Pre-Darwinian Biology

Main Themes
· Major events in the History of biology; pre-Darwinian bio, Darwinian thought, and Modern theory of evolution and more
· Identify and understand the major events and findings in biology
· Be able to place the main findings of biology in a historical context
· Explain how biology differs from the other sciences
· Understand how biology is done – scientific method in natural sciences

Defining biology 		Treviranus 1802
· The word biology is only 200 years old, got its name in 1802, where as medicine was given its name during the Greek times
· Any investigation that looks at any form of life and the things that control its existence. The subject matter of our investigations will be the various forms and manifestations of life, the conditions and laws controlling their existence, and the causes by which this is affected. 
· Any investigation that controls any form of life

Types of Biology
· Molecular, Biochemistry, Genetics, Cell biology, Physiology, Genomics, Nutrition, Evolution, Ecology, Pharmacology, Morphology and Developmental Biology

History of Biology before Darwin
Major events in the History of Biology
· Pre-Darwinian and the natural sciences (400 BCE – late 1800’s)
· 400 BCE – 450CE: Greek and Roman ages
· 450 – 16th century: Medieval ages “Dark ages” 
·  The fall of Rome as the dominant civilization
· 16th -18th century: Renaissance and the Scientific Revolution
· 1700-1900s: Europe focuses on science, i.e. calculus
· Darwin and evolutionary thought (late 1800’s – mid 1900’s)
· Darwin publishes on his non origins species (evolution)
· Modern theory of evolution and more (mid 1900s – present)

400 BCE – 450: Greek and Roman ages
· Hippocrates (460-370 BCE) Greek Philosopher
· The father of medicine
· Recorded, analyzed and took down what everybody knew and thought about diseases, illness and human biology
· This created such a huge resource and one of the things that was in that was the Hippocratic oath
· In doing that he raised the study of the human body and illnesses and things to a level that described the reasons why people got sick was because they had a disease 
· There is a cause for everything and tried to find them
· His work was multi-authored, he collected information from many people and put it together  the corpus
· Observations of Human biology (first recordings of the human body and how it works)

· Aristotle (384-322 BCE) Greek Philosopher
· He made philosophical contributions to geology, physics, pure philosophy on logic
· Created/ proposed the “scala naturae”; the great chain of being
· Attempt to organize all the information we knew about the living world into some comprehensive package
· Essentialism: we have diversity, it is unchanging, it is organized in a chain of being (hierarchy); there is still strong belief that every organism has a special essence and that special essence is passed from one generation to the next in some way
· Pattern: Irish bishop takes the bible, the gospels and the writings and tries to correlate and coordinate the events and timeline and tries to work out when these species were created on the planet, he determines oct23, 4004 BCE, species all arrived on this day all at once, 6000 years old
· Species don’t change, species are not old 
· Process: a designer of some sort
· Recognized three major kingdoms:	
· [bookmark: _GoBack]Inanimate; rocks, stones, chemicals, elements
· Plants; higher: trees, shrubs lower: fungi, scums, bigger/higher ones were more perfected
· Man, the perfected animal in the world and he placed every other type of animal underneath; human being was seen as the personification of God so they were the highest
· Example; mammals, whales, anything that laid an egg, squids, jellyfish 
· The importance of the “scala” created an organizational pattern to look at the diversity of the living world and what was out there
· Built a way to classify the living world, gave us a classification scheme

Some initial definitions about naming
· Classification: anyone who collects things and puts them into categories; categories and subsets of things
· Taxonomy: applying a set of rules to your classification (collection); example: classifying stamps by country
· Artificial taxonomy: recording lists of classification that our mind cannot hold; listing things together and fitting them into the scala; not necessarily how the living world is recognized
· Folk taxonomy: word of mouth from one generation to the next, were being written down, Greeks were travelling around the world and recording these folk taxonomies on paper; based on words and stories, there is a limit to our cognitive abilities since we can only hold 500 categories and 4 levels of categorization
· Mechanical; Linnaeus changes artificial taxonomy; categories that are based on descriptions disregarding relationship
· Natural (evolutionary); taxonomy based on evolutionary similarities like morphological characteristics that identify similarities between groups. (Darwin), such as, Homoplasy- homologous divergent evolution, convergent evolution, Advanced- primitive characteristics, weight for the different characters
· Cladistic (phylogenetic); created branching trees that used special characters that existed in primitive or advanced states and polarized the characters. If someone has a derived character, everyone who shares it is a descendent. You have to look for these shared derived characters, some cladistics terms are: apomrphies, pleisomorphies, synopomorphies, symplesiomorphies
· Hierarchical: organization by Linnaeus
· Systematics: application of the rules of evolution to the classification of the living world

