Lecture 3 Notes
 
Difference between growth and development of an individual vs evolution
· Biological evolution refers to the gradual change of populations or organisms over time, measuring time in generations opposed to years → Biological evolution focuses on a population’s evolution over generations opposed to an Individual’s.
· the growth and development of an individual is measured in years → Therefore a single individual’s evolution is NOT a form of biological evolution. 
· The growth and development of an individual throughout their lifetime is just aging. The growth and development of an individual that occurs over the lifetime of a single organism is not evolutionary because these changes are not passed on to future generations.
· 
Meaning of "vestigial structures" and what they tell us about the history of life on earth
· Vestigial structures: Vestigial structures are structures or attributes of an organism that have no apparent function but an organism still has these structures 
· Vestigial structures exist because they once served a function for the organism’s ancestor. 

Meaning of "catastrophism", "gradualism", "uniformitarianism"
· Catastrophism: Each layer of fossils represented the remains of organisms that had died in a local catastrophe. (Georges Cuvier) 
· Gradualism: The Earth changed slowly over time (James Hutton)
· Uniformitarianism:  Uniformitarianism is the scientific principle 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. (Charles Lyell)
· Lyell stated that geologic processes that sculpted the earth’s surface are the exact same processes which we observe today and occur at the same rate. 

How the principles of gradualism and uniformitarianism challenge the idea that the earth is only a few thousand years old?
· Gradualism argues that Earth’s major geologic features are produced by slow, continuous physical processes acting over very long periods of time, while uniformitarianism explains that geological processes proceed very slowly, and so they must have taken millions of years, not just a few thousand

Mechanisms of evolution proposed by Lamarck
· Jean Lamarck believed that a perfecting principle caused organisms to become better suited to their environments
· Lamarck believed that simple organisms evolve into more complicated organisms and move up the ladder of life. 
· Lamarck proposed the principle of use and disuse that body parts grow in proportion to how much they are used 
· Lamarck also theorized the inheritance of acquired characteristics, proposing that the changes that an organism acquired during its lifetime are inherited by its offspring         → FALSE because individuals do not evolve, populations do. Offspring will not acquire traits parents acquired → eg. father could have been born skinny and worked out and gained muscular build, that does not mean his/her children will now have muscular build. 
· Lamarck’s proposed mechanisms do not cause evolutionary change 

Ways in which Lamarck contributed to development of evolutionary theory
· Despite the shortcomings of Lamarck’s theory, Lamarck made several important contributions to theory of evolution: 
· Lamarck proposed that all species change through time → ALL SPECIES EVOLVE
· He recognized that CHANGES ARE PASSED FROM ONE GENERATION TO THE NEXT
· He suggested that organisms change in response to their environments
· He hypothesized the existence of specific mechanisms which cause evolutionary change. 

