Lecture 13- Selection and fitness

· Meaning of deme, population, allele frequency, genotype frequency
· Deme: a local population of organisms or one species that interbreed with one another and share a distinct gene pool
· Population: made up of 2 major attributes- allele frequencies and gene pool
- a group of sexually interbreeding or potentially interbreeding individuals
· Allele frequency: the frequencies of individuals alleles, do not depend on genotype frequencies
· Genotype frequency: dominance or recessiveness
- 
· Gene pool: all the alleles of all individuals in the population
· Allele frequencies in a population, given the genotype frequencies
· Allele frequencies don’t depend on genotype frequencies
· Remain essentially unchanged from one generation to the next, provided that mating is random and all genotypes are viable
· Allele frequencies are conserved in a population and are in equilibrium given that no external forces act on them. 
· Genotype frequencies in the next generation, given the allele frequencies and assuming Hardy-Weinberg equilibrium
· After the first generation, genotype frequencies will remain at Hardy-Weinberg equilibrium
· Traits remain in equilibrium, do not become diluted
· This rarely happens in nature because hardy-Weinberg conditions are rarely achieved
· Assumptions of Hardy-Weinberg equilibrium (founding theorem of population genetics)
· Random mating 
· Large populations
· Equilibrium allele frequencies
· Absence of gene flow into population
· the expected genotype frequencies in a population can only be calculated using allele frequencies if the population is in hardy-Weinberg equilibrium [ f(A1A1)=p2       f(A1A1)=2pq]
· whether a population is in HWE, given observed genotype or phenotype frequencies
· if the expected genotype frequencies, calculated using given data and the HWE equation, is the same as that observed, then the population is in HWE. 
· effect of selection on changes in allele frequency
· if selection pressure is stronger, then evolution proceeds more quickly
· relative vs. absolute fitness
· Relative (w): relative to other genotypes in the population, how fit is that genotype. The fittest genotype has a 
· Absolute (W): how many offspring an organism produces in its lifetime or how long it lives
· how to calculate relative fitness
· w=W/Wmax
· how to quantify strength of selection
· Difference in w (between 0-1) between genotypes reflects strength of selection
· fittest=relative fitness of 1 the greater the difference in relative fitness, the stronger selection is going to be, the faster evolution will proceed.
· Relationship between dominance/recessiveness of alleles and response to selection.
· Selection against a dominant allele will wipe out all the dominant alleles in a population BUT selection against a recessive allele will not wipe out all the recessive alleles because they are sheltered in the heterozygous form. 
· effect of heterozygote advantage on genetic variation
· heterozygotes preserve the presence of recessive alleles because no matter what selection favors or selects against, the recessive allele is always sheltered in heterozygotes and will never be wiped out.
· Dominant alleles however, may be wiped out because they are not sheltered in either homo or heterozygotes.
· Heterozygote advantage maintains both alleles in a consistent frequency. 
· why the amount of genetic variation in a population is important
· genetic variation is the raw material of evolution. Without it, evolution and adaptability would not happen. It is also important for individual fitness (example: inbreeding creates lower individual fitness).
· different types of selection (stabilizing, directional) and their effect on genetic variation
· stabilizing: selects against extreme phenotypes, increases heterozygotes.
· directional: selects against one extreme, 
· disruptive: selects against heterozygotes, less variable

