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January 8, 2014 – Lecture 0 
Science: 3 Key Methods 
1. Experimentation 
a. Hypothesis generation and hypothesis testing. 
· In experimental research one part of the experiment is called the treatment, the comparative part is called the control (the same set of circumstances as the treatment, treatment includes something additional to do experiment)
· Repeating a treatment can be referred to as a trial or replicate 
2. Descriptive science or discovery science (observation: collection of data, measurement, analysis of data)
· Empiricism – careful measurement and observation
· Mensurative experiments (without manipulation)
3. Model building 
· Models are representations of ideas, structures or processes 
· Models may range from lifelike representations to symbolic schematics 
· Can be highly mathematical
January 10, 2014 – Lecture 1 (chapter 3, section 1, p. 39-41, 55-56)
Mendel’s idea: each parent plant has 2 factors for a particular character, but only gives one to its egg (in  the ovary) or to its sperm (in the pollen)
1. Factors are in pairs 
2. When 2 different factors for a character are in an individual, one factor is dominant
3. When the organism makes gametes, the factors segregate randomly so that each has a 50% chance of being in a particular gamete 
· He had no knowledge of  chromosomes or of meiosis 
· This is a model that is set for further testing 
Theories in science: a scientific theory is a much broader than a hypothesis
· Broad in scope
· General enough to generate new hypotheses 
· Supported by a large body of evidence (i.e. continually tested and found not to fail)
· Not merely an idea
Theories unify biology as a science 
· The Cell Theory: organization of life 
· The Gene Theory: molecular basis of inheritance 
· The Theory of Evolution: history and diversity of life 
Developing Ideas about Evolution
Theory of Special Creation vs. theory of evolution 
1. Involvement of a deity (creator). Supernatural creator vs. natural processes 
2. Explanation of special creation takes place in a relatively short period of time, evolutionary biology has been taking place for much longer
3. Special creation is fixed, in biology living things on earth have changed dramatically 
4. Organisms have an essence (typological thinking), essential form, variations aren’t important (in special creation). Evolution: the important thing is the differences among individuals – there is not one essential organism, the differences are of the utmost importance. Typology vs. variability
5. Special creation: hierarchy with humans at the top. In evolution humans are not at the top, all organisms living right now are successful. 
Progressive thinking: if applied to evolution it means there is a principle that things are always getting better. 
Charles Darwin 1809-1882
· Came up with idea “descent with modification”
· Didn’t use “evolution”, people later on did 
Origin of species – 2 major points
1) Evidence that the many species of organisms currently in existence are descendants of different and now extinct ancestral species
Ie. Descent of modification  
2) Mechanism of evolution: natural selection 
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Modern view commonly held 
· Pre-1859 – exclusively a belief in G-d-centred Creation 
· Post 1859 – descent with modification through natural processes 
Scientific knowledge 
· Advances with genius (Darwin)
· Also incrementally as it benefits from the work of many, from cultural change, from technological advances etc. 
Factors: 
1. Philosophical culture:
· Age of enlightenment (age of reason) – convey the idea to bring people out of the dark ages. Apply the ideas of logic, shed light on the world, and don’t just have to accept ideas that were handed down. 
· A belief that the material world could be deciphered with logical thought and observation/measurement 
· Resists hegemony of religions 
Age of Enlightenment poem: talks about start of life, idea of progressiveness. This represent viewpoint that has been achieved at this point in time (by: Erasmus Darwin – Charles Darwin’s grandfather)
Voltaire (freedom of expression, separation of church and state)
2. European Imperialism 
· Europeans were travelling everywhere, and were documenting what they were finding and experiencing 
Alfred Russell Wallace 
· Co-credited with idea of natural selection
· Very middle class 
· “Aristocratic” but from a family whose fortunes were in decline 
·  Commercial collector 
· Alfred Russell Wallace: explorer, collector
· Came up  with idea of natural selection as well
3. Farming 
· Artificial selection 
· In artificial selection, humans have intentionally modified other species over many generations by selecting and breeding individuals with desired traits. Different than natural selection because environment chooses what is bred, artificial selection is chosen by humans 
· Example: start with wild mustard plant – artificially selected to make other plants such as broccoli, kale, cauliflower, kohlrabi 
4. Geology 
· Charles Lyell – gave Darwin a book right before Darwin’s trip, had idea of uniformitarianism (everything that is happening now, happened before). Darwin was very much influenced by this book. (1830)
· Sedimentary rocks – rocks in layers, where many fossils are found. Derivative rocks – derived from other materials  
5. Paleontology 
· Study of fossils 
· Fossils: 
· Remains or traces of organisms from the past
· Mostly in sedimentary rock 
· Formed in rock or generate from ancient sand and mud that settled 
· Georges Cuvier (older than Darwin) 
· First to extensively document extinct organisms 
· Labelled an earlier era as an “age of reptiles” 
· Associated with the eventual widespread acceptance of extinction 
· He discovered: pterodactyl, mosasaur
Fundamental Cuvier principles – articulated a Principle of the Correlation of Parts 
· The deeper the strata, the more dissimilar the fossils are from current life 
· Moving upwards, certain species disappear and new ones appear – fossils seemed to be restricted to specific periods of time
Paleontology (ctd.)
Cuvier – not an evolutionist, world’s foremost anatomist, he could not believe in changing forms incrementally. 
