
450 -16th CENTURY: MEDIEVAL AGES
EARLY MED. AGES (DARK AGES):
· In Europe, Rome collapses (falling of infrastructure, the trades, commerce, isolation of populations and communities), we end up with a very distinct diminishment of the knowledge base that the Greeks and the romans left behind, scholarship is a luxury if you had the commerce, wealth and ability
MID. MED. AGES:
High Middle Ages:
· Economy returns, wealth, structures built, math, archit. etc.
· Plague hits, population is wiped out → back to base, square one
Late Mid. Ages: economy returns and survives, reflected in the Renaissance and the scientific revolution
* took such a long time (almost 1200years) to get to the end, Europe goes back and forth btw. collapsing to nothing and managing to get back up to a major trading commerce and education system
In Terms of Natural Sciences: 
· Aristotle’s “Scala Natura” changes 
· goes from polytheistic (all the Greek and Roman gods) to monotheistic (consistent with the old testament and Abrahamic religions of Christianity, Judaism, and Islam)
· The idea of Essentialism → Answer to ‘Why do horses always make horses?’ Inside an organism there is a special “essence” that makes an organism of that type
organisms reproduce (have a package, the essence) >> goes from the parent to the offspring > ensures that the offspring is identical to the appearance of the parent organism (genetics/heritability still unkwn)
END OF MED. AGES:
· Catholic Bishop named Usher goes through the bible and comes to the conclusion that everything arrived on the planet at one point in time, October 23, 4004BCE, 5600 years ago
· put on earth by a designer, possibly a god and looks exactly as it did when it first arrived (species do not change)
· New Scala Natura more complex
SUMMING UP: Medieval Ages (in Europe):
· A period of time where science still progressed despite the destruction in Europe
· All of Greek and roman knowledge base was transferred into the Byzantium and Islamic world, where Islamic scholars continued the work (known as the Golden Age of Islam)

HISTORY OF BIOLOGY: BEFORE DARWIN
BYZANTIUM AND ISLAMIC WORLD: The Medieval Ages
Al-Jahiz: Muslim biologist who studied animal husbandry and breeding, author of the “Book of Animals”, also discovered the notion of biological evolution, the food chain and the struggle of existence (he developed the evolutionary theory of natural selection without coining the term)
Al-Dinawari: botanist who studied plants and their pharmaceutical properties, took Theophrastus’ work and wrote his own “Book of Plants”, cataloging 600 plants from the middle east not included in Theophrastus’ earlier work (he did not have access to these plants)
Avicenna: Islamic scholar and philosopher, many of his ideas were not accepted in Islamic traditions, but he did a lot of work with medicine, expanding the knowledge base of medicine by taking the “Hippocratic Corpus” and adding practices of the middle east and India (summarized Greek, Indian and Muslim medicine) 
Alhazen: designed the Scientific Method to teach student how to observe the living world to find out how it works.
1) Observation
2) Statement of Problem,
3) Formulation of hypothesis
4) Testing of hypothesis using experimentation
5) Analysis of experimental results
6) Interpretations of data and formulation of conclusion
7) Publication of findings




