
BIO1130 Key Terms 1

Convergent evolution --> Homoplasy --> Similar traits/functions yet different ancestor -->  Analogous Traits ---> Different organisms adapting to their environments in similar ways

(different to similar)

Divergent evolution --> Homology --> Species share a common ancestor --> Share similar traits that have evolved in variations depending on their environment ---> Transition fossils

(similar to different)

Ages of Sand:

· Douglas Adams
· Sand (silica) the building block for many devices (tools) that have lead to great scientific advancement/discovery/evolution
· There are 4 distinct ages of sand:
1. Telescope (1608): Sand ground to form glass and make lenses that allow us to look into the distance and observe the universe and the planets in our solar system. This age is associated with the scientific revolution.
2. Microscope (1678): Glass lens to look into the smaller world, revealing the cell- the fundamental unit of all living things.
3. Computer chip (1961): silica based computer chip gives science access to computation strengths, permitting the analysis of data. Mathematical models of biological systems, ecosystem structures, unraveling the evolutionary history of organisms is now possible.
4. Fiber Optics (1980’s): Transmission of huge amounts of date, scientists can work together on global scale problems
Analogy
· A trait or an organ that appears similar in two unrelated organisms
· Often the result of convergent evolution, where different species live in similar ways and/or similar environment, and thus face the same environmental factors.
· The ability to fly in birds and bats - flight evolved independently in the 2 groups. 
· Opposite is homology, where the ability or organ has been inherited from a common ancestor
· Homoplasy, from Greek “same form”
Binomen

· Two-part unique name of a species
· Consists of generic name (for the genus) and a specific descriptive word (epithet) for the species
· From Greek, therefore typeset in italics
· Only generic name is capitalized i.e. Canis lupus
Binomial Nomenclature

· Form of biological classification devised by Linnaeus in his Systema Naturae
· Taxonomic hierarchy
· Standardized way of naming living things - grouping like organisms together based on similar and distinguishing traits
· Predictability within the organization of these categories
Biogeography

· The study of living things in different geographical locations - similarities differences, common ancestors, adaptation to geography
· Comte de Buffon noticed different animals in different locations carrying out the same tasks - first to state there had been change within species
· Descendants 
· Notion of sharing a common ancestor
Catastrophe Theory

· Large scale catastrophes are the cause of mass extinction
· Can be observed through fossils in the various layers on earth
· Cuvier believed that change occurred suddenly (opposed the theory of gradual change)
Cell Theory
· Schleiden and Schwann (1860)
· The basic unit of all organisms is the cell
· Individual cells have all the characteristics of life
· Cells come from the division of other cells
· Can exist by itself as an organism, or be massed in many millions of cells with different roles and functions in a large multicellular organism
Chronological Prediction
· General public’s definition of prediction - actually being able to predict the future
· Not so much possible in science
· Astrology, horoscopes, etc.
Cladogram
· Diagram used in cladistics to show the ancestral relations between organisms
· Evolutionary relationships between organisms
· Represents the evolutionary tree of life
· Can represent morphological characteristics or DNA/RNA sequencing variations
Common Ancestry
· One of Darwin’s theories of evolution that was originally accepted by the public
· All species are connected through a common ancestor that changed gradually over time due to the impact of the environment
· Organisms share many similar structures both anatomically and morphologically, many of which have become hidden over time
· Evidence: comparative anatomy, homology, divergent evolution, comparative embryology, biogeography, molecules
Constancy of Species

· No constancy of species one of Darwin’s theories to be initially accepted by public
· Species change over time due to impact of environment
· Goes against creationism/systema naturae that states that everything was put on earth at the same time, and doesn’t change
· Evidence:
· Fossils
· Extinction
· Transitional forms - see the link between species as they evolve i.e. Puijila darwini is the transition between terrestrial seal ancestors to the modern marine based seals
· Vestigial structures
Convergent Evolution

· Homoplasy - similarity in species with different ancestry that is the result of convergent evolution
- From different to similar