He was a ‘catastrophist’ – he associated extinctions with catastrophe 
Mary Anning 
· Family business collected seashells and sold them as curio 
· She discovered giant fossils, one of the greatest fossil hunters
· never got credit because she was a woman and low class 
Jean Baptiste de Lamarck (1744-1829)
· contemporary of Cuvier 
· evolutionist 
· published his theory of evolution in 1809, the year that Darwin was born 
· saw evolution as striving 
· life driven from simple to complex 
·  his ideas were progressive 
· Complex species descended from microbes 
· Microbes continually generated spontaneously 
· Adaptation occurs through inheritance of acquired changes 
2 ideas: 
· Use and disuse idea: body parts that are used extensively become larger and stronger and this influences hereditary material 
· Inheritance of acquired characteristics: that these characteristics acquired by use and disuse are inherited 
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1st Misconception: based on Lamarckian ideas: organisms evolve adaptations that they “need”
· Evolution cannot identify needs 
· Mutations do not occur because they would be adaptive in an environment 
2nd misconception based on Lamarckian ideas: evolution results from individuals adapting to environment
· Evolution only works on inherited traits 
· Acquired changes are not passed to offspring 
· it works in a population or gene pool over generations
 Patterns of diversity are consistent with evolution (pp. 41-43)
Two major predictions of evolution 
1. species are not static but change through time 
· evidence for change through time
a. vastness of time 
b. extinction 
c. transitional features 
d. vestigial features 
e. real-time examples of change 
2. species show varying degrees of relatedness (from their common history) and so are not independent 

1. aging rocks and fossils 
· most fossils are in sedimentary rocks, formed by sediments laid down in water 
· we know relative ages by their vertical order
· younger strata on top 
· fossils in higher strata will be more similar to modern organisms 
· strata at different horizontal locations can be correlated as well by “index fossils”
· a useful index fossil has to 
· exist for a relatively brief period of time 
· have a wide distribution 
· used for correlating rock layers from widely separated locations 
· what about absolute ages?
· Absolute does not mean errorless or exact but it means we determine a quantitative figure rather than simply saying older or younger 
· Most common technique is radiometric dating 
· Based on decay of radioactive isotopes
· Isotopes differ in # of neutrons but not # of protons 
· Some isotopes are stable and other isotope are radioactive 
At what rate do radioactive isotopes decay?	
· Half-life: the time it takes for half of the parent radioactive element to decay to a daughter product 
· Carbon-14 is for “recently dead” things. Potassium-40 is used for older things. Similarly uranium-238 is used for very old rocks
· The half-life of nickel-63 is 100 years; it decays into copper-63. If the ratio of ni-63 to cu-63 is 1:3 the sample is 200 years old. 
3600 – oldest microfossils 
3200 – photosynthetic cyanobacteria 
1700 – oldest eukaryotes 
440 – invasion of land by plants and fungi 
250 – first dinosaur and mammals  
3. Extinction 
a. Living species succeed fossil species 
· True extinction is the end of a lineage 
· Pseudoextinction or phyletic is the disappearance of a species that has changes into one or more currently existing species 
· Phyle means tribe or group; the extinction is within a changing set of species over time
· This necessitates a corresponding speciation (anagenesis)
· True extinction is the end of a lineage
4. Transitional features 
· A character in a fossil species that is intermediate between older and younger species in the lineage 
· Example: amphibians – gradual change over ~20 million years from limb suitable for aquatic environment to limb suitable for terrestrial environment 
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Other examples of transitional series: 
1. Vascular tissue in plants (for water transport)
2. Feathers in dinosaurs and bird descendants 
· Small dinosaur skeletons found with feathers, lizard bodies with feathers on them. This form no longer exists but still considered transitional 
3. Loss of limbs in snakes 
4. Vestigial structures 
· Features that are left over from the past, feature that is no longer needed 
· A structure or behaviour of marginal, if any, importance to the organism, due to its reduced or incompletely developed state 
· Takes a long time for the complement of genes to collectively become dysfunctional and for the feature to disappear, gets smaller over time 
· But similar to a functioning structure or behaviour in other species 
· Example: a lot of vertebrates that live in caves have vestigial eyes (eye socket of cave salamander)
· Legs and hip bones of boas and pythons 
· Wings of flightless birds 
· Exaptation: when a feature starts off being used for one purpose then becomes used for a different purpose 
5. Change in ‘real time’
· Example: resistance to antibiotics in tuberculosis bacterium (exposure to antibiotics)
· Change in beak size in accordance with changes in environmental conditions (change in climactic conditions)
· Multiple changes in guppies when predation  exposure changes (new predators)
· Note that in each case, the population is exposed to a new set of environmental conditions 
B. evidence for relatedness of species 
· “Descent from common ancestors” (CA)
· Two themes: (1) biogeography (2) homology – features that are similar among different species by virtue of sharing a common ancestor. Three types: a. genetic b. developmental c. structural  
Biogeography
· The study of the geographic distributions of species or groups of species 
· Major observation: more similar species tend to be found in same geographic regions 
· Groups of organisms that are restricted to certain parts of the earth is consistent with the view that they evolved in one place
Homology 
· The study of likeness
· Striking similarities exist in the parts of different species often  even when those parts are put to different uses 
· Homology: similarity that exists among 2 or more species on account of sharing a common ancestor 

1. Genetic Homologies
· Genetic code for amino acids is universal 
· Organisms as dissimilar as humans and bacteria share genes – relatively similar in proteins they make 
· Anatomical resemblances among species are generally connected to their molecules, genes, and gene products (I.e. proteins)
· Humans and fruit flies share a gene that determines where eyes will develop. 54 of the 60 amino acids are identical (same at same position)
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Homology has applications:
· Especially research on non-humans where we can apply findings to human health 
· For example, we can predict the function of gene sequences in humans if we know the function of those sequences in study organisms
2. Developmental Homology 
· For animals, this is evident in embryos
· Example: human and chick embryo look more similar than they do as adults both have a post-anal tail (don’t exist in adult humans) and pharyngeal pouches – these 2 features are thought to be in the common ancestor 
· Many animals are bilateral: one lengthwise cut makes two mirror images
· Example: flatfish is consistent with having normal bilateral fish as ancestors. Later on they become flat on the bottom 
3. Structural Homology 
· Analogy and homology 
· Bird’s wing and dragonfly’s wing (analogy) both have wing for flight but have arisen independently. Both ancestors don’t have wings. They have independently evolved over time – different origins  
· Bird’s wing and whale’s flipper (homology)- derived from same skeletal segments, homologous structures may or may not have the same function (not both for flying but both for propulsion)
· Phyle: greek for tribe, in the sense of a related clan
· ‘Gen’: to create (as in genesis, generate, gene/genetics, progeny)
· Phylogeny: history of evolution of group of species. Specifically the lines of descent and branching in a phylogenetic tree 
· “internal consistency”
· This describes the pattern where different branches of evidence support or are consistent with other branches 
· Example: plate tectonics – moving of continents. If geologic evidence is used with biologic evidence, consistency is seen 
· Example: evolutionary trees (phylogenies) use body parts or gene sequences.
