Darwinian Thought

Georges-Louis Leclerc: travelled around the world and determined that there are animals around the world that are very similar to each other. Look different across the world but do similar things. Commonalities but slightly different based on region. Why not one perfect cat? All the organisms on the planet started in one locations, they then migrated and consumed nutrients from different location, the essence morphed and changed so we ended up with a variety, influenced by environment. 
Erasmus Darwin: translated Linnaeus into English. Produced the Laws of Organic Life (Zoonomia), but most famous for his poem of “The temple of nature,” he didn’t want to go against the church so a poem wasn’t scientific. Describing that life starts out as microbes and conjectures an evolutionary sequence. Gradual change over time, life involving from microbes in the ocean. 
Georges Cuvier: comparative biology- dug up fossils and compared them to living things. If everything was perfectly designed for the planet then why did they become extinct? Proposed a catastrophe. Catastrophic theory – catastrophe kills off animals. (Noah’s Ark) Also came up with the concept of homology and the relationship of animals based on bone structure. Structure has diverged and is doing different things – Divergent evolution. Things that look different are related to eachother. 
Charles Lyell: father of Geology. Uniformitarian theory of geological change – stratigraphy and the geological time scale. There was a time when there were no organisms. The earth is extremely old, sediments take a long time to be laid down. The rock cycle- molten rock of the original planet and sedimentation rocks form all rocks. Surface of earth is gradually changing over time. Exchange of CO2 at the interface of the ocean (for photosynthesis and forms carbonic acid to bicarbonate and forming calcium carbonate and this build up makes sedimentary rocks. – take a long time. Whole planet freezes over because of this reaction.)
Continental Drift: Pangea.
Jean-Baptiste Lamarck: transmutation (change of species) the inheritance of acquired traits changes species, based on environmental species. Things happening around organism, change organism and it is passed on. Complexity and change vs. time – all organisms started off as an infusarium and over time it increases in its complexity. Alters and improves continuously. *slice through diversity and you see the complexity, origins of complexity. In early cell division – germ cell is put aside and it is the sperm or egg cell so this germ cell never undergoes the change and it has been isolated and will never be passed along. Somatic cells have the traits. (Essence of initial infusarium is transformed by environment)
Essentialist Explanation of Change:
· Transmutation (not Lamarck) – dramatic changes in the essence (rapid change)
· Transformation 
· Finalism – some kind of programming in the essence that makes it improve itself over time
· Environmental – environmental factors change the essence (Lamarck)
Darwin and Wallace: Wallace was travelling through Indonesia, and he came up with natural selection, if you have a trait that is favorable and heritable it will be passed on. Darwin has been working on this in South America for 20 years – he does not want to annoy the church. Propose his thoughts using a wide variety of specimens. Wallace and Darwin present their findings at a National Symposium so they can both be credited, natural selection creates diversity. 
Voyage of the Beagle – different view than Lamarck, common ancestry n=and here is a branching pattern, there was originally one cat-like animal but as it moved into a new environment, evolved to be favorable for its environment. Branching set of patterns instead of a linear array. 
· No constancy of species 
· Fossils (species composition of planet has changed), extinction, transitional forms (missing link between two fossils)
· Since Darwin: lots of different kinds of fossils (petrified wood, amber, permafrost and invertebrates), fossils are rare. Find fossils with predictability based on continental drift. Fill in the gaps because we know where to look. Found the transitional fossils. Horses – lengthening of the limb and fusion of the bones (to form hoof) and it’s ideal for the mechanism of running. Improvement of the molars to improve grinding to get into the nutrients inside plants. Archaeopteryx lithographica: transition from reptiles to birds, birds are just specialized reptiles. 
· Common ancestry
· Comparative anatomy (homology – divergent evolution), comparative embryology, vestigial structures (goose bumps – hairs rise to puff up or create insulation. Nictatating membrane – used to be used for underwater swimming. Appendix is not vestigial). Molecules – cytochrome c, mitochondria (every eukaryote is a descendent of mitochondria). DNA – genome sequencing, Luca is the lowest common ancestor of all the organisms. 
· Gradual changes (consistent with Lyell)
· Was not accepted right away because no evidence of what the underlying mechanism was. Now we obviously have discovered DNA which is the heritable material.
