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MAJOR EVENTS IN THE HISTORY OF BIOLOGY: PRE DARWINIAN
Main Ideas
· History of biology as a science
· Science is young (defined at the beginning of the 19th century)
· Scientific revolution (renaissance)  more to do with the physical sciences (Physics, mechanics, mathematics and astronomy)
· Naturalist thinking from Greek philosophers (400 BCE) to modern day
· Biggest events in biology were after 1850 and in the 21st century
· Naturalists who had an impact
· “The Great Chain Of Being” by Aristotle
· “Essentialism Thinking” hindered advances
· Difference between “empirical”, “experimental”, “proximal causation” and “inductive historical narrative of ultimate causation”
A brief history of science and biology before Darwin
· Douglas Adams  author of “Hitchhiker’s Guide to the Galaxy”
· Divided period of innovation into 4 ages of sand (silica/glass)
· 1) TELESCOPE – findings associated with the scientific revolution as a result of sand in form of glass which is ground to form lenses and see the universe (planets)
· 2) MICROSCOPE – (mid 1670s) – glass lenses to see the smaller world around us
· 3) SILICA CHIP – (1960s) – computational strengths and easier analysis, mathematical models, evolutionary history
· 4) FIBER OPTICS – information that can be sent at high speeds – great minds could come together to create even more findings
· Greek Philosophers
· Believed the world existed forever and never changed
· 1) HIPPOCRATES (460 – 370 BCE) – medicine and human biology
· 2) ARISTOTLE (382 – 322 BCE) – student of PLATO (384 – 322 BCE), wrote “The History of Animals” – created the “Scala Naturae” – with the gods at the top
· 3) THEOPHRASTUS (371 - 287 BCE) – botanist, student of Aristotle, he was the “Father of  ANCIENT Taxonomy) – he wrote books on growth and use of plants, he also classified plants based on their reproductive strategy – created a compendium of plants
· ESSENTIALISM – Greek philosophers believed in Plato’s concept that all organisms were unchanged and unique and that differences between them were attributed to an “essence”
· The Medieval ages start with the fall of Rome by the Germanic Goths, which then begins the dark ages where ancient works were hidden away in monastic libraries
· High middle ages: after recovering from the loss of roman commerce and infrastructure, architecture and education become important during this period
· During the 11th and 12th century – CRUSADES – Europe was in contact with the Muslim world which greatly influenced their medicine and religion but had no impact on the natural sciences
· 1347 – 1351 –the black plague kills – beginning of the late middle ages - half of the population and the minor climate change that takes place diminishes food, economy and therefore the development in science, there was also a revolt with the church as Protestantism begins to take hold
· The medieval age comes to an end at the start of the 16th century
· Islam (Byzantium and Constantinople) 
· This was the golden age of science– the Greek and roman works were translated into Arabic
· AL JAHIZ – Wrote the “Book of Animals” which talked about evolution, the food chain and the struggle for existence
· BOTANICAL SCIENCES
· 1) AL DINAWARI – catalogued plants – added to Theophrastus’ plant compendium
· 2) IBN AL BAITAR – pharmaceutical catalogue of medicinal plants – used until 18th/19th century – took Theophrastus’ plants and wrote about their medicinal properties
· 3) ALHAZED – created the scientific method
· AVICENNA – gave a summary of Greek, Indian, Muslim medication which was used until the 17th century – added to the Hippocratic corpus
· COPERNICUS – (scientific revolution)  went against religious beliefs, writes about his findings but doesn’t publish it , he instructs to get his works published after his death
· 1453 – The ottoman empire attacks Constantinople and the golden age ends – the work is now available to the Europeans
· SCIENTIFIC REVOLUTION (16TH – 18TH CENTURY)
· This is the beginning of the modern age but it is all about “inanimate objects” the animate world was still explained by essentialism
· Europeans went out and bought back many things such as plants of new species and they needed some way to organize them
· LINNAEUS  (eighteenth century) – used a hierarchical system of “taxa” and he created the binomial system of nomenclature which is a unique genus, species name ( the binomen is still used today)- father of MODERN TAXONOMY – in his classification he had two kingdoms
· VAN LEEUWENHOEK : the first to make a microscope, at the beginning of the second age of sand
· ANDREA VESALIUS : dissected cadavers and documented and illustrated his findings
· HARVEY: The father of physiology

