Lecture 14-23 Outcomes (cycle 7)
Lecture 14
examples of genetic exchange/ recombination without reproduction, and of reproduction without genetic exchange/ recombination
· Asexual reproduction is reproduction without genetic exchange / recombination
· E.g Binary Fission, pseudo sex? (female lizards in beginning of lecture)
· Obligatory asexual, every individual is born female
· Reproduction =/= sex (you can have reproduction without sex, and you can have sex without reproduction)
· Humans are obligatory sexual, meaning the only we are able to reproduce is to undergo sexual reproduction
· Genetic exchange/ recombination without reproduction
· Bacteria mating tube (structure formed where bacteria exchange stuff like plasmids and genes, and these bacteria may or may not go onto reproduce afterwards),
how recombination contributes to population genetic variation
· In recombination can create new combination of alleles, causing offspring to be genetically different than parent and from one another which could be favoured under certain circumstances (exceptions are identical twins/triplets/quadruplets).
meanings of monoecious, dioecious
· Monoecy- (aka Hermaphrodite) Have both male and female function in the same individual. That is every individual is both male and female.  
· Dioecy- Separate sexes (e.g. Male and Female in humans or trees) Male and Female functions are housed in different bodies.
difference between sequential and simultaneous monoecy
· Simultaneous Hermaphrodite/Monoecy- Organisms that can produce both male and female exactly at the same time.
· Sequntial Monoecy- Every individual is born 1 sex, but when they become sufficiently old, dominant, or large they switch to the other sex. 
· (e.g. clownfish in Nemo is all born male, some point in its life it becomes female)
examples and predictions of size-advantage model of sex change
· The works in sex allocation, says that it all depends on the relationship between fitness and body size.
· In a graph of size vs. reproductive success, with 2 different slopes for the sexes, when the 2 slopes intercept is when sex change occurs.
· (M  F Protandry is when everyone is born males but changes into females like clownfish.) 
· (F  M Protogyny is when females change to males. Example if females are born big, and then largest female changes to male and it becomes the most dominant and mates the most).
examples and predictions of adaptive sex ratio manipulation
· Adaptive sex ratio manipulation- Does one sex benefit more than the other from its mother’s condition or rank?
· Mother’s condition- Individual mothers in good condition may overproduce that sex. 
reason why most populations have 1:1 sex ratios
· Negative frequency dependent selection. If there are more males than females, then every F would get a mate but every male is. The females would have a higher reproduce success. 
· The rarer sex would have an advantage over the other sex.

prevalence of sexual vs asexual reproduction in animals, plants and other forms of life
· Very first life forms and eukaryotes reproduced asexually (via binary fission).
· Sex as it known now (organized diploid sex with [meiosis and syngamy]) likely evolved 1.5 billion years ago.
· Isogamy was likely the first form of sexual reproduction (equal sized gametes), and then afterwards anisogamy (unequal gamete sizes).	
· Most organisms reproduce asexually. Plants and animals are exceptions (sexual reproduction).
costs of reproducing sexually as opposed to asexually
· Costs include:
· Mating (e.g. competition, displaying, finding mates)
· Meiosis (Every offspring will only inherit ½ of your alleles as opposed to all of your genome).
· Males (Only females actually produce new offspring, lay eggs, and give live birth)
· E.x. if a female in a family can make 4 offspring. Then a grandmother could have 16 grandchildren if she produced 4 daughters, and so did they. But, if she had 2 sons and 2 daughters, then those 2 daughters would only have a total of 8 kids, so only ½ compared to the first case would have her alleles).
· Its complicated, many things can go wrong (e.g. nondisjunction).
benefits of reproducing sexually as opposed to asexually
· Mutation explanation for sex
· Sexual recombination benefits the population by increasing the speed of evolution can happen.
· Rate at which disadvantageous mutations can be discarded
· See Muller’s Ratchet- asexual lineages accumulate harmful mutations. 
· Sexual recombination can “break the ratchet”. 
· Continuously creates new genotypes with fewer harmful mutations
· “Rubies in the Rubbish”
· Ruby in the  Rubbish Hypothesis: States that sex shuﬄes the combinations of alleles so oﬀspring can have more or less harmful mutations, increasing the variation in harmful in harmful mutations.
· Rate at which advantageous mutations can be brought together
· Recombination speeds up adaptive evolution (combine helpful mutation).
· Through sexual recombination, 2 or more advantageous mutations to occur together in the same individual more quickly.
· In clonal interference: without recombination advantageous mutations compete against each other and takes longer to occur

