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LECTURE 1 (Sept 7th, 2012)

No notes. Introductory lecture.

LECTURE 2 (Sept 10th, 2012)

1) Introduction: 
a. Evolution: change over time in organic structure or behaviour (change over time in gene frequency)
i. Structural similarities
ii. Fossil record
iii. Embryological development
iv. DNA
b. Evolution by natural selection:
i. Species are created
ii. Species go extinct
iii. Species are well adapted
iv. Species share similarities

2) Darwinian evolution:
a. Principles of evolution:
i. Variation
ii. Inheritance
iii. Selection
b. Artificial Selection:
i. Intentional breeding for certain traits, or a combination of traits
ii. Explains domestication of plants & animals
c. Natural Selection:
i. Selection comes from environment
ii. Explains speciation, extinction, adaptation
d. Most mutations are deleterious and selected out (negative selection), but some are neutral and a few are actually advantageous (positive selection)

3) Selection types:
a. Stabilizing selection:
i. Decreases variability in population; environment is stable and intermediate forms are favoured by selection (risk-taking)
b. Directional selection:
i. Environment is unstable and extremes at one tail of the distribution are favoured by selection (e.g., brain size)
c. Disruptive selection:
i. Increases variability and might lead to speciation; extremes at both ends of the distribution are favoured over intermediate forms (e.g., body size)

4) Sexual selection:
a. Selection comes from own species:
i. Intrasexual selection: members of one sex compete to mate with members of opposite sex
1. Usually males compete
ii. Intersexual selection: members of one sex choose members of opposite sex based on preferred characteristics
1. Usually females choose

LECTURE 3 (Sept 12th, 2012)

1) Altruism: 
a. Definition: paying a cost to give a benefit to another
i. Alarm calling in ground squirrels
ii. Eusocial insect workers are sterile
iii. Birds that help raise siblings instead of reproducing
iv. Japanese Macaques groom and defend each other from attack
b. Problem:
i. Natural Selection favors traits that increase survival and reproduction
ii. But, how can genes for altruism spread in a population when they decrease survival & reproduction?
c. Solution:
i. Altruistic allele can spread IF it selectively bestows benefits on individuals who carry the same allele
ii. How can X know if Y has the same gene?
1. Kin Selection: shows favoritism towards blood relatives (who share the same altruism genes)
d. Temptation to cheat: cheaters accept the benefit without paying the cost
i. Threat to indiscriminate altruists
ii. Undermines evolution of altruism
iii. Humans are discriminate; i.e., against cheaters (logic / social contract example test)

2) Inclusive fitness:
a. Sum of an individual’s own reproductive success PLUS his or her effects on the reproductive success of kin weighted by the coefficient of relatedness
b. Hamilton’s formula: C < rB
i. C = cost
ii. r = coefficient of relatedness
iii. B = benefit
c. Question: should you sacrifice yourself to save:
i. 3 full siblings?
1. 1 < 0.5(3), YES!
ii. 6 cousins?
1. 1 > 0.125(6), NO!’
d. Must be satisfied for altruism to evolve

3) Unit of natural selection:
a. Species or group?
i. NO. Individuals will survive
b. Individual?
i. NO. Individuals do not replicate themselves (sexual recombination)
c. Gene?
i. YES. Genes are replicators that appear as copies in other bodies. Organisms are just vehicles for genes to live in

4) Altruism towards non-kin:
a. Direct exchange:
i. Benefit > Cost
ii. Same benefit exchanged
iii. Time lag between acts
iv. Not trading!
v. Observed in other animals
b. In direct exchange:
i. Same or different benefit exchanged
ii. Time lag between acts
iii. No reciprocation offered or expected!
iv. Humans only

5) Belding squirrels:
a. Emit a loud “alarm call” upon spotting predator to warn other ground squirrels foraging nearby to draw a predator’s attention
b. Some squirrels do NOT signal alarm calls:
i. Males isolated from kin
ii. Females without living mothers, sisters, daughters, or granddaughters
c. Territorial defense: more aggressive towards unrelated or distantly related females (cooperative defending)

6) Reciprocal altruism in vampire bats:
a. These bats feed on blood of herd animals, and their ability increases with age & experience
i. 3% of younger bats fail to feed
ii. 7% of mature bats fail to feed
b. They can regurgitate blood based on:
i. Need (newborns)
ii. Reciprocation only

7) Meat sharing in gatherers:
a. Big-game hunting is variable:
i. Excess in meat
ii. Successful hunter distributes meat to unsuccessful hunters
b. H-G do not routinely share gathered food or small game
c. Reciprocal altruism reduces uncertainty