Lecture 14- Selection vs. other evolutionary 

· difference between Batesian and Mullerian mimicry
· Batesian: palatable species that mimic distasteful models are protected against predators. The more frequent the mimic and the less frequent its model, the greater the chances that predators will attack the mimic.
· Mullerian: mimicry between different species which benefits both species by enabling predators to learn a single warning pattern that applies to all these potential but distasteful prey.
· how the population frequency of a mimic phenotype may affect its fitness
· example: high frequencies of the melanic (dark) form moths in industrial areas in comparison to the light form because they are able to blend into the soot-covered trees better. The light form has more of a selective advantage.
· why the same phenotype may be selected against in one environment but have a selective advantage in a different environment
· example: light moths have a better chance of survival in non-industrial areas where the trees are a lighter color and they can blend in more vs. industrial areas where they stand out more on the dark tree trunks.
· meaning of genetic load and genetic death
· genetic load: the extent to which a population departs from its optimal genetic constitution, marked by the loss of individuals through genetic death
· genetic death: can be expressed as sterility, inability to find a mate, or by any means that reduces reproductive ability.
· effect of various types of selection on amount of variation in a population.
· 
· examples of stabilizing, directional, disruptive
· reasons why directional selection does not remove all genetic variation from a population.
· Recessive alleles 
· Selection pressures aren’t always uniform
· Adaptations (traits that increase bearer’s relative fitness) are environment-specific
· characteristics, and examples, of frequency dependent selection.
· Negative frequency-dependence: The fitness of a phenotype depends on its relative frequency (predators form search images of prey). Being rare provides the organism with higher fitness because the more common type is easier for the predator to catch (advantage to rare forms) maintains allele frequencies (balancing selection). 
· Positive frequency-dependence: when predators learn which types or phenotypes of prey to avoid. The selective advantage goes to whichever phenotype is more common. The advantage to common forms causes common alleles to wipe out the non-common alleles in terms of frequency. 
· reasons why all living things are not perfectly adapted to their environment.
· Limited by available genetic variation
· Environment is always changing- Organisms must play catch-up after environment changes
· Limited by dominance relationships- when deleterious alleles are recessive, they are maintained in a population
· Trade-offs (compromise between competing demands) a trait may be useful in some contexts but harmful in another context (e.g MCR5 allele protects against but has negative effects in other areas)
· effect of genetic drift on allele frequencies within a population, particularly in the case of bottlenecks etc.
· genetic drift: random, unpredictable changes in allele frequencies due to sampling error
· Over time, genetic drift in a small population causes one allele to go to fixation and wipe out the other one (e.g cheetahs- went through a bottleneck many years ago. Pennsylvania Amish- founded by small amount of people, very high mutation rate). 
· Genetic drift decreases variation within a population. One allele goes to fixation while the other dominates. 
· effect of genetic drift on variations between populations.
· genetic drift is strongest in small populations and in populations that suddenly become small (bottleneck, founder events). 
· Increases genetic differences among populations. 
· mechanism that explain why mutation is NOT directed toward the needs of the organism.
· Most mutations have neutral or nearly-neutral effects on fitness
· Of those that affect fitness, most are harmful- reverse transcriptase mutation against AZT 
· Mutation often opposes selection, but also provides raw material for adaptive evolution. 
· general fitness effects of mutations.
· Mostly none but those that occur are mostly harmful because not all of one’s genome is coding, therefor there is a much smaller amount to work. Also it’s much more likely to ruin something that already works than to create a brilliant new thing. 
· why most mutations that affect fitness are harmful.
· effect of gene flow on allele frequencies.
· Gene flow (migration): moves alleles between populations. 
· Can introduce new alleles- 
· Often opposes selection (selection-migration balance)- Organisms that are fit to their environment don’t necessarily stay in that environment and often migrate to other population thus opposing the selection that favours them. This prevents organisms from being perfectly adapted to their environment.
· characteristics of adaptive vs. non-adaptive mechanisms affecting allele frequency.’
·  how various evolutionary forces reinforce or oppose one another.
· Selection (different types)
· Genetic drift
· Mutation
· Gene flow
· Similar Effects on genetic variation within a population or difference between populations

Lecture 15- Why evolution is true

· How Darwin's theory of evolution differed from that proposed by Lamarck
· Darwin’s theory:
· Natural selection: organisms with favorable traits leave many offspring whereas those with non-favorable ones leave less thus favorable traits become more and more common in the next generation but the population size stays rather consistent. This is the mechanism of descent modification. 
· Descent modification: the evolutionary alteration and diversification of ancestral species which is how all the organisms that have ever lived arose
· Important contributions: 
1) provided physical evidence about the origins of biological diversity
2) recognized that evolutionary change occurs in groups of organisms rather than individuals- some group members reproduce more successfully than others
3) described evolution as a multistage process which eliminates unsuccessful variations and passes on successful ones
4) Like Lamarck, understood that some organisms function better than others in a given environment
· Lamarck’s theory: 
· Principle of use and disuse- body parts grow in proportion to how much they’re used
· Inheritance of acquired traits- changes that an animal acquires during its lifetime are passed onto its offspring
· Important contributions:
1) all species change through time, 
2) changes are passed from one generation to the next
3) organisms change in response to their environment
4) the existence of specific mechanisms that caused evolutionary change. 
·  Meaning of catastrophism, gradualism, uniformitarianism 
· Catastrophism: each layer of fossils represents the remains of organisms that had died in a local catastrophe such as a flood.
· Gradualism: the view that earth changed slowly over its history. Slow and continuous physical processes acting over long periods of time, produced earth’s major geologic features.
· Uniformitarianism: geologic processes that sculpted the earth’s surface over long periods of time (e.g volcanic eruptions, earthquakes) are exactly the same as the processes we observe today.
· Difference between relative versus absolute ages of rock formations and the fossils they contain
· Relative ages: the strata (layers) in a sedimentary are arranged in the order in which they formed, the youngest layers on top.
· Absolute ages: in millions of years before present
·  Principle behind radiometric dating of rock strata 
· works best with volcanic rocks, but most fossils are found in sedimentary
· isotopes decay at steady rates  so the rock containing the isotope can be dated when the amounts of isotopes can be measured and the rates of decay are known
· most common isotope: carbon 14
· Why most living things never form fossils
· Soft remains of organisms are quickly consumed by scavengers or decomposed by micororganisms
· Absence of hard parts and skeletons gives an organism less of a chance at fossilization
· Types of non-random mating
· Inbreeding: Amish- breed within their relative population
· Inbreeding avoidance: avoiding mating with individuals that are genetically close to you
· Assortative: mating with individuals that are phenotypically/genotypically similar to you (e.g snow geese- brown with brown)
· Disassortative: mating with inidividuals that are phenotypically different than you (e.g white-throated sparrows- white striped mates with tanned-stripe, never the same type)
· Effect of non-random mating on HWE and on evolution
· Assortative mating- if population starts with HWE ratios, fewer heterozygotes would be produced and more homozygotes will appear BUT NO CHANGE IN ALLELE FREQUENCIES no evolution. 
· Characteristics of a scientific theory
· Theory: a coherent set of testable hypotheses that attempt to explain facts about the natural world
· Assertions that cannot possibly be falsified are NOT SCIENTIFIC
· Components of the theory of evolution
1) Evolution happens: change in allele frequencies in a population, between generations. May be adaptive or non-adaptive but it happens.
2) Most evolution is gradual: it happens by means of tiny changes that are imperceptible over generations but significant over ages. 
3) Speciation happens: all life has evolved from a common ancestor and over evolutionary time there has been many speciation events (one lineage splits into many lineages). If this hadn’t happened, there would only be one species on earth.
4) All life is related through common ancestry: all life forms can be traced back to having a common ancestor.
5) Much of evolutionary change is caused by selection
6) Evolution occurs in populations, not within individuals: evolution acts on pre-existing variations in population rather than on individuals changing their phenotypes during their lifetime. 
· Evidence for "descent with modification"
· “Descent“(from a common ancestor): 
· Homologies: any similarity between 2 specie, not explainable by shared function, that reflects shared ancestry)
Structural- same bone arrangement. 
Developmental- embryology, similar embryos. 
Molecular- similar genetic codes between all species because we all inherited that code from a common ancestor.
Transitional forms
·  “With modification”: 
· Fossil evidence of change
· Vestigial traits: traits that no longer serve any purpose only make sense in the context of evolution (e.g a bright flower which has all the parts necessary for sexual reproduction but in fact reproduces asexually). 