Hardy Weinberg Equilibrium p. 65-70
Gene: a unit of hereditary information consisting of a sequence of nucleotides 
Allele: one alternative form of a gene that has detectable phenotypic effects
Locus: the place on a chromosome where a gene is found
Haploid: a cell with one copy of each chromosome 
· In most vertebrates, this is only sperm and egg cells (“germ cells” or gametes)
Diploid: a cell with 2 copies of each chromosome (“homologous pairs”)
· In most vertebrates, body cells (“somatic cells”)
Homozygous: both alleles for a gene are the same  
Heterozygous: the two alleles for a gene are different 
Genotype: the genetic makeup or set of alleles of an individual organism
Phenotype: the visible or otherwise measurable characteristics of an individual organism resulting from genetic and environmental influences 
Population: a group of interbreeding individuals living in a spatially defined area 
Gene pool: the aggregation of genes in a population at any one time 
· All the alleles
· At all gene loci 
· In all individuals
· In the population 
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ABO Blood 
· 6 genotypes, 4 phenotypes 
· A allele produces the A sugar protein
·  Chromosome 9 is home to the locus where the ABO alleles are found 
Evolution: change in allele frequencies of a population over time 
Hardy-Weinberg Equilibrium 
· In Punnett square, the row and column titles are gametes, therefore haploid
Hardy-Weinberg Theorem 
1908: presented independently by both (hence the name)
Theorem: frequencies of alleles and genotypes in a population’s gene pool remain constant from generation to generation if the only process at work is meiosis 
· This theorem describes a population that does not evolve
· Shows that Mendelian inheritance preserves genetic variation in a population
1 = p^2 + 2pq + q^2 – genotype frequencies in next generation
P^2 – homozygous for one of the alleles 
Q^2 – homozygous 
2pq – heterozygous 
P + Q = 1 – these are for gametes in the population 
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Consequences: 
1. The coin tossing function of meiosis prevails 
2. Population allele frequencies will not change from generation to generation 
3. Genotype frequencies can be predicted 
HW equilibrium is a null hypothesis or no evolution 
· Because evolution is a change in a population’s allele frequencies between generations 
· In HW equilibrium there is no change in allele frequencies between generations
HW Equilibrium requires 5 conditions to be met:
1. No natural selection is occurring 
2. No genetic drift is occurring – not favoured in a logical sense but favoured in a random sense, some alleles become more common randomly
3. No gene flow is occurring – can be thought of as migration (ancestors from other part of the world) – brings genes in and out
4. No mutation is occurring – modifies allele frequencies by continually introducing new alleles 
5. Mating among individuals in the population is random (non-random) – doesn’t change allele frequencies, but it does alter genotype frequencies
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Natural Selection
Darwin returned from his trip in 1836 at the age of 27
2 questions 
1. could a new species arise from an ancestral form by the gradual accumulation of adaptation to the environment the species occupied?
2. If so, how?
1844: Long essay on the Origin of Species 
· Circulated among his friends, some who were interested, others who were reluctant 
1859: Origin of Species  
· says biodiversity is dynamic and not static 
· There is a relatedness among species best explained by common ancestry 
· Claytonia virginica is an Ontario woodland herb with flowers that vary from white to pink. Slugs prefer to eat pink flowering over white-flowering plants. Bees also prefer to pollinate pink. If a researcher removes all slugs from a study area, the percentage of pink flowers should increase over time. 
Ways of summarizing natural selection 
· Ernst Mayr’s way is generally the way used to construct the argument (20th century biologist)
· 5 observations and 3 inferences flowing from those observations
· Argument #1: exponential growth. Example: Manitoba maple tree but happens in all species
· Argument #2-Resources are finite: leads to competition for available resources 
· Argument #3: Despite this over-production and because of resources limitations, most populations remain relatively stable over long periods meaning there is widespread death – too many progeny for the amount of resources most things don’t make it (not applicable for humans in this day). Over time the population size plateaus (carrying capacity)
· Inference #1: Production of more individuals than the environments resources can support, leads to a struggle for existence meaning only a fraction of the population survives
· Argument #4: members of a population vary extensively in their characteristics, no 2 individuals are exactly alike
· Argument #5: much of the variability we see is heritable
· Inference #2: Some heritable variability is connected to survival and reproductive success. Individuals whose inherited traits give a high probability of surviving and reproducing are likely to leave more offspring than other individuals. 
· Inference #3: the gene pool changes accordingly
· A good test for the theory of natural selection would be exposing a population of rapidly replicating organisms to an environment that kills a large percentage over the course of many generations and then comparing the final generation to a population that was never exposed to that environment
4 postulates (from textbook)

These selected traits will increase in frequency in the population from one generation to the next causing evolution, a change in the genetic characteristics of a population’s gene pool over time
Evolutionary Adaptation: accumulation of inherited characteristics that enhance a organism’s ability to survive and reproduce in particular circumstances 
Fitness: contribution to next generation
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Can you determine if the recessive allele (f) will get progressively rarer in the gene pool over time?