· The acquisition of the same biological trait in unrelated lineages
· Independent species acquire similar characteristics through their evolution in similar environments
· The wing is common to both bats and birds, but both species had different ancestors - the wing represents an optimal solution for both species in their similar environments
Cuvier (Georges)

· Catastrophic Theory: large catastrophes were behind the sudden disappearance of species
· First to use the term “extinction” to describe animals that no longer exist
·  Evidence in fossils - compared Asian and African elephants to fossils of mammoths
Darwin (Charles)

· Father of modern biology
· Looked at change of a population over time and in different environments rather than change in an individual
· Was able to observe first hand the natural variation within a population on his journey around the world, and collected many fossils and specimens to then go over and develop an in depth theory of natural selection
· Large scale evolution of species over time based on characteristics that species had which made them more fit to survive and reproduce in their environment
· Wrote the Origin of Species which provided five theories on the evolution of species
· Natural selection, No constancy of species, Gradual change, Common Ancestor, Multiplication of species
· Could not explain the nature of the heritable traits that were fundamental to his theories, which were eventually provided by Mendel
Darwin (Erasmus)

· Charles Darwin’s grandfather
· Translated Linnaeus’ books into English
· Saw that the Scala Naturae no longer fits, and saw that species did undergo transformation/change over time
· The temple of nature
Deduction

· From the general to the specific
· All insects have wings, this is an insect, therefore this animal must have wings
Descent with Modification
· The passing on of traits from parent organisms to their offspring
· Evolution occurs when there is a change in gene frequency within a population over time
· Genetic differences are heritable, and can be passed on to the next generation
Divergent Evolution

· Homology: any characteristic of biological organisms that is derived from a common ancestor
· From similar to different
· The accumulation of differences between groups that can lead to the formation of new species
· Often a result environmental isolation of a species which blocks the gene flow, and due to differences in the environment, natural selection makes species evolve differently
· i.e. The vertebrate limb has diverged in various species in structure and function, but species still share a common ancestor
Domain
· The highest taxonomic rank of organisms, above Kingdom
· 3 Domains: Archaea, Bacteria, Eukaria
· Reflects the fundamental differences in genomes
Empirical Observation

· Information gained by means of observation or experiments
· Central dogma in modern science and the scientific method - all evidence must be empirical
· Dependent on evidence that can be made directly by the senses
Essentialism

·  Belief that there is a vital essence present in all living things that makes them “alive”
· Organisms are fixed and unchanging - put on the Earth at the same time and had a predetermined hierarchal order
· Religious links - Scala Naturae
· When describing evolution, believed that it was an organism’s essence that was changing over time to become as good as possible
· Individual change rather than population change
Eukaryotes

- One of the 3 taxonomical domains

· An organism whose cells contain complex structures enclosed within membranes i.e. mitochondria, chloroplasts
· Cells that contain a nucleus, within which the genetic material is carried
· All species of large complex organisms are eukaryotes - plants, animals, fungi
Evolutionary Tree
· Phylogenetic tree
· Branching diagram or “tree” showing the evolutionary relationships among various biological species
· Based upon similarities and differences in organisms physical and/or genetic characteristics
· Taxa jointed together in the tree are implied to share a common ancestor
Extinction

· The death of the last individual in a species in a lineage
· Term originated from Cuvier
· Can be seen in fossils 
Fact
· After a theory has been tested long enough and enough evidence supports it, it may become a fact
· The Earth being round, orbiting the Sun
· Theory of Evolution is essentially an established fact
Fitness
· The central idea in evolutionary theory
· Describes an organism’s ability to both survive and reproduce
· Individuals that are more fit have better potential for survival and to pass on their genes to the next generation
· Is the central basis for natural selection
Fossil record

· The remains or traces of an organism of a past geologic age embedded in Earth’s crust
· Provide evidence for no constancy of species
· Help establish a chronological timeline for extinct species based on the layer they are found in
· Same animals found in fossilized sediment in many locations around the world
Genotype
· The genetic make up of a cell, an organism, or an individual
· Specific allele make up of an individual
· Typically implies a measurement of how an individual differs, or is specialized within a group of individuals or a species
· The inherited instructions an organism carries within its genetic code
Germ Theory

