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Take Home Exam 2 Sean M. Sullivan Nancy Garr ANTH480 Honors Physical Anthropology 14 November 2005 Evolution and Factors that Lead to Evolution Define evolution from a modern perspective. Whereas natural selection operates on the individual, evolution operates upon populations, thus we define evolution as a change in allele frequency within a population from one generation to the next. (Jermain, Kilgore and Trevathan 77) Describe four factors of evolution and how they change allele frequency. The four factors of evolution are mutation, natural selection, genetic drift and gene flow. •



Mutation is the basic creative force of evolution because alleles are the result of mutation and the only way to produce new genes. Point mutations can cause an allele to change, but have to occur in gametes if they are going to be important to the evolutionary process. (Jermain, Kilgore and Trevathan 78)



•



Natural selection provides directional changes in allele frequency relative to specific environmental factors (i.e. selective pressures). Within a population, if an individual organism has greater reproductive success relative to others, more copies of the allele are passed on to the next generation. Alleles that promote fitness within the environment have an increased likelihood of being passed on to the next generation via successful reproduction. Over time, there will be a functional shift in allele frequencies and we call this adaptation. (Jermain, Kilgore and Trevathan 81)
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•



Genetic drift is the random factor in evolution. It’s related to population size and tends to occur because of small population size with some individuals contributing a disproportionate share of genes to succeeding generation. This is directly related to mating opportunities due to a variety of reasons such as social ranking, availability of mates, etc. Due to the factors of genetic variation (random independent assortment, fertilization, recombination and mutation), genetic drift may also occur with low frequency alleles simply not being passed on to successive generations leading to the allele disappearing from the gene pool. (Jermain, Kilgore and Trevathan 79)



•



The final factor in which evolution can occur is gene flow, which is the exchange of genes between populations. Migration between populations has been a consistent feature of hominid evolution, which explains why speciation in hominids has been rare. However, large-scale migrations do not necessarily have to take place for gene flow to occur. Social customs such as exogamy will most certainly alter the allele frequencies of a population. (Jermain, Kilgore and Trevathan 78)



