Major Events in Biological History

Biology- various forms and manifestations of life, the conditions and laws controlling their existence. 

80% of DNA- responsible for bending genetic material to bring together/regulate proteins- good for observing abnormal cell growth and cancer. 

Pre-darwinian and the natural sciences -(400BCE- late 1800s)

Romans created infrastructure- allowed trade of scientific ideas. 
Roman era- could not support the size of the empire- taken over by the Goths. 

Scientific revolution-
· Telescope 1608
· Microscope 1678
· Computer chip 1961
· Fiber optics 1980s 


Hippocrates (460-370 BCE)
· Created the Hippocratic oath (code of ethics) 
· Hippocratic corpus- collected how Docs were doing medicine all over Greek and Roman empire- wrote up his findings which is the Hippocratic oath. 
· Created the first ‘medical manual’ 

Aristotle (400-450 BCE) 
· Looked at information of all living things- looked for a pattern- huge diversity of organisms. 
· ‘Ladder of life’ shows the importance of organisms- ‘Man’ is at the top, ‘mammals’ are 2nd. 
· [image: Ladder_of_Life.jpg] He created the classification of all organisms (not right, but first attempt) 











Theophrastus (400-450 BCE)
· Aristotle’s student
· Classified plants- by looking at seeds and comparing them. 
· Why classify plants? To find food, remedies, drugs, fibre (wood fibre, what woods can be used to build ships, woven, malleable) 
· He was correct- book used for 2000 years (still used in 1600s) 


What these men did- classification. 
-the action or process of classifying something according to shared qualities or characteristics.

Taxonomy- the rules by which organisms are classified e.g. seed type, flower. 
Artificial taxonomies- not based on anything biological. 
Folk taxonomy- carried down by word of mouth- all primitive cultures have a knowledge recipient e.g. shaman. 
14.09.16- Lecture 2 

Medieval Ages- 

· Scala naturae- the great chain of being- God at the top, Satan at bottom. 
· Religion- single monotheistic god + angels and other religious figures
·  Essentialism- an essence passed down through generations- makes organisms unique. 
· All organisms thought to be the same- no evolution. 
· New order of life- humans at the top continuing down to amoebas. 
· Used bible to come up with date that species were created- Oct 23rd 4004 BCE. 
· Species were not believed to be old, and never changed over time. 
· Species created by God. 

Medieval ages divided up-
· 400-700 Early middle ages (Dark Ages)- takes 300 years for society to recovered from collapse of roman empire
· 1000-1300 High middle ages- commerce and business, more wealth. Architecture flourishing. 
· 1347-1351- Black plague- killed 2/3 of Europe- population collapse and infrastructure/ knowledge- stops clock on scientific endeavour. 
· 1300-1500- takes 200 years for Europe to recover from Black plague loss of humanity. 

Islamic World- 
· not affected by plague and so were productive during Europe’s plague. 
· Byzantium and Islamic world- Al-Jahiz- came up with theory of evolution and natural selection in 781-869AD. 
· Al-Dinawari- Identified plants for medicinal and healing properties- over 600 plants.
· Avicenna 980-1037- medicinal philosopher combines Asian, Indian and European medicines.  
· Alhazen came up with scientific method- 
1. Observation
2. Statement of problem
3. Hypothesis
4. Test Hypothesis
5. Analysis
6. Interpretation of data
7. Publish findings 
· Ibn al-Baitar- medicinal plant scientist. 

· [image: ../../../../Screen%20Shot%202016-09-14%20at%201.40.46%20PM.png]Europe later on has power to go to Middle East and take ideas- leads to Renaissance. 

· Pascal- Origins of calculus
· Harvey- Anatomy and physiology- blood transfusion and blood discoveries. 
· Leeuwenhoek- found microscopic microbes- went against beliefs. 

· Linnaeus:
· Published first catalogue of organizing the living world 1735. 
· Organized into mechanical taxonomies. 
· Organizes organisms systematically by appearance and patterns. 
· Hierarchical classification
· Animals= multicellular ingestive heterotrophs.  

Taxons:
· Kingdom
· Phylum
· Class
· Order
· Family
· Genus
· Species


Genus and Species name: Apis mellifera (Honey bee) 

 Physicists- with the exception of humans all livings things are machines (Descartes, 17th century). 

Vitalists- physical and chemical laws apply but living things have a force (essential).  

Organicists (1930)- vital force replaced by genetic program and the importance of emergence (swarm behaviour) e.g. salt on food- doesn’t spontaneously combust and release Cl gas like the elements do. 