8) Summary:
a. How can the genes spread in a population when they decrease survival and reproduction?
b. Only give benefits to others who have the same gene for altruism (discriminate solicitude)
c. Kin selection (inclusive fitness)
d. Those who have provided benefits in the past (direct exchange)
e. Reputation (indirect exchange)

9) Parent-offspring conflict:
a. Definition: parents are 100% related to their offspring, but offspring are only 50% or less related and 100% related to themselves
b. Resources are finite
i. Parents want to share 50%, offspring wants 66% (Simpsons example)
c. Conflicts:
i. Encourage siblings to share and value each other
ii. Weaning (nursing)
iii. Placental hormones
1. hCG inhibits spontaneous abortion
2. Arterial constriction
3. EPH increases blood sugar levels

LECTURE 4 (Sept 14th, 2012)

1) Explanations of behaviour:
a. Proximate explanations
i. Mechanism: how the behaviour works
b. Ultimate explanations
i. Function: why the behaviour exists
c. Ontological explanations
i. Development: changes in the individual across the lifespan
d. Phylogenetic explanations
i. Evolution: changes in the organism across generations

2) Anxiety:
a. Proximate: sympathetic division, increases activity to stress
b. Ultimate: response to stress in environment, (stress = threatens the well-being of the organism) to overcome dangers in the environment
c. Ontological: different types of stimuli one encounters (baby – adolescent – adult)
d. Phylogenetic:

3) Three products of evolution:
a. Adaptation:
i. Inherited and reliably developing characteristics that came into existence through natural selection because they helped to solve problems of survival or reproduction better than alternative designs existing in the population during the 
ii. Efficiency
1. Solves problem in a proficient manner 
iii. Economy
1. Cost-effective solution to problem
iv. Precision
1. Specialized to solve one problem
v. Reliability
1. Performs dependably within the intended context
b. By-products:
i. Characteristics that do not solve adaptive problems and do not have function design; they are linked with adaptions
ii. E.g., belly button: it does not solve any problems, it is a by-product
c. Noise:
i. Random effects produced by forces such as change mutations, dramatic changes in the environment, or developmental perturbances
ii. E.g., shape of belly button
d. I.e. placenta:
i. Efficiency: remove toxins and transfer nutrients
ii. Precision: shuttles nutrients
iii. Reliability: it always shuttles nutrients and never fails under normal circumstances

4) Environment of evolved adaptedness (EEA):
a. The environment shaped the adaptability and evolution of organisms
b. EEA for stereoscopic colour vision took longer than bipedalism
c. Unique EEA for each adaption
d. Important to remember that these may no longer be adaptive:
i. Taste preferences
1. Ancestral: we need calories and salt. Hence, we evolved to like fatty foods and sugars
2. Such preferences are no longer adaptive in the modern environment, as they lead to high blood pressure, diabetes, etc
ii. Mental / behavioral disorders

5) Selecting a mating strategy:
a. Father present at home  adaptation to select mating strategy  long-term mating strategy (delayed reproduction; fewer partners)
b. Father absent at home  adaptation to select mating strategy  short-term mating strategy (early reproduction; more partners)

6) How culture and evolved psychological mechanisms interact:
a. Behaviour: interaction between environment and the mind
b. Individualistic cultures – high self-enhancement in order to maintain relationships
i. High relationship mobility: high ability to move between groups freely (America)
c. Collectivistic cultures - low self-enhancement in order to maintain relationships
i. Low relationship mobility: low ability to move between groups freely (Japan hiring example)

7) Behaviorism:
a. Focused on stimulus-response associations and conditioning
b. Removed the mind from psychology
i. Mind is a “black box”
ii. People are blank states
iii. Environment (stimulus)  mind (black box)  behaviour (response)

8) Cognitive Revolution:
a. Reintroduced the mind to psychology
i. Brain is a hardware
ii. Mind is software
iii. Environment (input)  mind (general purpose information processor)  behaviour (output)

9) Standard Social Science Model (SSSM):
a. Human thought and behaviour is our own providence
i. “The mind is a general purpose cognitive device shaped almost entirely by culture”
ii. Human behaviour divided among different disciplines, which do not share theory
iii. Ignores ultimate and phylogenetic explanations

