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Emily Towery

Herbert Spenser (1820-1903)
· the most respected, influential and popular British philosopher of his day and a partial advocate for Darwinism
· Spenser’s own take on evolution was more Lamarckian and Orthogenetic, as he believed evolution had a higher purpose and a final equilibrium related to the social development of humanity, the “perfect man in the perfect society”
· his works and philosophy are no longer much studied or respected though he influenced many important thinkers and artists of the Victorian era
· the phrase, “Survival of the Fittest,” was coined by Herbert Spencer in Principles of Biology (1864), in response to Darwin’s theory

Charles Darwin (1809-1862)
· preferred “struggle for reproduction” to “survival of the fittest”, though he did use the latter term in later editions of The Origin of Species, and even though he knew the phrase appeared tautological
· Darwin (and Wallace) recognized that selection acted primarily on individual organisms; however, it is not the individuals who evolve but rather the populations of naturally selected individuals
· stated in Origin of Species, “If some of these many species become modified and improved, others will have to be improved in a corresponding degree or they will be exterminated.”
· mentioned sexual selection briefly in The Origin of Species (1859) though he credited Ernst Haeckel for elaborating on the topic in the following decade
· addressed the topic of Sexual Selection in detail and that of Man’s Place in Nature in the book he considered his second most important contribution to science: The Descent of Man and Selection in Relation to Sex (1871)
· conceived of sexual selection as a special case of intraspecific competition, the evolutionary results of the “struggle between the individuals of one sex, generally the males, for the possession of the other sex.”

Sir Ronald A. Fisher (1890-1962)
· both a world class statistician and a founder of population genetics
· The Genetical Theory of Natural Selection (1930)
· united Mendelian population genetics with the inheritance of continuous traits
· advocated for eugenics

J. B. S. Haldane (1892-1964)
· a founder of population genetics
· developed the mathematical theory of gene frequency change under selection
· The Causes of Evolution (1932)
· the first biologist to quantify reproductive fitness, just prior to the Modern Synthesis with his 1924 paper A Mathematical Theory of Natural and Artificial Selection

Fisher & Haldane
· two of the strongest mathematical population geneticists of their generation
· Fisher in 1930 and Haldane in 1955 developed the math for Kin Selection

Sewall Wright (1889-1988)
· developed the mathematical framework for understanding the genetic consequences of migration, effective population size, population subdivision
· conceived of the concept of Adaptive Landscapes and the Shifting Balance Theory
· Evolution and the Genetics of Populations: Genetics and Biometric Foundations, 4 vols. (1968-1978)

Theodosius Dobzhansky (1900-1975)
· a student of T.H. Morgan who studied population genetics in Drosophila in nature and in the lab
· if one could trace the Modern Synthesis to a single book, it would probably be Dobzhansky’s Genetics and the Origin of Species (1937), which, among other things, defined evolution as "a change in the frequency of an allele within a gene pool."
· “Nothing in biology makes sense except in the light of evolution.” - 1973

Verne Grant (1917-2007, Botanist), Julian Huxley (1887-1975, Ornithologist & Conservationist),  Ernst Mayr (1905-2005, Ornithologist & Taxonomist),  G.G. Simpson (1902-1984, Vertebrate Paleontologist)
· other Founders of the Modern Synthesis; “Brain Trust” of the Modern Synthesis

Stephen Jay Gould (1941-2002) & Niles Eldredge (1943-    ) 
· contemporary evolutionary biologists; both invertebrate paleontologists who proposed the hypothesis of Punctuated Equilibria to explain the details of the fossil record

Other Contemporary Evolutionary Biologists
· Richard Dawkins (1941-    ): The Selfish Gene (1976)
· Edward O. Wilson (1929-   ): Sociobiology (1975)
· attended Dr. Thompson’s Alma Mater (University of Alabama)
· coined the term ‘sociobiology’ in Sociobiology: The New Synthesis (1975) as the application of evolutionary theory to social behavior
· described “four pinnacles of social evolution” (1. Marine invertebrate colonies, 2. Insect societies, 3. Vertebrate social systems, 4. Human sociality)
· addressed altruism in discussing sociobiology 

V.C. Wynne-Edwards (1906-1997)
· proposed the group selection hypothesis in his book Animal Dispersion in Relation to Social Behavior (1962) and continued in Evolution Through Group Selection (1986)
· proposed that social behaviors act to keep social species from exceeding the carrying capacity of their environments; that social behaviors evolve to limit reproduction or fecundity
· this hypothesis stimulated much good scientific work, but it also received immediate sharp criticism as a concept

John Maynard Smith (1920-2004)
· one of the premiere evolutionary theorists of the 20th century who was one of the first to investigate the details of the cost-benefit analysis for sexual versus asexual reproduction
· developed a null model to help determine costs versus benefits 
· coined term “kin selection”

W.D. Hamilton (1936-2000)
· another of the world class evolutionary biologists of the post-WW II generation
· was British, though born in Egypt and much of his professional life was spent in America
· another mathematical population geneticist
· advocated for the importance of the gene as a unit of selection, a perspective shared by E.O. Wilson and Richard Dawkins
· in addition to his mathematical analysis of Inclusive Fitness Theory (“Kin Selection”), Hamilton also investigated sex ratios and the cost-benefit analyses for the evolution of sexual reproduction; was a proponent of the Red Queen Hypothesis in that regard, supporting the idea that sexual recombination originated as a defense against parasitism, a form of the evolutionary arms race
· developed the Theory of Kin Selection, in part, to resolve the challenge of explaining how sterile worker castes in social insects could evolve, which followed on an insight from Darwin

Henry Walter Bates (1825–1892)
· friend of Alfred Russel Wallace
· spent 14 years in the Amazon basin collecting and studying
· discovered defensive mimicry among rainforest butterflies
·  wrote The Naturalist on the River Amazons (1863)

Johann Friedrich Theodor “Fritz” Müller (1821-1897)
· trained as a doctor in Germany but immigrated to Brazil in 1852 where he became a naturalist and scientist
· corresponded with Darwin, Haeckel, and Agassiz for decades
· Für Darwin (Facts and Arguments for Darwin) (1864)
· studied aposematic colors in bees, mimicry in bees and butterflies, termite biology, orchid fertilization, climbing plants, and general tropical biology
· his brother, Herman Müller, was a German botanist and correspondent of Darwin’s

Motoo Kimura (1924-1994)
· advocated the Neutral Theory first in a paper from 1968 and later in his book on the subject in 1983: The Neutral Theory of Molecular Evolution


Chapter 15 Key Concepts and Vocabulary
Kayleen Parker

Key Concepts:

· Natural selection acts on the phenotype: structural, physiological, and behavioral aspects of the phenotype.

· Response to selection can be tracked in nature and under experimental conditions.

· Selection may stabilize or change a phenotype, depending in part on patterns of change in the organisms’ environment.

· Changes in the genotype can tract phenotypic selection leading to heritable changes in the genotype.

· Selection can act on any stage in the life cycle from gametes onward.

· Because it leads to differential reproduction, selection has the greatest affect when it operates before organisms reproduce.

· Selection on one species can influence the evolution of other species, especially evident in mimicry but not limited to mimicry.

· Selective change is not unbounded but is influenced by constraints from genetic and developmental processes.

· Selection is facilitated by the large amount of allele variation in populations, variation itself being subject to selection.

· A population’s response to selection can be modeled using concepts such as adaptive landscapes.

· Evolution is described as the survival of the fittest because of the operation of natural selection.

· Survival of the fittest is appropriated for at least 3 important reasons:

· Selection does change the range of phenotypes that survive in a single generation.
· Natural selection on a phenotypic character can be a change for cause in gene frequency but is not the same as a change in gene frequency.
· Most genes and phenotypes require multiple generations of selection in the same direction before their proportions change.

· Constraint narrows variation but does not prevent change, providing an important instance of the importance of understanding exactly how the limits to variation are set.

· Natural selection (the struggle for existence) acts on populations in: stabilizing selection, directional selection, and disruptive selection.

· Sexual selection is a separate mechanism which influences changes in the gene pool of certain sexually reproducing species.

· More common in species which exhibit more complex social organizations.

· Natural selection can act only when there are heritable variations in a population.

· Genetic variation itself can be subject to natural selection.
· Natural selection can act at any point in the life cycle of an organism.
· The effects of natural selection on one species may also impact other species in the same ecosystem.

