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Microevolution: Genetic Changes Within Populations

Evolution: Change through time
What is Biological Evolution: Change is allele frequencies in populations
Microevolution: changes within species, natural selection, other evolutionary forces, smaller scale
Macroevolution: changes between species, multiple genus, larger scale, through DNA etc.  
Requirements for Evolution: Evolution requires heritable changes in DNA, populations evolve through mutation, genetic drift, migration, natural selection

“Nothing in biology makes sense except in the light of biology” Theodosius Dobzhansky [1973]

How does Evolution affect my life?
· Penicillin: product of Penicillium mould, represents an evolved response to bacteria, first antibiotic drug based on a naturally occurring substance, 4 years of use – 14% of Staphylococcus strains resistant, by 1950 – more than 50% resistant, resistant bacteria still kills 30,000 to 40,000 Americans each year.
· Phenotypic Variation: Heritable variation in appearance and/or function, phenotypic plasticity
· Quantitative Variation: Characteristics with a range of variation, controlled by multiple genes, can be measured [egg. Height]
· Qualitative Variation: Characteristics with distinct states, POLYMORPHISMS – Distinct variants of character, eg. Presence of spines = Yes or No
· Genes & Environment
· Genotypes & Phenotypes are not completely correlated: Phenotypic variation due to genetics, environmental differences, or both//only genetic difference in phenotype heritable
· Experiments to determine connection between phenotypes and genotypes: keep genetics constant, vary environment// breeding experiments (Mendel), selection experiments 
· Where does genetic variation come from?
· Genetic Variation:  arises due to new alleles [ from mutations], recombination [from crossing over, independent assortment, random fertilization] // is the heart of evolution, variation can be assessed both qualitatively and quantitatively // can measure evolution as changes I allele frequencies in populations 
· Considerable genetic Variation in Population: 2 types of artificial selection, dogs & Brassica, are a testament to this
· Assessing Genetic Variation: Can assess observable phenotypic variation [when phenotype = genotype] eg. Mendel’s pea experiments, snapdragons // can measure genetic variation directly, many cheap and high-throughput methods, many based on the Polymerase Chain Reaction [PCR]
Gel Electrophoresis: Each well of the gel is loaded with a sample from one individual fruit fly. An electric current is passed through the gel. The proteins in each well migrate toward the positive electrode according to their charge and size. // The gel is then stained with a biochemical agent that produces color in the presence of ADH enzyme. 
Population Genetics
· Populations are made up of individuals of the same species, each with its own genotype
· For evolution to occur, individuals within a population must differ genetically
· However, not all populations are evolving
Population Genetics
Population: group of individuals of the same species that live in the same area and interbreed, producing fertile offspring // on average, individuals within a population are more closely related than to members of other populations // different populations of the same species may be isolated from each other such that the gene flow is rare 
Gene Pool: can characterize a population’s genetic makeup by describing its gene pool // This is the sum of all alleles at all gene loci in all individuals // Identify the genotypes and calculate genotype frequencies // Knowing that diploid have 2 alleles of each gene, [eg. AA, Aa, or aa], we can calculate allele frequencies. 
P & Q
For loci with 2 alleles, we use the symbol ‘p’ to identify the frequency of one allele and ‘q’ to identify the frequency of the other alleles
SNAPDRAGON: Genotype Frequencies
Genotype Frequencies: represent how the CR and CW alleles are distributed among individuals 
· 45% have the CRCR genotype (0.45) 
· 50% have the CRCW genotype (0.5) 
· 5% have the CWCW genotype (0.05) 