· Multiplication of species
· Natural selection
What is the mechanism that changes species??? What is the heritable material?
Types of Taxonomy:
· Folk 
·  Artificial
· Mechanical 
· Natural (evolutionary – branching should show the evolutionary history)
· Cladistics
Homoplasy (analogous) – Convergent Evolution:
· Independent solutions for a way to function. A bunch of different things evolve to have similar structure. Bone structure tells us that they do not however have a common ancestor. 
· birds(feathers), bats (membrane between digits), insects (exoskeleton), pterosaurs (single long digit)
· animals will adapt to the environment that they live in 
Pasteur (1895): boiled broth and let it sit,, broth in the straight neck flask and some in a bended neck flask. Broth in the straight neck flask always went bad, concluded that something was able to get into the straight necked flask. Life does not generate spontaneously, life comes from life. Lamarck had everyone under the impression of spontaneous generation.
19th Century: Modern Biology
Cell Theory (Schwann and Schleiden): no spontaneous generations, cells come from other cells. Cells are the basic unit of all organisms, individual cells hold all the characteristics of life.
Mendel: Rediscovered in 1900, heritable traits in his pea plants and he knows they can cross fertilize so he controls it by removing reproductive organs. Came up with the Punnett square and used to determine ratios of alleles that should be present in offspring. Deals with the transfer of heritable material, you get one allele from each parent. Law of segregation of characters. Law of independent assortment. 
 
Modern Theory:
Synthetic (Modern) Theory of Evolution:
Population genetics and natural selection based on Mendelian genetics. 
Microevolution: evolutionary changes that result from changes in allele frequencies in a population, or chromosome structure or numbers due to mutation or recombination
Hardy and Weinberg: know that an allele is paired in a population. Incomplete dominance – cross red and white snap dragons, you get 50% pink, 25% red and 25% white. How do you know what the frequencies are going to be from the alleles. Using the Hardy-Weinberg Principle. *look at the square on the slides.* p2+pq+q2 
· Mathematical proof that no microevolution is occurring if this comes back accurate
· No natural selection 
· Random mating (certain individuals more likely to mate??)
· No mutation (no chromosome changed)
· No genetic drift  
· Gene flow (some/none of the genes left the population)
· Effect of Selection: we think of it as taking long periods of time. It can be very quick though – animal breeding. Genetic selection in even behaviors. Taken a population of mice and watched behavior (some love to run on wheel) bread active mice together and inactive mice together for 10 generations and were able to breed a very active mouse and a very lazy mouse. Can effect complex behaviors. Fixation – slowly see a gene or allele disappearing from a population, under low slow selection pressures, we don’t lose alleles but under high selection pressure, alleles disappear. We have lost certain types of fruits and vegetables because of agriculture and manipulation. Bread out the flavor of tomatoes for example in exchange for making them able to ripen in a crates. 
· Recessive allele almost disappears. (selective pressure against recessive)
· Detrimental recessive gene- we expect the allele to almost disappear. But heterozygote becomes an advantage. 
· Advantage of Heterozygotes: sickle cell anemia, if heterozygote, some of your red blood cells are sickle-shaped and cannot load with oxygen and you’re at a slight disadvantage. Map shows that heterozygote sickle cell anemia was an advantage where malaria is present, malaria parasite has a harder time getting into a sickle cell, human body recognizes a damaged sickle cell and liver destroys it. Body gets rid of malaria. If you don’t have sickle-cell anemia, your body has no mechanism to remove parasites.
Selection with Multiple Loci Traits:
· Bell curve – many individuals in the middle of a population and a couple at each end. Mean value is at the peak. The spread of the curve incudes about 95% of the entire population. Standard deviation, mean +/- X, X is part of the spread. 
· Directional Selection: Before selection – After selection, mean has changed within a couple generation. 
· Stabilizing Selection: still the same mean but much smaller spread, smaller variation around mean values.
· Larvae of bug inside gall of goldenrod, using hormones to make the plant produce a tumor of tissue to feed on and then at the end of the season, chew themselves out. Wasps sting into small ones and skewer the maggot so it produces food for the wasp while producing food for itself then when it chews itself out it is more like a wasp. Birds feed on the bigger ones.