Type of Taxonomies
· It is important to know what has been lost or how the world is changing
· Al animals organize things, for example, sponges know the difference between organic molecules and sperm, instead of digesting sperm, it sends it to the egg to be fertilized
Folk Taxonomies
· A system of classification passed onto the generations through spoken word
· For example, the Eskimos and Inuit have 30 different words for snow, this is because it is in their environment and is important to them
· There are cognitive limitations to this as only around 500 species or elements can be memorized
Artificial Taxonomies
· Aristotle and Theophrastus were the first to use this
· They wrote down information from folk taxonomies and made a giant list, Aristotle did the animals and Theophrastus did the plants
· During the era of the roman empire, these lists were used as a reference tool as there were many plants and animals that were economically and medically important
Mechanical Taxonomies
· These lists were getting long
· LINNAEUS – created the “binomen” – the first word was the genus, it was a Latin noun while the second word was the species, and it was a Latin adjective
· The binomen is italicized and underlined if written by hand, the first word is capitalized and the second is not
· He organized living things in his “systema naturae” in the order KINGDOM, PHYLUM, CLASS, ORDER, GENUS, SPECIES, and later on family was added between order and genus.
· KING PETER CAME OVER FROM GERMANY for SEX
· This hierarchical system signalled the beginning of mechanical taxonomy and it was based on the physical characteristics of organisms
· For example, tubular legless animals were put into the phylum: vermes, even though some aren’t even related, this is why it was called mechanical
Terribly Troublesome Terms
· THEORY : explanation or model that explains events in the natural world and makes predictions on how they will occur – based on lots of observations and multiple tested hypotheses – must be based on facts – explains general phenomena
· HYPOTHESIS: explains smaller subsets, weaker than a theory, made from examining existing scientific literature and observations of the world, come up with an idea on how something works or behaves, a hypothesis must be able to be tested
· FACT – when there is no doubt, doesn’t often happen with the natural sciences
· LAW – must be universal, not just on earth, “LAW OF INHERITANCE” created based on the works of Mendel is one of the few laws in biology
· PREDICTIONS – “Chronological Prediction” – is foretelling of the future events or horoscope, “Logical Prediction” in biology is the here and now with the “if and then” statements
Physical Sciences and the Natural Sciences
· for years, natural sciences were labelled as “descriptive sciences” because their work didn’t involve the math associated with the physical sciences
· in the natural world everything did go according to physical and chemical laws
· differences – 
· physicalists: believed that animate objects were like machines that could be reduced into various parts that made the whole thing work
· vitalists : believed that animate objects had a vital essence though at the time they didn’t know what it was (until genetics came along)
· 1930 – the organiscists (holistic) view of life came along, life was ruled by laws of physics and chemistry however, because of the genetic program, the whole was more than the sum of its parts
· This latter concept is called EMERGENCE or EMERGENT PROPERTIES
· In the physical sciences, laws are universal, but in the natural sciences, theories are more prominent since life couldn’t be found anywhere else on the universe – observations were made using experiments as a technique
· Before the scientific revolution there were NARRATIVES – this is the method of observing and writing down observations used by the natural sciences and is why they were looked down upon by the physical scientists
· NARRATIVES – replaced with experiments
· Stories were the only way to explain observations although this was looked down upon by the physical scientists
· Physical scientists used DEDUCTIVE REASONING ( knows what will happen, test to see that it does, from general to specific) while natural scientists used INDUCTIVE REASONING (observes events and shows that it forms a big pattern, specific to general)
· ALSO in the physical sciences, if a theory is wrong, it must be thrown out or modified in order to accommodate new findings
· But in the natural sciences, if a theory is wrong, it may be kept. There can be more than one theory. For example, giraffes with long necks  either they have developed long necks for sexual competition or for food competitions, or maybe for both.