Snapdragon: Allele Frequencies
Allele Frequencies: represent the commonness or rarity of each allele in the gene pool
· 70% of the alleles are CR – thus [p = 0.7]  
· 30% of the alleles are CW – thus [q = 0.3] 
· The sum of the allele frequencies must sum to 1 [p + q = 1: 0.7 + 0.3 = 1]
· The Hardy Weinberg Principle
To ask whether a population is evolving, we can first determine what the genetic makeup of the population would be if it were not evolving at that locus // This is called a null model // We can then compare this scenario with data from a real population.
The frequencies of alleles and genotypes in a population will remain constant from generation to generation, provided that only Mendelian segregation and recombination of alleles are at work // such a population is in Hardy Weinberg Equilibrium.
The Hardy-Weinberg Equilibrium
Is possible only if all of the following conditions are met:
 1. No mutations are occurring 
2. No gene flow (the population is closed to migration from other populations) 
3. The population is infinite in size (very large) 
4. No natural selection (all genotypes survive and 
reproduce equally) 
5. Individuals mate randomly with respect to genotypes 
The Agents of Microevolution
1. Mutation
2. Gene Flow [Migration]  
3. Genetic Drift
4. Natural Selection [Non Random Mating]
Mutation
· Spontaneous heritable variation in DNA 
· Rare event, significant over long time scales
· Major source of heritable variation
· Deleterious mutations are harmful to organisms
· Lethal Mutations = Death [may persist if recessive]
Types of Mutations
Neutral Mutation: Neither harmful or helpful [silent mutations do not alter amino acids // amino acid change may not change protein function]
Advantageous Mutation: benefits an organism [natural selection may favour organisms with mutation]
Gene Flow [Migration]
· Movement of alleles across different populations
· May be the movement of individuals [eg. Seeds] or gametes [eg. Pollen]
· Life history, behavior may enhance gene flow
· Dispersal agents [eg. Blue Jays] enhance gene flow
Natural Selection: A process in which individuals that have certain inherited traits tend to survive + reproduce at higher rates than others because of those traits // SURVIVAL IS NOT RANDOM
Fitness: How we measure natural selection
Relative Fitness: The contribution an individual makes to the gene pool of the next generation, relative to others // Natural selection is variation in reproductive success
Types of Natural Selection
· Directional Selection: favours individuals near one end of the phenotypic spectrum
· Stabilizing Selection: favours individuals with intermediate phenotypes
· Disruptive Selection: favours individuals with extreme phenotypes
Selection can be based on mating success!!!
· Sexual Selection: The competition for mates
· Still Natural Selection
· This competition can be between rivals for the affection of a potential mate

Do females select mates on the basis of “good genes”?
· Female gray tree frogs prefer males that give long calls [don’t really care for short call frogs]
Natural selection can actually serve to maintain variation
· [bookmark: _GoBack]Often called balanced polymorphisms [ ex. Heterozygote advantage, frequency dependent selection] 
Evolution is just a theory, not a fact!
Theories + Laws
· Law of gravity: if you drop something, wit will fall to the ground.
· This is a description, it does not say why
Evolution
· Things Evolve
· Evolution usually happens gradually
· Speciation Occurs
· All species share common ancestry
· Much of evolution change was caused by natural selection
Natural Selection: Beak Shape of Birds
Daphne Major: Not a nice environment, harsh surroundings (?)
· Lemurs  Tarsiers  New World Monkeys  Old World Monkeys  Gibbions  Orangutans  Gorillas  Chimpanzees  Hominids [us]
What happened to the chromosome shared between humans and chimpanzees?
Predictions
1. It was lost, we didn’t need those genes
2. When God made us, he distributed the genes differently, didn’t need as many chromosomes
3. There has been a fusion event
Compelling Evidence for a fusion event, conservation of gene structure/order, common ancestry!!
Predictions based on Evolution
· If life originated on earth in the distant past and then we evolved, we should see evidence in the fossil record
· If evolution occurred within lineages, and those lineages sometimes split then we should see change in species or morphology through the fossil record
· If creatures share a common ancestry, then we should see transitional forms
· We should see evidence of retrodictions and vestigial characters
· We should be able to see evidence of natural selection
Predictions based on evolution
· If life originated on earth in the distant past and then we evolved, then we should see,
· That the first detectable traces of life on earth should be simple forms
· And only later would more complex forms appear

What is the fossil record?
· Occurs when organismal features are preserved long after death [tissue to stone, stone fossils, lack of oxygen]
· Fossil record is incomplete [soft bodies preserved less than hard, rare species, lack of sedimentation, highly dependant on conditions  few were fossilized 
Geological Dating
· Geological strata arranged in order formed [oldest deepest, geological processes may move strata after formation]
· Fossils in particular strata represent relative age [radiometric dating from isotope half life provides absolute age]
Predictions based on evolution
· If evolution occurred within lineages, and those lineages sometimes split:
· Then we should be able to find examples of traits and species gradually changing in the fossil record
· And we should sometimes see one lineage dividing in to two or more in the fossil record
Predictions based on evolution
· If all creatures share common ancestry, then:
· We should be able to find transitional forms that connect modern groups with their common ancestors
We should see evidence of retrodictions and vestigial characters!!!
Predictions Based On Evolution
· Can also have vestigial genes [dead genes]
· Human fetal yolk sac [empty]
· Do we have genes for making yolk proteins [like birds]?
· Yes, 3, but they’re all broken/deactivated!!!!!
· We also have genes for making Vitamin C [eg. rabbits, horses can make Vitamin C, we can’t]