· Disruptive Selection: Big dip where the mean should be because those traits are not favorable. Can lead to two different species because the middle ones can be selected out. (Drought caused middle sized seeds to not be produced so in a couple generations – middle sizes beaks got weeded out. When drought ended and middle size seeds were produced again and middle sized beaks came back)
Nonrandom Mating – Inbreeding
· Heterozygotes breeding with heterozygotes will weed out the heterozygotes and lead to homozygous. Still the same numbers just shuffled, proportions. Ex. Royals inbred and hemophilia became a commonality
Sexual Dimorphism:
·  Female can only produce so many eggs and all female animals will spend their health provisioning those eggs – wants to have it fertilized by the healthiest male. The male produces as much sperm as he can and wants to pass it to as many females as possible so that his offspring can be produced. Coloration, features, songs to attract females – the better the ornamentation, the more likely for females to mate with (male uses energy to produce these things.) The females in a sense will affect the traits that are selected for in males because female select based on what is most attracted. (female birds selecting based on tail length – not random)
· Sexual Selection: males controlling females in elephant seals populations. Or females selecting based on the best traits. Males fighting for the females. Sperm competition: when you mate, make sure only your sperm fertilizes female you are mating with, insect removes another insects sperm and he inserts his sperm into her reproductive tract and depending on how high up he puts it, other males can’t remove it – damsel fly females can eject sperm if they don’t like it. Infanticide: if male loses his place to another male, he will kill off the offspring of that male, and the females go back into heat and new lion mates with them
Mutation:
· Mutations can be beneficial or neutral. Rarely detrimental.
· If the mutation gets through the spellcheckers 
· Silent Mutation: same amino acids ends up being coded for
· Nonsense: stop codon produced 
· Frame shift: wrong set of amino acid substitution
· Missense: one wrong amino acid
· More commonly: chromosomal mutations
· Inversions (not usually a big deal – gene can usually still do its job)
· Translocations (piece of chromosome inserts on top of another)
· Deletion: lose a gene set
· Duplication: gene duplicates
· Crossing Over: when chromosomes come together in mycosis, they wrap themselves together around eachother, they often break and reconnect. If it is a perfect positional break (they are in the exact same position) but when they come back together they often end up mixing their chromosomes – variation in population (biggest source)
· Polyploidy: chromosomes don’t separate properly, so gamete has double the chromosome loads. Created so much genetic material that it allows for complex mechanisms. More common in plants
· Allopolyploid: genomes get fused together. Ex. Wheat is a combo of 3 genomes, bigger more robust plant
Genetic Drift:
Bottleneck affect: we see bison disappear down to 70, but are then bread up to a big population. We get a decrease in variability.
Founder Affect: hidden within a small population that moves into a new area of isolated individuals, they breed and get a big population that can have some issues.
Gene Flow:
Migration: connect isolated populations to one another, gene flow and migration to overcome – genetic variations and evolution
Predarwinian Biology – Keywords

Ages of Sand:	Douglas Adams describes science as having four major periods, the ages of sand. First (1608), when glass  could be ground and heated to form a telescope which led to calculus, physics, astronomy and the discovery that we are not at the center of the universe. Second (1678), glass could be molded to form a microscope. Third (1961), putting charged silica together produces the binary code; the invention of the computer chip which allowed us to do huge calculations, store images, words, etc. Fourth (1980s), fiber optics allowed for ease to share data and communicate around the world. 
Al-Dinawari:	(828-896 A.D.) Muslim philosopher, considered to be founder of Arabic botany. His six volume “Book of Plants” describe hundreds of plants, plant evolution, phases of growth and production of flowers and fruit.
Alhazen:	Arabic philosopher who described/created the scientific method: observation, statement of problem, hypothesis, experiment, analysis, interpretation and conclusion, publication of findings.
Al-Jahiz:	Wrote “The Book of Animals” which described animals struggling for existence and the food chain. He wrote about evolution.