· Theophrastus (371-287 BCE)
· Student of Aristotle
· Start of botany
· Cataloged plants; published 9 books on his categorization of plants based them all on the reproductive ability of plants and their structures
· Ancient father of Taxonomy
· Because he is the first one that created the most comprehensive list of organisms to ever be produced

450 – 16th century: Medieval Ages
· Europe
· 400- 700 Early Middle Ages (Dark ages)
· With the collapse of the infrastructure of Rome, little or no luxury of commerce, money, educational system, scientific investigation
· People who were dependent on the commerce in the area were helpless
· Economy collapsed
· 1000-1300 High Middle Ages
· Start to get infrastructure, cathedrals built, see the massive architecture being built, massive innovation, Norman arch and etc.
· Commerce starts again

Ibn al-Baitar (1197-1248)
· He goes even farther in the plants and writes out a Pharmacopeia, a pharmacology of plants
· Develops a way to purify, strengthen the medicinal ingredients that are in the plants
· Identifies how to enrich, extract, and make more polton then medicine that are used to cure diseases that are associated with illnesses at that point in time
· Once Europe gets its mighty strength it invades the middle east, and the middle east goes into their dark ages

· 1300-1500 Late Middle Ages
· “Ring around the rosy”: death of half the population of Europe
· The Black Plague (1347-1351)
· Europe gets knocked out again, the black plague, half the populations gone, massive exploration of the world, Europe has now become a power, scholarly institution, science did not stop in the world at this time, Greek and roman works were translated into Arabic, while Europe collapses, Islam goes into the golden ages of science
· Europe is about to hit the plague at this time, when plague hits and when disease hit in Europe they brought in physicians from the middle east who would come to help
· Takes about 300 years for Europe to step back up
· 1492 Columbus sailed the ocean blue; once Europe gains its strength it invades the Islamic world because all of the important locations of chrisindum is not under the control of Christian Europe, the crusades occur, massive attack of the middle east and Islam goes into its dark ages
· Take all their knowledge and incorporate it into their knowledge base and it seeds the next stage; the renaissance and the scientific resolution

16th – 18th Century: the scientific revolution and the start of modern sciences
· Douglas Adams (1952-2001)
· Greatest thinkers of the 1960s and 1970s
· Fascination with hitch hikers 
· Believed there were four ages of sand
· Sand or silica was heated up and turned into glass; the glass was ground to create lenses
· Four ages of sand; turning glass into…
· 1st: Telescope (1608); glass was ground to form lenses that allowed humankind to look out into the distance and observe the universe and the planets of our solar system
· 2nd: Microscope (1678); first created by Van Leeuwenhoek, adjusted the glass lenses to be able to see very small things; use of the glass lenses to look into the smaller world around us and begins with the invention of the microscope in the mid 1670s
· This new invention unraveled the detail of the cell, the fundamental unit of all living things
· 3rd: Computer chip (1961); silicon made chip; create binary code of 0 or 1; gave access to computational strengths allowing the analysis of data and asking questions that were, until then, impossible to answer. 
· Example; mathematical models of biological systems, ecosystem structures, and unraveling the evolutionary history of organisms…on off moments for a chip
· 4th:  Fiber optics (1980s); use of glass in fiber optic cables allowing the transmission of huge amounts of data and information around the world; allows high-speed communication… I.e. how it is woven into the internet

· First age of Sand
· These science all become fundamental, lots of money around and there is only one Christian faith at this time, the church is the real sponsor of all of this knowledge, the instructions god used when he created everything
· Earth is at the center of the universe and the son revolves around it and of course that’s the way it was created  that’s what the church believed and if anyone was against this they were bad 

· Copernicus (1473-1543) – one of the first people to propose that the earth is not at the center of the universe that the sun is and the sun moves around it, he knows if he said that he would be ex-communicated (purgatory); wrote his findings but did not publish it, all his colleagues new about it but kept it a secret, his findings were published after his death, no religious consequences
· Kepler (1571-1630) – planetary motion
· Newton (1643-1727) – laws of motion, gravity, and thermal conduction
· Galileo (1561-1626) - the person who founded the truth and further proof that the earth revolves around the sun and not the other way around, he was excommunicated because he published his findings but until 1992 the pope removed Galileo’s excommunication
· Boyle (1627-1691) – behavior of gases
· Pascal (1623-1662) – origins of calculus
· Descartes (1596-1650) – geometry

