Chapter #2: Evolution, Genetics and Experience
2.1 Thinking About the Biology of Behavior: From Dichotomies to Interactions: 
· Zeitgeist: the general intellectual climate of our culture; the way we tend to think of things in mutually exclusive dichotomies: right or wrong, good or bad, etc.
Physiological or Psychological?
· Human processes fall into one of two categories: physiological or psychological 
· Rene Descartes argued that the universe is composed of two elements: 1) physical matter which behaves in ways according to the laws of nature and 2) the human mind (self, soul, etc.) which lacks physical substance, controls human behavior and obeys no natural laws
· Cartesian dualism: the idea that the brain and mind are separate entities
Nature or Nurture?
· Ethology: study of animal behavior in the wild; a dominant study in Europe 
· Americas studied instinctive behaviors: behaviors that occur in all like-members of species, even when it seems that there was no way to have been learned
Problems with Thinking about the Biology of Behavior in Terms of Dichotomies
· There are two lines of evidence against the physiological or psychological thinking 
1. Even the most complex psychological changes can be produced by damage or stimulation to parts of the brain 
2. Some nonhuman species (especially primates) posses some abilities that were once assumed to be purely psychological, and thus purely human
· Asomatognosia: lack of  awareness of parts of one’s own body, usually involved the left side of the body due to damage to the right parietal lobe
· Nature vs. Nurture fallacy also runs into difficulty: 
· First, factors other than genetics and learning were shown to influence behavioral development
· Next, it was argued that behavior always develops under the combined control of both nature and nurture 
· A model of the biology of behavior rests along three factors
1. The organisms genetic endowment (product of evolution)
2. Experience 
3. Perception of the current situation 

2.2 Human Evolution: 
· Modern biology began with Charles Darwin’s On the Origin of Species in 1859
· He was not the first to suggest evolution, but grabbed the most attention
· He presented three kinds of evidence to support his assertion:
1. Evolution of fossil records through progressively more recent geological layers
2. Similarities among living species suggesting that they evolved from a common ancestor 
3. Changes that had been brought about in domestic plants and animals through selective breeding 
· Natural selection: heritable traits associated with high rates of survival and reproduction are the ones that are most likely going to be passed on
· Leads to the evolution of species after generations that are better adapted to surviving and reproducing in their particular environmental niche 
· Fitness: the ability of an organism to survive and contribute its genes to the next generation
Evolution and Behavior
· Some behaviors play an obvious role in evolution:
· Social Dominance: the males of many species establish a stable hierarchy of social dominance through combative encounters with other males. 
· Once a hierarchy is established, hostilities diminish because the low-ranking males learn to avoid or quickly submit to the dominant males 
· Dominant males copulate more than others and are more fit
· Dominant females are also more likely to produce more and healthier offspring 
· Courtship displays: male approaches female and signals his interest, and goes on until copulation ensues 
· A species is a group of offspring that are reproductively isolated from other organisms
· A new species can branch off when there is some barrier that discouraged breeding
· This may cause a subpopulation of an existing species, which can have different courtship displays that would form a reproductive barrier between them and their conspecifics members of the same species 
The Course of Human Evolution 
Evolution of Vertebrates 
· Complex multicellular water dwelling organisms appeared on the earth about 600 million years ago
· First chordates evolved: animals with dorsal nerve chords, which are large nerves that run along the center of the back
· The first chordates with spinal bones to protect their dorsal nerve chords evolved about 25 million years later 
· Spinal bones are called vertebrae and the chordates that posses them are called vertebrates
· The first ones were tiny fish 
· There are seven classes of vertebrates: amphibians, reptiles, birds and mammals, and three classes of fishes 
Evolution of Amphibians 
· 410 million years ago, the first bony fishes started to venture out of the water
· The fish had two advantages: could escape bad pools to fresh water and can take advantage of the terrestrial food sources 
· Natural selection eventually gave way to lungs
· First amphibians evolved 400 million years ago
· In their larval form they must live in water, however adults can survive on land 
Evolution of Reptiles 
· 300 million years ago reptiles evolved from a branch of amphibians
· First vertebrates to lay shell-covered eggs and to be covered by dry scales
· During the first stage in life, it does not need to be in the water