· The Modern Synthesis
· Comprehensive theory integrating discoveries from different fields which emphasized:
· The importance of populations as units of evolution
· The importance of quantitative characters and continuous variation
· That genetic variation in populations contain by random mutations
· That populations evolve by changes in allele frequencies
· That natural selection is the primary mechanism of evolutionary change
· That allele frequencies may also change because random genetic drift, non-random mating systems, and gene flow
· That most adaptive mutations have small effects in the gene pool over long periods of time can produce large evolutionary changes
· That diversification comes about through speciation

· Natural Selection:
· Is not goal oriented
· Cannot anticipate environmental changes
· Is not intelligent design, though it does modify designs, that is anatomy, physiology, and behavior
· Increase reproductive success in the current environment
· Is always a generation behind any changes in the environment

· An individual’s success may be determined by one trait, or by a combination of traits, each trait controlled by one or more genes.

· Sexual reproduction may well be best explained by group, rather than individual selection.

· Kin selection is a special case of group selection which may explain a wide variety of social behaviors.

· Altruism is the most difficult set of behaviors to explain in terms of natural selection since, by definition, an altruistic act lowers the fitness of the altruist to benefit another individual.

· Sexual reproduction is not cost effective if the only goal is to leave more offspring in the next generation.

· Advantages of sociality:

· Reduces predation by improved detection or repulsion
· Improved foraging efficiency
· Improved territoriality against other groups of conspecifics
· Improved care of offspring

· Disadvantages of sociality:

· Increased competition within group for food, mates, nesting, etc.
· Increased risk of infection
· Increased exploitation of parental care by conspecifics
· Increased risk that conspecifics will kill ones progeny

· Neutralists advocate the view that most mutations at most loci are selectively neutral.
· For those loci where this is true, then the rate of evolutionary change will be nothing more than the rate of mutation.

Vocabulary:

1) Stabilizing selection- maintains phenotypes close to a mean.

2) Directional selection- if an extreme phenotype has adaptive value, or to eliminate deleterious mutations rapidly.

3) Disruptive (diversifying) selection- when different phenotypes are better adjusted to particular environment.

4) Sexual selection- when selection operates differently on males and females of the same species.

5) Group selection- acts on the attributes of a group of related individuals in competition with other groups rather than only on the attributes of an individual in competition with other individuals.

6) Monogamous- the situation of mating for life with a single partner (barn swallows).

7) Red Queen Hypothesis- selection in one of two competing or co-evolving species gives it a competitive advantage, reducing the fitness of the second species and eliciting selection in that species.

8) Constraint- any influence that acts to canalize the effects of selection.

a. Constraint does not oppose selection
b. They interact reciprocally with selection to canalize evolutionary change.

9) Evolvability- the concept that the genotypes of some organisms evolve more rapidly/readily than do the genotypes of other organisms.

10)  Phenotypic plasticity- variation in the phenotype expressed in response to environmental changes and indicative of underlying genotypic plasticity.

11) Reaction norm- measure of the responsiveness of a character of the phenotype to a range of levels or concentrations of an environmental factor, temperature, or predator abundance for example.

12) Canalization- restriction of phenotypic variation by intrinsic genetic or developmental mechanisms.

13) Canalizing selection- artificial or natural selection that results in reduces variation in expression of a phenotypic trait.

14) Genetic assimilation- processes by which a trait elicited by an environmental stimulus can be genetically incorporated and appear developmentally in later generations in the absence of the environmental stimulus.

15) Fitness- relative reproductive success.

16) Selection coefficients- relative measure of the effect of selection, usually in terms of the loss of fitness endured by a genotype, given that the genotype with greatest fitness has a value of 1.

17) Heterozygous advantage- (superiority) the superior fitness of some heterozygotes relative to homozygotes.

18) Heterosis (hybridvigor)- the increase in vigor and performance that can result when two different, often inbred strains are crossed.

19) Frequency dependent- instances where the effect of selection on a phenotype or genotype depends on its frequency (for example, a genotype that is rare may have a higher adaptive value than when it is common).

20) Altruists- behavior that benefits the reproductive success of other individuals because of an actual or potential sacrifice of reproductive success by an individual (the altruist).

21) Kin selection- processes that influence the survival and reproductive success of genetically related individuals (kin). This contrasts with selection confined solely to an individual and its own offspring.

22) Reciprocal altruism- mutually beneficial exchange of altruistic behavioral acts between individuals.

23) Aposematic- used for the warning colors that make a poisonous or distasteful animal conspicuous and recognizable to a predator.

24) Evolutionary stable strategies- result of a balance between cooperation and individual action among interacting individuals in a social group.

25) Tit for tat- an evolutionary stable strategy in which an individual behaves cooperatively as the first move in an interaction and then repeats its opponent’s next move.

26) Balanced polymorphism- the persistence of two or more different genetic forms through selection.

27) Neutralist hypothesis- selection does not act on neutral mutations, the fixation of such alleles incurs no genetic load and depends only on their mutation rates and on random changes in gene frequency.

28) Frequency-dependent selection- instances where the effect of selection on a phenotype or genotype depends on its frequency.

29) Batesian mimicry- similarity in appearance of a harmless species (the mimic) to a species that is harmful or distasteful to predators (the model), maintained because of selective advantage to the relatively rare mimic.

30) Mullerian mimicry- sharing of a common warning coloration or pattern among a number of species that are all dangerous or toxic to predators; resemblances maintained because of common selective advantage.

31) Industrial melanism- effect of soot and other dark-colored pollution in industrial areas in increasing the frequency of darkly pigmented (melanic) forms perhaps because of selection by predators against non-pigmented or lightly pigmented forms of moths.

32) Darwinian fitness- the ability of an individual to survive and reproduce in its environment.

33) Fundamental niche- the total range of environmental conditions that are suitable for existence without the influence of interspecific competition or predation from other species.

34) Realized niche- describes that part of the fundamental niche actually occupied by the species.

35) Reproductive fitness- describes the success of a given genotype, based on its success in a population as a phenotype, to increase its proportion in subsequent generations.

36) Selection pressure- forces acting upon the survival and reproduction of individuals in a population.

37) Secondary sexual characteristics- traits that might seem maladaptive, were it not for the benefits they conferred on an individual’s reproductive success.

38) Sexual dimorphism- the systematic difference in form or function between individuals of different sex in the same species.

39) Fundamental cost- loss in reproductive capacity for each sexual female compared to her asexual counterpart.

40) Sociobiology- the application of evolutionary theory to social behavior.

41) Neutral theory- most alleles at most polymorphic loci are functionally and selectively equivalent, so neutral mutations arise and are not removed by natural selection.

Chapter 16: People
By Nickolaus Willis
· George-Louis Leclerc, Comte de Buffon
-“Species are the only biological units that have a Natural Existence. “ 
-“We should regard two animals as belonging to the same species if, by means of copulation, they can perpetuate themselves and preserve the likeness of the species; and we should regard them as belonging to different species if they are incapable of producing progeny by the same means.”
-To Buffon, considerable variation could be seen between individuals of the same species.
-Buffon proposed three basic arguments against biological evolution,
1) New species have not appeared in recorded history.
2) Although mating between different species fails to produce offspring or results only in sterile hybrids, this mechanism could certainly not apply to mating between individuals of the same species. How could individuals of a single species be separated from others of the same kind and become transformed into a new species?
3) Where are all of the missing links between existing species if transformation from one to the other has taken place?
· Jean-Baptiste Lamark
-Proposed that one must do away with the concept of the fixity of species to establish the possibility of Evolution. 
-Was among the first to suggest that branching lineages descended from common ancestors
-[image: ]
· Aristotle
-Species were assigned to their rungs in the Scale of Nature
-[image: ]
· Carl Linneaus ( 1707-1778 )-( a.k.a. Carl von Linne )
-Founder of systematics, began with a precise description of each species, which were then grouped by their morphology into a genus. He then grouped related genera into orders, orders into classes, and established a system of Binomial Nomenclature. His classification was a crucial step on the path that revealed natural evolutionary relationships between organisms.
-Later in life, Linnaeus toyed with the concept of transitions between species.
-Used mostly typological view by which to classify organisms.
-Promoted the concept of fixity of species based on typology and divine creation
· Charles Darwin
-Did not distinguish between varieties and species and never offered a species definition
· Wallace
-Did cover the species problem,
“A species…is a group of living organisms, separated from all other such groups by a set of distinctive characteristics, having relations to the environment not identical with those of any other group of organisms, and having the power of continuously reproducing it’s like” (1895)
· Mayr
-Gave credit to Poulton as an early originator of the biological species concept.
-Revered as the greatest evolutionary biologist of the 20th Century, proposed the Biological Species Concept in 1942, and revised it from time to time over his six decade profession career.
-His last version, from 2001 states:  "Species are groups of interbreeding natural populations that are reproductively isolated from other such groups."

