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1.) Hans Lippershay – invented first telescope in 1608
· The first time we were able to see that the Earth wasn’t the centre of the universe. 
· look out into universe see the motions of the planets and develop/desrcibe -- invented calculus/linear algebra, many mathematics


2.) Van Leeuwenhoek 
· Found out that there are tiny formations that make up our universe 
· Spin glass into lens 
· the invisible world of the microbes were visible for the first time
EX: Transmission scopes, the fluorescent scopes, magnetic image residences that we use in health 
        care

3.) Fibre optics – computers
· Giving us another type of perspective on how things can work with models and mathematical stimulations 
· First computer chip.. binary code (no or off) transistors (charged on/uncharged in a sequence)
· Silica was able to do it (create on/off), and thousands could be used on silica 
· (can program on/off on silica) 
· This became smaller and smaller
· scientist then were able to do calculations that were beyond their general capacities and process more information, and questions
· the computer chip allowed sharing of a knowledge base among scientist around the world that was not there before unless your library had that copy of it

4.) Internet 
· The forth way of communication which run on fibre optics (many-many) 
· A whole new way of us to communicate 
· Coke can – everyone else can see/acknowledge it 
· One-many : allowing the general public to acknowledge and get news but cannot do anything about it ( crash in Indonesia )
· The high speed transmission of information 
· lightning fast transmission around the world
· experts in the same field could share info in their own labs 
· What were you able to see 
· not bias to the natural/physical sciences

· Douglas Adams says : Sand was turn into glass, glass was ground to create lens 




2.) Al Diawari 
· Wrote the books of plants : plant development/growth/flower and fruit production 
· Founder of the Arabic botany (plant biology/sciences)
· 6 volumes – only 3rd/5th volume survived, 6th being reconstructed based on citation
· The book also talks about astronomy/agriculture 
 Describes the characteristics of the sky/planets/constellations
Atmospherical phenoma of thunder/lightning/wind 
*** prompt the classification of taxonomy 
 
4.) Al-Jahiz (781-869)
· He was publishing his findings around 800
· Many of his quotes toys with the concept of evolution, going against the scala that was commonly accepted in the scientific world. 
· Al - Jahiz was describing evolution (in the piece he wrote) 
· He recognized that the factors outside, environmental factors can have an effect on animals to breed new types


3.) Al-Hazen (965-1040)
· Published a book on optics and light. 
· He outlined the proper way to observe the world. 
· He developed the scientific method that we still use today in natural science.
· HE PROPOSED: States that there are certain steps to ask a question
· 1.)Observation – observe it under all different types of circumstances 
· 2.) State problem – state how that thing functions
· 3.) Form a hypothesis – explains what you see 
· 4.) Test Hypothesis – do an experiment
· 5.) Analyze Results from Experiment – did it give me what I predicted 
· 6.)Interpret Data to Form Conclusion – yes, strengened you hypoth
· 7.) Publication of Findings – write your report 

5.) Aristotle 
· Wrote about – geology/physics/pure philosophy on logic (not super important)
· Created the scala naturae 
· To organize all the  things in the living world into some comprehensive package 
· He identified 3 kingdoms 
· 1.) inanimate matter - chemicals/ rocks/stones/element
· 2.) plants (higher- trees/strubs/lower- fungi)
· 3.) animals -- personification of God 
      (Human being was the most perfected thing in the world, which is the highest) 
· Created an organization pattern to look at the diversity of the living world and what was out there 
· Started a way for us to classify the living world
· No one has done that before

6.) Artificial Taxonomy: a prominent or easily observed feature is classifies as a feature of resemblance or dissemblance
· Initially used by Aristotle and Theophrastus: they wrote down the information contained in the folk taxonomies compiling lists of living things. Aristotle organized the animals and Theophrastus organized the plants.
· Lists were passed around and added to, containing animals and plants that were of economic or medicinal significance.
· The lists were based on detailed descriptions of the objects rather than unique names for the animals or plants

