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Major events in the history of biology
* Predawinian and the natural sciences (400 bce-late 1800’s)
o 400 BCE-450CE: greek and roman ages
o 450-16th century: medieval ages
o 16th-18th century: renaissance and the scientific revolution
* Darwin and evolutionary though (late 1800’s-mid1900’s)
* Modern theory of evolution and more (mid 1900’s-present)
16th-18th century: The scientific revolution and the start of modern sciences 
Douglas Adams
Modern day renaissance man

four ages of sand
in the four ages of sand (silica glass) 
· Telescope 1608- glass was formed into lenses, telelscopes were used to understand planetary motion, equations that go with this, used to develop math. Marks the first age
· Microscope 1678- lenses are ground differently and instead of using glass to look at things that are million miles away it is used to magnify things. Instead of looking at very lg events scientists were looking at small events (discovered single cell organisms) eg. Cat scans, mri
· Computer chip 1961 – if it is charged it is in a state one 1, not charged- state 0. Programmed to do calculations. 1s and 0s coded for calculations, words, pictures 
· fiber optics 1980- glass cables that can transmit info around world at high speeds. Now possible for scientists to collaborate over long distances. Scientists were no longer isolated. Will revolutionize science by allowing tings to progress more rapidly
· instead of basing science on historical times, his story of science is based on the tools scientists could use.
 

400BCE-450: Greek and Roman Ages
	important because this is when ppl started to organize things


· Hippocrates (460-370BCE)
· He goes around greek and roman empires, meeting with practioners of human biology and records what and how they did things, how do they cure things
· Creates the hippocratic corpus, 
· For the first time Collection of wisdom regarding human biology is all cataglogued and in one place
· Close to a dozen authors 
· Father of medicine- b.c he put all info in one place
· Aristotle (384-322BCE)
· Contributed to physics, geology, philosophy
· Took lists and descriptions of organisms that were there and ordered them from superior to inferior
· Most complex to most simple
· Placed humans at the apex
· Recognizes that live birth is a way to categorize the living world
· Human species are as close to the gods as you can get
· First person to make a list and organize it in anyway, first to look at relationships of living things
· Scala naturae or ladder of life

· Theophrastus (371-287 BCE)
· Student of Aristotle
· Studied plants
· Creates a set of books (10, 9 have been copied since he wrote them, 2300 yrs ago) based on the biology of reproduction in plants, creates organized list of plants
· Many of his classifications and sequences are still used today
· Why was it so important? Wrote about what can be used for medicine, what can be eaten, fibre- best for ships, building

· Scala Naturae- great chain of being
· Essentialism
· Its there, its always that way and will always be that way
Definitions about Naming
· Classification
· Organizing of information
· Taxonomy
· When you apply a set of order
· Rules for organizing
· Hierarchical
· Systematics
Types of Taxonomies
· Folk
· Very early
· Not written down, precede writing
· Information kept by keeper of knowledge, (shaman, elders,)
· Information transfers by word of mouth from generation to generation
· Artificial
· Using arbitrary characteristics to group organisms
· written
· Mechanical
· Natural (evolutionary)
· Cladistic (Phylogenetic)



Major events in the history of biology:
· Predarwinian and the natural sciences (400BCE-late1800’s)
· 400 BCE-450CE: Greek and  Roman Ages
· 450-16th century: Medieval ages
· 16th-18th century: The scientific revolution and the start of modern sciences
· Darwin and evolutionary thought (late 1800’s-mid 1900’s)
· Modern theory of evolution (mid 1900’s-present)


450-16th century: Medieval ages
· Scala naturae- great chain of being
· one god, angels, ppl in heaven, humans,  things that fly, …
· Essentialism 
· Went from polytheasitc to mono, (plenty gods – single god)
Special creation
· Pattern
· Species don’t change
· Each species created on oct 23, 4004 BCE
· Species are not old
· Process
· A designer of some sort
· Europe
· 400-700 early middle ages (dark ages)
· recovering from catastrophe from the abandonment of rome, very small communities, verylittle exchange between communities
· 1000-1300 high middle ages
· building of cathedrals in Europe
· trememdous understanding of architect, mathematics
· 1300-1500  late middle ages
· ¾ people die of plague
· everything that had done to get civilization going again was wiped out and had to start over again