How Darwin's observations of the natural world influenced his later thoughts about evolution
meaning of "adaptive traits"
· Adaptive traits are hereditary characteristics which make organisms more likely to survive and reproduce under a given set of environmental conditions. 
· Modern synthesis integrated data from the biogeography, comparative morphology, comparative embryology, genetics, paleontology, and taxonomy within an evolutionary framework that focused on evolution in populations
· ·             In the 1930 and 1940’s, the modern synthesis was established.
· Although the authors of the modern synthesis considered natural selection as the primary mechanism of evolution, they acknowledged the importance of other processes as contributing to evolution. à These processes include process such as Genetic drift
· Modern synthesis also tried to link the two levels of evolutionary change that Darwin had identified: a) Microevolution and b) Macroevolution 
· The key points of the evolutionary synthesis were that populations contain genetic variation that arises by random (ie. not adaptively directed) mutation and recombination. Populations evolve by changes in gene frequency brought about by random genetic drift, gene flow, and especially natural selection. Mechanisms of change lead to some alleles being favored and the population gradually evolves towards those with this allele. 
· 
contributions of the modern synthesis to evolutionary theory
Meaning of microevolution and macroevolution 
·  Microevolution: Microevolution describes the small-scale genetic changes that populations undergo.
· Microevolution often occurs as a result of shifting environmental circumstance
·  Macroevolution: Macroevolution describes larger-scale evolutionary changes observed in species.
· According to the modern synthesis, macroevolution results from the gradual accumulation of micro evolutionary changes.
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Evidence from the fossil record, historical biogeography, comparative morphology and molecular biology that support the idea of descent with modification from a common ancestor
· Descent with modification can explain why certain traits in related species have an underlying similarity even if they have very different functions.
· Similarity in characteristic traits from common ancestry is known as homology (similarities in 2 species because they were inherited from a common ancestor)
· For example, the forelimbs of human, cats, whales, and bats share the same skeletal elements, even though the appendages have very different functions. These forelimbs are homologous structures that represent variations on the ancestral tetrapod forelimb.
· Homologies that are not obvious in adult organisms may become evident when we look at embryonic development. For example, all vertebrate embryos have structures called pharyngeal pouches in their throat at some stage in their development. 
· These embryonic structures develop into very different, but still homologous, adult structures, such as the gills of fish or the Eustacian tubes that connect the middle ear with the throat in mammals.
· Comparative morphology confirms that evolution is a remodeling process, an alteration of existing structures. Evolution can only modify existing structures and functions, it may produce structures that are less than perfect (Ex. back and knee problems of bipedal humans are an unsurprising outcome of adapting structures originally evolved to support four-legged mammals.
· Similarities among organisms can also be seen at the molecular level. All species of life have the same basic genetic machinery of RNA and DNA, and the genetic code is essentially universal, which provides evidence of a single origin of life. It is likely that the language of the genetic code has been passed along through all the branches of the tree of life ever since its inception in an early life form.
· Homologies mirror the taxonomic hierarchy of the tree of life. Some homologies, such as the genetic code, are shared by all living things because they arose in the deep ancestral past. Other homologies that evolved more recently are shared only by smaller branches of the tree of life. For example, all tetrapods (amphibians, reptiles, birds, and mammals) share the same five-digit limb structure. The hierarchical pattern of homology is exactly what we would expect if life evolved and diversified from a common ancestor.
· Anatomical resemblances among species are generally reflected in their genes (DNA) and gene products (proteins).
· If hierarchies of homology reflect evolutionary history, then we should expect to find similar patterns whether we are comparing molecules or bones. Different kinds of homologies will coincide because they have followed the same branching pattern through evolutionary history.
· The geographical distribution of species—biogeography—first suggested evolution to Darwin. Species tend to be more closely related to other species from the same area than to other species with the same way of life that live in different areas. As Darwin observed when he reassessed his collections from the Beagle’s voyage, species native to 1 island are more closely related to species living on the nearest mainland (despite different environments) than to species from other island groups. This because first mainland invaders reached one island and then evolved into several new species.
· Several well-investigated examples of this phenomenon include the diversification of finches on the Galapagos Islands and fruit flies (Drosophila) on the Hawaiian Archipelago. The succession of fossil forms is consistent with what is known from other types of evidence about the major branches of descent in the tree of life.
· For example, considerable evidence suggests that prokaryotes are the ancestors of all life and should precede all eukaryotes in the fossil record. In fact, the oldest known fossils are prokaryotes. Fossil fishes predate all other vertebrates, with amphibians next, followed by reptiles, then mammals and birds. This is consistent with the history of vertebrate descent supported by many other types of evidence.
· The Darwinian view of life also predicts that evolutionary transitions should leave signs in the fossil record. Paleontologists have discovered fossils of many such transitional forms that link ancient organisms to modern species. For example, fossil evidence documents the origin of birds from one branch of dinosaurs. Recent discoveries include fossilized whales that link these aquatic mammals to their terrestrial ancestors. Darwin’s theory proposes that all species that have ever lived are genetically related


Roles of proof, falsification, and falsifiability in determining whether a theory is "scientific".
· A theory can only be considered scientific if it can be proven, if it can be falsified
· Intelligent design aka “ID”, e.g. Religion based beliefs such as God is the creator cannot be considered scientific because it cannot be proven nor can it be falsified. 
· In order for a theory to become a fact there needs be both a logical explanation to explain it and sufficient evidence. 
Major components of modern evolutionary theory: evolution, common ancestry, speciation, variational rather than transformational nature, gradualism, role of selection.
· Evolution: Evolution is descent with modification from a common ancestor 
· Allele frequency: The allele frequency of a population varies from generation to generation.
· Common ancestry: A rule which states that all cellular life on earth is eventually related through a common ancestor 
· This notion can be supported by homologies. 
· Homologies are similar features in different species from a common ancestor. 
· There are homologies shared between all cellular life → For example, Genetic coding/ Genetic info is a homology shared between humans, plants, and chimps 
· Speciation: Lineages diverge (speciate) into multiple daughter lineages → Essentially the    diversification of a species. 
· Variation vs. Transformation: Populations evolve, individuals DO NOT EVOLVE.
· Gradualism:  Most evolution is gradual → some populations evolve faster than others, for example viruses evolve at a more rapid rate than humans, however it is still gradual because there are numerous intermediate steps when it comes to evolution, therefore it is still gradual. 
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