7.) Avicenna (Persian) 
· made famous from writing The Book of Healing (encyclopedia)
· The Canon of Medicine (standard medical text at the medieval universities)
· Islam’s Golden Age 
· He takes the Hippocratic corpus, and adds all the Islamic teachings plus the Indian subcontinent
· this becomes the guide to physicians around the world of human biology

10.) Biogeography 
· Studies the past and present distribution of the world’s species
· Broken three main fields of study (historical, ecological and conservation) 
· Supports evolution 
EX: Marsupials and placentas (Australia’s the only place that has marsupials)
· Cuvier - founded biogeography
 changes in different locations where you could locate the other fossils 
· Supports the 1st theory (Darwin), common ancestry 

8.) Binomen 
· created by Linneaus
· another word for scientific name 
· he gave each organism a genus and species name
· be able to distinguish between the types of similar organisms 
· the exact organism is found by the this 
· in Latin 
· genus (noun) 
· species (adjective) (modified noun)
· before binomen, people described an organism
EX: Apis Mellifera (the exactly honey bee from a certain location) 

9.) Binominal Nomenclature 
· the system of naming organisms
· system where an organism is given a genus and species 
· allowing people to distinguish different organisms   
· 

11.) Chronological Prediction 
· Used by the general public
· Associated with the general public and creates problems using scientific terms 
· Used not by logic but by the chronological events that happen daily and not from collecting massive observations 

12.) Classifications
· Describes anyone who collects things and puts them into categories 
· collecting isn't the best, you need to organize

**13.) Control 
· Control - sample of the experiment that doesn't receive the treatment that you're using (the norm)
· this is what would happen if nothing happened
· Control of variables 
· to compare to the control 
· research experimental lakes, fresh water ecologist (simlar size and shape)
                   put nutrients, nowhere else in the world where they can manipulate (NA only has these small 
                   little lakes) 


14.) Cuvier 
· major scientist who tries to figure out the scala
· supports Darwin’s No Constancy of Species 
· creator of comparative biology 
 Digs up fossils, comparing of animals to them
 PHYLUM (the one who assembles animals into phylum)
· reassembled the skeleton
· animals have gone extinct (still agreeing with the scala)
 were still there somewhere around maybe (lost world)
 why were they gone/disappeared (God didn't make a mistake in his designs)
· To explain his extinction :
· Catastrophic theory: 
                   To explain the biodiversity in the planet and how it’s changed 
· Propose 
      massive geological events wiped out some animals in the scala 
                         nothing to due with adaptation 
                         organisms have changed over time 
                         noah's flood; explain that organisms were gone  

**15.) Deduction 
· Equation will always work no matter how you do it
· variables won't do anything change to equation
· Take a general principle and you convey it and will always behave the same way
· General to specific
· (how you observe/conclude it) 
· Physical sciences use this 
EX: 

**16.) Empirical Observation 
· Everything should behave under the observations made
· Physical sciences use this 
· Inanimate objects 
· Rely on the observations made 

**17.) Essentialism 
· during the medieval ages
· created by Aristotle
· type of view/opinion before darwin’s 5 theories   
· strong belief of organisms that were in fact that it has a special essence that it's passed through generation to generation  
· all organisms were unchanged from where the scala had existed 

18.) Extinction 
· founded by Curvier 
· explain the fossils that were found and gone organisms 
· catastrophic theory – explains extinction 
 explains the changes in the biodiversity 
 massive catastrophic event occurred and wiped out man of the organisms
 extinction doesn’t have anything about adaptation 
· organisms have changed over time due to the result of extinction 

19.) Fact 
· something that is known or proven to be true 
· the general public sees a fact as the most important (this is closer to a law)
 Whereas they see a theory and think it’s unimportant 
· natural sciences don’t have a fact 
· understanding that a theory (under science terms) have lots of proof and support behind it, but is only called a theory because it is not universal 
 just because it’s not universal does not mean it isn’t correct 