· Scientific Explanations
· 1) What questions: observations of it reviews that lead to theories/hypothesis
· 2) How questions : “proximate causes” – addresses the mechanics of here and now and observed through the morphology and behaviour expressed as the phenotype, looks at genes in action – type of cause molecular biologist is working with when comparing the genes of a healthy person vs. a sick person
     Why questions: “Ultimate causes” – more variable aspect of biology – regarding changes in the genetic programs and the underlying phenotype
Extra tidbits
· Until early 1800s – biology was more referred to as natural sciences
· 21st century was the century for biology
· Darwin changes the way we thinking about bio – it used to be an inferior science
· HIPPOCRATES : gathered different works and created the HIPPOCRATIC CORPUS – he gathered knowledge base and put it all in one place, creating medicine
· 1650 – USHER – tried to calculate when everything was created – referred to the bible and claimed that this day was October 23rd 4004 BCE
· A prediction can become a hypothesis which can then become a theory
· Sampling Error – if you have enough measurements the average is the real value
Stages in an investigation
· “Develop a hypothesis and test it” (slide 52)
Natural selection – industrial melanism
· Pepper moths – the white coloured moths used to be prevalent cause of the white trees – after the industrial revolution the trees turned black with the ash – the black moths became prevalent 
· natural selection depended on the allele frequency – natural selection is when allele frequency changes
· allele frequency went from white being predominant to black – the visibility of the moths on the trees and their predation by birth caused this change
Peppered Moth
· fitness: how many young you can produce in the next generation
· if the black moths were surviving more – than they were darwinianly fitter than the white ones – lived longer to produce more eggs
· nobody knew the colouration of trees – they never noticed before the industrial revolution – the bark may have changed colour over time
· to validate the hypothesis – tagged white and black moths, left them for a day, came back at night with a black light – counted – noticed that there were less white moths – assumption that the birds were preying on those moths
· they also went to areas where the trees were white, found out that the black ones were disappearing
· darkness of tree colour – checked correlation by cross examining dark trees with areas where there was industry development
· gene frequency changing is linked with natural selection
· problems: said moths were on trunks of the trees – not where they live – should be up on the branches – artificial situation that enhanced predation; 
· another problem: correlates don’t represent fact, tree and industry correlation is bogus, it doesn’t represent cause
· critique says that it is invalid – this is the physical science thinking applied to biology
· this situation was replicated with two other species – same thing happens
· put the moths in a drum with black and white stripes – went to their own colour naturally – proves it’s not random
· in biological natural thought – it is a good explanation, doesn’t need 100%














MAJOR EVENTS IN THE HISTORY OF BIOLOGY DARWINIAN THOUGHT
Introduction
· beginning of 19th century – evidence of correctness of Scala Naturae and its essentialist assumptions that everything arrived on earth in its present and perfect form on October 23rd, 4004 BCE was challenged
· proof that organisms had or could change over time – some disappeared
· proof of slow gradual change pitted Lyell and his uniformitarian theory vs. Cuvier and his catastrophe theory
· Lamarck – “transmutation of species” and “inheritance of acquired traits” – tried to explain these findings – totally wrong
· Darwin – has five theories that explain using natural selection – that we have to look at not the individuals for changes (like Lamarck did) – but the variation in a population
· Variation  traits make a certain phenotypes more likely to breed/have offspring (DARWINIAN FITNESS) – the “underlying mechanism” for expressing phenotype will increase in prevalence 
· He had five theories, only two were accepted at the time, when Mendel found out about genetic mechanism of inheritance, the last three were finally accepted – then the modern theory of evolution is finally proposed
A brief history of science and biology – that lead up to Darwin
· Mid-19th century – essentialism is being challenged
· George- Louis Leclerc (Comte de Buffon)
· Wants to create  a three volume encyclopedia, one for inanimate world, plants and animals – never finished all 50 – but gets 35 done and his colleagues publish 8 more after he dies
· “histoire Naturelle” – animals
· Travelled around the world and notices animals have similar basic appearance modified by environment in which they live
· Ex. Elephant in artic and Africa – says single essence of elephant but physical expression of this essence changes cause of outside factors
· Believes essence is made of components extracted from environment – why some look a little different – ex. (lions, tigers, pumas etc.)
· This is the beginning of BIOGEOGRAPHY  biology changes with location
· Experiments with alchemy, metallurgy  earth molten mass that is now cool – said that since north and south poles are cold – probably first habitable locations – every organism placed here, as earth cooled, moved towards equator, and essence was expressed as “modified morphologies”.