· Thomas Henry Huxley
-Was the anatomist who led the revolution in comparative anatomy in the Victorian Era.
-He devoted an entire book to the crayfish.
· Karl von Baer
-Generalized his findings into “laws:”
-General characteristics of the group to which an embryo belongs develop before special characteristics
-General structural relations are likewise formed before the most specific appear
-The form of any given embryo does not converge upon other definite forms but, on the contrary, separates itself from them
-Fundamentally, the embryo of a higher animal form never resembles the adult of another animal form, such as one less evolved, but only its embryo
-Early embryos of related species bear more common features than do later, more specialized developmental stages
· Sir Edward Bagnall Poulton
-A British evolutionary biologist who was a life-long advocate of natural selection.
· Simpson
-“An evolutionary species is a lineage (an ancestor-descendant sequence of populations) evolving separately from others and with its own unitary evolutionary role and tendencies”.

· Sir Richard Owen (1804–1892)
-Regarded organs as the same (homologs) , though they served different functions
-Coined the terms homology and analogy (and Dinosauria).
-To Owen, homologies indicated that organisms were created following a common (Divine/Vitalist) plan or archetype
-Described the earliest known horse-like fossil.
· Thomas Moufet ( 1553-1604 )
-A prominent sixteenth century English Entomologist, described grasshoppers and locusts.
· Othniel C. Marsh (1831-1899)
-Paleontologist who helped present classic example of stepwise evolutionary tree among vertebrates.
Chapter 16 Species and Similarity: On Being the Same Yet Different Terms and Concepts
Kelly Anderson
Key Concepts
· Understanding the nature and reality of species has been a long-standing issue
· Species are biological units: classification is our way of relating species to one another
· Homology is similarity resulting from recent common ancestry
· Parallelism is the evolution of similar features in closely related lineages
· Convergence is when similar features evolve by different means in independent lineages
· Identifying and separating these different categories of similarity is critical when determining evolutionary origins and relationships and when constructing phylogenetic trees 
The Species Problem
· Morphological/Typological Species: A population of individuals that share more characters with one another than they do with any other organism 
· Comparative Anatomy: Vestigial structures as evidence that species had evolved from ancestors with somewhat different morphology 
· Comparative Embryology: Vestigial structures again as evidence that species had evolved from ancestors with somewhat different morphology
· Karl von Baer “Laws”
· General characteristics of the group to which an embryo belongs develop before special characteristics
· General structural relations are formed before the most specific appear
· The form of any given embryo does not converge upon other definite forms but, on the contrary, separates itself from them
· Fundamentally, the embryo of a higher animal form never resembles the adult of another animal form, such as one less evolved, but only its embryo
· Biological Species Concept: Species are groups of interbreeding natural populations that are reproductively isolated from other such groups. 
· A set of interbreeding populations
· Good for living and sexually reproducing species
· Meaningless for extinct organisms, and organisms that do not reproduce sexually 
· Breeding experiments done in artificial conditions may or may not reflect what would happen if the same organisms encountered each other in the wild – difficult to gauge if the results are meaningful 
· Ex: Drosophila spp. are sometimes indistinguishable in morphology but can be distinguished by mating behaviors
· Genetic Species: A set of organisms exhibiting similarity of DNA.
· Agamospecies: A set of organisms where sexual reproduction doesn’t occur. Typically representing a collection of clones
· Boundaries are hard to define
· Ex: Tarazacum: a genus of dandelions, an agamic complex
· Ecological Species: Populations that are adapted to certain ecological niches and because of their adaptations will form discrete morphological clusters
· ++: Acknowledges the role the environment plays in controlling morphological development
· --: Many taxa exploit overlapping resources, or can suddenly switch if a resource becomes scarce 
· Niches tend to be assumed and are difficult to define completely
· Ring Species: species with a geographic distribution that forms a ring and overlaps at the ends. 
· Ex: Salamanders that span from Canada to Southern California
· Ex: Sparrows interbreeding at edges of range
· Chronospecies: A species which changes in morphology, genetics, and ecology over time on an evolutionary scale so that the originating species and the species it becomes couldn’t be classified as the same species had they existed at the same point in time.
· If connection is recognized both forms will be assigned to a single evolutionary species
· Implies directional selection
· Phylogenetic (Cladistic) / Evolutionary Species: A group of organisms that share a common ancestor and maintain its integrity with respect to other lineages, through time and space.
· When members diverge the two populations are regarded as separate species
· Most recent 
· Grade: when groups are united by common characteristics inherited from their common ancestor
· Cladistics: Ignores primitive characteristics. Uses newly derived characteristics.
· Homology: Any similarity between phenotype due to common ancestry. May have the same or different function.
· Leaves of vascular plants (oak, gingko, pine) 
· Wings of insects (butterfly, dragonfly, cockroach)
· Develpmental Homology: Structures arose from the same tissue in embryonal development
· Ovaries and clitoris of female humans and the testes and penis of male humans
· Classic Structural Homologies: Determining that phenotypic traits are homologous 
· Skeletal structures of vertebrate forelimbs: same basic bone design
· Different functions but similar underlying forelimb anatomy of bat, mole, seal
· Underlying pattern of the forelimb is fundamentally the same
· Mammalian incisors and canines
· The genetic code very powerful homology: links all living organisms on earth to a common ancestor
· Insulin protein homologous in humans and other mammals
· Homologies in parental care in birds and crocodilians homologies do not have to be identical or look the same
· Dewclaws: reduced, nonfunctional digits in pigs, cattle, deer and dogs. Probably a common ancestor at one point had functional digits and are distantly homologous.
· Analogy: Any phenotypic characters that perform similar function but evolved separately. 
· Chitin in fungal cell wall and arthropod exoskeleton
· Wings of birds and insects
· Panda thumb and human thumb
· Homoplasy: Structural similarity between two traits in two species without the common ancestor presenting the trait
· 3 different types of homoplasy:
· Convergence/Parallelism: The evolution of similar traits in response to similar evolutionary factors leading to selection for similar features. 
· Ex: electroreception of mormyrids (African fish) and gymnotoids (South American electric eels): while the organs responsible for this perceptual capacity are similar, they are not derived from one organ in their last common ancestor. 
· Ex: Sleek bodies and fins of dolphins and tuna, yet they come different ancestries.
· The difference between convergence and parallelism is debatable. 
· Convergence: Occurring in higher taxa
· Parallelism: In closely related taxa 
· Reversal: Where a character appears, subsequently disappears, and later reappears among the descendants in one lineage
· Blind lizard
· Hair and heterodant (incisors and molars) teeth in mammalian ancestors. Reversal to Orca who are hairless and have homodant teeth. 

Chapter 17 People Study Guide
Patrick Arevalo

1. Ernst Mayr (1904-2005)
a. Proposed the Biological Species Concept, in which groups of interbreeding natural populations that are reproductively isolated from other groups.
b. Defended the “Modern Synthesis”
c. Completely against the “Sympatric Speciation”
d. Coined the “founder effect”
2. Niles Eldridge and Stephen Jay Gould
a. They published in 1972 the “Theory of Punctuated Equilibria”
3. Maynard Smith
a. Proposed the “Sympatric Speciation”
b. Suggested that homozygote might have a better fitness than heterozygotes under certain environmental conditions because of disruptive selection.
4. Michael J. D. White (1910-1983)
a. Australian Biologist
b. Wrote Modes of Speciation (1978)
5. Sir Julian Huxley
a. Introduced “cline”
b. Biotic cline-a gradual change of phenotype and underlying gene pool frequencies in a species over a geographical area as result of environmental heterogeneity.
6. John Gulick
a. Discovered the “founder effect” in the mid-19th century
7. Rosemary and Peter Grant
a. Performed studies on the finches: Geospiza fortis (ground finch) and Geospiza scandens (cactus finch); the finches demonstrated that “species-specific song” can function as a reproductive barrier between species.
8. Alfred Wallace
a. Proposed that natural selection may favor the mating barriers among populations if hybrid inferiority occurs.