· Second age of Sand
· Van Leeuwenhoek (1673) – Is important for the discovery of the microscope, he kept this a secret, was the only one in Europe making microscopes, no one was able to replicate a Van Leeuwenhoek microscope from the 1950s-60s
· Gave us the opportunity to look at smaller forms of life that we haven’t seen before
· Started trend to develop tool to look at smaller things in life
· He took a super fine base thread melted it , spun it perfectly into a sphere and cooled it right away and snipped the end…
· Protozoans smaller organisms in water
· Andrea Vesalius (1514-1564)- use to do systematic dissections of the human body to identify muscles, muscle blocks, bones, and various components associated with the body
· Father of anatomy
· Blossoming of more information on human biology, medicine in terms of anatomy
· Harvey (1578-1657) – father of physiology
· Figures out how the circulatory system works; figures out the relationship b/t heart, blood, how its pumped around the body, the role of the ventricle, and so on… 
· We see medicine moving further 
· Linnaeus (1707-1778) – he was a botanist, gave us a hierarchy, takes the living world and categorizes things into a nested hierarchy; through his efforts to catalogue and organize the descriptions of various plants and animals being discovered around the world he creates a hierarchical system of categories and the binomen name of the Genus species that we still use today; gave each species a genus and species name (binomen)
· Example; folder on university student’s laptops that says courses and then inside that there might be a bio1130 folder.
· Mechanical Taxonomy; Linnaeus changes artificial taxonomy; categories that are based on descriptions disregarding relationship; 
· Two kingdoms; plants and animals  gets this right
· Gave us a hierarchy; added this to the scala naturae, because it wasn’t there before; systematic proposal for classes, order, genera and species
· Hierarchical: creates 6 classes, species name i.e. amphibian, Pisces and etc. then uses genus i.e. homo, Leo, felis 
· Kingdom: Animalia, multicellular heterotroph, have to consume their food, plants are autotrophs
· Phylum: Chordata, animals that in their embryology they have down the dorsal surface a cartilaginous rod called a notochord, there good at swimming because the wag their tail (have a springy notochord) 
· Class: Mammalia, all f the hairy animals with notochords that feed their young through mammary glands, this unifies them together, all have different ways of feeding
· Order: Rodentia, animals whose teeth continues to grow because they constantly wear them away, there are a certain set that are aquatic
· Family: Castoridae; water proofs their surface allowing their hair to puff up when they go into the water, oil is castor oil, 
· Genus: Castor
· Species: Canadensis	-- the beaver example in the textbook
· Prior to Linnaeus if you wanted to identify something you would have to describe it…
· Honey bee  Apis mellifera (bee making honey)
· Genus name is always a noun, species is always a adjective
· Genus species name is put in italics because its written in a different language

Physical Science vs. Natural Science

Physical science: Inanimate objects, physical and chemical laws, and its universal, empirical observations  everything should behave according to this
Natural Science: animate objects, more than physical and chemical laws (genetics), not universal, based on historical narratives, until Darwin naturalists were seen as amateurs…

There is a very distinct difference between how a physical scientist approaches science compared to a natural scientist, and for many years natural sciences were grouped under the derogatory term of the “descriptive sciences” because their work did not involve the type of “mathematics” associated with the physical sciences. Part of the problem is that natural scientists are working with a more variable world of living; animate objects compared to the uniformity of inanimate objects of the physical sciences. Physical, chemical and mechanical laws acted on these inanimate objects that all behaved the same. The natural world of course behaves according to the chemical and physical laws, and the chemical reactions and structural matter of the living world falls right in line.
· The difference between the two can be seen in how each group viewed the living world:
·  Physicalists felt that all living things, with the exception of human, were machines and that it should be possible to reduce the machines into the various parts that made the whole machine work. (Descartes 17th century)
· Some underlying mechanism that can be described by the physical sciences; mathematics to prove this
·  The natural scientists, vitalists, didn’t agree and they felt that there was something special about living things compared to the inanimate world –they had a vital essence of life but beyond that they couldn’t explain what it was in a way that would satisfy the reductionist views of the physicalists. When the chemical elements come together in a living form, there is something else about them that make them living.