If everything stays the same (if it is in HW equilibrium) then it will not become rarer or more common 
Fitness:
Darwinian fitness: the ability or actual performance of an individual to produce offspring, relative to that ability in other individuals in the population 
Relationship among natural selection, adaptation and fitness
· An adaptation is a heritable trait produces by natural selection that increases an indivdiual’s fitness in a particular environment
Natural selection: a population can change over generations if individuals that possess certain heritable traits are more successful by leaving more offspring than other individuals. The individual does not evolve 
· The success of the mechanism – natural selection – took longer to be accepted 
· By the 1930s, there was general consensus as Mendelian genetics and Natural Selection were merged in one theory 
Theory of Evolution by Natural Selection 
· Construct research programs based on Darwin’s postulates
Cod hunting
· Mean age has dropped from 6 in 1960 to 3 in 1970 
· Cod hunting is an example of natural selection 
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· Darwinian evolution is a subset of evolution, proceeds by natural selection
· Accordingly Darwinian Evolution results in adaptation
· Change in a population’s allele frequencies over time due to natural selection 
Disruptive selection:
· favours individuals at both ends of the phenotypic range, it occurs when two different opportunities are available
· 
Directional selection 
· Most common when population is faced with new environmental circumstances 
· Average phenotype changes in one direction
· Tends to reduce genetic diversity
· Continuous traits are polygenic 
· Favoured alleles eventually reach a frequency of 1 or 100% - these alleles are said to be fixed. Alleles that are no longer found in the population are said to be lost
· 
· 
Countervailing selection
· As a fitness trade off
· Form of selection where one set of circumsatnces pushing a phenotype one way but some counter circumstances pushing the phenotype the other way 
Stabilizing selection
· Intermediate variants are favoured
· The mean trait doesn’t change 
· Pattern during periods of stability
Purifying selection: any type of selection where variation is reduced
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Misunderstanding Natural Selection 
· p-prim: deep-rooted ideas that explain phenomena 
· highly automatic, intuitive and shallow processing components that are used for cognition 
“the sun goes around the earth each day” is a p-prim because
· It’s not formally learned or expressed
· its intuitive
· it’s a useful tool – seems consistent with some phenomenon
p-prims in natural selection 
a. somebody is in charge – anthropomorphic thinking 
b. the needs of an organism generate evolutionary solutions – teleological thinking
c. the process drives towards complexity and perfection – progressive thinking
d. an entire population transforms uniformly as it adapts – typological 
· anthropomorphism: example from Origin of Species – language used such as working/choosing. Natural selection is doing something
· teleological – organisms evolve traits when they need them – natural selection does not grant organisms what they need  
· progressive thinking: looking backwards, life has become more complex over time, but there is nothing about Natural Selection that requires that. P-prim: we are the end point 
· typological – species hae ‘essences’ and members of a species must have all criteria required to achieve that essence 
· within a species, variation represents non-essential aspects of the species 
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Phylogenetic inertia – phylogeny: evolutionary change, Inertia – resistance to change 
Examples of inertia:
· vestigial structures – 
· genes from the past are influencing present phenotypes
· vertebrate eye vs. cephalopod eye 
· developed in separate phylogenies
· vertebrates” nerve fibers route before the retina, blocking some light and creating blind spot 
Imperfect solutions
· e.g. heterozygote advantage – sickle cell anemia 
· in malaria areas, it is best to be AS (hetero) – good oxygenation and sickle malaria resistance
Natural selection can reduce but not eliminate many genetic diseases
· if a disease is a caused be a dominant allele it is always exposed to selection 
· AA will beselected against
· Aa will be selected against
· aa will not
example: huntington’s disease
· neurological degenerative disease 
· dominant
· doesn’t show up until late 30s or early 40s 
· generally after people have bred 
pleiotropy 
· one gene codes for a protein that is used in different cell types or codes for a signal protein with effects on different cell types 
· example: ~40% of cats with white fur and blue eyes are deaf 
Fitness trade-offs
· selection for one phenotype often precludes selection for an alternative phenotype
· most fundamental trade-off: how much is invested in survival and how much is invested in breeding (fecundity)
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Jackson’s widowbird 
Lengthened tails in experiment showed greatest fitness for males 
Natural selection 
Ecological 
· genetic adaptations related to survival are favoured
· adapttions for viability -> viability selection 
sexual 
· genetic adaptations related to reproduction 
Most fundamental trade-off
· investment in survival: growth, maintenance, competitiveness
· vs. 
· investment directly in reproduction 
· e.g. human birth weight 
Sexual Selection 
· a subset of natural selection where the selective forces are the reproductive features and behaviours of conspecies 
· conspecific: a member of the same species 
· “natural selection for mating success”
Why are females and males so different?
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Genetic Drift, Gene Flow & Mutation 
· Genetic drift: favoured allele based on luck 
· More pronounced in small populations
· Generally in genetic drift one allele becomes fixed – in one locus there’s only one allele left 
· Founder effect:
· When a few individuals become isolated from a larger population 
· This smaller group may form a new population 
· Bottleneck effect:
· Leading to small populations through loss of majority of population
· Example: 2 Great Tit populations on island of vlieland 
· Birds born in the west often have grandparents from the mainland 
· Birds born on east have grandparents from the island 
· High gene flow in the west from the mainland, mainland birds are less well adapted to the island woodland types
· There is low gene flow in the east 
· Those who have a purer lineage tend to have a higher fitness (east)
· Mutation 
· experiment: 12 of the same lineages that live in the same glucose broth that’s changed every 24 hours 
· 6 of the lineages have the era minus allele – if they grow on auburn they turn red 
· 6 have the era plus allele – they grow on auburn and turn white 
· Periodically with the initial populations you can freeze them and can preserve the starting point 
· 30,000 generations later take lineage 10 put it on auburn plate and bring the frozen ones and inoculate the same plate
· There is now competition on the plate comparing the new population to the old population and see who wins in terms of growth 
· Conclusion: descendant populations have higher fitness than do ancestral populations
· Relative fitness increased in sudden bursts over time 
· There is 1 lineage that did suddenly better that is a combo of 3 mutations that allowed it to consume something in the broth to maintain pH – the bacteria developed a mutation to do this
· Non-random mating 
· Inbreeding:
· Genetically there is a problem
· Inbreeding increases homozygosity, effectively taking alleles from heterozygous and statistically packaging them into homozygotes 
· Does not cause evolution, allele frequencies do not change 
· Inbreeding depression 
· Depression in fitness
· Inbred individuals have lower fitness on account of increased homozygosity 
· Many recessive alleles represent a loss of function mutations 
· Most mutations produce a less effective or dangerous defective protein 
· Generally harmless in heterozygotes
· Many genes are under selection for heterozygosity 
· Inbreeding does not change allele frequencies on its own 
· Interbreeding can facilitate and even accelerate purifying selection 
Why are males and females often so very different?
· For female mothering: mothering are big costs 
· Also lost opportunity 
· Asymmetries in sexual reproduction 
· Generalization that the more mates the higher the fitness 
· Females are allowed to be choosy 
· 
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Do sexually selected traits really pay off?
