Mendelian inheritance
· Gregor Mendel: Founder of genetics; Austrian monk
· Formulated his laws on the creation of hybrids (laws of heredity) in 1866.
· His work was only recognized in 1900
· Work made with exemplary scientific rigour (in material and methods)
· Peas  many varieties available, possibility of crossbreeding, fairly cheap, generation time is short, descendants are plentiful 
· Studied several complete dominant and recessive traits
· Abundant data and the use of mathematical analysis to verify his hypotheses.
· Mendel talks about “hereditary factors” (genes still unknown at that time)
· Variation of genetic traits is explained by the different shapes genes can have.
· Each gene occupies a specific locus (location) on a given chromosome. 
· The DNA sequence of the locus can show variants (alleles) of the gene
· Ex. The alleles for white flowers and the alleles for purple flowers are situated on one of the peas' chromosomes.
· Paired alleles: All organisms inherit two copies of a gene (different or identical), one from the “father” and the other from the “mother”.
· Each copy (each variant of the gene) is called an allele
·   An individual possesses two alleles for one gene (hereditary factor)  
· Ex. Maybe 1 attached and 1 free earlobe gene on a chromosome pair
· 23 pairs of chromosomes in humans
· Population can have many alleles, but only 2 per individual
· If both alleles of a locus are different, the dominant allele determines the appearance of the organism; whereas the other, recessive allele, has no notable effect on the appearance. (Law of Uniformity of Hybrids)
· Laws of Mendelian Inheritance
· Law of Uniformity of Hybrids of the first generation.
· When AA + aa (P gen)  F1 Aa expresses only dominant trait
· Free earlobe (dom) + attached (rec)  free lobe expressed in the child (even though it has a recessive allele)
· Dominance determined by the function of the allele; dominant alleles more efficient at encoding proteins
· Law of segregation
· Two alleles for a heritable character segregate during gamete formation and end up in different gametes.
· Use Punnett squares to see all combinations of alleles 
· Sex cells have 1 copy of chromosomes (haploid), all other cells have 2 copies (diploid) (Sperm + egg = haploid)
· Diploid  haploid achieved through meiosis
· Law of Independent Assortment 
· Every pair of allele separates independently from the other pairs when the gametes are formed
· Ex. Colour and wrinkled-ness are not linked or assorted together
· Dependent assortment would result with only 2 phenotypes
· When sorted independently, there are 4 phenotypes (shown in experiments):
· Combos of yellow, green, wrinkled, and non wrinkled appeared
· Ex. Earlobes and hairline
· Even if the father contributes the dominant allele for earlobes, the mother may contribute the dominant allele for hairline (V)
· These alleles were separated independently when the gametes formed
· More Terms
· Phenotype: physical expression of genes
· Genotype: the gene pool (a combination of alleles)
· Homozygous: Same alleles
· Heterozygous: Different alleles
· Aa & AA same phenotype, which one? Testcross with the homozygous recessive
· If homozygous dominant, all progeny are heterozygous
· If heterozygous, half the offspring will be homozygous recessive
Impacts of Mendel’s Theory
· Mendel’s works were resurfaced by three geneticists (Coreens, Tschermack and Hugo De vries) in early 1900s.
· The discovery of Mendel’s work had, initially, a negative impact on the theory of natural selection
· Why? The first geneticists put the emphasis on the discrete or discontinuous aspects of the traits associated with Mendel’s ratios and rejected the continued variation observed in nature by claiming that it was non-Mendelian and without any evolutionary importance.
· Transferring hereditary particles from generation to generation is not the same as natural selection
· Therefore, Mendelian genetics helps to explain the concept of hereditary particle transmission, but has nothing to do with evolution
· Hugo de Vries (1838-1935): Theory of Mutations 
· Indicated that new species can be formed in one or multiple steps (saltationism) through mutations that would cause major substantial morphological modifications
· Grew primrose (yellow) and a random red flower appeared (red not yellow)
· Argued there was no need for natural selection; species appeared on their own through mutation
· However, red flower had a chromosomal defect; not a new species
· During the 1920s, it was discovered that mutations are generally harmful or neutral 
· Only a few influence (lightly) an organism traits
· Generally beneficial mutations are rare
· Does not better species, therefore discarded as an explanation for new species
Neo-Darwinism and Modern Synthesis
· The 1920s and the 1960s, genetics and the theory of natural selection were reconciled; official creation of Neo-Darwinism and the “modern evolutionary synthesis” 
· Put everything together  Mutation + natural selection + mathematics + evo + Mendel
· Evolution became quantifiable; complex, but measurable
· The main impacts of Neo-Darwinism were: 
· Lamarckism was finally refuted (changes are in populations not individuals)
· We started to understand the effect of chance in the transmission of alleles from generation to generation (genetic drift became evo factor).
· The genetic basis of evolutionary changes was established.
· The study of genetics shows the existence of an important and persistent variation (continuous or discrete) which creates the hereditary material on which evolution can act.
· This continuous variation has a Mendelian basis  implies segregation of hereditary particles having a minimal phenotypic effect
· Emergence of population genetics and of microevolution (evolution of populations)  offered a new perspective in regards to the relative significance of the factors producing evolutionary changes in populations 
· The biological and genetic basis of the formation of species (speciation) and the study of evolution above the species level (macroevolution), including elaboration of the tree of life (phylogenies) 
Modern additions to Mendel’s Laws
· Incomplete dominance: one allele is affected by the other, creates an intermediate phenotype
· Useful because 1 genotype = 1 phenotype
· Ex. Pink flowers from red and white; Palomino horses from chestnut and cream
· Codominance
· Crossing homozygous recessive and dominant yields only 1 phenotype in F1
· Ex. Black and white chickens make checkered chickens  
· Mendel got lucky to work with codominance only  no confusion
· Polygenism: When a phenotypic trait is under the combined action of two or multiple genes (very common)
· Creates continuous traits (under the effects of several genes)
· Most prevalent type of genetics  skin is based from around 20 genes
· Genes will segregate independently
· Multiple gene basis
· Very common phenomena with regards to expression of the genes.
· Epistasis: When the effect of a gene hides or blocks the expression of another gene (masks other phenotypes)
· Example with Labradors (BB & Bb = black, bb = Choco, ee = white
· Black and choco show normal dominancy
· ee gene when homozygous masks all other colour expression  white
· Even when BBee, colour expressed is white, not dom black
· Pleiotropy: When a gene influences more than one trait.
· Certain pleiotropic genes are lethal when homozygous. 
· Example: Manx cat
· The Manx gene (M) shows an incomplete dominance compared to the normal gene (m)  
· Manx gene prevents the proper formation of a tail but ALSO the improper development of the vertebral column
· Therefore lethal (embryo reabsorbed) when homozygous
· Progeny can only be heterozygotes  gene only affects tail and not spine
· The heterozygous cat have either short tails or no tails.