MAJOR EVENTS IN THE HISTORY OF BIOLOGY
Biology: the study of various forms and manifestations of life, the conditions and laws controlling their existence and what it is that effects it, also known as the science of life
· study is divided into many specialized fields (ex.genetics)
------------------------------------------------------------------------
Pre-Darwinian and The Natural Science
1) 400 BCE – 450CE: Greek and Roman Ages
2) 450 -16th century: Medieval ages
3) 16th-18th Renaissance and the Scientific Revolution (the start of modern sciences)
· Darwin and Evolutionary Thought 
(late 1800’s - mid 1900’s)
· Modern Theory of Evolution and More
(mid 1900’s – present)
400 BCE – 450CE: GREEK AND ROMAN AGES
HIPPOCRATES – ancient Greek physician, also known as the Father of Medicine, who greatly influence the history of medicine with his main contributions focused on human bio
Hippocrates gave us the Hippocratic Corpus:
· First to assemble everything known about human bio and medicine around the world (collected and connected info) and publish it, making it available to everyone
ARISTOTLE - Greek philosopher in the field of zoology, his main contributions focused on animals of the living world (Plato’s stud.)
“The Scala Naturae” (the great chain of being)/ Ladder of Life:  
a continuous hierarchy of all beings arranged in order of ‘perfection’
· First to classify and organize organisms
· Organized organisms based on similarity to man
- Introduced Essentialism and wrote “The History of Animals”
THEOPHRASTUS– (Aristotle’s student) Greek botanist also known as the “Father of Taxonomy” whose main contributions focused on plants
Theophrastus gave us a compendium of known plants:
· First to organize everything known about plants
· Organized all the different plants around the world based on their reproductive strategy and how they make seed
Importance of the book of plants (5):
· Plants were medicine, pharmaceuticals of the world
· Benefits of plants to health
· Nutrition, food
· Toxic, poisonous plants are known
· Fiber, wood, info on structural elements for constructions
Classification: the process of organizing things (in bio, the living world) based on shared qualities or characteristics
· Ex. Aristotle organized based on similarity to man
· Ex. Theophrastus organized based on plant parts 
Taxonomy: the branch of biology concerned with naming and classifying the diverse forms of life by means of applying rules 
· Folk – info (classification of living world) passed down through word of mouth, medicine men and their apprentices, info limited to what man can remember
· Artificial – written description of living world
· Mechanical 
· Natural (evolutionary)
· Cladistic (phylogenetic)
----------------------------------------------------------------------------
SUMMING UP: Greek and Roman Ages
· cataloging/inventory of the living world in terms of biology
· medical science moving forward (Hippocrates)
· organizing of the living world (Aristotle and Theophrastus)
· taking long descriptive lists and trying to see predictability in them


		16th-18th CENTURY: RENAISSANCE AND THE SCI. REV
→ Europe becomes driving force in science
· driving military force invades the middle east, steals the science, ending the Golden Age of Islam
· the knowledge that has been developed there moves back into the western culture 
· major advancement in the physical science
Van Leeuwenhoek: known as the “Father of microbiology”, he made the first microscope, allowing all kinds of life forms to be seen in water that haven’t been seen before, he showed us that there were more life forms on the planet than we originally though were there
Vesalius: anatomist and physician, known as the “Father of Anatomy”, he dissected bodies, named and displayed muscles, and put the cadavers in poses to draw them and published anatomically accurate information 
Harvey: Physician, made a major contribution to human bio and medicine, he figures out how heart pumps blood in two circuits, relation between veins and how liquids move throughout the body
Linnaeus: studying zoology, developed:
1) Mechanically unique hierarchical system of predictable nested taxonomic groups (taxa) to organize the diversity of living world
2) Binomial Nomenclature: system that gives every living organism a unique genus and species name (no two set of names are the same)
Taxon (taxa): a taxonomic group of any rank
→ Kingdom, Phylum, Class, Order, Family, Genus and Species
END OF SCI. REV:
· Divide btw. Physical sciences and Natural Sciences 
Physicalist: believed that all organism, with the exception of humans, are biomechanical devices governed by the rule of mechanics of the physical world
Vitalists: believed that physical and chemical laws of the world applied to living things but that they also had something special, “an essence”, that allows them to do things that could not be explained by the physical sciences  
Much Later….
Organicists (1930): understand and believe that there is a vital force that is in essence the genetic program and the importance of emergence (a behavior that is a more than the sum of the parts)
*it is still unknown that heritable material is DNA
----------------------------------------------------------------------------------
SUMMING UP: Renaissance and the Scientific Rev.
· Huge findings in the physical sciences, chemistry, math
· Advancement in human biology
· Some biological inventory and organizing with Linnaeus’ classification

DOUGLAS ADAMS (1952-2001)
Four Ages of sands: Douglas Adams divides the history of modern science into four ages.
· First: Telescope 
· Beginning of all science associated with space
· Second: Microscope 
· Lenses allow you to see microscopic organism (ex. Many organisms found in a drop of water)
· realized living components were much more diverse
· Third: Computer Chip 
· Silica chip → contained binary code of all computing, has ability to hold a lot of info, allowed info online, can do calculations fast
· Fourth: Fiber Optics 
· Downloads data fast, allowed the connection/ sharing of data of scientists around the world

