BIO3176 FINAL EXAM
TOPIC 1: EVOLUTION

· evolution: the change in gene frequencies within a population between generations.
· DNA: the recipe for growing an individual
· Genes: sections of DNA that code for given types of proteins
· Proteins: sequences of amino acids that do the work
· Alleles: different versions of the same genes with a different code that may produce a different protein that may do different work
· Genotype: the genetic code (set of alleles) an individual has
· Phenotype: the actual nature of an individual that is the product of their genotype and the environment 

· how does evolution happen???
· Mutation: imperfect transmission of genetic code from parent to offspring. RARE, small impact on gene frequency.
· Genetic drift: change in gene frequency due to random sampling, larger effect on small populations (founder effect, bottleneck)
· Gene flow: change in gene frequency due to immigration/emigration, barriers to gene flow required for populations to separate

· Selection: change in gene frequency due to differential reproduction of different phenotypes.
· Phenotype/genotype level: phenotypes/genotypes that produce more copies of themselves will me more common in the next generation than others.
· Genotype: “a hen’s is only an eggs way of making another egg”
· Needs: phenotypic variation, heritability of phenotypes, fitness consequences
· Fitness: how good a phenotype is at getting its corresponding genotypes into the next generation
· The only evolutionar mechanism that can produce adaptations is selection

· Adaptations: traits produced by natural selection, increase fitness, increase match between phenotypes and the environment, appearance of function, solve fitness problems, fixed or flexible (phenotypic plasticity vs. learning)
· Types of natural selection: directional, stabilizing, disruptive (2 pops), frequency dependent (negative), frequency dependent (positive)



· Natural selection:
· Frequency dependent selection and game theory: fitness maximizing strategy can depend on strategy adopted by others.
· Sexual:
· Selection for traits that maximize an individuals ability to obtain reproductive opportuinities
· Intra: selection for individuals that allow them to outcompete rivals of THE SAME SEX
· Inter: selection that makes individuals more attractive to opposite sex.
· Sexual selection can increase reproductive success, but decrease survival
· Kin: 
· Selection for traits that increase the reproductive success of non-descendant kin at the expense of one’s own reproductive success.
· Group:
· Not actually NS
· Selection for traits that increase the overall reproductive success of the group at the expense of  one’s own success
· NS misconceptions:
· Adaptations are random
· Evolutaion is progressive to a goal
· Individuals evolve
· Evolution is slow
· NS is all powerful
· Fit=fast/strong
TOPIC 2: PROXIMATE AND ULTIMATE CAUSES OF BEHAVIOUR

· Tinbergen’s 4 questions:
· Cause (proximate causation): direct mechanism of behavioral control.
· Ontogeny (proximate development): causal processes by which these mechanisms develop within individual lifespans.
· [bookmark: _GoBack]Phylogeny (Ultimate development): description of evolutionary modification of behavioral control mechanisms over generations.
· Function (ultimate causation): adaptive consequences (fitness effects) responsible for the attributes evolution and maintenance by selection. 

· Proximate questions:
· What is link between genes and behavior?
· Is the behavior hereditary?
· What stimuli trigger the onset of the behavior?
· How does the behavior develop?
· Ultimate questions:
· Has the behavior developed over time?
· What was the ancestral form of the behavior?
· Why has the ancestral behavior changed?
· What is the adaptive value of behavior?

· Proximate cause answers:
· Genetic differences between populations
· Neurophysiology of song and song learning
· Ultimate factors:
· Adaptations: investigating the traits of organisms in the light of hypotheses about their adaptive functions
· Functional anatomy: a rigorous engineering analysis of evolved adaptations, anatomical adaptations, function from form

· Behavioral Ecology: aspires to be the functional anatomy of mind and behavior.

TOPIC 3: PREDATION AND ANTI-PREDATION STRATEGIES

· proxies of fitness correlate with fitness:
· function of proxie is to influence proxy: probability of avoiding predation, foraging efficiency
· predators as force of selection:
· predators select for prey phenotypes that discourage predation

· predators select for prey phenotypes that hinder predation
· prey select for predator phenotypes that hinder predator-avoidance

· predators select for effective camouflage
· benefits of background matching: reduced detection by predators
· costs of background matching: reduced detection by mates, varying backgrounds, complex backgrounds
· light from above bias:
· adaptive bias in visual animals
· adaptive because true
· can be exploited (counter shading)

· predators select for conspicuousness:
· anti-ambush, alarm signal, social cohesion, confusion effect, signal of unprofitability. 
· Examples: stotting, honest signaling, aposematism



· Predators select for mimicry:
· Decision making trade-offs:
· Predators are always uncertain what they are dealing with because:
· Perception is falliable
· Information precessing in limited
· Information is unavailable
· Noisy environment
· Cognitive adaptations often involve mechanisms that produce behaviours that are optimal resolution of these tradeoffs
· How predators resolve tradeoffs affects the selection of mimetic fidelity in prey. 