Chapter 5: The evolution of Populations
Hardy-Weinberg Principle
· 1908 German biologist (Weinberg) + English mathematician (Hardy)
· Under certain conditions, allele frequencies in a population stay constant from one generation to the next. Creates a model with no evolution
· # of alleles is 2x number of individuals
· Heterozygotes contribute half of their alleles to each allele frequency
· p + q = 1
· To calculate genotypes from allele frequency, use p2 , q2 , pq , qp
· A population is in Hardy- Weinberg’s equilibrium when:
· The frequencies of alleles and genotype within a population will remain constant (according to the equation p2 + 2pq + q2 = 1) from generation to generation as long as the following conditions are respected: 	
· There are no mutations.	
· Mating is done randomly.
· The size of the population is extremely large.
· There is no genetic (gene) flow (no migration of alleles between populations).
· There is no natural selection. 
· Hardy-Weinberg's principle describes a hypothetical population that does not evolve.
· For calculations, helpful to find q from q2 (the recessive homozygote)  then solve genotype frequencies
· All five factors against the HW principle exist independently; but they interact, making evolution measurable
· Mutation, assortative mating, genetic flow, genetic drift, natural selection 
1. Mutation  Random changes in the DNA sequence of an organism
· Source of genetic variability  
· May be transmissible (only if they are in the gametes). 
· Frequent throughout the gene pool, but rare at each locus. 
· Will slightly influence allele frequencies but is a weak evolutionary force from generation to generation, especially in large populations.
· Point mutations (addition, deletions or substitution of a base; ex A-C instead of A-T). 
· Negative effect (e.g Ehlers-Danlos Syndrome  affects CT tissue; hyperelasticity)
· Ex in humans
· Achondroplasia  dwarfism (Heterozygous form of the point mutation)
· ED syndrome  hyper elasticity to joints and arteries 
· Lethal effect (will cause death)
· Neutral effect  non-coding part (protein) of the genetic code
· Ex. Synonymy of codons for the formation of amino-acids; particularly in the 3rd position 
· Most point mutations are neutral
· Positive effect (minor; enables individual to be better adapted to their environment) 
· Sickle cell anemia  one point mutation of swapping A-T; changes glutamine  valine
· Normal hemoglobin proteins do not associate with one another; each carries oxygen
· Sickle cell Hb aggregate into fibres due to hydrophobic interactions
· Greatly reduced capacity to carry oxygen
· Get caught in capillaries
· Homozygotes for sickle cell are threatened, heterozygotes have resistance to malaria
· Chromosomal mutations (DNA segment loss, repetition of DNA segments, addition or loss of chromosomes).
· For bees, males only have 1 copy, females have 2  something happened
· Mutation rate: vary greatly according to groups of living beings or genes.
· Unit of measure: pair of bases per generation (pbg)
· Mutation in humans:
· Human genome (diploid):  approx. 6.4 X 109 base pairs 
· Rate: Approx. 2.5 X 10-8 mutations by pbg
· Mutagens in env. can affect this rate (ex. prolonged exposure to UV)
· Babies have approx. 175 new mutations in their genome.  
· If 2.5% of the genome contains coding genes, then 4.3 mutations by babies have the potential to alter proteins and influence the phenotype.
· Population of 500,000 humans: 2,000,000 mutations each generation
· Frequent in population; rare on each locus
· Even if a small portion of these mutations is advantageous, it offers a good genetic basis for evolution over millions of years  may be naturally selected and become abundant
Assortative Mating
· Opposite = Random mating: panmixia  maintains H.W. Equ.
· Ex. American eel: Species spread-out in all large rivers and lakes on the Eastern coast of North America. Reproduction site: somewhere in the Sargasso Sea 
· Best ex. of panmictic population  all individuals are potential mating partners
· Genetic makeup of small eels have fairly uniform genetic makeup
· Suggest individuals do not choose a mate
· Live in freshwater, reproduce in saltwater
· Hard to find examples in nature  always something that makes mating non-random
· Assortative mating: Choice of partners in relation to the phenotype  modifies H.W. Equ.
· No affect on allele frequencies; but DOES change genotypic frequencies
· Think deck of cards  several combinations when pulling pairs, but always same 52 cards (constant allele frequency)
· Positive assort mating: reds + reds, blacks + blacks
· Negative assort mating: blacks + reds
· Positive assortative mating: more frequent mating between similar individuals than expected by chance  increase homozygosity
· Can amplify strong traits (But also allows expression of harmful genes)
· Autogamy or self fertilization of plants (can create pure lineage  Mendel)
· Geographical proximity of individuals (e.g. population of mice in a barn)
· In humans: mating according to height and skin colour
· Negative assortative mating: More frequent mating between individuals that do not look alike than expected by chance  increase heterozygosity 
· Works to hide harmful recessive genes
· Tendency in plants not to self fertilize; mechanisms…
· Dioecious species  distinct male and female plants
· Separation of organs on the same flower (stamen (M) vs. carpel (F)  one is high and the other is low)
· Auto-sterility: Female and male parts mature at different times
· Immunological reaction if fertilization occurs 
· Orchid example (using wasp as vector for pollen transport)
· Imitates morphology and smell of a female wasp
· Pollen attach to head or tail of the wasp  flies off
· Deposits pollen on another “female wasp” flower
· Negative assortative mating
· When paired with natural selection, can lead to an increase in homozygosity and a loss of genetic variability: 
· Inbreeding can reveal homozygous recessive traits
· Endogamic depression  harmful alleles will express themselves.
· Natural selection will purge pop. of a portion of its harmful alleles.
· Lethal homozygotes will die and not reproduce
· Thus, a loss of genetic variability compared to panmixia (harmful alleles gone)
· Ex. Mailman and black guppy (artificial selection leading to loss of genetic variability)
· No such thing as a black guppy  decided to make a black guppy (Competition)
· 90 aquariums  took 3 years; bred the darkest ones with each other 
· Finally formed totally black ones
· One day there was one small white spot on a fish  disease (common)
· Disease usual 5% mortality  100% mortality
· 2 days, they all died  no genetic variability to resist
Gene Flow (Migration)  Exchange of genes between populations; alters allelic and geno frequencies
· Bigger effect for smaller populations
· Tendency to standardize the genetic pool of the populations involved
· Both populations will achieve the same genotypic and allelic frequencies quite rapidly
· Can play a similar role as mutations by introducing new genes in one of the populations. 