20.) Folk Taxonomy 
· word of mouth 
 Passed down by one generation to the next
 the travelers came into the western part and told stories
· the first type of taxonomy
· subcategories (500-600 elements , not more than 2/3 layers deep) 
 written down, and was exceeded to 1000, the greek philosophers had a huge pile of things and  
      had to organize this exceeding element into Artificial taxonomy


21.) The Great Chain of Being 
· Another name for Aristotles’ scala natura. 
· This is the idea that every living being has an essence that makes it what it is, this is called essentialism. God is at the top, then angels, then humans, then animals, plants, then the devil.
· This was made 1700 years ago. 
· This is still essentialism : strong belief of organisms that were in fact that it has a special essence that it's passed through generation to generation  
· to organize all the  things in the living world into some comprehensive package 
· Identified 3 kingdoms 
 1.) inanimate matter - cemicals/ rocks/stones/element
 2.)plants (higher- trees/shrubs/lower- fungi)
 3.) animals -- personification of God (human being was the most perfected thing in the world , 
                                which is the highest) 
· created an organization pattern to look at the diversity of the living world and what was out there 
· Aristotle has started a way for us to classify the living world
 no one has done that before

22.) Harvey 
· father of physiology
· figured out the relationship of the heart/blood/how it's pumped/role of ventricles (physi)
· figured out how the circulatory system works 
· gives us the beginning of physiology
· but  nothing about the animal biology

** 23.) Hierarchical System 
· Linneaus gave us a hierarchy 
· Nested hierarchy 
 folders within folders 
 gives you predictability, (file knows it where it is)
 knows where to put a file in a certain place
· System in which organisms are organized by their status (Human’s being at the top)
 Linneaus creates 6 classes (quadrupedia/ves/amphib/piscces/insect/vermes)
· nested with predictability, not as a list  

24.) Hippocrates
· father of medicine
· recorded, analyzed took down what everybody knew/thought about disease/human biology health
· created a huge resources 
 in the huge resources that he created one of the things were the Hippocratic Oath 
· he raised the human studies of illnesses to the level to that people got sick because they got a disease and not because of divine interventions of it's your time to die 
· there's a cause for everything 
· created the Hippocratic corpus 
 a collection of writings from all the worlds experts from all over the Greek areas and put them together, there was enough info of medicine that independent philosophy was accepted
 but Hippocrates took it to another level and became the father of medicine
· the starting of collecting the same things to start a standard of medicine 



25.) Historical narrative
· based on natural sciences
· based on a story ... there's no math ... writing is narrative
·  because each plant will respond differently (not like gases that are identical) 
· Was known to be "making it up"
 considered as amateurs (vitalist) 
· made list of things around the world
· Induction science 
· Darwin changed that (narrative is valid) 







** 26.) Hypothesis 
· Derived from questions that aren’t answered 
 look into the area of interest and observe the data 
 then you formulate an explanation to the question from your general observation 
· May lead to a theory with enough observation/proof
· 


27.) Ibn al-Baitar (1197-1248)
· He develops doses, extractions, purification methods that adds to the ever-expanding medicinal pharmaceuticals. 
· He makes a compendium of 300 extracts that are helpful to humans and his work was even used till the mid – 1700s.
· Goes even farther into plants and writes up a pharmacopoeia of plants (pharmacology of plants) 
· Develops a way to purify/strengthen the ingredients in the plants 
· Instead of saying eat this willow tree it'll help with your headache) 
· By this point europe is about to be hit by the plague
· They always bring in physicians from middle east (they're the experts in potent/strengths to be used)
· Science doesn't stop but relocates itself to the Islam 
· Once the plague was over in (1492) with the Columbus sailing.. they invade the Islamic world, and Islam goes into its dark ages
            This knowledge goes into the renaissance

