History of Biology: Before Darwin: Lecture 1

Biology: Investigations of the various forms and manifestations of life, the conditions and laws controlling their existence, and the causes by which this is effected; science of life 

Major Events in the History of Biology: 
· Predarwinian and the natural sciences
· 400 BCE – 450 CE: Greek and Roman Ages
· 450 – 16th century: Medieval ages
· 16th – 18th century: Renaissance and the scientific revolution
· Darwin and evolutionary thought (late 1800’s – mid 1900’s) 
· Modern theory of evolution and more (mid 1900’s – present)

Douglas Adams:
· Author who influenced the scientific revolution and start of modern sciences 
· Four Ages of Sand (scientific discoveries and technological advancements with it) 
· First: Telescope (1608)
· Second: Microscope (1678)
· Third: Computer Chip (1961); started with calculator then uploading journals etc. 
· Fourth: Fiber Optics (1980)

400 BCE – 450: Greek and Roman Ages 
Hippocrates: 
· Gave us the “Hippocratic Corpus” (writings of Hippocrates) 
· Started writing down how he did medicine, collected how doctors were doing medicine all over the Greek and Roman empire 
· Gave the idea that if you became ill it wasn’t God’s fault it was likely you came across an illness
Aristotle: 
· Looked for a pattern in the diversity of things that were out there 
· Discovered that the most perfect organism is man, and the only thing superior to it was the God’s 
· Four legged animals are next because theyre good but inferior since they walk on four legs 
· Whales/dolphins give birth to live young and have flippers which isn’t as good as legs and arms but is still good 
· Everything that lays eggs is below 
· Crabs, shrimps etc. 
· Insects 
· Everything that lives inside a shell 
· Jellyfish and sponges off to the side
· Higher plants
· Lower plants
· Inanimate objects 
· Was the first to find a way to organize all the organisms, and he called this the Scala Naturae or the Ladder of Life

Theophrastus: 
· Went out to organize the living world of plants 
· Wanted to do this because you can catalogue all the foods that is safe to eat, as well as the remedies or drugs that are able to heal rather than kill, and the fiber of woods to be able to know how to build things properly (certain fibers are strong, some are flexible, etc.) 
· Wrote 10 books on this 

Classification:
· Trying to find order and pattern among things 
· Aristotle and Theophrastus were among the first to do this 
· By applying a rule to organize things, you are using a taxonomy 

Types of Taxonomies: 
· Folk
· Carried down by word of mouth
· Artificial 
· Not based on anything biological, but rather something visual 
· Organizing lists into appropriate forms 
· Mechanical 
· 
· Natural (Evolutionary) 
· Cladistic (Phylogenic) 

450-16th Century: Medieval Ages 
· Scala naturae – the great chain of being
· Single God at the top is still the best devil at the bottom, humans are the higest power organism, every organism organized in the same way as Aristotle 
· Essentialism 

Special creation: 
· Pattern
· Species don’t change 
· Each species created on October 23, 4004 BCE
· The date when everything makes its appearance on the planet 
· Before this point everyone accepted the creation story 
· Species are not old 
· Process 
· A designer of some sort

Europe: 
· 400-700 Early Middle Ages (Dark Ages) 
· after the collapse and fall of the Roman Empire
· 1000-1300 High Middle Ages 
· wealth is starting to be built again 
· cathedrals going up in Europe, architecture 
· 1300-1500 Late Middle Ages
· black plague hits and kills 2/3 of the population of Europe within 5 years 
· experimental Europe comes to a halt 

Byzantium and Islamic World
· Al-Jahiz (781-869) ; golden age of Islam this is where knowledge takes off for them 
· Animals engage in a struggle for existence, for resources and to avoid being eaten and to breed. Environmental factors influence organisms to develop new characteristics to ensure survival, thus transforming into new species. Animals that survive to breed can pass on their successful characteristics to offspring. 
· Created the definition of evolution
· Al-Dinawari (826-896)
· Avicenna (965-1040)
· Alhazen (975-1040)
· Created the scientific method
· 1) observation 
· 2) statement of problem 
· 3) formulation of hypothesis
· 4) testing of hyipothesis using experimentation 
· 5) analysis of experimental results
· 6) interpretation of data and formulation of conclusions
· 7) publication of findings 
· Ibn al-Baitar (1197-1248) 