· If a red-winged blackbird’s red shoulder patch is blackened he loses his territory and harem 
· Males’ mating success is highly variable in many species, and almost always more variable than females’
· This accounts for much of males’ advertising and fighting
· A large percent of males don’t get a chance to reproduce 
· Variation in reproductive success for females is lower 
Bateman-Trivers Hypothesis 
· First, sexual selection acts more strongly on males than on females 
· Sexual selection acts more strongly on the sex making a lower investment in reproduction 
· Second, the mechanism is based on investment: sperm is cheap 
Consequences
· Females often produce fewer young in her lifetime compared to men 
· Her fitness is not limited by access to mates but by access to resources (and time)
· Potentially, a male can sire an almost limitless number of offspring
· His fitness is limited by his access to mates 
Natural (Sexual) Selection
1. Organisms overproduce 
2. Yet population generally stay stable
3. The availability of females is finite
a. 1st inference: struggle for reproductive success
4. Individuals in a population vary in their sexual behaviours and adornments
5. Much variability is heritable 
a. 2nd inference: those with favourable sexual traits tend to leave more offspring 
b. The gene pool will change
Given that male reproductive success is highly variable…
· … there are great genetic rewards for males that succeed 
· Why?
· Higher fitness 
· Also, there are potentially great genetic rewards for females that “play the game”
· More successful offspring
Males must surpass 2 obstacles
· Intrasexual selection – within 
· Compete with one another for territory, status, resources 
· Sexual dimorphism is a frequent consequence – different shapes 
· Direct competition among one sex for mates of the opposite sex
· Selective force: conspecific males – the same species 
· Intersexual selection 
· Mate choice 
· Behaviours between sexes in which the choosing sex selects a partner from the other sex (normally female chooses male)
· Often referred to as “mate choice”
· Often make choices based on colour, displays, performance 
· Selective force: conspecific members of the opposite sex 
· There are numerous cases of sex role reversal, but they’re not as common. 
· Example: phalaropes 
· Females are larger and more colourful, once lay eggs they give them to the males and go on to reproduce again, can have 3 or 4 males at a time 
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Lecture #11A – What is a ‘species’, and its place in biological classification?
Modern classification began in the mid-1700’s
· Carolus Linnaeus: “Father of classification”
· Swedish: 1707-1778
· He was a typologist 
· Sought to classify life’s diversity “for the greater glory of G-d”
· Had desire to get all the world’s specimens and he tried to organize them on similarity
2 contributions that we still use:
· Ranked classification 
· His system ultimately established 7 categories
· They are hierarchical, so they are called ranks
· Every species is associated with a name at every rank
· Example: monarch butterfly
· Kingdom – Animalia
· Phylum – arthropoda 
· Class – insecta (6 legged arthropods)
· Order – Lepidoptera 
· Family - Nymphalidae (brush footed butterflies)
· Genus – Danaeus 
· Species – plexippus
· Example: bluebirds – 3 different kinds, some have rusty throat some all blue depending on where they’re from (east, west, mountain)
· Typological view: originally created in their current forms (immutable, pre-evolution)
· Resemble one another
· Name system should reflect close resemblance 
· Evolutionary view: evolved into these current forms (mutable)
· Related to one another by evolutionary history 
· Name system should reflect evolutionary history 
· Original classification: categories represent degree of similarity 
· Modern classification: categories represent degrees of relatedness 
· 2-part (“binomial”) names – system is still used: genus, species (specific epithet)
Lecture 11B – the concept of ‘species’
What is a species? 
· Species are truly distinct real entities or 
· The species is an idea we have imposed in nature
· Definition: an evolutionarily independent population or group of populations
Speciation 
· Process to explain the current and the changing diversity of species on Earth 
· But current species are not fixed genetically, so it’s difficult to draw boundaries around species
· Although some species remain apparently the same for long periods, evolution is a continuing process as natural selection never relaxes 
· Speciation is the process that produces new species from an ancestor species 
· Under most models, species are not created instantly but over long periods of time 
· Species characteristics change over time 
Species definitions 
· We consider morphology (body form) as well as physiology (internal functions), biochemistry, DNA, geography, and behaviour (mating)
· The biological species concept involving reproductive isolation 
· If 2 populations may be separated in space or in some other way and there is no gene flow within them then they are independent and that represents reproductive isolation 
· Can lead to speciation, provided isolation is sufficiently long lasting
· Can then maintain separate gene pools as separate species  
· Populations whose members have the potential to interbreed in nature to produce viable and fertile offspring 
· Reproductive compatibility within species – opposite of reproductive isolation 
Pre and post zygotic barriers 
· Serve to reproductively isolate a population from other gene pools 
· Any barrier from preventing gametes from getting together are pre 
· Post zygotic barrier: egg and sperm have gotten together but there is some barrier that is preventing them from becoming fertile adults
Pre zygotic barriers:
1. Habitat isolation 
· Desert animals stay in desert, forest animals stay in forest so the never mate 
2. Geographic isolation 
· Example: fresh water dolphins in the amazon and also salt water dolphins can never mate 
3. Temporal isolation 
· One species has breeding season in winter and one in the summer 
4. Behavioural isolation 
· Example: blue footed boobies, complicated prenuptial dance, always precedes copulation. There are other boobies with other dances. 
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5. Mechanical isolation 
· Example: highly complex genitalia (lock and key) that vary considerably between otherwise closely related species 
6. Gametic isolation 
· Example: sea urchins have external sexual fertilization. Red and purple urchins cannot mate
Post zygotic barrier 
1. Reduced hybrid viability 
· Hard time surviving 
2. Hybrid sterility (or reduced fertility)
· 2 sunflowers produce a flower that is less fertile than either of the parent species 
Disadvantages of Biological Species Concept 
1. Only for sexual species 
2. Only for non-fossil species 
3. Never tested for geographically separated populations that are similar or only marginally different 
Morphological species concept 
· Body shape, size, other structural features 
· Original method used by Linnaeus and others
· There are some challenges in drawing sharp boundaries
· Great amount of subjective-ness or arbitrariness when deciding a species solely based on shape 
· Species that appear very similar are called cryptic species 
· Example: damselflies, they really only differ in details of their reproductive organs 
Advantages of morphological species 
· Applies to asexual organisms 
· No information needed on reproductive isolation 
Paleontological species concept 
· Morphological SC applied to fossil record 
Ecological species concept 
· A set of organisms exploiting a single set of resources 
· Having the same range of environmental tolerances
· And facing the same set of neighbors: parasites predators and competitors
· Best for asexual species as they are distinguishable by resources, tolerances and their relationships to other species
Phylogenetic species 
· Based on reconstructing evolutionary histories 
· Definition: the smallest monophyletic group on the tree of life 
Speciation – Lecture 12a
Time scale of evolution 
· Generation to generation changes -> microevolution 
· Change in allele frequencies in population over time 
· Sex plays a big role in generating phenotypic diversity
· Evolution of new species through major accumulated changes and reproductive isolation -> speciation 
· Evolution of major new body forms, metabolic processes, etc.-> macroevolution
· Change above the species level 
· Appearance of major developments 

· Ex. Dramatically different body forms 
· Feathers
· Blood warmness
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Monophyletic group = clade 
The phylogenetic species concept 
· Under this concept, a species is defined as the smallest monophyletic group on a tree that compares populations 
· Recall that populations are inter-breeding groups, not inbreeding 
· On such a phylogenetic tree, each tip is a phylogenetic species. 