Aristotle:	A Greek philosopher, (student of Plato’s), created the Scala Naturae which as a hierarchical classification of things on earth, based on structure and birthing methods. He also wrote “The History of Animals” where he catalogued the knowledge of all these people, 3-4 levels of classification and created a guide. (Artificial taxonomy, folk taxonomy: wise person would hold all the knowledge of animals and this would be passed from word of mouth but limitations because the human brain can only hold about 500 things) 
Artificial Taxonomy:	Aristotle went beyond the brains limitation of 500ish items, and catalogued people’s information about animals from different regions of the world in a book called “The History of Animals.” He created a system of classification, a taxonomy (set of rules.) List of descriptions to identify organisms, written in Latin.
Avicenna:	Muslim philosopher who added the Muslim, Indian and Greek medical knowledge to the Hippocratic Corpus. (Still used in the 1600s) He also wrote a number of medical texts that were used in the medieval ages. 
Binomen:	Linnaeus created a method of classifying animals and stemming from this method of taxonomy was binomens. Two-part names for all animals, the Genus species, Latin names. Binomial nomenclature. (Italicized when typing, underlined when writing.)
Biogeography:	The study of the geological distribution of species and ecosystems in a geographic space during different time periods.
Chronological:	horoscopes and foretelling of future events. Not commonly used in science. 
Prediction
Classification:	Method of scientific taxonomy in which we apply rules to organize organisms into groups or hierarchical subdivisions.
Control:	treatment that tells us what would have happened without experimental manipulation.
 Cuvier:	French scientist who was essential in the fields of anatomy and paleontology. He compared living animals with fossils and grouped classes into phyla, incorporating both fossils and living things. He also established extinction as a fact.
Deduction:	Based on a premises presented, a conclusion can be formed by the process of reasoning. Proof. (All insects have wings and this animal is an insect. This animal has wings. General – Specific)
Empirical Observation:	an observation from which we can form empirical evidence 
Essentialism:	the idea that the properties that make a thing that particular thing, and without which it would not be that thing. (Vitalists believing living things have a special essence)
Extinction:	the death of the last individual in a species or the last species in a lineage.
Fact:	As more and more evidence through experimentation points towards a theory, it becomes a fact.
Folk Taxonomy:	Classifications and their rules were passed on by word of mouth, rather than written down. Often, one wise person in a community would hold this knowledge; however the brain is limited to memorizing about 500 things which poses a limitation. Usually 3-4 levels of classification.
Scala Naturae:	The great chain of being, originally created by Aristotle as a method of classifying things on Earth in a hierarchical manner. He had humans at the top, followed by mammals, reptiles and birds, ocean creatures, higher plants, lower plants and finally inanimate objects. Was modified in the Middle Ages with a god, angels, demons, stars, kings, princes, noblemen, men, wild animals, domesticated animals, plants, stones and precious metals. 
Harvey:	Said to be the Father of Physiology. He mapped out the circulation of fluids in the body and understood the basics of the circulatory system.
Hierarchical System:	Arrangement of items such from top to bottom, from superior to subordinates.
Hippocrates:	Greek philosopher who gathered all the written knowledge of human biology and put it together in the Hippocratic Corpus (a written record of human biology), this gave way to the field of Medicine.
Historical Narrative:	writing history in a story format.
Hypothesis:	an idea of how something works or behaves that arises from examining scientific literature and/or natural observations. Carry out experiment based on hypothesis.
Ibn al-Baitar:	Muslim philosopher who put together a compendium of pharmaceuticals- matched plants to diseases and suggested dosages. (used in the 1800s)
Induction:	seeking strong evidence towards a conclusion (This animal is an insect and it has wings, therefore all insects has wings. Specific – General: many multiple observation.)
Industrial Melanism:	Urban pollution evolving a dark pigmentation an animals because of the dark soot deposit. Darker pigmented animals develop a higher fitness and natural selection favorites them.
Lamarck:	Known for his theory of inheritance of acquired characteristics, soft inheritance. 
Law:	Hard to make a law in biology because it is such a young science, and its theories only apply to our planet. Laws of physical science are universal. Must be universal to be a law. Mendel’s peas created laws because the Punnett squares are mathematical expressions.
Leclerc:	Published “Histoire Naturelle” which covered the animal and mineral kingdoms. His work influenced Lamarck. Buffon’s law: despite similar environments, different regions have distinct plants and animals. Made propositions about the evolution of things.
