Selection
Selection is the only agent of evolutionary change that directly involves the relationship between organisms and their environment (ECOLOGY!). AND, it it the only evolutionary mechanism that produces adaptations—beneficial responses to the environment. So, understanding selection—and how to discriminate it from other agents of change—is particularly important in ecology. Fundamentally, selection occurs when a genotype has greater reproductive success than another in a given environment.  
II. Natural Selection
A. The Nature of Selection

Selection is defined as “differential reproductive success among genotypes”. Reproductive success is typically measured as the mean number of offspring that survive; but a more accurate measure is the mean number of offspring that survive to reproductive age. There are three ‘components’ – three variables – that influence this metric:

 - the probability of surviving to reproductive age

 - the number of offspring produced

 - the probability that the offspring survive to reproductive age

We will discuss the constraints and trade-off that occur among these components, resulting in “life history adaptations”.  For now, we just need to appreciate that selection is much more than just “survival”… indeed, survival is only important as a pre-condition for the most important element of selection: reproduction.  Two examples illustrate this primacy.  First, there are many adaptations, like a peacocks tail, which DECREASE its probability of survival: the long train of feathers reduces flying ability in the breeding season, making the cocks much more susceptible to predators.  And that’s before they start the display, which has evolved to be as apparent, impressive, and obvious as possible!  How could this be selected for? Because the increased probability of mating outweight the increased costs of a lower probability of survival.

Another example comes from humans.  As Steven Stearns and coauthors write in their 2010 article on human evolution, humans have NOT stopped evolving in response to selection as a consequence of greater medical care and survivorship.  As survivorship increases across genotypes (reducing the variance in this parameter), it makes differences in reproductive rate more important as a driver of evolution. 
B. Artificial Selection
        In domesticated organisms, humans decide which genotype will be allowed to mate; thus, humans are the ‘environmental filter’ that creates differential reproductive success among genotypes. As a result of this selective breeding by humans, certain species have been modified tremendously. So, from an ancestral population of wolves, we have created Chihuahuas and St. Bernards. Now, there were never any Chihuahua sized wolves running around - we created this variability by progressively breeding smaller dogs with one another. Now, we have two groups, Chihuahuas and St. Bernards, that can't easily be bred together. So, we have created separate biological groups, that could be called different species. Darwin was aware of many 'breeds' of pigeons, too. These were called varieties, almost assuredly descended from a common ancestral population of rock doves (left). The KEY to the production of new varieties by humans is that humans only allowed certain organisms to breed. So, only particular traits were passed to the next generation. Darwin wondered if there was a mechanism that could do the SAME thing in nature (only allow certain organisms in a population to breed), and thereby explain the natural changes seen in the fossil record (radiational patterns of multiple species in one strata necessarily coming from fewer species in earlier strata). and implied by island faunas. Just because man does it purposefully, by design and with aforethought, doesn't mean that nature can't do it WITHOUT purpose. We put water in the freezer to PURPOSEFULLY make ice cubes... but water freezes naturally, as well - without a purpose, but with the same NATURAL CAUSE (loss of heat). 
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C.  Natural Selection
1. Types of Selection


 - directional: an extreme phenotype has higher fitness; mean of population moves in one “direction”. In nature, where reproductive success is dependent on the interactive effects of phenotypic traits, directional selection is often eventually balanced by negative consequences. So, large size is generally beneficial—it reduces risk of predation, usually. But it can result in greater demand for food, greater apparency to predators (can’t hide), and physiological constraints (it is much harder for a large bird to fly). In contrast, artificial selection by humans can be persistently directional because we are interested in one trait over and above others, and can compensate for deleterious effects of an ‘unbalanced’ phenotype. So, we selectively breed dogs for flat faces (pug, bulldog) and they don’t breathe as well.  But they don’t have to chase their food down, either, so the negative effects are reduced.  We can selectively breed crop plants for larger and larger and more nutritious seeds, and provide more water and fertilizer… so the investment in reproduction doesn’t reduce their survival. And we can stake up our tomato plants that now produce fruits larger than their stems can support! Directional selection can occur in nature when the environment changes and changes a constraint, allowing (or forcing) a population to ‘rebalance’ at a new mean phenotype.  So, on islands, there are usually fewer resources and island organisms are often smaller (“insular dwarfism”), genetically, in response, like Homo floresiensis or the Maltese elephant.  However, islands often have fewer species… so if competition was restraining organism size, then the absence of competitors may select for larger size on islands (“insular gigantism”) like Galapagos tortoises growing large in the absence of large mammalian herbivores. If different environnments select for different traits, ALLOPATRIC speciation can result: the populations become so different they cannot reproduce if contact is re-established. There are also some other interesting cases of directional selection involving sexual selection that we will mention later in the course.