16th to 18th Century: 
The Scientific Revolution and the Start of Modern Sciences 
· Copernicus (1473-1543) : Earth not the center of the universe 
· Published his work on his death bed since his ideas were against the church and he didn’t want to get in trouble with the church 
· Kepler (1571-1630): planetary motion
· Newton (1643-1727): laws of motion, gravity, and thermal condution
· Galileo (1561-1626): further proof of earth revolving around the sun 
· Kept publishing his work even though the church threatened him and was against this so he was put in purgatory 
· In 1994 PJP2 formally acknowledged Galileo’s success 
· Boyle (1627-1691): behaviour of gases 
· Pascal (1623-1662): origins of calculus
· Descartes (1596-1650): geometry 
· Van Leeuwenhoek (1673): first microscope
· Exposed the earth to new microscopic organisms that weren’t accounted for in any of the recorded history through time 
· Raises the question of the organization of the other organisms up until this point
· Andrea Vesalius (1542): anatomy 
· Primarily human biology
· Harvey (1650): Anatomy and physiology 
· Circulatory system, blood, lymphatic system 
· Linnaeus (1735): systema naturae
· Publishes the book of how to organize the living world in such a way that it becomes predictable 
· Clusters things based on their similarities 

The Scientific Revolution 16th-18th Century: 
Some initial definitions about naming: 
· Classification
· Taxonomy
· Hierarchical 
· Linnaeus; higher you go, the simpler the description
· Defines Animalia as “multicellular, ingestive, heterotrophs” 
· Plantae “multicellular, autotrophic” 
· Fungae “multicellular, ingestive” 
· Systematics 

Linnaeus – Taxonomic Hierarchy
(King Phillip Came Over From Germany for Sex) 
Example with a Beaver – gives us predictability to identify future species based on characteristics 
· Kingdom: Animalia 
· Phylum: Chordata 
· Class: Mammalia
· Order: Rodentia 
· Family: Castoridae 
· Genus: Castor
· Species: Canadensis 

Linnaeus: Binomen 
· Turned around a sentence of descriptions for the honey bee into “Apis mellifera” or “bee that makes honey = honey bee” 
· Name with the Genus Species in italics (since its in Latin) 
· Genus name capitalized and then the adjective in lower case 

Changing thoughts on what living things are
· Physicalists 
· With the exception of humans all living things ae machines (Descartes, 17th century) 
· Vitalists
· Physical and chemical laws apply but living things have a vital force (essence) 
· The essence agrees with physics and chem but think there is something more tying the living component into it 
· Starting to see separation between physical and natural science 
· Organicists (1930) 
· Vital forced replaced by genetic program and the importance of emergence (swarm behaviour) 
· Physicalists and vitalists merged 

Physical vs Natural Science 
· Physical Science (dominant) 
· Inanimate objects
· Physical and chemical laws
· Universal 
· Based on empirical observations 
· Experimentation preferred method 
· Deduction (make observation for all instances to obey the law) 
· Single theory 
· Single falsification enough to abandon a theory 
· Natural Science 
· Animate objects
· More than physical and chemical laws (genetics)
· Not universal 
· Based on historical narratives (easier to find patterns) 
· Induction most used method (makes a prediction, and is open to changes in its interpretation) 
· Multiple theories
· Single falsification not necessary to abandon a theory 

Induction vs. Deduction
· Deduction: from general to specific
· Ex. All insects have wings and this animal is an insect. This animal has wings
· Induction: from specific to general
· Ex. This animal is an insect and it has wings therefore all insects have wings (multiple observations) 
· Based on what I’ve seen this is what I think; natural science theory
· Can’t be law because the theory of evolution is not universal yet 

Anatomy of a Scientific Explanation
· Two parts 
· Pattern 
· Mechanism or process
· Questions to be asked
· What?
· How (proximate cause)? Or why (ultimate cause)? 