Predictions on evolution
· Retrodictions in biogeography
· Lack of endemic mammals, amphibians, and freshwater fish on oceanic islands [eg. Lord Howe, Galapagos]
· Rises de novo from sea, devoid of life
· Mammals on continental islands [Madagascar]
· Many plants, birds, and insects were easier to disperse???
· Life is similar to nearest mainland
Convergent Evolution
· Similar niches occupied by different organisms
· Adaptive radiations occurred in allopatry
· Mammals/Marsupials
· Evolution of the eye
· This is different from the conservation of structure seen between human hands and bird wings
Predictions Based on Evolution
· Imperfections [Wisdom teeth, Pharynx, Hernias]
Predictions Based on Evolution
· If life originated on Earth in the distant past and then evolved, we should see evidence in the fossil record
· If evolution occurred within lineages, and those lineages sometimes split, then we should see change in species or morphology through the fossil record
· If creatures share a common ancestry, then we should see transitional forms
· We should see evidence of retrodictions and vestigial characters
· We should be able to see evidence of natural selection
Lecture 8 Lecture: Classification & Phylogeny
Biologists trace Phylogenies 
Phylogeny: the evolutionary history of a species or a group of species
· To construct phylogenies, biologists utilize systematics – discipline focused on classifying organisms and determining their evolutionary relationships
· Using fossils, morphology, molecules, genes, and DNA
Study of Systematics Provides Essential Information
· Systematics enhances understanding of evolution
· Identifying species is crucial to biology
· Control agriculture pests and diseases
· Identify endangered species, manage wildlife
· Choose plants and animals for research’
· Data for testing homologous vs. analogous relationships
Hierarchal Classification
· Common names  convey meaning in casual usage [monkey, finch, lilac]
· They can be confusing  some do not accurateky reflect the type of organism
· Jellyfish
· Ladybird
· Slow worm
· To avoid ambiguity, we use Latin scientific name
· Instituted in the 18th century by Carolus Linneaus
· Ex. Leopard = Panthera Pardus
· Linneaus also grouped them into a hierarchy of increasing inclusive categories
· Several species within the Panthera genus
· Panthera Pardus [Leopard]
· Panthera Leo [ African Lion]
· Panthera Tigris [Tiger]
· Panthera Onca [Jaguar]
· Related Species are grouped into the same Genera [sing. Genus]
· Genera group into Family
· Family Group into Orders
· Orders group into Classes
· Classes group into Phyla
· Phyla group into Kingdoms
· And more recently Kingdoms into Domains
· Similar to a postal address
· Person in an apartment, in a building with many apartments, on a street with many apartment buildings, in a city with many streets, etc..
A mnemonic to remember:
Did King Philip Come Over For Great Spaghetti
Domain, Kingdom, Phylum, Class, Order, Family, Genus, Species
Hierarchical Classification
· Evolutionary history of organisms can be represented in a grouping diagram called a phylogenic tree
Characters must be Independent
· Systematic characters cannot have environmental phenotypic variation
· Systematic characters must be independent
· Multiple characters may be controlled by same gene [ called pleiotropy]
Homologous Characters
· Homologies
· Homologous characters result from common ancestry
· Fundamental to systematics
· Similar structure and embryonic formation
Homoplasy
· Homoplasies [Analogies]
· Analogous characters do not result from common ancestry
· Not used in systematics
· Are the outcomes of convergent evolution [eg. Flight, eyes, halteres]
· Traits that are similar for reasons other than inheritance from a common ancestor are called homoplastic traits or homoplasies.
· Traits may be ancestral or derived, depending on the point of reference in phylogeny.
· Bird feathers are ancestral in birds, but derived when considering all living vertebrates.
Characters
· A trait that was present in the ancestor of the group is ancestral.
· A trait that differs from the ancestral trait is called derived
· Derived traits that are shared among a group and are viewed as evidence of the common ancestry of the group are known as synapomorphies
· The vertebral column is a synapomorphy of all vertebrates.
· Derived characcters can be determined from fossils and embryos
· Derived characters appear later in development
· Outgroup Comparison for derived characters
Outgroup Comparison
· Evolutionary reversal: A character reverts from a derived state back to the ancestral state.
· Ex. Most frogs do not have lower teeth, but the ancestor of grogs did. One frog genus has regained teeth in the lower jaw.
Monophyly
· Principle of monophyly
· All systematics uses monophyletic taxa
· Monphyletic taxa include one ancestral species and all its descendants
Polyphyletic and Paraphyletic Taxa
· Polyphyletic taxa 
· Include species from separate lineages
· Not intentionally used in systematics
· Paraphyletic Taxa
· Contains an ancestor, and some but not all descendants 
· How Are Phylogentic Trees Constructed
· Typically constructed using hundreds or thousands of traits.
Parismony
· Principle of Parismony [Occam’s Razor]
· Simplest explanation most likely to be correct
· Unless other data suggest more complicated explanation
· Evolutionary change is an unlikely event
· Evolution of character twice is extremely unlikely
· Evolutionary trees are derived characters appearing once are most parsimonious
· Minimize the number of evolutionary changes that must be assumed  the fewest homoplasies.
How do Researchers Estimate Phylogenies?
· Researchers analyze morphological and/or genetic characteristics to infer phylogenetic relationships among species
· 2 general strategies to estimate trees:
· Phenetic Approach
· Cladistic Approach
· Phentetic Approach – based on computing a statistic that summarizes the overall similarity amoung populations.
· Software that builds a tree that clusters the most similar populations and places more divergent populations on more distant branches
· The Cladistic Approach  to inferring trees focuses on synapomorphies,  the shared derived characters of the species under study.
· A Synapomorphy is a trait that certain groups of organisms have that exists in no others.
· When many such traits have been measures, traits unique each monophyletic group are identified and the groups are place on a tree in the appropriate relationshipto one another.
How do we reduce the number of trees?
· Thankfully, computer software often does this for us.
· A tree with 60 taxa would not be considered large by today’s standards.
· First start is often based on parsimony
· Modern alternative is maximum likelihood