Lecture 16- Why sex?

· Relationship between sexual reproduction and genetic variation
· Sexual reproduction provides 2 important sources of genetic variation:
· Through recombination, sections of chromosomes go through crossing over which creates different combinations of genes along a chromosome
· Removing deleterious mutations- sexual reproduction in a population allows individuals to incorporate different beneficial mutations from other populations into their own. 
· Different modes of genetic sex determination    
· Penis fencing- in flatworms, whichever mate pierces the other with their penis or penises first functions as the male who sends double-tailed sperm into their mate who becomes the female and produces eggs.
· Tempertature dependant- in alligators, sex is determined based on the temperature during embryonic development
· Fish that change sex as adults- from males to females, from females to males, or from either sex to hermaphrodites
· Compensatory mechanisms in chickens- female chickens with left and right gonad rudiments but only the left acts as a functioning ovary. If the functioning ovary is removed, the rudimentary one turns into an ovary, testis or ‘ovotestis’.
· Haplodiploidy- haploid male honeybees, which develop from, unfertilized eggs and diploid females, which develop from fertilized eggs thus creating only one female which becomes and lays eggs. 
· Different modes of environmental sex determination
· Bonelia- larvae that land on these large female worms transform into tiny males with no digestive function and only with the ability of sperm production. 
· Osedax- female tubeworms the feed on whale bones. Larvae that settle on bone develop into females but larvae that settle on females develop into dwarf males.
· Meaning of hermaphrodite, and whether hermaphroditism is generally rare or common in plants
· Hermaphrodite: both male and female organs are found within each individual
· 90% of seed plants produce both male and female gamete, pollen and ovules. 
· relationships among sexual reproduction, meiosis and genetic variability 
· sexual recombination causes genetic diversity through-
· Crossing over, independent assortment
· Offspring distinct from either parent and (usually) each other.
· mechanisms of asexual reproduction 
· facultatively sexual- aspen trees have the choice to reproduce sexually or asexually
· obligately asexual- amazon molly produces only asexually by laying its own eggs but this seems to be a recently evolved trait. 
· examples and predictions of size-advantage model of sex change
· example: females have more advantage in being bigger all organisms should start off as males because it benefits them in the earl stages of life but when size begins to benefit females more, the organism should switch to being female.
· types of sexually reproducing organisms:
· dioecious- male and female functions are housed in separate individuals, cannot be both male and female (e.g humans).
· Monoecious/ hermaphrodite- simultaneously monoecious, houses both male and female parts (e.g roses).
· Sequential monoecy- changing sex during one’s lifetime (e.g bluestreak wrasse- female to male, clownfish-male to female)
·  distribution of sexual reproduction among all life forms, and particularly among animals
· vast majority of organisms reproduce asexually most of the time
· it is very likely that the earliest living cells produced asexually
· sexual reproduction is a derived trait whereas asexual reproduction is an ancestral trait
· most animals produce sexually with the exception of a very small percentage 
·  costs of sexual reproduction 
· a mate is needed so time and effort need to be put in to find a mate
· cost of meiosis
· only half of one’s genes make it to the next generation
· An inefficient way to get your genes to the next generation, “diluting your genes”
·  Cost of sons
· reproducing sexually decreases the number of offspring one can produce. Difference in offspring quality. 
·  "Muller's Ratchet" mutational load explanation for advantage of sexual reproduction
· sexual recombination benefits the species by speeding up evolution: discarding harmful mutations, combining beneficial mutations
· this decreases the likelihood that the species will go extinct
· asexual lineages will accumulate more harmful mutations because there’s no real way of getting rid of them. The advantage of sex is that it breaks up this “ratchet” by shuffling genes
·  "Ruby in the Rubbish" hypothesis explanation for advantage of sexual reproduction
· every time you reproduce sexually, you take the chance of creating more deleterious mutations
· sex continually creates genotypes with fewer ( and more!) harmful mutations than parental genotypes
·  combination of beneficial mutations for advantage of sexual reproduction
· Sexual recombination benefits the species by speeding up evolution by: discarding harmful mutations and combining beneficial mutations. This decreases the likelihood of extinction.
·  relationship between extinction rate and sexual reproduction 
· asexual reproducing species don’t last very long, they go extinct quickly
· asexual reproduction is a relatively new trait