· Still believes essentialism but modifies it for the first time to say that there is a changing diversity over time and he claims that earth is 70 000 years old not 6000
· Erasmus Darwin
· Darwin’s grandpa
· Translated the works of Linnaeus into English
· Doesn’t think everything appeared at the same time  expressed this in an epic poem (Temple of Nature) – seen as literary curiosity not in conflict with Christian beliefs since it is a poem – defies the scala naturae still
· Cuvier
· France – noticed sedimentary rocks with animal remains 
· Coins the term extinction to describe fossils and lost species
· Digging up fossils – people thought they were monsters/dragons that populated the earth in the past
· He put these skeletons together – found a similarity between their physiology and the animals that exist today
· Problem? – Everything in the scala is perfect in form and role, why have some disappeared?
· Cause - extinction was caused by catastrophic events – geological ones – killed of life forms – his student linked this “catastrophic theory” to Noah’s Ark – they missed the boat
· Credited with beginnings of COMPARATIVE ANATOMY and adds PHYLUM to the Linnaean classification scheme
· Lyell
· Different view on fossils and change
· Thinks it’s a lot more gradual – mineral composition and fossils found in sedimentary rock changes over time – sequence in the sediments remains the same
· Observed that you can look at the strata and see different strata from different times – looked at where organisms existed, when they changed
· Realised that you cannot explain the deposition of these sediments that everything was made in one day – knew that sediments layered very slowly – more than 70 000 years
· Founded “GEOLOGICAL STRTIGRAPHY” – uses it to make geological time scale seen in the major changes of layers of rocks
· Theory of Gradual Changes – known today as “the Rock Cycle” – based on erosion, volcanic activity and sedimentation explains appearance and disappearance of fossils
· His Uniformitarian theory of Geological Change is opposite to Cuvier’s catastrophic theory
· Plate Tectonics 
· First described in 1920s was later accepted in 1960s (it is a theory describing motion of continents)
· Jean-Baptiste Lamarck
· “Spontaneous Generation” common belief and in Lamarck’s thinking this spontaneous generation created infusoria – the simplest form of life.
· Later these infusoria would change and become more complex
· INFUSARIUM – complexity vs. time – environment alters organisms and changes their complexity over time – it is a mechanism 
· In his view – long neck – advantageous – so progeny would have long necks
· Traits that were improved/augmented during the lifetime of an organism were passed on to the next
· Had the concept : “use it or lose it”
· What he got right? – environmentally induced changes occur gradually from one generation to the next 
· What did he get wrong? – in animals their development early on – cell is put aside that will be the germ cells (sperm and egg) – they are never used to create somatic changes – he is depending on somatic cells to pass from one gen to the next but really it is the germ cells that are being passed – why physical traits aren’t passed on immediately
· The first to give a mechanism “transmutation of species” for the changes in biodiversity
· TRANSMUTATION OF SPECIES (SYN. CHANGE) – ex. Giraffe theory, it stretches its neck, which then becomes longer, and it is passed to offspring, the environment changes the organism
Rock Cycle
· Two types of rock: Come from Molten rock of original planet and sedimentation plus water (realized cause of Lyell)
Carbon Cycle
· At the interface of the ocean – carbon dioxide reacts with water
· Important in oceans and land
Sedimentation of calcium carbonate
· Calcium carbonate is insoluble in water – happens over a long time – eventually makes sedimentary rocks – proves Lyell’s claim that this cannot take place in 6000 years
· Catalyst for the ice age

Natural (classical, traditional) taxonomy
· NATURAL (TRADITIONAL, CLASSICAL) TAXONOMIES – began with Darwin and his works on evolution – organisms from common ancestors should be in the same taxon and the ordering of the taxa must reflect the evolutionary relationships between the different groups.