Linnaean Taxonomy:	Took the great lists of animals and reduced each unique organism to a two part name, a binomen. Genus species. He created a method of classifying these animals such that their full classification described the animal’s biology. Kingdom, phylum, class, order, genus, species (family was added later)
Linnaeus:	Father of Modern Taxonomy, he created a system of hierarchy to classify the great lists of organisms. He defined each organism by a Genus species name, a binomen. 
Logical Prediction:	“if” and “then” statement, if I change this variable in a controlled experiment then this will happen. Deductive mechanisms and inductive approaches.
Mechanical Taxonomy:	System of classification that reduced each unique organism to a binomen.
Middle Ages:	450 BCE-16th century, Roman Empire and it’s civilization was essentially destroyed by the Germanic Goths, which left people trying to re-establish themselves, engineering and cathedrals became predominant but then the black plague wiped out 50% of the population. It took centuries to restore Europe. Meanwhile Arabic philosophers were advancing science. The Roman knowledge still existed but no one had time to read it.
Natural Sciences:	Theories that applied to our planet, deals with the variable living world of animate objects. More than physical and chemical laws. Based on historical narratives, induction is the most used method. (Because there is a range you cannot make equations.) Single falsification is not necessary to abandon theory.
Null Hypothesis:	A statement that would be seen if the hypothesis being tested was wrong. No relationship between two measured phenomena. 
Organicists:	the perspective which views the universe and in parts as wholes, literally as living organisms. More modernly, focuses on the organization of living things.
Physical Sciences:	Inanimate objects and physical and chemical laws. They are universal. Based on empirical observations (creating equation to describe something.) Experimentation was the preferred method (deductive reasoning.) Single falsification is enough to abandon theory.
Physicalists:	felt that all living things with the exception of human beings were machines, and that it should be possible to reduce the machine into various parts that made the machine work. (Descartes)
Primary Literature: 	When the author (of a scientific article) is involved with the work (experiment)
Proximate Causes:	addresses the mechanics of the here and now, observed through morphology and behavior expressed as phenotypes. The HOW
Sampling Error:	even with the most accurate tools, there is error in measurements. (Flipping a coin)
Secondary Reference:	articles written by experts and is peer reviewed but they summarize scientific topics as review articles
Special Creation:	thought that the universe and all of its life originated in its present form (Usher, October 23rd, 4004 BCE.)
Taxon:	A name designating a group of organisms included within a category in the Linnaean Taxonomical hierarchical. 
Taxonomy:	The science of the classification of organisms into an ordered system that indicates natural relationships
Tertiary Reference:	written by the scientists (with marginal connection to the work) and is often a very general summary (textbook, National Geographic, Wikipedia.) You don’t cite tertiary sources because they have no scientific literature.
Theophrastus:	Greek philosopher who created a compendium of all the plants in the world. He used reproductive mechanisms of plants to classify them. 9 of his 10 books still exist. Ancient father of taxonomy and classification.
Theory:	an explanation or model that explains events in the natural world and makes predictions on how they will occur. Based on a broad range of observations and scientific facts that have been backed up by multiple hypotheses that have tested the theory to be true. We always leave open the potential that there is another explanation.
Ultimate Causes:	deals with the much more variable aspect of biology, the changes in genetics and underlying genotypes. It’s the WHY  
Van Leeuwenhoek:	Created and patented the first microscope in 1678. He let us see a whole new aspect of our world that could not be seen with the naked eye. 
Vesalius:	dissected cadavers in a methodical order and mapped out the muscle system. Published his book on the anatomy and muscles of the human body. Said to be the Father of Anatomy.
Vitalists:	felt that there was something special about living things compared to the inanimate world –they had a vital essence of life, physical and chemical laws apply. 
16th-18th century: scientific revolution and the start of modern sciences
FOUR AGES OF SAND
First:
· telescope 1608 which led to physics, astronomy, calculus
· earth was not at the center of the universe
· sand could be ground and heated to make glass
Second:
· glass could be molded in such a way that would magnify things
· microscope 1678
Third:
· charged silica and when you put two together you get the binary code
· computer chip 1961
· allowed us to do calculations that were next to impossible in short periods of time
· calculations for buildings, etc.