· It benefits the population rather than the individuals. This can decrease the likelihood of extinction.
· Note, natural selection only occurs in the present, and not for the welfare of a population in a million years from now.
· Long term advantages
· Removing harmful mutations
· Combining helpful mutations
· Short term advantages
· Bet-hedging in changing environments
· Out-racing natural enemies
how environmental stability influences whether sexual or asexual reproduction is favoured
· Depends on the environment:
· If the selection pressures are different because the offspring experience a different environment than the parent does, than sexual reproduction is favoured.
· As sex generates variation in offspring, which may help the offspring be successful in its changing or unpredictable environment. 
· If the environment never changes, (if the offspring experiences the same environment as the parent) than asexual reproduction is favoured.
lottery principle and Red Queen principle as environmental (short-term) benefits of sex
· “Lottery ticket”- Is it better to buy many copies of the same ticket or hedge your bets?
· If the environment is changing, hedge your bets to create genetic diversity to increase the chances of offspring surviving.
· If not, buy the same ticket many times.
· Red Queen (metaphor) and evolutionary change: “It takes all the running you can do, just to stay in the same place”
· Viruses, pathogens, predators, and other natural enemies are all evolving, and are constantly becoming better and better to overcome your immune system.
· Therefore, you must evolve as fast as you can to increase reproductive success 
· Evolutionary arms race with infectious disease.
· Diseases “invent” new keys; hosts “change the lock”
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how sexual reproduction places different selective forces on males vs. females
· Females cannot produce as many gametes or offspring compared to males
· Males
· Males can best increase their reproductive success by mating with as many possible females as they can.
· Females
· Must maximize offspring quality, since there is a limit on quantity.
distinction between intrasexual selection and intersexual selection
· Intrasexual- (e.g. weapons male animals use to combat other males for females)
· Direct combat/interaction/display between individuals of the same sex.
· Intersexual- What the one sex judges on the other sex. For example, certain female birds prefer males that have long tails or can sing a multitude of songs.
· Sometimes it can be mix or both- 
why males usually compete for access to females (rather than vice versa)
· Sex differences in parental investment and potential fitness determine which sex is choosy, and which sex competes.
which sex has higher potential fitness
· Males. The fittest males are almost always producing more offspring than the fittest females in a population.
which sex has higher average fitness
· On average, both sexes have the same average fitness. This is because in males there are big winners and big losers, whereas females can always typically attract a mate. This is because they are limited.



relationship between sexual selection and parental investment
· Whichever sex invests more in offspring (includes making gametes [F  M], gestation, protection to offspring,) or parental care becomes a limiting resource for the sex that invests less.
· Since eggs are more costly and bigger, females are usually (not always) more investing than males
· Sex role reversed species- Females compete for access to males (e.g. in seahorses, males do all the work raising the offspring despite making sperm) Males give more parental care.
· Sex differences in parental investment and potential fitness determine which sex is choosy, and which sex competes.
· Monogamy- If both males and females invest equally (e.g. humans and penguins) (the work of 1 parent is not enough to raise the offspring) then selection is still occurring and both sexes are choosey and competing with others in the same sex for a mate.

· Why be choosey? 
· Direct benefits:
· Attractive males are good dads
· Food, protection of female and offspring, territory
· Indirect benefits:
· Attractive males have good genes
· Improve survival or attractiveness of offspring.

Lecture 16 Begin Cycle 8
Whether a particular social behaviour represents cooperation, competition, spite or altruism
· When Individual A (actor) interacts with Individual B (recipient), does the actor’s fitness increase/decrease and does the recipients fitness increase/decrease?
· Cooperation
· Both A and B’s fitness increase
· E.g. group hunting in wolves
· Competition (Selfishness)
· A’s fitness increase, B’s fitness decrease
· Example, 2 hyenas; 1 steals the other’s food, or lion killing cubs when it takes over a pride.
· Spite
· Both A and B’s fitness decrease
· Altruism
· A’s fitness decrease, B’s fitness increases
· Helping non-descendants