Synapomorphy:
· Traits found in certain groups of organisms that exist in no other organisms 
· They are shared due to shared ancestry (they’re homologous)
· E.g. fur and lactation are synapomorphies that identify mammals as a clade 
· E.g. placenta is a synapomorphy for a group of mammals 
· According to fossil records, monotremes are the most ancient mammals, they can lay eggs (e.g. platypus) 
· Eutherians = placental 
Speciation: isolation, allopatry and sympatry – 12B
· Speciation: when gene flow between populations of an existing ‘species’ is reduced or eliminated 
· Genetic isolation happens routinely when populations physically separate 
· Allopatry: if there is physical separation (usually geographic) we ca;; that allopatric cladogenesis
· Allo: ‘other’
· ‘patria’: father, referring to fatherland 
· Allopatric speciation is a process that occurs between gene pools that are separated physically 
· Two ways:
· Dispersal (ie. Founder effect)
· Vicariance 
· Dispersal occurs when a population moves to a new habitat, colonizes it
· Colonization events often cause speciation because the separation reduces gene flow and…
· Genetic drift via founder effect 
· And natural selection – may promote divergence 
· Vicariance isolates population 
· When glaciers serves as physical barriers, are thought to be responsible for the origin of many modern species 
· Over the longer term, continental drift – the movement of continental plates explained by theory of plate tectonics –physically separated species 
· Sympatry: splitting gene pool but not physically separating different derivative parts 
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Lecture 12B
Sympatric speciation e.g. Hawthorn Maggot Fly 
· Found on haws or hawthorns 
· Lay eggs in the fruit 
· Then apples were introduced to north American and they mature more quickly than haws 
· In nature we see positive assortative mating 
· Individuals that were raised in an apple tend to choose partners that are raised in an apple and vice versa
· DNA sequencing shows that there are now genetic differences between the two populations
· Hawthorn flies prefer the scent of haws over apples and vice versa – this is an adaptiveness because they find this scent and adapt to the new opportunity
· If we hybridize the two species their scents were confused 
· They have different breeding seasons 
Sympatric speciation and polyploidy 
· Cells with more than 2 copies of each chromosome are said to be polyploids
· Polyploidy leads to speciation – if populations become isolated, it is unlikely that a single normal mutation by itself could cause them to diverge appreciably
· Mutations that result in a doubling og chromosome number poduce autopolyploid individuals
· In these individuals the chromosomes all come from the same species 
· Polypoidy leads to sympatric cladogenesis – tetraploid individuals are genetically isolated from wild-type individuals because they produce diploid gametes rather than haploid gametes 
· If gametes from the 2 population combined the resulting zygote would be triploid 
· Triploid individuals produce gametes with a dysfunctional set of chromosomes 
· Some triploid individuals reproduce asexually 
· Polyploidy leads to reproductive isolation – the gametes of a triploid individual rarely contain the same number of each type of chromosome. When gametes combine, offspring almost always have an uneven (dysfunctional) number of chromosomes 
Ontario’s Gray Treefrog 
· It is a tetraploid 
· Diploid eggs and sperm – self-sustaining system 
Autopolyploidy 
· Ontario maidenhair ferns 
· These were the offspring of a parent that produced diploid gametes and then self-fertilized 
Allopolyploidy 
· May occur after 2 similar species hybridize 
There are numerous possibilities under recontact 
· Not enough divergence in the intervening time 
· Pre zygotic barriers
· Post zygotic barriers
· Hybrid zone
Reinforcement 
· If 2 populations have diverged genetically enough, hybrid offspring will likely have lower fitness 
· This lower fitness reinforces the reproductive isolation, even if it is not complete
· Sibling species in sympatry are often unwilling to mate with 1 another 
Hybrid zone
· Here, when 2 sister species come into contact after a period of isolation, there is a hybrid zone between them where the population shows mixed 
Three islands in the Galapagos Islands Archipelago 
· When each species is alone it has a broad general beak size 
Phylogenetic trees: the unity and diversity of life
· Branches represent pops through time 
· Tips are the trees endpoints and represent living groups or a groups end in extinction 
· Nodes occur where an ancestral group split into 2 or more descendant groups
· Polytomy is a node where more than 2 descendant groups branch off 
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Building trees: estimating phylogenies 
· Reseacrhers analyze morphological and/or genetic characteristics
· There are 2 general strategies: phenetic and cladistic (modern way)
· Phenetic approach: based on computing a summary based on overall similarities of the taxa considered 
· Cladistic approach: focuses on synapomorphies, the shared derived characteristics of the species under study 
· When many such traits have been measured, traits unique to each monophyletic group are identified and the groups are placed on a tree 
Distinguishing homology from homoplasy
· Homology: shared trait by virtue of sharing ancestry 
· Analogy: similarities based on something other than shared ancestry 
· Homoplasy
· Gene sequences can be the same and can be assumed that they were based on shared ancestry, but it could be that they independently arose. 