· Used in conservational biology to increase genetic diversity
· Grizzlies  populations will be mixed every 5 years to increase # of alleles
· Ex. Birds of a small island in the Netherlands
· Most migrating birds arrive at the centre of the island
· Eastern population have been on the island have been there for several generations
· Centre population  female survival is low
· High proportion not well adapted to this life
· Eastern population  higher survival 
· More adapted
Genetic Drift: Result of chance
· Dependent on population size  Chance will have increasingly more impact on a population as the size of the population gets smaller
· Small populations  genetic drift triggers a decrease in genetic variability and a decrease in heterozygosity
· Large population  genetic drift will cause little changes to the allelic or genotypic frequency of a population.
· Think sample size vs sampling error (coin toss example) 
· The larger the sample, the smaller the differences will be between expected frequencies and observed frequencies.
· Expect to see the same in biological populations
· Leads to a loss of genetic variability
· If no other processes (mutation, migration, or selection) affect the allelic frequencies at a particular locus, genetic drift will eventually result in the fixation of an allele and the elimination of all others for this locus.
· When only under effect of genetic drift, probability of fixation = allelic frequency
· If an allele has 0.2 frequency  20% of becoming fixed
· Example with flowers  Cows eat a certain number of plants
· After a few generations, there is a tendency of one allele to become fixed (while all others disappear)
· Occurs more rapidly / evidently in small populations
· Does in occur also in large populations; much more slowly 
· The larger the population, the slower the fixation or disappearance of the allele
· Probability of fixation associated with allelic frequency 
· Population bottleneck  more subject to random effects 
· Reduces size and genetic variability of populations  may increase homozygosity
· Small populations + genetic drift can  fixation of deleterious recessive alleles and a loss of genetic variability  increase in the risk of extinction. 
· Ex. the Greater Prairie chicken.
· Hunting, settlement and loss of habitat reduced chickens from thousands to 50
· Significantly lower number of alleles per locus (3.7 instead of 5.8)
· Eggs would not hatch, loss of genetic variability meant less reproductive success
· Spiral of extinction
· Solutions:
· Took individuals from other states and introduced into Illinois
· Founder Effect: when a few individuals from a large population create a new colony, the genetic make-up of the colony differs from the source population.
· In small populations, the prevalence of abundant genetic features will be amplified over generations (as long as no impact on reproductive success) 
· Myotonic dystrophy 
· Europe: 4 out of 100,000 (rare)  source population
· Charlevoix + Lake St-Jean regions in Quebec, Canada: 189 out of 100,000. (more common)
· Likely multiplied to a degree of inbreeding
· Polydactyly (more than 5 digits) in the Amish.
· Canadian populations of several species (in general) show less genetic variability than more southern populations.  
· Glaciation period in Canada pushed species in the south
· Most current populations in Canada came from United states from a water source (rivers, etc.) after glaciation receded (founders)
Natural selection
· Definition
· A process by which the individuals with certain hereditary particularities survive and reproduce in larger numbers than other individuals.
· The alleles favored by selection are more abundant in offspring than in the parental generation.
· The action of natural selection on the frequency of an allele can be cancelled by the action of mutation, genetic drift, and migration.  
· The only evolutionary mechanism that aids the survival and the reproduction of organisms in their environment. 
· Only one that allows creates adaptation
· Reminder: only hereditary variations constitutes the basis of natural selection
· Examples of Non-Hereditary variability:
· Map butterflies  orange in spring, black in summer 
· Colour only linked with what they eat  No genetic basis; not natural selection
· Common Yarrow and Altitude
· High = Short plants; low = tall plants (Genetic or environment?)
· Test by taking seeds and grow them in the same environment
· If same height, then purely environmental factor (not natural selection)
· Adaptive value (selective value, fitness)  quantifies the value of the genotype 
· Corresponds to the contribution of an individual to the genetic pool of the next generation when compared with the contribution of other individuals.
· Genotypes with higher reproductive advantage have higher adaptive value
· Advantageous heterozygotes counteract the effects of genetic drift
· Favour heterozygosity is one way to maintain genetic variability in a population
· Types of hereditary traits:
· Qualitative (discreet variation: colour)
· Quantitative (continuous variation: height, weight) 
· Polymorph populations showing distinct morphological types or genetic variability. (both qualitative and quantitative)
· Selection for a continuously variable trait (start with bell curve = intermediate most common)  3 types
· Directional: The average trait of the curve shifts, either increases or decreases
· Ex. Mosquitoes
· DDT killed a lot of organisms, also carcinogens to humans
· Population selected for mosquitoes more resistant to DDT 
· Higher fitness  became very abundant
· Population grew resistant to DDT (works as repellent but not lethal); 12 months, death rate went 95%  20%
· Same idea with antibiotics, ground finches, human + altitude
· Disruptive: The average doesn’t change, but selection favours individuals at the extremes of the curve; selection against individuals in the middle
· Not very many convincing examples
· Ex. Seed eating birds
· Large distribution of birds before drought
· During drought, there are large seeds and small seeds but no average seeds
· Overall average does not change, large and small beaks have better fitness 
· Why don’t middle sized beaks eat small seeds?
· Stabilizing: Constant selection against the extremes of the population; the average does not change; curve becomes tighter
· Ex. Newborns in history 
· 1930s - 1940s: Ideal birthweight about 8lbs; higher rate of survival than smaller or larger newborns. Selected for.
· Today, this stabilizing selection has almost disappeared in wealthier countries.
· Ex. 7 Cervical Vertebrae in Mammals (a biological rule)
· 6 or 8 = very serious diseases  More / less = selected against
· Pleiotropic effect  other traits go bad as well
Preservation of Genetic Variability in Nature (polymorphism)
· Diploidy and genetic load
· A considerable portion of the genetic variability of diploid individuals is hidden from natural selection (2 copies of chromosomes):  
· Genetic load  mass of little expressed or unexpressed genes in heterozygotes
· Cost associated with maintaining and storing genetic variation
· Carry in case its better in another environment
· Advantage of the heterozygotes
· When heterozygous individuals have more offspring than homozygous individuals
· Ex. Sickle cell anemia (S = dominant; s = recessive)
· Homozygote ss = sickness; 80% mortality before the reproductive age
· The heterozygote Ss is more resistant to malaria than SS.
· The allele frequency “s” is particularly high in regions where cases of malaria are high.
· Reproductive advantage = Parasite cannot survive in sickle cells
· Frequency-dependent selection
· Selection dependent the inverse frequency  The rarest phenotype is advantageous; favoured by selection. 
· Crooked mouth fish (left sided and right sided), Perissodus microlepis
· Feed on the scales of fish
· If many right sided fish are present, the prey will watch their right side more, allowing left sided fish to have more surprise effect
· Provides a reproductive advantage
· Population fluctuates back and forth
· Selection dependent on the positive frequency  The more abundant phenotype is favoured. 
