Lecture 2: Biology, Biologists and Bioscience

Readings: 
· Biology: Exploring the Diversity of Life. Second Canadian edition.
·  Chapter 18: Classification, evolution and phylogeny
· 18.3 The Linnaean system of classification
· Chapter 17: Darwin, fossils, and developmental biology
· 17.1 Recognition of evolutionary change
· 17.2 Changes in Earth
· 17.3 Charles Darwin
· 17.4 The fossil record
· 17.5 Earth history, biogeography, and convergent evolution
· 17.5a Continental drift involves movements in space
· Prospering in Biology, xxxi-xxxii.
** second course key for apia is on the website (powerpoint)

Slide 5: 
· Very rich and industrious economy
· Exploit Africa, Mediterranean (commerce)
· Rome- administrative centre 
· Biologists would keep records of the findings 
· Hippocrates: Hippocratic oath, interested in human biology and human condition, father of medicine, inventories of diseases and conditions and cures 
· Aristotle: Student of Hippocrates, created one of the very first lists of the organisms in the living world, ranks the organisms (mostly animals), creates scala nature, 
· Theophrastus: interested in plants, medicinal plants and plants with pharmacological properties, inventory of all of the plants , plants for food and a subcategory for medicinal plants, Plants way of defending themselves by giving off chemical compounds and this is where the medicinal plants come from, his inventory was so  complete that it was published in 10 books, organized plants by their morphology and their flower structures (pollinated vs. non pollinated), groupings have not changed and are still in use, father of taxonomy, his books are the bible of medicinal plants and in 1500s doctors were still using Theophastrus’ methods, books are used for 1600 years and are still accurate today
Slide 6:
· Scala nature: scale of importance, every organism has a certain position in the scale and is always in that scale and stays in that scale,
· The picture: polytheistic for the Romans, in the scala there is the superior being, then the arch angels, sub assistants of the arch angels, the human species, birds (could fly so closer to the heavens), fish (not on the ground),  Animals on the ground, Things that grow on the ground, roots and worms (things that live in the ground), superior being that is worse than everything else
· Essentialism: Everything has its appropriate position in the scale and when it reproduces it retains its’ position, every organism has an essence that tells it to reproduce in the exact position in the scale, Aristotle, this notion was accepted throughout the Roman reign, as Rome contracts and eventually northern Europe invade Rome and take over the city
Slide 7: 
· The economy and infrastructure collapses
· Minor climatic change made agriculture difficult, decline in population, starvation 
· Around 1200 years ago the commerce and trade start once again, the cathedrals. Education, and the Greek works are once again starting to be read again
· 1347: the Black Plague hits, transmitted by a flea on a rat, originates from the silk road (Asia), plague has moved from the Romans to Europe, one in 2 or 3 people died from the plague in a 10 year period, collapse in commerce once again and collapse in Europe, ring around the rosie is referring to the black plague
· Christopher Columbus: discovered the western Indies 
Slide 8: 
· The greek writings were translated to Arabic and kept in the mosques in the muslim world 
· While science and biology was collapsing in Europe it was flourishing in the muslim world 
· Al Jahiz: selective breeding of plants and animals, breeding for certain characteristics and improving their qualities, artificial/nature selection, Scala natura (you shouldn’t change the appearance of things on scle) but with his experiments you could
· Al- Dinawari: Added more plants to Theo’s scale and studies the plants, improved the list, studied their life cycle and the different stages in their life cycle
· Avicenna: philosophies, most famous for is that he takes writings and works of the Europe and Greek and combines them with Western Asia and combines them in a compendium that was still in use in the 17th century
· Al-Baitar: Takes the plants list and takes it further by creating a pharmecutical index, doses etc. used till middle of the 18th hundreds.