Use two specific examples how these factors lead to evolution. In understanding evolution and the factors that lead to it, let us examine two cases of evolutionary forces at work, one in humans and the other in a non-human organism. Melanin is a chemical that produces pigmentation in skin, hair and eyes. Melanin comes in two types: pheomelanin (red to yellow) and eumelanin (dark brown to black). Four to six genes determine both the amount and type. Dark skin protects against skin cancer and mutations in skin cells induced by ultraviolet radiation. Furthermore, dark skin prevents UV-A radiation from
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destroying the B vitamin folate, which is needed for the synthesis of DNA. The hypothesis goes like this, when hominids emerged from the trees and began living in the savannah of Africa, they lost much of their hair triggering a new selective pressure that selected for darker pigmentation in the sun-rich region of the world. As humans migrated from the African continent up into the Eurasian continent, the amount of sunlight exposure was reduced, altering the selective pressure caused by UV-A radiation. A problem arose as a result causing a deficiency in vitamin D, which is largely produced through exposure to UV-A. A mutation at the locus of the melanocortin-1 receptor gene is responsible for variation in human skin pigmentation. (Rhees 743) Over time, various alleles of the MC1R would be selected upon in response to environmental factors such as UV-A would lead to variation in human pigmentation. Natural selection in higher latitudes would act for lighter skin as a means to increase production of vitamin D, whereas in lower latitudes, it would act for darker skin to protect folate. It is hypothesized that certain populations like the Inuit who live in the far north retained dark pigmentation because of their vitamin D rich diet, thus natural selection would not need to act upon MC1R in the same way. Gene flow between populations insures continuous variation in skin color, which is why we do not see discrete groupings by pigmentation. Many natural environments vary seasonally and one consequence of seasonal variation is that some organisms may face fluctuating selective pressures whose relationship to fitness varies with environmental conditions. Pontia occidentalis, the Western White Butterfly, exhibits variation in wing melanin patterns between spring and summer generations which illustrates natural selection in operation upon a multivoltine
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(multiple generations per year) species producing optimal phenotypes. (Kingsolver 932) It is hypothesized that seasonal changes in environmental conditions lead to directional selection of thermoregulatory wing melanin traits. Natural selection acting upon this phenotype across generations has been interpreted to increasing mating success of males (thus increasing fitness in relation to the environment so as to pass on genes to the next generation) and either increase or decrease (depending on the season) body temperature inverse to the amount of melanin produced in the posterior of the ventral hindwings. (Kingsolver 940) Why might genetic drift be important to the endangered species of today? Endangered species face a variety of environmental pressures including loss of habitat, disease, famine, war or other disasters. In any event, the effect leaves a diminished gene pool, which can be impacted by genetic drift. Whether the population has been influenced by founder effect or genetic bottleneck, a lack of genetic diversity can increase the frequency of deleterious alleles putting the population at risk of extinction. (Jermain, Kilgore and Trevathan 80) This factor must be considered by conservation biologists who are seeking to preserve an endangered specie. In the absence of gene flow, a small population can lose genetic variation and become fixed for deleterious genetic variants. To avoid extinction, some populations may benefit from the introduction of individuals from related species or subspecies in an attempt to restore genetic diversity in the gene pool. (Hedrick and Kalinowski 146) Racial Classification and Modern Human Variation General explanation of typology. Anthropological typology is the division of humans by “race” in an attempt to explain human variation. The first scientific attempt to
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classify human variation was Linnaeus’ taxonomic classification, which placed humans in four different classifications. (Jurmain, Kilgore and Trevathan 306) Other scientists developed other methods for classification based on different traits. This typological model was based on a small number of morphologies such as skin color, hair texture, body build and stature. (Wikipedia) Developed by European scientists, this view from Christian Europe implied an inferiority of non-Europeans who were not Christians. This view was rooted in the concept of biological determinism, which holds that physical phenomena and aspects of behavior are rooted in biological factors. Modern anthropologists have thoroughly debunked this model as racist and an inaccurate means of understanding human variation. (Jurmain, Kilgore and Trevathan 307) Explain racial classification. All modern human beings are members of the same polytypic species, Homo sapiens. A polytypic species is composed of populations that differ with regard to the expression of one or more traits. When examining human variation, humans have been grouped together by various attributes such as skin color, hair texture, body shape, and stature. Humans with these attributes are then placed in categories based on geographical areas of the Earth. These categories are called race. (Jurmain, Kilgire and Trevathan 308) This method of classification is based solely on the visible phenotypical traits of humans and posits that race is a fixed entity rooted in biology. With our new understanding of human variation through evolution and genetics reveals that the concept of race has no biological basis and is instead rooted in human culture. Genetic evidence reveals that there is greater variation within a population than between populations. In fact, the average nucleotide differences between a randomly chosen pair of humans are consistently estimated to lie between 1 in 1,000 to 1 in 1,500.