Distinguishing Homology from Homoplasy
· Parsimony is a principle of logic stating that the most likely explanation or pattern is the one that implies the least amount of change
· Convergent evolution and other causes of homoplasy should be rare compared with similarity due to shared descent, so the tree that implies the fewer overall evolutionary changes should be the one that most accurately reflects what happened during evolution.
Molecular Characters
· DNA, RNA, and Amino Acid changes reflect evolution
· Molecular character advantages
· Abundant data
· Easier comparison of distant or very close relations
· No direct environmental effect
· Molecular character disadvantages
· Only 4 states in nucleotides, 20 amino acids
· Base changes may have evolved independently
Molecular Clocks
· Molecular Clock	
· Rate of DNA mutation in different genome regions
· Allows indexing time of divergence
· Each DNA sequence has different clock tic [mosaic evolution]
· Noncoding regions have more constant tick
· Calibrate to fossil record
Analysis of Molecular Characters
· Sequence of amino acids or nucleotide bases reflects evolutionary relationshisps
· Less similarities in sequence means more distant relation
· Sequences must be aligned to same position
· Mutations can change length of DNA
Diversity
· Number of living species may be as great as 100 million
· First living forms [species] observed 3.8 billion years ago
· 99% of all species that have existed on Earth are now extinct
Species
· Smallest independently evolving unit
· Species follow independent evolutionary trajectories
· Defining species is extraordinarily continuous
· About 22 different species concepts
Why it Matters …
· 5 – 10 different subspecies of giraffes, distinctions partly based on geographic range and pelage pattern
· There are abrupt transitions between pelage types in some areas that are not obviously associated with geographic barriers to the movement of giraffes
· By analyzing mitochondrial DNA sequences and nuclear microsatellite loci, it has been established that giraffes show 6 genealogically distinct lineages
What Are Species
· Linnaeus described species based on their appearance  the morphological species concept
· Members of species look alike because they share many like alleles
· He originated the binomial system of nomenclature
· Males & Females may not look alike 
· Immature individuals may not look like their parents
· Other types of information must be used to determine species
Biological Species Concept
· A species is a group of organisms that can interbreed and produce fertile offspring
· Problems with biological species
· Asexual organisms
· Species that hybridize and produce fertile offspring
Phylogenetic Species Concept
· A species is a group of organisms bound by a unique ancestry
Ecological Species Concept
· A species is a group of organisms that share distinct ecological niche
Why the Controversy?
· Species are dynamic, evolving individuals, but we attempt to force them in to rigid classes
· Species are real evolutionary groups and not categories which are created as a direct function of perceived distinction
The ‘issue of species’ is not an issue at all!!
· Life is always in transition!!!!!
· All extent taxa are changing, in one way or another
· Nature does not conform to our boundaries of classification
· Taxa in question may be at various stages of divergence
Diversity
· Number of living species may be as great as 100 million
· About 6-7 million are insects [90% of animal life]
· First living forms [species] observed 3.8 billion years ago
· 99% of all species that have existed on earth are now extinct
This “issue of species” is not an issue to nature
· Life is always in transition
· All extent taxa are changing, in some way or another
· Nature does not conform to our boundaries of classification
· Taxa in question may be at various stages of divergence
Speciation
· When gene flow is reduced between populations, they may then diverge genetically as a result of mutation, natural selection, and genetic drift
· This genetic divergence may eventually lead to speciation, the creation of new species
· Usually, speciation creates two or more distinct species from a single ancestral group