Lecture 17- Sexual Selection

· Meaning of monogamy, polygamy, polygyny, polyandry, promiscuity, lek
· Monogamy: a male and a female form a pair bond for a mating season, or in some cases, for the individuals’ reproductive lives.
· Polygamy: may be polygyny or polyandry 
· Polygyny: when one male has active pair bonds with more than one female, male contribute nothing but sperm.
· Polyandry: one female has active pair bonds with more than one male, female contribute nothing but eggs.
· Promiscuity: when males and females have no pair bonds beyond the time it takes to mate.
· Lek: congregations of displaying males, where females come only to mate. 
· Conditions favoring the evolution of monogamous versus polygynous mating systems
· Monogamy occurs in species in which males indirectly feed the young by bringing food to the female. This prevails when the young require a great deal of care. 
· Polygyny is prevalent among mammals, because compared to males, females make a much larger investment in raising young (through egg development and care of the young). In this situation males have high-quality territories so that the females living there are able to raise young on their own while the male acts as the protector of space and sperm donor. 
· Handicap explanation for why females prefer males with extravagant ornaments
· A male’s large size, bright feathers, or large horns might indicate that he:
· Is particularly healthy
· Can harvest resources efficiently or has managed to survive to an advanced age
· Signals of male quality who’s sperm will fertilize a woman’s alleles successfully
· Holds large rich territories which the female can use to her advantage
· Handicap explanation: females select males that are successful. Because having ornate structures may impede the locomotion of males, their elaborate displays may attract predators. This shows the females that they have survived despite this handicap. Successful alleles that are responsible for the ornamental handicap are passed on to the female’s offspring. 
· Meaning of sexual dimorphism, intersexual selection, intrasexual selection
· Sexual dimorphism: one gender is larger or more colorful than the other, may be an outcome of sexual selection.
· Intersexual selection: selection based on the interactions between males and females which causes males to produce otherwise useless structures which attract females to them (e.g female widowbird’s attraction to males with long tails). 
· Intrasexual selection: selection based on the interactions between members of the same sex in which males use their large body size, antlers, or tusks to intimate and injure rival males. 
· Selection does not favor traits that benefit long-term persistence of ‘the group’ at the expense of immediate individual fitness.
· “lottery ticket hypothesis” and “red queen hypothesis” to describe the relationship between environmental stability and benefits of sexual vs. asexual reproduction
· Lottery ticket hypothesis: the offspring of an individual in a changing environment will not have the same fitness as that individual if they are produced asexually because the environment is changing but the fitness is not. If the environment is unpredictable, reproducing sexually is advantageous to the individual and the population. Reproducing asexually in a changing environment is like buying the same copy of a lottery ticket; chances of winning are not increased. 
· red queen hypothesis: sex is favored when your environment (natural enemies) are continually evolving. When parasites or other harmful organisms are a great selective force in a population, sexual reproduction is more common. 
· long-term vs. short term advantages to sexual vs. asexual reproduction
· Sexual Reproduction: 
· Long-term advantages: removing harmful mutations, increasing the speed at which helpful mutations are combined. 
· Short term: bet-hedging in a changing environment, increasing chances of fitness and survival.
· Reduced extinction risk may be just a consequence of sexual reproduction NOT an explanation for why it persists.
· Why sex places different selective forces on males vs. females
· Sexual selection is based on the struggle between males for the attention of females. It explains the presence of dimorphism.
· relationship between sexual selection and investment in offspring
· role of parasites as an explanation for the persistence of sexual reproduction
· When parasites or other harmful organisms are a great selective force in a population, sexual reproduction is more common. 
· how sexual selection maintains traits seemingly incompatible with natural selection
· 
· examples of traits favored by intra vs. inter sexual selection
· many traits are favored by both inter and intra sexual selection
· Inter: male bowerbirds decorating their court with blue to attract females
· Intra: male bowerbirds sabotaging each other’s courts by stealing their decorations, placing red decorations, which are unattractive to the females or destroying the courts of others. 
· why males are more usually competing for access to females (rather than vice versa)
· The best way for a male to increase his fitness is to mate with as many females as possible. The number of females a male mates with is what limits his fitness. 
· Females are limited by the number of offspring they can produce which has no relation to how many males she mates with. Females cannot increase their offspring quantity but can increase their offspring quality.
· Relationship between parental investment and which sex is choosy vs. competing
· Females are choosier than males in their short-term mating
· Anisogamy- unequal gamete size
· Sperm is cheap. Sex difference in parental investmen and potential fitness determine which sex is choosy, and which sex competes. The high investing sex is the choosy one and the low investing sex is the competing one. 
· What happens (in terms of sexual selection) when both sexes invest heavily in offspring
· Both sexes competing for access of the preferred opposite sex
· Average vs. potential fitness of males vs. females
· Potential fitness is almost always much higher for males 
· Average fitness is the same for males and females. Males have more range in their fitness than females. 
· Limiting factors on male vs. female fitness
· 
· Traits valued in mate choice by human males vs. females
· Males look for: fertility of a potential mate (circulating estrogen), waist to hip ratio (smaller waist relative to hip ratio indicates better potential of fertility). 
· Females look for: athletic ability, kindness to children, resource holding potential (wealth that a male monopolizes or the likelihood of success).
· Both look for: facial and body symmetry, which indicates high developmental stability (able to withstand diseases more effectively). 