· Signal detection theory:	
· Asymmetric costs and benefits, frequency of different types

· Predators select for group size:
· Large group benefits: cooperative active defense, many eyes, dilution, living shields
· Large group costs: detection, competition
· Ie: selfish herd

· Prey select for effective camouflage:
· Disruptive colouration, countershading, backgroundmatching
· Prey select for aggressive mimicry
· Prey select for aggressive masquerade

· Predator-prey coevolution:
· Coevolution and arms races:
· Predator and prey could evolve different traits (crypsis vs. visual acuity, mimicry vs. decision making strategy)
· Predator and prey could evolve the same trait (strength, speed)
· Ie: rabbit runs faster than fox: rabbit runs for life, fox funs for dinner

· Game theory:
· Fitness maximizing strategy can depend on strategy adopted by others (same/different species)
· Optimal predator/prey phenotype depends on the current prey/predatory phenotype
· Invest in being just a little bit faster/stronger than prey/predator
· Make predation/foraging decisions based on how effective your prey/predators camouflage/mimicry is.

· Optimal foraging theory:
· The function of predation adaptations does not always depend on how the predator phenotypes will affect prey behavior
· Predator adapations being an optimal solution to fixed foraging problem, rather than equilibrium to game. 
· Preditctions about: diet choice, patch choice, length of stay in patch

TOPIC 4: USE OF SPACE

· choosing where to forage:
· optimal foraging theory type answer: in area with best/most food
· game theory type answer: in area with most available food, depends on how many foragers and how much food

· ideal free distribution:
· foragers have full knowledge of the quality of all patches in terms of intrinsic quality and competition intensity.
· Free: foragers can move freely between patches
· All foragers are equally competitive
· Predits that the density of the foragers at different patches will be proportional to the intrinsic quality of the patch (MATCHING)

· Less than ideal/free distribution:
· Distribution of foragers doesn’t match patch quality, but distribution of predators does

· Territories vs. home ranges:
· Territories: areas where resident actively exclude potential competitors
· Benefits: monopoly on resources, reduced competition, honest signal of quality
· Costs: energy for defense, increased conflict, need to stay on territory
· Home ranges: areas where residents live but don’t fight to exclude others
· Benefits and costs: opposite/absence of territory ones. 


· Game theory analysis:
· Evolutionary stable strategy (ESS)
· If entire population adopts ESS, no rare mutant adopting any other strategy has higher fitness (cant invade via NS)
· PURE ESS: an ESS where all individuals adopt the same strategy
· MIXED ESS: an ESS where all individuals adopt one of a set of strategies with some specific probability
· an ESS where some specific proportion of the population adopts one of a set of strategies
· [image: ]negative frequency dependent selection
· population of doves avoid the cost of fighting but is susceptible to invasion by hawks

· territoriality as a convention:
· arbitrary convention to allow individuals to resolve conflicts over territories with little fighting cost
· resident=hawk, intruder=dove
· resident usually win, fights are usually short, fights are longer if both think they are resident

· why do residents and intruders have different costs/benefits?
· Individuals with low costs or high benefits play hawk and are thus more likely to be found on territory
· Experience of holding territory might make that specific territory more valuable (local knowledge, dear enemy effect)
· Experience of holding a territory might make that specific territory easier to defend (home field adv.)
· Natural fights have same cost/benefit
· Costs and benefits of moving:
· Costs: energy, no foraging (opportunity cost), higher predation risk (unfamiliar area, conspicuous when moving), loss of local knowledge
· Benefits: must outweigh costs, depend on context of moving 

· Juvenile dispersal:
· Philopatry: “love of fatherhood”, opposite of juvenile dispersal
· Mammals: usually males disperse, birds: usually females

· Benefits of leaving:  avoid inbreeding, avoid kin competition, avoid competiting with non-kin rivals
· Benefits of staying: kin-cooperation, avoid dispersal costs

· Why sex biased? the system results in different costs/benefits for males/females
· Sibling matings can be avoided if one sex disperses. Which sex?
· Resource-defense “monogamy”
· Males must choose/aquire/defend a good territory
· Kin coop: territory defense
· Local knowledge for parental care

· Migration:
· Seasonal reversing movement pattern
· Benefits: optimality (nice in summer, bad in winter vs. ok all yr)
· Game theory ( I like it here, but all my friends are here)

TOPIC5: REPRODUCTION

· sexual selection: 
· selection for traits that maximize an individuals ability to obtain reproductive opportunities
· INTRA:
· Direct physical competition: selects for large bodies, weaponry
· Sexual antagonistic pleiotrophy: a gene/allele that increases fitness when in one sex but decreases when in the other
· Intrasexual selection for weaponry in males might result in females that have weapons even though they gain no benefit but pay the cost (giraffes).

