Important early people:
Hippocrates: (BCE) medical involvement and Hippocratic Oath
Aristotle: 1st to make a category of animals based on religion (Scala Naturae) 
Theophrastus: catalogue of plants; father of taxonomy (before was only medical plants)
		categorized using reproductive structures

Scala Naturae: 
- a hierarchy Aristotle (384-322 BCE) developed that ranks simplest organisms to most complex organisms 
- referred to as the great chain of being
- understood that everything was created on Oct. 23rd 4004 BCE. No organisms changed over time and will never change in future

Essentialism: 
- Each organism was said to have a magical essence in them 
- angels highest, birds then worms down low
- Essentialism is a concept used in the Scala Naturae (Aristotle) to rank the organisms 

Brief History in Europe and Muslim nations in medieval ages:
- Europe: not much progress in sciences, rather black plague killed over 2/3 of population
- Byzantium: flourished in science at the time 

 Van Leeuwenhoek – first microscope
Copernicus: earth not in the centre of the universe
Harvey: father of anatomy and physiology 

Linnaeus: 
- Created system for naming and classifying organisms based on similarities and differences
- made taxonomical hierarchy consisting of (Kingdom, Phylum, Class, order, Family, Genus, Species) (kings play chess on fine grain sand) 
- Binomial Nomenclature (covers the whole system – Kingdom, phylum etc.) Binomen: Genus Species

Erasmus Darwin: 
· Translates Linnaeus’s work into English.
· Comes up with the idea that organisms are changing overtime (poetry), however, doesn’t provide a mechanism of which to support it.

Taxon:
- a name given to an organism in any category (ex. Order) (i.e. woodpeckers is a taxon of the family level)

Taxonomy:
- naming and classifying organisms in the taxonomic hierarchy (related to Linnaeus because he created this)

Domains: 
- Eurkarya (eukaryotes), bacteria, archea (prokaryotes)

Kingdom Protista		Kingdom Monera

Prokaryotes: single celled, no nucleus, no membrane bound nuclear material
Eukaryotes: single celled or multi-celled, membrane bound nuclear material


Kingdom Plantae: photosynthetic, energy – autotrophic (get energy from sun – makes C6H12O6)
· Cell wall made of cellulose
Kingdom Fungii: absorb own food (Saphophytic)
· Cell wall made of chitin, energy – saprophagy 
Kingdom Animalia: consume food, no cell wall

Vestigial Structures:
· Buffon proposed this but could not give a mechanism on how it became so
· structures that are functionless but are present in organisms
· served as a functioning structure to ancestors (Common ancestry)

Georges Cuvier: French Zoologist
· Developed the theory of Catastrophism  
· He found significant fossils and proposed that some of the animals earlier have gone extinct
· Catastrophic Theory: extinction of an organism due to a major catastrophe (ex. Flood)
· Said that once catastrophe hit, the species would get “wiped out”, forming layers of fossils in the sediment. These layers and fossils would give us a good understanding of what species had gone extinct and at what time in history.

Gradualism:
· John Hutton proposed that the Earth changed slowly over time 
· contrasted with Catastrophism (Cuvier) because gradualism explained layers of sedimentary rock at the bottom of oceans to come from erosion of rock (not catastrophes) AND goes against Scala Naturae which states nothing has changed - Clearly the Earth has CHANGED OVER TIME
· Biogeography – Pangea : prime example of gradualism (gradual change of Earth)

Lamarck: Proposed the first theory of biological evolution. 
· Said that organisms would change to better suit their environments, therefore, simple organism turned to more complex ones. 
· Suggested that the environment affects the characteristics of your offspring (not true)
· However, even though Lamarck was wrong, his idea of how changes are passed on from one generation to another influenced great discussion of evolution in the 20th century.
· Two principles: 
· Use and Disuse – body parts grow to the extent they are used (muscles) TRUE
Inheritance of Acquired characteristics – passed on to next generation (muscles) FALSE

Transmutation of Species:
· Proposed by Lamarck – changes in organism is in response to the environment.