· Abu Al-Abbas al Nabati: observes one part of the living world and manipulates another part, creates an experiment, experimental design to better understand
· Once Europe regains power it takes away the science from the golden age in the Muslim world, the crusades 
Slide 9: 
· Since everything never changes there must be a time which it appears, and in Genesis it is stated that it is made
· An Archbishop (Usher) concludes that everything was populated on a day in 4004 BCE on the first Sunday
· It either has arrived all at once and has not changed, or it has come and changes over the years 
· Pedigree of Man, Hierarchy arrived all at once and this is how the living world was explained at that time, but this tells us that Earth’s biological diversity is once about 16 thousand years old
Slide 10: 
· Scientific revolution and the start of modern science, starts with mathematicians and cosmetologists who tried to figure out what happens in the sky
· Copernicus: you could not explain the motions in the sky if you assumed that the earth was the centre of the universe, used mathematics and the only way he could explain the regularity in the skies is that certain things must be revolving around the sun, mathematics was approved by the church but the idea that earth was the centre of the universe was not approved therefore Copernicus wrote all his proofs and everyone knew about the volume but no one commercialized the volume, he published his book the moment before he died and his findings were eventually published
· Kepler: not everything moves in circles, ellipses, planetary motions
· Newton: laws of motion, gravity and thermal conduction
· Galileo: developed a huge set of data that supported that the Sun was the centre of the universe, however the church was trying to stop him from saying it but he refused to give up and was sent and died in purgatory 
· Pascal: 
· Descartes: 

Slide 11: 
· Van Leeuwenhoek: first microscope, glass lenses to look at things that were really small, cells of corks, living things were made of small elements, originally an astronomer, sets the stage for looking closer at small things and this becomes a critical point to open biology
· Harvey: interested in human biology, dissected organisms and cadavers, found the circulatory system, how the heart works, how the circulatory system works, how the vessels work
Slide 12: 
· Linnaeus: Gave us the genus name, gave us a taxonomic hierarchy, binomen and binomial nomenclature 
Slide 13: 
· Kingdom (animalia), phylum (chordate), Class (mammalia), order (rodentia), family (castoridae), Genus (castor), Species ( Canadensis) [BEAVER]
· KPCOFGS: king Phillip came over from Germany for sex
Slide 16:
· Linnaeus’ hierarchy uses the a binomial nomenclature (genus species name) 
· Always written in Italics because it is in a different language (topography) 
Slide 17: 
· Kingdoms: Animalia, Plantae, Fungi, Protista, Monera 
· Major difference animalia, plantae, fungi and Protista and monera
· No cell to cell communications and differentiation in the Protista and monera (unicellular and cell aggragates)
· Animalia,plantae, fungi, cell communication, differentiation, multicellular
· Protista sometimes are multicellular
Slide 18:
· Prokaryotes: do not have nucleus (major missing organelle) 
· Major difference between pro and eukaryotes is that the in eukaryotes there is a nucleus dedicated to nuclear activity related to the DNA
· First life form was prokaryotes (simplicity not complexity)
Slide 19: 
· What distinguishes the Plantae from fungi and animalia? PHOTOSYNTHESIS, capturing and harnessing light energy, Universal sugar is glucose, plantae create glucose but the animals and fungi have to consume glucose 
· Mitochondria or chloroplast that came first? The primordial sea was built with the spontaneous generation of carbon-carbon bonds, the mitochondria is first because it is able to break the carbon-carbon bonds
· If a plant actually wants to use its own energy it has to break down the energy and burn by using its mitochondria (therefore the mitochondria was ancestral) 
· Fungi absorb the nutrition outside the body, digest cellulose unlike other organisms, extra cellular, saprophytic,  
· Animals: consume the food in a complex form, internalize it and ingesti it, we are in-gestive heterotrophs 
Slide 20: 
· Two different groups in the monera: in terms of cell capsule etc. 
· Monera is divided into : Bacteria AND Archae  
· Archae: can get energy from methane, sulfate, minerals etc. to make carbon-carbon bonds, extreme organisms, love extreme high heat and can exist in very cold climates, still exist in the bottom of the ocean by the earth’s crust, one of the first organisms that appeared on the planet (start point), bacteria in asteroids and those bacteria have to be archae, maybe life did not evolve on the planet and was instead contaminated 
· LUCA: lowest/last universal common ancestor 




Slide 21: 
· Leclerc, comte de Buffon
· As people travel around the world and get continental expansion they discover that there is not a uniform distribution of the plants and animals around the world
· Leclerc: notices that there is a morphology, a cat –like organisms, that has adapted to the geography of where they live, Buffon law, biogeography, he suggests that as the animals were distributed around the world they have adapted to different conditions, he makes a book and tries to find a common ancestor, he is one of the first to question, he challenges the Scala because he says that things change but the Scala says that things do not need to change 
Slide 22:
· Erasmus: translated Lennaus’ work, Darwin’s grandfather, believes that all worm blooded animals have a common ancestor and were not created individually, published his work as an epic form instead of a scientific article of how things have changed over time (the temple of nature)
Slide 23: 
· Cuvier: as you carve and start mining and digging you find these big fossils and bones and they don’t know how to justify them (monsters? Dragons? Mythical things?), Cuvier wondered that there have been animals on the planet that have disappeared, extinction, however the Scala says that there should be no reason for animals and organisms to disappear so Cuvier thinks that there must have been catastrophes in the past that might have killed off the organisms, catastrophic theory, points to one major catastrophe: Noah’s flood
Slide 24:
· Lyell: geologists 
· notices that wherever you get erosion you get stones get different colours and appearances and notices that their composition such as minerals and realizes that the layers of the world fit together like a giant puzzle, dramatic changes in rocks and the fossils
· sedimentation is a natural process and sedements are altered through the chemistry through time
· Lyell notices that there have been rocks that must’ve take millions and millions of years to be deposited
· Another hit at the Scala, because earth must’ve evolved over millions of years
· Aristotle’s scala is wrong: there is change, a very long period of time
Slide 25:  
· How did it happen and what is going on?