· Anatomical characteristics were used – organisms that had similar functional structures – same ancestor
· HOMOLOGY ( DIVERGENT EVOLUTION) -  bone of whale’s flipper/ bird’s wings don’t look the same – but same evolutionary origin 
· HOMOPLASY (CONVERGENT EVOLUTION) – same function or similar anatomical feature – but don’t have common ancestor
Essentialist 
· Talk about transmutation of the essence” – Lamarck called it “transmutation of the species”
· Finalism – the essence will independently transform itself internally
19th Century: Modern Biology
Wallace
· Worked in Indonesia – observed diversity and came up with natural selection
· He knows Darwin was working on this for 20 years so he sends him a manuscript which Lyell gets instead
· Lyell gets both Darwin and Wallace to present their findings at a symposium
· Wallace had less proof which is why Darwin is known for this work
Darwin
· Wealthy family
· Dad was a doctor and wanted him to go to med school
· He got involved with “the Royal Society of London”
· Very methodical
· Marries Emma Wedgewood (rich  family made china/fine dishware)  plus he has lots of his own money so he can afford to just study
Lamarck VS Darwin
· Darwin says there is a branching pattern, that organisms change this way over time, and some of the branches disappear
· Lamarck says that there is a linear change
Darwin’s Five Theories
· 1) No constancy of species – there is a missing link, “Transitional Form”, lots of variety -> found in amber, permafrost, rocks, wood which are all very rare. Ex. Over time horse molars got bigger to accommodate its food habits (cause cellulose is hard to digest) – TRANSITIONAL FOSSIL, ex. ARCHAEOPTYRIX (BIRDS AND REPTILES)
· 2) Gradual Changes – extinction, accepting that some things have disappeared


Additional notes from the book…
17: DARWIN, FOSSILS, AND DEVELOPMENTAL BIOLOGY
17.1 – Recognition of Evolutionary Change
· Aristotle – believed both inanimate objects and living species had fixed characteristics
· 14th century – Europeans merged Aristotle’s Classification with the biblical account of creation
· All different kinds of organisms – created by god – species could never change or become extinct – new species could never arise (Europeans)
· Natural Theology – sought to name and catalogue all of God’s creation
· Francis Bacon
· Established importance of observation, experimentation, and inductive reasoning
· Other scientists: Copernicus, Galileo, Rene, Isaac Newton – proposed mechanistic theories
· Biogeography, Comparative morphology and geology – three new disciplines that promoted change
· George Louis Leclerc (comte de Buffon)
· Puzzled by body parts that didn’t seem to have any function
· Suggested vestigial structures – may have functioned in ancestral organisms
· Didn’t explain how functional structures became vestigial but acknowledges that it was produced over time
· Georges Cuvier 
· French zoologist
· Layers of fossils showed organisms that lived at successive times in the past
· Changes in geologic strata- marked dramatic shifts in environment
· Catastrophism – each layer of fossils shows remains of organisms that died in a catastrophe such as flood
· Jean Baptiste de Lamarck
· Contemporary of Cuvier and student of Buffon
· First comprehensive theory of biological evolution based on specific mechanisms
· “Perfecting Principle” – caused organisms become better suited to environment – simple organisms became complex ones moving up the ladder of life, microscopic organisms were made by “spontaneous generation”
· 2 mechanisms fostered evolutionary change (don’t actually cause evolutionary change)
· 1) Principle of use and disuse – body parts grow in proportion to how much they are used
· 2) Principle of Inheritance of acquired characteristics – changes that an animal makes during its life time is acquired by its kids
· 4 important contributions to evolutionary view
· 1) Proposed that all species changed through time
· 2) Recognized that changes are passed from one generation to the next.
