Organismal Biology
-meet various individuals who were key in creating biological thought
-why did the world think that way about the world around them?
-what caused a change in explanation?
-understand the world at that point in time 
-try to explain why there is all these types of animals and plants
-observe different things that don’t fit out explanation and therefore have to adjust our explanation
-why bio differs from other sciences
-1600s biology didn’t exist
-huge impact on how bio is accepted by the scientific community
-biology is a young science, non human biology
-it gets termed in 1802
-manifestation of life and what controls life and how it is affected by its surroundings
-no one made a term for it
-only in the last 300 years did someone make a term for it
-people were not called biologists 
-many different types of biology you don’t call yourself a biologist
-all these names came after the first title made 300 years ago 

Pre Darwinian
400-450 BCE Greeks and Romans
· Greeks and romans were the first to travel
· created a huge commerce zone
· that zone caused people to discover many things (plants, animals, rocks) started to catalogue their surroundings
· and had phenomenal infrastructure
· built roads for transportation
· commerce that is successful, wealthy community
· wealth is put into knowledge
· and that knowledge is written down and coded
· communication, understanding, knowledge and movement of people
· and that’s why the roman empire succeeded
· 
450-16th century- Medieval Times
· Roman empire failed
· the Germanic tribe invaded 
· Rome had expanded and couldn’t protect their perimeter
· they got in to Rome and destroyed it
· that was the end of commerce, transportation, knowledge sharing and the whole of Europe crashed 
· and villages had to go back to the way they used to live, self sufficient, forming small communities
· lasts 1500 years

16th and 18th century
· early 1500s commerce comes back, the cities reconnect 
· and everything returns and that’s marked by the scientific revolution (ex. Galileo, caprinicus)

Author Douglas Adams
· 16th-18th century
· interplanetary galactic cosmology and combine it with human behavior and create storylines based on biology
· he was asked to do a lecture on the major milestones in science
· he picked four times frames (four ages of sand)
· milestone of scientific revolution
		-telescope 1608: sand was used to make glass to make a lens that allows you to look at far away things, advent of astronomy, physics, planetary motion, Newtonian gravity, equations that generated to explain planetary motion generated algebra and geometry
		-microscope 1678: used glass to magnify small objects, very first microscope allowed us to see things smaller than the human eye
this means there were smaller organism that we didn’t know were there, it becomes perfected we can see cellular components, muscle tissue, tissues, histology
to see the small world, it is still on going, cat scans, MRI are examples of this
		-computer chip 1961: silica transistor, when its charged it has a score of 1 and when it is discharged has a score of 0, put them together and have what computers are about, sequences of 1s and 0s a binary code that can build up to almost anything, a string of 256 1s and 0s can give us 64 million colors in RGB pixel, 0s and 1s can gives us alphabet and complex mathematics, before everything was done by hand and now calculations and information went much faster
		-fiber optics 1980s: connectivity, easier to get material, pulls scientists together allowing them to collaborate for the first time, they never see each other but still have massive collaborations, puts GPs’ on insect and whales

Hippocrates
What did he give us that advanced biology?
· he and other individuals assembled together in written form every single practice in biology
· he gathered them all together multiple authors encoded in writing the knowledge of medicine at that time 
· Hippocratic corpus
· written record of human biology
· can be distributed around the world
· pulled all of the knowledge together in one place

Aristotle 
· lots of ideas of how things should be
· he tried to organize the complexity that was visible in this world 
· figure out the organization of the living world
· created hierarchical arrangement of things 
· ranked by importance in terms of organisms
· flowers and fruit -- no flowers and fruit
· Scala natura – first organization, gods, humans, …
· tried to make sense of the living world
· living world had a pattern and predictability


Theophrastus
· he was interested in just the plant
· reorganize Aristotle’s plant section
· plants were used in medicine important to be categorized
· agricultural exploitation
· plant fiber ex. hemp, wood, cotton
· medicinal plant 
· wrote 10 very large books and 9 survived
· his organization was so accurate and on the mark and is now exactly the same as back then 
· still used in the 1600s-1700s
· his book lasted very long
· and this why he is referred to as the ancient (not modern) father of taxonomy 