· Homoplasy occurs when traits are similar for reasons other than common ancestry 
· Morphological example of homoplasy 
· Dolphins and ichthyosaur lineages are far apart on the evolutionary tree suggesting that they aren’t closely related – when saying far apart it means far apart when connecting to CA (relationship through the trees)
· They have independently arisen but have similar traits 
· Homology example (DNA)
· Hox genes – can be found in fruit flies and humans 
· Convergent evolution occurs when natural selection favours similar solutions to the problems posed by a similar way of life 
· Parsimony is a principle of logic stating that the most likely explanation or pattern is the one that implies the least amount of change (keep it simple)
· Convergent evolution should be less common compared with similarity due to descent so that the tree implies that the fewest overall evolutionary changes should be the one that most accurately reflects what happened during evolution 
· Most parsimonious means fewest changes 
Adaptive radiations and mass extinctions 
· Mass extinctions 
· The rapid extinction of a large number of lineages scattered throughout the tree of life (huge amounts of numbers in a short period of time)
· Mass extinction are caused by catastrophic events 
· 5 mass extinctions are recognized (the big 5) – the most catastrophic extinctions was the end-Permian extinction, the most famous was the end-Cretaceous extinction (dinosaurs)
· Background extinction 
· The lower, average rate of extinction, represents normal loss due to environmental  change, disease or competition 
· Mass extinction is extraordinary, sudden, temporary 
· Background thought to result from natural selection 
· The end-Cretaceous 
· 65 million years ago
· Also claimed more than half of marine species 
· As well as many land plants and animals – not just dinosaurs 
· Impact hypothesis: proposes that an asteroid struck the earth and caused extinction 
· Iridium band on strata 
· Iridium is rare on earth, common in extraterrestrial bodies like asteroids 
· End Permian
· 96% of all marine species died out 
· 5.5% of the way back to the start of the earth 
· 30% of insect orders died out 
· Majority of vertebrates 
· Occurred during period of massive volcanism 
· Climate change likely
· Ocean currents change probably 
· O2 depletion in water and ocean acidification 
· Disruption of the carbon cycle 
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    Adaptive Radiations 
· Instances of rapid diversification associated with new ecological opportunities or new morphological innovations 
· After cretaceous extinction, a lot of diversity was lost 
· Marine diversity remained low for 4-8M years 
· Common example: mammals diversified to fill the niches left empty by the extinction of the dinosaurs 
· Within 10-15M years, all major mammal orders had appeared 
Adaptive Radiations Often Produce “Star Phylogenies”
· More technically referred to as a polytomy – rapid speciation 
· Speciation rate is so rapid that the order of branching cannot be resolved
Ecological opportunity 
· Example: Caribbean has many lizards, but each island has their own set
· Sometimes a lizard can travel to a different island (founders)
· On 2 islands of Jamaica and Hispaniola the same 4 ecological types evolved but they appear to be different species  
· From each of the 8 species they extracted DNA and looked to see how similar the sequences were 
· When they looked at the DNA data, they saw that the founders were not similar 
Morphological Innovation
· Example: the flower which enabled plant to exploit animals to complete outbreeding for them (by transferring pollen) -> more than 250K flowering plant species today 
· Sex life of plants is dependent upon animal partners 
· Example: evolution of feathers and wings in a group of dinosaurs about 160M years ago -> powered flight -> more than 10k living bird species 
· Example: Cichlids (fish) they have been able to radiate in fresh water systems. They have complicated mouth architecture allowing for specialized food processing
· Example: bats have evolves sonar, allowing them to inhabit caves and to feed in low light conditions -> about 1000 living species – bats are the most diverse group of mammals on earth 
Ecology 
· Focuses on how organisms interact with organisms 
Key concepts 
· Physical structure – determines relationships between species especially aquatic – limits distribution and abundance of species 
· Climate – limits the distribution and abundance of terrestrial species 
· Modern context: climate change is a significant change in the selective environment of species 
· Climate varies with latitude, elevation and other factors 
· Climate changes fast around globe
· Meaning factors of natural selection are also changing 
· In addition to abiotic aspects of the environment there are also biotic and historical
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Species are limited by 
· Biotic factors 
· Other species 
· Abiotic factors
· (physical factors)
· Historical factors
· Evolutionary history
The scale of ecological study 
· In ecology, researchers work at four main levels:
· Organisms – individual organisms
· Populations – numbers and distributions of individuals in the same species
· Communities – interactions among different species
· And ecosystems – communities and abiotic components 
· Organismal ecology 
· Example: Ontario painted turtle: how does this turtle interact with her environment and with other organisms in her pond? How does she cope with non hibernation to hibernation transisition? How does she mate 
· Population ecology 
· A population is a group of individuals of the same species, focusing on numbers and distribution 
· Example: African elephants: what regulates population size? How are reproductive behaviours influenced by opportunities within the population? How will humans influence population stability?
· Community ecology 
· A comminuity conists of the species that interact with one another within a particular area 
· Study the nature and consequences of interactions among species 
· Also analyze groups of species
· Example: thistle flower, pollinating bee, clear-wing moth: are flowers as dependent on pollinators as pollinators are on the flower?
· Does the flower prefer one pollinator over the other?
· Ecosystem ecology
· Consists of all organisms – abiotic and biotic 
· Experiment 
· After tree swallows occupy nest boxes in spring scientists added a surplus of new boxes. New tree swallows came and occupied new boxes; this is an example of population ecology. 
How do ecology and conservation efforts interact?
· The 4 levels of ecological study are synthesized and applied in conservation biology 
Behavioural Ecology is a major branch of organismal ecology 
Definitions
· Ethology: study of animal behaviour
· Behavioural ecology: scientific study of behaviours of organisms in the natural environment
· Instinct: behaviour pattern that reliably develops and promotes a functional response to a releaser stimulus from the very first stimulation (automatic)
· Fixed action pattern: a sequence is innate, highly stereotypes response triggered by a well-defined, simple stimulus 
· Learning: a durable and usually beneficial behaviour pattern traceable to experience 
· Operant conditioning: trial and error learning in which behaviour is modified according to the delivery of rewards 
· Imprinting: a form of irreversible learning in which exposure to certain key stimuli early in life form an association 
· Innate: no modification through learning 
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Behavioural Ecology operated at two explanatory levels:
· Proximate: an immediate, underlying cause based on the operation of internal mechanisms possessed by an individual 
· Generally: “How?”