· Lamarck: giraffe’s needed long necks therefore the giraffe’s developed traits for a long neck, acquired characteristics to offspring
· Essentialism: every organism contains the essence and the same essence is passed on to different organism so that they develop into beings
· Lamarck believes that the essence can adapt to the different conditions and can sent messages to the offspring to change
· What is he missing? Genetic and DNA, organisms can pass on acquired trait, one of the things about eukaryotes is that when they develop they take a set of cells and then set them aside as the germ cells and the organisms develop around them and then eventually become the gametes, these cells are perfect copies of the organisms, reproduction is produced from the preserved DNA that is the pristine copy of what we started with, you can change phenotype but the existing DNA that is package is pristine 
Slide 26: 
· Biologists adopt one of two ways for how animals can adapt
· Transmutation of the essence (not the species): the essence goes a major transmutation 
· Transformation: The essence changes in one of two ways -1) environmental which was developed by Lamarck, 2) Finalism, essence in itself tries to improve itself, each time the essence changes so does the organism, essence changes from one generation to the next and slowly moves animals on top of the scala 
Slide 27:
· Scientists are trying to describe the changes in terms of essentialism 
· Darwin: he felt the changes happening had nothing to do with the individual but with the diversity, strongest survive, variation within the population, observes nature in South America (Galapagos), variation within the population drives things 
· Wallace: journey through Indonesia, variation within the population, most successful individuals pass on traits to the next generation
· Darwin and Wallace co-presented their theory on Natural Selection, Darwin’s data is more extensive 
· Darwin: sampled the biota of the continent and collected samples, when he returned he had the single largest collection of specimens from South America 
· Marries Mary Wedgewood (the premier house in England for ceramics), married into money
Slide 28
· Cross out Lamarck and put in essentialism 
· Spontaneous Generation: life appears at its lowest form, the essence made in spontaneous generation changed into different species 
· Darwin’s theory: within a population of an organism, certain have qualities that are superior (reproducibility), diversity happens over time, common ancestor
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· Darwin did NOT propose the idea of evolution, he gave the theory to explain why there is not a constant sea of species and why species change over time, he also gives the idea of common ancestor (branching and differentiation of species), gradual change (influence of Lyell), this process increases the number of species of over time, draws from artificial selection the idea for natural selection
· Two were instantly accepted but three they have a problem with 
· Accepted: no constancy of species (no uniform distribution), common ancestor 
· Not accepted: gradual change, multiplication of species (how much does it change and how is it changing to make a new species), natural selection 
Slide 30:
· No constancy of species: fossils, extinction, transitional forms, vestigial structures 
Slide 31: 
· Fossils are not just a mineralized skeleton, they come in very different forms, 
· Fossils: petrified wood, invertebrate, in amber, permafrost
· When animals they recycle back to the earth, so fossilization is a very rare event because there is no breakdown or decomposition 
· During the carnivorous: many trees were fossilized because the planet was so unbalances, coal fields, insects and fungi eventually evolved so that the carbon was not deposited in that way 
· Invertebrate fossil: Newfoundland, these represent the first multicellular organisms, ice age?, snowball earth period
Slide 32: 
· Extinction: when we say fossil records we think of small invertebrates but in fact there are quite a bit of invertebrate fossils, 
· Cambrea: explosion of multicellular organisms, invertebrate explosion 
· Shales: if you split shales you get the fossilized blueprint or impressions of the organism 
Slide 33:
· One of the missing links is the horse 
· As horse evolved it became bigger faster and was able to escape predators 
· The fingers evolved into hoofs 
· Why plants are a lousy food source: cellulose, cellulose is in the cell wall in the plants, the nutrients we want to consume are in the cytoplasm (sugars etc…), the only way to get to cytoplasm is to break the cell wall, horses developed powerful grinding moulders that shatter plant material and they were able to extract the nutrients, (cellulose can only be broken down by bacteria and fungi animals cannot), 
· We finally found the transition fossils
Slide 34: 
· Archaeopteryx: between a bird and a reptile feathers big bones and multiple digits and tail with feather on it, role of feathers in reptiles?, most spectacular feathered reptile was discovered last year as a1 tonne feathered dinosaur, acquisition of feathers isn’t a way to distinguish birds from reptiles, birds are reptiles that fly
· Evolution of the feather: amber, branching pattern, interlocking pattern
Slide 35: 
· Video

Slide 36:
· Common Ancestry
Slide 37: 
· Homology: bones inside the limbs have similar structures that have been modified to do different things
· Divergence from the adapted structures 
· Erasmus thought that all the warm blooded animals were related to each other 
· Common morphology/homology 
Slide 38:
