Section 1 		Pre-Darwinian Biology
Pre-Darwinian Biology
Greek and Roman Ages (450CE to 450BCE)

Hippocrates
· Greek and Roman ages (400BCE)
· Father of medicine
· Hippocratic corpus: collected and collated works of every physician in Greece
· This could be distributed, translated; universal medicine

Theophrastus
· During the Greek and Roman ages (400BCE)
· Student of Aristotle, also a philosopher
· Catalogued plants based on their reproductive abilities (not biological)
· 9 out of ten books survived 
· Ancient father of taxonomy 

Aristotle
· Greek philosopher, student of Plato and teacher of Theophrastus
· “Scala Naturae” 
· Saw a ladder of life; God>human>quadrupeds>eggs>insects

Essentialism
· Idea starts with Plato (Greek and Roman ages 450BCE)
· Assume that all living things have a special essence to them; causes them to have unique characteristics
· The world has always been the same due to this essence; won’t change
· Essence is reproduced in organisms’ offspring
· Everything is in place in the Scala Naturae because of essence

Scala Naturae
· “Scale of the Living World” by Aristotle
· Great chain of Being: Gods>arc angels>tier 2 angels>humans>etc
· Aristotle showed through his beliefs that there are organisms more superior 
· Each organism had an essence that allowed for its unique characteristics in the Scala Naturae; has been unchanged and will remain as is (essentialist thought)

Great Chain of Being
· Aristotle’s idea that was present in the Scala Naturae
· Gods>humans>mammals>eggs>insects>elements



Medieval Ages (450-1600s)

Middle ages
· From 450 to 16th century
· After the Greek and Roman ages, before the Scientific revolution
· Three eras: 
· Early middle ages (400-700) – Dark ages (collapse or Rome)
· High middle ages (1000-1300) – Crusades, knowledge from Islam
· Late middle ages (1300-1500) – Black Plague kills 50% population
· In general, not a progressive time in the Western World, but much knowledge was gained from Islam (Al-Jahiz, Al-Dinawari, Al-Baitar, Avicenna, Alhazen)

Al-Jahiz
· Muslim prose writer during the Islamic Golden Age
· “Book of Animals”
· Proposed idea of struggle for existence, food chain, and evolution 

Al-Dinawari
· Muslim polymath during the Islamic Golden Age 
· “Book of Plants” 
· Creates Biological history of up to 600 plants
· Collected all the plants and found they could be used for medicine

Al-Baitar
· Muslim botanist and pharmacist during the Islamic Golden Age
· Pharmaceutical catalogue of medicinal plants that was used up to the 1800s
· Took Theophrastus’ plant compendium and specializes it into their pharmaceutical uses

Avicenna
· Muslim polymath of the Islamic Golden Age
· Combined Hippocratic corpus and Indian/Islamic Medicine
· Put medicine together

Alhazen
· Muslim polymath during the Islamic Golden Age 
· Significant contributions to optics and the Scientific Method

Historical narrative
· A story of a historical event (true, but it is a story)
· Biographies and autobiographies are historical narratives

Special creation
· Scala Naturae still stands at the time of the scientific revolution
· There is a designer of some sort: everything created on Oct.23/4004
· This idea from Bishop puts an age on the planet
· Species don’t change; essentialist ideas prevalent throughout middle ages

Scientific Revolution and Renaissance (1600-1800)

Ages of Sand (four ages)
· Idea developed by Douglas Adams (1952-2001)
· First age (1608): Telescope. Silica and sand were melted together to make glass. Used to observe planets and space.
· Second age (1678): Microscope. Leeuwenhoek grinded glass to make lenses. Used to observe small units of life, including cells, no spontaneous generation.
· Third age (1961): Computer chip. Silica turned into silicon chip. Its computational abilities allowed for calculations and storage of information.
· Fourth age (1980s): Fibre Optics. Glass used to make cables. Used as a communications system for peer-2-peer interaction of sharing information.

Van Leeuwenhoek
· Dutch scientist during the Scientific Revolution
· 1673, father of the microscope 
· Observed cells, sperm, blood, muscle fibres; first microbiologist 

Vesalius
· Brabantian anatomist during the Scientific Revolution
· Founder of Modern Human Anatomy, 1542
· Mapped the organs, muscle structure, and the anatomy of the human body and named them

Harvey
· The Scientific Revolution
· Starts to work on physiology; father of physiology
· Role of blood/lymphatic system/circulation

Linnaeus (Carolus)
· Swedish botanist who lived during the eighteenth century (scientific rev.)
· Created the system of binomial nomenclature for all organisms on earth
· Wrote “Systema Naturae” which had taxonomic hierarchy of organisms
· Came up with six classes of animals (mammalia, aves, amphibia, pisces, insecta, vermes) 
· Did not invent idea of taxonomy (that was Aristotle, Theophrastus)



Types of Taxonomies

Taxonomy
· Science of classification of organisms into an ordered system that indicates natural relationships

Taxon (taxa)
· A name designating a group of organisms included within a category in the Linnaean taxonomic hierarchy 
· Ex. Kingdom, Phylum, Class, Order, Family, Genus, Species 

Folk Taxonomy
· Classification of organisms passed on through spoken word within groups
· Different for various cultures (ex. Eskimos have 30 words for snow)
· Less extensive than artificial taxonomy (did not write down lists)

Artificial Taxonomy
· Created by Aristotle and Theophrastus, based on Folk taxonomies
· Detailed descriptions of organisms, classified without unique names into lists

