Biology-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, Rome falls as a dominant civilization, discoveries within science stall
· 16th-18th century: renaissance and scientific revolution, major advances in the scientific revolution herald the start of the Modern age of science 

Darwin and evolutionary thought 
· Late 1800s-mid 1900s

Modern theory of evolution 
· Mid 1900s-present

Douglas Adams (1952-2001):
· Author of “The Hitchhikers’ Guide to the Galaxy”
· Reflected on science, religion and history of the planet earth
· Proposed we look at the advances in science based on his four ages of sand (silica/glass)
· First: telescope (1608). Sand in the form of glass was ground to form lenses that allowed humankind to look into the distance and observe the universe and planets of our solar system.
· Second: microscope (1678). Starts to unravel the detail of the cell
· Third: computer chip (1961) gives science access to computational strengths permitting the analysis of data and was able to integrate material faster. This, however, was not very efficient and very large. 
· Fourth: fiber optics (1980s).  The use of glass in fiber optic cables allows the transmission of huge amounts of data and information at lightning speed around the world. 


Predarwinian-Greek and Roman Ages (400 BCE-450 CE)

Philosophers

Hippocrates
· (460-370 BCE)
· Surgeon
· Father of western medicine
· Collected all writings on medicine, stitching it together to create the Hippocratic corpus



Aristotle
· (400 BCE-450)
· Contributed to science in the field of zoology
· Classified organisms, putting them into groups
· Ordered the living world
· Created the Scala Naturae- the great chain of being (gods at the top, humans underneath the gods, at the bottom was the inert world and the elements)
· His work remained the ultimate authority in understanding the secular world until the rise of modern knowledge in the 16th century


Theophrastus 
· (371-287 BCE)
· Student of Aristotle
· Attributes plants to their medical characteristics 
· Put together a sequence of classification for plants tat is still mostly correct today
· “Father of taxonomy”


Types of Taxonomies 
· Folk (organization of the living world)
· Artificial (written lists that could be organized in lists
· Mechanical
· Natural (evolutionary)
· Cladistic (phylogenetic)



Predarwinian- Medieval Ages (450 CE- 16th Century)
· Monotheistic religions
· Nothing has changed in the Scala Natura since Aristotle put it together


Special Creation
· Species don’t change and are not old
· Each species created on Oct. 23, 4004 BCE
· Set an age for the earth
· 
Europe
· 400-700 early middle ages
·  Dark ages, caused by the collapse of Rome
· Great works of the ancients hidden away in the monastic libraries
· 1000-1300
· Enough money for the church to become major modulator for civilization and culture
· Great cathedrals built
· Potential for science to progress
· 1300-1500 late middle ages
· 1347-1351 BLACK PLAGUE
· Takes infancy of Europe’s economy
· Kills many (as much as 50% of the population)
· And progress that had been made in science was lost


Byzantium and Islamic World
· No plague
· Constantinople became the second Rome academically and culturally 
· While Christian Europe fell in the Dark Ages, the Arabic translations of the works of the Greek philosophers and Roman scholars became the foundation for the golden era of the Muslim world
· Constantinople fell under attack of the Ottoman Empire (1453) and the golden ages came to an end
· Collected works of ancient Greece, Roman Empire and the Muslim world became available to all European scholars before Constantinople fell

Al Jahiz
· 781-869
· Wrote the “Book of Animals” which proposed the struggle for existence, the food chain and evolution

Al-Dinawari
· 826-896
· Catalogued plants

Al-Baitar
· 1197-1248
· Created pharmaceutical catalogue of medical plants (once translated into Latin was in use until the 18th and 19th centuries)

Avicenna
· 980-1037
· Summarized Greek, Indian and Muslim medicine
· Added knowledge of medicine from Islamic world to the book of medicine used until the 17th century 
· Added suggested doses and recommendations
· Added more plants to Theophrastus’ book



Alhazen
· 965-1040
· Came up with scientific method 
1. Observation
2. Statement of problem
3. Formulation of hypothesis
4. Testing of hypothesis using experimentation
5. Analysis of experimental results
6. Interpretation of data and formulation of conclusion
7. Publication of findings