Introduced 3 different philosophers from the Greek period, Aristotle, Hippocrates and Theophrastus
· their contibutions, human biology with Hippocrates
· Aristotle- animal biology and plant general biology, organizing the living world in some sturture of importance human at the top Scala naturae
· Theophrastus- botany new heights and details 
· first people to every try to organize the biological living world ^^
· things were being classified, trying to find order, which is human nature
· they were classifying the living world, Aristotle set rules 
· how similar they were to humans, …
· applied a set of rules on how to classify this becomes taxonomy
· taxonomy may be based on country, based on whatever
· you set the rules
· may be based on many different things
· try to organize the huge amount of diversity

Types of Taxonomies
· Folk *
· There is no written record, there was one keeper of the knowledge required
· We hit a cognitive upper limit of the human brain
· Need written aid and assistance
· 3 to 4 levels of organization, 5-600 items  
· Artificial * (Aristotle, Theophrastus)
· They were using visible appearances; they were just a set of things they observed
· Theophrastus turned out to be right, but he didn’t know the understanding the evolutionary history of the organisms so its called artificial taxonomy
· Mechanical
· Natural (Evolutionary)
· Cladistic (Phylogenetic)


· Shift from folk to artificial happened when things began to be written down
· Greeks and Romans used their written language of Latin made lists of things in location and what the artificial taxonomists did is put order on those lists
· And now the human species could recognize more than 500 items because thy were ordered and written down, and now the knowledge explodes
· This is the big thing that Aristotle and Theophrastus adds
· Someone had to do it first and this is the big thing in biology
400-450 BCE (15)
· Scala naturae – the great big chain
· Why all these organisms are there?
· What the philosophers came up with was that every organism contained a special essence
· That essence is what mad horses horses and etc.
· Essentialism- every organism contained a special essence
· When they reproduced their essence was passed down
· Why is each organism a type? And why each type remains over time?
· The concept is there is an essence in every organism
· Polytheiastic- multiple gods
· Multiple gods put all of this stuff and gave it its essence so it could remain the same over time
· It showed up each organism is given an essence and its passed down so that we maintain the integrity of all different types of organisms
· Essentialism is basically the Gods’ work 

Medival Ages

· Scala Naturae still says and Essentialism still stays
· Except now there is one God not multiple Gods 
· This is going to hold for 1500 years, everything stays the same except one God now
· No advancement whatsoever up until the scientific revoluton
Special Creation 
Pattern
· Species don’t change
· Each species created on 0ct 23, 4004 BCE
· Species are not old
· Around 1600 a man named Usher he takes the bible put these stories together and works it backward and comes to the conclusion that each species was created .. and the planet earth at that time was 5600 years old and was a huge breakthrough and he tried to pinpoint when it all happened and this was the first time someone tried to do this and now we have a date 
· The question is now who put it there? At the time people thought it was a divine individual
· There is some design to all of this
Process
· A designer of some sort
Medieval ages is split into 3 periods of time 
Europe
· 400-700 Early idle ages (Dark Ages)
· when the complete collapse of the roman world 
· no commerce, low trade, no communication
· 1000-1300 High middle ages
· Europe starts to rebuild
· Where we get the mathematics of Cathedrals
· Huge time, Europe fixes it self rebuilds a culture again
· 1300-1500 late middle ages
· hit by the black plague
· half to 2/3 of the population died
· transmitted by a flea
· these huge cities the plague travelled very fast
· just as it starts to rebuild it all comes crashing down
· poem- ring around the rosy

