V. Sex and Evolution

A. The Costs and Benefits of Sex
1. Asexual Reproduction (Cloning)

a. Types

 - fission in protists and bacteria

 - vegetative spread/fragmentation in plants and animals
 - parthenogenesis in animals and plants (egg develops without fertilization)
b. Benefits

 - maximal transmission of genes to next generation

 - excellent in static environmental conditions

c. Costs

 - survival of offspring is all or none in a changing environment; eventually the genome will encounter an environment that it can’t tolerate – extinction of the clone.

 - Muller’s ratchet: mutations accumulate in the genome with no way to ‘purge’ them because the entire genome is passed to offspring.  Most mutations are deleterious, so fitness declines over time.

2. Sexual Reproduction

a. Types

 - self-fertilization (necessarily monoecious or hermaphroditic)

 - outcrossing (single organisms are one sex or the other and thus must mate with another organism)

b. Benefits

 - genetically variable offspring – more rapid positive response to selection (adaptation) possible.  In a changing environment (and that is everywhere, given a long enough time interval), this pays off in the long run. 

- Especially if the environment is filled with OTHER organisms that are adapting and changing!  Red Queen Hypothesis – gotta keep running to stay in the same place (and not lose ground).

 - The “Red Queen” hypothesis: sexual reproduction is adaptive because it creates the variation, each generation, necessary to continually adapt to other species that are also changing in the environment…particularly parasites/pathogens that change more rapidly than the host.

Moran, et al: demonstrated that selfing lines of C. elegans are more susceptible to parasitism than outbreeding lines, and that the balance between selfing and outcrossing changes as a function of parasite pressure (more pressure, more outcrossing), as the Red Queen hypothesis predicts.

3. The Distribution of Sexes 


 - hermaphrodites: both sexes in one individual (perfect flowers, many animals)


 - dioecious species: individuals are one sex or another (many animals, some plants)


 - monoecious species: plants that have male flowers and separate female flowers.

        Given this variation, can selection favor one strategy over another? 

- If the total fitness of male and female reproduction is greater in hermaphrodites than separate males or females, hermaphrodism will be selected for.  This will happen if the costs of adding the second sex are low… like in plants that already invest in most of the flower structures (sepals, petals, nectar), or animals that shed gametes into the water and don’t have external genitalia.


- If costs of adding the second sex is high, then the fitness of being a separate male or female will be greater and hermaphrodism will be selected against (animals with external genitalia).

4. Sex Determination

 - Again, if there is heritable variation, different patterns can be selected for.


 - Chromosomal Determination: not much variation in heritability; XX female, XY male, environment doesn’t matter (no G X E interaction).


 - Environmental Determination:


Temperature: 



 - Sea turtle eggs incubated at high temps become female; young females dig shallow nests and have higher percentage of females. May be adaptive for this harem-forming species.


 - Alligators are opposite; cool eggs become female.  


Nutrients:



- In jack-in-the-pulpit, large plants are female, small plants can still be successful as males.


Social Environment:


 - Clown fish are sequential hermaphrodites; the dominant female inhibits the development of other fish and keeps them male.


 - In midas cichlids, relatively small fish become male, large become male.

5. Sex Ratio of offspring

 - can be determined by parents.  Reed Deer: small and starved females, that have smaller energy budgets, will make small offspring.  They selectively abort males.  This is adaptive, as small males won’t acquire a harem and mate.  Females, regardless of size, will mate.
B. Sexual Selection

 - the adaptive value of a phenotypic trait – be it physiological, morphological, or behavioral, may differ between the sexes.  Thus, the sexes will be under different selective pressures, and can come to BE different in physiology, morphology (sexual dimorphism) or behavior. One reason that sexes experience different pressures is because the energy invested in reproduction can vary between the sexes, requiring different strategies to offset these costs.
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1. Mating Systems

a. Types

 - polygamous (all with > 1 mates), polyandrous (female with > 1 males), polgynous (male with > 1 females)

 - monogamous

b. The Polygamy Threshold

 - Where potential mates have varying levels of resources, an individual  may opt to share a mate who has a lot of resources, if ½ the resources is more than the amount of resources they would get from monogamy with another mate.

c. Polygyny or Polyandry?