Types of Isolation
· Prezygotic Isolation occurs when individuals of different species are prevented from mating
· Postzygotic Isolation occurs when individuals from different populations do mate, but the hybrid offspring produced have low fitness and do not survive or produce offspring.
· The criterion of reproductive isolation cannot be evaluated in fossils or in species that reproduce asexually. In addition, it can only be applid to populations that overlap geographically.
Prezygotic Isolation
· Isolation prior to mating, prior to the zygote
· Breed in different places
· Breed at different times
· Sexual selection  females only attracted to same species
· Genitalic incompatibility
Postzygotic Isolation
· Isolation occurs after fertilization
· Sterile hybrid  eg. Horse + Donkey = Mule
· Reduced fitness of hybrids
· Polyploidy
Isolation and Divergence in Allopatry
· Genetic isolation happens when populations become physically separated
· Physical isolation occurs by dispersal or vicariance
· Dispersal occurs when a population moves to a new habitat, colonizes it, and forms a new population
· Vicariance occurs when a physical barrier splits a widespread population into subgroups that are physically isolated from each other.
Isolation & Divergence in Allopatry
· Speciation that begins with physical isolation via either dispersal or vicariance is known as allopatric speciation
· Populations that live in different area are said to be in allopatry
· Biogeography  the study of how species and populations are distributed geographically  can tell us how colonization and range-splitting events occur
Dispersal & Colonization Isolate Populations
· Colonization events often cause speciation because the physical separation reduces gene flow, and genetic drift via the founder effect causes the old and new populations to diverge rapidly 
· In addition, natural selection may cause divergence if the newly colonized environment is different from the original habitat
Vicariance Isolates Populations
· Vicariance events during the last ice age, when glaciers served 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 the theory of plate tectonics  separated species physically
· Eg. Ratite Birds [large, flightless birds]
Vicariance Isolates Populations
· Physical isolation of populations via dispersal or vicariance produces genetic isolation, the first requirement of speciation
· When genetic isolation is accompanied by genetic divergence dueto mutation, natural selection, and genetic drift, speciation results
Isolation & Divergence in Sympatry
· Populations or species that live in the same geographic region [close enough to mate] live in sympatry
· Researchers used to think that speciation could not occur among sympatric populations because gene flow is possible
Can Natural Selection Cause Speciation When Gene Flow Is Possible?
· Under certain circumstances, however, natural selection can overcome gene flow and cause sympatric speciation
· Speciation may occur because even though populations are not physically isolated, they may be isolated by preferences for different habitats
Sympatric Speciation  Example
· Hawthorn trees are native to North America
· The Hawthron fruit is eaten by the larvae of the hawthorn maggot fly, Rhagoletis Pomonella
· There are Parasites!!!!  Parasitoid wasps try to lay eggs in the maggot’s body, paralyzing and ultimately killing the maggot
Hawthorns
· Hawthorns are native Nort American shrubs in the genus Crataegus
· Hawthorn fruits range between 5 mm and 20 mm in diameter, with an average of 12.6 mm
Apples
· Apples belong to the genus Malus
· Domesticated apples [Malus Dometicus] were introduced to North America in the 1600s. They are the most widely grown fruit in North America.
· A typical commercial apple has a diameter of 70 mm.
Rhagoletis Host Shift: When apples were first introduced to North MAerica, the larva of Rhagoletis pomonela started feeding on them.
Apple vs. Hawthorn: The Maggot’s Viewpoint
· The large apple fruit provides 220 times more food than hawthorn fruit 
· But the nutritional quality of hawthorn fruit is superior:
· 52% of hawthorn maggots survive vs. 27% of apple maggots