	
	Actor fitness increases
	Actor fitness decreases

	Recipient Fitness Increases
	Cooperation
	Altruism

	Recipient Fitness Decreases
	Selfishness/Competition
	Spite



Why "altruistic" and "spiteful" behaviours are both difficult to reconcile with natural selection
· It almost never seems to occur, especially spitefulness. 
· An individual could appear to be acting altruistically, but if they’re increasing the fitness of a relative, therefore increasing their gene representation in the world, its cooperation. Altruism and cooperation sometimes look the same.
· There are not many cases in which an act decreases the fitness of both the actor and the recipient, other than in rare human interactions (terrorist bombings, wars, etc)
· There are many traits that would decrease the lifetime reproductive success of the individual expressing the trait
· Use to be thought that it was good for the group. But sacrificing an individual’s fitness for the good of the group does not “hold water” as it would never be favoured by selection as it decreases an individual’s fitness
· In an altruistic population, if an individual becomes selfish they would have higher fitness than the selfless/altruistic individuals
· Traits do not spread unless they benefit the fitness of individuals.
How kin selection theory explains the persistence of helpful behaviour
· There is more than one way to increase the representation of your alleles in a population. 
· 2 types of fitness
· Direct Fitness- Copies of your alleles that make it to the next generation in the form of your direct descendants.
· There are also other individuals who share many same alleles as you but are less related (e..g. 2nd cousin). But if you help your relatives survive who wouldn’t have survived without your help would increase your indirect fitness.
· Indirect Fitness- Copies of your alleles that make it to the next generation in the form of your non-direct relatives.
· Both types of fitness are methods to measure reproductive success. 
· Total life reproductive success that needs to be considered if an altruistic behaviour is favoured by selection is sum of Direct Fitness + Indirect Fitness (called Inclusive Fitness)
· Kin Selection states that selection acts to maximize Inclusive fitness (not just direct fitness).
· Behaviours are favoured by kin selection if the benefit of the actor’s indirect fitness outweighs the cost of the actor’s direct fitness.


Situations in which kin selection does, or does not, favour helping non-descendant relatives
· Warning call is an example in which kin selection favours non-descendant relatives.
· Hamilton’s Rule: Helpful behaviour favoured if rb > c 
· Benefit (b) it actor’s relatives
· Multiplied by degrees of relatedness r
· Does this outweigh the (c) cost to actor’s direct fitness
· Example, a bird either can help a parent raise 4 siblings, or find a mate and produce 2 offspring.
· It would be better to help raise 4 siblings who all have 0.5 relatedness compared finding a mate and producing 2 offspring who also have 0.5 relatedness. This would be an example of cooperation. Meaning of direct fitness, indirect fitness, inclusive fitness
· See above
Why interests of parents may conflict with interests of their offspring
· Individuals have overlapping, but not identical, genetic interests with relatives. 
· Asymmetry in relatedness  disagree over when helpful behaviour is appropriate
· See lecture around 36 minutes.
· -Varying self-interests exist as the degrees of relatedness overlap, and each individual has their own set of relatedness to the family around them, therefore causing conflicts between family members
· Parent-offspring conflict: Mother and fetus ‘disagree’ with amount of resources fetus should receive. 
· Example 1
· The fetus is more closely related to itself than its mother or possible future siblings, so it will take more nutrients from the mother. But the mother is more related to herself than the child, so she wants to give it less nutrients and keep enough for herself. --- She wants to keep enough nutrients in order to increase her overall fitness (ie. be capable of reproducing successfully in the future)
· Example 2  Helping your brother benefits him but incurs cost to you
· To you, your brother is half as valuable as yourself (your brother’s offspring are half as valuable as your offspring) helping your brother is only b>2c
· To your mom, you and your brother are equally valuable (each of your offspring are equally valuable to you) mom wants you to help you brother is b>c
· To your brother, he is twice as valuable as you (his offspring twice as valuable as yours) brother asks you to help whenever b>c/2
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how mating system affects intensity of parent-offspring conflict
· In monogamy, you are not going to be as closely related to future offspring your mom produces as you are to yourself. But you will still be closely related to them. Have a high degree of relatedness.
· Some siblings will still be greedy, but its less than compared to a promiscuous species.
· In a promiscuous system, the intensity is more intense due to the degree of asymmetry in relatedness. If you mom mates promiscuously, you are going to have half-siblings which have less relatedness. 
conflict hypothesis for how different interests of maternally vs paternally derived alleles influence embryonic growth 
· In 1% of genes in mammals have only 1 allele expressed (either maternal or paternal)
· The loci at which 1 allele is expressed (either maternal or paternal) is called imprinting. One allele may be silenced by methylation.
· Most of these genes regulate embryonic growth (rest are expressed in the brain)
· Loci with only maternal expression: downregulate growth
· Loci with only paternal expression: upregulate growth
· Conflict Hypothesis: Which parent’s allele is silenced/imprinted and which is expressed reflects conflicting interests of maternally vs. paternally derived alleles.
· Represents a tug of war represented in the offspring between parents.
· Most mammals are promiscuous: female’s future offspring will probably have a different father.
· This places different selective forces on the alleles of the developing offspring inherited from mom vs. the alleles inherited from dad.
· From an allele from mom
· You should be a little bit selfish, but save some energy for mom to produce future offspring
· From a paternal allele
· Extract as much resources as possible from mom, because you mom isn’t likely to mate with dad so to increase your chances in the next generation be selfish
· Conflict between father’s and mother’s genetic interests plays out during offspring’s development.
why the interests of uniparentally transmitted genomes can differ from those of biparentally transmitted genomes
· Some conflicts arise from uniparental transmission of non-nuclear genomes (example mitochondrial DNA and chloroplasts DNA in plants)
· Nuclear genome is inherited biparentally.
· Existence of non-nuclear genomes and the fact that they are not transmitted biparentally can give rise to genetic conflict which is played out an individual.
· Mitochondrial DNA is inherited from mother
· Chloroplast DNA can either be inherited maternally or paternally
· From a mitochondrial allele DNA’s point of view in a plant, it should invest all of it’s resources (assuming its limited) to female functions as male parts are no good to it. This is so it get can transmitted.
Many “altruistic” traits can be explained by shared genetic interests. Even when genetic interests overlap (individuals within a family; genomes within an individual) they can be enough to induce conflict.
Not all helpful behaviour is directed towards relatives
Conditions that favour or disfavour cooperation between non-relatives, in the Prisoner's dilemma
· [image: https://lh5.googleusercontent.com/2YeHFinq_dhkRIJ7d5Z6EMQ8L-NpBJBktu1UkvSCIPtd-Ami6yor4M344GizWeYq1Rq3XrXg7-oDZiinhw8A8e6qFtmD3UYUZCoxxJ9MxJvctGA5bc8X4DWLSyW796r9b6PJTDYP]Prisoner’s dilemma: 2 players/crooks are locked up for doing something bad. The officer separates them and talks to them individually. He wants to lock them up for 10 years but lacks sufficient evidence. He tells both of them that each can “rat” out the other prisoner for better consequences (less hasher punishments) or the prisoners could cooperate by both remaining silent. Object is to minimize one’s own jail time. 
· Defecting is rational choice, so how can cooperation evolve?
· If individuals interact repeatedly and if defectors can be recognized and punished
· Deferring seems to be the better option, unless both participants are assured that both will cooperate