Essentialists View of Evolution/Change:
· Transmutation: another school of essentialism, spontaneous change. Ex. Horse hatching from egg
· Changes are quick (this is not Lamarck)
· Transformation: Gradual changes
· Finalism: A doctrine that all events are dictated by the purpose or goal
· events will occur based on whatever the organism’s purpose is? Relate to Transformation of species
· Environmental: changes of organisms based on environment it’s born in. (This is Lamarck)

Charles Lyell: Geologist 
· Said that the Earth has been shaped over a very long period of time (did not happen overnight). It takes millions of years. This concept of gradual change was called:
·  Uniformitarianism: Change in organisms over time happens gradually (Lyell and Hutton)
Charles Darwin: came from a wealthy family, he abandoned medical school to follow his interest in natural history
· He explored the world for over 5 years collecting insects, shells, bones, skins, etc. Made 3000+ notes
· Darwin would observe the entire population rather than an individual in an area
· Wallace: introduced the idea of Natural Selection. Both Darwin and Wallace founded the idea; however, Darwin was able to back it up with his massive amounts of data that he collected.
· Decent with Modification: was the idea that was presented in Darwin’s book (On the Origins of Species by means of Natural Selection)

Darwin proposed 5 explanations: to prove that the Scala Naturae did not fit
1. No constancy of species (Fossils, extinction, transitional forms)
2. Common Ancestry (Comparative anatomy, comparative embryology, vestigial structures, biogeography, molecules)
3. Gradual Changes
4. Population Change (Species multiplying)
5. Natural selection

*Connection between Keywords – Notes

1) Darwin provided purely physical rather than spiritual explanations about origins of biological diversity.   (Unlike the Scala Naturae – Aristotle’s an idiot) 
2) Darwin recognized that evolutionary changes occur in populations, not individuals (Unlike the essentialists point of view, said that changes were individual – Transmutation) 
3) Natural Selection eliminates unfavourable variations, and next generation inherits successful variations.
4) Noticed that evolution occurs because some organisms function better in an environment than others (backed up Lamarck’s ass)

Decent with Modification: every organism goes through evolutionary change and ancestors were different (organisms diversified from ancestors)
· Natural Selection is the mechanism which drives evolutionary change

Darwin’s Five Theories:
1. No Constancy of Species:
a. Fossil Record: 
· tells us when, where, and what was at that location before
· shows us transitional forms and vestigial structures
· ex. Carboniferous – time period when plants were huge and had lignin that were unbreakable, therefore, they never decomposed so they fossilized (oil, fuel)
· Ex. Insects in amber, mammoth in permafrost, etc.
· Continental Drift tells us where to look for fossils
b. Extinction: 
· Is evidence that organisms have been changing overtime; it OPPOSES the idea that organisms were all put on Earth on October 23rd, 4004 BCE.
· Fossils are great evidence to extinction.
c. Transitional Forms:
· Ex. Horse lost 4 digits in feet to just on hoof
· Archaeopteryx Lithographica: transitional fossil from reptile to bird (land to air). Because of this we know birds are modified reptiles (common ancestry).
· Puijila: ancestor of the seal, perhaps?



2. Common Ancestry – Evidence 
a. Comparative Anatomy: 
·  (
-
 
Homologous
 characters are indicators of 
Common Ancestry
 
- 
Homoplasie
s provide no information about shared 
ancestry
)Homology (Divergent Evolution) – characteristics shared by a set of species because they inherited them from a common ancestor. Homology is a result of Divergent evolution (all come from one common ancestor). Example – single bone, double bone, 5 digits (all in common)
· Homoplasy (Convergent Evolution) – characteristics shared by a set of species because they live in similar environments but not present in their common ancestor. Homoplasy is a result of Convergent evolution. Example – flight evolved 4 separate times (parallel evolution)
b. Comparative Embryology:
· Same base embryo structure but develop different characteristics depending on different needs (environmental) 
· Have made the assumption that embryonic development has been conserved during evolution.
c. Vestigial Structures:
· Not needed for survival, rather it is a left over from ancestors
· Ex. Goosebumps, appendix, nictitating membrane (eye)
d. Biogeography: gradual population change
· Vagner proposed the idea of Continental Drift
· Pangea = all continents together
· One day all the continents will come back together to form Pangea
· This is a prime example of GRADUAL change and natural selection
e. Molecules:
· Differences in amino acid sequences (Cytochrome C – protein in ETS, conserved in evolution) can be used to create a phylogenetic tree for organisms that share no organismal characters  