Apple vs. Hawthorn: The Risk of Attack

· Larger fruits of apples are much deeper than hawthorn fruits
· Apple maggots can burrow to avoid parasitoid wasps
· Apple maggots carry fewer parasitoid wasp eggs than hawthorn maggots do

Today: There Are Hawthorn & Apple Maggot Flies

· Hawthorn & maggot flies are physically indistinguishable
· However, they are genetically distinct, with different genetic profiles
· There is no geograohic isolation or physical separation between hawthorn and apple maggot flies
Hawthorn & Apple Maggot Flies
· Maggot flies tend to mate with their own kind
· Hawthorn maggot flies strongly prefer to mate on and lay fertilized eggs in hawthorn fruit
· Apple Maggot flies strongly prefer to mate on and lay fertilized eggs on apple fruit
· There is only a 4-6% hybridization rate between hawthorn and apple maggot flies
Can Natural Selection Cause Speciation When Gene Flow Is Possible?
· This switch to a new host species reduces gene flow leading to disruptive selection
· As a result, natural selection may be able to overwhelm gene flow and cause speciation even though the current Rhagoletis races are sympatric 
How Can Polyploidy Lead to Speciation?
· If populations become isolated, it is unlikely that mutation, by itself, could cause them to diverge appreciably
· However, a mutation that results in polyploidy  the condition of having more than two chromosomes  can cause speciation, particularly in plants
How Can Polyploidy Lead to Speciation
· For example tetraploid individuals are genetically isolated from wild-type individuals because they produce diploid gametes rather than haploid gametes
· If the 2 gametes combined, the resulting zygote would be triploid. Triploid individuals produce gametes with a dysfunctional set of chromosomes.
· Eg: seedless watermelon 
Polyploidy
· Autopolyploidy from chromosome duplications withina species
· Unreduced gametes receive same n as somatic cell, error in meiosis
· Odd chromosome numbers usually sterile [except plants & fungi]
· Allopolyploidy from chromosome duplications between species
· Doubling of hybrid species chromosomes fertile
· Cell size often related to chromosome number
Chromosome Alterations
· Closely related species often differ in chromosomal arrangement
· Inversions, translocations, deletions, and duplications
· Rates of protein evolutionary divergence higher from chromosomal arrangements
· Prohibit chromosome pairing preserving new genetic variation’
· Fast speciation
When Isolated Populations Come into Contact
· What happens when isolated populations of related species come back into contact depends on many factors, but most importantly on whether the populations have diverged genetically or not
· If 2 populations have diverged and If divergence has affected when, where, or how individuals in the populations mate, prezygotic isolation exists
· In cases such as this, mating between the popuations is rare, gene flow is minimal, and the populations continue to diverge
When Isolated Populations Come Into Contact
· When prezygotic isolation does not exist, populations may successfully interbreed
· Gene flow then occurs and may erase distinctions between the 2 populations
· Other possible outcomes are reinforcement, development of hybrid zones, and speciation by hybridization.
Hybrid Zones
· Sometimes the hybrid offspring of related species possess traits that are intermediate between the two parental populations, and they are healthy and capable of breeding
· A geographic area where interbreeding between 2 populations occurs and hybrid offspring are common is called a hybrid zone
· An example of this is seen with warblers
· Hybridization often leads to extinction but sometimes leads to the origination of a new species
Reinforcement
· If 2 populations of related species have diverged extensively and are distinct genetically, their hybrid offspring will most likely have lower fitness and will not develop or reproduce normally
· This is a case of postzygotic isolation
· When postzygotic isolation occurs, there is strong natural selection against interbreeding
· Selection for traits that isolate populations reproductively is called reinforcement
· Sympatric species living in the same area are seldom willing to mate with one another
· Allopatric species living in different areas are often willing to mate with one another
· This is the pattern expected by reinforcement

The Hominids
· African hominoids diverged into several lineages between 10 & 5 MYA  one lineage, the hominids, includes modern humans and our bipedal ancestors
· Upright posture and bipedal locomotion [inferred in early hominid fossils from the anatomy of the skull, spine, pelvis, knees, ankles, & feet] distinguish hominids from apes.