· Europe builds itself backup, Columbus travelling is the beginning of European exploration, and colonization of major continents 
· 1492 Columbus sailed the ocean blue
· Medical ages are a concept of only western culture
· All of the works by the Greek philosophers were translated and disseminated to the rest of the world
· While Europe was collapsing the Islamic world and Byzantium nations wasn’t affected and had all the knowledge
· This is the golden age of Islam, take over as the major knowledge base, commerce sites and everything else that goes on 
· There are scientists that continue work that went on (20-
· Al-Jahiz (781-869) (20*) perfect definition of natural selection and is occuing before 100 Common Era
· Al-Dinawari takes Theophrastus book even further, studying botany, provides prescriptions of how to use plants to cure diseases
· Avicenna- very famous philosopher, takes what Hippocrates did further(medicinal), because he has more resources
· Alhazen- scientific method- made a set of rules about how to make observations of the world to make sure your observations are valid and repeatable, same method used today-7 steps**
· All of these individuals are contributing
· Ibn-al-baitar- also expands on the pharmaceutical list, gets transferred to Latin Europe is starting to blossom again and his book enters the western world and is used there, his book is used to treat Kings and continues to be used, put together largest book in pharmacy

· The scicnes chift 
25 
· The science shifts, Europe starts to concor 
· The Church invades the Muslims and removes the Islamic world from the holy sites
· The western culture clashes with the Islamic one, that’s when we get the crusades etc.  
· all of this is funded by the church, one Christian church at the time
· all of this new knowledge is transferred back into western culture and keeps going as the scientific revolution 
· In all of that time 1600 years Scala naturae, essence, fixed point in time except this time we have a date 
· rearranged scala naturuae*
· hell was added at the bottom, one god, angels Church changed this*
16th-18th Century: Renaissance and the scientific revolution (25*)
· All related to physical science 
· All of this is funded by the church, only one, and they have all the money 
· they come up with certain findings that the church disapproves of 
· church believe earth is at the center
· sun is the center of the universe not the earth
· church liked the idea of all the laws show how the creator created the earth
· except for the earth not being at the center, church did not like it
· Copernicus knew he would be in trouble if he made that statement 
· He told people but never published it, he knew he would be in trouble with the church 
· He told people around him that when he dies to publish what he says and that’s what he did 
· Kepler built on this and bases his work on planets moving
· Galileo keeps adding more proof on Copernicus’ findings, Sun was the center, he was annoying people by doing this and was going to get in trouble 
· He developed a huge amount of information 
· Galileo was excommunicated because he didn’t listen
· Pope John Paul the second un-excommunicated him and confirmed his findings and then catholic church accepted that the sun is at the center (1992)


· All of these are Physical sciences not natural sciences
· Through the scientific revolution biology doesn’t advance, the world is being explained by mathematical formula and equation, many fields are developing except biology
· Fear of going against the church and bible 
· People thought nothing changes since Oct. 23 because of the “essence”
· 4 people that are important in this period of time because they give us the beginning in some work in biology
Van Leeuwenhoek
· creates first microscope, created a mechanism that allows you to see small organisms, it is a glass bead that is visible from the other side, you pout the specimen there and look at it from the other side, and the bead has a warped curve enlargement and that’s how you saw it 
· He never released how to make it and controlled the microscope and when he died how to make it went with him
·  It was only in the 60s/70s how they finally figured out how he did it 
· It gave us a look at the world, he is important because there were more organisms then we thought, small ones that no one knew of 
· There are a lot more organisms then there was before 
· Wasn’t that big of a deal, it was an enhancement but didn’t change much 
· His microscope told us there were a lot more stuff
2015-09-18
Andrea Vesalius
· Human bio was moving forward very quickly
· Father of anatomy
· He did systematic dissection of human cadaver to be able to understand the placement of all the muscle blocks, the bones, the various organ systems, the structures
· Able to identify the classic positioning of bones, organs, and structure of the human body
· He made illustrations, his pictures are really bizarre 
· Anatomically perfect however
· Huge advancement at the time
· Only human bio
Harvey
· Father of physiology
· How the living body works and does things
· To understand Blood flow, the heart, the nature of the heart how it partitions the blood to a pulmonary circuit and systemic circuit
· No one understood until he figured it out 