Lecture 18- Cooperation and Conflict

· Identify the meanings of kin selection, altruism, reciprocal altruism, eusocial
· kin selection: individuals should be more likely to help close relatives because increasing a close relative’s fitness means that the individual is helping to propagate some of its own alleles. The extent of altruistic behavior exhibited by one individual to another is directly proportional to the percentage of alleles they share. 
· altruism: doing something that enhances the situation of a another individual. Kin selection is not altruistic because it enhances the situation of the individual who does it. 
· reciprocal altruism: individuals will help nonrelatives if they are likely to return the favor in the future. Each member of the partnership can potentially benefit from the relationship.
· eusocial: self sacrificing behavior is directed to kin (e.g in eusocial insects, genetically related individuals, most of them sterile, live and work together for the reproductive benefit of one individual, a single queen and her mate). 
·  calculate degree of relatedness between two individuals, given the type of relationship (parent-offspring, cousins, etc)
· half siblings= 0.25
· siblings= 0.5 (.25 from each parent)
· nephew/niece with uncle/aunt= .25
· first cousins= .125
· mother/father and son/daughter= 0.5
· total degree of relatedness between 2 individuals = multiplying out the probabilities across all of the links between them 
·  identify why haplodiploidy can favour high levels of cooperation in social insects  
· high degree of relatedness among workers in some colonies of eusocial insects is the reason for their high levels of cooperation
· when a queen bee is diploid and all the males are haploid, the offspring are all haplodiploid, infertile and have an average degree of relatedness of .75 (0.5 from the female and 0.25 from the male). 
· Workers devote their lives to caring for their siblings because a few of those siblings (ones carrying 75 % of their alleles) may become future queens and produce a great number of offspring. 






· Examples of different types of social interaction
	
	Actor benefits
	Actor is harmed

	Recipient benefits
	cooperation
	altruism

	Recipient is harmed
	selfishness
	spite



· Types: cooperation, altruism, selfishness, spite
· Selfishness- actor benefits but recipient is harmed. 
· Spite- harming one’s self along with everyone around them, does not benefit the actor or recipient
· Altruism- actor is harmed but recipient benefits
· a special difficulty which at first appeared to be unsolvable and fatal to Darwin’s theory
· Cooperation- both actor and recipient boost their fitness and benefit as a result of their interaction.
· Behaviors that are, or are not, "altruistic"
· Altruistic behavior- helping a non-relative at one’s own cost (e.g adult ground squirrels that warn the babies of approaching predators using an alarm call. This increases the likelihood of the adult being captured by the predator but increases the likelihood of survival of the offspring). 
· Non-altruistic behavior- parental care (increases fitness of parent who passes on their genes and offspring who are able to survive better).
· How kin selection theory explains selection for altruistic traits
· Personal reproduction increases direct fitness
· Additional reproduction by relatives due to one’s altruism increasing one’s direct and indirect fitness (inclusive fitness). 
· Kin selection favors traits that increase indirect fitness- a trait that may harm one’s direct fitness may pay off in the indirect fitness
· Hamilton’s rule determines whether altruistic (costly) traits are favoured: rb>c 
· b- the benefit received by the donor’s relatives. 
· r- degree of relatedness. 
· c - does this outweigh the cost?
· Direct vs. indirect vs. inclusive fitness
· Direct fitness- personal reproduction
· Indirect fitness- additional reproduction by relatives, due to your ‘altruism’
· Inclusive fitness- sum of direct and indirect
· Reasons why cooperation can evolve in face of prisoners' dilemma
· Prisoners’ dilemma- either cooperate or defect with partner depending on consequences of each. Defecting is always the rational choice because it has a better pay off. 
· Solution- how can cooperation evolve? If individuals interact more than once with one another there is more of a chance of the altruistic behavior being reciprocated. 
· Role of human emotions in support of reciprocal altruism
· Conditions for reciprocal altruism: small and stable groups, when individuals are individuals enough to recognize and remember helpers and cheaters (e.g primates, humans).
· Emotions (used as adaptations for score-keeping): trust, resentment, guilt, gratitude
· Conflicting interests of parents vs. offspring
· Explained by inclusive fitness
· Explains self-sacrificing behavior
· Explains conflicts between relatives: the longer a parent provides care to an individual offspring, there is benefits to the parent and offspring through increased offspring fitness there is also a Cost to the parent and offspring- lost opportunity for parent to produce other offspring. 
· SUMMARY: 
· Altruism, like sex, is puzzling
· Many altruistic traits can be explained by shared genetic interests; others by reciprocity; but rational decisions by individuals may deplete shared resources.
· Even when genetic interests overlap (family groups) they can be different enough to induce conflict
Lecture 19- Speciation