Cycle 9 Lecture 18
Most recent common ancestor (MRCA) for a given group(s), given a phylogenetic tree.	
· A branch point on the tree in which all of the organisms are related. For example in eukaryotes, the MRCA would be the point just before the first organism branched off or diverged from each other.
Why the idea that “humans are descended from chimps” is inaccurate.
· The MRCA for both chimps and humans (as well as bonobos was 6 million years ago) did not look human nor chimp nor necessarily an intermediate. Since 6 million years, chimps have evolved from that, and humans have also evolved from that MCRA 6 Mya. 
· Since we have the same ancestral origin, we could be evolutionary cousins, not descendants however.
Why some traditional groupings of organisms (“reptiles”, “fish”) do not reflect evolutionary relationships
· They do not show the actual or complete evolutionary relationships. For example, “reptiles” and “birds” are 2 different groupings, but evolutionary speaking, snakes, lizards and chameleons are more closely related to birds then they are with other reptiles such as turtles.
· This is because they have a MCRA with birds then turtles.
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Relatively close and relatively distant relatives, given a phylogenetic tree (note check this outcome with others)
· Depends on how far the MCRA is.
Whether or not two phylogenetic trees convey the same information
· If they are only different shapes or configurations (i,e the sequence of branching events) then they still convey the same info.
· However, some can convey more info than another (for example the length can indicate rapid evolution)
· See Vclicker q at 13:00 and Vclicker q at 17:00
Monophyletic and non-monophyletic groupings, given a phylogenetic tree
· Monophyletic group or clade (that is it includes all of the descendants of the MCRA in a group) (see picture in text or lecture around 20:20, blue oval)
· Non-monophyletic group- Paraphyletic and polyphyletic (note Beth said its not important to distinguish between these 2)
· In text/lecture picture, for purple oval when you check to see the last MCRA, you MUST check that ALL of the descendants are included in the group. 
· Similar for orange
· Only blue is a clade 
· Trick to check a group is monophyletic in a phylogenetic tree, a group is monophyletic if you take scissors and make ONE CUT to make a clade. 
· For a non-monophyletic group, you need to make TWO CUTS.
· Most traditional recognized groups are not monophyletic. (Eukaryotes are but Prokaryotes are). Mammals and birds are monophyletic, but reptiles are not. [image: https://lh3.googleusercontent.com/Ho0O4kBBrMb5bCNOJ3X3z_wHgw9hpo5pZSCP8CHvrcF0D1mu8u1oA2RPlqRbiseUVhSAAwzAPdKKOh3GNTfFpLdwTeA8YgJ3qMirj8HhTg8wPUS6wJ-PJqRo3bFT5LV7oxX-hIlW]
Meaning of synapomorphy, symplesiomorphy, autapomorphy; and know which of these is considered informative in cladistic analysis (see lecture @ 33:00)
· In cladistic analysis, not all similarities are equally informative
· Synapomorphy (only useful since shared but derived)
· A trait that is shared by 2 or more groups, and
·  derived from a common ancestor
· Symplesiomorphy (not useful)
· A trait that is shared by 2 or more groups, and
· Ancestral (trait was already present before the groups diverged)
· Autapomorphy (not useful to us)
· Unique to a single group
· Derived within the group
· Synapomorhpies also reveal evolutionary relationships between groups
· Synapomorhpies occur in a nested hierarchy (e.g. all turtles have bony shells, AND mineralized eggs, AND nails on digits, AND limbs).
· More Synapomorhpies means more closely related. 
Traits that are probably derived vs probably ancestral, given a phylogenetic tree and a suitable outgroup (see @ 41:20)
· Since you want only synapomorphies, determining whether a trait is shared or unique is easy. But for ancestral vs derived:
· Outgroup comparison: Find an outgroup (a type of organism that is reasonably closely related to all the ingroup but not that closely related. Its not a member of the ingroup, and every single ingroup member is more closely related to each other than the outgroup member).
· The outgroup would have branched off farther back in evolutionary time
· Outgroup comparison: ask if the trait is:
· Present in outgroup and ALL of ingroup Likely ancestral