Proximate Causes vs Ultimate Causes
· Proximate causes (physical science-like biology) 
· Phenotype – morphology and behaviour
· Ex. Pesticides 
· Mechanical (predictable) 
· Here and now
· Genes in action
· Experiments 
· Ultimate causes (natural science- like biology 
· Genotype – genes and history 
· Variable (probabilistic) 
· Evolutionary past
· Changes in genetic programs
· Historical narratives 

Example: 
· People thought that giraffe necks were for food competition but the reality is that giraffes eat from the shoulder height
· They use their necks to fight for sexual competition, using their necks as a club to hit the other giraffe 
· Reality is that long necks could be adaptations for both 

Scientific Method

Some terms used in Science: 
· Theory and fact
· Nothing in science will ever be a fact 
· Theory is the most complete prediction that fits the most circumstances possible
· Hypothesis
· Turn into theories when argument is strengthened 
· Test it to get it strengthened 
· Law
· Biology is not universal so we can’t call it a law 
· Only laws are Mendel’s Laws of Independent Assortment and Segregation 
· Prediction (logical vs chronological) 

Steps or Stages: 
· A question that needs to be answered 
· Gather information already known 
· Develop a hypothesis and test it
· Interpret the results of the test
· Retest
· Publish results 

Additional Experimental Components: 
· Controls
· Control of variables
· Sampling error 
· Repeat the test 

Distribution of Scientific Facts: 
· Journal selection
· Manuscript preparation
· Peer review
· Revision
· Publication 

Stages in an investigation: 
· The question
· Gather information
· Develop a hypothesis and test it
· Interpret the results of the test
· Retest 

Peppered Moth: 
· There are alleles in a population that create a certain trait
· Natural selection is a change in allele frequency in a population
· Compare gene pools, if changed then natural selection has occurred
· Changes in gene frequency in a population based on an advantage
· Observation 1: original museum collections had all white peppered moths and by 1900 traps collected 90%
· Observation 2: why did the moths change from light to dark morphs? Because there’s a change in the allele frequency
· Hypothesis 1: fitness of the moths was more visible against the background of the trees
· Null hypothesis 1: fitness remains the same and it dependent on the background
· Hypothesis 2: the bark colour of the trees has changed
· Null hypothesis 2: the bark colour of the trees has not changes
· Experiment 1: artificially rear light and dark morphs and place on the tree and observe survival (fitness)
· Experiment 2: locate light and dark coloured trees 
· Tree bark colour provides protection against predators
· Industrial colouration of the trees in rural agricultural areas the trees are white 
· Result 1: birds selected most visible moths 
· Result 2: dark trees showed same distribution as coal based industry 
· Industrial colouration contributed to the mechanisms of natural selection and the survival of the population 
· Allele frequency change = natural selection
· Question: do moths rest on backgrounds that match their colouration
· Question: what impact would the clean air act, that reduced pollutant emissions have on the moth population morphs 
· Questions: what happens to other moths with light and dark colour morphs? 

Major Events in the History of Biology: Darwinian Thought

Georges-Louis Leclerc, Comte de Buffon (1707-1788):
· Animals with similar morphology with adaptation to their environment
· Everything arrived in one location on the planet, and its essence spread out over the planet 
· Figured out that things changed overtime and everything didn’t arrive at the same time 

Erasmus Darwin (1731-1802):
· Translated Linnaeus into English
· Zoonomia (laws of organic life) 
· The temple of nature
· Life evolving in the oceans, life evolving in small microscopic things, everuthing increases in complexity as generation pass, acquire larger limbs etc.; until the vegetation springs on land we won’t get anything new 
· Story of the evolution of organisms on the face of the earth 

Georges Cuvier (1769-1832): 
· Comparative biology 
· Catastrophic theory 
· Everything was put on the planet and this shows that there are imperfect organisms on this organism
· There was some phenomenal catastrophe that changed the face of the animal population 
· Explained this by Noah’s Arc; the animals that are in the fossils are the animals that didn’t make it on the arc so they drowned and their bones were left there buried 
· Extinction 
· Collected fossils bones and rralized that he can make a full skeleton and that these skeletons make full organisms and not everything is still here on the planet 