The Scientific Revolution and the Start of Modern Sciences (16th-18th Century)

Van Leeuwenhoek 
· First microscope (1673)
· Out of the 200 made, 9 still remain

Andrea Vesalius 
· Anatomy
· “father of anatomy”
· Published illustrations of the human body

Harvey 
· Anatomy and physiology (1650’s)
· Observed the live body
· Known for figuring out the human circulatory system
· “father of physiology”

Linnaeus
· Systema naturae (1735)
· Classified living things into a hierarchy 












Types of Taxonomies 

· Folk
· Spoken word was the only way that the classification and its rules were passed between generations

· Artificial 
· The ancient Greek philosophers wrote down information contained in the folk taxonomies
· Ex. Aristotle the animals and Theophrastus the plants
· These ancient Greek texts were passed between generations, translated into Latin and Arabic, becoming a reference tool used around the world
· Plato and his students organized these writings of the philosophers, organizing the living world in written form

· Mechanical
· Linnaeus took the very large lists (artificial taxonomy) and reduced every unique organism in the list to a name with two parts (the binomen)
· The first word: the Genus- Latin noun, first letter upper case
· The second word: the species epithet- Latin adjective, lower case
· Italics used 
· Also organized the plants and animals in his Systema naturae
1. Kingdom
2. Phylum
3. Class
4. Order
5. Genus 
6. Species
· Didn’t have “family” or “phylum” yet,
· Referred to as mechanical because some of the organisms classified within the same group weren’t related on a biological level, simply in appearance

· Natural (Evolutionary)
· “Family” added to hierarchy 
· Organizing organisms based on evolutionary and phylogenetic patterns

· Cladistic (Phylogenetic)
· Technological advances allowed for DNA analyses, allowing for better categorization, therefore phylum was added to the hierarchy
· Modern taxonomy used today






Physical Sciences and Natural Sciences

Physicalists
· With the exception of humans, all living things are machines (Descartes 17th century)

Vitalists
· Physical and chemical laws apply but living things have a vital force (essence)

Physical vs. Natural Sciences
· Divide between the sciences culminates the scientific revolution
· Physical scientists working with something universal
· Natural scientists don’t know if what they are finding is universal, localized


	Physical Science
	Natural Science

	· Inanimate objects
· Physical and chemical laws
· Universal 
· Based on empirical observations
· Experimentation preferred method
· There can only be one explanation, if it disproven, it must be modified to accommodate the new findings or be discarded
	· Animate objects
· More than physical and chemical laws (genetics)
· Not universal
· Based on historical narratives
· Induction most used method
· There can be many theories 
· Single falsification not necessary to abandon a theory



Deduction
· Describing from the general to the specific

Induction
· Describing from the specific to the general

Anatomy of a scientific explanation (theory)
· Two parts
· Pattern
· Mechanism or process
· Questions being asked
· What?
· How (proximate cause)? 
· Or Why (ultimate causes)? 

Proximate Causes (physical science-like biology)
· Addresses the mechanics of the here and now and most often is observed through morphology and behaviour expressed as the phenotype
· Genes in action
· Experiments
Ultimate Causes (natural science-like biology)
· The changes in the genetic programs and the underlying genotype
· Variable (probabilistic)
· Evolutionary past
· Historical narratives

Organicists 
· 1930
· Changing thoughts on what living things are
· Combination of physical and natural sciences
· Vital force replaced by genetic program and the importance of emergence (swarm behaviour)

Scientific Method
· Theory and fact
· Hypothesis
· Law
· Something can only be a law if it is universal
· Prediction (logical vs. chronological)

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

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

Types of Literature
· Primary
·  Author does all research
· Secondary
· The writer isn’t the one who does all of the research but they are familiar with and understand all of the research
· Ex. Scientific review article
· Tertiary
· Written by the scientists and is often a summary
· Ex. Textbook
Key Words (not in note)

