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	Analogy
	· Organs that are superficially similar but evolved from different ancestral origins
· Independent solutions for a way to function
· Both experienced natural selection for similar abilities
· Ex. wing of bat and wing of birds
· Result of convergent evolution

	Bicarbonate
	· H2CO3
· One of the intermediate products of sedimentation of calcium carbonate
· In the carbon cycle, carbon dioxide reacts with water in solution to form the weak acid, carbonic acid. Carbonic acid disassociates into hydrogen ions and bicarbonate ions.

	Biogeography
	· Founded by LeClerc
· He noticed that there are a groups of animals that are very similar to each other (and did the same things) but slightly different at different locations

	Carbon cycle
	· The movement of carbon, in its many forms, between the atmosphere, oceans, biosphere, and geosphere is described by the carbon cycle
· Carbon dissolve into water (exchange between water and air) important reaction= carbonic acid is formed  bicarbonate then react with calcium to form  carbonate salts
· This caused planet to freeze over one time
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	Carbonate
	· One of the intermediate products of sedimentation of calcium carbonate
· CO32-

	Carbonate salts
	· Ex. CaCO3-
· What sediments are made of (product of sedimentation of calcium carbonate)

	Catastrophic theory
	· Cuvier
· Reasoned that each layer of fossils resulted from organisms that died do to a catastrophic event 
· EXTINCTION IS A RESULT OF MANY CATASTROPHIC EVENTS
· Species that differ a little bit then recolonize and when they die again, form a new layer 
· Lyell’s uniformitarian theory opposes this as well as Hutton’s gradualism

	Cell theory
	· (Schleiden and Schwann – 1860)
· All living organisms are composed of cells. They may be unicellular or multicellular.
· The cell is the basic unit of life.
· Cells arise from pre-existing cells.

	Common ancestry
	· Darwin
· Different organisms evolved/descended from a common ancestor
· Organisms in a taxon should all have the same common ancestor and the ordering of the taxa should reflect the evolutionary relationships between the different groups
· Common ancestry between organisms of different species arises during speciation
· All organisms arose from a common ancestor: LUA

	Comparative biology
	· Cuvier
· Compared animals from different locations and recognized certain common morphologies that were modified in different environments
· Uses natural variation and disparity to understand the patterns of life at all levels—from genes to communities—and the critical role of organisms in ecosystems

	Constancy of species
	· Darwin
· Theory: non-constancy of species
· Variation exists within every population (us humans differ from one another)
· Also can be seen in terms of genetics

	Continental drift
	· Recent discovery
· 250 million years ago, earth had one continent: Pangea which gradually separated into Laurasia (North) and Gondwana (South)
· SLOW change that caused climate/environmental changes which thus caused organisms to evolve
· Plate tectonics movement + continental drift still occurs today: earthquake 2011 of Japan is an example

	Convergent evolution
	· Organisms that look the same but do not stem from a common ancestor (distantly related)
· Usually because they are exposed to a similar environment, different mechanisms converge to do a common function
· The marsupial fox and mammalian fox of North America and the wings of insects and birds are examples of convergent evolution

	Cuvier (Georges)
	· Studied sedimentary rocks and fossils and noticed that animals that survived in the past have disappeared: Coined the term extinction
· Extinction is a result of catastrophic events: Catastrophic theory (Noah’s arc)- each layer= remains of animals that had died in a local catastrophe
· Also noticed fossils have similar morphology to current organisms: Comparative biology
· Added phylum to the Linnaean taxonomy

	Darwin (Charles)
	· 5 years of voyage on HMS Beagle, Galapagos islands = most important stop
· Studied collection he made for years (had time and money to do so)
· Scared of publishing as it might offend Wedgewood family (his wife)
· Selective breeding /artificial selection
· Darwin’s 5 theories:
· No constancy of species: evidence= fossils, Cuvier’s extinction, transitional forms
· Common ancestry: Branching pattern- one common ancestor, organisms branches and changes over time
· Gradual changes
· Multiplication of species
· Natural selection: organisms with favourable traits survive and pass on the trait
· Natural/evolutionary taxonomy: taxonomy should reflect any evolutionary change
·  “Origin of Species” was not significant because of his findings but because of ACCEPTANCE OF THESE FINDINGS. 
· Was the FIRST NATURAL SCIENTIST TO PRESENT A COMPREHENSIVE NARRATIVE THAT WAS ACCEPTED BY PHYSCIAL SCIENTISTS. From then on, natural science was considered a true valid science.