· Identify the differences between morphological, biological and evolutionary species concepts 
· Morphological: fossils providing direct morphological data sets using comparative anatomy and embryology. Morphological species are those that share more traits with each other than any other organism. 
· Strength:
· Weakness: cannot infer behavior, physiology or metabolism form fossils; say nothing about the individuals’ ability to interbreed
· Biological: a biological species is a sexually interbreeding or potentially interbreeding group of individuals normally separated form other species by the absence of genetic exchange through reproductive and other barriers.
· Strength: Allow taxonomists to make species distinctions between similar appearing populations that cannot be separated based on their morphology. Concept unifies different groups into single species that had been separated into distinct species based on morphology.
· Weakness: fossil species cannot be determined if they interbreed or not classified as morphological species. Concept does not apply to animals with asexual reproduction. Species that have long ago been separated geographically may be able to interbreed but have not had the chance. 
· Evolutionary: species as evolutionary lineages in which they are defined in terms of differences that are not dependent on sexual isolation but rather on “evolutionary” isolation, of which sexual isolation is only one aspect.
· Strength: incorporates change over time rather than static features. 
· Weakness: defining the stage when groups of organisms have speciated (separated completely) is subjective because speciation is an evolutionary process. 
· identify strengths and limitations of each of the above three species concepts
· why conflicts of interest can arise even between closely related individuals
· why rational decisions by individuals can lead to the overexploitation of shared resources
· tragedy of the commons- a farmer owning one more cow benefits him but harms the rest through overexploitation of shared resources
· applications of, and strengths and weaknesses of, biological vs morphological species concepts
· Morphological- identifies species whether they look alike, members of the same species look phenotypically similar.
· Strength: easy to use
· Weakness: problems arise when there is sexual dimorphism
· Biological- species is an interbreeding (or potentially interbreeding) group of individuals, reproductively isolated from other such groups
· Strength: less grey areas, more exact definitions and accurate results
· Weakness: grey areas arise when examining interbreeding/hybridization (e.g ligers are sterile) in which case one must look at if this happens in a natural setting and at the offspring’s fitness. 
· Which species concept is being used, given ‘real world’ examples
· Biological species concept is more commonly used but it’s sometimes difficult to test.
·  Problem: Some organisms have no chance to interbreed because of geographic isolation so the biological concept cannot be used.
· Problem: asexual reproduction which gives biological concept no meaning.
· which type of isolating mechanism is occurring, given ‘real world’ examples
· Prezygotic: fertilization between two different populations doesn’t occur.
· Temporal isolation: populations have different breeding seasons
· Habitat isolation: populations have different habitat requirements
· Behavioral/ courtship isolation: different mating techniques and dimorphism between populations.
· Mechanical isolation:  shapes of reproductive organs are incompatible
· Post-zygotic: in viability of offspring after fertilization happens, more parental cost
· Hybrid sterility: production of sterile offspring (e.g mules).
· Hybrid inviability: production of offspring that don’t survive to reproduce. 
· why coming into secondary contact is not required for speciation to occur, but can promote prezygotic isolation
· Stages of speciation:
1) Geographic isolation 
2) Populations diverge (selection, drift)
3) OPTIONAL- secondary contact depends on how long ago the species diverged. 
· Hybrid Swarm- If little divergence has happened, interbreeding resumes 
· Reinforcement- populations may have become reproductively isolated (through prezygotic mechanism or post zygotic). This directly favors prezygotic isolation because post-zygotic is too costly. It is uncertain whether post-zygotic or prezygotic isolation usually happens first. 
· Role of islands in speciation 
· Islands are the cradles of speciation
· Speciation events seem to be much more likely to happen on islands than mainland
· Solid geographic barriers
· Limitations to resources
· Genetic drift- occurring more frequently in small populations
· Why most speciation occurs in allopatry (ie why parapatric and sympatric speciation are rare)
· Allopatric- species speciate into 2 equal-sized species which have a geographic barrier that disables gene flow 
· Paripatric- small population speciates from large population but is still completely isolated by a barrier. 
· Parapatric- a population speciates but there is some gene flow across the barrier. It is less likely to result in full speciation because there is usually some gene flow across the barriers
· How polyploidy can induce sympatric speciation
· Sympatric speciation- speciation that happens without geographic isolation
· Polyploidy caused by a mistake in meiosis causes the offspring to be reproductively isolated from other offspring. 
· Adaptations to a new food can cause sympatric speciation (e.g Hawthorn maggots who started mating and feeding on apples instead of on Hawthorn trees). 
· Competition, disruptive selection and assortative mating can also cause sympatric speciation. Disruptive selection (favoring extreme phenotypes) promotes assortative mating thus causing genetically related species not to be able to mate. 