PHYSICAL SCIENCE - * easier to understand, no variability
→ inanimate objects (with uniformity)
→ physical and chemical laws
→ universal (in terms of what they work on and with), laws
→ based on empirical observations: with proofs in theorems, 
     equations, hard scientific and mathematical evidence
→ single theory
→ single falsification is enough to abandon theory (b/c universal)
Uses Deduction: taking a general statement, or hypothesis and examines the possibilities to reach a specific, logical conclusion (from general to specific) 
· Ex. All insects have wing, therefore every time you find something with wings, it is an insect (looking for universality in patterns and applying it to everything) 
Natural Sciences -* variability, not everything behaves the same
→ animate objects
→ more complexity on top of physical and chemical laws, genetics
→ not universal (life is unique to Earth, from what we know)
→ based on historical narrative: written history in story-based form
→ multiple theories (ex. Giraffe neck > food AND sexual compet.)
→ single falsification is not enough to abandon theory
Uses Induction: taking specific observations and making broad generalizations and assumptions (from specific to general)
· Ex. Look at many organisms, and from a large pool of observations you conclude that insects have wings (trying to learn as much as you can and making generalization that apply to understanding)
Example:
Physical >> You have a protein, stating the composition of protein in terms of aa in levels (you have chem. info, but no biological activity) 
Natural >> Biological activity comes from stitching aa together and learning that they fold on themselves to give them fn that is part of their genetic programming along with seq. of aa in it

Ibn al-Baitar: pharmacist, botanist, and physician who creates a pharmaceutical catalogue: identifies plants medicinal properties and develops ways to prepare, administer and dose them depending on the disease treated for
----------------------------------------------------------------------------------
* when you called for someone proficient in medicine it is someone who is Islamic or Arab, b/c medicine was still progressing in these parts of the world during the medieval ages
----------------------------------------------------------------------------------SUMMING UP: Byzantium and Islamic World: Medieval Ages
· advancements in medicine progressed 
· some progress in botany and cataloging of the living world 









SCIENTIFIC METHOD
Theory:
a broadly applicable idea or hypothesis that has been supported by a vast body of evidence, that always has a reasonable amount of doubt or ability for alternate explanation

Fact:
a piece of information that is indisputable, an observation, measurement or form of evidence that is expected to occur the same way under similar circumstance
Hypothesis:
the most important fundamental element of all science and how it is done, a mechanism to explain observations and patterns that has not yet been supported by a vast body of evidence, promotes theories
Null Hypothesis:
Contradicts the hypothesis, a hypothesis that the researcher tries to disprove, reject or nullify
Law
a statement of fact that describes an observable occurrence in nature or scientific phenomenon that appears to always be true universally if certain conditions are present
Logical Prediction


Chronological Prediction
prediction based on the time and the order of the past events
Control
treatment that tells what would be seen in the absence of the experimental manipulation
Sampling Error
the error caused due to limited size of samples, resulting from variability in experiment, more samples less error
Proximate cause
an event that is immediately responsible for causing an observed result (mechanically predictable)
Ex. Applying pesticide on insects > they die > crop is saved
Ultimate cause
a reason (unpredictable) as to why something has occurred, involving a narrative to explain 
Ex. Why doesn’t the pesticide work anymore? What happened? Pesticide turned on historically ancient gene that detoxifies chemicals to protect themselves.

TYPES OF LITERATURE

Primary
piece of work directly from the source, scientist that did the work, wrote the paper and published it with raw data associated with it ex. published scientific articles 
Secondary
publication where an expert in the field has been ask to review the literature in that area including their work as well as the work of their colleagues with a complete bibliography after every paper, secondary article/journal
Tertiary
synthesized secondary sources, creating a storyline that is not fully documented with references, something written by someone who most likely did not do the science, that does review literature, but has an expertise in the area and a reliability in terms of what they writing ex. Scientific America, Wikipedia, textbook





Industrial Melanism: the prevalence of dark-colored varieties of animals (especially moths) in industrial areas where they are better camouflaged against predators than paler forms
Darwin’s Five Theories: Natural Selection
- how ns occurs: occurs when there is a change in the gene pool of a population (allele frequency change > natural selection)