	Darwin (Erasmus)
	· Translated Linnaeus into English
· Zoonomia (Laws of Organic life)
· Temple of nature (poem): first to think that there has been a gradual change in the organisms – life appear in oceans as microscopic forms, then move to land where there is vegetation to evolve into animals/fish/bird

	Descent with modification
	· Evolutionary alteration and diversification of ancestral species
· All organisms arose through descent with modification
· Preserve favourable traits and eliminate unfavourable ones
· Branching pattern for theory of evolution

	Divergent evolution
	· Common ancestor, but evolved to create new species
· common ancestral structure that has diverged to perform different functions
· Ex. Pentadactyl limb found in humans, bats, whale

	Evolutionary taxonomy
	· Organisms of the same taxon must share common ancestor
· Order of taxa should reflect evolutionary relationships between groups

	Extinction
	Cuvier coined the term– sedimentary rocks contained remains of animals that had survived in the past but didn’t exist anymore

	Fitness
	Darwin’s definition of fitness: having the favourable traits that enables them to survive and pass on their trait to the next generation by producing offsprings 

	Fossil record
	Cuvier – put fossils together and realized that they have similarities in anatomy with living specie
Today: Pangea, can look at continental drift to look for transitional fossils
-ex) record did not have soft-body organisms, found it in northern china, could fill in the fossil record

	Germ theory
	Pasteur: Boil nutrient broth and leave in straight neck flask (goes bad) vs bend neck flask (doesn’t go bad). Concluded that the organisms came from the air outside and is not generated spontaneously

	Historical narrative
	Based on induction/observations

	Homology
	· Characteristics that are similar in two species because of common ancestor (ex. Pentadactyl limb)
· Product of divergent evolution
· Variation of same bone structure between whales and bats and humans
· Structure had diverged because of different environments
· Ex) fish amphibians: bone jaw connected to scull, could pick up vibrations from approaching organisms

	Homoplasy (analogy)
	· Characteristics that are similar because they live in similar environments (independent solutions for a way to function, in this case flight) (ex. Wing)
· Product of convergent evolution
· Opposite of homology
· Ex) dolphins and swimming dinosaurs: both have streamlined body to move through water, but not from same class

	Lamarck (Jean-Baptiste)
	· Life starts spontaneously as “infusarium”, improves itself over time in complexity
· Inheritance of acquired trait changes species
· Transmutation of species (environmental transformation of the essences)
· Traits are improved/dwindled
· Environmentally induced changes that occur gradually over time and is passed from one generation to next
· 4 main points about his theory:
· Gradual change over time
· Changes passed from generation to generation
· Changes are in response to environment
· A specific mechanism cause evolutionary change
· What he missed: somatic changes have no effect on germ cells (1 cell put aside during early cell div. for germ cell). Somatic cell changes in animals would not be passed on, because the cell that passes genetic information has been set aside.

	Leclerc (George-Louis – Buffon)
	· Commonalities between animals: organisms with single essence placed in one place, migrated, and the abiotic world had an impact on the essence, thus essence is changed
· Biogeography: environment/area causes difference in species
· Body parts with no apparent function (vestigial structures) may have functioned in ancestral organisms  

	Lyell (Charles)
	· Uniformitarianism: The concept that the geologic processes that sculpted Earth’s surface over long periods of time—such as volcanic eruptions, earthquakes, erosion, and the formation and movement of glaciers—are exactly the same as the processes observed today.
· Earth must have been millions of years old since geological processes proceed very slowly
· Stratigraphy and geological time
· Rock cycle
· Knows Darwin; did not want Darwin’s work to go to waste, had Darwin and Wallace both present their findings at the same time