Lecture 20- Phylogeny

· The meaning of systematics, phylogeny, phylogenetic tree, classification, taxon, taxonomic hierarchy
· Systematics:
· Phylogeny:  the evolutionary history of a group of organisms
· Phylogenetic tree: present phylogenies in formal hypotheses identifying likely relationships among species; can be tested through experiments and data. 
· Classification: arrangement of organisms into hierarchal groups that reflect their relatedness. 
· Taxon:  the organism included within any category of the taxonomic hierarchy. 
· Convergent evolution: phylogenetically more distantly related organisms 
· Parallel evolution: more closely related organisms. 
· Why similarities in morphology or lifestyle do not necessarily reflect close relatedness, using examples
· Example 1: what looks like a flower isn’t always a flower. What seems to be a flower leaf may in fact be a fungus-induced flower. 
· Example 2: some plants are carnivorous but not all share a close common ancestor.
· Example 3: not all flat-tailed mammals are beavers. Organisms such as the platypus may resemble beavers in its tail-structures and aquatic environment but has striking differences to the beaver indicating that they are not closely related. 
· There is a tendency among organisms living under the same conditions to develop similar body forms but this does not mean that they are related through evolution.
· The two major goals of systematics
· Reconstructing the phylogeny of a group of organisms
· Taxonomy: the identification and naming of species and their placement in a classification
· Principles underlying the Linnaean system of classification (species, family etc) and which groupings include which other groupings
· Domains: all like is classified into 3 domains
· Kingdoms
· Phyla
· Classes
· Orders
· Family  species
Family: a group of genera that closely resemble one another
· Correct interpretation of evolutionary trees, close and distant relatives, and where extinct taxa would be placed in a tree
· Time passes from root to tip on the phylogeny
· Just because two species appear to have split at the same point, this may not mean that this speciation occurred at the same time
· Rotating nodes does not change what the phylogeny indicates
· Principles of phylogenetics
· It is meaningless to discuss organisms in terms of lower and higher life forms and which species has been evolving longer. 
· Homology vs. misleading similarities due to convergence of unrelated taxa or misleading
· Homology: similarity that reflects recent common ancestry, leads towards the correct phylogeny while homoplasy misleads. 
· homoplasy: misleading similarity, OR misleading dissimilarity 
· ex (convergent): crocodiles and hippos both have their eyes on the top of their head but this indicates no relatedness but only convergence evolution. They both evolved these eyes because they live in similar habitats
· Differences due to divergences among closely related taxa, and examples of each
· ex (divergent): Darwin’s finches are all very closely related but each has developed different phenotypes and features due to divergent selection pressures.
· synapomorphies, symplesiomorphies and autapomorphies on a phylogenetic tree
· Cladistics- solution to discovering if a similarity reflects homology or convergence without knowning the phylogeny in advance:
· synapomorphies: shared traits that are derived from a common ancestor; Shared by 2 or more groups and derived from a common ancestor. The only traits that can be used to determine relatedness. 
· symplesiomorphies: shared by 2 or more groups but are ancestral (trait was already present before the groups diverged).
· autapomorphies: unique to a single group and derived within a group.
· The significance of outgroup analysis
· Used to find out what traits the common ancestor of a group had.
· Identifying an outgroup requires finding a close relative that’s known to have branched off earlier than any of the groups of interest.

Lecture 21- Phylogeny II and Evolutionary Ecology
	· What happened to the dinosaurs?
· At the end of the Cretaceous 65 mya, most dinosaurs and other large marine replies died out as a consequence of an asteroid hitting the earth and spreading iridium.
· K-T extinction event
· More than half of all species of reptiles became extinct during a relatively short geological period art the of the cretaceous and many did not recover. 
· Relative severity of the end-Cretaceous mass extinction, compared to other mass extinction events
· Large scale extinction: eliminates most of the species on a continent or on earth
· Meaning of orthogenesis
· Orthogenesis: a hypothesis that suggests that species and other classification categories follow a similar life history driven by internal factors. 
· Factors that enabled mammals to diversify after the end-Cretaceous mass extinction
· Uplifting of mountain systems 
· Submersions and regressions of shallow seas
· Delineation of new shorelines
· The survival or extinction of any group may be closely connected to the survival or extinction of other groups.
· Evidence supporting the collision theory regarding the end-Cretaceous mass extinction
· discovery of iridium and high-impact particles deposits in strata marketing the Cretaceous-tertiary boundary
· the explosion caused by the meteorite hitting the earth would have carried the iridium and high-veolcity particles to the top of the atmosphere and spread them worldwide. 
· whether a particular trait is probably ancestral or derived, given a phylogeny and a suitable outgroup
· when a trait is found in the outgroup and in all of the ingroup- Ancestral
· When a trait is found in the out-group and in some of the in-group- ancestral
· When a trait is not found in out-group but is found in some of the ingroup- derived
· Trait is present in out-group but NONE of the in-group- unknown
· Trait is absent in out-group but present in all of the in-group- unknown
· Whether or not a particular trait is a synapomorphy, given its distribution among the out-group and the in-group
· outgroup- close relative to the group of interest but in the group’
· ‘related to’ DOES NOT mean ‘descended from’
· More complex DOES NOT MEAN more evolved
· Relatedness DOES NOT MEAN similar
· not all similarities are homologies
· not all homologies are synapomorphies
· why similarity does not always imply relatedness
· convergence and divergence
· meaning of parsimony, as it relates to phylogenetic trees
· Parsimony: the simplest explanation is usually the best. 
· whichever tree requires the smallest number of evolutionary changes –gains or losses of a trait- is probably correct.
· Often used to evaluate potential trees
· The most parsimonious phylogenetic tree among several options is the bat more closely related to the chicken or chipmunk?
1) Identify which traits are synapomorphies- wings, milk, fur
· Out-group: shark- no milk, no fur, now wings, no beak
· In-group:
· Chicken- no milk, no fur, wings, beak
· Bat- milk, fur, wings, no beak
· Chipmunk- milk, fur, wings, no beak
2) which of the synapomorphies are shared more commonly by the 2 species being compared

