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EEB 210

Take Home Examination #1

Due:  Tuesday, March 4

Please provide typed answers to the following 2 questions.  You may use your text, lecture notes or any other materials, but do not share your answers with other students.  Answers should be typed, double-spaced.  You should be able to answer these questions in a total of 3-4 pages.  Emphasis should be on carefully reasoned responses.  

This take-home exam will comprise 60% of the score for the mid-term.  Questions 1 and 2 are worth 30 points each, for a total of 60 points.  The in-class portion of the mid-term (March 4) will be worth a total of 40 points.

a. It is the phenotype that is directly exposed to the environment during the process of natural selection.  Nevertheless, biologists contend that, on an evolutionary time scale, selection acts most powerfully at the level of the genes.  Explain this concept and its rationale, indicating the nature of the “competition” between genes---for example, which genes are “competing” with which?  Is the outcome of the competition influenced by other genes?

Although natural selection acts directly on the phenotype, it is the genes that are passed on from generation-to-generation.  The alleles for each gene locus are in competition with each other (to occupy a slot on the chromosome).  The outcome of the competition is affected by the genes that are present at other loci because they contribute to establishing the phenotype and thus contribute to the environment in which all alleles exist.

b. Provide 3 examples of biological phenomena that specifically help to

 distinguish between selection acting at the level of genes as compared to

 individuals or groups. Indicate how each example supports the view that

 selection is acting most powerfully at the level of genes (alleles).

Many examples are possible here.  One we discussed in class was infanticide as observed in lions and in some primates.  A male may kill infants that he did not father, providing him the opportunity to essentially substitute his own genes (or at least half of his own genes) by mating with the mother of the infant.   This behavior would appear to be detrimental to the group (and probably to the species as a whole), but it probably results in an increase in the frequency of genes that support infanticide.

2)

a.  In the past, some biologists found it difficult to explain how multicellular organisms could have originated from unicellular forms by Darwinian evolution, because in most multicellular organisms only a small percentage of the cells retain the ability to reproduce. This raises the question why cells would evolve to relinquish their potential for reproduction.  It is now generally thought that multicellular life evolved from ancestral forms that were colonial-living clones of cells.  By comparison with a clone of unicellular organisms where all cells have the ability to produce a new organism, in most multicellular organisms the majority of cells have “abandoned” the capacity to produce a new organism (though they often retain the ability to undergo mitosis).  How can the specialization of cell types in multicellular organisms be explained in the context of current evolutionary theory?  Can the origin of multicellular life be discussed in the context of “altruism”?  If so, would it be more like nepotistic or more like reciprocal altruism?  Explain.
b.  Eusocial insect colonies (for example, honeybee colonies) are sometimes said to behave like an organism.  In what sense do such colonies function like a single organism?     In what important ways are eusocial insect colonies different from a single organism?  How can both the similarities and differences be explained in terms of current concepts of evolution?

c.  Each of our bodies is formed by a clone of cells, derived by repeated mitotic divisions from a single fertilized egg, or zygote.  But our bodies also contain many other cells---bacteria and other types of microorganisms.  Unlike the cells that we typically regard as our “body cells”, the other cells that reside within us frequently do not cooperate with our body cells in ways that are likely to lead to harmonious growth and survival. (In fact, in some cases they lead to disease or even death.)  How can this lack of cooperation be explained in terms of current evolutionary theory, which focuses on individual genes (alleles) as the units of selection?