Chapter 18 People
Nick Doan

John Ostrom (1928-2005) – An American paleontologist who viewed that feathers evolved primarily as a means of controlling heat loss in warm-blooded dinosaurs. 
Eors Szathmary and John Maynard Smith – wrote a book in 1995 called The Major Transitions in Evolution, and quoted, “There is no theoretical reason to expect evolutionary lineages to increase in complexity with time, and no empirical evidence that they do so. Nevertheless, eukaryotic cells are more complex than prokaryotic cells, animals and plants are more complex than protists, and so on.”
George Cuvier – credited with establishing the reality of extinction for the scientific community in a lecture to the French Institute in 1796.
G.G. Simpson and many other evolutionary biologists have estimated that 99% of all species are already extinct.
Richard Leakey and Roger Lewin – wrote a book called Sixth Extinction
In The Future of Life (2002), E.O. Wilson of Harvard calculated that, if the current rate of human disruption of the biosphere continues, one-half of Earth’s higher lifeforms will be extinct by 2100

Chapter 18: Vocabulary and Concepts
Meghan Garrett
Vocabulary:
Archaeopteryx: Perhaps the most famous fossil bird found 150-155 Mya.
Cambrian Period: The interval between about 545 and 495 Mya before the present, marking the appearance of many fossilized organisms (the Cambrian explosion). It is considered the beginning of the Phanerozoic time scale (Eon) and is the first period in the Paleozoic Era.
Cenozoic Era: The period from 65 Mya to the present, marked by reduction in dinosaur diversity and radiation of mammals. The third and most recent era of the Phanerozoic Eon, divided into two major periods, the Tertiary and Quaternary.
Chicxulub Crater: A 10km diameter meteorite, leaving a crater ~200Km in diameter, the theorized cause of K-T extinction. 
Cnidaria: Metazoans, commonly known as corals, jellyfish and hydrozoans.
Coextinction: When two or more species, lineages or groups become extinct at the same time.
Collision Theory:  proposed in 1749 by Georges Louis Leclerc, Comte de Buffon, the idea that a comet (or star) struck the sun and broke off fragments that formed the planets.
Endothermic: A body temperature maintained by internal physiological mechanisms at a level independent of the ambient (environmental) temperature.
Gondwana: The supercontinent in the Southern Hemisphere formed from the breakup of the larger Pangaea landmass about 180 Mya.
Homeotic Mutations: Homeosis was defined by William Bateson as "something [that] has been changed into the likeness of something else." In modern genetic usage, homeotic mutations cause the development of tissue in an inappropriate position; for example, the bithorax mutations in Drosophila produce an extra set of wings.
K-T extinction: The disappearance of many species, including all non-avian dinosaurs and pterosaurs at a time that corresponds to the Cretaceous (Kreidezeit in German)-Tertiary (K-T).
Marsupials: Mammals of the infraclass Metatheria possessing, among other characters, a reproductive process in which tiny live young at an early stage of development are born and then nursed in a female pouch.
Modularity: The concept that units of life, such as gene networks, aggregations of cells and organ primordia, develop and evolve as units (modules) that interact with other modules.
Mosaic Evolution: The independent evolution of different parts of an organism, (Modularity).
Orthogenesis: The concept that evolution proceeds in a particular direction because of internal or vitalistic causes.
Social Darwinism: the theory that social and cultural differences in human societies (political, economic, military, religious and so on) arise through processes of natural selection, similar to those that account for biological differences among populations and species.
Ultraviolet Radiation: Electromagnetic radiation at wavelengths between about 4 and 400 nanometers, shorter than visible light but longer than X-rays.

Concepts:
Species average survival time for all fossil species 4 million years.
Extinction can be considered at several of increasing severity and impact:
· Extinction may be local and limited to demes
· Extinction may eliminate an entire species
· Extinction may eliminate most or all of the species in a region, habitat, or ecosystem
· Extinction may be of much larger scale, eliminating most of the species on a continent or on Earth –these are mass extinctions

Abiotic Causes for Mass Extinctions
1. Plate Tectonics
· Intermingling of Biotas
· North and South America evolved separate floras and faunas. The Isthmus of Panama formed and allowed for exchange between the continents. This lead to many extinctions more in the South than the North.
· Trophic Stability
· The larger the landmass the less climate buffering from the oceans, i.e. Pangaea would have had more extremes of hot and cold or wet and dry.
· Changes in Sea Level
· The movement of crustal plates can cause the ocean basin to change in size and depth.
· Volcanic Activity
· Local lava flows sterilize and reform the surface of the earth. Volcanic eruptions introduce large amounts of volcanic dust into the atmosphere, which block sunlight, thus cooling the earth and reducing photosynthesis.
· Ice Ages
· Many forces contribute to the cooling of the earth and the formation of glaciers. The formation of glaciers causes ocean levels to drop, decrease in O2, increase in salt/mineral content, and changes in natural environments. 
2. Planetary Collisions
· Extraterrestrial impacts frequently cause extinctions, but are usually not the single cause of mass extinctions
3. Cosmic Forces & Periodic Galactic Cycles
· Supernova
Five Major Mass Extinctions
	Extinction Period
	Major Causes
	Percentage of Species Effected
	Severity
	Types of Life Effected

	Ordovician
450-440 (Mya)
	2 Bursts:
Tectonic movement
	60% of marine invertebrates
	Second Largest
	Trilobites, Brachiopods, Graptolites, Echinoderms, and Coral

	Devonian
365 (Mya)
	2-7 Bursts: Unclear, but theories suggest change in sea level, ocean anoxia or volcanism and global cooling
	55% of all marine genera and 82% of all marine species
	Third Largest
	Marine families on tropical reefs, Corals, Brachiopods, Bivalves, and Sponges

	Permian 245(Mya)
	3 Bursts: Earlier phases due to gradual environmental change. Latter phases due to catastrophic event.
	96% of all marine species and 70% of terrestrial vertebrate species. Only known mass extinction of insects
	Largest
	57% of marine families, Trilobites, Eurypterids, Mollusca, Brachiopods, Vertebrates

	Triassic
208(Mya)
	Unclear, theories suggest climate change, sea-level fluctuation, asteroid impact or massive volcanic eruptions
	50% of all genera and 76% of all marine animals along with many others
	Fourth-Fifth
Largest
	Mollusca, Sponges, marine vertebrates, large Amphibians, many Mammal like Reptiles

	Cretaceous
65 (Mya)
a.k.a.
K-T extinction
	One or more catastrophic events, such as asteroid impacts. Example Chicxulub Crater.
	50% of all genera and 76% of all marine animals along with many others
	Fourth-Fifth
Largest
	Ammonites, Marine Reptiles, Dinosaurs, Pterosaurs, microscopic marine plankton, Brachiopods, Bivalves, Echinoderms



Coevolution
Niches and Extinction	: 
	Coevolution refers to the fact that the niche for any one population is affected by evolutionary change involving other populations. A niche may be enlarged or reduced. Previously successful adaptation may be rendered obsolete and a sufficient amount of niche reduction will lead to extinction.
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The Origin of Feathers: Feathers evolved from reptilian scales for insulation and display
Three major hypotheses for their origin:
· Feathers were an adaptation for insulating the (presumed) warm-blooded and ground-dwelling reptilian ancestors of birds
· Ancestral birds were tree-dwelling reptiles that used their developing wings to glide from branch to branch
· Ancestral birds were ground-dwelling runners whose feathers formed planing surfaces increasing their speed

Evolution of Insect Flight: 3 Major Theories
•The Paranotal hypothesis suggests that the insect's wings developed from paranotal lobes, a preadaptation found in insect fossils that is believed to have assisted stabilization while hopping or falling (not well supported by evidence)
•The Epicoxal hypothesis suggests that the wings developed from movable abdominal/ tracheal gills found in many aquatic insects; these tracheal gills started as exits of the respiratory system and over time were modified into locomotive purposes, eventually developed into wings; the tracheal gills are equipped with little winglets that perpetually vibrate and have their own tiny straight muscles
The Endite-Exite hypothesis suggests that the wings developed from the adaptation of endites and exites, appendages on the respective inner and outer aspects of the primitive arthropod limb; the innervation, articulation and musculature required for the evolution of wings are already present in podomeres (perhaps the strongest evidence)
Increased Complexity: Has complexity increased during organismal evolution?
–Not a “Great Chain of Being”
• Measuring complexity
–genome
–gene (copy) number
–increase in the size of organisms 
–number of genes that encode proteins
–number of parts or units in an organism 
–number of cell types possessed by an organism;
–increased compartmentalization, specialization, or subdivision 
–number of gene, gene networks or cell-to-cell interactions 
–number of interactions between the parts of an organism
Chapter 19 People
David Hanson
Donald C. Johanson (1943- ): 
· American paleoanthropologist whose team discovered “Lucy,” the Australopithecus afarensis skeleton in the Afar triangle of Ethiopia in 1974
· Johansson established the Institute of Human Origins in 1981
· He has written several major books on human prehistory
Raymond Dart (1893-1988): 
· Australian physical anthropologist whose career was in South Africa

· Identified and named the first specimen of Australiopithecus africanus, the Taung child skull in 1924
· Two decades passed before it was accepted as an early human ancestor instead of merely an ordinary juvenile ape ancestor
· Dart originated the “now rejected killer ape” hypothesis
Robert Broom (1866-1951), 
· South African physical anthropologists, who discovered Paranthropus (Australopithecus) robustus

Sir Wilfred Le Gros Clark (1895-1971), 
· British surgeon and anatomist who contributed to the unraveling of the Piltdown Man hoax