· The importance of monophyletic groups
· In cladistics systematics, only monophyletic groupings are recognized
· A good monophyletic group is one that includes all the descendants of the group’s MRCA
· Monophyletic groups allow us to group organisms more accurately; tells us that prokaryotes are not a real group and that reptiles and birds should be grouped together. Monophyletic groups disprove the 5-kingdom system of classification. 
· Natural vs. unnatural groupings of taxa, given a phylogeny
· Why biodiversity changes over time
· Most species that have ever existed are now extinct due to constant turnover and replacement
· Biodiversity reflects the rates between speciation ad extinction of lineages which is always changing thus changing biodiversity along with it
· Meaning of adaptive radiation
· Adaptive radiation: rapid speciation into many descendant lineages
· Ex: Darwin’s finches adapted as a result of ecological opportunity- competitive release after colonizing a new area.
·  Ex: Larger scale- ecological opportunity- competitive release after a mass extinction mammals after the extinction of dinosaurs, niches were freed up and there was less competition for the mammals thus allowing adaptive radiation.
· Ex: (evolutionary innovation) angiosperms (flowering plants) use animals as pollinators allowing their population to flourish and spread much more rapidly. 
· Factors that may trigger an adaptive radiation
· Competitive release as a result of Colonization of a new area
· Competitive release as a result of a Mass extinction
· An evolutionary innovation- 
· Ecology: interactions between organisms and their environment- abiotic vs. biotic components
[bookmark: _GoBack]
Lecture 22- Arms Races

· Factors influencing why some pathogens (disease-causing organisms) evolve towards greater virulence (harmfulness)
· 
·  How reducing a pathogen's opportunity for water-borne and vector-borne transmission is predicted to affect its virulence
·  Predicted relationship between virulence and antibiotic resistance
· 
· Mutualistic, competitive and antagonistic relationships between species, given 'real world' examples
· Mutualism: both species benefit from interaction (e.g cassia ants that take shelter in cassia plants and in turn protect the plants from any threats; humans breeding pets that may work for us or entertain us). 
· Competitive: both species may suffer (e.g when the range of cheetahs and lions overlap, they compete for the same resources; plants compete for space, sunlight, water and soil nutrients)
· Antagonistic: when one species benefits at the expense of the other (e.g predation; herbivore insect eating a plant; disease-causing organism benefit at the expense of their host cell)
· Examples of Red Queen equilibrium
· The arms race keeps escalating until costs outweigh benefits (e.g lions are better at capturing prey but prey is better at running away).
· factors that advantage one side or the other in an evolutionary arms race
· adaptation by species A improves its ability to interact with species B leads to selection pressure on B to evolve counter-adaptation. Selection pressure on A to evolve counter-counter-adaptation… ARMS RACE; neither will stop evolving. 
· Ex: newts that are predated by garter snakes have developed a neurotoxin that allows them to fight off any predators other than the garter snakes. There is type of garter snake that has evolved a resistance to the neurotoxin. 
· Meaning of 'life-dinner principle'
· Selection on one party of an arms race is not as strong as the selection on the other party. One species always has more to lose from the arms race.
· Difference between prudent-parasite hypothesis and trade-off hypothesis, in terms of the evolution of virulence
· Prudent-parasite hypothesis: parasite that kills its host too soon, before colonizing a new host, is doomed
· optimal virulence is low because the parasite needs the host to stay alive
· high virulence suggests recent host/ parasite interaction (hasn’t had time to become benign)
· trade off hypothesis: balance cost and benefits of virulence
· Factors that influence the optimal virulence of a given host/parasite relationship
· Ecology of the host
· Ecology of the parasite
· Optimal virulence is different between diseases
· Costs and benefits of being highly virulent (from the point of view of the parasite)
· Benefit: high replication rate gives the parasite an advantage in spreading faster to hosts. 
· Cost: high replication rate may disable the host too fast thus disadvantaging the parasite. 
· why improving equipment for survival does not always translate into 'winning' an evolutionary arms race
· improved equipment does not equal improved success because both sides are subject to directional selection and are forced to evolve better traits.
· One species may win the arms race if it has the advantage of speed of evolution:
· Generation time
· Population size- selection is more effective in larger populations
· Strength of selection- if the selection on one species is stronger, it has an advantage. 
· Differences in virulence depending on mode of transmission
· Optimal virulence depends on how the parasite spreads
· Diseases that are spread by direct contact, it’s in their best interest to keep the host mobile because that’s the best way for them to spread
· Diseases that are spread indirectly benefit more from making their host immobile because the disease spreads more easily when the host is immobile through the interference of a carrier molecule (e.g mosquitos spread malaria).
· Disease management practices that might reduce virulence of parasites
· Condom use reduces the opportunity for STD’s to spread
· Predicted effects of given factors on virulence of parasites, given “real world” examples
· Condom use reduces virulence of HIV
· Vertically transmitted diseases (from parent to offspring) optimal virulence is relatively low
· Highly transmissible diseases have high virulence and low transmissible diseases have low virulence.


	





Lecture 13- Selection and itness
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