28.) Induction
· common observation that describes something and you make an assumption to conclude that's the universal case
· make an observation on one things and try to generalize it 
 Specific to generalization
· do an observations and find insects with 2 wings and 6 legs.... conclusion: wings and 6 legs are insects
· such a trend that you predict that all insects have 6 legs and wings 
 even though you haven't seen them all, they will predict that wings/6legs are ALL insects 
· Physicalist will say -- can't predict till seen them all -- can't see them all 
 physically observations that you can't see them all

** 29.) Industrial melanism 
· This helped prove Darwin’s theories of natural selection 
· Natural Selection – 
 alteration of gene pool
population that contains variabilities   
 whoever contains the genes to survive will pass down their genes to their offsprings
 once we find out that the gene material are the source of variation 
 we get concepts of 2 alleles (mendel)
 these alleles make the moths black or white
     EX: offspring still 50% white(AA) & 50% black(aa)  
  mate = still 50% black/white (no change)
· when we end up with selection(white moths sitting on a black tree being visible to predators 
 if the white ones are removed from the population, 40 of the white moths survive, where 
      that the gene pool of alleles become altered
white moths seen by predators (40) black 100 *UP* 
· this story is :
 genetic variation in a population that is under natural selection
· white trees, white moths, environmental factor change, moths had to change their genes (gene pools.. the ones that survive to change their colour, support natural selection) 
· this was the first case of the allelic frequencies changes being demonstrated as an example of natural selection

30.) Lamark (Jean-Bapiste) 
· first to put a mechanism of biodiversity 
· changes of inheritance of acquired traits
 changes in the parent has been passed onto the offspring
· organisms in time improve themselves
EX: giraffe gets longer neck, pass on
· Lamarck's thing:  use it or lose it (didn't pass) 
 inheritance of acquired traits 
· Spontaneous generation 
· infusoria
 the very first life form, as it functions in the world and it improves itself, and the traits go on to the next generation and keeps improving itself new traits to next offsprings and getting better and better heading towards like man
· fundamental error : 
 parents can't change their own traits and give to their offspring 
 genetic mix is fixed already in the germ process .. so even 
 though you're a pianist , child won't be like that
· not fair to say he was an idiot:
 no one knew how inheritance how it worked 
 he made a good effort that:
 TRANSMUTATION , acknowledge it's a great lengths of time, and acknowledges
    transmutation of species 
       just a reference to quick changes in the species from species to species 
       definition of transmutation, but does not revolve that to 
· lamark is really about the transformation, not the transformation
 he believed in fast given traits passing to offspring 

31.) Law 
      EX: Not the law of evolution : 
 inspite there have been so many observations been done 
 we haven't seen in on another planet 
· unless if it's universal it can't be a law 
· when a theory has been proven to be universal it’s a law
· Public 
 theory - speculation 
 laws - close to a fact 
· causes trouble when general public uses these terms 
 that's why a very few laws in the biological sciences are applied because they don't apply universally yet 

32.) Leclerc – Buffon 
· he decided (rich do whatever) - write an encyclopedia  
                                            1. inanimate world
                                            2. animals 
                                            3. plants
36 written intended 50, 8 written by successors
 none about plants
· he writes the Histoire Naturelle 
 traveled and found animal morphology that were similar
[bookmark: _GoBack] EX: elephant like animals (from different places )
              there were elephants from one place that lived in different climates/areas 
                  (jungles/south/west)  
· he decides earth starts at 70 000 years (goes against scala, things have changed) 
 planet started as a molten mass 
 planet cooled and was able to be habitable and where the scala appeared at the north pole as the 
     earth cooled and the middle was available to live at.. these animals moved, and that's why 
     these animals morphologically changed their appearance furry elephants(cold) non furry  
     elephants(hot)
· there is an essence for elephant like animals and when that essence is passed from generation to generation it incorporate an environmental components, and the components then incorporated in the north create the woolly mammoths (lived in north) but the environment is different down further south and the essence incorporated to create an elephant like animal resulted in ecologically different 
 there's just one essence starts at the top ...when migration occurs, the essence has different material to work with since the environment is different (adapt) .. so product must be changed 