Physical science- 
· Inanimate objects (not alive)
· Physical and chemical laws
· Universal 
· Based on empirical observations
· Experimentation preferred method

Natural Science-
· Animate object (alive)
· More than physical and chemical laws (genetics)n 
· Not universal 
· Based on historical narratives
· Induction most used method 

Narratives of discoveries in 1700s seen as pointless e.g. writings of discoveries of new countries. 

Only experiments seen as valid science. 

Induction vs. Deduction

Deduction- from general to specific e.g. all insects have wings- wrong in the sense if a bird is seen.

Induction- from the specific to general e.g. this animal is an insect, and it has wings therefore all insects have wings. 
-assumptions made on broad observation. 

Only one place in whole universe life has been found- cannot make evolution a law because it is not universal. 

	Proximate Causes (physical science like biology)
	Ultimate Causes (Natural science-like biology)

	Phenotype- morphology and behaviour
	Genotype- genes and history

	Mechanical (predictable)
	Variable (probalistic)

	Here and now
	Evolutionary past

	Genes in actions
	Changes in genetic programs

	
	Historical narratives 




Biologists- content in holding multiple theories for something.

· Theory and fact- theory= most complete description fitting the most circumstances possible. Fact= proven. 
· Hypothesis- ‘a best guess prediction’- test it to see if it works- the start of the beginnings of science. A result of study and analysis. 
· Law- Mendel’s laws- mathematical probability laws and so are universal- not necessarily biological laws. 
· Prediction (logical vs chronological) 

Steps/ Stages to scientific method:
· A question needs to be answered
· Gather information already known 
· Develop a hypothesis and test it
· Interpret the results of the test
· Retest- find sample size and sampling error.
· Publish results- where to publish? E.g. scientific journal. 

Types of publications:
· Primary- from the research scientist
· Secondary- info from friends and peers 
· Tertiary- who may not be active in field and is writing up based on things they read
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Stages in an investigation
· The question
· Gather information
· Develop a hypothesis and test it 
· Interpret the results of the test
· Retest 

Darwin- looking at a population of organisms- which ones have advantages and so survive passing on their genes- Natural Selection

Peppered Moth: 

· Original museum collections all have white peppered moths and by 1900 traps collected 90% black
· Why did the moths shift from light to dark morphs? 

Hypothesis: 
· Fitness decreased when the moths that were more visible against the background colour of the trees. 
· Null hypothesis: Fitness remains the same and is not affected by the background
· Hypothesis 2: the bark colour of the trees has changed
· Null hypothesis: the bark colour of the trees has not changed. 

Experiment:
1. Artificially rear light and dark morphs and place on tree and observe survival
2. Locate light and dark coloured trees 

· Light coloured trees= white moths survived.
· Dark coloured trees= black moths survived- as birds select the most visible moth.
· Industrial melanism- factory smoke turned trees black so black moths survived. 

Allelic frequency change- proving natural selection



Questions about validity of the experiment-
· Do moths rest on backgrounds that match their colouration?
· What impact would the clean air act, that reduced pollutants in the air have on the moth population? 


Major events in the history of Biology

Darwinian thought
· Georges-Louis Leclerc 1701-1788- travelled and make biological Documentations-Animals that had similar morphology to the place they lived. E.g. cats, around the world there were different types of cats e.g. jaguar’s vs tabby- questioning religious beliefs. 
· Essence modified wherever in the world the organism lived- still kept the creation of the world on oct 24th 4004 BCE- originated in the Garden of Eden

Erasmus Darwin 1731-1802 (Darwin’s grandfather)
· Translated Linnaeus’ writings into English 
· The temple of nature 

Georges Cuvier 1769-1832
· Quarries of limestone to build Paris- he sees fossils and bones. 
· Believed to be mythical creatures no longer on planet
· Collects bones and puts them together to make skeletons- realized that some of these organisms have been extinct. 
· Not everything is still here even though believed everything was put on the planet and stayed there- no changes. 
· Predicted there had been a catastrophe that made these organisms extinct- this catastrophe was ‘the animals didn’t make it onto Noah’s arc’ 

Charles Lyell 1797-1875)
· Uniformitarian of geological change- noticed sedimentary layers 
· Stratigraphy and the geological time scale 
· Consistent layering of rocks across continents
· Predicted that these rock layers have been there millions of years
· Could not have been put there Oct. 24th 4004 BCE
· Proposed it has been changing slowly and gradually forever- uniformitarianism. 

