Ages of sand
· Douglas Adams, science fiction writer separated periods of advancement in human history into ages of sand. They are:
1. Telescopes – mankind forms lenses out of glass with which they are able to observe far off things
2. Microscopes – we are able to use lenses to magnify microscopic organisms and in so doing expose ourselves to a whole new world of living organisms
3. Computer Chips – we are able to use silicon computer chips to perform complex and quick operations
4. Fiber Optics – we are now able to send signals through glass-like substances over long distances

 Analogy
· When organisms evolve the same trait separately they are referred to as analogous structures
· Often the product of convergent evolution
· Example is flight, birds reptiles and mammals all evolved mechanisms of flight separately

Binomen
· Refer to binomial nomeclature	
· Refers to the names yielded by binomial nomeclature

 Binomial nomenclature
· Proposed by Linnaeus
· Uses two latin names to identify organisms
· Uses their genus and then species

Biogeography
· The study of species and ecosystems in geographical space as we move through time

Catastrophe theory
· Proposed by George cuvier
· Theory that there was a catastrophic event resulting in a mass extinction
· Eventually lost ground to uniformitarianism

Cell theory
· Was proposed by schleiden and Schwann
· Schwann studied animal cells whereas scheiden studied plant cells
· Concluded that the cell was the basic unit of life

Chronological prediction
· A prediction based on past events
· For example, the last fifteen times the coin was flipped it was heads, therefore the next time it will also be heads
· Is not always reliable as it is based on the assumption that events will always occur as they have in the past

Cladogram
· Branching diagram in which the endpoints represent different species
· Represent phylogenic relationships
· Use of cladogram allows us to predict common ancestry, identify/predict missing transitional forms

Common ancestry
· One of Darwin’s five
· Accepted right away: attempt to explain how organisms evolved
· Proof: Homology, homoplasy, biogeography

Constancy of species
· Species don’t change
· Species don’t disappear
· Reminiscent of essentialism

Control
· Used in experiments
· Opposite of a subject
· Control group is not subjected to experimental manipulation (placebo), then subjects compared to controls

Convergent evolution
· Two organisms evolve structures that are similar, separately
· Evolutionary ancestors dissimilar or unrelated
· Organisms that display convergent evolution often posses analogous structures


Cuvier (Georges)
· Proposed catastrophe theory, mass extinction as a result of “Noah’s Flood”
· Studied fossils
· Realized most of the organisms he was studying were extinct, challenged constancy of species

 Darwin (Charles)
· Proposes theory of evolution
· Says: No constancy of species, common ancestry, gradual changes, speciation, natural selection
· Sees difference in finches
· Says essentialism does not occur

Darwin (Erasmus)
· Grandfather of Charles Darwin
· Writes temple of nature saying organisms move up the scala naturae over time
· Translate Linnaeus to English

Deduction
· A form of logical reasoning but the opposite of induction
· Goes from the general to the specific
· Example, all flies have wings, species x is a fly, therefore species x has wings

Descent with modification
· Passing of traits to offspring
· Passing known as heredity
· Basic unit of heredity is the gene

Divergent evolution
· Interbreeding population/species diverges into two or more descendent species
· Once similar species become increasingly dissimilar 
· Usually the result of two populations of a species being separated and becoming unable to interbreed

Domain
· Introduced recently by Carl Woesse
· Higher order of taxa than kingdom
· Contains three taxa, Archea, Bacteria, Eukarya

Empirical observation
· Information gained by observation
· Necessary in the scientific method
· The goal of an experiment is to support a hypothesis with empirical data (facts)

Essentialism
· The philosophy that every living this has an essence which causes it to live and determines its species, all organisms in a species are the same
· Not necessarily synonymous with the vital spark of vitalism
· Essences don’t change, constancy of species

Eukaryotes
· Have a true nucleus
· Thought to have evolved after prokaryotes
· Considered more complex

Evolutionary tree
· A depiction of evolutionary relationships
· A cladogram is a type of evolutionary tree but there are also dendrogram, phylogram and chronogram
· Darwin created one of the first evolutionary tree diagrams in “On the Origins of Species”

Extinction
· When a species dies out entirely they are said to be extinct
· Georges Cuvier did much research into extinct creatures
· Extinction challenged constancy of species

 Fact
· Something which is true and verifiable
· The basis of any hypothesis, theory or law
· Can be extrapolated via deductive or inductive reasoning