· START OF BIOGEOGRAPHY
 where different geographies have different animals 

**33.) Linnaean taxonomy 


34.) Linnaeus (Carolus)
· gave us a hierarchy 
 he takes the living world and categorizes things in a nested hierarchy 
 different from the scala, which was a linear arrangement of things
· Nested hierarchy 
 ex. folders within folders 
      gives you predictability, (file knows it where it is)
      knowns where to put a file in a certain place
· Used this hierarchy system to organize the organisms by their description 
 Genus and Species 
 allows a specific 

**35.) Logical prediction
· science prediction: 
 I have a prediction from all my massive amount of observation and if I were to do this, (add acid to the lake) my model says that the following should happen
 Sciences predicts from a logic perspective from their hypothesis  
· Science -- add variable to this ... my model says this should happen ... based on logic.
 causes problems with science with how ppl use it in the general public 

36.) Mechanical Taxonomy 
· Created by Linneaus 
· he takes the hierarchy system of the scala and bases it on descriptive organisms 
· nested hierarchy

37.) Middle ages
· Europe 
· Dark Age :Europe was barely able to have food for their own villages 
· 1492 the columbus sailed the ocean blue 
          Europe had the luxury, the wealth, power, scholar institution 
· Greek/roman work was translated into Arabic 
· Europe collapsed // Islam  golden age of sciences 
· Scala Naturae
· Essentialism 
· Aristotle, first one to organize anything in that way (hierarchy) 
· Byzantium and Islamic world
· al-Jahiz (781-869)
 described evolution in his books 
· al-Dinawari (826-896)
 writes everything about individual plants (reproduction/growth) 
· Avicenna (980-1037) 
 takes Hippocratic corpus and adds the Islamic and Indian subcontinents teaching
· Alhazen (965-1040)
 created the 7 steps of scientific methods 
· Ibn al-Baitar (1197-1248)
 writes about pharmacology 


38.) Natural sciences
· based on a story ... there's no math ... writing a narrative..
 because each plant will respond differently 
· Darwin changed that (narrative is valid) 
· induction science
· based on animate objects 
· may have more than one idea supporting it
· known to be the amateur sciences
· non universal 

39.) Null hypothesis 
· considered to be a valid hypothesis because it has not been proven completely wrong 
 contains statistics that still supports idea 
· used to see if the difference made is significantly enough
· try to disprove a null hypothesis (if disproven, reassures the hypothesis)
· when dealing with an experiment, there is a possibility that the results could be completely by luck/chance, therefore you must make a Null Hypothesis (and disprove it) to assure your hypothesis is correct 

40.) Organicists
· concepts of emergence – the sum is more than the parts 
 the heart is made up of cells and heart cells won't do anything, but the whole heart will
      EX: swarming birds  
 as an individual, they have no idea of where they're going
 checking how many are there ..by swarming, then they'll know where and when to land at night 
 each individual are only in contact with a few
 escape predators 
· the later idea of the combo physicalist/vitalist 

41.) Physical sciences
· crown of royal sciences 
· inanimate objects
· based on empirical observations 
· single theory
 always looked for the perfect equation (things to always behave a certain way)
· universal (most laws derive from this science)

42.) Physicalists
· looked down upon the vitalist 
· everything works like a machine except for humans 
· believed in chemical/physical laws
· under the physical sciences 
 single theory 


43.) Primary reference
· ORIGINAL PUBLICATION  
· person who did the work, WROTE the paper 
· principle investigator 
· golden standard of doing literature research 

44.) Proximate causes
· are mechanistic
 in the here and the now-- immediate result/change you will see in experiment
 experiment, change variables , record 
 to do statistics & t test on them
· explain biological functions based in physiology and environmental factor
· immediate and obvious cause