· Louis Pasteur, pasteurization
· Showed that life came from life, not spontaneous generation
· Microorganisms are the cause of many diseases
· Highly controversial when first proposed
· Validated in the late 19th century
· Lead to innovations such as antibiotics and hygienic practices
Historical Narrative

· The study of the human past, after writing was invented
· Much of biology’s past is in such historical narratives, as it is a descriptive science
· Darwin’s historical narrative most important to biology
· Natural Science commonly uses historical narrative - story
Homology

· Characteristics shared by a set of species because they inherited them from a common ancestor
· Related species evolve different traits
· Characteristics evolve differently based on the species environment
· A product of divergent evolution
· Proof of common ancestry
· i.e. forelimbs in mammals
Homoplasy

· Seen in convergent evolution
· Organisms have analogous traits
· Characteristics shared by a set of species due to living in similar environments
· Similarities in species of different ancestry 
· Bats Vs. Dinosaurs (wings)
Huxley (Julian)

· Leading figure in the mid twentieth century evolutionary synthesis
· Combines Mendel’s theories to the study of population and biogeography
· Unified several different evolutionary ideas into a unified account of evolution that becomes widely accepted
· Population genetics and natural selection based on Mendelian genetics
Hypothesis
· A working explanation of observed facts - “baby theory”
· Arrived at by examining the existing literature on a specific topic, or by observations of the natural world
· An idea of how something works or behaves, then tested vigorously 
· The only scientifically sound hypotheses are those that can be tested
· Many hypotheses support a theory
Induction

· From the specific to the general
· An animal is an insect, and it has wings, therefore all insects have wings
Lamarck (Jean-Baptiste)

· Transmutation of species
· Inheritance of acquired traits
· Early of theory of evolution that missed the mark because it focussed on the organisms as individuals rather than a population of that organism over time
· Believed organisms are like “plastic”, and can change over a lifetime, developing new traits in order to “self-improve”, and then pass on these acquired traits to their offspring
· Did not realize that the traits one passes on is in the DNA, is unchanging within a lifetime
Law
· Laws are mostly applicable in the physical sciences
· Very rare to have a law in biology
· In biology, laws generally only have to do with sub-cellular and biochemical events
· Mendel’s law of inheritance is close to being considered law
· A theory that has been ultimately proven
Linnaean Taxonomy
· Organization of the living world into a taxonomic hierarchy
· Predictability within the organization of categories within categories
· Kingdom, Phylum, Class, Order, Genus, Species
· Family not included in Linnaeus’ original list in his Systema Naturae
· Differences and similarities to group together and separate species
Linnaeus (Carolus)
· Wrote the Systema naturae (1735)
· Came up with a system for organization of the living world - taxonomic hierarchy
· Provided rules for naming organisms - binomial nomenclature
· Separated organisms into kingdoms based on characteristics of movement
· Was a botanist
Logical Prediction

· Scientific prediction - “if” and “then” statement: If I alter this variable in a controlled experiment, then my hypothesis predicts that this should happen
· A theory should give a prediction, through observations
· Related to both inductive and deductive approaches
Lyell (Charles)

· Uniformitarian theory of geological change: gradual building up of land mass throughout the planet over massive amounts of time
· Stratigraphy: the rocks on Earth are in layers, stripes of layers around the Earth match, indicating a period of time
· Geological time scale - shows the extremely old age of the Earth, and there is no way this rock was all created in only 6000 years
Mendel (Gregor)

- Father of Genetics, conducted hybridization experiments with pea plants, was originally ignored by the scientific community, then rediscovered in the 19th century

· Law of segregation: every individual possesses a pair of alleles for any particular trait, and each parent passes a randomly selected copy (allele) of only one of these to its offspring. The offspring then receives its own pair of alleles for the trait, and whichever of the two alleles in the offspring is dominant determines how the offspring expresses that trait.
· Law of independent assortment (Inheritance law): separate genes for separate traits are passed independently of one another from parents to offspring. Alleles of different genes assort independently of one another during gamete formation.
· Demonstrated that the inheritance of certain traits in pea plants follows particular patterns - laws of Mendelian inheritance
Modern Biology

