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History of Evolutionary Thought
Aristotle (384 -322 B.C.E)
· Scala Natura – examines various organisms in natural environments – hierarchy of being
· Innate objects  and living species = fixed characteristics
· Ladderlike classification of nature – Great Chain of Being  
· Simple  most complex


Natural Theology (1700s)
· All organisms created by god 
· Species 
· never change
· never become instinct
· new species could never arise

Carl von Linne (1707-78)
· Ad majorem Dei Gloriam (for the greater glory of God)
· Linnean system (FATHER OF TAXONOMY)
· Domain, Kingdom, Phylum, Class, Order, Family, Genus, Species

Le Compte de Buffon (1707 – 88)
· Vestigial structures – body parts w/ no apparent function
· Ex. Pig feet has 2 toes that never touch ground. 
· Question: If each species “anatomically perfect” for its way of life, why do useless structures exist?
· Noticed some animals must  have changed since creation
· Vestigial structures must have function in ancestral organisms

Jean Baptise de Lamarck ( 1744- 1829)  ***IMPORTANT TO DEVELOPMENT OF EVOLUTION
· Metaphysical “ perfecting principle” caused organisms to become better suited for environment
· Simple organism  evolved into complex
· 2 Mechanisms:
1. Principle of Use/Disuse: 
a. body parts grow in proportion to how much used
b. unused structures become weaker and shrink 
2. Inheritance of Acquired Traits:
a. Changes animal acquires during lifetime = inherited by its offspring
· 4 contributions:
1. Proposed: All species change through time
2. Recognized: Changes are passed from one generation to next
3. Suggested: Organism change in response to environments
4. Hypothesized: existence of specific mechanisms that caused evolutionary change 


Georges Cuvier (1769-1832) 
· ‘Catastrophism’: Changes in fossil forms -  a result of repeated catastrophic events (ex. Floods) and new creations
· In other words – each layer of fossils = remains of organism that died in local catastrophe
· Somewhat different species recolonized area, when another catastrophe struck, they formed different set of fossils in next higher layers

James Hutton (1726- 1797) 
· Slow and continuous physical processes  (Acting over long periods of time) produced Earth’s major geological features
· Gradualism: Earth changed slowly over its history – contrast with catastrophism 

Charles Lyell (1795 – 1875) 
· Principles of Geology – book
· Uniformitarianism: Geologic processes that sculpted Earth’s surface over long periods of time (ex. Volcanic eruptions, earthquakes, erosion, formation of glaciers) are exactly the same as processes observed today
· Contrasts with catastrophism 

Charles Darwin (1809- 1882)
· Evolution by Natural Selection
· Species change gradually through time due to interactions b/w individuals’ traits and their environment
· Animals on different islands varied slightly in form
· Plants and animals of Galapagos were descended from South American ancestors 
· Each species changed after being isolated on particular island 

TO DO LIST: 
· Define, use, and understand relevant vocabulary (including, but not limited to: theory, Lamarckian evolution, inheritance of acquired traits, evolution, Scala natura, catastrophism, etc.);
· Identify the key players in the history of evolutionary thought and their main contributions/ideas;
· Compare and contrast different historical perspectives on evolution (e.g. Lamarckian vs Darwinian, natural theology vs. evolution, catastrophism vs uniformitarianism, etc);
· Evaluate information in terms of its consistency with current and historical evolutionary theory and thinkers.

Contributions of Lamarck:
1. Species change through time
2. Changes passed through generations
3. Organisms change to fit environment
4. Mechanism caused evolutionary change

HUTTON – GradUalism
CUVIER – CATASTROPHISM
LYELL – Uniformitarianism 

WAYS TO REMEMBER THIS MATERIAL: 
Early Evolutionary Contributions
A – Always - Ar
N- Need
L- Lubricant
B- Because
L – Little
C- Children
H- Hatch
L-Lively
D- During Sex 
 Theories: 
Catastrophism,
 Uniformitarianism,
 Gradualism 











Population Genetics

· Phenotypic Variation: differences in appearance/function that – based on heritable information – are passed from generation to generation
· Ex. Colour of snail shells, diameter, mass
· Assessment of phenotypic variation within populations:
· Quantitative Variation: individuals differ in small, gradual ways (Continuoum)
· Ex. Mass of classmates vary from lightest to heaviest, height from short to tall
· Displayed in bar graph or curve (if sample = large)
· Width of curve proportional to variability  - amount of variation – among ind.
· Mean = average value of character
· Natural selection changes mean value of a character or its variability within pop’ns
· Broad, low curve = lots of variation among individuals
· High, narrow curve =  little variation
· Qualitative Variation: exist in two or more discrete states, intermediate forms = absent (Discrete)
· Ex. Snow geese have either blue or white feathers, colour of snail shells
· Polymorphism (poly – many, morphos – form) : existence of discrete variants 
· Described through calculation of  frequency 