 19th CENTURY: MODERN BIOLOGY
DARWIN VS. WALLACE: Why is Darwin showcased?
Both come up with the same conclusion, however Darwin is more credited for the conclusion of natural selection.
Natural Selection: animals who are the most fit pass their characteristics onto the next generation
--------------------------------------------------------------------------
Darwin >> evidence to support natural selection is massive in work, work is thorough and comprehensive
· Travels and collects largest collection of natural history from around the world to study (Voyage of the Beagle), left possible career in med. and/or career in church for trip
· Returns to England and studies observations
· Through study of variation around the world he comes up with natural selection 
· Does not want to publish without LOTS of evidence b/c it goes against religion
* Darwin is NOT creating something new (idea already presented in Golden Age), BUT he is providing EVIDENCE for this idea
· Darwin does propose that every organism existing on the planet shares a common ancestry
· Theorizes that it is possible to go back and speculate on first life form 
(LUCA – Lowest Universal Common Ancestor)
-------------------------------------------------------------------
Wallace >> does not have as much evidence and example in work, his work is seen as confirmation of what Darwin discovered (despite same date of pub.)
· Through work in Indonesia Wallace comes up with natural selection
· Wallace submits his work
· Members of sci. society recognize Wallace’s works is same as Darwin’s
-------------------------------------------------------------------
Natural (Evolutionary) Taxonomy: rules for classifying organisms are based on Evolution
George-Louis Leclerc, Comte de Buffon: wealthy aristocrat who made some of the first observations on how many animals shared a similar morphology that was modified in different geographical locations (found science of biogeography)
shows that specie morphology changes b/c environment changes essence and therefore every species on the planet did not arrive Oct 23 
Erasmus Darwin: English physician who:
· also questions that everything arrived @ the same time
· presents ideas of evolutionary sequence in poem “The Temple of Nature” (poem is not in conflict with Christian beliefs as it was seen as literary curiosity)
· “Zoonomia” (Laws of Organic Life), book on human bio 
· Translated Linnaeus work into English

Georges Cuvier: founder of comparative biology
· Worked in quarries, first to question fossils
· Took fossilized bones comparing them to living and then assembled them to understand how organisms worked 
· Coined the term Extinction: species that has been lost 
· Believed extinction resulted from catastrophic event (theory)
· His student connects catastrophic theory to Noah’s Arch (flood), some animals didn’t make it
Added phylum to Linnaean classification scheme
Charles Lyell: geologist who suggested theory of uniformitarianism: uniform, slow gradual change occurring on the planet over a prolonged time (since formation of sediment of rock, layers, make hundred and millions of years)
· Noticed that Earth was layered, found the field of geological stratigraphy
Goes against everything arriving Oct 23, 4004BCE, Earth was changing at earlier dates in time

Rock Cycle: an idealized cycle of processes undergone by rocks in the earth’s crust
· Base of Lyell’s theory (cycle takes a long time)



Carbon Cycle: - carbon in marine environ. is building rock, erosion returning minerals to ocean to make sediment in ocean (non-living component) + terrestrial food web (living component)