· Watery environment inside the shell covered egg
Evolution of Mammals 
· 180 million years ago (height of age of dinosaurs), a new class of vertebrates evolved from one line of small reptiles
· The females of this class fed their young with secretions from mammary glands, and the members of the class are called mammals 
· Eventually stopped laying eggs and the females nurtured their young in the water environment of their bodies until birth
· Provided a huge survival advantage
· There are about 20 different orders of mammals, of which we are in the order primates (there is no single characteristic possessed by all primates) 
· Chimpanzees are the closest living relatives of humans, almost 99% gene homology
Emergence of Humankind
· Primates of the family that include humans are the hominins 
· According to the simplest view, this family consisted of two different genus: australopithecus and homo 
· Homo is supposed to be composed of two species: homo erectus (extinct), and homo sapiens
· Australopithecus were thought to have roamed the African plains for about 5 million years before becoming extinct
· The first homo species are though to have evolved from one species of Australopithecus about 2 million years ago
· One distinctive feature of homo species is that they had a much larger brain size
· The early homo used fire and tools and co-existed in Africa with Australopithecus’ for about a half million years until the australopithecines died out 
· 200,000 years ago the homo species were gradually replaced in the African fossils recorded by modern humans 
· 50 000 years ago, humans began to migrate out of Africa
· Most human achievements are of recent origin, for example writing was not incented until about 3,500 years ago 
Thinking about Human Evolution
· Evolution does not proceed in a single line; it is a dense bush
· Humans have little reason to claim evolutionary supremacy — we are at the last surviving species of a family (hominins) 
· Doesn’t always happen slow and gradually, it can be triggered by sudden changes
· For example at the time the hominins evolved, there was a cooling of the earth, leading to decrease in African forests and increase in grasslands
· Few products of the evolution have survived to present day, less than 1% of all known species are still in existence 
· Spandrels: incidental, non-adaptive evolutionary byproducts 
· Exaptations: evolved for one function and were later co-opted to serve another
· Similarities among species doesn’t mean that they have a common evolutionary origin:
· Homologous: structures that are similar because they have an evolutionary origin 
· Analogous: structures that are similar, but do not have a common evolutionary origin 
· Results in convergent evolution 
Evolution of the Human Brain 
· Modern humans are believed to be the most intelligent of all creatures, but do not have the largest brain
· There is no clear relationship between brain size, weight-to-size ratio, and intelligence 
· A more reasonable way to look at brain evolution has been to compare the evolution of different brain regions, specifically the brain stem (reflex activities that are crucial for survival) and the cerebrum (cerebral hemispheres)
· Brain size has increased during evolution, most of this size increase has happened in the cerebrum
· There has been an increase in the number of convolution folds on the cerebral surface that has greatly increased the volume of the cerebral cortex
Evolutionary Psychology: Understanding Mate Bonding 
· Vertebrate species mating is totally promiscuous 
· Most mammals tend to form mating bonds 
· This is because female mammals give birth to relatively small numbers of helpless, slow developing young, and so it is adaptive for the males to stay with the females who are carrying their offspring
· Polygyny: one male forms mating bonds with more than one female
· When females make a far greater contribution to reproduction and parenting than males 
· Polyandry: mating arrangement in which one female forms bonds with more than one male. It does not occur in mammals
· Occurs in species in which the contributions of the males to reproduce are greater than those of the females 
· Due to selectivity of the females, competition among males for reproductive partners becomes fierce 
· About 4% of mammalian species are monogamous 
· Monogamy: mate bonding pattern in which enduring bonds are formed between one male and one female
· Evolved in species in which each female would raise more young or more fit if she had undivided help
Thinking about Evolutionary Psychology 
· Evolutionary theory of mate bonding has led to the following predictions:
· Men in most cultures value youth and attractiveness (indicators of fertility); women value power and earning capacity 
· Physical attractiveness best predicts which women will bond with men of high occupational status
· Men are more likely to commit adultery 
2.3 Fundamental Genetics: 
Mendelian Genetics 
· True-breeding lines: interbred members always produce offspring with the same trait generation after generation
· Mendel studied the inheritance of seed colour, brown or white
· He crossbred offspring of a white plant and a brown plant. 