Charles Lyell (1797-1875):
· Uniformitarian theory of geological change 
· Stratigraphy and the geological time scale 
· Discovered that you can find layers of the rocks telling stories 
· You can take lines of these strategic patterns, and see lines of time; sediments producing these 
· Laying down of sediments to make rock takes thousands of years 
· Earth is not 6000 years old; disagreed with Cuvier (not October 24)  and said that it didn’t happen all at once but slowly things changed over time; not measured in thousands of years but measured in millions and billions of years 
· Worked with the rock cycle
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Sedimentation of Calcium Carbonte: 
· Carbon dioxide + water => carbonic acid => hydrogen+ ions + bicarbonate + calcium+ ions => CaCO3
· Lyell is saying that when you look at the chemistry everything changes over time 

Carbon Cycle: 
· Has to do with the carbon dioxide in the air, equilibrium with the oceans and precipitating in the air
· [image: Screen%20Shot%202016-09-21%20at%202.00.35%20PM.png]Best way to get out of greenhouse gases is through iron minerals 

Continental Drift: 
· gets accepted as a phenomenon in 1950s 
· Pangea separated and the continents were created 

Jean Baptiste Lamarck (1744-1829):
· Transmutation of species
· Came up with the theory about the giraffes
· First guy to try and put a pattern to the animals on earth and why they’re changing over time 
· Lamarck is going to give us theory of inheritance of acquired traits; if you have a trait that causes a physical appearance of an organism it will be passed along the next generation
· Acquired traits have an impact on our bodies; he assumed that cells of body have the same traits that will be passed down but after eggs fertilize cells are put aside and rest (somatic; no meiosis for reproduction)
· Transmutation – species change over time; infusaria; acquired traits that have been passed from the generation increase complexity of organism	
· Lamarck only gets wrong the somatic and germ cells
· Essence of orgnaism is changing due to environment 
· Transmutation is not Lamarck, just means change
· Lamarck talked about species change, this word talks about essence and is fairly rapid
· Transformation (slow)
· Finalism 
· Environmentalism (this is Lamarck)

19th Century: Modern Biology: 
· Darwin (1809-1882)
· Came up with more examples of natural selection therefore having more evidence
· Wallace (1823-1913)
· Came up with idea of natural selection before Darwin
· Presented their ideas at the same time but more credit is given to Darwin because he had more proof, and Wallace is accredited with helping the theory 

Voyage of the HMS Beagle: 
· Turned down one of the most lucrative occupations by dropping out of medical school
· The next respected occupation is clergy but he didn’t finish that either
· Decides to get on the HMS Beagle to travel and collect samples of beetles, insects, plants, etc.
· Every time the ship comes into port, its crated and he ships it home to England 
· When he comes home after 5 years travelling he has the largest collection of biodiversity 
· Constantly working with these specimens for 20 years, never had any distractions except his 10 kids

Lamarck vs Darwin: 
·  Darwin changed Lamarck’s theory to branch organization off 

Types of Taxonomies Changes: 
· way we reflect the living world should reflect the evolutionary history of the world as a consequence of Darwin 
· Folk
· Artificial 
· Mechanical 
· Natural (Evolutionary) 
· Cladistic (Phylogenic) 