 - stabilizing: extremes are selected against; mean of population stays the same, variance decreases. This is typical after an adaptation balanced by contraints is achieved. As you’ll learn on the bunched arrowhead fieldtrip, gall flies that induce goldenrods to grow galls of intermediate size are selected for because flies that induce small galls are prey upon by gall wasps (that can find the maggots more easily in the smaller volume of a small gall) while flies that induce large galls are preyed upon by birds that see large galls more readily.

- disruptive: both extremes selected for; mean may stay the same, variance increases. Results in polymorphic populations and potentially in sympatric speciation. In this scenario, two ecological ‘solutions’ are possible and have equal fitness, or the heterozygote for a single gene effect has much lower fitness. This can result in SYMPATRIC speciation if there is some degree of reproductive isolation or sexual slection based on this dimorphism.
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2.  Modes of Selection


- Natural Selection


- Sexual Selection:  adaptiveness of a trait depends on sex. Typically if there are differences in mate-seelction traits, energetic demands, or intrasexual competition for mates.  More later!

- Kin Selection: adaptiveness depends on inclusive fitness of all organisms with that trait (relatives). More Later!

- Frequency Dependent Selection: adaptiveness depends on the frequency of the trait in the population. The ‘rare mate’ phenomenon provides an interesting example.
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D. Testing for Selection and Adaptation

1. Phenotypic Plasticity: 
We expect selection to create differences among populations – increasing the variation between populations as each adapts to its own unique environment.  However, organisms may be different from one another because they have evolved in response to OTHER agents of change.  OR, they may differ due to CHANCE (drift). Or they may differ due to the direct effect of the environment. A genotype may display a range of phenotypes under a range of different environmental conditions.  This range of responses exhibited by a single genotype is called a reaction norm.
2. Differentiating between genetic “adaptations” and environmental “reaction norms”
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Consider plants from a single species that exhibit different phenotypes in different environments.  Has this species ADAPTED differentially to these different environments, or is it basically the same genetic population that is responding differently in different environments?  
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 - Common Garden Experiment:  Grow representative from different populations under the same environmental conditions (environment is CONSTANT).  If phenotypic differences still occur, there must be a genetic component to these differences.

 - Reciprocal Transplant Experiments: Expose members of each population to both environmental conditions.  Now, you can actually partition the effects of environment and genotype, and also expose “genotype x environment interactions”, which (if differences correlate with fitness) represent adaptive responses by a population to a specific environment.

3. The Selective Value of Acclimation Ability:
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The ability to acclimate is probably costly, involving the maintenance of genetic variation (heterozygosity) to be able to respond to varying environments.  It is only adaptive to incur these costs if the benefits outweigh them – in other words, if the organism will experience a range of environmental condition to which acclimation would be adaptive.  In other words, populations in static environments should experience directional selection, and the genetic ability to acclimate should be lost as genetic variation declines. However, the capacity to produce a graded response to variable environments can also be encoded by gene regulation; not only by the types of genes that are present.   This developmental regulation is much more labile than the loss of alleles across the whole genome; genes can be regulated differently under different environments, or in different tissues, and produce a range of adaptive responses.
STUDY QUESTIONS:
1) Describe and provide an example for directional, stabilizing, and disruptive selection.

3) What is a ‘reaction norm’ and how does it complicate questions of whether a phenotype is adaptive?

4) How can reciprocal transplant experiments resolve the contribution of genetic and environmental effects?  How would adaptive response to different environments be expressed in this method?

5) How are genetic variations resolved using a “common garden” experiment?

6) Can the ability to acclimate, itself, be adaptive?  What environments should select for this ability?  How might this be genetically encoded?