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This proportion is low compared with those of many other species. The average nucleotide diversity value can be put into perspective by considering that humans differ from chimpanzees at only 1 in 100 nucleotides on average. Considering that there are approximately three billion nucleotide base pairs in the haploid human genome, each pair of humans differs, on average, by two to three million base pairs. If one divides Old World populations into three continents (Africa, Asia and Europe), a grouping that corresponds with to a common view of three of the ‘major races’, 85%-90% of genetic variation is found within these continental groups, with only 10%-15% of variation found between them. (Jorde and Wooding S28-S29) Yet in spite of this new evidence, racial classification still persists at all levels of society as illustrated in ethnicity data collected by institutions and medical treatments and drugs are still largely developed targeting people by geographic-racial categories. Explain how anthropologists study human variation. Anthropologists no longer use racial classification to understand human variation. So how does one go about understanding human variation? Allele frequencies can be used to determine to what extent populations differ from each other. The overall distance of these genetic distances reveal important trends. Populations tend to cluster according to their geographic distance from one another, which is to be expected as geographically distant populations are less likely to experience gene flow with each other throughout evolutionary history. (Jorde and Wooding S28) If an anthropologist picks a specific allele to measure, then a statistical analysis can be used to develop clines, or gradual change in the frequencies of genotypes and phenotypes from one geographic area to another. The data might seem to suggest that there are groupings of people that might be called a race, but many
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individuals do not fall neatly into a race, which invalidates the notion of race as a system of distinct classification. How does the study of human variation in this fashion benefit us? Broad population categories can be discerned genetically when enough polymorphisms are analyzed. On the surface, such results could be interpreted as supporting the use of race in evaluating medical treatment options. But race and ancestry are not equal. Many polymorphisms are required to estimate an individual’s ancestry, whereas the number of genes involved in figuring out a specific drug response may be relatively small. One example is the gene angiotensinogen (AGT), which encodes a key component of the rennin-angiotensis blood-pressure regulation pathway. A specific AGT variant is associated in many populations with a 10%-20% increase in the risk of developing hypertension. The frequency of this allele can be as high as 90% in some African populations and as low as 30% in European populations. Recent findings indicate that hypertensive African-Americans on average show less response to angiotensis-converting enzyme (ACE) inhibitors. A recent analysis showed that the average difference in systolic blood pressure reduction in African-Americans versus European-Americans was 4.6 mm Hg, and the standard deviations of the change in blood pressure was 14 mm and 12 mm respectively. Clearly, many African-Americans would respond better to ACE inhibitors than many European-Americans. To conclude based on population averages, that ACE inhibitors are ineffective in African-Americans could deny many people a powerful and appropriate drug treatment. (Jorde and Wooding S31S32)
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Social Organization of Orangutans, Gorillas, and Chimpanzees Social organization among Hominids varies according to many environmental, physiological, and behavioral patterns. Let us examine the social structures Pongo pygmaeus (Orangutan), Gorilla gorilla (Gorilla), and Pan troglodytes (Chimpanzee), and how these factors play a role. Orangutans live on a frugivorous diet of fruit, bark, leaves, insects and occasionally meat. They tend to be solitary in nature, while females generally have their young offspring with them. Sexual dimorphism is pronounced with males having an average weight of 200 lbs while females average 100 lbs. They are territorial and males are aggressive in the presence of other males and females who are potential mating partners. They sleep in trees and are diurnal. With an average lifespan of 35-40 years, Orangutans have one of the longest birth intervals of all mammals at 8 years. (Wikipedia) Gorillas are herbivorous bulk feeders who eat plant leaves and vegetation. This low quality food source requires that they eat a lot of vegetation, which they physiology has adapted to the requirements of digesting cellulose materials. Gorillas have very pronounced sexual dimorphism with the average weight of a male being 400 lbs and a female 200 lbs. Males also have a large sagittal crest for powerful jaw muscles. Generally, there are one or two silverback males in a group with a number of females and young. Young male gorillas reaching adulthood will leave their natal group to be alone and eventually join up with other males and females to form a new reproductive group. They have an average lifespan of 30-50 years with a birth interval of 3-4 years. (Jurmain, Kilgore and Trevathan 134-135)
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Chimpanzees are omnivorous primates who live in large fluid communities with complex social structure where dominance hierarchy is quite evident in their constant dominance displays. (Jurmain, Kilgore and Trevathan 136) The sexual dimorphism is less obvious amongst chimps with males weighing an average of 100 lbs and females 80 lbs. Chimps are territorial and very aggressive towards outsiders. Their average life span is 50-60 years with a birth interval of 5 years. Social organization is a direct reflection of environmental factors such as availability of food resources and basal metabolic rate. Larger animals have lower BMR thus requiring fewer calories per unit of weight. In addition, we can see longer birth interval, increased life spans and a greater amount of time required for gestation and maturation in these apes compared to smaller primates. In the case of orangutans, their food resources are spread out in clusters over a larger area, so they tend to forage alone. Whereas gorillas who are bulk feeders have rich availability of food resources so they tend to travel in groups, though they move around quite a bit so as not to consume all the available resources and the dominant male leads the group, mediates disputes and protects them. Chimpanzees are far more social and tend to perform more cooperative tasks such as hunting, and communicating each other in the event of danger. Chimpanzee diet is more generalized enabling them to be more adaptable. Though chimpanzees are cooperative, their dominance hierarchy is noticeable in their displays whereby any male chimpanzee can become the dominant male for a period of time, which leads to greater availability of mates. In summary, availability of food, life histories, and diet serve to shape social organization of these apes. Greater availability of resources distributed evenly correlates
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with a tendency to larger groups, which are regulated through dominance hierarchy and grooming. Fewer resources that are more dispersed correlates with a tendency to smaller groups or insular behavior where dominance only becomes a factor during mating, in order to gain access to females in estrus.
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