Mechanical Taxonomy
· Linnaeus’ work ended ancient, artificial taxonomies
· Mechanical taxonomy = hierarchical system where organisms were put into a series of nested categories 
· Based on the physical descriptions of organisms put into unique names (Genus, species)
· Still not based on actual biology of organisms; only characteristics 

Linnaean taxonomy
· Classifying organisms into a series of nested categories; hierarchical system
· Kingdom, Phylum, Class, Order, Family, Genus, Species 
· Organisms in any category of the taxonomic hierarchy make up taxon
· Nested hierarchy allows us to make predictions
· Linnaeus did NOT include family 

Hierarchical system
· Linnaeus first to use this system in taxonomy to organize diversity
· Used binomial nomenclature to organize organisms into nested categories
· Also known as Mechanical taxonomy


Binomen
· The binomial name of a species
· Two part name: Genus and species

Binomial nomenclature:
· Used in naming and grouping organisms
· Both terms are italicized while the genus name is also capitalized
· Defined every organism on planet (ex. Canis familiaris)

Classification
· Organizing collections

Two Schools of Thought 

Physical sciences
· Branch of science that deals with inanimate objects
· Universally applicable ideas; many Laws
· Use deductive reasoning (general to specific)
· Based on mathematics; therefore only single theories accepted
· Single falsification enough to abandon a theory 
· No inherent variation, therefore universal laws 

Natural sciences
· Branch of science that deals with animate objects
· Not universal
· There is inherent variability due to genetics 
· Looked down upon since it was based on historical narratives
· Inductive reasoning was used; allowed for multiple theories
· Single falsification was not necessary to abandon theory (ex. Giraffe long neck)
· Cannot observe every single case in the world (generalizations)

Physicalists
· Reductionists; believed that all living things are machines and can be broken down into smaller parts (except humans)
· Based on the physical sciences; used mathematics; needed universality

Vitalists
· Naturalists; believed that living things have a vital force (essence)
· Physical and chemical laws are not enough to explain life 

Organicists
· 1930s; viewpoint that the vital force was replaced by the genetic program 
· Placed importance on the emergent properties of organisms (the whole is greater than the sum of its parts)
· With the genetic code, it unifies physicalist and vitalist thoughts since the genes code how physical and chemical laws are carried out 
Deduction
· Reasoning used by physical sciences 
· General to specific 
· Ex. All insects have wings and this animal is an insect. Therefore this animal has wings. 

Induction
· Natural scientists use this reasoning to obtain results
· Specific to general (ex. This animal is an insect and it has wings, thus all insects have wings)

Empirical observation
· Observations made from experiment; physical sciences preferred this

Anatomy of Scientific Explanation (Theory)

Proximate causes
· Aspect of scientific explanation (theory)
· “How” question: looking at underlying mechanism, how one variable affects the other (cause and effect relationship)
· Physical science-like biology (ex. Morphology and behaviour)
· Mechanical (predictable, uses equations)
· Here and now
· Genes in action
· Use of experiments

Ultimate causes
·  “Why” and “Where” question: evolutionary basis 
· Natural science-like biology
· Genotypes: genes and history
· Variable (probabilistic)
· Changes in genetic programs
· Tends to be historical narratives since we can’t repeat what happened in the past experiments





Scientific Terminology
[bookmark: _GoBack]Hypothesis
· A bit weaker than a theory in science
· Explain more specific things than theories
· Arrived at by examining existing literature or observations of world


Null hypothesis 
· Opposite of hypothesis 
· The assertion that the things you were testing are not related and your results are the product of random chance events
· A statement of what would be seen if hypothesis being tested was wrong 

Theory
· Result from the testing of multiple hypotheses
· It is the best explanation of phenomena observed
· Theory is not a fact; must always consider the alternative interpretation
· Closest science will get to a fact
· Public thinks theories are just best guesses

Fact
· Theories are not facts, since there is always room for change
· People think facts are solid, however little becomes facts in science
· Theories can become facts, if there is enough evidence

Law
· A theory can turn into a Law only if it can be applied universally
· A scientific generalization based on empirical observations of physical behaviour
· Law is open to change

Chronological Prediction
· Not a type of prediction used in science
· For the non-scientist, it involves telling of future and horoscopes

Logical prediction
· Behavioural pre-disposition caused by factors you have learned from in life experience and what we as humans are genetically hard wired to do 

Additional Experimental Components

Control 
· Treatment that tells what would be seen in the absence of experimental manipulation

Sampling error
· A perfect measurement will never be obtained
· Sampling theory: the more times you measure, more accurate results
· Numbers measured will cluster around actual value



Scientific Method (steps)

1. A question that needs to be answered. 
2. Gather information about it that is already known. 
3. Develop a hypothesis and test it. 
4. Interpret the results. 
5. Retest. 
6. Publish. 

Types of Literature 

Primary reference
· Expert who actually wrote the paper; self-published findings
· Peer-reviewed before published

Secondary reference
· Experts in field review a topic; creates scientific review article containing information from multiple sources. Peer-reviewed.

Tertiary reference
· Somewhat associated with the field; making broad generalization about topic
· Articles contain content that is not referenced
· No peer-review, but still has good information for starting point
· Ex. Textbook 

First Evidence of Natural Selection 

Industrial melanism
· First real evidence of natural selection 
· Darwin had no mechanism for Natural selection; this showed evidence
· During the Industrial revolution, moths were the first to show heritable evidence of gene frequency 