Fitness
· An organism’s ability to survive in a given ecosystem
· Simply because an organism is fitter than another in one ecosystem does not mean that organism is superior, if it were to migrate to another ecosystem or its ecosystem were subject to climate change it might become the less fit organism
· An organism’s fitness  is directly related to its success in an ecosystem, if it is more fit it is more likely to live to reproductive age

Fossil record
· The totality of fossils and the placement of them in rock and strata
· Allows scientists to study the organisms and biogeography of the past
· Transitional forms in the fossil record support evolution whereas a lack of them provides ammunition for skeptics

Germ theory
· Proposed by Louis Pasteur
· The theory states that micro-organisms are the cause of many diseases
· Brought about massive changes in hospitals and has become the cornerstone of modern medicine

Historical narrative
· Firsthand accounts of events and behaviours observed in organisms 
· One of the bases of natural science
· Equitable to research in the case of biology

Homology
· Similarities in species of the same ancestry
· Homologous structures are similar structures in organisms that share a descendant
· Homologous structures can be used to identify missing links and establish evolutionary descent, but must not be confused with Analogous structures

Homoplasy
· Similarities in species of different ancestry
· Usually indicative of convergent evolution
· Analogous structures are an example of homoplasy

Huxley (Julian)
· Was instrumental in the development of the theory of synthetic evolution
· Pulled together Mendelian genetics and Darwinian natural selection to provide a mechanism for evolution
· Only after synthetic evolution was proposed did Darwinian theories become generally platable

Hypothesis
· An educated guess pertaining to a specific outcome of a scientific experiment
· Multiple confirmed hypotheses result in a theory via inductive reasoning
· Unless accompanied by a good null hypothesis, is not necessarily strong evidence for a theory

Induction
· Siimilar to deduction as it is a means of logical reasoning
· Differs from deduction as, rather than progressing from the general to the specific it attempts to make general claims using specific examples
· Is necessary in instances where there are no general facts known from which to progress deductively, but is not as reliable as deduction

Lamarck (Jean-Baptiste)
· Responsible for the theory of transmutation of species
· Responsible for the theory of inheritance of acquired characteristics which postulates that traits acquired over an organisms life time can be passed to its offspring
· Use it or lose it

Law
· A means of explaining how things work in the physical world and offers a means of predicting future outcomes
· Is originally a theory and is then universally accepted as universally applicable
· Biology contains very few laws as the majority of the natural sciences key concepts are only applicable on earth

Leclerc (George-Louis - Buffon)
· Extremely influential naturalist
· Noted that despite similar climates, different regions displayed different organisms, this is the first principle of biogeography
· Speculated on common ancestry of species, postulated all the worlds quadrupeds came from an original set of 38

Linnaean taxonomy
· A system of classification set up by Carolus Linnaeus in his publication systema natura
· Organisms are split into kingdoms, phylum, classes, orders, families, geni and finally species
· Revolutionized taxonomy by providing a globally useful  method of classifying living organisms

Linnaeus (Carolus)
· known as the father of modern taxonomy
· Introduced binomial nomenclature
· Published systema natura which revolutionized taxonomy

Logical prediction
· A prediction based on logical thought processes, either induction or deduction
· Is generally more reliable than a chronological prediction
· Example, all flies have wings, therefore fly x’s offspring, being a fly, will have wings

Lyell (Charles)
· Geologist responsible for uniformitarianism
· Concluded from geological strata that the earth was shaped by slow acting forces which are still present and observable today
· Was a close friend of Charles Darwin and was influential in his theories etc.

Mendel (Gregor) (1822-1884)
· Cross bred pea plants to establish that traits from both parent organisms were present in the offspring
· Theorized about genetics as the mechanism by which traits were passed
· His work was not widely known as it was published in an obscure journal however after he died his research was rediscovered and played an instrumental role in establishing the synthetic theory of evolution

Modern biology
· The five bases of modern biology are:

1. The cell is the basic unit of life
2. Traits are passed through genes
3. Species are created via evolution
4. Living organisms consume and transform energy
5. Living organisms exhibit homeostasis


Natural sciences
· Concerned with science of the natural world, as a result focuses almost entirely on earth
· Contains biology and living organisms in general
· Contains more theories than laws because the vast majority of mechanisms only apply on earth and therefore are not universally applicable