Louis Leakey (1903-1972) and Mary Leakey (1913-1996):
· Louis, a British Kenyan and his second wife, Mary, spent their lifetimes working on human origins in and around Olduvai Gorge
· The Leakeys are the first family of human prehistory whose research  convinced the world of the African origin of humans
· Discovered Zinjanthropus (Australopithecus) boisei, “nutcracker man,” Homo habilis, “handyman,” the Laetoli fossil Australopithecine footprints, among many other fossils and artifacts
· Louis was also the  main stimulus for field studies of the great apes, giving a start to Jane Goodall, Dian Fossey, and  Biruté Galdikas 
· They established or supported several major museums, research centers and the Leakey Foundation.
Jane Goodall (1934 - ):
· British primate ethologist given her opportunity to study chimpanzees by Louis Leakey
· Goodall has conducted and sponsored research on chimpanzees at the Gombe Stream National Park, Tanzania, since 1960
· Identified tool use and tool making, cooperative hunting, murder and warfare in chimpanzees, the latter two behaviors possibly induced by feeding the animals to make observations more easily
· Author of more than a dozen books and a similar number of childrens’ books
· Goodall also works tirelessly for animal welfare, environmental and humanitarian causes
Dian Fossey (1932-1985):
· American Primatologist given her opportunity to study mountain gorillas by Louis Leakey
· Fossey conducted and sponsored research on gorillas, first in the Democratic Republic of Congo (1966) and later (1967) at the Karisoke Research Station in the Virunga Mountains, Rwanda, until her tragic murder
· Her autobiography, Gorillas in the Mist, became the basis for a movie
· She was a powerful opponent of poachers, zoos, and ecotourism, preferring to support efforts to preserve natural species in uncompromised habitats
· The International Primate Protection League which Fossey approved, continues to support active primate conservation; other organizations have used her name to support ecotourism of which she disapproved
Biruté Galdikas (1946 - ):
· German Primatologist given her opportunity to study orangutans by Louis Leakey
· Galdikas conducted and sponsored research on orangutans at Tanjung Putting Reserve in Indonesian Borneo from 1971 to the present
· She continues to advocate for environmental and conservation issues
Richard Leakey (1944- ):
· British Kenyan physical anthropologist, second son of Louis and Mary Leakey
· Discovered many example specimens of early hominids and hominins, including the new species Australopithecus aethiopicus in 1992
· Active in wildlife conservation and preservation of archaeological sites
Tim White and Berhame Asfaw found Australopithecus garhi
Eugene Dubois (1858-1940):
· Dutch physician who was the first person to explore for fossils of human ancestors, choosing the tropics because Darwin advocated for a tropical origin of humans
· Moved to the Dutch East Indies (Indonesia) to serve as a medical officer in the Dutch Army
· Dubois searched for fossils in his spare time, first in Sumatra, later in Java
· First specimen Homo erectus unearthed by workers in 1892
· Published his results in 1895
· Also researched brain weight to body weight ratios

Chapter 19 People
By: Robert Ahlers
Raymond Dart (1893-1988)
Australian. Found an early hominin fossil in a Lime Quarry in Cape Province, South Africa.  Fossile named Taung, Australopithecus Africanus.

Charles Dawson (1864-1916)
	“Found” fossil found in Piltdown, England. Fossile was a hoax.

Tim White (1950-Present)
	Discovered Ardipithecus Ramidus (5.6 – 4.3 mya) 1993

Donad C. Johanson (1943- Present)
	American who discovered Austalopithecus afarensis in 1974. Established Institute of Human Origins.

Mary Leakey (1913-1996)
	Found footprints of Australopithecus afarensis in Laetoli, Africa.

Louis Leakey (1903-1972)
	British Kenyan. Discovered Zinjanthropus (Australopithecus) boisei, Homo habilis, with his second wife Mary Leakey.
Discovered Speciman Fragments from Homo Habilis between 1962-1964 with wife Mary, in East Africa.

Jane Goodall (1934 – Present)
	British Primate ethologist, studied chimpanzees by Louis Leakey.

Dian Fossey (1932 – 1985)
	American Primatologist, studied montian gorillas by Louis Leakey.

Birute Galdikas (1946 – Present)
	German Primatologist, studies Orangutans.  Chritisized by many for not much research published.

Richard Leakey (1944- Present)
	British Kenyan, physical anthropologist. Discovered Australopitecus aethiopicus in 1992.

Tim White
	Found Australopithecus Garhi in 1996.

Berhame Asfaw
	Found Australopithecus Garhi in 1996.

Eugene Dubois(1858-1940)
	Found Homo Erectus in 1892. 

Chapter 19 Terms & Concepts
Lyddia Wilson
· Primates – humans, chimpanzees, monkeys. Lineage of mammals that arose 85 mya in North America
· Hominins diverged from chimpanzees 6.3 mya
· Genus Homo earliest fossils 2.4 mya
· Earliest anatomically modern humans (Homo sapiens) known from fossils in Ethiopia 160,000 years ago
· Possible that increase in brain size followed origin of bipedalism
· Primates within two monophyletic lineages: Strepsirrhines – wet-nosed primates & Haplorhines – dry-nosed primates
· Haplorhines includes monkeys, apes, and humans
· African apes, particularly chimpanzees, are recognized as a sister group to humans
· Hominids – great apes & humans. Hominins – humans and their closest extinct relatives
· More than 96% of the DNA & protein sequences of chimps and humans are identical
· Current hypotheses
· Most of the differences between chimpanzees and humans were initiated by changes in gene regulation
· Phenotypic change need not and often doesn’t involve major genetic change
· Small differences in gene function or pattern of gene expression can produce large changes in phenotype
· Australopithecines – southern apes of Africa, transition from apes to humans, all bipedal
· Hallmarks of human evolution (set of related changes, each reinforcing the other):
· Bipedalism
· Arose much earlier than the following
· Increase in brain size
· Use of tools and language
· Homo rudolfensis & H. habilis - fossils
· Nariokotome skeleton – most complete fossil of a juvenile male Homo ergaster, taller and leaner African species. 1.6 myo
· Neanderthals: shorter & bigger-brained than modern humans, used tools to hunt, performed rituals, species overlap between them (H. neanderthalensis) and H. sapiens. Died out around 28,000-24,000 yrs ago. The 2 species diverged around 370,000 yrs ago. 
· Anatomically modern humans- term now used for extant and fossil individuals of species H. sapiens
· All modern human mitochondrial DNA sequences originated with a single ancestral sequence in Africa between 140,000 and 290,000 yrs ago, from which arose 9 major descendant sequences. 
· Single-Origin Hypothesis (Out of Africa/Noah’s Ark model): proposes origin of Homo sapiens in Africa, followed by dispersal to other continents
· Multiple – Origin Hypothesis (Candelabra model): proposes parallel origin of Homo sapiens in different unconnected localities
· Humans didn’t undergo vast migration without mastering their environment, developing social structures, and enhancing their ability to communicate. 
· In the thousands of years since domestication began, humans have produced a world of agriculture, horticulture, & plantation forestry by manipulating genes and genomes, most commonly through selection. 
· Recombinant DNA: used to introduce new traits to an organism
· East African fossil sites suggest scavenging established 2 mya, hunting and gathering around 55,000 yrs ago 
· Common mitochondrial DNA ancestor: 200,000 yrs old mtDNA nucleotide sequence analysis consistent with the single origin hypothesis
· “Mitochondrial Eve” & “Y-chromosome Adam”: confirm African origin of humans from ancestor living about 150,000 yrs ago
· Primates – prosimians, monkeys, apes. Lineage of mammals that arose 85 mya in North America
· Hominins diverged from chimpanzees 6.3 mya
· Genus Homo earliest fossils 2.4 mya
· Earliest anatomically modern humans (Homo sapiens) known from fossils in Ethiopia 160,000 years ago
· Possible that increase in brain size followed origin of bipedalism
· Primates within two monophyletic lineages: Strepsirrhines – wet-nosed primates & Haplorhines – dry-nosed primates
· Haplorhines includes monkeys, apes, and humans
· African apes, particularly chimpanzees, are recognized as a sister group to humans
· Hominids – family hominidae great apes & humans & hominins. Hominins – subfamily homininae. Bipedal humans and their closest extinct bipedal relatives
· More than 96% of the DNA & protein sequences of chimps and humans are identical
· Current hypotheses
· Most of the differences between chimpanzees and humans were initiated by changes in gene regulation
· Phenotypic change need not and often doesn’t involve major genetic change
· Small differences in gene function or pattern of gene expression can produce large changes in phenotype
· Australopithecines – southern apes of Africa, transition from apes to humans, all bipedal
· Hallmarks of human evolution (set of related changes, each reinforcing the other):
· Bipedalism (frees hands, walk long distances, predator avoidance, food acquisition)
· Arose much earlier than the following
· Increase in brain size
· Use of tools and language
· Primate Evolutionary Trends: K-selected life strategies, large complex brain, great hand-eye coordination, flattened nails, binocular vision, vocal communication, complex social organization
· Humans & apes differ from monkeys: usually larger body size, tail absence, shortened trunk, more complex brain, lengthened infant development
· Proconsul: 27-17 mya, fossil ancestral to African hominoids
· Gigantopithecus: largest primate to ever live
· Nariokotome skeleton – most complete fossil of a juvenile male Homo ergaster, taller and leaner African species. 1.6 myo
· Neanderthals: shorter & bigger-brained than modern humans, used tools to hunt, performed rituals, species overlap between them (H.s. neanderthalensis) and H. sapiens. Died out around 28,000-24,000 yrs ago. The 2 species diverged around 370,000 yrs ago. 
· Anatomically modern humans- term now used for extant and fossil individuals of species H. sapiens
· All modern human mitochondrial DNA sequences originated with a single ancestral sequence in Africa between 140,000 and 290,000 yrs ago, from which arose 9 major descendant sequences. 
· Single-Origin Hypothesis (Out of Africa/Noah’s Ark model): proposes origin of Homo sapiens in Africa, followed by dispersal to other continents
· Multiple – Origin Hypothesis (Candelabra model): proposes parallel origin of Homo sapiens in different unconnected localities
· Humans didn’t undergo vast migration without mastering their environment, developing social structures, and enhancing their ability to communicate. 
· In the thousands of years since domestication began, humans have produced a world of agriculture, horticulture, & plantation forestry by manipulating genes and genomes, most commonly through selection. 
· Recombinant DNA: used to introduce new traits to an organism
· East African fossil sites suggest scavenging established 2 mya, hunting and gathering around 55,000 yrs ago 
· Common mitochondrial DNA ancestor: 200,000 yrs old mtDNA nucleotide sequence analysis consistent with the single origin hypothesis
· “Mitochondrial Eve” & “Y-chromosome Adam”: confirm African origin of humans from ancestor living about 150,000 yrs ago
· Australopithecus afarensis: “Lucy” fully bipedal, brachiation ability, footprints formed 3.5 mya
· Australopithecus africanus: South Africa home, 3.3-2.5 mya
· Australopithecus robustus: 2.5-1.5 mya, extinct side branch coexisted with Homo, large bodied deep jawed 
· Lumpers – taxonomists who err on side of shared characteristics & breadth of individual variation in traits. Minimum taxa supported by data
· Splitters – taxonomists who err on side of divergent characteristics and see variation as indicative of separation of populations. Maximum taxa supported by data
· Homo habilis: 2-1.9 mya, best candidate for last common ancestor to modern humans, no saittal crest, more pronounced chin, skulls & brains larger
· Homo erectus: 1.9 mya-27,000 bp, “Java Man” Acheulean tools, built shelters, larger brain flatter face, culture
· Homo heidelbergensis: similar tool technology to Acheulean
· Homo neanderthalensis: 1400cc brains, heavily muscled torso, big brow ridges, 28,000- 225,000 ybp, buried dead, built sturdy huts, music
· Homo floresiensis: “hobbits” 12,000 ybp 380cc, chimp size, Flores
· Homo sapiens sapiens: Cro-Magnon humans 35,000-17,000 ybp, 1600cc, jewelry, music, ropes, tools, complex spiritual beliefs, art
· Human body build- 
· Cold climates= lateral build, smaller nasal passages
· Warmer climates= linear build, bigger nasal passages
· Humans started migrating from Africa around 60,000 years ago