Linnaeus
· Very end of the scientific revolution 
· Binomial nomenclature
· Hierarchy 
· 2 huge major contributions 
· He carried on the tradition of other Greek philosophers and organized the living world
· Exploring other continents and collecting all this information
· No evolution
· Organize the living world in a different way than anyone else, mechanical taxonomy
· Similar to artificial, artificial was more arbitrary, he made it more based on similarity of appearance he didn’t get it completely right
· He takes index card of description of animals and groups them together, green ones go together
· Shuffling and organizing the info that was written down 
· Mechanical classification- physical appearance
· He uses mechanical, not natural (evolutionary) taxonomy because Darwin hasn’t come yet
· He gets some right and some very wrong 
· He created a hierarchical organization
· Each category has a certain set of predictable features 
· Gave things names at the bottom, and because of their characteristics animals inherit features from other animals above them 
· Sense of organization, more predictability, each of these things are defining characteristics of that organism 
· Divided the world in 2, plants and animals
· Kingdom – Class (6) – Order – Homo (humans, monkeys *movement) – Genus-species
· If you don’t fit anything you are a worm 
· Giant grid where you can pick everything out and know the characteristic 
· After things change Phylum and Family are added, as we understand organisms and how they vary we need more division 
· Autapomorphie – if you have this characteristic you fit in this group
· Animals have to ingest their food; fungi secrete enzymes to ingest their food 
· If you are a ingestive multicellular eukaryote heterotroph organism – Animalia
· Example Canadian beaver in textbook
· if you moved into a new area and you wanted know If and organism lived there you would ask your neighbor you would ask 37
· you are describing the bee but identifying it by its name
· when he read all the descriptions it tied to the bee that made honey he gave it the name apis mellifera (honey bee)
· made long complex names short ones with description
· first term is noun, second is an adjective
· Genus is always capitalized and the species name isn’t 
· Italics were used because it is a different language, not Linnaeus 

· It arrived on oct 23, 4004 every unique organism has an essence, more than we thought little ones, all of this has been organized in a hierarchy, that’s it no progression
· King Phillip Came Over from Germany For Soup
· Artificial small list very little info , mechanical lists much larger lists no quite right*