[image: ]Rock cycle- 





[image: ]



Carbon cycle: 



Jean-Baptiste Lamarck (1744-1892)
· Transmutation of species- tries to put a pattern as to why animals are changing over time 
· No mechanism to explain the change of organisms 



23-09-16-  Midterm up to slide 40 + readings in textbook 

What is the major difference between Lamarck’s and Darwin’s theory?
Keywords 

Jean-Baptiste Lamarck (1744-1829)

· Discovered transmutation of species
· Proposed that organisms pass on characteristics e.g. giraffes long necks
· Did not realize that acquired traits have impact on sematic cells- Lamarck assuming that sematic cells contain same information that will be passed onto next generation. However- specific cells put aside to give traits to offspring (gametes). 
· Sematic cells where changes occur are not the genetic information that gets passed to next generation. 
· Transmutation (don’t fall into the trap of two different meanings)- species change over time. 
· Infusaria- Lamarck believed this was beginnings of life- influenced by environment and passed on traits. 
· Essence of an organism changing (up until now essence was fixed)
· Sematic cells which cause changes are not ones which pass on genes and tributes.

Essentialism explanation of change-

· Transmutation- change. 
· Transformation (Lamarck) 
-Finalism- essence has pre programmed system that it improves itself over time
-Environmental 

Essence changed in one of two ways- gradually (transformation) or quickly (transmutation)


Darwin vs. Wallace-

	Darwin 1809-1882
	Wallace 1823-1913

	Had more examples of natural selection than Wallace.
	Came up with idea of natural selection- from travels in India 

	Artificial selection theory- from racehorses. 
	Wallace seen as someone who supports Darwin in natural selection- even though he discovered it.




· Darwin went on 5-year voyage to collect organisms to analyze biodiversity in South America- sends them home to London. 
· Largest collection of biodiversity on the planet collected by one individual- he knows every specimen individually. 
· Because he was self-employed- no distractions. 
· Marries Emma Wedgewood- a wealthy wife. He had unlimited money to fund his research. 
· Book on theory of evolution sold out on first day
· Definitely species have changed over time- not all on one day. 
· Organisms change a common ancestor 
· All these changes are gradual and slow- uniformitarianism. 
· Idea that the Earth is billions of years old. 
· New species will arrive in the future
· All organisms come from a single bacterium.

Darwin’s five theories 

· No consistency of species: 
-Fossils- hard to find in Darwin’s time. Fossil record not complete- soft bodied animals did not fossilize. 1985- series of Invertebrate fossils found in old ocean. Shales- perfect layers of rock which split like a book- all the biodiversity of the planet were found. More discovered bc. Since 1960s we know about continental drift. 
-Extinction
-Transitional forms

Evolution of the horse- 
· Transition fossil set
· Went from running on 5 fingers to 1 (hooves) 

Archaeopteryx lithographica-
Transition fossil- an organism stuck between birds and reptiles. 
Had a bony tail, and beginnings of bird wings. 
Had feathers for mating, looks. 

Homology- Divergent evolution- homologous (homoplastic) structures. 

-pentadactyl limb- 5 digits seen in many animals e.g. bats and whales. 
-embryology- how do organisms develop. 
-Take fertilized egg- 3rd cell division always goes through middle equator 
-Take whole animal world and divide it into two groups- was the theory of embryology. 

Vestigial structures-
Function in the past may not be the function now- but they still have the feature. 
e.g. goose bumps raising hairs to trap heat when you are cold. Also happens when youre scared. 
e.g. nictitating membrane- corner of eye- doesn’t do anything but appears in aquatic animals to protect eye. 

Appendix- 
The inoculum site of flora for digestive tract- if this is not present in babies through breast milk it can lead to asthma. 
It is actually useful- not useless like it is commonly thought. 

Schleiden and Schwann- cell is fundamental unit of life. Proposed call theory. All have nucleus. 

28-09-16
Darwin’s 5 Theories
· NO constancy of species
· Common ancestory
· Gradual changes
· Natural selection (microevolution)
· Multiplication of species
Speciation- 

Species = groups of potentially interbreeding populations, reproductively isolated from other groups. Cannot have reproductive success with other organisms not in their species. 

Definition doesn’t work for bacteria- they divided by binary fission. 

Canola oil- new species from rapeseed. 