· 3) Organisms change in response to their environment
· 4)  Hypothesized specific mechanisms that may cause evolutionary change
17.2 – Changes in the Earth
· James Hutton 
· Geologist
· Slow continuous physical processes over a long period of time made earths major geologic features
· Erosion  canyons, sedimentation  topsoil on flood plains
· GRADUALISM – view that earth changed slowly over history contrasts with Cuvier’s CATASTROPHISM
· Charles Lyell
· Extended Hutton’s ideas in “the Principles of Geology”
· UNIFORMITARIONISM – geologic processes that made earth’s surface over long periods of time, like volcanic eruptions, earthquakes, erosion, and formation and movement of glaciers, are the same as the processes we see today 
· This undermined the notion that earth didn’t change
17.3 – Charles Darwin
· 1831 – HMS beagle, going westward along the coastline of South America and then to circumnavigate the globe
· Toured the world for five years
· Applied “Gradualism” and “Uniformitarianism” to the living world (had first volume of Lyell’s Principles of Geology)
· Galapagos Islands – animals on different islands varied slightly in form – hypothesized that plants and animals there came from South American ancestors which changed after being isolated on a certain island
· Artificial Selection – coined by Darwin – selectively breeding individuals with favourable characteristics, breeders enhance these traits in future generations
· He read Thomas Malthus’s famous Essay on the Principles of Population – who observed that England’s population was growing faster than its agricultural capacity meaning people would inevitably starve – this gave him an idea on how selective breeding happens naturally  we produce more offspring than necessary to replace us  why the world is not overrun 
· Natural Selection – if some individuals that have hereditary traits that make life more easier – than others that don’t would die leaving few descendants – this process would go on and on  and soon these advantageous traits become more common
· 4 things that made him stand out from earlier explanations
· Had purely physical explanations about origins of biological diversity (no spiritual)
· Recognized evolutionary change happens in groups of organisms rather than individuals, some members of a group survive and reproduce more successfully than others
· Evolution is a multistage process, variation in groups  natural selection eliminates unsuccessful variations  next generation inherit successful variations
· Like Lamarck, understood that evolution occurs cause organisms function better than others in a particular environment
· Parallel work with Alfred Russell Wallace
· Received a letter from him June 18, 1858 – Darwin forwarded this to Lyell who encouraged Darwin to publish his theory
· 1859 – Origin of Species by Means of Natural Selection was published
· In his book
· All organisms that ever lived arose through descent with modification, the evolutionary alteration and diversification of ancestral species – proposed that natural selection is the mechanism that drives evolutionary change
17.4 – Evidence for Evolution: The Fossil Record
· Fossilization – usually soft remains of organisms are consumed by scavengers or decomposed by microorganisms – so usually only hard structures left – dissolved minerals replace some of organisms’ parts
· In environments with not a lot of organisms – decomposition doesn’t happen – lots of soft bodied preservation
· Relative Ages and absolute ages
· Radiometric Dating – ACTUAL AGES – LIMITED BY HALF LIFE – works best with volcanic rocks
· Amount of 14 C – the unstable isotope – living organisms absorb traces of it and large quantities of 12 C from the environment and incorporate them into biological molecules so the ration of 14C to 12 C is used to determine age
17.5 – Earth history, biogeography, and convergent evolution
Continental Drift Involves Movements in Time and Space
· Theory of plate tectonics:  earth’s crust is broken in to pieces of rock which is floating on top of a semi-solid substance called a “mantle”
· Continental drift: currents in the mantle cause the plates to move around
· PANGEA – Lurasia (north) and Gondwana (south)
· This moving around caused climate change – some of the mass – poles – glaciers – less rain around the world
· Continuous distribution – living in a suitable habitat throughout a large area
· Disjunct Distributions: Closely living species – live various locations – caused by dispersal (movement of organisms away from their origin) and vicariance (fragmentation of geographic distribution caused by external sources)
Life forms evolve in parallel and convergent ways
· Convergent/parallel evolution – similar adaptations in organisms that aren’t related to each other but live in similar environments
· Convergence – between organisms that are distantly related
· Parallelism – more closely related forms
Divergence is a factor in evolution
· Divergence of organisms is fundamental to adaptive radiation (the evolution of whales)
· Fossil records- can help connect the dots
17.6 – Interpreting Evolutionary Lineages
Horses Changed Over Time
· Horses in Darwin’s time vs. horses today
· Back then – they were shorter, teeth were small, and they browsed on soft leaves in the woods