· The offspring of these all had brown seeds
· When he bred these first generation offspring with one another, they were one quarter white and three quarter brown 
· These are called dominant genes and recessive genes (traits)
· Observable traits are called the phenotype and the traits that can be passed on to its offspring through genetic make up is called the genotype 
· The inherited factor is a gene 
· Mendel’s Theory:
· There are two kinds of inherited factors for each dichotomous trait (we call these genes)
· Each organism possesses two genes for each of its dichotomous traits; alleles: two genes that control the same trait; homozygous: organisms that possess two identical genes for a trait VS. heterozygous: organisms that possess two different genes for a trait 
· One of the two kinds of genes for each dichotomous trait dominates the other in heterozygous organisms 
· For each dichotomous trait, each organism randomly inherits one of its “fathers” two genes and one of its “mothers” two genes 
Chromosomes: Reproduction and Recombination 
· Genes are found on the chromosome: threadlike structures in the nucleus of each cell
· They occur in matched pairs
· Humans have 23 pairs
· Two genes control each trait and are situation at the same location, one on each chromosome
· The process of cell division that produces sex cells- gametes is called meiosis 
· In meiosis, the chromosome divides and one chromosome of each pair goes to each of the two gametes that results from the division 
· Each gamete only has half the number of usual chromosomes
· When a sperm cell and an egg cell combine during fertilization, a zygote witch a full complement of chromosomes is produced 
· During the first stage of meiosis, the chromosomes line up in their pairs
· Members of each pair cross over one another at random points, breaking apart the points of contact, and exchange sections
· As a result, you have genetic recombination. Each of the gametes that formed the zygote that developed into you contained chromosomes that were unique from you parents
· In contrast to the creation of gametes, all other cell division in the body occurs via mitosis 
· Just prior to the mitotic division, the number of chromosomes double so that when the cells divide, the daughter cells have full complement of chromosomes 

Chromosomes: Structure and Replication 
· Each chromosome is a double stranded molecule of DNA
· The two strands that compose each chromosome are exact complements of each other
· Replication is a critical process of the DNA
· The two stands begin to unwind, the exposed bases on each other two strands attract their complementary bases which are floating in the fluid outside the nucleus
· Replication does not always go according to plan, there can be errors and mutations accidental alterations in individual genes
Sex Chromosomes and Sex-Linked Traits 
· Chromosomes generally always come in matched pairs, these are called autosomal chromosomes 
· The only exception is the sex chromosomes, of which there are two types of sex chromosomes, X and Y and the two look different and carry different genes
· Females have two X chromosomes and males have one X and one Y chromosome 
· Traits influenced by these genes are called sex-lined traits 
· Traits controlled by the genes on the X occur more in one sex than the other. If the trait is dominant, it occurs more in females, because they have twice the chance of inheriting the dominant gene because they have two X chromosomes
Genetic Code and Gene Expression
· Structural genes contain the information necessary for the synthesis of proteins
· Proteins are long chains of amino acids, they control the physiological activities of cells and are important components of cellular structure 
· All cells in the body contain exactly the same genes
· The stretches of DNA that lack structural genes are not well understood but it is clear that they include portions called enhancers and promoters
· Enhancers (promoters) are stretches of DNA whose function is to determine whether particular structural genes initiate the synthesis or proteins and at what rate
· The control of gene expression by enhancers is an important process because it determines how a cell will develop and how it will function once it reaches maturity
· They are like switches (can be regulated)
· Proteins that bind to DNA and control the extent to which genes are expressed are called transcription factors
· First the small section of the chromosome that contains the gene unravels and the unraveled section of one of the DNA strands serves as a template for the transcription of a short strand of RNA 
· RNA is like DNA except it contains uracil instead of thymine and has a phosphate and a ribose backbone 
· The strand of transcribed RNA is called messenger RNA 
· Once it has left the nucleus, the mRNA attaches itself to one of the many ribosomes in the cells cytoplasm 
· The ribosome then moves along the strand of mRNA, translating the genetic code as it proceeds 
· Each group of three consecutive nucleotide bases along the messenger RNA is called a codon 
· Each codon instructs the ribosome to add one of twenty amino acids
· Each kind of amino acid is carried to the ribosome by molecules of transfer RNA as a ribosome reads a codon, it attracts a tRNA molecule that is attached to the appropriate amino acid
· It reaches a stop codon, that tells it when the protein is complete 
· Thus, there are two phases: transcription of the DNA sequence to an RNA base sequence code, and the translation of RNA base sequence code into a sequence of amino acids
Mitochondrial DNA
· DNA is not only in the nucleus, the cells mitochondria also contain DNA, called mitochondrial DNA 
· Mitochondria are the energy generating structured located in the cytoplasm of every cell
· Human mitochondrial genes are small, and inherited solely from one’s mother
The Human Genome Project
· The purpose was to compile a map of the sequence of all 3 billion bases that compose human chromosomes 
· There were three major contributions of the human genome project:
I. Many new techniques for studying DNA were developed during the human genome project
II. The discovery that humans only have about 20,000 genes, (corn has more than us)
III. Many variations in the human genome related to particular diseases have been discovered

Modern Genetics: Growth of Epigenetics 
· Epigenetics: the study of all mechanisms of inheritance other than the genetic code and its expression
· The genes constitute only one percent of the DNA the rest is considered junk 
· There have been five important advances from epigenetics:
I. Epigenetic investigations of non-gene DNA have identified many active areas, which seem to control the expression of nearby genes
II. Small RNA molecules have been found to come in a variety of different type, that serve different functions
III. Many epigenetic mechanisms have been discovered by which gene expression can be regulated 
· DNA methylation: methyl group attaches to a DNA molecule at the cytosine site in mammals
· Histone remodeling: when histones change their shape, and in doing so influence the shape of the adjacent DNA