· 0s and 1s can be used for images, words and storing information
· Massive amount of knowledge available
Fourth:
· Ease with which we can start to share the data around the world
· Fiber optics 1980s
· Internet becoming extremely rapid around the world
· Data transfer will change science because scientists can collaborate from anywhere around the world (greatest minds all together virtually)
Predarwinian:
400 BCE – 450: Greek and Roman Ages
Hippocates (460-370 BCE): gathered together all the written knowledge of human biology and put them all together into the Hippocratic Corpus. Written record of human biology. Out of this, arose the discipline of medicine. 
Aristotle (384-322 BCE): classification of organisms, created the Scala Naturae (the ladder of life). Humans were superior, quadrupeds that gave live birth were second, and things that gave birth in eggs were lower. Ocean creatures, higher plants, lower plants, inanimate matter… Created a classification, taxonomy (apply a rule to a system) – his is based upon structure and birthing. 
His artificial taxonomy:
· Folk taxonomy: passed on by word (one wise person who held base of knowledge). Groups by region have different ways of classifications, 500ish items in 3-4 levels. Limitation of the human brain to hold that knowledge.  
· Artificial taxonomy: Aristotle went beyond this limitation because he catalogued the knowledge of all these people and created a guide
Theophrastus (371-287 BCE): creates a compendium of all the plants in the world. Uses the reproductive mechanisms of plants to classify them. Wrote 10 books, 9 of which still exist. Ancient father of taxonomy and classification. His work was used for over 1500 years. Essentialism.

450 BCE-16th Century- Medieval Ages
Modification to the Scala Naturae, only one god at the top rather than the Greek gods. Next come angels, the birds, the arch-angels then the humans, wild animals, domesticated animals, plants and the things in the ground.
· 1650, Usher calculated backwards when everything arrived on the face of the earth
· Everything arrived on October 23rd, 4004 BCE
· We don’t just have everything arriving, it all arrived at one time
· Something had to put these things here, a process 
· Nothing has changed since it got here (it was put here as is)
· Europe
· 400-700 Early middle ages (dark ages)
· In a couple of generations, the Romans knowledge disappeared, electricity, banking, roads
· People trying to re-establish themselves, the knowledge from the Romans is still there but no one has time to read it
· Germanic Goths attacked the Roman Empire, chipped away at the edges and depleted resources for the Roman Empire, by 400 BCE, they enter Rome and destroy it. No opportunity for Rome, people just trying to survive.
· 1000-1300 High Middle Ages
· Engineering is back, and a return to knowledge 
· Cathedrals made
· A disease kills about half the population- the Black Plague. Black Plague is transmitted by a flea bite. (Ring Around the Rosie)
· 1300-1500 Late Middle Ages
· Europe is rising again, becoming a community
· Byzantium and Islamic World (Al-Jahiz 781-869 BCE)
· Animals struggle for existence (he describes evolution)
· Avicenna- philosopher who took the Hippocrates Corpus and added to it, he added to Muslim and Arabic knowledge, he pulled all the medical knowledge together (still used in 1800)
· Al-Dinawari- The Book of Plants
· Alhazen- Scientific Method (observation, statement of problem, hypothesis, experiment, analysis, interpretation and conclusion, publication of findings)
· Ibn al-Baitar- Put a compendium together of all plants and matches them to diseases and suggests dosages (compendium of pharmaceuticals- still in use in the 1800s)
· Europe is in distraught but Islamic world is advancing in science
16th – 18th Century: The Scientific Revolution and the Start of the Modern Sciences 
Copernicus: looking at stars and notices that the sun must be at the center of our universes, not the earth. (Dangerous statement against religious belief. He writes it all down but won’t publish it. Publish the book right after I die, he said – couldn’t be ex-communicated)
Kepler: planetary motion
Newton: laws of motion, gravity and thermal conduction
Galileo: this equation works if…. Only when the sun is at the center of the universe, not the Earth. Ex-communicated from the church, only spent 300 years in purgatory, but then someone released him to heaven)
Boyle: behavior of gases
Pascal: origins of calculus
Descartes: geometry
Biology was not moving forward (except medicine), everyone was focusing on other sciences. Scala Naturae was untouched.