· 1879 – Marsh published analysis of 60 million years of horse family history – described evolution in tiny stages – inferred a pattern of descent – gradual directional evolution in skeletal features
· Leg and feet changes – faster
· Face and teeth – switch in diet – now tough grasses not soft laves
· Demonstrates Adaptive Radiation -  (diversification) a burst of speciation associated with a move into new situations
· This wasn’t a linear change – branches – some died out
18.6 – Traditional Evolutionary Systematics Classifies Organisms According to Their Evolutionary History Using Phenotypic Similarities and Differences
· Traditional Evolutionary Systematics – uses phenotype similarities and differences to find evolutionary relationships, grouping together species that share ancestral and derived characters
· Classifications show evolutionary branching and morphological divergence
· The class Aves can technically fit under the class reptilian, but the morphological divergence is so different it has its own class
46.2 – Carbon is the Backbone of Life
· carbon cycle –  refer to page 1186
· largest reservoir – sedimentary rock
· rocks – unavailable organic compartment – exchange carbon with living organisms slowly
· available carbon is usually present as dissolved in bicarbonate ions in the ocean
· soil, atmosphere, plants and biomass have it, but it’s not as significant
· organisms – build shells – dissolved carbon  calcium carbonate and other insoluble salts – when they die – buried in sediments
· others – vertebrates – calcium in bones – can be buried for years until shifting of tectonic plates and erosion from ocean make this carbon available
· also unavailable when -  soft bodies die – no oxygen habitat – no decomposition
MAJOR EVENTS IN THE HISTORY OF BIOLOGY: MODERN THEORY OF EVOLUTION AND MORE
Introduction
· Mendelian Genetics
· Julian Huxley – Modern Theory of Evolution
· Hardy Weinberg equation and principle
16.1 – Variation in Natural Population
- Phenotypic Variation – difference in the appearance or function passed on from generation to generation
Evolutionary Biologists Describe and Quantify Phenotypic Variation
· Quantitative variation – individuals are different in small incremental ways – data usually in a bar graph or as a curve
· Mean and variability – often used to describe populations
· Qualitative Variation –  exist in two or more discrete states with no intermediate forms (ex. Either its blue or white) – a discrete variance of a character – ‘POLYMORPHISM”
· Phenotypic Polymorphisms are found by calculating the percent or frequency of each trait.
Phenotypic Variation can have Genetic and Environmental Causes
· Organisms with the same phenotype – may have different genotypes and vice versa
· It is important to know whether phenotypic variation is caused by – environment or genetic variation or both – only genetic based variation is subject to evolutionary change
· An organism’s phenotype is usually a combination of genetics and environment
· You can sort  this out – experiments
· Artificial Selection – a population with a certain trait that is genetically based, can be bred to change the average value of this trait
Several Processes Generate Genetic Variation
· Genetic variation has two sources – production of new alleles or rearrangement of existing ones
· Most new alleles come from small scale mutation 
· Rearrangement of existing ones – large scale – change in chromosome structure, number, or genetic recombination (ex. Crossing over between homologous chromosomes – meiosis , independent assortment of non-homologous chromosomes 0 meiosis, and random fertilizations between genetically different sperm and egg)
· Shuffling existing alleles can create huge numbers of new genotypes/phenol types
Populations often contain Substantial Genetic Variation
· 1960s – biologists – gel electrophoresis (separates protein if they differ in shape, mass and net electrical charge) – figure out genetic variation – a lot more variation than they thought , a lot of polymorphism – also electrophoresis doesn’t take into account at if the proteins they code for migrate at the same rate
16.2 Population Genetics
All populations have genetic structure
· Gene pool – sum of alleles at all gene loci (two at every locus) in an individual
· Genotype frequency – the percent of people possessing each genotype
· Allele frequency – abundance of different alleles
· p– frequency of one allele and q – frequency of other
· SNAPDRAGONS – shows incomplete dominance (white, red, and heterozygous – pink)
· For a gene locus with two alleles – three genotypic frequencies but two allele frequencies
· P+q = 1 also
The Hardy-Weinberg Principle is a Null Model that Defines How Evolution Does Not Occur
· Null models – when a control is unavailable because of observational data – predict what a control would be like
· 1908 – GH HARDY AND WILHELM WEINBERG  
· Genetic equilibrium – the point at which allele frequencies and genotype frequencies don’t change anymore in future gen
· According to the principle, only possible if
· No mutations happen
· Population is closed to migration from other populations
· Population is infinite in size
· All genotypes in the population survive and reproduce equally well