· Sperm competition: selects for sperm characteristics/ male guarding
· Post-sex competition between males occurs is a female mates with more than one male while fertile (polyandry)
· Select for trait that maximize probability that egg will be fertilized (large testicles, large ejaculates, jealousy, mate guarding) 

· INTER:
· Selection for traits that make a member of one sex more attractive.
· Leads to sexual dimorphism (showy males, drab females)
· Female preferences select for male traits
· Nuptial gifts, selects for male traits related to the acquisition of desirable gifts, honest cues of health
· Females select for males that demonstrate paternal behavior, or that demonstrate honest cues of health that correlate with paternal competence
· Male traits are honest signals with indirect benefits
· Many species, males only transfer genes
· Females select for costly signals because males with mutations cant produce them 
· Females favor males with compatible genes
· Inbreeding/outbreeding avoidance
· Complementary immune genes

· Common honest signals:
· Energetically demanding behavioral display
· Energetically demanding ornaments
· Displays where physics constraints who can produce display (is low pitch songs)
· Symmetry
· Ornaments that are easily wrecked by disease
· Status (male fights) 

· Why do females have preference?
· Arbitrary female preference
· Daughters will have same preference, sons will have trait
· If preference is common, females do better because will have “sexy sons”
· Create RUNAWAY selection that doesn’t mean anything.

· Conspicuous female choice: selects for sexy male traits, selects for ways to sabotage female choice
· Cryptic female choice:
· Mechanisms that allow females to choose whether the sperm transferred during sex will fertilize eggs.
· Can also select for traits that can only be assessed during/after sex (penis structure, performance)
· Subverting female choice and male/female arms races
· Alternative mating tatics/strategies:
· Sneaking
· Female mimic

· Alternative mating tatics & sperm competition:
· Many systems where large dominant males try to exclude other males and small subordinate males try to sneak sex
· Dominant males don’t experience sperm competition
· Subordinate males always do
· Suggests that subordinate would be under greater selection for traits that would make him more successful in sperm competition (larger testicles)
· Males don’t have enough resources for large size and large testicles.

· Bateman’s principle
· 3-5 fruit flies of each sex in a jar, watched matings, and used genetic markers to assess fly reproductive success
· male RS increased with each mate, females did not
· male RS more variable than female RS

· maternal care is a limited resource, the prize for winning mating is not just paternity, but the maternal care involved in the nutrients in the egg, gestation, and any subsequent maternal care. 

· Males can always mate, females that are pregnant or caring for a previous child are unwilling
· Number of sexually receptive males usually higher, females limited resource

· Competitive males:
· Are limited by access to mating opportuinities
· Choosy females:
· Limited by energy/time constraints, multiple interested male suitors, choice is possible for best mate.




· Mating systems:
· Momo=1
· Poly=many
· Gamy=marrage
· Gyny=female/wife
· Andry=husband/male

· Male monogamy (monogyny):
· Hard to find females, female enforcement, paternal investment
· Female polygamy (polyandry)
· Absence of female control (sexual coercion), benefits out weigh costs
· Costs of polyandry: extra courting/mating time and effort, risk of losing paternal effort of primary partner, STDs
· Benefits of polyandry: more resources, more paternal care, more protectors, infanticide reduction, good genes, fertility insurance

· Types of male polygamy (polygyny):
· Female defense: happens when females are clumped
· resource defense: when females resources are clumped
· females should only choose to mate with already-mated males if territory is good enough
· scramble competition: males search for females and mate with every female they find, favors males that are good at searching
· lekking: hotspot hypothesis, hotshot hypothesis, female preference

TOPIC 6: SOCIAL BEHAVIOUR

· costs of sociality:
· greater conspicuousness
· disease transmission
· energy subordinates spend on dealing with dominant individuals
· females more susceptible to reproductive interference

· types of social interactions: mating, parent-offspring, basic grouping
· reasons for behavior: distribution of resources, anti-predator strategy (dilution, access to living shields, communal predator detection and defense) 

· cooperation and conflict:
· most interactions involve cooperation or conflict
· simplistic view of natural selection: it can only produce conflict
· “save yourselves”, “nature, red in tooth and claw”
· sophisticated view of natural selection
· “both cooperation and conflict possible”: depends on situation
· interspecies: sometimes mutualism, sometimes parasitism
·  intraspecies: sometimes cooperation, sometimes confict
· use game theory to predict/explain the different outcomes
· “ how can cooperation evolve when there is almost always a fitness incentive to be selfish?
· Classic game related to the issue of cooperation and conflict is the prisoners dilemma/tragedy of the commons

· Ways to avoid the tragedy?
· Honest signal of quality
· When individuals don’t care about the success of other players, players can still develop mutually beneficial pacts
· Individuals might still have a fitness interest in the success of other players (group selection, kin selection)

· Reciprocal altruism: I’ll scratch your back, you scratch mine
· Factors that facilitate cooperation: repeated interactions
· Everyone knoed it will be many rounds, no one knows exactly how many rounds
· Punishing defectors
· Rewarding cooperators
· “reciprocity-in-kind”: you scratch my back, I’ll scratch yours (later)
· repayment could be in a different currency (trade)

· intraspecific trade: nuptial gifts 
· interspecific trade: pollination

· major misunderstanding of evolutionary adaptation: naïve “greater goodism”: presumption that the function of evolved adaptations is to promote the welfare of entities above the level of individuals

· Kin selection: Relatedness (r):
· The relatedness of two parties, A and B, is probability that a randomly selected autosomal allele in A’s genotype is also a component of B’s genotype, as a result of common descent from a recent shared ancestor (identical by descent)
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