· Phenotypic variation can be caused by:
· Genetic differences b/w individuals
· Differences in environmental factors individuals experience
· Interaction between genetics and environment
· NOTE: Genetics + Phenotypic Variation =  May not be perfectly correlated 
· Ex. Different genotype = could have same phenotype (mutations)
                    Same genotype = different phenotype? Ex. Acidity of soil can affect flower colour
*** Only genetically based variation subject to evolutionary change 
· Artificial Selection: selective breeding of animals/plants to ensure certain desirable traits appear at higher frequency in successive generations
· Ex. Observation:  Ind. House mice differ in activity levels (measured by how much they use exercise wheel and how fast they run) 
· Scientists selectively bred mice with higher activity levels to produce lines of mice that exhibit increased wheel-running behaviour compared to original pop’n

· Genetic variation (raw material)  has two potential sources:
1. Production of new alleles
a.  arise from small-scale mutations in DNA)
2. Rearrangement of existing alleles (Shuffling of alleles = many variations)
a.  large-scale changes in chromosome structure or #
b. Forms of genetic recombination 
i. Crossing-over b/w homologous chromosomes (meiosis)
ii. Independent assortment of non-homologous chromosomes (meiosis)
iii. Random fertilizations between diff sperm and eggs (genetically diff

· Gel electrophoresis = allows for detection of genetic variation 
· Underestimates GV – doesn’t detect different amino acid substitutions for proteins they code for
· Some variations detected in protein-coding regions of DNA may not affect phenotypes 
· Because they do no change amino acid sequences of proteins (multiple CODONS)
· Populations: number of individuals of same species (own genotype)
· Gene Pool: sum of all alleles at all gene loci in all individuals of a population
· To describe, identify genotypes in sample (calculate genotype frequency)
· Genotype Frequencies: % of individuals possessing each genotype   - 
· 3 Frequencies : AA , Aa, aa
· Equation:  = 1
· Allele Frequencies: relative abundances of the difference alleles 
· 2 Frequencies: A, a
· Equation: 

Hardy-Weinberg Principle
· Null model defines how evolution  DOES NOT occur
· Null models: conceptual model – predicts what would be seen if a particular factor had no effect (control)
· Hardy-Weinberg Principle: evolutionary rule of thumb – specifies the conditions under which a pop’n of diploid organisms achieves genetic equilibrium 
· Genetic Equilibrium: the point at which neither allele frequencies nor genotype frequencies change in succeeding generations 
· HW showed:
·  dominant alleles DO NOT replace recessive ones
· Shuffling of genes in sexual reproduction DOES NOT in itself cause the gene pool to change
· Mathematical model – describes how genotype frequencies are established in sexually reproducing organisms
· REFERENCE POINT for evaluating circumstances of where evolution may occur
· According to HW Principle, genetic equilibrium is possible only if all of following conditions met:
1. No Mutations
2. No Migration (entering of other populations)
3. Large Population (infinite in size)
4. All genotypes in pop’n survive & reproduce equally well (No natural selection)
5. Random mating  (ind. In population mate randomly with respect to genotypes)
· If conditions met, No microevolution occurs (genotype frequency should stop changing after 1 gen.)
· If genotype freq changes after 1 gen. or allele frequencies change over time – evolution may occur 
TO- DO LIST: REVIEW 10.1c & 10.1d
· Define, use, and recognize examples of relevant vocabulary (including but not limited to: homozygous, phenotypic frequency, allele frequency, genetic equilibrium, gene pool, carrier, etc.);
· Recall the details of the pigs simulation example (e.g. study organism, characteristics, environmental factors, results, conclusions);
· Understand and recognize the purpose of the Hardy-Weinberg Equilibrium;
· Identify and recognize examples of the five conditions for genetic equilibrium from a list or a novel situation/example;
· Calculate, predict, and interpret genotype, phenotype, and allele frequencies/numbers for a single locus, diallelic gene with simple expression patterns (e.g. dominance, co-dominance, incomplete dominance), given appropriate data and information;
· Apply the Hardy-Weinberg Principle to evaluate whether a population is evolving, given appropriate data/information;
· Predict whether a population may be at equilibrium based on a description of the population and/or environment;
· Use a X2 (chi-square) test to statistically evaluate whether a population is at genetic equilibrium (relates to lab 3).