· Random mating
· If these conditions meet – allele frequencies for a certain gene locus will never change (after g1)
· This is a null model – helps us understand when evolution will occur
16.3 – The Agents of Microevolution
· mutation – heritable change in DNA – very rare
· so infrequent that they barely affect the allele frequency in a population
· but it’s been building up over years – so it is a mechanism through which new genetic variations come from – they are a major source of heritable variation
· animals – only germ cell is passed on – others have no effect
· plants – meristem cells – make flowers and non-reproductive structures – can do it
· Neutral Mutations – don’t do anything bad – wobble theory – others change phenotype – if environment changes – can be good/bad
· Deleterious Mutations – change structure, functions, behaviour in bad ways
· Lethal Mutations – death of organism
· Advantageous Mutation – benefits
Gene Flow Introduces Novel Genetic Variants into Populations
· Gene flow – organisms/gametes can flow from one pop to another – principle violates HW cause he said no migration is allowed
· Dispersal agents (wind)- responsible in plant pop
· Evolutionary importance of it depends on rate of gene flow between population and the degree of genetic differentiation
Genetic Drift Reduces Genetic Variability within Populations
· Genetic Drift – events that cause allele frequencies to change unpredictably – more effect on small population – violates HW
· Chance deviation from expected result happens when mating if pop size is not big enough
· Loss of alleles and reduces genetic variability
· Bottleneck and founder effect – cause genetic drift
· Bottleneck 
· Founder – few individuals move, and occupy a distant location
· Effects: less variation – more susceptible to disease, less reproductive capacity and a lot of sperm cell abnormalities
Natural Selection Shapes Genetic Variability by Favouring Some Traits over Others
· Natural selection – violates HW – causes predicted frequencies to differ – cause more beneficial traits become more apparent
· Relative Fitness - # of surviving offspring that an individual produces compared to how much others have left in the population – an allele  higher frequency  if more of this offspring is produced than others
· Some post reproductive diseases – not subject to NS 
· 3 types of NS: directional selection, stabilizing selection, disruptive selection
· Directional Selection – individuals near one end have high relative fitness, shifts towards favoured extreme – mean is higher/lower than before – very common – also artificial selection
· Stabilizing Selection – high fitness rate intermediate phenotype – gets rid of it on either extreme – most common mode ex. Gall of golden rod and fly, wasp and hummingbird
· Disruptive Selection – Extreme phenotypes higher rate of fitness than intermediate phenotypes – ex. Finches, seeds and beaks, either big or small -  middle goes down
Sexual Selection often Exaggerates Showy Structures in Males
· Sexual Selection – created showy structures
· Intersexual Selection – selection based on male-female interactions – useless structures on males that females find hot
· Intrasexual Selection – selection based on same species – ex. Fighting other males 
· Sexual Dimorphism  -  difference in size/appearance of male/female
· Ex. Male widow birds – they have super long tails even though it takes a ridiculous amount of energy  - INTERSEXUAL SELECTION 
Non-random Mating Can Influence Genotype Frequencies
· Many organisms mate non randomly
· Inbreeding – individuals that are genetically related mate each other 
· Increased frequency of homozygotes from inbreeding – increased frequency of individuals expressing a disorder 
16.4 – Maintaining Genetic and Phenotypic Variation 
Diploidy can hide Recessive Alleles from the Action of Natural Selection
· Masking of dangerous alleles by heterozygotes make it hard to erase them entirely
· In a large population – they will keep being hidden
· In a small population – will come out – purged by NS
Natural Selection can Maintain Balanced Polymorphisms
· Balanced polymorphism – one/two phenotypes maintained over many generations in stable populations
· NS keeps these – when heterozygous have higher relative fitness – when different alleles are favoured in different environments – or rarity of this is an advantage
· Heterozygote Advantage – Heterozygote for a locus has higher fitness rate than for either Homozygote.
· Ex. Sickle cells – homozygous sickle cell and Heterozygous survive malaria
· Selection in Varying Environments
· Frequency Dependent Selection (selective advantage enjoyed by a specific phenotype depends on its frequency in the population)– rare phenotypes have higher relative fitness than common ones – more common but then it loses its advantage
· 
18.2 – Systematic Biology: An Overview
· Systematics: reconstruct the Phylogeny (evolutionary history of a group of organisms – presented in phylogenetic trees (formal hypotheses showing relationships between species) – also Taxonomy – identification and naming of a species – and placing them in a classification (an arrangement of organisms in a hierarchical group that reflects relatedness)