Ch 20 Review-Cultural and Social Evolution-Concepts and Vocab.
Megan Tyler
Vocabulary-
· Clone- A group of organisms derived by asexual reproduction from a single individual; a group of cells that are identical because they arose from a single cell.
· Cloning-Techniques for producing identical copies of a section of genetic material by inserting a DNA sequence into a cell, such as a bacterium, where it can be replicated.
· Culture- The learned behaviors and practices common to a social group.
· Ecological footprint- The amount of land and water required to produce the resources consumed and to absorb the waste of an individual, population, or lifestyle.
· Eugenics-The belief that humanity can be improved by selective breeding.
· Gene Theraphy-Human-directed repair or replacement of genes that cause inherited diseases. When confined to somatic (body) cells rather than to sex cells (sperm or eggs), such gene repairs are not passed on to future generations.
· Inclusive fitness- The fitness of an allele or genotype measured not only by its effect on an individual but also by its effect on related individuals that also possess it (kin selection).
· Instinct-An inherited (innate), relatively inflexible behavior pattern that is often activated by one or several environmental factors (releasers).
· Negative Eugenics-Proposals to eliminate deleterious genes from the human gene pool by identifying their carriers and restraining or discouraging their reproduction.
· Population Explosion-A term used, usually for human populations, for rapid increases in numbers of individuals, with the implication that the rate of increase is unsustainable.
· Positive Eugenics-Proposals to increase the frequency of beneficial genes in the human gene pool by identifying their carriers and encouraging/permitting their reproduction.
· Reproductive technology-Improvement of the human condition through the use of such medical advances as genetic screening, in vitro fertilization, surrogate pregnancies.
· Social Organization-The situation when there is a division of labor among different members of a species as seen in termites and many bees, ants and wasps.
· Sociobiology-The study of the biological basis of social behavior.
· Stem Cells-Cells of multicellular organisms capable of producing more than one different cell type.
Overview
· Unlike most other animals, humans transfer information from generation to generation through genes and culture
· Animal Behavior – Ethology – Sociobiology
· All organisms exhibit behaviors, not just animals
· Human language abilities
· Social Darwinism – a discredited social philosophy
· Biological and cultural evolution interact
· Eugenics, genetic engineering and cloning
Animal Behavior
· Animal behavior is the scientific study the behavioral relationships of animals to their physical environment as well as to other organisms, and includes such topics as how animals find and defend resources, avoid predators, choose mates and reproduce, and care for their young
· The study of animal behavior is concerned with understanding the causes, functions, development, and evolution of behavior
· The causes of behavior include both the external stimuli that affect behavior, and the internal hormonal and neural mechanisms that control behavior
· The functions of behavior include its immediate effects on animals and its adaptive value in helping animals to survive or reproduce successfully in a particular environment
· The development of behavior pertains to the ways in which behavior changes over the lifetime of an animal, and how these changes are affected by both genes and experience.
· The evolution of behavior relates to the origins of behavior patterns and how these change over generations
· This discipline was founded by American biologists and psychologists,  primarily after WWII, and included considerable emphasis on laboratory experimentation
· Many behavioral psychologists emphasized the study of learned behaviors
· Pavlov and his dog studies is the classic example
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Ethology-
· Ethology is the scientific study of animal behavior, and a sub-topic of zoology
· The modern discipline of ethology begun during the 1930s in Europe and parallel to but rather independent of the Modern Synthesis
· Ethology is a combination of laboratory and field science, with a strong relation to certain other disciplines — e.g., neuroanatomy, ecology, evolution
· Ethologists are typically interested in a behavioral process rather than in a particular animal group and often study one type of behavior (e.g. aggression) in a number of unrelated animals — a comparative approach
Nature vs. Nurture-
· Animal behavior is best explained by investigating the contributions of both genes and environment
· Behaviors form a spectrum from innate behaviors which exhibit little variation among members of a species and appear at predictable times in development to learned behaviors which require exposure to various environmental stimuli to develop, usually require trial-and-error repetition to improve their efficiency and exhibit considerable variation among members of a species
· In all cases, organisms with genes must interact with their environment for behaviors to occur
Instincts-
· Relatively complex innate, predictable, stereotypical behaviors which are present in individuals, sometimes even from birth, and performed completely without requiring any experience
· The simplest are muscular and autonomic reflexes such as pupil constriction in bright light or a flexor reflex when the hand touches a hot object
· More interesting are fixed action patterns, e.g., courtship rituals in many animals, nest building, predator defense behaviors, etc.
Filial Imprinting-
· Konrad Lorenz himself raised these greylag goslings from first hatching, so it was to him that they imprinted, expressing their innate behavior of following their “parent”
· Imprinting behaviors usually trigger at critical times in development
· Now used to reintroduce captive reared birds to life in the wild
Biased Learning-
· Biased learning is a restricted form of learning ― the ability to learn and modify behavior from a restricted set of environmental stimuli
· Lorenz, Tinbergen, and others demonstrated that imprinting and other “innate” behaviors develop from heritable “hard-wired” neurological programs which may still be influenced by biased learning
· Following behavior in water birds, mate identification in various birds, mating rivals, etc.
Sexual Imprinting-
· Male zebra finches select a mate based on the color pattern of the female that rears them, regardless of species
· On the other hand, their courtship song and dance require some learning
Reverse Sexual Imprinting-
· When two people live in close domestic proximity during the first few years in the life of either one, both are desensitized to later close sexual attraction 
· This phenomenon, known as the Westermarck effect, was first described by Finnish anthropologist Edvard Westermarck 
· Documented in biological families, Iraeli kibbutz, Chinese Shim-pua arranged child marriages, and many other cultural setting
Genetic Sexual Attraction
· When a brother and sister are brought up separately, never meeting, they may find each other very sexually attractive as adults; first cousins are also often highly attracted
· Charles Darwin and Emma Westwood were first cousins, but did know each other through their youth
· This suggests that the Westermarck effect evolved to inhibit inbreeding with its negative genetic consequences
Genes vs. Environment-Birdsong
· Three calls of the male meadowlark are shown, one set produced by a free-living individual and one produced by a hand-reared male kept isolated from ever hearing the songs of another male. The meadowlark’s genetic program is sufficient to produce normal songs. 
· The free living male chaffinch produces a complex song, but if raised in song isolation; its song is much different. If the chaffinch is exposed to the song of a tree pipit, then the chaffinch song picks up some of this vocal culture. Not only is the chaffinch genetic program insufficient to produce the normal song, but song culture (exposure to the tree pipit) can modify it. 
Learned Behaviors-
· Learning can be defined as a persistent change in behavior that occurs as a result of experience
· In general, learned behaviors will always be:
· Nonheritable -- acquired only through observation or experience 
· Extrinsic -- absent in animals raised in isolation from others 
· Permutable -- pattern or sequence may change over time 
· Adaptable -- capable of modification to suit changing conditions 
· Progressive -- subject to improvement or refinement through practice 
· Learned behavior is more flexible and often more complex than innate behavior
· The capacities for most behavioral traits, like so many other adaptations, result from evolutionary selective forces
· Most behaviors have instinctive and learned components, a spectrum related to the size and complexity of the animal’s nervous system
Gene/ Environment Interactions-
· Behavioral geneticists interested in humans began with twin and adoption studies
· Linking specific behaviors to specific genes is just beginning to be possible and will rarely be as simple as a one gene-one behavior model
· Human environment includes:
· Prenatal experiences
· Family upbringing and parental and sibling interactions
· Extended family and peer interactions
· Societal experiences, interaction with the educational system, media, marketing, religious and political institutions
· Demographics:  gender, age, geography, culture, language, literacy, socio-economic status, etc.
Key Hominid Behavioral Trends-
· Bipedal locomotion and an eventual habitat shift beyond the tropical forest
· Altered reproductive strategy:  continuous female receptivity and no cues for maximum fertility (ovulation); enlarge female breasts but no vulval swelling; enlarged penis and glans though testes are medium-sized for a primate relative to body size.
· Prolonged pair bonding - (serial) monogamy
· Enlarged brain, tool use and tool making
· More complex social systems and culture
· Language development
What is Language for?
· Language helps us to pass on and develop technologies (how to make better spears)
· It helps us to coordinate activities (e.g. hunting)
· We can communicate knowledge about relevant aspects of the environment (e.g., there’s a big herd of buffalo behind the hill where we camped 5 days ago)
· Language helps us identify things with names and descriptions.
· It helps us to express our emotions
· It helps us remember and utilize the past as well as plan for the future
· Could we achieve any of this without language?
· Could we even think this without language?
Language Defined-
· Language: symbols that convey meaning, plus rules for combining those symbols so that they can be combined to generate infinite variety of messages
· 3 - Properties of Language
· Symbolic: represents objects, actions, events & ideas 
(ex: car = class of objects that have certain properties)
· Generative: limited number of symbols can generate infinite array of novel messages (there is always something novel)
· Structured: infinite variety is structured in a limited number of ways (Rules govern the arrangement of words into phrases and sentences)
Gossiping Hypothesis-
· 2/3 of all conversation is about social relations
· Both in developed countries and for hunter-gatherers 
Does this kind of language use have any effect on our fitness?
· Does it help our survival rate?
· Does it increase our reproductive success?
Substitute for Grooming Hypothesis-
· Monkeys and Apes are very social
· They maintain complex relationships
· Grooming is their main form of social interaction
Increasing Group Size Hypothesis-
· Largest group size for non-human primates is 50-55 (Chimps and Baboons)
· For modern hunter-gatherers is about 150
· Primates spend up to 20% of their days grooming
· Human’s would need to spend 40% of their time to cover such a large group
 Language is ‘vocal grooming’
Genetic Origin of Language-
· Early hominids probably began using gestures to communicate intentions within a social setting.
· FOXP2 gene: Language or Speech gene responsible for major inherited speech disorder (KE family studied)
· Over 3 generations, half the family afflicted  
· Inability to form intelligible speech
· Defects in processing words according to rules
· Caused by a single nucleotide mutation on exon 14 of chromosome 7
· Very conserved gene – 1 change in 75 million years before the divergence of chimps & humans and 2 in the 6 million years since that divergences
· Mutation occurred 10,000 – 100,000 years ago and may be critical for the development of modern human speech
Human Society and Culture-
· Humans have two hereditary systems:
· a genetic system, which transfers biological information from biological parent to offspring through the coding properties of DNA
· a cultural system, which transfers cultural information, ideas from speaker to listener, from writer to reader, from performer to spectator through social interactions coded in language and custom, and embodied in records and traditions
· Richard Dawkins compared the two in his classic The Selfish Gene (1976) in which he coined the term “meme” for the unit of cultural inheritance or cultural evolution, an idea or concept
· The entire tradition of the Liberal Arts is an effort to describe and understand human society and culture
· Anthropology and Archaeology
· History and Sociology
· Languages and Literature and the other Arts
· Psychology and Philosophy
· The scientific disciplines went their own way in studying the causes of human behaviors in the first century after Darwin
· If we look back to the Victorian era, Darwin’s concept of natural selection both captivated and frightened many of his contemporaries
· The power of the process of natural selection, the “struggle for existence,” caused many individuals from disciplines outside of the biological sciences to apply Darwinian-type explanations and analogies to other fields of study to help justify their positions in disciplines outside of biology:  sociology, politics, ethics, jurisprudence, aesthetics and economics, etc.
Eugenics-
· Human traits and human populations could be improved by guiding their evolution through selective breeding
· First advocated by Darwin’s cousin, Sir Francis Galton in 1883
· Positive Eugenics:  increase the frequency of beneficial alleles
· Negative Eugenics:  decrease the  frequency of harmful alleles
· Initially it was proposals simply to encourage or discourage marriages based on phenotypes
· Even at the outset, this was impractical and it was difficult to identify superior or inferior phenotypes in an impartial scientific way
· Originally it was well–meaning, progressive, and based on good science of the day
Harmful Eugenics Policies-
· Restrictions on immigration and marriage
· Racial segregation, including bans in the United States on marriage between whites and African Americans, was overturned by the Supreme Court in 1967
· Compulsory sterilization of the “feebleminded,” certain criminals, and others deemed unfit
· Forced abortions
· In Germany under the Nazis, genocide of those (especially Jews) regarded as racially inferior and thus a threat to the “purity” of the Aryan race
· Among many other examples . . .
Deleterious Alleles-
· Despite improvements in medical care, alleles that have obvious deleterious effects still affect human populations
· Some arise as new mutations
· Some are preserved by heterozygote advantage or hybrid vigor
· Others are preserved because public health, sanitation, and medical science reduce the effect of natural selection, but add to our genetic load
Nature vs. Nurture-
· This false dichotomy has been debated since before Darwin’s day
· At times it pitted biologists against psychologists and other social scientists
· Few biologists ever doubted that it was the combination of genotype and environment interacting that produced the phenotype, whether at the molecular, cellular, organismal, or species level
Why is sex fun?
· Diamond speculates on the evolutionary forces that shaped the unique aspects of human sexuality:
·  female menopause, males' role in society, having sex in private, and, most unusual of all, having sex for fun instead of for procreation
· Diamond considers the lengthy period of dependency of human infants, sex for pleasure as the tie that helps bind a mother and a father together, and menopause as an evolutionary advantage that, by ending the childbearing years, allows females to pass wisdom and knowledge on to society and succeeding generations 
The Third Chimpanzee-
· Diamond argues that humans are just a third species of chimpanzee but a unique animal due to its capacity for innovation, which caused a great leap forward in hominid evolution
· After stressing the significance of spoken language, along with art and technology, Diamond focuses on the self-destructive propensities of our species to kill each other (genocide and drug abuse) and to destroy the environment (mass extinctions) 
· He also discusses human sexuality, geographic variability, and ramifications of agriculture (metallurgy, cultivated plants, and domesticated animals)
Guns, Germs and Steel-
· Diamond proposes that the uninterrupted east/west axis of Eurasia produced a wider variety of potential crop plants and large, land-dwelling animals suitable for sedentary food production
· Agriculture gave rise to food surpluses, which allowed for the specialization of labor, which provided for the emergence of centralized governments and bureaucracies
· Farming and centralized government created the necessity for writing, providing its possessors a far more accurate way of recording and transmitting data than oral language, which greatly increased the military prowess of Eurasian “generals” by allowing for better intelligence
· Finally, these farming, centralized societies urbanized
· Urbanization, combined with the domestication of animals, subjected these denser human populations to diseases, zoonoses from their livestock, diseases to which these populations developed immunities and which would one day kill off and weaken other human populations when introduced around the globe 
Collapse-
· Collapse is a catalog of case studies of the deaths of past civilizations, such as the Mayans and Anasazi, as well as contemporary societies, such as Rwanda during the 1994 genocide 
· In Collapse, Diamond argues that past civilizations collapsed for five reasons: environmental damage, climate change, hostile neighbors, friendly trade partners, and societal responses to environmental problems
Human Control over our Own Evolution-
· Although our lives have changed immeasurably as a result of our advanced technology, our genetic makeup has not
· Biological and cultural adaptations operate at different rates
· A result of improvements in sanitation, diet, and medical practice over the last century and a half, natural selection now exerts relatively little influence on our “fitness”
· Less than half the hunter gatherers lived to age 20 so they were unlikely to have more than 3 or 4 offspring and most of those died young too
· In technologically advanced societies, most live past age 50 and can reach their biological capacity of 12 to 15 offspring unless they choose to limit family size
· As economic security increases, they tend to do so
Clones and Cloning-
· A clone is an organism descended from and genetically identical to another organism
· All offspring produced by asexual means
Reproductive Technology and Eugenics-
· So, if almost everyone now survives to have children, and if our children can be protected from natural selection so that they too go on to have children, will natural selection continue to operate on humans?
· Yes, but at a reduced rate