3. Gradual Changes
4. Population Changes (Multiplication of species)
5. Natural Selection: 
· If favourable variations in hereditary traits allowed organisms to survive and reproduce more readily, then these traits would be more common in the next generation. When the same mechanism is applied to the 2nd generation, it is easy to figure out that favourable traits would be even more common in the 3rd generation.
· Ex. Peppered moth experiment explained the theory of natural selection.
Analogy:
· Anologous characters are homoplasies, phenotypic similarities that evolved in separate lineages (don’t have a common ancestor, however they appear to have the same characteristics)
· Ex. Flattened tails of aquatic mammals

Louis Pasteur:
· Proposed Germ Theory: life is not spontaneous, life comes from previous life.
· Ex. Milk – pasteurization process
· Germ Theory of Disease: 
· microorganisms cause disease (controversial at the time but cornerstone of modern medicine now) – Pasteur

Phylogenetic or Evolutionary Tree:
· backtracking and to distinguish similarities inherited from a common ancestors

Cladogram:
· Are Phylogenetic trees/Evolutionary trees. 
· They portray strictly monophyletic groups 
· Are constructed using the principle of parsimony (simplest explanation should be the most accurate) include the fewest possible changes to account for changes in lineages.

19th Century Modern Biology:
1. Cell Theory: (Schlieden & Schwann – Zoologist)
· All organisms are composed of one or more cells
· Individual cells have all characteristics of all life
· All cells come from division of other cells
*However, they still don’t know what the heritable material is at this point

2. Mendel: Heredity & Genetics
· Solved the issue about hereditary and genetics
· Figured out how offspring go their traits (half from maternal parent, half from paternal parent) – mother and father
20th Century:
· Synthetic Theory of Evolution: Huxley
· Showed Mendelian genetics was consistent with natural selection and gradual evolution
· Modern Biology: term “Biology” was coined in 1802
· Cellular respiration, Statigraphy (Charles Lyll), Human Genome Sequence, etc. 
· Many professions: Biochemistry, Morphology, Molecular Biology, Physiology, etc. 
· Biology said to be the science of the 21st century
Four Ages of Sand: Douglas Adams divided scientific revolution in terms of philosophy
· 1st Telescope ( lens used to see far – planets)
· 2nd Microscope (lens used to see close – cells)
· 3rd Computer Chip (compute huge amounts of data in short period of time, memory, hard drive,..
· 4th Fibre Optics (first GLOBAL internet scientific collaboration)

Terms Involved in doing Science:
· Hypothesis: 
· An educated guess. Hypothesis is made only after extensive research and background information on topic has been done
· If you have evidence, then the hypothesis has potential in being a theory
· Ex. If fish is able to reproduce under extreme conditions, then population will increase.
· Null Hypothesis:
· Reverse of hypothesis
· Ex. If fish is NOT able to reproduce under extreme conditions, then population will DECREASE.
· Theory: 
· Theory is not the same as hypothesis; you have to have support/evidence and it has to be able to be tested. We have theories in biology, NOT FACTS, NO SUCH THING AS FACT.
· Theories can then turn into Laws if a universal aspect is put into it. For example, Newton’s laws are universal, they work anywhere in the known universe.
· Law:
· If a theory is to be turned to a law, it has to be 100% universal, which is very unlikely in biology because there is so much variation.
· Prediction:
· Mechanism to state what should happen to the hypothesis
· Chronological Prediction: involves horoscopes and foretelling of future events (Not used
· Logical Prediction: consists of an “if” and “then” statement (Used in science)
Physical Science vs. Natural Science
	Physical Science
	Natural Science

