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Ages of Sand -The four periods described by Douglas Adams on the revolution of science and modern science (especially biology).
· Telescope  making of glass to form lenses. Allowed humans to see into the distance and observe the universe and planets
· Microscope  adjusted the glass lenses to be able to see very small things. Helped unravel the details of the cells
· Computer Chip  silicon made chip. Create binary code of 0 or 1. Allowed us to process data we never could before and to see smaller detail and do things in larger numbers. The GPS satellite became available to the public, and now it can be put on animals to follow them and learn more about them.
· Fibre optics cable  allows high-speed communication, created a world all connected with each other, people are collaborating all around the world about biology. This has all happened in the last 20 years. 
Analogy- a similarity between like features of two things on which a comparison may be faced
· Often a result of convergent evolution
· Ex. Wings of bats and bird
· Structural or behavioural similarities in terms of functions between unrelated species or organisms but do not share common ancestral or developmental origin 
Binomen- something having two names
· Proposed by Linnnaus
· Helped classify things in to the taxonomic hierarchy
· Names usually found in Latin, and therefore written in italics (honey bee Apis Mellifera)
Binomial Nomenclature- formal system of naming species of living things by giving each a name composed of two parts
· Proposed by Linnnaus
· Helped classify things in to the taxonomic hierarchy
· Names usually found in Latin, and therefore written in italics (honey bee Apis Mellifera)
· First part of the name in always capitalized and the second is not
Biogeography- the study of the distribution of species (biology), organisms, and ecosystems in space and through geological time
· Allowed for transmutation because species change into each other based on environmental circumstances 
· Charles Darwin was a scientist who recognized the importance of these geographic locations 
· Huxley looked further into biogeography and found that similar fish were on opposite sides of the world. This lead to his finding of continental drift.
Catastrophe Theory- also referred to by Cuvier as extinction
· George Cuvier comes out with this theory in the 19th century
· 99% of different organisms on earth have gone extinct
· Mass extinctions have occurred about 6 times
· Biblical catastrophe is the story of Noah’s arc
Cell Theory- the idea that cells are the basic unit of structure in every living thing
· Discovered by Schwann and Schleiden when they both found a common nucleus in all plants and animal cells
· New cells are created by old cells dividing into two
· Cells are the basic building units of life.
· Cell was discovered by Robert Hooke in 1665
Chronological Prediction- a prediction made about a hypothesis for future events
· Type of prediction used by the general public and not in science (see logical prediction)
· Ex. I predict many students will be on the class website the day before the midterm.
Cladogram- shows ancestral relations between organisms
· Darwin’s theory used this type of branching pattern to  show the common ancestry between organisms
· Shows variation in population
[bookmark: _GoBack]Common Ancestry- all organisms come from a common background. Must look for similarities in species (ie. Look at forearm and genes because similarity not always visible)
· Charles Darwin proposed the theory of common ancestry (accepted immediately on publication)
· All organisms may have had a common ancestor, and that they had diverged through random variation and natural selection (1740s, Pierre-Louis Moreau de Maupertuis)
Constancy of Species- one of Darwin’s five theories that got accepted immediately on publication which states that species do not stay the same forever
· Fossils (date back to 600 million years ago world was not created on Oct. 23rd, 4004 BCE)
· Extinction (species have changed- mass extinctions)
· Transitional forms (animals that are a mix of two animals today)
· Since there have been many proofs of species going extinct, transitional forms between two species and fossils that contain species we have never seen before, Darwin’s theory was correct in stating things do not stay the same forever and that species change over time
Control- a group or variable during an experiment that does not get manipulated
· Ex. Testing a new mediation and seeing if it works, you will have a control group that will receive a placebo pill, and the other group will actually receive the medication. 
· Controls help show the accuracy of experiments
Convergent Evolution- organisms not closely related, independently evolve similar traits as a result of having to adapt to similar environments 
· Part of Darwin’s five theories of common ancestry (comparative anatomy)
· Wing is a classic example of convergent evolution in action. Although their last common ancestor did not have wings, both birds and bats do, and are capable of powered flight
Georges Cuvier - one of the most famous people to prove that the scala naturae is incorrect. He did this through the use of fossils and coins the term extinction.