Morphospecies 

· a taxonomic species based wholly on morphological differences from related species
· e.g. birds are descended from reptiles- but both are in different taxons. 
· Species based on morphology- not accurate- as based on appearance not genetics. 
· Anagenisis- a species that slowly morphologically changes over time until it differs so much it becomes a separate species- overtakes the older species (replaces it)
· Cladogenisis- ones species stays while other species changes into a new one
· Ring Species- is a connected series of neighbouring populations, each of which can interbreed with closely sited related populations, but for which there exist at least two "end" populations in the series, which are too distantly related to interbreed. 
· Parapatric speciation- A speciation in which the zones of two diverging populations are only partially separated that the species may still come in contact or cross the barrier from time to time, until selection for specific behaviours or certain isolating mechanisms will eventually prevent them from interbreeding.
·  House pet dogs become feral- can breed with wolves (canis lupus) and create new subspecies- on its way to becoming a new species. 
· Salamanders- Californian example of a rig species.
· Two end species that meet at end of ring reproduce- become hybrids- do not have qualities for survival in their area.  heading towards a new species. 


· Fusion of species- polar bear and grizzly bear. May cause the separate polar bear and grizzly bear species to go extinct. 

Hybridization outcomes (when end species meet up again):
· Fusion of species
· Reinforcement
· Hybrid zone formation
· Extinction of one population
· Creation of a new species 
Allopatric- some major event occurs that physically separates tow populations e.g. continental drift of Gondwanaland. 

Vicariance- the geographical separation of a population, typically by a physical barrier such as a mountain range or river, resulting in a pair of closely related species.

Grylloblattid- ice cricket
· Animals lives on mountaintops that stuck out of the glaciers in the ice age
· Adapted to function at -10 degrees- if it warms up to 10 degrees C it will die.

Sympatric- is the process through which new species evolve from a single ancestral species while inhabiting the same geographic region.

Bug eats specific seed- nonnative seed species introduced- bugs adapted to eating from different seed types- have different physical qualities- new species. 

· Prezygotic
-Habitat
-Temporal
-Behaviour- certain flash pattern and call when trying to find females. 
-Mechanical- comit orchid- reference to the anatomies of the male and female parts that allows that combination to only happen in that species
-Gametic- a species A can recognize sperm in species A- sperm released in hopes of fertilization.

· Postzygotic- look in textbook. 
-Fertilization within two different species- often dies as an embryo.
-Horse + Donkey = infertile mule
-Hybrid breakdown- will mate but do not produce viable young. 
20th Century: Modern Biology- 70 years old.
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[bookmark: _GoBack]A phylogenetic tree or evolutionary tree is a branching diagram or "tree" showing the inferred evolutionary relationships among various biological species or other entities—their phylogeny—based upon similarities and differences in their physical or genetic characteristics.

Cladogram- branching pattern with only two branches
-Basing on characters that form the characteristics of those species below them. 
-Put groups together based on shared characteristics 
-Human species placed in own family/genus- however chimpanzee shares 95% of our DNA genome- but is placed with Gorilla even though they are more genetically different. Bias towards humans. 

Apomorphies- derived characteristics within a group of organisms (evolutionary lineage). (what something got changed into)
Plesiomorphies- primitive characters within a group (what they were before the change)
Synapomorphies- derived characteristics shared between groups (character shared by many organisms- because of this shared property they must be related)
Symplesiomorphies- shared primitive characters that are shared between groups

Outgroup= organism that does not have any of the characteristics when making the cladogram. 

Placed from most characteristics to least characteristic on the cladogram. 

Parsimony- the KISS principle

Concept of evolution of camera eye- 
-some say that it is impossible for the eye to evolve bc too complicated
-Camera eye has light that goes in, flipped, and an image is produced. 
-Closely related species- some have camera eye, some don’t- therefore it must evolve at least once. 

Monophyletic- one ancestor and know of every descendent and how they are related. Have this for all major living organisms. 

Phophyletic- put two groups together thinking they’re related- however they have no common descendant. E.g. Linnaeus’s’ worms 
 
Paraphyletic- one group is not in the proper analysis- usually by misanalysis. This is problematic. 
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Important stages in the history of Biology

20th century: Modern biology

Cellular respiration, ATP and mitochondia (1930-1950)
Ecology (1940’s)

DNA is the genetic materials (1943)

DNA structure (1953)

Gene regulation (1961)

Genetic code (1960’s)

Recombinant DNA experiments (1970’s)

Cloning of a mammal (1997)

Human genome sequence (2000)
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Copernicus (1473-1543) earth not the center of the universe.

Kepler (1571-1630) — planetary motion

Newton (1643-1727) — laws of motion, gravity and thermal conduction
Galileo (1561-1626) — further proof of earth revolving around the sub
Boyle (1627-1691) — behaviour of gases

Pascal (1623-1662) —
Descartes (1596-1650) — geometry

Van Leeuwenhoek (1673)— first microscope,
Andrea Vesalius (1542) - Anatomy

Harvey (1650°’s ) —
Linnaeus (1735) — Systema naturae.
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