Binomial nomenclature
· Formal system of naming species of living things by giving each a name composed of two parts, both of which use s
· First part identifies the genus in which the species belongs, second part identifies the species

Biogeography 
· The study of the geographic distributions of plants and animals

Chronological prediction
· Involves horoscopes and the foretelling of future events
· Not the type of prediction used in science 

Cuvier
· Established the fact of extinction of past life forms
· Explains diversity using his catastrophic theory (extinction occurred due to a catastrophe on earth)

Empirical observation
· More relying on information obtained by an experiment

Essentialism
· The view that, for any specific entity (such as an animal, a group of people, a physical object, a concept), there is a set of attributes which are necessary to its identity and function
Extinction
· The death of the last individual in a species or the last species in a lineage 
· Theory developed by Cuvier

Fact
· Something that is proven to be true

Hierarchical system
· Developed by Linnaeus 
· Kingdom
· Phylum
· Class
· Order
· Family
· Genus Species


Historical narratives
· Historical word of mouth passed on through generations 
· What societies learn to identify things as by default

Hypothesis
· A working explanation of observed facts

Industrial melanism
· Populations (peppered moth) genetic composition changed from light to dark, demonstrating the changing of a species’ genes
· Those who were dark lived vs. those who were lighter in colour 
· Demonstrated Darwin’s theory of natural selection

Lamarck
· Transmutation of species
· Inheritance of acquired traits

Law
· Can only be considered a law if it is universal

Leclerc
· One of the first biogeogrophers 
· Questions why there are similar populations of animals
· Tries to explain the changing diversity based on location
· Animals arrive and as they move to new environments, the animals begin to change, adapting to where they have been found

Logical prediction
· Most commonly expressed as an “if” or “then” statement 
· Works with inductive approaches

Null hypothesis*
· An essential part of any research design and always tested, even indirectly

Sampling error
· Deviations from expected ratios due to chance occurrences when the number of events is small.












Major Events in the History of Biology- the Lead up to Darwin


George-Louis Leclerc (Comte de Buffon)
1707-1788
· One of the first biogeogrophers
· Questions why there are similar populations of animals
· Questions the idea that everything made its appearance at a particular point in time
· Tries to explain the changing diversity based on location
· His theory: there is a single essence of an organism but the physical essence of the organism changes due to environmental factors
· Proposes that the earth started off as a molten mass that cooled
· Believed the North and South poles represent the first habitable locations of the planets due to the fact that they are cooler
· Equatorial regions were the last to be habitable
· Says the earth is 70 000 years old and not 6000

Erasmus Darwin
1731-1802
· Translated Linnaeus’ work into English
· Author of Zoonomia (the Laws of Organic Life)
· Questions whether everything appeared at the same time
· Concerned that what he was finding/questioning was going against his religion in which everything was created by God
· Instead of publishing his knowledge on this scientifically, he published a poem, “the temple of nature”

Cuvier
1769-1832
· Noticed bones and fossils within sedimentary rocks
· When he systematically dug them up, he was able to put together skeletons
· Recognized similarities between skeletal fossils and present animal structures
· Questioned why there are dead/disappeared organisms if everything came to Earth on the same day (Oct 24 4004 BCE)
· Explains diversity and extinction using his catastrophic theory (everything that had been extinct was due to a major catastrophe on earth, mainly geological)
· Adds rank of phylum to the Linnaean classification scheme





Lyell
1797-1875
· Uniformitarian theory of geological change
· Founded the field of geological stratigraphy, using it to develop the stratigraphy and the geological time scale
· Earth’s geology changes over time
· Proposes that bands within rocks tell a story
· World is extremely old as sediments take a very long time to form
· Earth is considerably longer than 70 000 years old
· Volcanic activity and sedimentation can explain the appearance and disappearance of fossils (known as rock cycle)