· Selection leading to multiple stable equilibriums. (Adaptive landscape) 
· Butterflies example: 2 different species that have a distinct common pattern in each habitat
· Mullerian mimicry (between two toxic species)  projects an overall image of toxicity to predators (protection)
· Selection for a particular pattern for each habitat 
· Globally maintains genetic variability for ALL the populations within the species
· Neutral genetic variability
· A good portion of the genetic variability found in genes do not show selective advantages and/or is not affected by natural selection (e.g. pseudogenes)  
· Other mechanisms (external / ecological)
· The result of simultaneous impacts of different selective pressures.
· Populations are subject to all forms of selective pressure at once, not individually
· Temporal changes in selection pressure.
· Pressures differ by season; also differ 100 years ago vs 100 years ago
· Habitat mosaic  there is significant variation in habitats
· Some white tail deer 150 Kg; other areas no more than 50kg
· Negative assortative mating
Sexual selection: First formulated by Charles Darwin (why do males and females vary so much?)
· A form of evolution in which individuals that possess some specific hereditary traits are more susceptible than others to find partners.
· Ex. Male peacock tail
· Useless in terms of its survival adaptations; large, not agile, can’t escape predators
· Used for attracting mates; # of dots on the tail reps the quality of the male  a criterion of choice
· Intersexual
· Intersexual selection (choice of sexual partners based on traits indicating the quality of the genetic baggage of the other sex):
· Ex. Widowbirds; males have very long tails, very colourful  protect territory and stand out to attract females
· Females are brownish  very camouflaged in the marsh environment
· 3 groups of males in a test
· Normal tails, cut tails, normal tails + cut tails glued on
· No intrasexual competition  tail the indication of male superiority
· Females very attracted to double-tail males; strong preference for long tails
· Ex. Stalk eyed flies  Females choose longer eye stalks
· Lower reproductive success for males with shorter eye stalk (tested) 
· Healthiest males were the ones with longer eye stalks
· Ex. Moonwalking bird (Manakin)
· Wingtips clack together at 80times/s
· + moon walk routine  better dance = higher reproductive success
· Intrasexual selection: Selection between individuals of the same sex.
· For access to females  there are winners and losers for males
· Confrontational behaviour is often ritualized combat; not much damage done but establishes dominance
· Not too many blood fights in nature
· Ex. In Kangaroos  hind feet users are usually the losers
· Dominant males typically don’t have to fight, but juveniles need to prove themselves
· Ex. Polar bears, moose
· Penis bone (intersexual and Intrasexual selection)
· Elephant seal  the male has 100 females; others try to slide in  need to fight or roar for control (intrasexual selection) + bigger males are better mates (intersexual)
· Have a very small window for mating
· Allows for several copulations throughout the day
· Helps with penetration  erection occurs after penetration
· Structure exists in chimps, but not humans  hypothesis:
· In humans, the loss of the bone is the result of intersexual selection
· The quality of a male is a reflected by his ability to get an erection
· Those with a bone were not subject to selection from a female
Chapter 6: Adaptation
· Adaptations are the result of natural selection
· Sometimes complex, have complex functions and history (evo compromise, symbiosis)
· Evolutionary compromise  Humans choking on food
· Humans = only mammal species that choke on food  compare to chimps
· Main feature: differences in mouth space
· Humans have a flat face compared to the long nostrils of the chimp
· Chimps  to swallow, the epiglottis has to shut (blocks the trachea) in order for the food to pass through pharynx down the esophagus
· For humans, the tip of the soft palette does not reach the epiglottis
· Food can end up in the trachea
· People die from choking BUT linked to our capacity to speak
· Evolution of speech  Unique to humans
· Speech is very limited in other mammals
· Space at the back of throat forms a tube that allows the amplification of vocal vibrations
· Humans have very long vertical tube and similar length horizontal tube + complex brain for fine motor skills to speak
· Long tube allows for clearer pronunciation of certain vowels, etc.
· Vocal chords much lower in the pharynx; more vibration
· Advantage outweighed the disadvantage  evolutionary compromise
· Multiple selective pressures  can choke = death; but we gained the capacity to speak  allows for higher survival and reproduction
Symbiosis: a relationship between two or more organisms that live closely together
· Burying beetles feed on dead carcasses  detected with antennae (sense dead animal smell)
· Bury it into the ground; remove hair + cover it with mucus to prevent further scents
· Males give off pheromones to attract females
· Lay their eggs away from the carcass; protect the bounty
· Parents chew carcass and bring it back to progeny
· Progeny walk over to carcass when strong enough to feed
· Commensalism view: Advantage for one species, with no impact on the other
· Mites are found on these beetles  use them as public transportation
· Life cycle involves carcasses as well
· The mite gains a transport mechanism; the beetle gains (and loses) nothing 
· Mutualism view: Both species benefit
· Flies may lay eggs in the carcass = eaten by mites  eliminate competitors
· Less competition = higher reproductive success for the beetle
· Mites gain transport and food from the beetle
· More advantageous when multiple species feed on the same carcass
· May suggest coevolution to become more efficient
· Parasitism: one species gains an advantage at the loss of another species
· Eating raw fish  infection
· Copepod eaten by small fish  eaten by larger fish  eaten by humans  Live in GI
· Usually no symptoms (until the worm becomes large)
· Lack of vitamins (B12) levels drop (bloodwork)
· Portion of the flatworm can be in the feces
Exaptation: All traits of a living being are not necessarily adaptations to the current environment
· Methods aimed at corroborating or refuting an adaptive hypothesis: 
· Direct study of natural selection (e.g. peppered moth, Medium ground finch, human adaptation to altitude)
· Comparative approach + knowledge of phylogenies: indicator that traits have evolved independently vs. result of a common ancestor
· Morpho-functional study of a trait (e.g. evolution of fur or feathers)
· Comparative approach: study adaptations in one animal by looking at other species
· Carnivore
· Articulation connecting lower jaw to skull @ same level as the row of teeth
· Hinged articulation
· Herbivore
· Articulation connecting lower jaw + skull is higher than the row of teeth.
· Weak and flat articulation
· 2 large groups of herbivores  evolved same solution to eating vegetation
· Only one way to be a carnivore; one way to be herbivore
In Tyrannosauroidea, smallest species tend to be the oldest species
· Species bear characteristics that have evolved in ancestral species 
· T-Rex had massive cranium, full of holes, very light
· Predator can move his head very quickly; run faster
· Many dinosaurs had feathers
· Ancestral species had same morphology as newer larger species
· Why are T-rexes such good predators?