Darwin’s Five Theories: 
· No constancy of species
· Fossils 
· Fossil record was incomplete; often found in Quarries in rocks or areas for digging but what happened was that we recognized that fossils aren’t just in stone, and that there were other forms of them in wood, invertebrates, insects in amber, mammoth in permafrost 
· Extinction
· Transitional forms 
· Evolution of a horse – adaptations for longer legs and jumping to what a current horse looks like 
· Archaeopteryx – transition form between reptiles and birds
· Puijila darwini – where seals come from; missing link species showing the link between 2 species 
· Common ancestry
· Comparative anatomy
· Divergent evolution and morphology 
· Comparative embryology
· Vestigial structures
· Appendix (NOT vestiginal, without it bacteria builds and children are susceptible to asthma), goose bumps, nicatating membrane
· When the muscle goes on your body its out of fear or cold that you shiver
· Biogeography 
· Molecules 
· Proteins and molecules change over time and amino acid sequence change 
· Gradual changes
· Multiplication of species
· Natural selection 
· No natural selection or evolution
· Scientists applied their thoughts to darwins theory and made the theory of natural selection or evolution
· Proposed that things change over time
· There should be specific traists that organisms sharae but they are being modified over time 
· In these changes a new species arises
· Traits increase fitness (predominant in population) 
· First 2 scientific community accepts right away 
· Last 3 scientific communities need more information 

What’s the most important difference between Lamarck and Darwin’s theory  - MIDTERM Q

Homoplasy:
· Wings arose more than once because there are distinct differences in them they are all independent events 
· Homoplastic structures: bat wing, bird wing, pterosaur wing

Pasteur
· Life from life is not spontaneous 
· Germ theory 

Cell Theory: 
· Scleiden and Schwann 
· The basic unit of all organisms is the cell
· Individual cells have all the characteristics of life
· Al cells come from divisions of other cells 
· This cell is the fundamental unit of life 

Mendel 
· Rediscovered 1900 
· Law of segregation of characters
· Law of independent assortment 

Major Events in the History of Biology: Modern Theory and More

Darwin’s 5 Theories: 
· No constancy of species
· Common ancestry 
· Gradual changes (create new specieis over time) 
· Natural selection (micreevolution) – ultimately creates new species
· Multiplication of species 

What is a species? 
· Biological species
· Groups of actually or potentially interbreeding populations which are reproductively isolated from other such groups 
· Can’t have reproductive success with other species because of isolation 
· Canola oil example, can still reproduce with old species 
· Can’t always distinguish if the species can reproduce 
· Doesn’t work with bacteria for example 
· Morphospecies
· Species can be so different morphologically that there is no way they can be related 
· Ex. Birds; look so different so we didn’t think they were in the same family as reptiles 
· Can be very handy, but there are variations in populations which make it slightly inaccurate 
· Can often rely on eromeous results since we rely on what we see physically rather than genetically 
· Phylogenetic species 

Anagenesis: 
· Species that slowly morphologically changes over time
· Replaces
· Ex. Horse 
· Gradual transition line from one species into another 

Cladogenesis: 
· One group stays around while the other group changes into another group which isolates and evolves 
· Two groups, one old species and one new 

Ring Species – Parapatric Speciation: 
· Overlapping regions where the snakes are found
· The species’ might be in the process of diverging and separating but they aren’t fully isolated yet 
· Slowly changing in some way 
· Recognition that morphology isn’t enough to distinguish species 
· Subspecies names are used to describe transition species (ex. Wolf breeds with a dog in the wild)
· Speciation occurs when one population at the top of California (separated by mountains) splits on either side and evolves by geographic isolation; colour changes to show its characteristics according to the land; some of them will become two separate species because of the changes that occur during the hybrids

Second contact – Hybridization outcomes: 
· Fusion of the populatons
· When populations come back together 
· Reinforcement
· Hybrids aren’t viable therefore when they come together the two populations will end up as separate species 
· Hybrid zone formation
· Constant hybridizing so it never seems to separate the populations 
· Extinction of one population 
· If the population forms a new species it can extinct the previous population 
· Creation of a new species 
· If the hybrids don’t occur, then we hope to get a new species 

Allopatric Speciation – vicariance:
· Continental drift caused new populations
· South America has mammals now and Africa has birds because of the change
· This is called a vicariance 
· Physical characteristic of the world that separates them 
· Genetic components change over time and they adapt to their surroundings 
· Ice age vicariance – ice cricket survived through the entire ice age by altering its metabolism to be able to survive in the cold temperatures
· It became so adapted in the cold so it’s trapped on the mountains in the northern hemisphere because they will die if they reach higher temperatues than 10C