· 20th Century
· Cellular respiration, ATP, mitochondria
· Ecology
· DNA is the genetic materials
· DNA structure
· Gene regulation
· Genetic code
· Recombinant DNA experiments
· Cloning of a mammal
· Human genome sequence
Morphology
· A branch of bioscience dealing with the study of the form and structure of organisms, and their specific structural features
· Aspects of the outward appearance of organisms (shape, structure, colour, pattern)
· Form and structure of the internal parts, such as the bones and organs
Natural Sciences

· Animate objects
· More than physical and chemical laws (genetics)
· Not universal
· Based on historical narratives
· Induction is most used method
· Multiple theories
· Single falsification not necessary to abandon a theory
Natural Selection

· Individuals less suited to the environment are less likely to reproduce 
· Individuals more suited to the environment are more likely to survive, and more likely to reproduce and leave their inheritable traits to future generations
· Example: Industrial melanism - Peppered moth
Null Hypothesis
- Hypothesis that explains what happens if the manipulated variable in an experiment doesn’t have an affect
Organicists

- 1930

· Evolution of the Vitalists and Physicalists into one group with the discovery of genetics
· Life is ruled by the laws of physics and chemistry, but also through the genetic program, the whole is more than the sum of its parts
· Importance of emergence
Pasteur (Louis)
· Theory that life comes from life, not from spontaneous generation
· Germ Theory - microorganisms are the cause of many diseases
· Pasteurization - heating a substance to a high enough temperature to kill any microorganisms, then cool and isolate
Phenotype
· An organism’s observable characteristics or traits, such as morphology, development, biochemical or physiological properties, behavior, and products of behavior (i.e. bird’s nest).
· Result from the expression of an organism’s genes as well as the influence of environmental factors and the interactions between the two
· Proximate cause
· Genotype + Environment ---> Phenotype
Phylogeny

- The evolutionary history of a group of organisms

Physicalists

· Chemists, Physicists, Mathematicians
· Reductionism: with the exception of humans, living things are machines
· The world is governed by the laws of physics, and if you break anything down small enough, you can see how the governing mechanisms work
· Everything can be explained by an equation
· Single theory: single falsification is enough to abandon a theory
· Deduction
Prokaryotes

· Group of organisms that lack a cell nucleus, or any other membrane bound organisms
· Everything in the cell is openly accessible within the cell, including the DNA
· Belong to two taxonomic domains: bacteria and archea
· Most prokaryotes are unicellular
· Greek “before nut” (before nucleus)
Proximate Causes
· Physical science-like biology
· Addresses the mechanics of the here and now
· Phenotype - morphology and behaviour 
· Mechanical (predictable)
· Here and now
· Genes in action
· Biochemistry
· Controlled/predictable experiments
· Distinct questions - How?
Sampling Error
· When taking a measurement, you cannot get the true measure
· The more measurements you make, the more the average of all the measurements will be a reflection of the true value
Scala Naturae

- The great chain of being - predetermined hierarchy of beings

· First described by Aristotle
· An hierarchal organization of the living world
· Unchanging
· Gods at top of chain, humans beneath, followed by other living things, at the bottom organisms that live in the earth (worms), and at the very bottom the Devil
· Closely related to Essentialism
Schleiden and Schwann 

· The Cell theory
· The basic unit of all organisms is the cell
· Individual cells have all the characteristics of life
· All cells come from the division of other cells
· Smallest indivisible living unit is the cell
· Noticed that many cells have a “seed” - nucleus
Scientific Revolution