Jean-Baptiste Lamarck
1744-1829
· Transmutation (change) of species 
· Inheritance of acquired traits-for an organism that uses or improves their trait, the trait is passed on to their young
· Overtime, as organisms function in the environment that they are in, they become modified to match that particular environment 
· Essence of an organism is influenced by their environment 
· Everything starts out as a very simple organism (infusarium)
· Generation after generation, the organisms acquire characteristics, becoming more complex

Essentialist explanation of change
· Essence itself has a programming of some sort that over generations changes
· Transformation is slow


Darwin and Wallace 
1809- 1882    
· Wallace was collecting specimens in Indonesia and coming up with the same concept of evolution as Darwin
· Sent Darwin a copy of his manuscript to look at
· Lyell recognized the similarities in their work
· Invited them both to present their papers at the same time
· The first descriptions of natural selection by Darwin are presented by Darwin and Wallace
· Wallace’s work lacks sufficient evidence, unlike Darwin






Darwin
1809-1882
· Expected to travel for 2 years but spent 5 years collecting and observing
· Galapagos Islands most important location for his observations
· Observed finches and how their characteristics varied from different locations
· The changes that occur within species happen over a very long period of time
· Common ancestry
· There should be an organism at the base of the evolutionary tree, branching history to the diversity of life
· As you progress through time the diversification gets more immense, some things disappearing through time

Darwin’s Theories
· Never had a theory of evolution however he provided detailed explanations for his 5 theories
1) No constancy of species: species will change over time
2) Common ancestry: species all branch off of a common ancestor
3) Gradual changes: changes within the species is gradual, extremely slow
4) Multiplication of species: increase in the diversity of organisms
5) Natural selection: organisms with favoured traits or characteristics will be more likely to breed, passing on these characteristics

No constancy of Species 
· Fossils
· Fossil record incomplete
· Incomplete for invertebrates
· Since Darwin, we’ve started to fill in gaps
· EX. Evolution of the Horse
· Transition fossils: fossil that is half way between two organisms 
· ex. Archaeopteryx lithographica. 
· Transition fossil between reptile and bird (dissection of fossil lead them to finding feathers, teeth and a tail)

Common ancestry
· Comparative anatomy-similar bone structures between some organisms
· Comparative embryology-similar stages of embryonic growth within organisms
· Vestigial structures- structures on the body of an organism that is no longer required. Ex.  Goosebumps on humans, nictotating membrane 
·  Biogeography-the study of the distribution of species and ecosystems in geographic space and through geological time.
· Molecules


Divergent evolution
· Same evolutionary past
· Homology: trait that has the same ancestral base or root. Ex vertebral limb

Convergent evolution
· Different evolutionary past
· Homoplasy (analogous): structure that’s doing the same thing but doesn’t share the same embryological organisms. Ex. Wings of birds and insects and common dolphin and Ichthyosaur (different ancestral background, environment they are living in dictating their shape)

Pasteur
1822-1895
· Life from life not spontaneous generation
· Germ theory
· Specific microscopic organisms are the cause of specific diseases.
· Encouraged the reduction of diseases to simple interactions between microorganism and host, without the need for the elaborate attention to environmental influences, diet, climate, ventilation, and so on that were essential to earlier understandings of health and disease

Schleiden and Schwann
1860
· Made observations on tissues from different organisms
· Schwann worked with animals 
· Schleiden worked with plants
· Cell theory
· The basic unit of all organisms is the cell
· Individual cells have all the characteristics of life 
· All cells come from the division of other cells

Mendel
1822-1884
· Law of segregation of characters
· 2 alleles for every trait 
· Law of independent assortment
· When two or more characteristics are inherited, individual hereditary factors assort independently during gamete production, giving different traits an equal opportunity of occurring together






Key Words (not in note)

Analogy
· A comparison between two things, typically on the basis of their structure and for the purpose of explanation or clarification.

Bicarbonate

Carbon cycle
· the global circulation of carbon atoms, especially via the process of photosynthesis and respiration

Carbonate


Carbonate salts


Comparative biology
· Study /comparison of species that have evolved independently 

Continental drift
· Long term movement of continents as a result of plate tectonics 
· Pangaea breaking up

Extinction
· Theory developed by Cuvier
· The death of the last individual in a species or the last species in a lineage 

Transmutation 
· Change
· Described evolutionary idea

Uniformitarian theory
· The theory that all geologic phenomena may be explained as the result of existing forces having operated uniformly from the origin of the earth to the present time.