· Present in outgroup and SOME of ingroup? Probably ancestral (can’t say for sure, but more likely to be ancestral then derived)
· Absent in outgroup, but present in SOME of ingroup? Most likely derived
· Present in outgroup, but NONE of the ingroup?  Could be either because there are 2 equally likely possibilities. Maybe its ancestral, but it was lost in the ingroup. Or, it’s derived (equally likely) as maybe the common ancestor (including both outgroup and ingroup) did not have the trait, but along the evolutionary track of the outgroup after it diverged the trait appeared.
· Absent in outgroup, present in ALL of ingroup?  Equally likely to be derived or ancestral (since the outgroup could have lost it after diverging)
· [image: https://lh4.googleusercontent.com/6pL7UG3RSjf2XUmZeaDBseVDetfDG9TzRXUuQg3q9tMyPQsHqLGojlsQhDtnG-t7ne1TwiBKvo8apQyvPhjPqvXCF9RuRWulknVxxjqDNwgufZeX-eM2XZ9niJPqsyhguXDeetT_]Note that the choice of outgroup is important (not to far or close). The outgroup might be more closely related to certain members in the ingroup compared to others in.
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how the principle of parsimony informs outgroup analysis and helps identify the most likely phylogenyt
· Whichever tree requires the fewest evolutionary changes (gains or losses of a trait) is probably correct.
· Given 2 or more explanations for a set of observations, the simpler explanation is probably correct, (don’t know for sure, but it is more likely to be correct)
traits that are, and are not, synapomorphies (given a suitable outgroup and a distribution of traits)
· In order to tell if a trait is synapomorphy, you know have to know that it is derived.
· You have to use a reasonable outgroup (one that is not more closely related to a member of the ingroup compared to others, yet not so far distantly related)
· In the below example, cats or trees would not be suitable examples
· For example, given the following info, which traits are synapmorphy?:
· Outgroup:
·  Shark: No milk. No fur, No wings, No beak
· Ingroups:
· Chicken: No milk. No fur. Wings. Beak.
· Bat: Milk. Fur. Wings. No beak
· Chipmunk: Milk. Fur. No wings. No Beak.
· Having no beak is not a synapmorphy because they are not shared. Having a beak is an autonomy (also absence of it is not informative either).
· The other 3 traits are synapomorphies. (All 3 are shared and derived)
· Note that shared means that 2 or more species have it. It DOES NOT have to be universally shared. In fact having all of the ingroup have a shared trait is useless information 
which phylogeny is more parsimonious, given a suitable outgroup and a distribution of traits (see Vclicker q @ 15:00)
· In the above example with the Vclicker q, Tree A is correct because it has the minimum amount of evolutionary steps which satisfy the distribution of traits given above.
· Tree A has 4 steps
· Tree B has 5 steps
· Therefore, Tree A is more parsimonious so it is more likely to be correct, (if you believe that evolutionary change is relative rare).
· Note however, that wings is (not?) a good example since it is due to result of homoplasy.
distinction between homology and homoplasy
· Homology
· Similarity reflects relatedness and recent common ancestry
· Trait just appeared once and was passed onto both descendants.
· Not all similarities are homologous, as 2 unrelated species living in similar environments would adapt similar traits to each other.
· Homoplasy
· Misleading similarity
· Convergence evolution 
· Sometimes 2 or more species distant related species living in similar environments would evolve independently, similar adaptations to the similar environment.
· Misleading Dissimilarity
· Diverging evolution 
· 2 or more species will be dissimilar to each other perhaps because they evolved very rapidly to different environments, despite the fact that they share a recent common ancestor.
· Homologies support correct phylogeny; homoplasies are misleading
· Structural or developmental similarity more informative than superficial similarity
most likely phylogenetic tree of a group of organisms, given a suitable outgroup and a matrix of traits (see @ 33:00)
· See example in class 
· First step, identify what is ancestral and what is derived (synapmorphy) 
	Species
	Toes
	Horns
	Pattern
	Jaws
	Fur