	· Inanimate Objects
· Physical and chemical Laws
· Universal
· Empirical observation (numerical, quantitative)
· Experimentation preferred method
· Single theory
· Single falsification enough to abandon a theory
· Deduction
	· Animate objects
· More than physical and chemical laws (Genetics)
· Not Universal
· Based on historical narratives 
· Induction most used method
· Multiple theories (different theories can hold for different circumstances)
· Single falsification not necessary to abandon a theory 


Historical Narratives:
· Narratives that describe what they are observing. Rather than having solid equations as in physical sciences, the natural sciences have mechanisms to back up historical narratives.

Induction vs. Deduction:
· Deduction: (from the general to the specific)
· All insects have wings and this animal is an insect. This animal has wings.
· Used in other fields, such as physics, chemical, etc. – doesn’t want to generalize anything.
· Induction: (from the specific to the general)
· This animal is an insect and it has wings therefore all insects have wings (many multiple observations!)
· Used in Natural Sciences, generalize a theory with induction.

Thoughts on What Living Things are:
· Physicalists:
· Descartes – all living things are machines except humans
· Vitalists:
· Physical and chemical laws apply but living things have a vital force (essence)
· Very abstract and vague explanation (They say they don’t know what this “essence” is but it’s there)
· Organicists:
· Vital force replaced by genetic program and the importance of emergence
· (swarming of birds – when together, they have a much more complex role and function – in this case, gathering birds for migration)
· Emergence: Each individual has no communication with adjacent individual, however, as  a whole, they operate as a “super organism”

Giraffe Example:
· Food Competition: Giraffe’s neck grows to reach higher levels of food (falsified)-> However the graph shows that giraffes are actually bending down to reach their food.
· Sexual Competition: Necks grow to compete for a female mate.
· Since food and sexual competition are competing theories, they will still not get rid of one or the other, maybe in the future they will both be true. (If this were physical sciences, the food competition theory would have been abandoned)


*Connection to Lamarck’s Transmutation Hypothesis. He said that changes occur in individuals according to what environment they are placed in. In this case (Food Competition Theory) the giraffe wants to reach greater heights, there they say that in future generations the giraffe will have a longer neck due to the giraffe constantly stretching it. (This is wrong, does not work like this)*
Anatomy of a Scientific Theory (Explanation):
· Recognize pattern and then Mechanism or process
· Questions to ask:
· What, How (Proximate causes), Why (Ultimate Causes)
· Proximate Causes:
· Immediate concerns: experiments, morphology and behaviour (Here and now)
· Theory investigating
· Mechanical (predictable)
· Ultimate Causes:
· Genes and history (Historical Narratives)
· Probabilistic and evolutionary past

Control:
· Keep all variables constant and control one variable to see if that changes outcome
· Can be done in the lab only. It is hard to “control” all the variables outside (wildlife-natural sciences)
· Leads to prediction!

Sampling Error:
· Cannot get accurate measurements from “measuring tools” (+/- x). (Ex measuring mm with cm ruler)
· REPEAT experiment until average of results reaches close to a CONSTANT

Fitness:
· Ability to survive, increased fitness means higher chances of survival
· Survival of the fittest (white peppered moth experiment)
· White peppered moth displays FITNESS as they were placed in a box  with black and white stripes:
· Black moths on black stripes and white moths on white stripes

White peppered Moth Experiment Method:
- marked a number of white and black moths
- Exp. 1: area with black trunks: black moths came back and Exp 2: area with white trunks: white moths came back
- Experimental Error: moths don’t always linger on tree trunks
- Trunk with both black and white colour: white moths on white and black moths on black portion
- therefore, moths understand requirements to survive and favoured traits (being black or white moth) will allow for survival (Natural selection)
Distribution of Scientific Facts
· Journal Selection
· Manuscript preparation
· Peer review
· Revision
· Publication
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