Wallace (Alfred)
1823-1913
· Had same idea about evolution by natural selection independent of Darwin









Modern Theory of Evolution and More


Huxley
1887-1975
· Synthetic (modern) theory of evolution 
· Applying population genetics to explain natural selection

Microevolution
· Changes in allele frequency in a population or chromosome structure or numbers due to mutation and recombination

Allele
· Gene 
· Two alleles inherited for each gene, one from each parent
· Located at a specific position on a specific chromosome
· Determine distinct traits

Phenotype
· Physical characteristic of an organism
· Influenced by genotype and environment

Genotype
· Genetic makeup of an organism 

Homozygous
· Identical alleles for a single trait

Heterozygous
· Two different alleles for a particular trait

Dominant allele
· Produces dominant phenotype within an organism
· One allele is expressed over a second allele at the same locus

Recessive allele
· Only expressed if paired with another recessive gene

Hardy-Weinberg method
· Started to look at genes and characteristics as a mathematical problem
· Tells how many of each gene there will be
· p2+2pg+q2 =1



Hardy-Weinberg assumptions
· No natural selection
· Random mating
· No mutation
· No genetic drift- population is large
· Gene flow

Effect of selection
· Fixation
· Selective pressure on one allele that is really strong
· Gene frequency changes very rapidly and gene becomes fixated, losing genetic variability
· Ex agricultural crops
· Against recessive
· Allele frequency of recessive drops
· Dominant alleles will become more frequent as they are the ones breeding and passing on the genes
· For heterozygote
· Inbreeding results in decrease in heterozygotes
· Ex. Sickle cell anemia
· Oxygen cant be absorbed, hemoglobin doesn’t get enough oxygen

Natural Selection

Selection with multiple loci traits
· Physical characteristics upon which selection is working are not single allele dominant recessive traits
· On a characteristic that is controlled by multiple genes, you get variation
· Variation in population can be described as a normal variation
· Describe distribution by how much spread it has
· Spread has 95% of all measurements
· Presented as a value +/- standard deviation
· Directional selection
· Stabilizing selection
· Disruptive selection

Directional selection
· One extreme of the trait distribution experiences selection against it
· Results in population's trait distribution shifting toward the other extreme 
· Shifting distribution curve in a direction 
· Spread is the same, average and median value shifted up

Stabilizing selection
· Favours average individuals in a population
· Selects against extreme phenotypes 
· Medium is most important
· Narrowing gene
· Mean stays the same
· Spread becomes narrow

Disruptive selection
· Selection act against individuals in the middle of the trait distribution
· Curve splits in term of its distribution
· Example of how you could end up with two different species
· Creating 2 completely different morphological forms as they split apart
· Ex Darwin’s finches
· Severe drought occurred
· Many plants became dormant or were not healthy enough to set any seeds
· Over 4-5 year period finch beak sizes were starting to change
· Large beak harder to use for small seeds and vice versa
· Plants that were most stressed by drought were the ones producing the medium sized seeds
· Within one generation, beak sizes changed
· Whole population shifted
· Middle size beak disappeared


Nonrandom mating

Inbreeding 
· Population breed amongst themselves
· As heterozygotes mate, standard 1:2:1, 15% homozygous 25% homozygous recessive
· Gen. 1 will always be homozygous
· Gen 2
· Inbreeding destroys level of heterozygozity within population
· Mendel used inbreeding for his experiment
· Doesn’t demonstrate in allelic frequency

Sexual dimorphism
· Females and males have different characteristics
· Females have limited number of eggs
· Eggs extremely metabolic to produce
· How females pass their genes to the next generation
· Males have unlimited sperm production