· Mechanisms
· ontogeny
· Ultimate: the evolutionary cause 
· Generally: “why?”
· Evolutionary history  
· Fitness consequences
· Example: young geese follow and imprint on their mother
· Proximate: during an early stage young geese observe their mother moving away and calling for them
· Ultimate cause: for survival
5 Questions of Behavioural Ecology 
1. What should I eat?
2. With whom should I mate?
3. Where should I live?
4. How should I communicate?
5. When should I cooperate?
Case study: Ontario’s White-throated Sparrows
· Example of negative assortative mating 
· This species exhibits a plumage dimorphism: tan and white, not based on sex 
· There are 4 categories: tan male, female, white male, female 
· Differences between morphs: males 
· White males sing more and are more aggressive than tan males – communication 
· White males set up territories in more open habitat – where should I live?
· White males contribute less to raising their young – when should I cooperate [with mate]?
· White males are more likely to sire young outside the pair bond (“extra pair mating”) – commonly sires one egg in nearby nest – multiple pairs in nest 
· Tan males sing less and are less aggressive
· More closed habitat
· Care more for young
· Less likely to sire young outside the pair bond
· Differences between morphs: females
· White females sometimes sing and are more aggressive – hormone: how should I communicate
· White females migrate earlier in the spring than tan females – territory: where should I live how should I get there
· White females contribute relatively less to raising the young
Chromosomal Inversions 
· In most species, small inversions go undetected 
· Top bird: both chromosome 2’s’ are acrocentric 
· This is probably the original or ancestral state is acrocentric (asymmetrical)
Why mate assortatively?
· Tan x tan would be strong in parental care but bad in territorial behaviour 
· White x white matings would be strong in territory but deficient in parental care 
· Tan x white works out the best – natural selection forces this negative assortative mating as this is the most successful pair 
Why does inversion produce morphs?
· Inversion on chromosome 2 appears to modify expression of secondary sexual characters 
· White birds, being brighter and more aggressive appear masculinized
· Perhaps the inversion causes genes responsible for feminization of secondary sex characters to be turned off
Population Ecology - chapter 10 p. 239
Demography 
· Demography is the study of the vital statistics of a population and how they change over time (life expectancy, sex ratio, age groups, etc.)
Life Tables 
· Summarizes the probability that an individual will survive and reproduce in any given year over its entire lifetime
· Biologists focus on generations – the average time between a mother’s first offspring and her daughter’s first offspring
· Age-specific summary of survival pattern of a population 
· Made by following the fate of a cohort (all individuals in a particular age group)
Survivorship 
· Key component of life table: proportion of offspring produces that survive on average to a particular age 
· To analyze patterns, biologists create a graph caller a survivorship curve 
· A plot of the logarithm of the number of survivors vs. age
·  
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· There is a trade-off between survival and fecundity – high survivorship=low fecundity, vice versa 
· Example: Experiment using kestrels (small falcon), enlarged brood size, reduced brood size and normal brood size (control). Larger brood sizes caused smaller amount of parents to survive the following winter. Those who raised less than normal lost fitness but survived more the following year 
The role of life history 
· Life history traits form a continuum 
· Organisms with high fecundity tend to grow quickly, reach sexual maturity at a young age and produce many small eggs and seeds 
Reproductive investments
· Example: species that exhibit semelparity (breeds once and dies) 
· Species that exhibit iteroparity (repeated reproduction, produce offspring repeatedly)
Population growth 
Why is it important to study?
· We wish to understand population dynamics
· We are interested in managing and conserving wildlife populations 
· Human population growth influences everything: public policy, agriculture, public health, etc. 

· N = population size
· Delta to mean change in 
· Pop growth is the change in the number of individuals over the change in time 
· Declining growth rates are still growth rates 
· m = birth rate 
· d = death rate 
· r = intrinsic rate of growth / (m-d) must be little “r” 
· exponential growth = rN, the rate of growth x population size 
· when birth rates per individual (m) are as high as possible and death rates per individual (d) are as low as possible, r reaches a max value called the intrinsic rate of increase: rmax = population reached its max
· the bigger r is, the steeper the growth 
· example: rabbits can have multiple litters of multiple young per year, from a young age 
· the per capita rate of increase (r) is the difference between the birth and death rate. R=m-d
· if R0>1, then it is a growing population (net reproductive growth rate of pop)
· is r>o, then it is a growing pop (intrinsic growth rate of the population), r<0, decline
· rmax – this is unlikely. Pops are likely to remain mostly stable and generally are lower than max 
· r values in various species are likely to be different and likely to vary over time. Due to conditions and location 
Exponential growth 
· standard growth model for iteroparous species is an exponential growth curve 



this is density independent growth – because density of individuals is disregarded or irrelevant. Growth is independent of size of population – this is not realistic
· Malthus – wrote an essay on populations and said that the power of population is indefinitely greater than the power in the earth to produce subsistence for man 
· Environmental resistance: combo of external factors that keeps a pop from reaching or maintaining max growth rate 
· When density is the factor keeping r from reaching rmax this changes growth from being density independent to density dependent 
The Logistic Growth Model 
· In this model, the per capita rate of increase declines as K is reached 
· Exponential model is modified based on density 
· K is the max number of individuals the habitat can support indefinitiely. K>=N 
· Is N is below K the population should continue to grow 
· A pop’s growth rate should be proportional to (K-N)/K
· deltaN/deltaT=rmaxN((K-N)/K)
· when N is small, this equation approaches 1
· when N is large, this equation approaches 0
April 2, 2014
In S shape graph – “inflection point” is the steepest slope 
Carrying capacity is a population size – when n = max or when n = k 
Logistic growth depends upon the idea of carrying capacity (K)
· exponential growth cannot be sustained for long in any population 
Logistic Growth 
· Notice that the graph has 3 sections : 1. Growth is exponential, 2. Growth rate begins to decline
K can change as circumstances change 
Summary: what limits rates and population sizes? 
1. Population sizes can change due to density independent and density dependent factors 
2. Density-independent factors are usually abiotic. They change birth and death rates irrespective of population size
3. [bookmark: _GoBack]Density-dependent facrors are usually biotic, they changein intensity as a function of population size