Van Leeuwenhoek: first microscope, patented the microscope so he could only make them. Took a glass bead and embedded it in a plate and place what you want to look at on the tip of the shaft and then you place it to your eye and you get a reflection on the glass bead that enlarges it. 
Andrea Vesalius: dissects cadavers in methodical order and maps muscles. Publishes, Anatomy and Muscles of the Human Body. Father of anatomy.
Harvey: circulation of fluids in the body, maps it all out, understands the basics of the circulatory system. Father of physiology.
Linnaeus: Father of modern taxonomy. Hierarchical system, naturalists were faced with descriptions of animals from all over the world, Linnaeus organized this information. Looked for patterns and things that were common. Identifies kingdoms and broke them down into 6 classes, and orders, genus names, species names. First person to organize this. Gets a lot of it wrong, taxonomic hierarchy - kingdom, phylum, class, order, family, genus, and species. The full names of animals have the biology of the animal. Description of animal- name of animal, the binomen. (italic because it is a different language, genus is always capitalized, not species.) Genus species name for every animal in the world.

Autapomorhy: defining characteristics of a group.
Animals are ingestive heterotrophs, no cell wall in our cells, glue our cells together with collagen, specific way of mitosis. 

Scientific Theory:
Two Parts- patterns and a mechanism to explain it
What (proximate cause)? And why (ultimate cause)?

Proximate Cause: phenotype – morphology and behavior, mechanical and predictable, here and now, experiments 
Ultimate Causes: genotype – genes and history. Variable (probabilistic), evolutionary past, historical narratives.

Multiple Theories:
Giraffes maybe don’t have long necks for food competition, perhaps it is for sexual competitions. (Video shows giraffe using his long neck as a weapon to hit the other giraffe between the legs. However, when food gets scarce, giraffe feeds from higher, unreachable branches.
Organicists (1930): vital force replaced by genetic program and the importance of emergence (the sum is more than the parts- you can pull all these things together but behave differently in a croup than they do on their own. Ex. NaCl) Swarm behavior: behavior that brings about an outcome, example the birds sensing there population size to determine how much food they need to sustain the group.


Steps or Stages in the Scientific Method:
· A question that needs to be answered
· Gather already known information
· Develop a hypothesis and test it
· Interpret the results of the test
· Retest
· Publish results
Additional Experimental Components:
· Controls
· Control of variables
· Sampling error (can never precisely get the measure of a value- variability, precision of instrument. The mean of a bunch of measurements should give you the precise measurements.)
· Repeat the test
Distribution of Scientific Facts
· Journal selection
· Manuscript preparation
· Peer review (3 reviewers who don’t know you)
· Revision
· Publication (Science and Nature) – costs money to publish your findings. 400$ per age generally.
Natural Selection – Industrial Melanism (The Peppered Moth)
The change in allele were affected creating advantageous. Natural selection causes changes in allele frequencies. No evolution is occurring if we see static gene frequencies.
Observation 1: original museum collections had all white peppered moths and by 1900, traps 90% black.
Question 1: Why the shift from light to dark?
Hypothesis 1: fitness decreased when the moths that were more visible against the background colour of the trees.
Null Hypothesis 1: Fitness remains the same and is not affected by the background.
Hypothesis 2: The bark colour of the tree has changed over time.
Null Hypothesis 2: The bark colour of the trees has not changed
Experiment 1: artificially rear light and dark moths and place on tree and observe survival (fitness.) *Assumption, something is occurring to the moths who disappeared. 
Experiment 2: Locate light and dark colored trees. 
Result 1: Birds selected most visible moths.
Result 2: Dark trees showed the same distribution as coal based industry.
Critics say this is invalid, correlates don’t mean fact. Replication of experiment with different moth in both the States and America, and the same results occurred. Sometimes correlations are the best things to explain biology.
Questions: Do moths rest on backgrounds that match their coloration? What impact would the clean air act have? What happens to other moths with light and dark moths? Retest proved the same when we cleaned the air. Natural scientists are content with this, physical scientists are not.
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