	X (outgroup)
	5
	No 
	Stripes
	Yes
	Short

	A
	1 
	No
	Stripes
	Yes 
	Long

	B
	1
	Yes
	Spots
	No
	Short

	C
	1
	Yes
	Stripes
	No
	Short

	D
	1
	Yes
	Spots
	No
	Short


· The common ancestor X, A, B, C, D probably had Jaws. 
· Parsimonious explanations says that the common ancestor had jaws, and after only 1 evolutionary change occurred to have 3 species to leave the trait.
· For toes, it cannot be verified whether it the common ancestor had 5 toes or not, since its equally likely that either X developed it or it was removed after X. Both explanations are equally parsimonious.
· Horns are also not likely, since parsimony says that the recent common ancestor did not have horns nor in A, but it appeared in B, C and D. Instead of saying that both X and A independently lost the trait (2 steps) rather than 1.
· Which one of the traits is an autapomorphy?
· Fur because long fur is unique and long fur is derived (trait is not informative)
· Which traits are synapomorphies?
· Horns, having spots, and the absence of jaws are all shared and derived traits.
· Drawing the correct phylogeny with the correct sequence of branching events (see @ 42:00)
· After X, A likely branched off first. Then C, then B and D.
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· Important stuff in lecture:
· Every branching event on the tree represents a speciation event, which is when 2 populations becoming reproductively or evolutionary isolated and/or evolutionary independent from each other 
· The mechanism is speciation
· If speciation did not exist, then life on Earth would still exist and microevolution would still occur (i.e. large amounts of speciation within a single lineage), BUT life on Earth would have no biodiversity.
· Everything would belong to the same species, probably some unicellular organism
· Most speciation happens in allopatry: physical or distance barrier to gene flow.
· 1. Single population. 2. Becomes separated. 3. Divergence (Selection, drift). 4. (optional) Secondary contact occurs (find a way to meet after isolation)
· Mainly just need isolation and divergence.
Which species concept (morphological, biological, phylogenetic) is being used, given ‘real world’ examples
· Morphological Species Concept  diagnostic physical characteristics
· Species = “ a distinct cluster in phenotypic space, non-overlapping with other such clusters”
· If 2 things look the same, they probably are the same species
· Limitations: Fails with Continuous variation, sexual dimorphism (variations in morphology in a species)
· Biological Species Concept  Reproductive Isolation and shared gene pool
· Species = “an interbreeding or potentially interbreeding group of individuals, reproductively isolated from other such groups”
· Or, things that freely (i.e it MUST be under natural conditions) interbreed and produce fertile offspring belong to the same species.
· Limitations: Classifying extinct organisms, or asexually reproducing bacteria/plants (since no interbreeding), and allopatric (populations are they are geologically isolated [e.g. on different continents], so we cannot determine if they would mate under natural conditions).
· Phylogenetic Species Concept (likely to be most dominant in future)  smallest possible monophyletic group
· Species = “irreducible clade of organisms, diagnostically distinct from other such groups”
· Many groupings categorized as “subspecies” by BSC are monophyletic; would be recognized as species by PSC.
· Limitations: Requires a lot of work to create and evaluate phylogenies, and there would be many more species as subspecies and others would be promoted to a species status (see above point).
Whether coming into secondary contact is required for speciation to occur
· Does not always happen, but it can influence the outcome of speciation. It is not required.
Ways in which secondary contact can affect speciation
· Outcomes of secondary contact
· May resume interbreeding
· May occur if the species didn’t experience enough time to diverge, or selection is weak, or both population is very large such that genetic drift is slow… if they interbreed then the hybrids will have normal fitness… so speciation began to occur but then it reverses. This is also called “species collapse”.
· May have become partly or reproductively isolated
· Prezygotic isolation (hybrids not formed)
· Postzygotic isolation (hybrids not fit)
Whether prezygotic or postzygotic isolating mechanisms tend to be more costly
· In general, postzygotic isolating mechanisms tend to be more costly
· Vclicker Q @ 33:00, “From a female’s point of view who wants to mate with a male from another species, what type of isolating mechanism is more costly in terms of reproductive effort?”
· Options are A- Temporal Isolation, B- Gametic Isolation, C- Hybrid Inviabiltiy, or D. Hybrid Sterility
· Answer is D. Hybrid Sterility 
· Parent has to devote resources and time to care for offspring only to realize after birth that the offspring is low fitness