Sexual selection
· On males: female choice
· Ex riflebird
· Females looking at trait that shows the male is well fed, well nourished and metabolically healthy enough that it can take part of its metabolic reserves and turn it into non essential biomass to make a long tail
· On males: competition
· Combat 
· ex elephant seals: most males never have a change to mate at all and population is dominated by one male)
· Sperm competition 
· Ex damsel fly:
· Males scrape out other male’s sperm from its female mate, inserting its own sperm
· Hold on to female mate long enough until the sperm migrates deeper inside her reproductive tract, preventing her from mating again
· Female also has a choice to eject the male’s sperm)
· Infanticide 
· One male battles to be dominant male
· Male may lose dominant spot in a battle
· New male is faced with old male’s genes within pride of lions he has
· New male kills new baby lion cubs (contain genome of male that he removed)

Mutation
Point mutations
· Will not have affect on allelic frequency within population because the odds against them are so low
· Silent
· Missense
· Nonsense
· Frame shift

Chromosomal mutation
· Inversions
· Chunk of chromosome flipped
· Translocation
· Mix up ends of chromosomes
· Deletion
· Portion of code on chromosome missing
· Duplication
· Portion of genetic material or chromosome duplicated 
· Crossing over
· Occurs during production of sex cells or gametes in 

· Two chromosomes pair up and exchange segments of their genetic material
· Break and reannelement 
· Polyploidy
· Possessing more than two sets of chromosomes
· Genome duplication
· 


Autopolyploid 
· Error in meiosis
· Chromosomes separate from each other and stay stuck inside gamete
· Diploid gamete
· Extra chromosomal set
· Two times the number of chromosomes
· Very rare in animals

Allopolyploid 
· Having two or more complete sets of chromosomes derived from different species 
· Ex plants. Seeds bigger, higher levels of starch


Genetic Drift
· Change in frequency of allele in a population due to random sampling 

Bottle neck effect
· Very large population, due to some catastrophe, decreases in number to very low level
· Survivors build up population again
· Genetic variety now depends on genes of survivors 
· May not be all the same alleles
· Solved by gene flow

Founder effect 
· Loss of genetic variation
· Take small population out of big population and move them somewhere else

Migration
· Movement of alleles between populations
· Alleles move as organisms disperse population to population





Key Words not in note

Beneficial mutation
· Mutation on genome that benefits an organism 
· May be passed on to next generations
· May be favoured in natural selection 

Neutral mutation
· Mutation that has no selective advantage or disadvantage

Deleterious mutation
· Has negative effect on the phenotype 
· Decreases fitness of organism 

Diploid
· A cell or an organism consisting of two 

Fitness
· The ability of a population to maintain or increase its numbers in succeeding generations
· Genetic contribution of an individual to the next generation’s gene pool relative to the average for the population

Gene duplication
· Chromosome or part of DNA is duplicated
· Usually occurs during error in meiosis, ex unequal recombination

Gene flow
· The total number of genes of every individual in an interbreeding population


Genetic equilibrium
· A condition where a gene pool is not changing in frequency because evolutionary forces acting upon the allele are equal
· Population does not evolve

Genotype frequencies
· The number of individuals with a given genotype divided by the total number of individuals in a population

Meiosis
· Crossing over occurs


Point mutation
· Only one nucleotide is changed

Population
· A group of one species that interbreed and live in the same place at the same time

Population genetics
· Study of changes in gene frequencies in population of organisms and the effects of such changes on evolution and adaptation

Punnett square
· Tool that shows all possible allelic combinations of gametes in a cross of parents with known genotypes in order to predict probability of their offspring possessing certain sets of alleles

Sickle cell anemia
· There aren’t enough healthy red blood cells to carry adequate oxygen throughout the body
· Red blood cells become rigid and sticky and shaped like sickles
· Can get stuck in small blood vessels which can slow or block blood flow and oxygen to parts of body

Synthetic theory of evolution
· Explains evolution by merging Mendelian genetics with Darwinian theory, showing natural selection led to evolution

Triploid
· Organism has extra set of chromosomes
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