45.) Sampling error 
· measuring enough times that when you average them together they are going to represent the true value of what you measured 
· when you make a measurement, it's accuracy dues to the tool you're using 
measuring, not always the same number 
· 1 measurement - close (not get the true value of what you're looking at)  
· measuring enough times, and the average should get the true value  
· 10% would be a good measurement in bio 
EX: keep measuring (green clumps) 


46.) Secondary reference 
· scientist has been asked to review the science in their field 
 since they're familiar with the work, they pull out all the  literature, material, references and write a review article 
· person writing didn't necessarily do all the work that's been reported in it but is familiar enough with it who can still write/review/judge it
· If you're trying to find out about something best to look here instead of you going around to do all the work (looking back in the 1960s info)
EX: review article
       annual review of blah  

47.) Special creation
· Scala
· Everything came all at once from God 
· Everything was created by one creator within 7 days 
 he had a purpose/plan
· Species don’t change over time 
· Special Creation Theory doesn’t support the Evolution Theory 
· The earth was not made a billion years ago 

**48.) Taxon (taxa) 
· Taxonomic category 
 order, class, phylum 
· Contains ranks (hierarchy)

** 49.) Taxonomy 
· Folk 
·  word of mouth 
· Artificial 
·   classification by resemblance or dissemblance 
· Mechanical
 Linneaus – genus and species 
· Natural (evolutionary)
 
· Cladistic (phylogenetic)
  organisms grouped together by their last common ancestor and are not present in distant ancestors (molecular sequence)

50.) Tertiary reference 
· Person not even related (familiar a bit) no detailing/ scientific referencing 
· great way of general knowledge
· not to be used in scientific writing 
EX: Textbook
  but not reference
no name of where it came from (no credibility) 
      EX: national geographic 
no credibility 
 writing for the common general public 
·  doesn't point to any of the original literature that you're reading 
EX: wikipedia 
 not authenticated 
 nvr been validated from someone else even though they provide footnotes  
     (no one looks up their footnotes)
 will give you some names of the investigators in the work 

51.) Theophrastus
· published 9 books on the his categorization on plants and based them in their reproductive and structures of the plants 
 good food crops/drugs
· his work was so accepted in the 1400s , his book was still in use , and forms ancient father of taxonomy because he created the most comprehensive list of organisms thats been produced 
· successor of Aristotle
	
52.) Theory
· To the general public it’s known as a guess 
· Physical sciences – theory from other observation from a phenomenon
 strong statements of how things are done
· Not universal but has a lot of support and proof behind it 
EX: Theory of evolution

53.) Ultimate causes 
· where did the toxicity come from? / why were some of them not killed (bug killing example)
· genetic variability comes in
· HISTORICAL NARRATIVES
· it's coming from the past/genetic genes in their programs 
· the questions are then told as historical narratives rather than being told as numbers and measurements graphs and charts 

54.) Van Leeuwenhoek 
· microscope - told no one how to make them
  got rich in europe  
· 6 microscopes survived (1950-60 no one replicated the microscope) 
· Figure it out :
· heated the base of a fine glass thread 
· spun the glass thread and chilled it  make the lens
· protozones/cells (in cork)
· He gave - look at smaller forms of life 


55.) Vesalius 
· father of anatomy 
· dissect human parts 
· blossoming of info on human biology in terms of anatomy
· wrote a pamphlet on bloodletting and how dissection would help in knowing more of the structure of the body and medicine 
· educated physician who drew wonderful structures of the body 
· wrote, de humani corpuis fabrica (hanging of dead flesh)  


57.) Vitalists 
· in a living form something about them makes them living
 yes we could put humans in a bomb calorimeter but it doesn't explain why we are living
· essentialism; there's a vital force that turns these things into living things 
· there's something more to life that there's the essence of vital forces 

 