· When observing fossils, Cuvier notices that the fossils closer to the top of the ground weren’t as old as the ones found further underground. The older fossils found were species that had not be identified yet which is how Cuvier realized that many organisms have gone extinct over time through catastrophes (ex. Ice age)
· Compared living animals with fossils and discovered that many of what he found did not exist anymore
· Most influential proponent of catastrophism in geology in the early 19th century, and opposing the evolutionary theories of Lamarck 
 Charles Darwin- naturalist who says that the essence is not true and that it is important to look at population not individuals
· Darwin’s theory will become the most important in modern along with the cell theory
· Proves transmutation to be correct and that species change into what they are based on their environment 
· Established that all species of life have descended over time from common ancestry
· Proposed the scientific theory that this branching pattern of evolution resulted from a process that he called natural selection
Erasmus Darwin- one of the most famous people to prove the scala naturae to be incorrect
· Famous for translating Linnaeus’ work into English, he saw a pattern between organisms and how they adapt to the environment
· The word did not all happen on Oct. 23rd, 4004 BCE
· Published his own work called “The Temple of Nature”
Deduction- type of scientific logic that usually starts with a theory (reasoning) 
· From general to specific
· Informally called a "top-down" approach
· Ex. All insects have wings and this animal is an insect. This animal has wing
Descent with Modification-
Divergent Evolution- one of Darwin’s five theories under common ancestry (comparative anatomy)
· The accumulation of differences between groups which can lead to the formation of new species
· Must group species based on similarities (Darwin)
· Similarity often hidden, comparing the forearm of a specie helps determine their common ancestry
· Homology evolves from divergent evolution
Domain- the highest taxonomic rank of organisms 
· Consists of Archea, Eukarya and Bacteria
· Domain in followed by family in the taxonomic hierarchy
· Domain Eukarya consists of eukaryotic families; Protista, animalia, plantae, fungi
· Domain Archea consists of prokaryotic organisms that are used to very harsh conditions, and are the origins of life on earth (found on meteorites) 
Empirical Observation- information gained by means of observation
· Concept in modern science and the scientific method is that all evidence must be empirical, or empirically based
· Refers to the use of working hypotheses that are testable using observation
Essentialism- the view that, for any specific kind of thing, there is a set of characteristics or properties all of which any thing of that kind must possess
· No opportunity for change
· All organisms were unchanged unique types and their differences could be attributed to a special internal “essence”
· All things can be precisely defined or described
· Vatalists (natural science) believed that there was a vital essence of life
Eukaryotes- an organism whose cells contain complex structures enclosed within membranes (multicellular)
· Contain a nucleus and membrane bound organelles
· Include the taxonomic Kingdoms Protista, animalia, plantae, and fungi
· Can all be found within the Domain Eukarya
· Cells divide through mitosis
Evolutionary Tree- branching diagram showing the relationships among various biological species based upon similarities and differences in their physical and/or genetic characteristics
· Darwin’s theory uses this type of diagram to explain common ancestry
· Each node is called a taxonomic unit
· Internal nodes are generally called hypothetical taxonomic units
Extinction- the end of an organism or of a group of organisms
· Georges Cuvier coins this term
· Things were firstly blamed on the biblical catastrophe of Noah’s arc
· 99% of different species on earth have gone extinct (found with the use of fossils buried further underground were fossils of species that did not exist anymore)
· Mass extinctions have occurred about 6 times on earth
Fact- something that has really occurred or is actually the case
· Scientific facts are verified by repeatable experiments and more tested hypotheses  and occur when there are no longer any doubts 
· Contains more data than a theory
· From the Latin  word Factum, meaning: "a thing done or performed"
· Sometimes used by  the public synonymously with the truth
Fitness- central idea in evolutionary theory
· Defined either with respect to a genotype or to a phenotype
· Describes the ability to both survive and reproduce
· As phenotype is affected by both genes and environment, the fitnesses of different individuals with the same genotype are not necessarily equal, but depend on the environment in which the individuals live
Fossil Record- the preserved remains or traces of animals, plants, and other organisms from the past
· Fossils date back to 600 million years ago which helped prove that the world is older than Oct. 23rd 4004 BCE
· Helps to identify the origin of some species that were affected by transmutation (puijila darwini)
Germ Theory- one of the main things discovered by Pasteur
· Love doesn’t arise spontaneously, it arises from other organisms
· This was found through pasteurization 
Historical Narrative- a type of writing that explains findings not possible to explain through equations
· Natural scientists use these to explain their finding 
Homology- any characteristic of biological organisms that is derived from a common ancestor
· Richard Owen defined homology as "the same organ in different animals under every variety of form and function"
· Homologous traits of organisms are due to sharing a common ancestor, and such traits often have similar embryological origins and development.