· Byzantium and Islamic world
· All of the greek and roman science was disseminating around world and being translated
· Golden age of the Arabic world b.c science and all of these advances continued while Europe was falling 
· 
· Al-jahiz (781-869)
· spoke of natural selection 
· recognized the struggle for existence

· Al-Dinawari (826-896)
· expanded theophastrus’s book to include plants and their importance in their lands
· 
· Avicenna (980-1037)
· took Hippocratic corpus and added medical practices of the Islamic world and indian subcontinent
· Hippocratic corpus now contains wisdom from greek and roman empires and the Islamic world
· Alhazen( 965-1040)
· develops 7 steps to explain the living world
· scientific method
· Ibn al-Baitar (1197-1248)
· Creates a pharmacopeia of plants
· Wrote what plant cures what, how to prepare it, how to use it, what dose to take
· Pharmacological catalogue translated into latin and still used in 1700s
· His work and Theophrastus’s work is still used when pharmalogical companies look for new treatments

16th-18th Century: the scientific revolution and the start of modern sciences
· Copernicus (1473-1543) 
· Earth is not the center of the universe
· Finding went against religious beliefs
· Waited till he was on his death bed to publish his findings
· Kelper (1571-1630) 
· Planetary motion
· Newton (1643-1727) 
· laws of motion, gravity and thermal conduction
· Galileo (1561-1626) 
· further proof of earth revolving around the sun
· talks about his findings publicly and is excommunicated
· Boyle (1627-1691) 
· behavior of gases
· Pascal ( 1623-1662)
· origins of calculus
· Descartes (1596-1650)
· Geometry

· Van leeuwenhoek (1673) 
· first microscope
· glass bead embedded in a metal plate
· didn’t tell anyone else how to make them
· not until mid 20th century did anyone else figure it out
· impact on biology: discovered microscopic entities exist
· Andrea Vesalius (1542) Anatomy
· Father of human anatomy, did dissections and created diagrams of the anatomy of the human body
· 
· Harvey (1650’s) Anatomy and physiology
· Father of physiology
· Discovered importance of blood and circulation
· Linnaeus (1735) Systema naturae
· Contribution to biological thought:
· He created a new taxonomy based a binomen and a nested hierarchical system
· Developed a system for naming species
· Based on binomen of two words
· Gave an hierarchial system
· Mechanical classification  no evolutionary component, evolution hasn’t been discovered yet. 
 based on physical characteristics
Linnaeus used similarities in appearance when grouping his organism's characteristics
groups weren’t really based on the biology or relatedness of the organisms
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· Taxonomic Hierarchy
· Each level has characteristics about it, and whatever is in that level will have those characteristics
· Kingdom
· Phylum
· Class
· Order
· Family
· Genus
· Species
· Binomen
· Shortning down descriptions of an organism
· First name is a noun, second name is an adjective
· Always in itallics -> b.c its in a foreign language, different than the rest of the documentWhere are we?
Everything created oct 23rd
Still essentialism
Now we have a way to organize it