· Could have used that time to create high fitness offspring
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Conditions necessary for reinforcement to occur
· Reinforcement  Selection favours evolution of prezygotic isolation
· If populations come back into secondary contact, and if postzygotic isolation has already occurred
· Then individuals who avoid hybridizing have a selective advantage
· Favours fast evolution of prezygotic isolation, since they are less costly
· Secondary contact is not necessary for speciation to occur. Depending on the timing:
· It can accelerate speciation
· Or induce “speciation collapse”
Arguments for and against the idea that human are no longer evolving.
· Pro’s:
· There still is a fair amount of infant mortality
Con’s:
· Morphologically we have not changed in the past 40000 years (~roughly same brain size)
· Adaptive evolution is over
· Lower mutation rates
Evidence for recent evolution in humans.
· Do the following 4 evolutionary mechanisms still apply to humans?
· 1. Natural Selection- Likely depends on where you live in the Earth, and what resources you have access to. It is likely stronger in some parts in the world than others.
· In the western world, the vast majority of babies survive till at least 21. Modern medicine has significantly contributed to this.
· In the developing world, a large proportion of kids may die before reaching 5 or adulthood.
· 2. Genetic Drift- Yes, but it’s becoming weaker as population sizes grow larger
· 3. Mutation Rates- Environment may influence mutation.
· Major source of mutation is not the environment, but old men having kids (men keep making sperms, and as they get older the more the sperm have to replicate increasing the likelihood of mutations). But this has decreased over the centuries.
· 4. Gene Flow- Humans now more connected now than ever in our evolutionary history.
· Sexual selection when choosing mates
· Adaptive evolution in the past 40,000 years (HapMap Project): 
· Selective sweep- adaptive mutations increase in frequency, and adjacent stretches of DNA come along for the ride (hitch-hiking)
· Recently selected SNPs have little variation at surrounding sequence (linkage disequilibrium) 
· Less recently selected SNPs have more surrounding variation due to recombination.
· Detect selective sweeps, and estimate the age of the selection event, by analyzing sequence variation around SNPs (HapMap Project)
· 7% of our genes show evidence of strong recent selection over last 40,000 years.
· About 100x more than the previous years
· Higher population size= Higher chance of mutation
· Changing environment and selection
· SNPs vary geographically
· Malaria resistance, adaptations to high altitude, lactase persistence, thrill-seeking migration, skin and eye colour.
· Basically:
· sexual selection when choosing mates 
· If a mutation is favoured, it can increase the frequency of the genes close to it.
· you don’t find the same SNPs in the same population 
Costs of large brains.
· Brain size of modern humans since the last 3 million years has tripled
· Large brain sizes are costly
· 2% mass but 20% energy consumption (greedy tissue)
· Big brain = big head = more difficult childbirth
Possible advantages of large brains as proposed by the "utility hypothesis" vs. the "mating mind hypothesis"
· Utility hypothesis  States our large brains are used to aid our survival.   
· Big brains was used by the ancestors to improve language, tool use, and planning, all of which increase survival rate.
· Mating mind hypothesis  states that our large brains are used to impress our potential mates
· Extra traits may be excessive (like human vocabulary 60,000-100,000 words, but we don’t need it)
· Sexual selection favours promotes the evolution of wasteful extravagant traits
· Humour, art, music increases mating success.
· Sexually selected traits are supposed to be sexually dimorphic. Why would both human sexes be intelligent?
· These traits increase mating success.  
Lecture 23 (cycle 11)
Mutualistic, competitive and antagonistic relationships between species, given 'real world' examples
· Mutualistic
· Analogous to cooperation, both species benefit.
· E.g. relationship between flowering plants and the pollinators 
· E.g. domesticating animals. They are companions and can be trained to help us; their population sizes become bigger due to us
· Competition
· Competition occurs when there is a limiting resource that both species need to survive. Each of these species suffer a reduction in fitness and population size due to the other species present.
· E.g. In forests plants tend to be tall due to competition for sunlight.
· Antagonistic
· One benefits, the other incurs costs
· E.g. predation-prey interactions or herbivore-plant interactions (some animals may eat the leaves but not kill the plants so it’s fitness may be reduce)
· One species is a limiting resource for another
· Parasites
Factors that advantage one side or the other in an evolutionary arms race