Darwin and Evolutionary thought (late 1800s-mid 1900s)
· End of scientific revolution, this becomes the origins of the physical sciences 
· Physicalists
· Living things behave according to principles of little machines 
· Muscles have engines just like machines at that time, except small 
· Vitalists 
· behave according to laws of physics, except living organisms are special, the components react in a way … special essence, they don’t know what it is
· physical and chemical laws apply but living things have a vital force 
· Creates issues between these 2 scientists
· Physical science 
· Inanimate objects
· Gas expanding under heat, all molecules react the same
· Physical and chemical laws
· Universal
· Everything were saying applies every where in the universes
· Based on empirical observations
· Using mathematical calculations, predicting where things are going to be and using those to understand how things will be 
· Experimentation preferred method
· Single theory
· Single falsification enough to abandon a theory 
· Natural science
· Animate objects
· Only need to look around to see no one looks the same, too much variability(problematic), must sample
·  Too much variability, you don’t really know the median response until you sample
· Too be sure the phenomenon your seeing Is right 
· More than physical and chemical laws (genetics)
· Not universal
· we don’t know if there are other living things in the universe
· Based on historical narratives
· Biologists had to describe how things happen 
· Induction most used method 
· Multiple theories 
· Singles falsification not necessary to abandon a theory 
· Distinct difference between how they study
· Inductive reasoning – make observations and we try and see if the principle holds in as many cases as possible and from that we make a conclusion on how something works, logically argued narrative
· Physical science uses deduction, try to find universal principles and then apply it to everything , this is the way it is and keep testing to prove this, keep looking to confirm it
· Deductive – all insects have wings, and this animal is an insect, animal has wings (from general to specific)
· Inductive- this animal is an insect it has wings therefore all insects have wings (multiple observations) (from the specific to the general)
· In spite both groups are asking the same kind of questions
Anatomy of a scientific explanation (theory)
· Two parts
· Pattern
· Mechanisms or process
· Questions to be asked 
· What?
· How (proximate cause)? Or Why (ultimate causes)?
· Proximate cause: do something and the very next thing is a result (hitting a knee causing you to kick, A directly causes B)
· Proximate- associated physical science
· Ultimate- pulls a whole set of things together
· Both asked in the natural sciences 
· Proximate causes (physical science-like biology)
· Phenotype – morphology and behavior
· Mechanical (predictable)
· Here and now 
· Genes in action
· Experiments
· Ultimate causes (natural science-like biology)
· Genotype – genes and history
· Previous organisms weren’t killed by a chemical, and this builds in the population therefore you cannot kill that organism, try to play with that chemical to add more to it 
· Products of the genes are working 
· Variable (probabilistic)
· Evolutionary past
· Changes in genetic programs
· Historical narratives
· Ogranisicists- vital force replaced by genetic program and the importance of emergence (swarm behavior)
·  Things are working better as the sum of a whole than the individual things that are there
· Multiple theories
· Food competition 
· Sexual competition 
· Giraffe example…
· Can be more than one theory, physical scientists disagree with this
· End result they will come together, vitalists and physicalists
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Terms Used In Science
· Theory: well founded well principled documented finding that can be seen and understood in a variety of different contexts
· Scientists develop theories about how something works
· In science no one says this is a fact, always a a grain of doubt, something challenges that fact, questions are raised, no one would say these thing are facts
· General public sees this that scientists are unsure and doubt it
· Reality is in science the theory is the strongest possible thing you could have 
· Origin of much of the conflict, attack on science, not allowing scientists to have a grain of doubt about everything they do (say its 100% true)
· In science fact isn’t as important as theory
· Theories can become laws, and when they do they become more profoundly important
· A law has a characteristic that theories don’t, laws are universal 
· If the theory is only observable on our planet it is not allowed to be called a law because we haven’t demonstrated it universally
· That is why the theory of evolution is only a theory because we haven’t seen it on another planet
· Hypothesis- a best guess, no scientific bases, how you test what you think your explanation is, tested multiple times in different circumstances, and if you prove universality of it it becomes a law
· how do you check that what you’re saying (your explanation) is correct?
· Not wishy washy, certain things have happened I believe they happened because of this this is my explanation can I see if they happen again
· prediction that the hypothesis is going to do this: null hypothesis counterpoint if you’re wrong
· logical prediction- prediction that the hypothesis is going to do this, I believe it functions this way if I alter this this is what should happen
· chronological prediction- not based on anything sound… *
· hypothesis is a little explanation how something happens and is tested multiple times in many situations, and it it still holds it becomes a theory and if it is universal it become a law

Scientific Method: Steps or Stages 
*haven’t changed since the common era
· A question needs to be answered 
· Gather information already known
· Develop a hypothesis and test it
· Interpret the results of the test
· Do they fit in the explanation of what is going on?
· Retest
· Test it in a different way, ex. different location, similar circumstance
· Publish results
Added experimental components
*In the textbook
· Controls
· can’t leave a system unaltered
· comparing two lakes one w phosphate and one w/o 
· Controls of variables
· Circumstances have to be as similar as can be
· Taking a stream flow and dividing it in half, or two lakes 
· Sampling error 
· If you only took one reading how do you know you got the real reading
· Every time you take a measurement you’re never going to get the real number, every time you make a measure there is an error
· The more measuring units you take the more of them will be closer to the results
· If you average all those number that will be the true number of the value
· Sampled around it and always getting close to what’s there
· Repeat the test
· To make sure you don’t have a fluke
Distribution of Scientific facts
· Journal selection
· Published in a journal related to your field  􏰀 
· Manuscript preparation 􏰀 
· Peer review 􏰀 
· Revision 􏰀 
· Publication 
Types of literature – what’s the difference?
· Primary
· Scientific paper that is written by the people that did the work themselves and submitted it to the journal, contains all the references that were used to build the question, why they interpret the info that way 
· Every sentence has reference
· Secondary 􏰀 
· Not as scientifically sound, extremely important resource
· An author that works in the field puts together a review article that examines all the literature around this one question, sums it all up and identifies the challenges
· Based on their knowledge of the field through their colleagues
· Not necessarily the person that discovered all the findings
· I don’t have to read everything and read this authors summary of it
· references
· Tertiary 
· Really summary
· No references
· Biology, interesting readings
· Not written by experts in that field
· Example: textbooks, national geographic
States in an investigation
· The question
· Gather information
· Develop hypothesis and test it
· Interpret the results of the test
· Retest