Changing thoughts on what living things are
· Physicalists –with the exception of humans, all living things are machines (Descartes, 17th century)
· Vitalists-physical and chemical laws apply but living things have a vital force (essence)
· Physical science
· Inanimate objects
· Physical and chemical laws
· Universal
· Based on empirical observations
· Experimentation preferred method
· Single theory
· Single falsification enough to abandon a theory
· Natural science
· Animate objects
· More than physical and chemical laws (genetics)
· Not universal
· Based on historical narratives
· No math, no calculus
· Induction most used method
· Multiple theories
· Single falsification not necessary to abandon a theory
Induction VS Deduction
· Deduction
· From the general to the specific
· All insects have wings and this animal is an insect. This animal has wings
· Induction
· From the specific to the general
· This animal is an insect and it has wings, therefore all insects have wings.  many multiple observations
Anatomy of a scientific explanation (theory)
· Two parts 
· Pattern
· Something is observed
· Mechanism of process
· Questions to be asked
· What?
· How (proximate cause)?
· Why (ultimate cause)?
· Proximate causes (physical science-like biology)
· Causes an immediate event, direct effect of action that is taken
· Phenotype-morphology and behavior
· Mechanical(predictable)
· Here and now
· Genes in action
· Experiments
· Ultimate causes (natural science-like biology)
· 
· Genotype- genes and history
· Variable (probabilistic)
· Evolutionary past
· Changes in genetic programs
· Historical narratives
Multiple theories
· Food competition
· Longstanding theory for why giraffes have long necks: selective advantage that ver time animals with long necks could feed on food that was higher up
· Better access to nutrition
· Selective pressure created long necks in giraffes
· Students saw girraffes weren’t stretching to feed – they observed girrafes, neck enhanced the head as a weapon
· During a drout giraffes eat at the top of trees
· Sexual competition
· Selective pressure, male girrafes would kill other males for a mate
Changing thoughts on what living things are
· Physicalists –with the exception of humans, all living things are machines (Descartes, 17th century)
· Vitalists-physical and chemical laws apply but living things have a vital force (essence)
· Organicists (1930)
· Vital force replaced by genetic program and the importance of emergence
· Swarm behavior


Scientific method
Some terms used in doing science
· Theory and fact
· Theory
· most powerful explanations
· not a fact
· always a possible alternate explanation
· Hypothesis
· Educated guess, what you think will happen
· Must have scientific backing
· Law
· Must be universal
· Must be demonstrated anywhere in the universe
· Prediction
Steps or stages
· A question that needs to be answered
· Gather information already known
· Develop a hypothesis and test it
· interpret the results of the test
· retest
· publish results
Addition experimental components
· controls
· 
· control of variables
· Sampling error
· More you sample, measurements will cluster around true value
· Sampling error is when you don’t sample enough
· Should sample 10% of population
· repeat the test
Distribution of scientific facts
· Journal selection
· Manuscript
· Peer review
· Revision
· Publication
Types of literature
· Primary
· Article that was written by the scientist who did the work
· Secondary
· Expert has been asked to summarize literature from their field
· Tertiary
· Written by scientist who have familiarity in the field but not necessarily experts
· Not many references
· E.G. textbook

Darwin’s five theories- Natural selection
Natural selection- Industrial melanism
Why was this such an important event/ contribution in biology?
· It comes after microevolution
· Microevolution- evolution occurs within a population of organisms; we know there is evolution if the populations make up changes over time
Peppered Moth
· Observation 1: original museum collections had all white peppered moths and by 1900 traps collected 90% black
· Question 1: Why did the moths shift from light to dark morphs?
· Hypothesis 1: Fitness decreased when the moths that were more visible against the background colour of the trees
· Null Hypothesis 1: Fitness remains the same and is not affected by the background
· Hypothesis 2: The bark colour of the trees has changed
· Null Hypothesis 2: The bark colour of the trees has not changed
· Experiement 1: Artificially rear light and dark morphs and place on tree that was dark and observe survival ( fitness) . put black lights out to attract the moths. 
· Experiment 2: took 100 moths to a forest where there was no industrialism 
· Result 1 : Birds selected most visible moths
· Result 2 : Dark trees showed same distribution as coal based industry
· Question: Do moth’s “rest” on backgrounds that match their colouration
· Question: What impact would the clean air act, that reduced pollutant emissions have on the moth population morphs
· Question: What happens to other moths with light and dark colour morphs

Demonstration within a short period time that selective pressure can change the allele frequency within a gene of a population
Def of evolution is whenever we find allelic variation or change
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