· Ex. Comparing the forearms of species to find similarities
· It evolves from divergent evolution
· Part of Darwin’s Five Theory common ancestry (comparative anatomy)
Homoplasy- species having the same biological traits but have different ancestors due to convergent evolution
· Part of Darwin’s five theories of common ancestry (comparative anatomy)
· Wing is a classic example of convergent evolution in action. Although their last common ancestor did not have wings, both birds and bats do, and are capable of powered flight
· Coined with the term Convergent Evolution
Julian Huxley- evolutionary biologist, and he was a proponent of natural selection (one of Darwin’s five theories)
· Huxley discovers that the same type of fish was found on both sides of the world and began to question how that was possible. After much research, Huxley came up with Continental drift stating that the continents used to all be one great continent called Pangea
· Took Mendelien genetics and developed a way to apply it to a population
· Uses punnet squares to explain the variation in population
· Now we can predict gene frequencies based on population
Hypothesis- a proposed explanation for a phenomenon
· Abu al-Abbas al Nabati determined how to make observations and a hypothesis which was the beginning of the scientific methods we know now
· It is a bit weaker than a theory but backs up theories
· Based on scientific literature 
· We can do tests to support hypothesis, and eventually come up with a theory
Induction- reasoning that moved from specific observations to broader generalizations and theories
· Sometimes call this a "bottom up" approach
· Begin with specific observations and measures, begin to detect patterns and regularities, formulate some tentative hypotheses that we can explore, and finally end up developing some general conclusions or theories
· Ex. This animal is an insect and it has wings therefore all insects have wings
Jean-Baptiste Lamarck- one of the most famous people to prove the scala naturae to be incorrect
· Provided a theory for evolution
· Essence constantly trying to improve the body based on its environmental conditions
· Main aspect of life “use it or lose it”
· Helped establish the inheritance of acquired traits
· He was wrong about transmutation because later was found that the genes you are born with are the genes you die with
· Says that scala naturae cannot explain everything on earth
 Law- something that applies to the universe
· Biology does not have many laws because it is a science that only applies to earth
· Chemistry and Physics have many laws
· Mendel is one of few biologists to turn his theories into laws. This is because his now law of independent assortment (half traits from one parent half from the other) would probably apply to other living forms in the universe if any were found
George-Louis - Buffon Leclerc- on of the most famous people to prove the scala naturae to be incorrect 
· Was the first to ask questions about the scala naturae
· He travelled the world and observed
· Biogeography  
Linnaean Taxonomy- form of biological classification (taxonomy) set up by Carl Linnaeus
· Carl Linnaeus began by dividing things into things that are green and don’t move, and mobile eaters. 
· Taxonomic hierarchy is a way to organize species into Kingdom, Phylum, Class, Order, Family, Genus, Species …*King Phillip Came Over From Germany for Sex*
Carolus Linnaeus- known as the father of modern taxonomy (Theophrastus is known as the father of taxonomy), and is also considered one of the fathers of modern ecology
· Laid the foundations for the modern scheme of binomial nomenclature
· Came up with the systema naturae (a book with 10 editions that explained the organization or organisms)
Logical Prediction- a rigorous, often quantitative, statement, forecasting what will happen under specific conditions
· most often expressed as an if then statement (if I alter this prediction in a controlled experiment then my hypothesis predicts that this should happen)
Charles Lyell- one of the most famous people to prove the scala naturae to be incorrect
· Travelled the world observing rocks and he noticed that during erosions, stripes form on rocks 
· He was then able to tell what came first and prove that the world happened before Oct. 23rd, 4004 BCE
· Uniformitarian theory of geological change
· Stratigraphy and the geological time scale
Gregor Mendel- founder of the new science of genetics
· One of the few to turn his theory into a law
· Showed how an new individual inherits half its traits from one parent, and half from the other
· Variation comes from two individuals not one (people dint understand where variation came from)
· Did most of his work during the 185os, but it got lost. It was rediscovered in the 1900s
· Demonstrated that the inheritance of certain traits in pea plants follows particular patterns, now referred to as the laws of Mendelian inheritance
Modern Biology- most of the things that have occurred in biology have happened over the last 50 years
· Biology is considered the science of the 21st century
· Ex. Cloning a mammal was done in 1997, the human genome sequence in 2000, the DNA structure in 1953
Natural Sciences- Sciences that occur within the living world and consists of multiple theories rather than laws
· Working with a living world of animate objects compared to uniformity of inanimate objects of the physical sciences
· Grouped under descriptive science because it did not involve the type of math associated with physical science
· Based on historical narratives and induction reasoning is the most used method of reasoning
Natural Selection- non-random process by which biologic traits become more or less common in a population. It is a key mechanism of evolution
· One of Darwin’s Five theories however, this theory did not get accepted on publication
· Was described by Darwin as analogous to artificial selection, a process by which animals and plants with traits considered desirable by human breeders are systematically favoured for reproduction (breeding a fast racehorse with the use of the genes from two fast parents)

Null Hypothesis- hypothesis that corresponds to a general or default position
· typically paired with a second hypothesis, the alternative hypothesis, which asserts a particular relationship between the phenomena
· occurs when the prediction didn’t happen
Organicists- vital force replaced by genetic program and the importance of appearance
· finally formed in the 1930s, the best of both physicalists’ and vitalists’ views were combined
· life was ruled by the laws of physics and chemistry but that through the genetic program the whole was more than its sum of partsreferred to as emergence 
Louis Pasteur- remembered for his remarkable breakthroughs in the causes and preventions of diseases
· He created the first vaccine for rabies and anthrax
· Says that life arises from other organisms
· Germ theory
· Spontaneous generation
· Inventing a method to stop milk and wine from causing sickness, a process that came to be called pasteurization
· Regarded as one of the three main founders of microbiology
Physical Science- Sciences that involve physical and chemical laws to explain inanimate odject and how they work
· Universal 
· Based on empirical observations
· Involves the uniformity of inanimate objects
Physicalists- all living things, with the exception of humans, are machines 
· Should be possible to reduce  the machines into the various parts that made thw hole machine work
· Most frequently associated with the mind-body problem in philosophy of mind
· Also called "materialism"
· Everything can be broken down
Prokaryotes- a group of organisms that lack a cell nucleus, or any other membrane-bound organelles
· Everything is openly accessible within the cell, some of which is free-floating
· Greek word meaning before nut/kernel
· Belong to two taxonomic domains: the bacteria and the archaea
Proximate Causes- an event which is closest to, or responsible for causing, some observed result. 