Natural selection – Industrial Melanism
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? 
Peppered moth 
􏰀 Hypothesis 1: Fitness decreased when the moths that were more visible against the background color of the trees. 
􏰀 Null hypothesis1: Fitness remains the same and is not affected by the background. 
􏰀 Hypothesis 2: The bark color of the trees has changed. 
􏰀 Null hypothesis 2: The bark color of the trees has not changed. 
Experiment 1: Artificially rear light and dark morphs and place on tree and observe survival (fitness) 
􏰀 Experiment 2: Locate light and dark colored trees. 
􏰀 Result 1: Birds selected most visible moths 
􏰀 Result 2: Dark trees showed same distribution as coal based industry 
􏰀 Question: Do moths “rest” on backgrounds that match their coloration? 
􏰀 Question: What impact would the clean air act, that reduced pollutant immisions have on the moth population morphs? 
􏰀 Question: What happens to other moths with light and dark color morphs 
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Darwinian Thought
· Everything arrived Oct. 23rd, 4004 BCE
· Everything is different and maintains its difference because of essence and this essence is passed down to the next generations
· Essence is fixed in time and can never be changed
· Divine individual brings it all at once
· Still agreeing on these beliefs, only 350 years ago
· As science progresses and natural science refines itself, still not called biologists
· The naturalists travelled the world and observed to study 
· Some people colonizing and some studying
Leclerc
· He takes many journeys
· He noticed that there are a bunch of animals that have very similar appearance 
· He notices the jungle cats, and lions and tigers and cougars etc. if everything arrived at once why would you make so many variations of a cat?
· This concerns him 
· He proposes that when they arrived there was only one kind of that animal the cat, planted in the garden of Eaton, the cat moves away and live in environments with different minerals and nutirentd and various other components and this modifies the essence of being a cat
· Rather than being unchangeable the environment altered the essence causing them to take on different shapes and morphologies as the moved farther and farther away
· Geography affects the appearance of organism causing them to change overtime
· Essence isn’t fixed, and organisms change over time- Comte de Buffon
· Goes against scala naturae
Erasmus Darwin (Charles Darwin’s grandfather)
· Takes Linnaeus system naturae and translate it to English for people that speak English so they can understand the Linnaean classification
· Wrote the Zoonomia, mostly medical practice and healing but also a little bit of speculation the relationship between organisms
· Publishes a poem called the temple of nature
· He says organic life developed in the ocean, and was very small unseen by the microscope, it moves on land and once vegetation springs up you get a diversity of organisms that appear that move from fin to feet to wing
· Basically gives us an evolutionary sequence
· Another example of questioning the Scala naturae by saying everything didn’t arrive in one form and that organisms change 
· he becomes one of the key instigators in this change of thought
Cuvier
· Finds bones of animals and organisms 
· People were always finding bones but they thought they were dragons, demons or devils
· But he systematically pulls them out and assembles them, first one to do this
· And finds full whole organisms
· Those bones are similar to animals today
· Not demons etc. it was an animal that existed before
· Begins comparative biology and ties it to modern day organisms 
· Relatives of modern day organisms that have gone extinct
· Recognizes the concept of extinction
· Another piece of evidence that goes against scala naturae
· Has a theory that there was a catastrophe
· He new the extinction was sudden and they disappeared for some reason
· One of his student made a link to the bible that answered his question
· They say these bones are from the ones that didn’t make it to the arc, Noah’s flood
· This was their explanation at the time
· Cuvier’s counterpart was Lyell