· Improved equipment =/= improved success. For example, lions hunting down prey A. Prey faces selection pressures to run faster, which than places similar selection pressures on lions, which than places it on A again and so on. The ultimate outcome is that while lions are much faster than they were many millennia ago, they are still at the same speed relative to A. But running more and more faster incurs more and more costs.
· May keep escalating until costs outweigh benefits. If both species hit this place simultaneously, then this is the red queen equilibrium. Nobody wins in this case.
· Or sometimes, one side has the advantage. Factors include:
· For example, if both species have different generation times, then the species with the shorter/faster generation time is more likely to be able evolve more rapidly.
· Having a larger population size can give an advantage because a larger population = a larger chance for mutations to occur. And at least some fraction of those mutations may help out in the arms race.
· One opponent out-evolves the other opponent because of the strength of selection. In some cases, both species are effecting the fitness of the other but its not always a symmetric relationship. For example, species A is very strongly affected by the presence of species B, but species B is not that affected by the presence of species A.
· Arms races can even occur in mutualistic relations where both species benefit
· E.g., between the humming bird and flowering plant, the bird has a long mouth to extract the nectar as quickly as possible. So the plant makes it flower longer so that there is more contact between the bird’s mouth and pollen. 
meaning of 'life-dinner principle'
· [bookmark: _GoBack]Selections pressures are often much stronger on prey species than the predator because if the prey loses, then it dies. But if the predator loses, than it must move and look for another prey.
· One species is running for its life, the other species is running for its dinner. 
difference between prudent-parasite hypothesis and trade-off hypothesis, in terms of the evolution of virulence
· Host-parasite interactions
· Some parasites are more virulent (harmful) than others
· Virulence of a given parasite can change over time
· How does selection influence virulence
· Prudent-parasite hypothesis  Parasites should minimize virulence
· Predicts virulence decreases over evolutionary time
· Parasites that are highly virulent have probably only recently jumped to a new host
· Trade-off hypothesis  parasites balance costs/benefits of virulence
· How does high virulence harm the parasite?
· Killing too quickly is harmful to the parasite
· How does high virulence benefit the parasite?
· E.g. if HIV is replicating itself millions of times in the bloodstream than maybe killing the host will help it spread to another host
· If there is a positive correlation between virulence and transmission to new hosts
· It’s balance between keeping your host alive and being able to jump to a new host
· Diseases that are not as easily transited between hosts will invest more by keeping the host alive longer.
factors that influence the optimal virulence of a given host/parasite relationship
· Lower transmission=Lower virulence
· Vertical transmission (parent  offspring) vs horizontal transmission (jumping from host to host). Vertical transmission is less virulent (less optimal virulence) than horizontal transmission. 
· High density of hosts in close proximity vs low density  Higher density of hosts results with a higher optimal virulence. 
· Optimal virulence may depend on transmission (direct/indirect)
· Some parasites require direct contact between mobile hosts
· Usually less harmful
· Other parasites can spread through indirect contact even if host is immobilized (e.g. insect-borne, water-borne) 
· Usually more harmful
costs and benefits of being highly virulent (from the point of view of the parasite)
· Beats other viruses
· Improves its own fitness
· Faster host death
· Reduced chance of being passed on
why improving equipment for survival does not always translate into 'winning' an evolutionary arms race
· Improved equipment =/= improved success. For example, lions hunting down prey A. Prey faces selection pressures to run faster, which than places similar selection pressures on lions, which than places it on A again and so on. The ultimate outcome is that while lions are much faster than they were many millennia ago, they are still at the same speed relative to A. But running more and more faster incurs more and more costs.
· Essentially they are both relative to the other, so one species improves but so does the other.
· May keep escalating until costs outweigh benefits. If both species hit this place simultaneously, then this is the red queen equilibrium. Nobody wins in this case.
· 2 outcomes are possible from an evolutionary arms race: red queen equilibrium or one party wins.
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