	Mendel (gregor)
	· Explained how heritable traits are passed from one generation to the next
· Manually cross fertilized tall and short pea plants  F1 seeds are tall ( thus blended inheritance is disproved)
·  all progenies crossed (F2) 3 tall to 1 short ratio (2 phenotypes)
· Tall allele (T)= dominant, short allele (t)= recessive 
· monohybrid cross: When homozygous (identical pair of alleles) were crossed  heterozygous (Tt), T masked t thus F1 were tall
· Law of segregation of characters: different alleles for a trait don’t mix and blend, passed on as discrete traits in predictable rations
· law of independent assortment: alleles were sorted independently
· Punnett Squares to predict genotype of offspring: math only works if there are two alleles for one trait

	Natural selection
	· trait that is heritable and it favours reproduction, that trait will be prevalent in reproduction
· Ex) birds on islands with large seeds have large beaks because could extract more nutrients  raise more young  pass on beneficial beak size

	Natural taxonomy
	· By Darwin
· Taxonomic tree reflects evolutionary history

	Pasteur (Louis)
	· Germ theory (experiment with broth), sterilization 
· Came up wif important concept: life does not generate spontaneously; you can control whether life is generated or not

	Plate tectonics
	· Earth’s crust broken into large, rigid plates
· New crust added at oceanic ridges, formed by magma
· Old crust recycled into mantle at ocean trenches
· Surface of earth is slowly changing over time

	Rock cycle
	· Lyell
· Two types of rocks found on planet:
· Molten rock formed from original planet (molten magma)
· Sedimentary rocks from sedimentation of minerals

	Schleiden and Schwann
	· Schwann worked with animal cells, schleiden with plants
· They always found an object with distinc dark middle (nucleus) 
· Cell theory: all organisms made of fundamental units called cells
· Life is not spontaneous, cells give rise to new cells

	Special creation
	· Medieval Ages: Usher calculated backwards and found that all species were created on sat, Oct 23, 4004 BCE
· World is 6100 years old, all organisms arrived at the same time
· Some deity or alien had created all the organisms

	Transitional forms
	· Intermediate stages that fill the gaps in the fossil record
· Evolution of horse: legs lengthened and fusion of digits  hoof to run faster, improved molar teeth to break cellulose walls of plants
· Archaeopteryx: transition from reptile to birds (have feathers= birdlike, tail, teeth= reptile), birds are just specialized reptiles
· Puijila darwini (origin of seal): Between terrestrial and marine type (seals), Big eyes, and go into water= seal like, Skeleton resembles land animal 

	Transmutation
	· Synonym for change
· One of the essentialists’ explanation of change, also know was Transmutation of the ESSENCE
· DRAMATIC changes in the essence of organism
· Ex) a fish that gives birth to hippopotamus because the essence suddenly changed

	Transmutation of species
	· By Lamarck
· Environmental transformation of essences: the essences of the organisms are altered SLOWLY over time due to environmental inputs
· Factor is external

	Uniformitarian theory
	· Geologic processes that have changed the Earth’s surfaces ( volcanoes, earthquakes) is still the same today
· Since they occur over long periods of time, Earth must’ve been really old (millions of years rather than thousands)

	Vestigial structures
	· Evidence for common ancestry
· Useless body parts that once served a function in ancestral organisms
· Proposed by Leclerc
· Ex) goosebumps were used as defense mechanism, arose from fright or chill
· Nictitating membrane: not used now, ancestor that were aquatic needed this to protect the eye and change optic properties of eye= clear vision
· Appendix: useful vestigial structure, high levels of vasculization, involved in stimulation of immune system

	Wallace (Alfred)
	· Also independently came up with idea of natural selection like Darwin
· His data was not as strong as Darwin’s (Darwin collected for 5 years, worked on theory for 20 years)
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