Ch 21 People
Maranda Stokes
· Copernicus and Galileo-challeged the idea of a powerful deity controlling the physical universe
· Charles Darwin- theory of evolution had a profound impact on religion; proposed that form and function of living organisms did not arise by creation but rather by natural processes; theory made it clear that species were not fixed and unchangeable
· Herbert Spencer, Karl Marx, Sigmund Freud, Joseph Conrad, Thomas Hardy, Alfred Tennyson, George Eliot, George Bernard Shaw- incorporated evolution into their studies, writings, politics, and worldviews
· Johannes Kepler -German astronomer and mathematician; demonstrated planets orbit the sun; Keplers laws were not immediately accepted by his contemporaries
· Isasc Newton-Newton discovered the Law of Universal Gravitation; Proved Kepler’s 3  Laws; Calculated the an Earth-sized sphere would require 50,000 years to cool to its present temperature; As a pious Christian, Newton felt obliged to reject his own calculations
· Georges-Louis Leclerc Comte de Buffon (1707-1788)- calculated that the age of the earth was 75,000 years, basing his figures on the cooling rate of iron
· Sir Charles Lyell (1797-1875)- initially thought the age of the earth was of hundreds of thousands of years, eventually of millions of years
· Carolus Linnaeus (1707—1778)- Swedish biologist established binominal nomenclature system for naming organisms” (genus + species); was a Biblical creationist who initially abided by and promoted the view that species do not change
· William Paley (1743-1805)- Paley’s Natural Theology; or, Evidences of the Existence and Attributes of the Deity (1802) was a major influence on the young Charles Darwin
· Joseph Needham- wrote multi volume opus on Science and Civilization on China; the 25 volumes encompass the history of scientific thought, mathematics, physics and physical technology/engineering, chemistry and chemical technology, biology and biological technology, and social background to chinese science
· Bishop Samuel Wilberforce- attacked Darwin's theory as incompatible with the bible; attempted to destroy Darwin's theory through scientific arguments; aimed final point at Huxley when he asked whether it was through his Grandfather or Grandmother that Huxley claimed descent from a monkey
· Pope Pius XII- accepted the evidence that the universe was millions of years old
· Pope John Paul II- declared scientific findings show evolution is more than a hypothesis, it is "an effectively proven fact"
· John Thomas Scopes- school teacher; most famous confrontation between evolution and biblical creationism; convicted of ignoring the ban against teaching evolution in Tennessee school
Chapter 21 C&V
CJ Parchman
Systems of belief – very specific aspect of human culture; especially those associated with Judeo-Christian beliefs
Along with the belief in a god who created and maintained the universe, religion provided a set of ethical and moral values upon which social systems were based.
The Darwinian view that evolution is a historical process – extant organisms were not created spontaneously but formed in a succession of past events as organisms adapted to changing environments – contradicted the common religious view of design by an intelligent designer.
Religious groups have tried to reject the teaching of evolutionary explanations for biological events in biology books.  Latest attempts include the “creation science” movement (does not use the scientific method) and the “intelligent design” movement.
Printing, gunpowder, and the compass were invented in China between 400 and 600 BC, one to two thousand years before their “invention” in Europe.
Religious development in different cultures provides clues to the evolution of religion itself.
Religion has relied on two basic concepts that probably arose early in history, the soul and God.
Consciousness – embodies the awareness of self that is aware of itself
The stressful relationship between evolution and religion stemmed as much from the recognition that evolutionary concepts were not impregnable as from vulnerability of religion.  Darwin was painfully aware of this and pointed out at least two discoveries that could refute his theory:
1.) An inversion of the evolutionary sequence such as evidence of humans in the Paleozoic or Mesozoic Eras; or
2.) Finding the same species in two separated geographical locations when their presence was not caused by migration between these areas.
No such evidence has been found in the century and a half since Darwin’s theory was published in 1859.
Darwin’s works made clear that society no longer needed to believe that only the actions of a supernatural creator could explain biological relationships.
The first significant cracks in the theological armor of continued divine intervention in nature arose through the discoveries by Copernicus, Galileo, and Kepler of natural laws regulation the motion of the solar system.
Organismal design presupposes a designer, who by definition is an intelligent supernatural being, a chain of reasoning that leads back to a creation and a creator. 
To evolutionary theory, the essential challenge that religion poses has always been, “How from the disorder of random variability can nature achieve the beauty of adaptation without intelligent intervention?” Darwin’s fundamental contribution was to answer this question by means of a mechanism that no one had thoroughly explored before: natural selection.
	Time
	Result