· 16th through 18th centuries
· Beginning of the modern age
· Breakthroughs/beginnings of many of the physical sciences - Calculus, Geometry, mathematics, astronomy, physics
· Essentialism still the dominant theory for the animate world
· Only biological innovation was Linnaeus creating a hierarchal system of taxonomic groups to organize biodiversity
· Linnaeus also came up with the binomial system of nomenclature that gives every living organisms a unique Genus and species name
Special Creation
· Theological doctrine that states that the universe and all life in it originated by divine decree
· Adheres to a literal interpretation of the account of creation in the Book of Genesis, accepting it as an accurate historical account of the creation of the universe in essentially its present form over the course of 6 24-hour days
· Was the dominant theory of life’s origins in the western world until the middle of the 19th century when it was surpassed by the theory of Evolution
Synthetic Theory of Evolution

· Combination of population genetics with natural selection based on Mendelian genetics
· Julian Huxley was a major contributor to the Synthetic Theory of Evolution
· A union of the ideas from several biological specialties which provides a widely accepted account of Evolution
· Developed between 1936-1947
Taxonomy

· The practice and science of classification
· Uses taxonomic units known as taxa
· A particular classification arranged in a hierarchical structure
· Organized by super type-sub type relationships
· Sub types have the same properties, behaviours, and constraints as the super type, plus one or more additional properties, behaviours, or constraints
· Predictability within the organization of these categories
Theory

- Generalized observations made through a series of hypotheses 

· A theory is an explanation or model that explains events in the natural world and makes predictions on how they will occur
· Based on a broad range of observations that have been backed up by multiple hypotheses that have tested the theory to make sure that it is sound and true
· Based on facts, observed patterns
· Close to being fact, and it is possible that a theory may become fact over a long period of time, and after many tests 
· Cell theory and Theory of evolution
Transitional Forms

· The fossilized remains of lifeforms that exhibit characteristics typical of two distinct taxonomic groups
· The fossil of an organism near the branching point where the major individual lineages diverge 
· Helps prove divergent evolution, common ancestor, gradual change
· Will have characteristics typical of organisms on both sides of the split (homologous traits)
· Darwin was lacking transition fossils to support his theory of Evolution, and knew this would be the most obvious and gravest objection against his theory
· Archaeopteryx: transitional form between dinosaurs and birds
Transmutation

· Nuclear transmutation occurring in a living organism - changing one element into another by means of nuclear fusion
· Dismissed by the scientific community
· Another name commonly used for evolutionary ideas of the 19th century before Darwin published his theory 
Transmutation of Species

· Lamarck’s attempt to explain evolution, but focused on the individual rather than a population of organisms.
· Linear model of change, rather than a branching system
· Organisms are plastic-like, and able to self improve, and passed these new characteristics onto their offspring
· Innate life force (nervous fluid), drives an organism into increased complex forms, can cause organs of an animal or plant to change based on the use or disuse of that organ, similar to how muscles are affected by exercise
· Did not realize that heritable information was contained in the DNA, and was unchanging within a lifetime
Ultimate Causes
· Natural science-like biology
· Ultimate causation deals with the much more variable aspect of biology
· The changes in the genetic programs and the underlying genotype
· Genes and history
· Evolutionary past
· Changes in genetic programs
· Historical narratives
· Descriptive science - Geology
· Deals with questions such as “why” does something happen a certain way
Uniformitarian Theory

· The same natural laws and processes that operate in the natural Universe now, have always operated in the Universe in the past, and apply everywhere in the Universe
· Lyell’s Uniformitarian Theory of Geological Change
· The Earth was shaped entirely by slow moving forces that are still in operation today, acting over a very long period of time, and can be seen in the layers of the Earth (stratigraphy)
· Cuvier opposed this theory with his theory of catastrophism, saying that changes were not gradual, but sudden, and caused by major catastrophic events
Vestigial Structures

· Structures that have that no longer have a function, although in the past did serve a purpose
· Support the theory of gradual change, no constancy of species, and common ancestry
· Examples are goosebumps, appendix
Vitalists
· Although physical laws do apply when describing life, there is something special about the living world that cannot be explained by these physical laws
· Living things have a vital force (Essence) 
· There is something qualitative that separates the living world from the physical (quantitative) world and laws
· When genetics was discovered, merged with physicalists to become organicists 