Lyell
· Cuvier didn’t notice anything about the rocks in which he found the bones
· Interested in mineral science and earth science
· Uniformitarian theory of geological change
· You don’t have to have a catastrophic event to explain change, things just change over long periods of time
· Hes a naturalist that was interested in mineral and earth sciences
· When you look at a cliff it has strata and lines
· There were certain characteristics in the strata that were not the same beside each other
· The layers of rock had different compositions and this represented different periods of time of earth 
· In his travels he went to one location and then went to another and saw common patterns in the rock
· What he was doing was assembling the geological history of planet earth
· Study of the various rock strata – stratigraphy
· Developed the concept of geological time
· Extremely slow process, the building of sedentary rock takes a long time
· There is no way the planet began in 4004 BCE
· The planet is older than that because the rock formation cannot happen in that short amount of time
· You don’t have to have a catastrophic event to explain change, things just change over long periods of time
· The counter argument to the catastrophe theory is Lyell’s uniformitarian theory
What Lyell was picking up on
Rock cycle 
 
· Whole set of rocks that are created by the planet itself on it formation
· Exist as the magna core and the igneous rocks that represent the first mantle that forms
· The world is covered by an ocean which contains sedimentation is where we get sedimentary rock and this sits on top of the original rock and as the sediments fall there are living things that get trapped in those layers so you get a section that tells us the history of the world
· He doesn’t know that the continents have been shifting 
· He cant understand why some rocks are found in places so far from each other
· but he does know is that in the oceans there is a balance between carbon dioxide in the air and in the water now the co2 in the carbon cycle in the water is important because it provide the carbon used in photosynthesis that then is used to feed the plants and the animals eat the plants and then breathe out carbon dioxide
· So we have a sync of carbon dioxide in the ocean but it is in equilibrium with the air
· What is happening is that in the equilibrium there is an important chemical reaction going on
· When you dissolve carbon dioxide in water you get carbonic acid and that will deionize and you get bicarbonate, if there are any positively charged ion in the water those two will react, you get calcium and calcium carbonate and that salt no matter what doesn’t stay in solution and precipitates out and falls to the bottom of the ocean
· And so constantly overtime there is a rain of salts that constantly fall to the bottom of ocean as a microscopic rain and it is there in such abundance that it builds up in layers and that’s how you get sedimentary rock
· And Lyell knew that took an extremely long time, sedimentary rock is a half a mile high
· And as they land they trap the organisms living there
· And that is why there is a change in the composition of things that are there and the fossils that are all different sizes because they’re all trapped
· The cycle is on land, plants pull CO2 out of the air, animals eat it, plants and animals decompose, and the carbon recycles in the terrestrial environment if it doesn’t get washed back into the aquatic environment
· Lyell knows there is a problem
· The continents have not been in the same place; they were once one large continent called Pangea that’s why there are animals that look alike so far apart 
· What we see is the chipping away of the Scala naturae
· We need a new explanation

Lamarck
· First explains how we get all the different forms 
· Transmutation of species
· Each individual organism type is a species and that overtime species change or transmutation
· Change of species*
· Develops a model that if you look complexity or the top and bottom of Scala naturae over time every organism makes their appearance on the planet as a very simple blob (infusarium) and the essence inside that infusarium will change overtime
· The environment surrounding that infusarium is what changes it 
· As generations go buy it gets more complex and we end up with a lineage that leads up to a very complex lineage- simple -> complex
· Dealing with time, slow process, and things are changing overtime
· How does the change pass on to the next generation?
· Lamarck makes his mistake
· Theory of Acquired inheritance: Physical traits that an organism develops in its life passes on to it young
· Individual to individual and environment causes it 
· He didn’t know your reproductive cells are all ready in you at birth
· When the embryo divides a set of cell is put aside for reproduction later
· The traits he was talking about were a change in sematic cells
· Sematic cells is not the DNA that are passed to the next generation that is the germ cells
· Referring to sematic traits and not traits passed in genetics
· Sperm and egg … were not known by anyone at that time
· He tried to give us an explanation
· Modifying concept of essentialism