Plate Tectonics: a theory explaining the structure of the earth's crust and many associated phenomena as resulting from the interaction of rigid plates that move slowly over the underlying mantle. 
Continental Drift: the gradual movement of the continents across the earth's surface through geological time.
· Phenomenon proven by tect. plate and finding similar organisms on different continents
Jean-Baptiste Lamarck: first scientist to try and explain a mechanism for the slow gradual changes in biodiversity that had and is occurring on the planet. (known as a failure, but he’s not)
· Transmutation of species (Lamarck): slow change of species due to change in environment and acquired traits
· Proposed idea of inheritance of acquired traits: a trait that develops in an organism during life will transmit to next generation (WRONG! Didn’t know somatic (traits he observed) and germ cells are different) 
Transmutation of Essence (not Lamarck): essence of organism is changes and it is becoming a diff. organism
Transformation:
· Finalism: essence has inherent program, by itself it changes over time
· Environmental: environmental change of the essence resulting in transmutation of species 
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Biological Species Concept: a species is a population of organisms that can interbreed successfully with each other in isolation from every other organism.
*does not apply to extint or fossils and bacteria
Morphological species concept: groups species according to morphological similarities and ignores other differences.
Phylogenetic species concept: the concept of a species irreducible group whose members are descended from a common ancestor and who all possess a combination of traits
Anagenesis: slow changes over time where one organism changes the previous in existence (Ex. Evolving horse)
Cladogenesis: splitting in clade (branch), some event occurs changes organism in its appearance or form from the original (old and new species both exist), fast that anagenesis
How do New Species Arise?
Ring species: connected series of neighboring populations that can interbreed 
Parapatric: no barrier to gene flow, occurs when populations are separated not by a geographical barrier (ex. Body of water) but by extreme change in habitat
*changes how we name living world 
Allopatric Speciation: new species arise when biological populations of same species become separated through dispersal and are kept separated by vicariance, they adapt to new environment and become different species
· Vicariance: geographical separation of population (physical barrier), result in pair of closely related species
Ex. Ice cricket on islands in sheets of ice adjusted the composition of its blood so it does melt @ -10 degrees
· Dispersal: isolated population is separate from its original population (animals that get caught in hurricane) 
Sympatric Speciation: new species evolve from from single ancestral species in the same geographical region at the same time
Reproductive Isolation
Prezygotic Isolation: prevent zygote from forming, keeping germ cells apart, by:
-habitat > different location prevents reproduction
-temporal > species have ability to mate but do not b/c they are isolated in time
-behavior > species behavior prevents interaction
-mechanical > sexual parts don’t fit together (ex. Comit orchid)
-gametic > egg will only recognize its own sperm 
Postzygotic: egg may form but offspring are not viable
-hybrid inviability > embryo does not develop
-hybrid sterility > offspring cannot breed(ex. Donkey and horse make mule)
-Hybrid breakdown: offspring is weak and will not survive

Cladistic (phylogenetic): organizing the living world based on shared derived characteristics that can be traced to a groups most recent common ancestor and are not present in more distinct ancestors
Origin of Species presents DARWIN’S 5 THEORIES:
1) No constancy of species
2) Common ancestry
3) Gradual changes
4) Multiplication of Species
5) Natural Selection
* 1) and 2) are accepted by society, other 3 are still questioned, Darwin does not have a mech. to explain what is changes, what changes so much it makes new species, or what changes that makes a trait favorable of not favorable
-------------------------------------------------------------------------------------
COMMON ANCESTRY – EVIDENCE
Transitional Forms: fossils that show the intermediate states between an ancestral form and that of its descendants 
Ex 1. Evolution of a Horse - Animal that requires speed to avoid predation, good molars to break down plant life for nutrients
1) Small early ancestor of horse starts off with 4 digits (toes), short legs, over time digits decrease and horse runs on a single digit with hoof, elongated legs (can run much faster from predators)
2) Change in molars and dentition over time allows horse to consume larger portions of food for higher nutrient consumption
Ex. 2. Fossil shows mix of reptilian (elongated digits) and bird (feathers) in a single organism, transition from tells us birds evolved from retiles
Homology: existence of shared ancestry btw. a pair of structures, genes in different taxa.
Homoplasy: a characteristic shared by a set of species but not present in the common ancestor
Divergent Evolution: accumulation of differences btw. Groups which lead to the formation of a new species. 
Ex. Limbs of vertebrates are always made the same way. 
Human vs. Whale >> Different vertebrates have same bone structure but modified for function of lifestyle (hands and arms vs. flippers). Tells us that these grps of organisms have diverged into different ecosystems (land vs. sea) but share homology. 
Convergent Evolution: process whereby organisms not closely related independently evolve similar traits as a result of adaption to similar environment Ex. Birds and bat (both fly but are not related), bone structure of wings is completely different
Comparative Anatomy: study of similarities and differences in the anatomy of different species
Comparative Embryology: branch of embryology that compares and contrasts embryos of different species
Vestigial Structures: a structure in an organism that has lost all or most of its original function in the course of evolution.
Ex. Nictatating Membrane – membrane in eye, has no function to us today, but ancestors used it to protect eye from damage in water
*appendix is not a v.s, it inoculates digestive track, part of immune system

Louis Pasteur: a chemist who demonstrates that spontaneous generation does not occur, he disproves it, and introduces germ theory
Schleiden and Schwann: introduced the cell theory
1) Cell is basic unit of life
2) Individual cells have all characteristics of life
3) All cells come from cells
Mendel: identifies that traits exist as heritable packets that are separated and then paired (egg and sperm) in zygote. 
· Law of segregation of characters
· Law of independent assortment
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