This divide between the two sciences would continue for literally hundreds of years until the underlying genetics of what that vital life force was discovered. Around 1930 the best of the two views of life were combined in the organicists (holistic) view that life was ruled by the laws of physics and chemistry but that through the genetic program the whole was more than the sum of its parts – a concept referred to as emergence, or emergent properties; emergent property different from the individuals, we are all made up of carbon, hydrogen, and so on. If these carbon atoms bend and form a different structure they form new component. Example; swarming of birds

Differences
· Natural sciences deal more with narrative accounts, telling stories, gathering and making observations and finding patterns within them.
· The scientific revolution was about uniformity and finding mathematical equations in order to stand up to rigorous testing.
· Physical science laws were universal and applied anywhere in the universe. But, for the natural scientists their best theories only applied to our planet and were not universal since there was no evidence of life anywhere else in the observable universe.
· Natural science is about narratives through the method of inductive reasoning whole physical science is all about rigorous experimentation like deductive reasoning.
Experimental Methods
Physical Science – Deductive reasoning/ Deduction (from general to specific, laws to inanimate objects): Example: all insects have wings and this animal is an insect. This animal has wings.
Natural Science – Inductive reasoning/ Induction (from specific to general): Example; this animal is an insect and it has wings therefore all insects have wings

Emerging Theories
Physical Science- accepts only one theory at one time and if that theory is proved wrong it, its completely shattered and rejected. E.g. a subatomic particle was found to move faster than the speed of light, which disproves Einstein’s theory of relativity; that light is the fastest moving object. Now the physicist will have to revamp the theory of relativity and may even discard it.
Natural Science – accepts many theories because biologists accept that theories can have imperfections. E.g. the multiple theories of the giraffe’s long neck (food and sexual competition). 
The giraffe has a long neck because over time selective pressure for feeding on the tops of the vegetation gave the giraffes access to a food resource that no other animal could reach, that was a benefit so in time natural selection ended up lengthening the neck of the giraffe. After this was observed scientists found that giraffes were feeding at shoulder height, working there way around and were not stretching to reach their food so the theory was false.
Another possible theory of giraffe’s necks was that they use their long necks as a weapon when competing against other giraffes for sexual competition.

Anatomy of a scientific explanation (theory)
Proximate Causes and Ultimate Causes
There are two parts to any scientific explanation: the “What” questions of observation and literature review that lead to hypotheses or theories and the “How” or “Why” questions are then asked and used as the test. A GOOD THESIS COVERS BOTH
· “How” questions deal with proximate causes
· “Why” questions dig deeper and look for the fundamental underlying ultimate causes. 
· Proximate causation addresses the mechanics of the here and now and most often is observed through morphology and behaviour expressed as the phenotype – looking at genes in action.
·  Ultimate causation deals with the much more variable aspect of biology, the changes in the genetic programs and the underlying genotype. It’s these “Why” questions that troubled the physical scientists. So here’s one – why are why questions now an integral part of biology? As Mayr points out we owe it to Charles Darwin who asked some of the greatest why questions in Biology, and his thoroughness and rigor brought the “Why” questions back into the acceptable circles of biological investigation.



Scientific Method
· Theory and Fact: a theory is developed when there is an extensive observation of some phenomenon; strong statements of how things happen and how things are done; speculation
· Why isn’t it the law of evolution? Its because we haven’t seen it on another planet, unless its universal it cannot be a law
· Hypothesis: a small explanation, proposed explanation for a phenomenon
· Law: something that applies to the universe; what hold the biological world together, its as close as a fact
· That’s why there are very few laws in the biological sciences because they do not apply universally
· Prediction (logical vs. chronological): is usually seen in a general public world as a chronological prediction, scientifically is a theory based on massive amounts of observation, if I were to do this so and so would happen because of so and so, predictions based on logic and putting things together

Stages in an Investigation
Steps of the Scientific method: Have a question that needs to be answered, gather information, develop a hypothesis and test it, interpret the results of the test, retest

Observations, how and why questions, hypothesis, test (experiment) and conclusion
E.g. Blood feeding bug; designed to feed on blood and very efficient to break down blood proteins and should have no blood in its fecal matter. We notice when we look at the fecal material there are proteins in there which doesn’t make sense since the intact proteins should be broken down. Observed, why is the protein there? Houseman blood fed the insects, let the bugs poop in the petri dish for 24 hours and then extract the fecal matter and measure the levels of protein in it and saw a pattern. 