· usually thought of as the "real" reason something occurred
· Deals with the here and now and what genes are doing
Sampling Error- the error caused by observing a sample instead of the whole population
· Occurs when getting results that wouldn’t happen (ex. Flipping a coin you should get 50/50 but you might not)
· The more trials you do and take the average of them all the more you will approach the actual value
· Example in evolution is genetic drift; a change is a population’s allele incidences due to chance
Scala naturae- great chain of being; a Christian concept detailing a strict, religious hierarchical structure of all matter and life, believed to have been decreed by the Christian God
· Proposed by Aristotle
· Gorges-Louis Leclerc, Darwin, Cuvier, Lyell, Lamarck were among the many who proved that the scala naturae is wrong
· Order from top to bottom: God, top angels, everyday angels, birds (because they fly), animals in water, land animals, plants to feed to animals, animals in soil, bad guy
Schleiden and Schwann- made the first 3 cell theories
· Schwann and Schleiden noticed the same commonality of a nucleus in both plant and animal cells
· Proposed that the cell is the basic unit of life
· Schwann also said that growth and development is due to the division of cells.

Scientific Revolution - an era associated with the 16th and 17th centuries during which new ideas and knowledge in physics, astronomy, biology, medicine and chemistry transformed medieval and ancient views of nature and laid the foundations for modern science.

· Was funded by the catholic church
· Gives us many things we know about today

Special Creation-
Synthetic Theory of Evolution- union of ideas from several biological specialties which provides a widely accepted account of evolution
Taxon (taxa) - a group of (one or more) organisms
· A taxon is given a name and a rank
· A unit for taxonomy
· May be given a formal name, or a scientific name
· Ex. This organism belongs to the taxa animalia


Taxonomy - the practice and science of classification
· Uses taxonomic units, known as taxa (singular taxon)
· The taxonomic hierarchy was proposed by Linnaeus and helped to organize species
Theory- more generalized observation made through a series of hypotheses
· An explanation that explains events in the natural worlds and makes predictions on how they will occur
· Based on a broad range of observations backed up by hypotheses 
· Required to be based on fact
Transitional Forms- the fossilized remains of life forms that exhibit characteristics typical of two distinct taxonomic groups
· Part of one of Darwin’s five theories (No constancy of species) 
· Ex. puijila darwini  finding a species that has characteristic of two or more different species (from land animal to water animal)
Transmutation- when the essence changes, we get a new organism (not Lammarck)
· Helps to explain diversity before Darwin came out with his theory
Transmutation of Species- theory that described the altering of one species into another (Lamarck)
· Species change into each other based on environmental circumstances
· Helps explain diversity (species of the same family)
· Essence changes, therefore you get new species
Uniformitarian Theory- assumption is that the same natural laws and processes that operate in the universe now, have always operated in the universe in the past and apply everywhere in the universe
· Concept that "the present is the key to the past"
Vestigial Structures- describes homologous characters of organisms that have seemingly lost all or most of their original function in a species through evolution
· Structures usually called "vestigial" are largely or entirely functionless, a vestigial structure may retain lesser functions or develop minor new ones
· Ex. the wings of penguins would not be vestigial, as they have been modified for a substantial new purpose (underwater locomotion
· Ex. The appendix is a vestige of the cecum, an organ that would have been used to digest cellulose by humans' herbivorous ancestors, however, now the appendix does is not able to do so, leaving it useless for digestion
· Ex. In whales and other cetaceans, one can find small vestigial leg bones deeply buried within the back of the body
Vitalists- thought there are something special about living things compared to the inanimate world- they had a vital essence of life
· Something is there but don’t know what it is
· Living things have a vital force (essence), but physical and chemical law also apply
· Believe in natural sciences