IV. Some epigenetic effects regulate gene expression by acting on mRNA rather than genes. 
· This is called RNA editing where small RNA molecules and other proteins cleave mRNA at points to splice sections of new RNA to create new bases
2.4 Interaction of Genetic Factors and Experience: 
· Otogeny: development of individuals over their life span
· Phylogeny: evolutionary development of species through the ages 
· The development is a product of the interaction of genetic and experiential factors, which we now know is likely mediated by epigenetic mechanisms 
Selective Breeding of Maze Bright and Maze Dull Rats
· Tyron has a maze running of lab rats, which had to run a complex maze, and receive food as a reward when they reached the goal box
· Ones that were good were maze bright, ones that made incorrect ways were called maze dull
· When the offspring of both these matured, their maze learning performance was assessed. Then the brightest of the maze bright were mated with another, as were the dullest of the maze full offspring. This continued for 21 generations
· The worst of the maze bright made fewer errors than the best of the maze dull
· The offspring of maze bright rats made fewer errors even when they were reared by maze dull rates, and the offspring of maze dull rates made many errors even when they were reared by maze bright rats
· Selective breeding based on one behavioral trait usually brings a host of other behavioral traits along with it 
· Maze bright rats were more superior learners, not because they were smarter but because they were less fearful
· Selective breeding studies have proved that genes influence the development of behavior
· Cooper and Zubek (1958) reared the dull and bright rates under two kinds of environments, one being impoverished, and the other being enriched 
· When maze dull rats reached maturity they made more errors than bright rats only if they had been reared in the impoverished environment 
Phenylketonuria: a Single Gene Metabolic Disorder
· One abnormal gene can screw things up
· Phenylketonuria (PKU): a neurological disorder which has high levels of phenyl pyruvic acid in the urine 
· It is transmitted by a single gene mutation, and about one in a hundred people of European descent carry it, but because it is recessive, it only develops in homozygous people
· PKU homozygotes lack phenylalanine hydrocalase an enzyme that is needed to convert amino acid phenylalanine to tyrosine, as a result phenylalanine accumulates in the body and levels of dopamine (synthesized from tyrosine) are low
Development of Birdsongs
· Songs of male song birds threaten conspecific male trespassers and attract potential mates 
· This behavior develops in two phases
1. Sensory phase begins several days after hatching, they do not sing but instead they form memories
· Males who do not hear the song of their own species early may later develop a song, but this is unlikely 
2. Sensorimotor phase begins when the juvenile males being to twitter subsongs 
· The neural circuits actually have two parts:
· The descending motor pathway descends from the high vocal center on each side of the brain to the voice box. It mediates song production 
· The anterior forebrain pathway mediates song learning
· Two types of learners: 
· Age-limited: once songs are learned they remain unchanged for the rest of the birds’ lives 
· Open-ended: able to add new songs to their repertoire throughout their lives 
2.5 Genetics of Human Psychological Differences:
· In the development of individuals, the effects of genes and experience are inseparable. In the development of differences among individuals they are separable
· Monozygotic twins develop from the same zygote are genetically similar, while dizygotic twins developed from two different zygotes and are no different than any pair of siblings 
· In general monozygotic twins were substantially more similar to one another on all psychological dimensions than dizygotic twins 
· Heritability estimate is the numerical estimate of the proportion of variability that occurred in a particular trait 
· In the Minnesota study there was little environmental variation; the variation in subjects intelligence and personality resulted from genetics 
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