Biology, Biologists, and Biosciences Keywords
Ages of sand: put together by Douglas Adams. According to him, there are four ages of sand that revolutionized biological research from the 16th-18th century.
· First: telescope

· Second: microscope

· Third: computer chip

· Fourth: fiber optics
Analogy

Binomen

Binomial nomenclature: naming/classification system of all organisms, invented by Linnaeus. It is based on two names: the genus and the species.
Biogeography: The study of the geographic distributions of plants and animals. Buffon studied this.
Catastrophe theory: Cuvier believed in this. States that all living organisms originally deposited on the earth became suddenly extict. 
Cell theory: According to the cell  theory , (1) all living organisms are composed of cells, (2) cells are the functional units of life, and (3) cells arise only from preexisting cells by a process of division.
Chronological prediction

Cladogram: A branching diagram in which the end points of the branches represent different species of organisms, used to illustrate phylogenetic relationships
Common ancestry: there are many proofs that lead us to believe that there is a common ancestry throughout all living things. Similar phetotypes of animals lead us to believe that there is a similarity in the underlying genotypes of organisms. Homologous characterisitics are studied to find out more about common ancestry.
- Buffon was first to publish this idea of common ancestry. Said everything came from a center.

Constancy of species: One of the five theories of Darwin. Things like transitional fossils, extinction, and vestigial features lead us to believe that species do not stay consistant..they are constantly evolving.
Control: the part of the experiments that is varied in a control manner.
- these kinds of experiments are mostly common in the physical sciences, but also occur in the natural sciences.
Convergent evolution: tendency among organisms living under the same conditions to develop similar body forms. This term refers to more distantly related organisms. Ex: some might be tempted to say that all flying creatures come from a common ancestor, which may or may not be true.
- Also known as analogous traits

Cuvier (Georges): Catastrophe theory; studied fossils, and found four new species. But two of these species had disappeared! Yet he still had their bones…so this led him to believe that some big catastrophe made some of the original organisms of this Earth go extinct. Coined the word extinction.
Darwin (Charles): Creator of the theory of natural selection. On his voyage around the world, he collected specimens, specifically in the Galapagos Islands. For the rest of his life, he found similarities between the organisms, and realized that over time, the species have evolved.
- Said that organisms produce more offspring than the earth can handle, so the environment naturally selects who survives.
Darwin (Erasmus): Grandfather of charles Darwin. He translated all of Linaeus’ work from Latin to English. Since he read all of Linnaeus’ work, he too notices a pattern..led him to believe in common ancestry.
· still agreed with the Scala Naturae that the diety is on the top, but said that everything is still changing, but didn’t say how. 

· Published his observations in a poem; Temple of Nature.

Deduction: from general to specific; for example: all insects have wings. This animal has wings, so that means it’s an insect.
Descent with modification: Darwin argued that all the organisms that have ever lived arose through descent  with modification , the evolutionary alteration and diversification of ancestral species. This alteration/modification is driven by natural selection.
Divergent evolution: Notion that homologous traits appears in many species.
- These are traits that are similar in function, characteristic, position, or structure to different species. They are similar structures in similar positions, but serve different purposes. This is divergent evolution ( points to a common ancestor among species!
Domain: word later added to the classification system. The world is divided into three domains: archea, eukarya, and bacteria.
- Bacteria and Archea include prokaryotes. Eukarya involves eukaryotes.

Empirical observation: experimental technique mostly used in the physical sciences. It is based on controlled experiments.
Essentialism- theory that every organism on the scala naturae is stuck there…people realized that some organisms were more “important” than others, and nothing can change, this. First classification system
Eukaryotes: Organism in which the DNA is enclosed in a nucleus.
Evolutionary tree: Diagram that shows which organism evolved from what. Branches indicate out of where an organism evolved from.
Extinction: Mass disappearances of species over time.  99% of all organisms that ever lived this Earth are all extinct, only 1% of them live today. Cuvier thought believed in the catastrophe theory, where a bunch of organisms became extinct due to breaks in fossil records.
Fact: Piece of information that has lots of data supporting it. Can be proven over and over again. There still can be arguments proving it wrong, however.
Fitness: The fitness of an organism defines if it can live long enough to reproduce. Ex: the fitness of an organism is higher based on whether it can withstand the survival of the fittest.
Fossil record: A living form that has been preserved over a period of time. They could come in many different forms, such as rock, permafrost (like the mammoth), etc. Indicate what organisms lived on this Earth billionsns of years ago.
Germ theory: Proposed by Louis Pateur. Proopses that mircroorganisms are the pathogens that cause disease.
Historical narrative: the way most natural scientists express their findings. Kind of like a story; as opposed to empirical observation.
Homology: Also can be called divergent evolution. The study and notion that different spieces can exhibit similar traits. These traits are similar in position and structure, but do not always serve the same purpose. This points to a common ancestor.
Homoplasy: Similarity in species of different ancestry that is the result of convergent evolution and independent origins. For example, fins of two kinds of fish; they originated separately, and are similar only because these two organisms adapted to similar environments the same way.
Huxley (Julian): Developed a mathematical model to help apply Mendellian genetics to study the variation in a population. Taught us how to predict the gene frequency in a population.
Hypothesis: Hypothesis is a mini theory that is based on obersavtions. As it grows, it will develop into a theory.
Induction: most used experimental theory in the natural sciences. Goes from specific to general; insects have wings, and this animal has wings, which must mean it’s an insect. But this observation must be done lots of times in order to get a conclusion that is sustainable.
Lamarck (Jean-Baptiste): proposed the transmutation of species (altering of one species to another)
· provided one of the first theories for evolution based on the organism’s phenotype; said that advantageous traits are passed down from generation to generation. For example, giraffe’s necks grew longer over the years because they kept trying to reach the top of the trees for food.

· Believed in spontaneous generation.

· Realized that complexity increases over time, and that there is always biodiversity.
Law: law is a universal statement that can be applied to everything, without exception. The reason why biology does not have that many laws is because there is too much variation in the things that are studied in biology. Laws are more common to the physical sciences.
Leclerc (George-Louis - Buffon): believed that everything evolved from one center. As things started moving farther away from this center, they started to adapt to their own, new environment.
· believed that there is a common ancestor.

· Thought that organisms change over time, due to vestigial features, which are “useless” body parts. These vestigial features indicate that they may once have been useful in the past.

· Creatures were “conceived by Nature and produced by Time”

· Did not say how functional structures became vestigial, however.
Linnaean taxonomy: taxonomic hierarchy that classified organisms by similarity. From most broad to most narrow, they are: Domain (came later), Kingdom, Phylum, Class, Order, Family, Genus, Species
Linnaeus (Carolus): created a system of classification of organisms.
· developed a naming system that is predictive; just by the name of the organism, you can predict many things about it.

· Developed binomial nomenclature; two name system containing the genus and the species.
Logical prediction: Prediction that is an outcome of observations, data, and analysis. It is not simply a “guess” somewhere into the future. 
Louis Pasteur: He exposed freshly boiled broth to air in vessels that contained a filter to stop all particles passing through to the growth medium

 - even with no filter at all, with air being admitted via a long tortuous tube that would not pass dust particles. Nothing grew in the broths, therefore the living organisms that grew in such broths came from outside, as spores on dust, rather than being generated within the broth.

Lyell (Charles): Uniformitarian and geological change. Analyzed the layers of rock and categorized them into different strata. Said that change in the Earth occurred gradually, unlike Cuvier said (big catastrophe). 

· Slow changed like sedimentation and fossilization.

· Based on his rock analysis, realized that the scala naturae was wrong in the date of the formation of the earth. The rocks were  much older than the scala naturae said the earth was! 
Mendel (Gregor): reffered to as the father of genetics. Bred pea plants and discovered that traits evident in the kid generation are always evident in the parent generation, and that half came from each parent.
· Law of segregation of characters and independent assortment.

· Variation came from the mixing of genetic material from parents.
Modern biology: so many improvements and discoveries in the era of modern biology, from the discovery of the mitochondria and nucleus, DNA and DNA structure, breaking of the genetic code, gene regulation, cloning of an animal, to the Human Genome Project in 2000 (mapping of all genes).
Natural sciences: focuses on animate objects. This objects exbhibit much variation, meaning that things discovered in biology are not universal.
Natural selection: this theory was proposed by Charles Darwin. States that too many organisms are born than what the environment can handle; so only the fittest can survive. As generation move on, advantageous traits are passed on an organisms naturally improve.
Null hypothesis: A hypothesis that provides the other outcome of the hypothesis, or the opposite of the hypothesis. States what can happen if the hypothesis does not come true.
Organicists: movement that combines physicalists and Vitalists. States that the genetic programming is what drives organisms; combination of both the physical and natural sciences.
Pasteur (Louis): proved spontaneous generation wrong with his broth experiment. He first took broth and left it outside, exposable to air. Then next day, it had fermented and microorganisms had grown in it.
· He then took another broth but put it inside a swan-shaped container with a narrow opening, so air could not get in as easily; the broth stayed sterile.

· Therefore, he proved that the microorganisms did not appear from nothing; there was something in the air that caused them to form….life come from life.

· He also proposed the germ theory, where microorganisms are the pathogens for diseases.

· Pasteurization; process where milk and other substances are heated to a critical point with no air exposed to it; the milk will stay sterile for longer.

Physical sciences: Branch of science dealing with inanimate objects (no variation). Every law or theory applied to an object or situation is universal since there is no variation in the circumstance.
Physicalists: Believe that every functional being can be broken down, and are made up of “machines” that can be explained through universal laws. These laws can be applied ot everything, without exeption.
Prokaryotes: Simplest and smalled organisms, yet the most abundant on Earth. 
· Does not have a true nucleus.

· No membrane-enclosed organelles

· Has one circular chromosome.
Proximate causes: the physical science aspect of biology. Can include things like biochemistry, medical science. You usually end up with a mechanical, predictable outcome for problems involving proximate causes. Deals with the phenotype and what the genes are doing when expressing the phenotype.
- answers the questions WHAT: what is the phenotype, what are the genes doing…mechanical, predictable answer.
Sampling error: an error when choosing the right population to sample. A too small population would increase variability and the results will not be as accurate. 
Scala naturae: The great chain of being, where the most important creatures on Earth are at the top. Starts with one diety at the top (for monotheistic religions), then the angels, then humans, then all other organisms in a specific order.
- At the bottom is something that opposes the Deity at the top (devil).
Schleiden and Schwann: Both developed the cell theory. Schleidan worked with plant cells, while Schwann worked with animal cells.
· Both realized that the cell is the basic unit of life; there is nothing below a cell that is living.

· Both noticed that all cells have a nucleus!!
Scientific revolution: from the 16th-18th century. Many theories and discoveries were being made, notably the telescope, microscope, computer chip, and fiber optics (ages of sand).
Special creation: theological doctrine that states that everything in the universe originated by God, or some divine deity.
Synthetic theory of evolution: A modern theory of evolution that combines Mendellian genetics and Darwian selection, and population genetics.
· Developed by Huxley

· A mathematical model used to apply these concepts to population, and determine the gene frequency in a population.
Taxon (taxa): a category in the classification system of Linnaeus.
Taxonomy: study of classification.
Theory: A theory is an idea, backed up by oberservations and facts, that grows out of a hypothesis.
Transitional forms: part of one of Darwin’s theories; no constancy of species. Species constantly are changing, as found in the transitional forms and transitional fossils which indicate the evolution of a species.
Transmutation

Transmutation of species: The first scientific theory of evolution, proposed by Lamarck. altering of one species to another. 
· simple organisms are constantly being formed by spontaneous generation.

· Advantageous traits get passed down from one generation to the next.

· Traits in the following generation will only be seen if they are evident in the parent generation.

· This theory does not touch on genetics.
Ultimate causes: Opposite of proximate causes. Ultimate causes are used in the natural science aspect of biology. Has to do with things like evolution, etc that is usually explained by historical narraratives. Look more at the phenotype, rather than the genotype. Answers the question WHY…why are genes acting like they are to produce the phenotype.
Uniformitarian theory: Lyell argued that the geologic processes that sculpted Earth's surface over long periods of time, such as volcanic eruptions, earthquakes, erosion, and the formation and movement of glaciers, are exactly the same as the processes we observe today. This concept, uniformitarianism , undermined any remaining notions of an unchanging Earth.
· Because geologic processes proceed very slowly, it must have taken millions of years, not just a few thousand, to mould the landscape into its current configuration. So this doubted the scala naturea.
· This thought of slow, gradual changes as opposed to a sudden catastrophe (Cuvier) is called Uniformitarianism.

Vestigial structures: these are characteristics that are of no use anymore, but indicate that they may have been used in the past, and indicate an evolutionary change. Example of vestigial feature: appendix.
Vitalists: this group of scientists are opposite to the physicalists. They have a different thought on what living things really are. They agree that the physical laws apply to every organisms, but think that there is something more; that all living things have an essence.
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