· Cannot just look at a species; look at the history of the group and tendencies of the group (old morpho same as new morpho, explain evolution of old morpho)
· Small arms, remnant of something that was useful before
· May have been useful in human height T-rex
Exaptation: Adaptation whose current function is not the one for which the structure initially evolved. 
· Initial function of fish fins was to stabilize the body in aqueous environment (= adaptation)
· In terrestrial animals (tetrapods), the limbs (that have evolved from fins) are used to support the body in an aerial environment. Therefore, the tetrapod limbs are an exaptation for terrestrial mobility (locomotion).
· Fish fins were not made to walk; but this is where we get our limbs (homologous)
· Arms and legs were not made to hold things and walk
· Hair evolution (ex. thermoregulation in elephants)
· Large animals in open habitats  subject to sunshine a lot
· Low hair density
· Portions of the skin have sparse (but coarse) hair
· Ability to regulate heat is related to the thickness of the skin
· Hotspots in different areas (trunk, etc.)  Thin skin for dissipation of heat
· Compared areas with sparse hair vs. more hair vs. no hair
· Conclusion: Areas with sparse hair on skin is more efficient at losing heat than areas having no hair
· Pin Theory: More surface area exposed = more efficient at losing heat
· Fur / pelt preserves heat; hair does not; (Fur ≠ hair)
· Therefore maybe hair first evolved to dissipate heat
· Changed to preserve heat when it took the shape of dense fur
· Therefore, hair could be an exaptation
· Human hair still not efficient at this; not coarse enough (low SA)
· Other theories  Sensory functions (what was the purpose of the first hair?)
· Nerve bundles in whiskers  cats know if they fit through small spaces
· Maybe evolution of hair unrelated to thermoregulation
Feathers: Did not evolve for flight  Therefore exaptation
· Modified scales; maybe help dissipate heat or prevent loss of heat, but dinosaurs were not endotherms  poor theory
· Maybe important for sexual selection  visual ornaments
· Heat related functions  plumage of feather
· May have also develop as sensory structures
· Some birds have whiskers more sensitive to environment than feathers
· Filoplume feathers  helps bird orient feathers for max efficiency in flight
· Maybe for flight… but T-Rex couldn’t fly
· The point: there are several explanations for the origin of a structure. 
· Even for the simplest structures; it’s very difficult to determine the cause
Heterochrony: Changes in the speed or synchronization of the developmental phases.
· Development of humans is pre-programed; (8 weeks  adult size)
· Based on gene regulation  accelerate / oppress expression at certain times
· Big head when born, but then rapid somatic development  becomes proportionate
· Major morphological changes can occur if this order / timing is modified
· Chimps  fetus head looks very similar to humans
· More important development of the lower jaw (not in humans)
· Slowed development in humans; less important, maybe more energy to brain
· Homologous humorous  different function and shape = different developmental process
· Sometimes heterochrony alters the development speed of the reproductive organs.
· Paedomorphosis: faster development of reproductive organs than the somatic organs.  
· Axolotl  the salamander is sexually mature even though it still possesses larval characteristics (gills)
· This animal has no terrestrial phase, evolve reproductive organs in the tadpole / aquatic stage
· Change in the development program (mutation) that promoted a major change in lifestyle 
Morphological form changes may arise from…
· Changes in the nucleotide sequence of developmental genes (homeobox)
· Hoxgenes  regulate the development of an individual (where the legs should be etc  hoxgene 7)
· Ubx gene 400million years ago  created the body plan of insects
· Expressed: prevents the multiplication of legs (only 6 allowed)
· Very minor changes in the genes can provoke major morphological changes
· Changes in the regulation of developmental genes
· Stickle back: Marine  with spines; Freshwater  no spines
· Population with no spines found in lakes with no predators  no need for protection
· The loss of the spines is not linked to a change (not mutation) in the developmental gene itself  the two fish have same genes
· Pitx1: developmental gene that is expressed in spine formation and mouth tissue formation 
· Pel enhancer: a noncoding DNA region that affects expression of Pitx1 
· Mutation of the enhancer creates morphological change
· Not wasting energy to build spine is good; don’t waste calcium in environment that is low in calcium
· Importance of modifications in not only protein coding regions, impact of enhancers can also lead to morphological change
Chapter 7: Geographical variation and speciation
· Inter-population Genetic Variation
· One species of caribou split in 2 populations (herds); slightly different phenotypes
· Individuals of each population tend to mate with members of their own population.
· Positive assortative mating; but there is area of overlap
· Maintains phenotypic barrier
· Polymorphic species: formed of several geographic groups which differ from each other by traits that are easy to recognize (sometimes called morphs, forms or subspecies)
· Ex. Greater racket-tailed drongo
· Tail and feathers on head are the result of sexual selection  varies by the geographic range of the species
· The term “subspecies” typically avoided  fairly vague; tendency to identify subspecies as species (more sympathy from governments for species instead of subspecies)
· Somewhat independent evolution between species, but may be some migration
· Ecogeographic rules: models of geographical variation that follows climatic gradients for many species within a group of vertebrates 
· Bergmann’s Rule: In endothermic animals in general, the populations living in northern regions of the geographic distribution of the species will generally have a large size.
· 72% of birds and 65%of mammals follow Bergmann’s rule
· Ex  Hairy woodpecker (Body shapes of woodpeckers follows a pattern)
· Typically large in the north, small in the south, gradual change in between
· Males have red patch from the Yukon; females don’t (from North)
· Mexican bird (from south) very small
· Endotherms  create body heat (Think conserve vs. dissipate)
· North  Bigger = smaller surface area relative to mass; conserves heat
· South  Smaller = larger surface area relative to mass; loses heat more easily
· Not 100% of animals follow this rule; other factors of influence, but it is a good general explanation
· Pattern is geographic (latitude); not based on altitude
· Allen’s rule: In birds and mammal populations or species 
· North  generally have short and massive extremities
· Low surface area; retain heat in cool environment
· South  generally have longer and thinner extremities
· High surface area; lose heat in hot environment
· Gogler’s rule: Darker pigments in more humid climates.
· Can be local variation  forest next to field
· Humid environment is darker (closed forest, traps humidity) 
· More prone to proliferation of bacteria than in dry habitats (theory needs to be tested again)
· Melanin (pigment) has more antibacterial properties than no pigment
· Maybe selection for darker pigment in darker habitat
· Open-land birds are more pale
· The loss of fur and skin colour in humans
· 6-7 MYr ago: hominines (all human species) shared a common ancestor with the chimpanzee  pale skin covered with dark fur.