Allopatric Speciation - Dispersal:
· stuck on an island and starts changing over time 
· ex. Galapagos turtle 

Sympatric Speciation: 
· two groups speciating in the exact same environment 
· species can evolve in the same environment its residing in 
· at some point there is an introduction of a non-native species which introduces another food source 
· making it easier for a food source for smaller beaks to have food too 
· over time, these separate from each other 
· happening in the same space and environment from before 

Reproductive Isolation: 
· prezygotic isolation 
· habitat
· two species live in two completely different habitats that they will never run into each other ever 
· temporal
· species can breed with each other but they physically can’t because their reproductive cycles don’t match at the right time of year 
· behaviour
· singing a song to attract mates (fireflies have certain flash patterns to find their mates)
· mechanical
· genitalea of insects is like lock and key, there is no way for them to mate 
· gamete 
· animal eggs can recognize their own sperm and only their own sperm can penetrate the egg to fertilize it 
· postzygotic isolation - read later
· hybrid inviability 
· dies in very early embryology; things don’t match up since the system is very finely tunes 
· hybrid sterility
· donkey + horse = mule; can’t breed mule
· you can breed two things but they’re all artificial and they can’t breed 
· hybrid breakdown 
· if we get hybrids that can’t produce viable young, the hybrids just don’t survive even if there is potential for reproduction 

Modern Biology:
· Cellular respiration, ATP and mitochondria (1930-1950)
· Ecology (1940s)
· DNA is the genetic materials (1943) 
· DNA structure (1953)
· Gene Regulation (1961)
· Genetic Code (1960s)
· Recombinant DNA experiments (1970s)
· Cloning of a mammal (1997)
· Human Genome Sequence (2000)

Types of Taxonomies:
· Folk
· Artificial 
· Mechanical 
· Natural (evolutionary) 
· Cladistics (phylogenetic) 

Phylogenetic Tree:
· Birds, reptiles, mammals and amphibians start on the same path but something diverges etc.

Cladogram: 
· Divides everything into 2 branches, with forks showing differences breaking off and diverging making it different 
· Ex. Having 4 legs = one branch; shell, embryo, move on land = another branch; etc. 
· Continuous nested hierarchy, based on characters that define the descendents 
· Putting these together with phylogeny creates new names based on their characteristics 
· We can have conflicting interpretations between old and new species names 
· Ex. Chimpanzee is distinctly different from humans and gorillas but they are sharing 95% of the genome with humans

Cladistics – Useful Terms
· Apomorphies
· Derived characters within a group (evolutionary lineage) 
· Something got changed into 
· Plesiomorphies 
· Primitive characters within a group 
· Things they were before 
· Synapomorphies
· Derived characters shared between groups
· Because its shared they must be related to each other in some way 
· Symplesiomorphies 
· Shared primitive characters that are shared between groups 
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Constructing a Cladogram: (slide 28)
· decide apomorphies state or plesiomorphies 
· double mandible is apomorphie because its more complex and is scored as 1
· if it doesn’t have it score it as 0 
· spring tail is the out group which is scored as 0 in everything 
· cockroach is rated 
· fly has all of the characteristics therefore is scored as 1 
· each time we score, we count how often the charactersitcs are present
· at the end we tally it up and then we put them on the cladogram in order 
· each apomorphie shows the evolution of the organism 
· cladistics allows us to analyze this 

Parsimony – The KISS Principle 
· look up in book 

The Camera Eye:
· has unique visual system; light goes in and is inverted in the back of the eye and we get an image 
· shows the losses to show that the camera eye evolved once 

Anatomy of a Cladogram:
· we want them to stay simple in their brancing patterns 
· monophyletic 
· one ancestor and everything branched off it 
· polyphyletic 
· we may put two groups together thinking theyre related to each other but they really aren’t
· Linnaeus and his worms – he assumed they were all related to each other 
· paraphyletic
· one group is not in the proper analysis, it hasn’t been included in the analysis usually because of error 
· when the cladograms are put together, if you find an organism that meets all the same criteria you know it’s the same species 
· we can do it with living, dead material, all organisms, genetics, etc. 
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