described in this chapter to the description that is the best match for it. 
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	Option
	Your Answer
	Correct Answer

	1.1
	A. Great apes  
	The clade of Old World primates that have a relatively large brain and no tail  
	
	C. Apes   

	1.2
	B. Gene tree  
	The clade that includes humans and Old World monkeys, but not New World monkeys  
	
	D. Catarrhini   

	1.3
	C. Apes  
	The clade that includes orangutans and humans, but not gibbons  
	
	A. Great apes   

	1.4
	D. Catarrhini  
	The clade that includes Homo and Australopithecus, but not chimpanzees  
	
	E. Hominins (also hominids - this is the older term)   

	1.5
	E. Hominins (also hominids - this is the older term)  
	The hypothesis that modern humans evolved recently in Africa, and spread to other continents within the last 200,000 years without interbreeding  
	
	F. Out-of-Africa or African replacement model   

	1.6
	B. Gene tree  
	A phylogeny of all the alleles of a certain gene  
	
	B. Gene tree   




2. Which of these traits are synapomorphies of all apes as compared to Old World monkeys (baboons, macaques, etc.)?

a. Relatively larger brain (compared to body size).

b. Opposable thumb.

c. Color vision.

d. No tail.

e. More flexible hips, ankles, and wrist.

	Correct Answers:
	No tail. 

Relatively larger brain (compared to body size). 

More flexible hips, ankles, and wrist. 
	


  The other two traits (color vision and opposable thumbs) are shared by all primates. 



3. Which of these traits are synapomorphies of all hominins (Homo, Australopithecus, Paranthropus, etc.) as compared to chimpanzees, bonobos, and gorillas?

a. Stone tools.

b. Enlarged brain (compared to body size).

c. No tail.

d. Enlarged Broca's area.

e. Bipedality.

	Correct Answer:
	Bipedality. 
	


  To date, only bipedality reliably distinguishes the hominins from the great apes. "No tail" is a feature of all apes; the other three traits distinguish Homo from the other hominins. 



4. Explain in your own words how it is possible for studies of different genes of the same set of species to produce different phylogenies. Does this mean that one of the studies was flawed?
	


  Different genes can have gene trees that do not necessarily match the species tree. This can occur when species inherit genetic polymorphisms from a common ancestor, and later lose certain alleles. It can also occur if there is gene flow between closely related species after they have separated from the last common ancestor. 



5. Which of the two statements below are correct?

a. Alu elements are shared in seven places between the gorilla and chimpanzee genomes.

b. Alu elements provide evidence that supports the theory that gorillas, chimpanzees and humans form a trichotomy.

c. Alu elements are shared in one place between gorilla and chimpanzee genomes; this Alu insertion appears to be relatively old.

d. Alu elements are a type of movable genetic element that occasionally inserts into primate genomes.

e. Alu elements are an ideal derived element for studying phylogenies, due to the fact that reversal is detectable.    

	Correct Answers:
	Alu elements are an ideal derived element for studying phylogenies, due to the fact that reversal is detectable. 

Alu elements are a type of movable genetic element that occasionally inserts into primate genomes. 
	


  Gorillas and humans share one Alu insertion, which appears to be old. Chimpanzees and humans share seven Alu insertions, which appear younger. This evidence supports the model that chimpanzees and humans are each other's closest relatives. The one gorilla-human insertion, and its age, is likely an indication that the ancestral species was polymorphic for this insertion, and that chimpanzees later lost the allele that had the insertion. 



6. Which of the following statements is true?

a. Gorillas, chimpanzees, and orangutans all knuckle-walk, but humans do not.

b. Australopithecines had wrist features associated with knuckle-walking.

c. Humans probably did not descend from a knuckle-walking ancestor.

d. Humans probably did descend from a knuckle-walking ancestor.

e. Morphological data from knuckle-walking contradicts the molecular data on human evolution. 
	Correct Answer:
	Humans probably did descend from a knuckle-walking ancestor. 
	


  Option a. is incorrect because orangutans do not knuckle-walk (they fist-walk; a similar locomotion, but one that involves a different suite of wrist and hand adaptations). Australopithecines were definitely bipedal. Recent evidence from other fossil apes indicates that humans descended from a knuckle-walking ancestor. 



7

8.Which two of the following options are correct regarding Oldowan-type stone tools?
	
	
	

	Correct Answers:
	Are almost always found in close proximity to Homo fossils. 

Might have been made by Paranthropus. 
	


  These tools are almost always associated with Homo fossils, but might, conceivably, have been made by another hominin such as Paranthropus. (The balance of evidence, however, favors Homo.) They date only to 2.5-2.6 million years ago, slightly before (but not impossibly before) the first known Homo fossils. 



9. Is it possible to distinguish species that make complex tools from those that do not, based solely on skeletal morphology?
	

	


  The answer is "maybe." In humans, thumb metacarpal bones are unusually wide (relative to length), reflecting the need for attachment space for three novel muscles that give humans their trademark gripping strength and their precise control of the thumb. By this measure, Paranthropus and possibly Australopithecus probably had good grip strength. Whether or not this necessarily means that the species definitely made complex tools, as opposed to just using unmodified stones or other objects, is open to debate.