· Ex. Flight has a common ancestor, however there are differences between insects (external skeleton, arthropods) and the other ones are vertebrates with endoskeleton
· Birds, bats and reptiles are related to each other
· We have to look for consistent similar characteristics 
· For Darwin one of the major issues in comparative anatomy was to distinguish between homoplasy and homology 
Slide 39: 
· Comparative embryology: at the olden times people believed organisms that went through the same embryology they had a common ancestor, however this is flawed 
· We can look at the development of an organism and determine which category it belongs to 
· In humans there is a zygote, first cleavage there is two cells, then four, then eight (every animal does this) however the cells could either sit on top of each other or sit on the groove (this shift causes the cleavage plane to be much more stable)
· Therefore we divide the whole animal embryology by stacking cells and shifting cells 
· In our phylum (cordata) one of the earliest things is the jaw, when we get a jaw there is a major change in the genome, and the genome doubled in size due to a flaw in the cell, double the genome means that the second copy could be subject to change without causing detrimental effect because there is the original copy that is preserved 
· Fish have four copies of the genome 
Slide 40: 
· Vestigial structures: structures we retain that are not entirely functional anymore but were functional in the past
· Nictatating membrane: when an organism was swimming in the water the membrane would cover the eye so objects could be visible and the light would be reflected the proper way in the water 
· Goose Bumps: many of the mammals when they do an aggressive display there is a muscle and the muscle causes the fur to rise and makes the animal look bigger, provides the body with insulated heat 
· Their mechanism tells us that they are due to a common ancestor
· The secum: very involved in digesting plant material, since we use heat and cooking to break the plant material that is how we break down cellulose, appendix continuously re-inoculated bacteria in the body 
Slide 41: 
· Changes in molecules can be inherited down lineages 
· First ones that were tracked down was proteins because we could sequence protein before DNA 
· But now we sequence the genome and understanding the DNA has made us figure evolutionary trees that we never knew before
· For example closest group to animals would be the fungus 
Slide 42: 
· We have support for common ancestor and the inconsistency of the species due to genomics and new innovation 
Slide 43: 
· Naturalist believe that life arises from spontaneous generation 
· Pasteur tubes, the broth fermenting due to a living entity (germ plasma) 
· Germ theory 
Slide 44: 
· Cell theory: what we always saw in any type of tissue was that we saw a membrane bound package with a nucleus 
· One biologist was working with plants and the other working with animals 
· Schwann was working with animals (the insulation of the nerves)
· The cell being the fundamental block of life, cell exhibits all the characteristics we associate with life, the only way we get a new cell is by dividing the cell, cells can be divided to different things, we can have multicellular and unicellular 
Slide 45: 
· Mendel: what Mendel gave us was a mechanism to study the traits
· He shows us that there is some kind of a package that is inheritable and that we all carry two copies of the traits, we know this package as diploids, then a zygote, then the gametes would be haploids 
· You could cross certain phenotypes 
· He demonstrated that heritable traits are in pairs in organisms and … (hybrid genes), he could predict the outcome
· We get a mix of chromosomes from both our parents and we get a tremendous amount of variability 
· Segregation of characters: packets are discreet and they pass on from generation to generation
· And Independent Discreet: they mix independent of eachother 
· Demonstrated the statistical analysis of how these packets move 
· There is something that defines what an organism looks like, there are two copies, and they are passed from generation to generation 
· Mendel was Austrian and he did his lab in a monastery
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·  Huxley: puts together the concept of genetics and heritability with three of Darwin’s theories 
· Variability of genes 
· A certain part of the population doesn’t have the probability to pass the gametes on so the distribution of the gametes changes 
· Population Genetics 
Slide 47:
· Gradual change: concept of continental drift 
· The continents have always been moving and as they separate there will be change in the life forms however the change will not be the same 
· Mammals (placental) are not naturally in Australia’s natural biota 
· Mechanism of isolation 
Slide 48:
Slide 49:
Slide 50:
· Asked to theorize on the nature of science since the scientific revolution
· Hitchhiker’s guide to galaxy
· Divide the different ages of science to silica and sand 
· First: glass gave us the telescope 
· Second: Microscope, cell theory…
· Third: Silica computer chip, binary code (charged or not charged), the computational abilities that the computer gave use allowed us to do computer calculations that were physically impossible, provided a method for storing and calculating data in a much more effective way, we end up storing data and information 
· Fourth: Fibre optics systems, communicating systems, science to be shared around the world
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· Theory and Fact: theory is a pattern but fact is hard truth (sciences don’t expect hard truth because we leave things open because they can be interpreted in different ways)