 - The sex that invests MORE energy in reproduction (including parental care) should be CHOOSEY (tending towards fewer mates of higher quality), whereas the sex that invests little should be POLYGAMOUS.

 - All other things being equal, females have larger gametes and invest in associative tissue (endosperm, egg, placenta), and so should generally be the choosier sex.

 - Exceptions prove the rule.  Pipefish (like sea horses) have males that brood the young, and they are the choosier sex.  Likewise in Northern Jacanas where males sit on the nest.  The sex that is limited by access to mates should compete for mates with other members of their own sex.
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2. Intrasexual Selection

 - Differences in fitness  among members of a sex:  Reproductive success correlates with number of offspring.  Because eggs are larger than sperm, egg number correlates with body size more than sperm count correlates with body size.  So, there is often selection for large female size (insects, fish, reptiles). Or, kill the offspring of other members of your sex.

 - Competition among members of a sex: Sometimes, members of only one sex are engaged in strong competition for resources – one such case is where one sex competes for access to members of the other sex.  In this case, structures/behaviors that increase competitive success (antlers, size, surreptitious matings, etc.) will be selected for in that sex.
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3. Intersexual Selection

 - The ‘choosey’ sex imposes a selective filter on the opposite sex, selecting for particular traits in the chosen sex.  Why should the ‘choosey’ sex pick a given trait?  Selection will favor females that pick males who increase their reproductive success, and the success of their offspring.


a. Direct Beneficial Effect


 - nuptial gift – the best food will allow the female to make the biggest, best eggs.


 - Traits may correlate directly with parental care… red finches are better fathers.
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b. Indirect Benefit:  Good Genes may be indicated by: 

 - ‘Handicap Principle’ – I can sing all day, or prance around with this gaudy plumage,  and still avoid predators. Can lead to runaway selection.

 - ‘Parasite Load’ – low susceptibility to parasites, which is genetic, would be directly reflected in the quality of plumage of fresh new breeding plumage.


 - ‘Symmetry’ – A well-coordinated genome should develop at the same rate on each side of the body, resulting in a more symmetrical organism.


c. Runaway Selection
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 - Once a preference is established, whether there is a correlated survival benefit or not, there can be a positive feedback loop that reinforces mate selection criteria.  Females that mate with the ‘preferred’ males are at a selective advantage – even if there is no other selective benefit – because their sons will inherent these attractive qualities and will pass the female’s genes on.  This may result in runaway selection for even more extreme forms of the trait, until these benefits are offset by the deleterious consequences of reduced survivorship (too long a tail).

STUDY QUESTIONS:

1) What are the costs and benefits of sexual and asexual reproduction?

2) How does the Red Queen hypothesis explain the result of Moran?

3) Describe Muller’s ratchet.  How does sexual selection solve this problem?

4) Darwin recognized that certain traits may directly reduce the probability of survival.  Thinking of components of fitness, how can they still be adaptive?

5) A fundamental determinant of reproductive success, all else being equal, is the total amount of energy consumed.  (With no changes in proportional allocation to reproduction, then more successful reproduction will require more energy).  Using this argument, explain the “polygamy threshold”… in other words, when will it be energetically and reproductively beneficial to be polygamous (and share a mate with other individuals of your own sex)?

6) Darwin thought that males typically engaged in battles for mates because they were simply more combative and competitive, and he thought that females were less competitive and so were simply left with the option to choose the winning male of not.  Now, we realize the combativeness and choosiness are not fixed properties of one sex or another, but rather correlate more with the relative investment in sex of each each parent.  Explain, using examples.

7)  When members of the same sex compete for access to members of the opposite sex, this is called …..  Give an example of an adaptation that increases competitive ability for mates.

8) Choosiness is adaptive for three reasons… explain and give an example for each.

9) Like all adaptations, adaptations that increase reproductive success are ultimately balanced by other selective pressures – typically those that decrease survival.  In this context, explain why tail length in widowbirds is under the effects of stabilizing selection.