WAYS TO REMEMBER THIS MATERIAL: 
HW Conditions: Maryam Makes Studying Seem Relaxing 
1. Mutations (None)
2. Migrations (Non)
3. Size (Large)
4. Survival + Reproduction = Equal for genotypes
5. Random Mating 
Quantitative Variation = Continuum = numbers 
Qualititative Variation = Discrete = 2 or more variants
Polymorphism:  poly = many, morphos = form

















Selection & Fitness

Charles Darwin
· Applied gradualism and uniformitarianism to living world
· Observed distribution patterns of species on Galapagos Islands
· Noted animals on diff islands varied slightly in form
· Hypothesized:
· plants and animals from Galapagos islands descended from South American ancestors 
· each species had changed after being isolated on particular island
· “Like Begets Like”: offspring resemble their parents

Struggle for Existence, Fittest Survive
· Individuals competed for food, some would starve (Malthus)
· Species produce more offspring than needed – to replace parent generation (but world doesn’t have infinite resources)
· Some members live to reproduce, others die before reproducing

Theory of Evolution by Natural Selection
· Mechanism for Evolutionary Change – Natural Selection
1. Individuals within population vary in size, form, colour, behaviour etc
2. Many of these variations = hereditary (passed from parents)
What if variations in hereditary traits enabled some individuals to survive and reproduce more readily than others? 
· Organism w/favourable traits would have many offspring, whereas other that lacked favourable traits would die, leaving few to none offspring
· Favourable hereditary traits would become more common in next generation
· And if next generation subject to same process of selection: the traits would be even more common in third gen.

How Does Darwin’s Theory Differ from Earlier Explanations of Bio-Diversity & Adaptive Traits?
1. Provided purely physical rather spiritual explanations about origin of biodiversity
2. Recognized evolutionary change occurs in groups of organisms rather than individuals. 
a. Some members of group survive and reproduce more successfully than others do
3. Described evolution as a multistage process:
a. Variations arise within groups  natural selection eliminates unsuccessful variations  next generation inherits successful variations 
4. Like Lamarck, understood evolution occurs because some organisms function better than others in a particular environment 

Natural Selection mechanism that drives evolutionary change!
Didn’t know how genetic variation arose or how it passed from one generation to the next




Natural Selection Shapes Genetic Variability By Favouring Some Traits over Others
· Natural Selection: the process by which beneficial, heritable traits traits become more common in succeeding generations
· Violates one condition from HW: all genotypes survive and reproduction equally
· Although NS Can change allele frequencies, it is the phenotype of an individual, rather than any particular allele, that is successful or not.
· When individuals survive and reproduce, their alleles – both favourable and unfavourable – are passed to the next generation 
· Lethal alleles aren’t always quickly wiped out 
· If lethal alleles = recessive, it can be in heterozygous ind. – can be passed to any of their offspring 
· Absolute Fitness: # of offspring
· Relative Fitness (w): # of offspring relative to others  
· Highest Relative Fitness = 1

** Evolution by Natural selection is consequence of different survival and reproductive success of individuals in a pop’n, due to heritable traits.
· Doesn’t mean that only  individuals with the best phenotype reproduce, nor does it mean that all other phenotypes die without reproducing
· It means that those individuals with the best phenotype have relatively more offspring than those with less beneficial phenotypes 
· Frequency of selected phenotype may increase in the pop’n
3 Modes of Natural Selection
1. Directional (traits)
a. Individuals near one end of phenotypic spectrum have highest relative fitness 
b. Shifts a trait away from existing mean toward favoured extreme  (White bears)
c. common
2. Stabilizing Selection 
a. Individuals expressing intermediate phenotypes have highest relative fitness
b. Reduces genetic and phenotypic variation 
c. Increases frequency of intermediate phenotypes (ex. Gray Bears, not white or black)
3. Disruptive Selection
a. Two extreme (at either end ) are favoured

5 Evolutionary Forces
1. Mutations
2. [bookmark: _GoBack]Selection  (Non
3. Sample Drif













	














	Agent 
	Definition
	Effect on Genetic Variation

	Mutation
	A heritable change in DNA
	Introduces new genetic variation in pop’n


	Gene Flow
	Changes in allele frequencies as individuals join a pop’n and reproduce
	May introduce genetic variation from another population


	Genetic Drift


a. Bottle Neck




b. Founder Effect


	Random changes in allele freq. caused by chance of events

Stressful factor (disease, starvation, drought) kills many individuals and eliminates some alleles from a population

Few individuals colonize distant locality and start new pop’n, then carry only small sample of parent pop’ns genetic variation. 
 By chance, some alleles may be missing from new pop’n 
--  > Other alleles might be rare “back home” might occur relatively high frequencies

	Reduces genetic variation esp. in small pop’n; can eliminate alleles



	Natural Selection
	Differential survivorship or reproduction of individuals with different genotypes 
	One allele may increase in frequency or allele variation can remain the same 

	Non-random Mating
	Choice of mates based on their phenotypes and genotypes
	Does not directly affect allele frequencies, but usually prevents genetic equilibrium 










Minerals


Plants


Animals


Humans


Gods