10) Evolutionary psychology:
a. Information should be integrated across disciplines and faculties
b. Application of Darwinian evolution to human thought and behaviour provides an overarching theoretical perspective
c. Mind is composed of multiple programs (evolved psychological mechanisms) designed for specific purposes
i. Certain parts of the brain are good at one thing, but bad at another
d. Non-arbitrary criteria for “carving the joints of the mind”. Localization of function in the brain
i. Each body part is named for its function
e. Mind is a collection of programs
i. I.e. Environment (input)  mind (language acquisition)  behaviour (output)
ii. I.e. Environment (input)  mind (cheater detection)  behaviour (output)

LECTURE 5 (Sept 17th, 2012)

1) Sexual reproduction:
a. Theoretical questions:
i. Why sex?
1. Sex is the recombination of successful genotypes from the crossing over of gametes
2. Asexual reproduction: offspring have identical gene combinations (biochemistry)
3. Deleterious mutants eliminated faster:
a. Optionally sexual species: parasites, strawberries, grasses, wasps, aphids
b. Preventing sex leads to accelerated extinction
c. Muller’s ratchet: bad mutations passed only to half the offspring
4. There are certain costs of sex:
a. Ornamentation
b. Pheromones
c. Transportation
d. STD
5. There are certain costs of recombination:
a. Crossing-over effects
b. Dangerous homozygosites (sickle-cell anemia)
6. Sex is good when future is uncertain?
7. Parthenogenesis is when organisms switch from being sexually reproductive to asexual reproductive
ii. Why two sexes?
1. Intermediate gamete size (disruptive selection):
a. Too large to produce great quantity: selection for small gametes (proto-sperm)
b. Too small to support embryogenesis alone: selection for larger gametes (proto-ovum)
2. Sexual reproduction: offspring have unique gene combinations – more resistant to infection
3. Selection in sperm to pursue ova; less need for ova to become mobile
iii. Red Queen hypothesis:
1. Parasite – host co-evolution:
a. Hosts evolve defenses
b. Parasites evolve counter-defenses
c. Short life spans + larger population = faster evolution
2. Therefore, “continuing adaptation is needed in order for a species to maintain its relative fitness amongst the systems being co-evolved with”

2) Parental investment theory:
a. Any investment by the parent in an individual offspring that increases the offspring’s chances of survival (and reproduction)
b. The sex that makes the smaller investment competes for the sex that makes the larger investment:
i. Males compete for females
c. The sex that makes the larger investment will be choosier when selecting partner(s):
i. Females are choosier
ii. Internal vs. external fertilization

LECTURE 6 (Sept 19th, 2012):

1) Competitive males:
a. Obligatory paternal investment
b. Male bodies / psychology built for competition with other men and women
i. Testosterone / aggression
ii. Achievement oriented
iii. More muscle and concentrated in the upper body
c. Reproductive success limited by the number of females he has sexual access to
i. Pursue multiple partners (if possible)
ii. Compete with other males for access to women

2) Male desire for short-term mating:
a. Clarke & Hatfield study (two attractive researchers asking question to go on date, to apartment, or go to bed):
i. About half of both sexes said “yes” to the date
ii. More than 70% of men wanted to half sex with the women
iii. No women agreed to have sex with the man; why? Heavy cost for random sex (pregnancy)

3) Male desire for variety:
a. Pornography interesting because it is a different women every time (variety)
b. Sexual fantasies:
i. Men more likely to have sexual fantasies of people who are not their partners
ii. Women more likely to have sexual fantasies of their partners
c. Coolidge effect:
i. No refractory period for men in the presence of a different woman after copulation

4) Men also pursue long-term mating:
a. Large brained, slow developing offspring requires lots of investment; human fathers invest heavily in offspring
b. Men make themselves attractive to women by committing
c. Dads vs. cads:
i. Dads come home after work, spends a lot of time with the family. They are sacrificing quantity of offspring for the quality of offspring
ii. Cads are the complete opposite; playboyish. They are sacrificing quality of offspring for quantity of offspring
d. Men are choosy about long-term mating partners
e. Men concerned about paternity confidence; that is, men cannot be completely sure if their offspring belongs to them
f. Women compete for high quality men; i.e., someone who is able and willing to invest

5) Mixed female mating strategies:
a. Adaptive problem: find partner who is good provider & has good genes (highly desirable)
b. Solution 1: convert Cad into Dad
c. Solution 2: pursue mixed strategy:
i. Rate of affairs for U.S. women ranges from 20% to 50%
ii. Rate of cuckoldry in U.S. estimated at 10%
iii. Sperm competition in human males
1. There are certain adaptations in sperm; i.e., sperm that attack other sperm, sperm that block passageways
2. The idea of sperm competition excites men
iv. Infidelity more likely during ovulation
v. Orgasm more likely with lover