· Hypothesis: 
· Prediction: in science it a logical outcome (outcome of a hypothesis), but in society it is more in a chronological sense, not a fact because fact leaves no room for change 
· Law: by their definition is that laws have to be universal, Darwin’s synthetic theory of evolution will never move from a theory to law because it has to be observed somewhere else in the universe (other planet), extremely old 
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· Physical sciences progress much faster than biological sciences, because they were dealing with inanimate objects, they were using at things that were extremely uniform and no variation in them whatsoever and that is why the pattern were very easy to see
· Living objects: inheritability in living system causes patterns to be very hard to see, due to the diversity, large amounts of observation to see the underlying pattern, inherent variation between organisms and within organisms, biologists thought there was more that physical and chemical laws going on (genetics), in terms of physics and chemicals there is absolutely no difference Natural scientist were trying to justify their work throughout the 19th century because they were trying to explain why everything is not exact, therefore the physical sciences and the biological sciences separate very early on
Slide 53
· Physicalists: living things were different types of machines and we needed to figure out the mechanism of these machines 
· Vitalists: naturalists, je ne sais quoi about living things, more than the physical sciences 
· Organicists: genetic code discovery, special feature that is not governed by physics is genetic code which is what accounts for variation and carries out the processes of life, 
· Swarm Behaviour: sometimes we need to look at the whole picture to understand the small units of life, what is happening to living things is more than the sum of the parts more than the individual pieces
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· Physical sciences was based on empirical observations, rules always apply, based on numbers, equations
· Natural Sciences: no equations and empirical observations but instead we use historical narratives, logical set of statements and predictions that were reproduced a number of times, using stories much more than they were using math and this was seen as a distain from the scientific community 
Slide 55: 
·  Biological sciences use deduction: we don’t know the universal law but we have a pattern and we make observations from the bottom to get to it, general to the specific, never observe everything
· Physical Sciences use induction: Specific to general 
Slide 56:
· Physical sciences vs. the Natural sciences 
· Physical sciences: a single theory and if falsified it would be disregarded 
· Natural Sciences: multiple theories and we don’t give up on a theory due to a single falsification, therefore we believe two theories can hold depending on different times, if a theory is falsified we see it as a challenge 
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· Lamarck called it inheritance by acquired traits
· Large head makes the head as a defensive methods, and giraffes are one of the animals that will fight to the death 
· Therefore the long necks is due to sexual selection when fighting
· Therefore the long necks to access food under stress conditions 
· We are quite willing to accept multiple theories to explain things 
(Darwin had five theories to explain the diversity in the natural world) 
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· Observations of a pattern, and we try to find the mechanism or process for that pattern 
· Proximate questions how does that work
· Ultimate causes: why does this work 
Slide 59: 
Slide 60:
· Observation of a control: you only manipulate one item and leave everything else alone to see  the change that is going to occur, control as many variables as possible, sampling error, repeatability to see if the test is applicable 
· Sampling error: accuracy 
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· In stages of an observation, you get questions how, and then your hypothesis becomes bigger and your question turns more towards why than how
· Can we predict the outcome of a manipulation that we’ve done
Slide 62: 
· Populations change not individuals 
· Huxley: observe genetics in a population 
· Fitness in the Darwinian sense is then number of gametes that a species is going to send to the next generation (unfit individual is one whose life is cut short, reproducibility cut short and does not mate) 
· Genes for white moss are being selectively removed 
· Null hypothesis: opposite of hypothesis, what if the hypothesis is not true 
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· Peer review is the one that is missing on the slide 
· Indexing systems for journals 
· Two top journals: Nature and Science 
Slide 69: 
· Three types of literature
· Primary: you read the paper by the person who actually did the work, original paper fact, copy read by three other scientists in peer review 
· Secondary: a person asked to do a review article in their field, pull all the primary literature together and make a review article
· [bookmark: _GoBack]Tertiary: these are articles written by individuals that have a science background but not the researcher in the field, to synthesize the info to the general public, example is the textbook (not all the authors are experts), Scientific American, National Geographic and Wikepedia, interpretation of the original article 