Additional experimental components
· Have an adequate Control in an experiment: Sample from your experiment that doesn’t receive the treatment; Example: a drug given to some mice but not others, controls are important, can be done in the lab only, leads to prediction
· Control of variables: only testing for the effect of one variable at a time;
· Sampling error: more measurements lowers sampling error; cannot get accurate measurements from “measuring tools” 
· Repeat the test: repeat experiment to determine the average of the results
Distribution of scientific facts
· Journal selection: example; Houseman was working on insect physiology; he wasn’t going to publish it on a geology journal. Nature and Science is the hardest place to publish your journal; once you know where you going to publish your journal it’ll tell you all the rules to follow
· Manuscript preparation: write up manuscript according to the rules of the journal
· Peer review: faculty member, student, someone to read it to edit it i.e. your missing a control, there is another interpretation
· Revision: mail your article and the editor will look at the file and see if its suitable to publish in that journal, hell look up someone whose done a similar article in that topic, the editor then removes your name, when reviewer gets it they do not know who wrote it, so there not influenced by the author that wrote it, reviewers names are not revealed to the author either, then the article comes back to the editor, accepts it, accepts with minor revision or accepts with major revision, or not published
· Publication: editor finally makes decision to publish, and probably a year passed by, you will get a bill to pay for your article to be published

Scientific Literature
If you were researching science and were trying to publish your paper, you need to choose the right scientific form for you. If you get in Nature your golden! Steps are:
· Prepare a manuscript once you chose your journal	
· Review it so it’s acceptable to that journal and mail it
· The editor looks it over and will take your manuscript, remove your name, and mail it out to three or four experts in your field somewhere in the world
· Peers will then receive a copy of your manuscript without any of the names of the author for scientific integrity which is called peer review: people who review your science are doing your science as well so they’re experts and can check for credibility
· Editor will get all copies with feedback back and usually you get back deficiencies and needs for clarification then you, the author, are faced with revision once you get their critiques.(red marks, comments, cross outs like a teacher)
· You need to assess whether they’re valid, re-write what needs to be re-written, & at the end you revise your paper and send it back to the editor.
· Editor judges whether it is ready for publication (lucky if you get one set of revisions). This process can take a year; also YOU have to pay for your paper to get published.
Types of Literature
· Primary: the place where you find facts and original material from the principle researcher actually documenting their finds and are usually extremely technical. A series of primary papers are usually put into a synthesis for review. E.g. scientific journal, Nature and Science
· The person who did the work wrote the paper, is an example of a scientific publication, the original publication
· Secondary: the person writing it did not do the work but is usually well acquainted with it to do a synthesis review of the primary paper. Basically, a summary of the real paper. E.g. scientific journal review
· A Scientist has convinced an editor or has been asked to review the state of science in their field, the person who wrote it was an expert in the field, is important because if your trying to find out about something the review article (secondary) would be a good source
· Tertiary: one step even further removed from the original authors, a textbook is an example of a tertiary literature. Our textbook is a synthesis from a person who has worked in a similar field and basically compiled a lot of information from people. Wikipedia is another tertiary source; people did not do original publication but has a background & familiarity with the information. This type may have errors, issues and incorrect synopsis.
· The person who wrote is a familiar with it, does not contain scientific referencing, no facts where this info has come from 
· Great way to get a general field of a topic, should not be used as a reference, can be used as a starting point, never site it
· Example; national geographic, our textbook, Wikipedia contains facts that are written by people who are not authenticated and are not experts at it, never been validated by someone else
· Each level reflects the distance from the work; primary from original author, secondary by a peer review, tertiary can be anyone familiar in that field.
Natural Selection – Industrial Melanism
· One of Darwin’s theories is Natural Selection
· Natural Selection: Alterations of gene pools 
· Allelic frequency changes  Mendel
· Alleles make moths black or white
· There is no such thing as a theory of evolution; he has 5 theories that describe evolutionary change


Peppered Moth
Industrial Melanism: during the industrial revolution, the tree bark turns black because of coal burning industries, white moths show up and is less likely to produce young and the variation of the population shifts from white to black. They change as a mechanism to camouflage themselves from birds; first proof of natural selection and natural description.
Wherever there were light trees they were miles from industrial areas and these trees were not affected by the coal burning
Find out trees change color? There inference was that industrial activity causes trees to change their colors in the place where we have the black trees

Observation 1: when people collected the moths they were mostly white and soon in the 1900s became 90% black.
The ‘What’ Question: Why did the moths shift from light to dark? 
Hypothesis 1: Fitness is decreased when the moths were more visible against the background color of the trees; fitness under Darwin’s rules is decreased if the moth has a contrasting color to the tree that its on
Null hypothesis 1: Fitness remains the same and is not affected by the background; tree has nothing to do with it
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); black moths on white backgrounds were more visible vs. white moths on white backgrounds and vise versa… 
Result 1: Birds selected most visible moths

Experiment 2:  Locate light and dark colored trees; moths in different regions were used for this experiment and the same result was observed, black moths preferred black backgrounds, white moths preferred white backgrounds, for survival purposes
Result 2: Dark trees showed same distribution as coal based industry
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