· Evolution is not linear  more like a phylogenetic tree
· Oldest Hominin Known: Sahelanthropus tchadensis 
· Orrorin Tugenensis had similar cranium volume as chimps 
· Initial human species were much more similar to chimps
· Main difference  Orririn was bipedal
· Hair loss speculated to have occurred between A. afarensis & Homo Ergaster
· Australopithecus afarensis (Lucy); 3.7 – 3 MYr
· Arboreal (lived in trees)  Tropical forests
· Long arms  feet built for climbing 
· Bipedal: orientation of skull attachment to the vertebral column
· Frugivores: Diet of fruits, tubers and leaves.
· Sedentary way of life (seated; little movement)
· Capacity to walk limited  food supply was near, forest was lush
· As of 3 MYr ago
· Important gradual cooling (recession of forest) over last 65MYr
· African plate: very active forest  savannas + droughts in East Africa
· Impact on hominin species
· Humans had to adapt to a more open habitat
· Homo Ergaster (homo erectus)  very similar to human craniums 
· Less fruit available; meat added to the diet  brain grew
· Humans are not restricted to one diet
· Chimps can also eat meat (but rare)
· Adapt to life on the plains
· More active lifestyle (hunter-gather)
· Walks longer distances for prey and water
· Natural selection acts on the shape of the body (ability to run).
· Movement became important; selective pressure for the capacity to move 
· Total bipedality; bigger legs
· Morphology basically same below the head 
· Need for more efficient thermoregulation  abundance of sweat glands and loss of fur
· Need ways to dissipate heat with more active lifestyle
· More on thermoregulation (humans vs. furry mammals)
· Sebaceous glands: Sebum / Oil creates impermeability to water
· Apocrine sweat gland associated with hair strand
· Oily sweat is unscented; odour when mixed with bacteria
· Not very important in humans; rare in the body, may be some modified versions 
· Only where we have hair strands
· Includes the protein: latherin
· Eccrine / merocrine gland is not associated with hair
· Produces water with mineral salts and evaporates
· Includes the protein: latherin
· Furry animal glands (Ex. Horse, dogs)
· Mainly sebaceous and apocrine, few eccrine
· Only ecc in dogs on paw pads and near mouth
· Feature of carnivores
· Oily sweat
· Latherin helps the animal lose heat
· Perspiration is difficult
· Human glands
· Mainly eccrine (millions; most of all mammals), few apoc
· Watery sweat
· Loss of fur to facilitate sweat evaporation
· Easy perspiration (up to 10L a day; 2-4L/hr )
· Conclusions
· Humans better equipped for heat dissipation  may be better long-distance runners than horses
· Eccrine sweat glands work much more efficiently without any hair (loss of hair may have been a complimentary adaptation)
· Promotes evapotranspiration  wet hair prevents loss of heat
· Selection in favor of darker skin (1.2 MYr) at the same time as fur loss.
· Natural selection favored the individuals having thicker, darker and more acid skin (more melanosomes = more melanin). 
· Protection against:
· Ultraviolet rays (UV), bacterial attacks and vitamin deficiencies.
· Technically hair loss then acquired dark skin very quickly afterwards
· Purpose of fur 
· Protects the skin; absorbs a lot of shock
· Important in communication  Puffing up = angry; agitated
· Facial expressions helped to compensate loss of hair (also language)
· May not be as important in furry animals
· We have transferred communication to another means
· 1.2Myr - 100 000 Ya: Skin of all hominins species was dark
· H. Erectus, H. Heidelbergensis, H. Floresiensis, H. Sapien
· Fairly warm habitat; changes in pigmentation came with changes of habitat
· Aside: H. Floresiensis was very small but pretty recent  humans did not progressively get taller
· At least 3 important dispersal events from Africa (to Europe and Asia)
· Only 1 great dispersal that led to colonization of Americas 
· Mammoth was killed in NA 40 000 years by humans
· Pale skin is a fairly recent event; dark skin long time ago
· Adjusted the diet to compensate for lack of vitamin D.
· Evolution of Skin colour: (pale: recent, dark: ancestral)  Hypothesis:
· Need: Find an inherited trait that gave those who had it a positive survival and reproduction differential (adaptation) from generation to generation compared to other members of the population.
· Bad theory: Individuals w pale skin had higher incidence of Skin Cancer
· Those with cancer typically reach sexual maturity and CAN reproduce
· Must come in effect at a young age or affect pregnant women
· Strongest current hypothesis: Folic acid and dark skin
· Folic acid (vitamin B9) is destroyed in skin by excessive UV rays.
· B9 deficiency: serious and possibly lethal developmental malformations  pleiotropic effect 
· Spina bifida (malformation of spinal cord and brain)
· Poor wound healing
· Disturbed immune system
· Sperm malformation. 
· Vitamin deficiency at a young age and in pregnant women would have a direct impact on the success and reproductive success of the individual
· Doctors recommend pregnant women to take folic acid to ensure proper embryonic development
· Dark skin offers a protection against the UV rays that offers a survival and reproductive advantage (preserves folic acid) = adaptation
· Vitamin D3 and pale skin:
· Synthesized in the skin by UV rays; helps absorption of Ca and P.
· Deficiency  rickets, several other diseases, … 
· A deficiency in vitamin D3 would have a direct impact on the reproductive success of affected individuals.
· Impacts heart and blood circulation; bone structure
· Pale skin in areas with low UV radiation would maximize the absorption of UV rays, ensure sufficient levels of Vit D synthesis, and maximize the survival of human populations in those areas 
· Geographic distribution
· Zone 1: Enough UV for natural Vit D synthesis (Africa)
· Zone 2: At least 1 month insufficient UV (US, low SA)
· Zone 3: Annual deficit of UV (Canada, Europe)
· Use diet to supplement Vit D
· Conclusion: Links between the quantity of UV rays reaching the Earth and human skin colour  A strong selective pressure
· More UV = darker  preserve more folic acid
· Less UV = paler  synthesize more Vit D
· Great human migration started 100 000 YA, invade increasingly northern habitats more recently (especially in the last 40 000 years) and evolve paler skin to maximize UV absorption in areas where UV radiation is weak for adequate synthesis of vitamin D by the skin.
· In areas where there is an important annual deficit of UV rays, colonization by humans (10 000 to 15 000 years) was made possible by the ability of humans to compensate for deficiencies in vitamin D3 through diet (hunting, fishing and domestication)  
· Conclusion:
· Loss of fur in hominins is linked to lifestyle changes due to climate change, more than 1.2 MYr years ago.
· Dark skin color came quickly after the loss of fur. The skin of human species remained dark during more than 1 MYr.
· The appearance of pale skin in some human population is linked to the colonization of habitats further north in the last 100 000 years. This paler skin was an adaptation to maximize the absorption of UV rays in zones where radiation is low; allowed the healthy synthesis of vitamin D
· Note: individuals with darker skin in regions of high UV intensity synthesize Vitamin D3 at a much slower rate than individuals with pale skin.