6) Male and female minimum standards:
a. How intelligent of a partner would you want before committing to the following: date, sex, steady, and marriage?
i. Women preferred men with a minimum intelligence level above the 50th percentile, starting with date and ending with the highest point of intelligence at marriage
ii. Men’s required intelligence for sex is much lower than women; it falls below the 50th percentile

7) Strategic interference:
a. Strategies implemented by individuals to achieve reproductive goals often interfere with the goals of other’s:
i. Interspecies interference: conflict between predator and prey; between pathogen and host
ii. Intra-sexual interference: conflict between members of the same sex over resources or mates
iii. Sexual interference: conflict between the evolutionary interests of males and females
1. Not a conflict over resources
2. Not a “battle of the sexes”, since this suggests group level altruism
iv. Adaptations for manipulating the strategies of others (e.g., deception, coercion)
v. Counter-adaptations for manipulative strategies

LECTURE 7 (Sept 21st, 2012):

1) Genetics:
a. Genome: the genetic makeup of a species
b. Genotype: the genetic makeup of an individual
c. Phenotype: observable traits of an individual resulting from the complex interaction of genes and environment
d. Penetrance: degree to which a gene is expressed
e. Epistasis: genes interact with other genes
f. Pleiotropic gene: affects more than one phenotypic feature
g. Polygenic inheritance: traits are often influenced by more than one gene

2) Chromosomes:
a. Karyotype = autosomes + sex chromosomes
b. Humans are either 46 XX or 46 XY
c. Chimpanzees are either 48XX or 48 XY, but with has the same quantity of genetic material
d. Humans share 98% of genes with chimpanzees, and more than 99% with all other humans
e. Aneuploidies: changes in normal number of chromosomes:
i. Down’s Syndrome (trisomy 21)
ii. Klinefelter Syndrome (47XXY)
iii. Turner Syndrome (45 X0)
iv. Mental disorders prevent people from reproducing such defects

3) Structure of DNA:
a. Thymine replaced with uracil in RNA
b. Human DNA has 3.5 billion base pairs
c. Parts of a gene:
i. Exons: 20,000 protein coding genes; 55% expressed in the human brain
ii. Introns: 98% of human DNA is non-coding; most regulate when and where genes are expressed (switches)
iii. Promoter & stop regions define a “gene”
iv. Genes make proteins; proteins speed up chemical reactions
1. DNA is just a blueprint, and genes are the construction workers
d. Junk DNA: does not code for protein; instead, they affect genes that affect protein synthesis
e. Allele is one of 2+ versions of a gene
f. 3 adjacent bases (triplet) code for one of 20 different amino acids that build proteins

4) Polymorphisms:
a. Single Nucleotide Polymorphisms (SNP): alleles that differ by a single base or nucleotide (following mutation)
i. Happens once every 1500 bases
b. Copy Number Polymorphisms (CNP): alleles that differ because of inversions, insertions, deletions, duplications (following mutation)
i. Surprisingly common (1400+ regions or 12% of the human genome)
c. Many polymorphisms are selectively neutral

5) Epigenetic inheritance:
a. Changes in gene expression (how a gene affects phenotype) caused by mechanisms not related to changes in DNA sequence
b. Methylation can inactivate a gene
c. Genomic Imprinting: differential methylation of male or female DNA, which have different effects:
i. Maternal imprinting can lead to Prader-Willi syndrome characterized by poor sucking and weak crying in infants; or increased risk of schizophrenia and brain underdevelopment
ii. Paternal imprinting can lead to Angelman syndrome characterized by strong, uncoordinated sucking; or increased risk of autism and brain overdevelopment

6) Heritability:
a. Behaviour Geneticists: studies individual differences in behaviour resulting from differences in gene frequency
b. Proportion of the total variance in a trait that is attributable to genetic variation within a group
c. Variance:
i. Total variance (Vt) = variance due to genetic differences (Vg) + variance due to other factors (Ve)
ii. Heritability = Vg/Vt
d. Changes with environmental variability
e. Estimates of heritability are specific for a particular group in a particular environment
f. Estimates describe heritability for the group, not individuals in the group
g. All heritable traits are influenced by the environment

7) Investigating heredity:
a. Family Studies:
i. Lifetime prevalence of disorder = total number of relatives with disorder / total number of relatives
ii. Underestimate of actual risk
iii. Shared genes & shared environment
b. Twin Studies:
i. Compare monozygotic (identical) and dizygotic (fraternal) twins
ii. Compare identical twins reared apart vs. together
c. Adoption Studies: 
i. Compare children with their biological & adopted parents

8) Conclusion:
a. