Keywords for Lecture 1

[bookmark: _GoBack]Ages of Sand: 
·  Speech given by Douglas Adams, tackling the question “is there an artificial God?”; Thought provoking way to look at period of innovation (modern ages).
· He describes how history can be broken down into 4 ages of sand: 1) telescope (1608), 2) microscope (1678), 3) computer chip (1961), 4) fiber optics (1980s). 
· These ages of sand have contributed to the evolution of the study of biology since for example, we can put GPS systems on birds to see their migration patterns (computer chip) and we can read genome codes and speculate changes (fiber optics).
Analogy:
· An analogous relationship; similarity between like features of 2 things, on which comparison may be based. 
Binomen: 
· Name for organism that has 2 parts.
· Developed by Linnaeus: he took great lists and reduced every unique organism in the list to a name with two parts, a binomen. 
Binomial Nomeclature:
· Process for naming an organism.
· The first part of the binomen is a Latin noun, which represents the organism’s genuus and second is an adjective which represents the organism’s family.
Biogeography:
· Branch of geography that studies the past and present distribution of world’s many species. 
· Studied by Leclerc. 
Catastrophe Theory:
· Each layer of fossils represented the remains of organisms that had died in a local catastrophe (e.g. flood). Somewhat different species then recolonized the area, and when another catastrophe came, they formed a different set of fossils in the next higher layer. Supported by Cuvier.

Cell Theory:
· All living organisms are made of cells and their products. New cells are created by old cells dividing into 2. Cells are the basic building units of life. This theory was developed in the 17th century. Credit for this theory primarily goes to Schleiden, Schwann, and another scientist named Virchow. Spontaneous generation finally laid to rest.
Chronological Prediction:
· Not based on data whatsoever. Horoscopes and the foretelling of future events. Not used in science. 
Cladogram:
· Diagram used in cladistics which shows ancestral relations between organisms in order to represent evolutionary tree of life.
· Lamarck’s cladogram represents a linear progression, whereas Darwin’s has a branching pattern.
Common ancestry:
· One of Darwin’s theories of evolution, which was accepted immediately. Anatomical characters with similar functional structures were assumed to have same ancestors in the past.
· Evidence: comparative anatomy, comparative embryology, vestigial structures, biogeography, and molecules. 
· Also suggested by Leclerc: As organisms move to different geographic locations, they become modify to adapt to the environment around them. They are descendants of the common ancestor (the one that still resides in the original location of that group).
Constancy of Species:
· Another one of Darwin’s theories of evolution, which was accepted immediately. He stated that there is a non-constancy of species, meaning they change over time.
· The best examples which prove this are fossils, extinction, transitional forms, and vestigial structures. 
Control:
Convergent evolution: 
· The independent evolution of analogous (similar) traits in distantly related organisms due to adaption to similar environments and a similar way of life. Leads to homoplasy.
· One of the points of Dawin’s comparative anatomy theory which was trying to be avoided.
Cuvier (George):
· Catastrophic theory and extinctionhis contributions to the evolution of living things.
· Realized that layers of fossils represented organisms that had lived at successive times in the past. He suggested that abrupt changes between geologic strata marked dramatic shifts in ancient environments. In sedimentary rock, he found that fossilized animals have gone extinct. 
Darwin (Charles):
· His theories on evolution showed that species aren’t fixed and placed on the earth at the same time (his theory contrasts essentialism).
· 5 points: no constancy of species, common ancestry, multiplication of species, population change, natural selection. 
· Recognized that evolutionary change occurs in groups of organisms rather than in individuals. Some members of a group survive and reproduce more successfully than others do. Described evolution as a multistage process. Variations arise within groups, natural selection eliminates unsuccessful variations, and the next general inherits successful variations.
Darwin (Erasmus):
· Translated Linnaeus into English; developed and saw a pattern in descendancy (noticed that warm-blooded animals are related to each other in sequence); talked about temple of nature (scala natura) and culminated that man and deity change over time.
Deduction:
· Type of experimentation that goes from general to specific: you know what will happen and test to see if it does.
Descent with modification:
· Supported by Darwin; the evolutionary alteration and diversification of ancestral species (biological evolution).
Divergent evolution:
· Evolutionary alteration and diversification of ancestral species (biological evolution).
· One of Darwin’s theories of comparative anatomy which prove common ancestry: when an interbreeding population or species diverges into 2 or more descendant species, resulting in once similar or related species to become more and more dissimilar.

Domain:
· Highest taxonomic category. Broken into bacteria, archea, and eukarya. Bacteria and archea are prokaryotes (have no nucleus) whereas eukarya are eukaryotes (have a nucleus).
Empirical observation:
Essentialism:
· Appeared in 400 BCE – 450 (Greek and Roman Ages) and became challenged in 19th century.
· Philosophy by Plato which states that all organisms remain unchanged unique types and their differences could be attributed to a special internal “essence” (living force). 
Eukaryotes:
· Have a membrane bound nucleus, advanced brain and higher nervous system compared to eukaryotes.
· Can be unicellular or multicellular and are one of the domains of life.
Evolutionary Tree:
Extinction:
· Things that have disappeared. 
Fact:
· More stronger than a theory because it is so consistently demonstrated. Has more data supporting it. 
Fitness:
Fossil record:
· More than 99% of the different organisms/species that have been on this planet through evolutionary history have gone extinct. 
· Geologists such as Lyell show that successive layers of the sediments in fossils have increasing age as they appear deeper and deeper. The fossils near the top resemble many of today’s organisms; the deeper ones don’t.
· 19th century: geologists used the sequence of strata and their distinctive fossil assemblages to establish the geologic time scale.

Germ theory:
· Created by Pasteur. 
· Proposes that microorganisms are the cause of many diseases.
Historical narrative:
Homology:
· Similarity among organisms of different species due to their inheritance from a common ancestor. Features that exhibit such similarity (dna sequences, proteins, body parts) are said to be homologous.
Homoplasy:
· Similarity among organisms due to convergent evolution, but different origins.
Huxley (Julian):
· Synthetic theory of evolution: proposed population genetics and natural selection based on Mendelian genetics. 
· Union of ideas from different biological specialties which provides a widely accepted account of evolution. 
Hypothesis:
· Arrived at by examining the existing literature on science or by observations of the natural world, and from these come an idea of how something works or behaves. The explanation is then the hypothesis and testing begins to be sure that it remains true under various conditions. The only scientifically sound hypotheses are those that can be tested.
Induction:
· Used by natural scientists. Type of experimentation which goes from specific to general: you simple observe a bunch of events and hope to show a major pattern of the living world.
Lamarck (Jean-Baptiste):
· Transmutation of species: theory which describes the altering of one species to another. 
· He believed that simple forms of life were created continuously by spontaneous generation. He also believed that an innate life force, which he sometimes described as a nervous fluid, drove species to become more complex over time, advancing up a linear ladder of complexity that was related to the great chain of being.
· 2 mechanisms fostered evolutionary change: principle of use and disuse and principle of acquired traits. 
Law:
· Laws are universal and pertain mostly to physics, chemistry, and astronomy.
· One of few laws in biology is Mendel’s law of inheritance. 
Leclerc (George-Louis Buffon):
· Common ancestor, biogeographer, most influential biologist of 18th century.
· Noted that despite similar environments, different regions have distinct plants and animals, a concept later known as Buffon's Law. He made the suggestion that species may have both "improved" and "degenerated" after dispersing from a center of creation (common ancestor).
Linnaen taxonomy: 
· Biological innovation of the scientific revolution.
Linnaeus (Carolus):
· Devised taxonomic hierarchy: a system of classification based on arranging organisms into ever more inclusive categories.
· Second contribution is binomial nomenclature: how to name these organisms. 
· He described and named thousands of species on the basis of their similarities and differences.
Logical prediction:
· Most often expressed as an “if” and “then” statement. Closely related to the deductive mechanism of an experiment but also works with inductive approaches. 
Lyell (Charles):
· Argued that the geologic processes that sculpted Earth’s surface over long periods of time are exactly the same as the processes we observe today. This is called uniformitarianism.
· He studied the chemical nature of the sediments in rocks. By doing so, he was able to characterize the rocks, and by strata, he was able to order the living world. Observations showed that changed happened slowly and gradually.
Mendell (Gregor):
· Studied pea plants. 
· Law of segregation of characters: allele for a trait separate when gametes are formed. These allele pairs are randomly united at fertilization.
· A gene can exist in more than one form.
· Organisms inherit two alleles for each trait.
· When gametes are produced (by meiosis), allele pairs separate leaving each cell with a single allele for each trait.
· When the two alleles of a pair are different, one is dominant and the other is recessive.
· Law of independent assortment: allele pairs separate independently during the formation of gametes. 
· Nature of heritable traits became understood from his works. 
Modern biology:
· Darwin’s theory and cell theory are most important theories of modern biology period (19th century)
· 20th century: nature of heritability is unraveled with identification of DNA as the heritable substance. 
· DNA occurs in double helix shape, and the genetic code is finally cracked. 
Natural sciences:
· Variability in theories: more than one theory can potentially provide an explanation.
· Study of animate objects (variable world of living). Best theories only apply to the planet and are not universal. 
· Used to be known as “descriptive sciences”.
Natural selection:
· Proposed by Darwin: alleles that increase the likelihood of survival and the reproductive output of the individuals that carry them become more common in subsequent generations. Was not accepted right away.
Null hypothesis:
· A hypothesis that is presumed true until it is invalidated by a statistical test. It is not accepted but it remains to be true based on the statistical evidence supporting it.  
Organicists:
· Life was ruled by the laws of physics and chemistry but that through the genetic program. The vital force is replaced by the genetic program and the importance of emergence (swarm behaviour). 
Pasteur (Louis):
· Life comes from life (not spontaneous generation); came up with the germ theory.
· Pasteurization process killed germs and prevented spread of disease. Discovered that weak forms of disease could be used as an immunization against stronger forms. 
Physical sciences:
· Study of inanimate objects, which involves laws of physics and chemistry. These laws are universal. No variability in theory (only one explanation is possible). 
Physicalists:
· All living things, with the exception of humans, were machines and that it should be possible to reduce the machines into the various parts that made the whole machine work. (Descartes 17th century)
Prokaryotes:
· Organisms that don’t have a membrane bound nucleus.
Proximate causes:
Sampling error:
Scala naturae:
· Ladder like classification of nature from simplest to most complex. Every organism is placed on this scale and is stuck there. Based on essentialism: every organism has an essence that defines what they are. There would never be any change. Made by Aristotle. Gods at top, then angels, then mankind, and other living things precede. 
Schleiden and Schwann:
· Schleiden studied plants and Schwann studied animal cells. He found the nucleus in every cell he examined. Composed the cell theory.
Scientific revolution:
· 16th-18th century: marked beginning of modern age and was the golden age of science and was directly primarily toward the physical sciences (study of inanimate objects and how they move and behave). Many breakthroughs and realizations.
· Biological innovation: inventory of what lived in the world grew and the need to organize and classify it increased too.  
· Narratives replaced with experiments: scientific investigation through experimentation and physical scientists felt that deductive reasoning was a far superior approach to inductive reasoning of natural scientists.
Special creation: 
· Pattern: species don’t change, each species was created on Oct 23, 4004 BCE, and species are not old.
· Process: there is some sort of designer.
Synthetic theory of evolution:
· Proposed by Huxley: Union of ideas from different biological specialties which provides a widely accepted account of evolution. Occurred in 20th century. 
Taxon (taxa):
· The organisms included within any category of the taxonomic hierarchy form a taxon: a name designating a group of organisms included within a category in the Linnaean taxonomic hierarchy.
Taxonomy:
· The science of the classification of organisms into an ordered system that indicates natural relationships. Used by Linnaeus.
Theory:
· Explanation or model that explains events in the natural world and makes predictions on how they will occur. It is also based of a broad range of observations that have been backed up by multiple hypotheses that have tested the theory to be sure that it is sound and true. A scientific theory is required to be based on facts. 
Transitional forms:
· Fossils or organisms that show the intermediate states between an ancestral form and that of its descendants. Proves there is no constancy of species (part of Darwin’s theory of evolution).
Transmutation:
· Essences on their own are constantly striving to be the most well adapted, perfect species on earth. When transmutation occurs, essence remains in original organism but changes. When it changes, a new organism forms. 
Transmutation of species:
· Proposed by Lamarck. The environment that the essence experiences determined the appearance of the organism. 
Ultimate causes:


Uniformitarian theory:
· Proposed by Lyell: 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. 
Vestigial structures:
· Non useful body parts. Provides evidence for common ancestry (one of Darwin’s arguments in theory of evolution).
· Leclerc: puzzled by existence of body parts with no apparent function. He proposed that some animals must have changed since their creation. He suggested that vestigial structures (useless body parts) must have functioned in ancestral organisms.
Vitalists:
· Physical and chemical laws apply but they felt that there was something special about living things compared to the inanimate world –they had a vital essence of life but beyond that they couldn’t explain what it was in a way that would satisfy the reductionist views of the physicalists. 



 