· Pale skin improved the mechanism to synthesize vitamin D
· Not necessary for dark skin  they have plentiful UV
· Danger of Vit D deficiency in darker skin  
· A selective advantage of darker skin in regions of high UV intensity is to minimize the degradation of folic acid by UV rays. 
· The colour of skin is:
· A variable polygenic (around 25) hereditary trait, which explains the variability of pigment intensity (continuous spectrum)
· Only explanation for variation is adaptations to UV radiation 
· Acts as an indicator of the environment in which populations have lived
Species
· Morphological species concept  favoured in taxonomy (simple and practical) 
· Consists in bringing together under one species name, individuals possessing similar morphological traits  Helps to classify biodiversity
· Specimens belong to a species if they morphologically resemble the holotype (“type” specimen) of the species.
· Determined by the taxonomist as being a typical specimen showing all the unique feature of a species. 
· Concept stems from the essentialism of Aristotle.
· New species have unique features that have not been seen anywhere else
· Holotypes are very, very valuable  descriptor of species
· Morphological variability (a Darwinian concept) of a species is documented through the description of other specimens (paratypes). These specimens usually represent the morphological variability observed in the species. 
· Biological Species Concept  makes sense for evolution but not very practical
· A group of populations whose members have the potential to interbreed in nature and produce viable, fertile offspring – but that do not produce viable, fertile offspring with other such groups (there is a reproductive isolation mechanism in place that prevents breeding)
· Only applicable to sexual organisms 
· Only applicable in nature (must be observed)
· Interbreeding hybrids can be made in a lab (even if they are rarely or never found in nature (reproductive barriers) but these don’t count
· Eg. Mallard + Northern Pintail duck
· Can only be checked in an area of sympatry (overlap of two related species)
· Indicator of species = hybrids
· If present  only 1 species, 2 populations
· If absent  2 independent species (incapable of mating)
· Difficult to tell if the specimen is a biological species concept…
· If similar animals don’t share a zone of overlap, we don’t know if they interbreed 
· Biological Concept  can’t tell
· Morphological Concept  yes, they are different species
· Different features; doesn’t matter if they don’t interbreed
· Prezygotic barriers: Prevent formation of hybridized zygotes; before mating; prevents waste of gametes 
· Mechanism is favoured by natural selection  most simple explanation
· Females commit a lot of energy to carry and nurture a fertilized egg
· Waste of energy and eggs (limited) to invest in something without progeny (the whole point of life)
· Ecological Isolation: Populations on the same continent, but live in different habitats
· If the two don’t meet, they don’t mate; passive process 
· Ex. Asia: Lion (Savannas) vs. tiger (forests)  never meet
· Ex. Garter snakes: one in water vs one on land
· Temporal Isolation: non-synchronized mating or flowering (different seasons or a different time of day). Common mechanism in plants. 
· Western skunk mates in September, zygote floats in uterus (no implantation; dormancy) until May  baby born in June
· Eastern skunk mates in May  baby born in June
· Morphologically similar, but no interbreeding because off timing
· Unlike humans, many species tend to be active only during mating seasons
· Ethological isolation (behavioural): absence of sexual attractiveness (distinct courtship) (e.g. Mallard and Northern pintail).
· No physical barrier but no mating due to preference 
· Mechanical isolation: mating or pollen transfer is impossible due to the incompatibility of genitals or different flower structures.
· Organs are not in the right spot, the pieces don’t fit
· Gametic isolation: The male and female gametes cannot meet or the sperm and pollen cannot survive in the genital tract of the animal or in the flowers stigmas.
· CAN mate, but the sperm will die and not fertilize the egg; prevents inbreeding
· Postzygotic reproductive barriers (leads to the loss of gametes)
· Reduced hybrid variability: hybrids cannot develop or cannot reach sexual maturity.  (e.g. cross between a goat and a sheep, the zygote quickly dies during the intrauterine development)
· Sterility of hybrids: hybrids cannot produce functional gametes.
· Ex. Mare + donkey = mule (sterile)
· Hybrid breakdown: hybrids can be viable and fertile (e.g. tigon and liger) but offspring are susceptible to cancer and other sicknesses.
· No strong lineage  not  will not lead to a stronger, independent animal
· Again, ligers and tigons are usually bred in labs
Origin of Species
· Anagenesis  Phyletic speciation: Gradual evolution or “linear” succession of species in a way that the changing species shows different phenotypes through time
· Exists in nature but very rare cases 
· Main problem: Does not imply multiplication of species  if this was norm, there would only be one species on the planet
· Same species changes through time without any additional speciation
· Cladogenesis  Multiplication of species: Creation of 2 species by establishing a reproductive barrier between a population of a former common species.
· Only mechanism responsible for the creation of biodiversity.
· Ideally the barrier is prezygotic
· Ex. with both  evolution of the primate Pelycodus (investigate teeth) 
· Gradual change in teeth between several species  linear  anagenesis
· Then two similar species found in the same fossil bed  cladogenesis
· Some speciation event occurred
· Process is rare in invertebrates; more common in molluscs
· From a genetic standpoint, a premise for the multiplication of species or the establishment of a reproductive barrier is the interruption of migration or gene flow between populations.
· Models of speciation (cladogenesis) shows how the gene flow can be interrupted.
· Allopatric speciation: A population with continuous distribution divided in two or multiple populations by a geographical barrier.
· Almost universal process 
1. Passive isolation of populations in space
2. A genetic modification, under the combined effect of isolation and selective pressures, replaces a co-adapted system of genes by another, more suitable to different ecological conditions. 
3. Acquisition of reproductive isolation before the subsequent overlapping areas.
· Complete speciation if no viable hybrids in the sympatric area
· Could be due to incompatibility, off timing, etc.