Essentialist explanation of change 
*Essence changes, it either changes really quickly or really slowly
*got it wrong with Aristotle 
· Transmutation (not Lamarck)  
· A rapid change 
· Dramatic change in the essence which results in a new organism
· Transmutation of the essence (Lamarck said transmutation of the species is an example of environmental transformation of the essence)
· Transformation 
· A slow change in the essence
· Finalism 
· Or there was a natural inherit quality of the essence that it automatically changed by itself
· Environmental (this is Lamarck) 
· essence changed by the environment around it
Darwin 
· 
· natural selection: Traits within an organism that are favorable are going to be passed down to the next generation
· Focused on population of organisms and the variability of the traits within a population
· Recognized there are ranges of characteristics, some of them have an advantage and are more likely to reproduce which increases the frequency of that characteristic within that population
· Very reluctant to publish his work he was part of the church community his wife was too and she was very rich and well known he didn’t want to upset anyone
· He had the most examples to demonstrates his principles 
·  He never worked a day in his life
· goes with his friend Lyell and got him a job as cabin boy and took collecting materials with him and had it shipped back to England
· so he was doing the first naturalist collection of that whole part of that hemisphere thanks to Lyell and Lyell was sending him his books before they were published
· so he becomes the single individual to make the biggest comprehensive collection of natural history from the south American subcontinent ever in the history of the world because he has the time and goes on the beagle
· he comes home and doesn’t have to work and can begin to find patterns
· Lyell was helping him and his grandfather Erasmus
· At the end of the beagle and comes up with the concept instead of the linear model of Lamarck he comes up with a different model 
· As you slice through time you’re going to see different compositions and things that disappear and that’s happening very slowly
· Never has a theory of evolution and has a theory of natural selection 
· And gives us our new type of taxonomy: Natural Taxonomy
· When we look at organisms and we place them in the same family they should be related to each other by that branching pattern and should share evolutionary history 
· Things that are the same share the same ancestor
· Not the theory of evolution

Wallace
· He noticed natural selection also
· Wallace send a communication to Darwin asking for his comments
· Darwin shows Lyell and says Charles you’ve been scooped, and you and Wallace and Darwin propose there findings at the same time

Darwin came up witht his branching concept

Darwin has five theories
· No constancy of species
· They have changed overtime
· And the change is driven by natural selection
· Common ancestry
· At the base there is a common ancestor
· Trace back to the first organism
· First anaerobic bacterium- Luca
· Gradual changes
· Multiplication of species
· Get new species and they increase
· speciation
· Natural selection
· Underlying principle
· microevolution
· Good traits get passed down
Problem is the first two get accepted, but the last three don’t 
Missing explanation because he doesn’t know about genetics, the last 3 need to wait for heritability 
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No constancy of species
· Fossils
· Builds on Cuvier’s comparative anatomy and other works
· Doesn’t occur frequently
· Things don’t always fossilize
· Really unusual circumstances do you get fossils and are very hard t find, very special circumstances tat find fossils…
· Ex. Of where you find fossils 21*
· Poor record with gaps 
· Gaps where soft bodied animals, and was a mystery, 
· …
· limited fossil work in Darwin’s time has exploded now 
· much more complete now
· Extinction
· Things have disappeared in his branching patter
· Transitional forms 
· Transitional fossil, missing gaps in between
· A form that was unheard of at that time 
· Arachaeoteryx lithohraphica
· Feather is not limited to birds
· Puijila darwini


Common Ancestry
· Comparative anatomy
· Homology- structure that has exactly the same underlying structure but it has become highly modified to do different things
· Comparative Embryology
· 
· Vestigial Structures
· Example; goose bumps- we learnt this shows that we are related to other hairy animals
· Our ancestors used this to survive	
· Biogeography
· Molecules

Homology- 
· Divergent Evolution
· Convergent evolution
· Swimming structures in water
· Homoplastic structures

Pastuer
· no spontaneous generations
· only 200 yers ago
· …

19th century: Modern Biology 
· Cell theory (Schwann and Schleidan-1960)
· The basic unit of all organisms is the cell
· Individual cells have all the characteristics of life and
· All cell come from the division of other cells

Mendel 
· figures out inheritance
· solution is unknown to him it wasn’t accessible to hum


Multiplication


Speciation
· aill now anme on what a species is



Species concepts – what is a species?

· Biological species
· [bookmark: _GoBack]Morphospecies
· Phylogenetic species
· Species ae groups of actually or potentially interbreeding populations, which are reproductively isolated from other such groups. – Ernst Mayer (1942)