	End of 1920’s
	Anti-evolutionary bills passed

	1925
	Scopes Trial; taught high school evolution when prohibited

	By 1942
	More than 50% of high school biology teachers excluded discussion of evolution from classes

	Late 1950’s and Early 1960’s
	Movement to reform the science curriculum when realized it was lagging behind other countries

	End of 1960’s
	Anti-Evolution laws repealed

	Today
	Only 90 minutes out of each teaching year is devoted to evolution in the average high school



Because intelligent design relies on supernatural explanations rather than natural causes, it is not science. Religious arguments have explanatory power with respect to belief systems, but they are not scientific explanations and should not be confused with, or regarded as, scientific explanations.
Essential to our understanding of evolution is that:
1.) Groups of organisms are bound together by their common ancestor.
2.) The past has been long enough for inherited changes to accumulate, and, perhaps most essential of all, that
3.) [bookmark: _GoBack]Discoverable biological processes and natural relationships among organisms provide the evidence for the reality of evolution.
· Religion is an attempt to deal with aspects of human experience that can neither be controlled nor understood
Science as a way of knowing:
1. The Universe Is Understandable.
2. The Universe Is a Vast Single System In Which the Basic Rules Are Everywhere the Same. 
3. Scientific Ideas Are Subject To Change.
4. Scientific Knowledge Is Durable.
5. Science Cannot Provide Complete Answers to All Questions.

· “Intelligent design” is latter-day creationism

· Intelligent design relies on supernatural explanations rather than natural causes -- it is not science


· Religious arguments have explanatory power with respect to belief systems, but they are not scientific explanations

· Complex Structures Are Neither Irreducibly Complex Nor Are Their Components of No Value Until the Complex Structure Evolves

Natural Selection Does Not Produce Perfect Organisms
1.) Organisms are limited by historical constraints (descent with modification)
2.) Adaptations are often compromises
3.) Not all Evolution is Adaptive
4.) Selection can only edit variations that exist

· Intelligent Design is not science.

· By 1950, Pope Pius XII agreed to the academic freedom to study the scientific implications of evolution, so long as Catholic dogma is not violated
· Deism is the belief that reason and observation of the natural world, without the need for organized religion, can determine that a supreme being created the universe
· Deists believe in the existence of God without any reliance on revealed religion, religious authority or holy books. 
· Methodological Naturalism:  The only hypotheses researchers propose to account for natural phenomena, and the only explanations they accept, are hypotheses and explanations that involve strictly natural causes
· Ontological Naturalism:  The natural world, the physical material universe, is all there is
· There is plenty of evidence to contradict the concept of an Intelligent Designer
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