· Ex. Plant distributed all over valley
· Valley floods with water, the middle plants drown
· The habitats on either side may be different (ex. sun exposure)  causes genetic modification in each population
· Creates different genes in each flower 
· Acquire different morphological features  may affect pollen shape
· If they overlap and produce hybrids, there will be a fusion to return to one species
· Passive isolation needs to be triggered by something  the planet is a dynamic system  created a lot of reproductive barriers = biodiversity
· Millions of species  reproductive barriers are very effective in preventing crossbreeding 
· The dispersal capabilities of individuals are important in defining the probability of speciation in some groups when compared to other groups
· Many species are physically not in contact, no way to test (observe) interbreeding
· Therefore, unsure if they are a biological species
· However, assumed to be different species due to proximity barrier
· Morphological species  good for classifying biodiversity 
· White tail vs. black tail chipmunk on two sides of Grand Canyon
· Lobster species and the Isthmus of Panama (completed approx. 3 Myr ago); formed land barrier between populations creates divergence from ancestral species
· Eastern vs. Western meadowlark:
· There is a sympatric area  birds visible in the same open habitat
· Minimal phenotypic differences (except for their song and behaviour that are very distinct)
· Songs evolved independently  females will not recognize other song
· Ethological isolation mechanism
· Species will never interbreed due to sexual selection
· These are biological species
Additional Notes needed
· Description based scientific inquiry (describing nature)
· Inductive reasoning: Making generalizations based on numerous observations
· Generalizations are likely false; does not address the nature of the generalization
· Ex. 1 orange is sweet  all oranges are sweet
· Particular  general
· The Scientific Process
· Obs: This orange is sweet
· Hypo: All oranges are sweet
· Pred: If I taste all kinds of oranges, then they will always be sweet
· Test: Taste oranges
· Madagascar orange was very sour
· Therefore, hypothesis is falsified
· Contract between science and knowledge (the ability to know)
· Initial Skepticism on facts 
· Ask questions about facts and hypotheses (tangible things); offer an alternative
· Always retest what has been found
· Realism
· The world is older and exists independently from my idea of it (avoid self-notions)
· Examine nature for what it is
· Realm of ideas does not have priority over the real world 
· Rationality (follow the steps)
· Logic: demonstrations must be the result of coherent steps
· Parsimony: Methodological principle which states that acceptable theories are hypothetically the most economical in assumptions
· Tendency to explain theories in the most simple terms and with the least amount of assumptions (simplest is often most accurate)
· Methodological materialism
· All that is experimentally accessible in the real world is material or has a material origin
· 1837: Darwin mentions the concept of common ancestor (not by common environment)
· Rejected fixity of species, accepts concept of decent with modifications (evolution)
· Very materialistic view of life; heavily contradicts religion
· Rejects Lamarck’s environmental mechanism
· Evolution and Natural Selection
· Gaps existed for intermediate evolutionary species  fossils helped
· 99% of all species are now extinct  most evo branches end in dead ends
· The impact of Thomas R. Malthus “The essay on the principle of population”
· Populations increase geometrically, resources increase arithmetically
· When the population overtakes resources = Crisis point (chaos)
· Competition for resources, famine, sickness, war, etc.
· There are winners and losers
· Population is reduced as a result
· Inspired Darwin to formulate theory of natural selection
· Darwin’s Observations
· All species produce more offspring than the environment can sustain
· Most fail to survive and reproduce; but why do certain ones live?
· Members of a population often vary in their inherited traits
· Not aware of genes, but believed in the passing on of traits down generations
· Realized variability was key
· Chapleau’s red, blue, green, yellow fish ex.
· Darwin’s inferences (Theory of natural selection  leads to adaptations)
· Individuals whose inherited traits gives them a higher probability of surviving and reproducing in a given environment tend to leave more offspring than others
· From generation to generation, this unequal capacity of survival and differential reproductive success results in an accumulation of favourable traits in a population
· Important notions linked with natural selection:
· Individuals do not evolve, populations evolve.
· Only hereditary traits are subject to natural selection.
· For evolution to occur, we need genetic variability. (if there are no winners, a population may die out completely)
· Better suited traits = higher reproductive success = population better adapted to their environment from generation to generation
· Environmental factors vary in time and space. Thus, the selective forces are variable.
· Traits in populations will change and can modify the species
· Darwin’s Mechanism is valid because:
· It respects the principle of uniformity (Lyell and Hutton)
· The results of natural selection are visible in nature (Observable)
· The mechanism can be verified on current populations. (e.g. artificial selection)
· It is a material concept (no need for divine intervention):
· The mechanism is not random. Natural selection enables individuals that are better adapted to their environment to become more abundant than those who are not (differential reproductive success).
· Not a quest for perfection (evolution is not a directed process). It does not lead to the appearance of “perfect” traits. Organisms only adapt to their environment.
· Artificial Selection
· Finalized; there is a predetermined goal that precedes the causes. Result can be obtained in a few generations
· Selecting wild mustard plants to make broccoli, kale, etc.
· In contrast, natural selection is not finalized (whatever works best at the time); takes a long time to occur (geological time scale)
· Selective Pressures and Reproductive Advantage
· Peppered moth Example 
· Burning coal changed the environment  made it darker, darker moths are more favourable (population frequency increases)
· Countryside is cleaner  lighter trees, lighter moths were more favourable
· The unfavourable populations are not wiped out, just reduced. There is always genetic variability
· Impact of Climate on Darwin’s Ground Finches
· Drought = lowered food supply  population of 1200 adults to 80
· Seeds left over were too big for smaller beaks to eat
· Average height of beak increased significantly  favoured by selection
· Data suggested 74% traits were inherited, so 26% adapted
· Adaptation due to altitude (Qinghai-Tibet Plateau)
· Chapleau vs. Population that lived @ 3500m above SL for 22 000 years
· For regular humans, over 1500 – 2000m altitude: partial pressure of O2 is insufficient for normal saturation of hemoglobin
· Shortness of breath, altitude sickness
· Level of fitness has no impact on the ability to be at high altitudes; you either have it or you don’t
· Physiological response  acclimatization (the body compensates)
· Increases RBCs in blood
· Health risks: Thrombosis, pulmonary edema
· 22 000yr ago  certain individuals possessed better traits for surviving in high altitudes (random mutation); a population migrated to QT plateau (Gen 0) 
· Over a thousand generations, the majority of the population will have the adaptation (survival and reproductive advantage)
· Adaptation DID NOT evolve / appear in high altitude
· The adaptation was present among the variation to begin with
· However, a beneficial mutation may have appeared, but it is much less likely
· There are multiple ways to achieve the same goal
· Andes  increase in RBCs; Tibet Plateau  Increase blood flow
· The adaptation is a result of the source population; the population that went to the Andes had different mutations
· Adaptations are not the same as acclimatization
· Summary: hereditary traits that give a reproductive advantage will be favoured. Thus, from generation to generation, there will be a higher percentage of individuals carrying the adaptation. This is natural selection, Darwin’s descent with modification, evolution.
· These adaptations can sometimes redefine a species and, in certain circumstances, define a new species.
Midterm Take up:
· If genetic variability between populations  gene flow is also an option on top of mutation
· Allopatric speciation of meadowlark
· Geo barrier  stoppage of gene flow between population
· In population isolation  adapted to environment
· Adaptation can trigger reproductive output (isolating mechanism
· Bird was ethological mechanism  their songs
· No hybrids in area of sympatry = success
· Sexual dimorphism  precisely: intersexual selection
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