Natural selection
· The mechanism by which evolution occurs
· As a result of the variation in a population there are many possible features in an organism that may or may not be beneficial
· Organisms with beneficial features are said to be more fit than those without and as a result of this fitness they are more prone to survive long enough to reproduce thereby passing on their genes

Null hypothesis
· The opposite of the hypothesis in an experiment
· If the null hypothesis is proved correct, the hypothesis is disproved
· If there is no null hypothesis there are no means by which hypothesis could be disproved, in this case is generally criticized as bad science

Organicists
· Do not believe in the vital spark, rather replace this with genetic programming
· Importance of emergence (when complex things are made to arise by simple processes)
· Became well accepted in the 20th century

Pasteur (Louis)
· Proved that life came from life and could not arise via spontaneous generation
· Conducted an experiment in which one broth was accessible to micro-organisms and another was not, the one which was not did not grow moulds bacteria etc.
· Performed experiments which supported the germ theory of disease

Physical sciences
· Contains chemistry and physics along with many other scientific disciplines
· Does not include biology as that is a natural science
· Concerned with universally applicable concepts

Physicalists
· Everything that exists is no more extensive than its physical properties
· With the exception of humans all living things are effectively machines, Descartes 17th  century
· Lost ground to organicists in the 1930s

Prokaryotes
· Do not have a true nucleus
· Name means “before the seed”, thought to have evolved before eukaryotes
· Includes bacteria and archea

Proximate causes
· Exists in contrast to ultimate cause
· Is usually immediate cause but is often caused by something else itself (the ultimate cause)
· Proximate cause has different uses for instance is more useful than ultimate cause in treating symptoms, however ultimate cause would be more useful in treating the disease

Sampling error
· An error caused by examining a sample instead of an entire population
· The sample is not necessarily indicative of the population
· Can be countered by taking a larger and more varied sample

Scala naturae
· The scale of living things as proposed around 400 BCE
· In ascending order of assumed complexity
· Has God or Gods at the top and insects earthworms etc. on the bottom

Schleiden and Schwann,
· proposed cell theory
· Schleiden worked on plant cells whereas Schwann worked on animal cells
· came to conclusions separately then compiled 

Scientific revolution
· occurred from 16th -18th centuries
· during this time Europe began recovering from Black Plague
· Consisted of massive leaps in physics, geometry, biology, cartography and many more

Special creation
· Refers to the biblical account of creation
· All creatures were created by a divine entity
· Originally was the dominant theory as to the origins of life and species
· species don’t change
· a designer of some sort
· The earth is not old

Synthetic theory of evolution
· Proposed by T.H. Huxley
· Pulled together both mendel’s understanding of genetics and Darwin’s theory of evolution
· Made evolution significantly more credible by giving it a mechanism

Taxon (taxa)
· single unit in taxonomy
· In taxonomy, objects to be classified are split into taxa
· All organisms in the kingdom animalia are in a single taxa (division of kingdoms is synonymous with dividing into different taxa)

Taxonomy
· the science or practice of classification
· Was used to classify living organisms
· Linnaeus is known as the father of taxonomy

Theory
· A means of explaining why things happen
· stems from many confirmed hypotheses
· differs from a law as it is not unanimously accepted as incontrovertible (additionally law holds true universally)

Transitional forms
· species which appear an intermediary step in the evolution of one species into another
· example is archaeopteryx as the intermediary between birds and dinosaurs
· lack of transitional forms leads to criticism of theory of evolution, missing link debate

Transmutation
· Species change into each other over time
· Essence does not change
· Is very different from Lamarck’s theory of acquired inheritance or transmutation of species, rather, is an essentialist response to change in species

Transmutation of species
· introduced by Lamarck
· The altering of one species into another, speciation
· species attempt to climb scala natura, additionally use it or lose it

Ultimate causes
· exists in contrast to proximate cause
· The “Actual” causational factor
· generally what caused the proximate cause

Uniformitarian theory,
· Theory that everything the same natural processes and laws that operate in the universe now have always been
· Popularized by Charles lyell
· used geological strata to support theory

Vestigial structures,
· structures that are not thought to serve any purpose
· add evidence for evolution as the organism has evolved beyond the need for the structure, proof that it has changed
· example, spleen

 Vitalists
· believe in a vital spark
· often equated with the soul
· Believe that simple interactions of atoms could not result in something as complex s a human being

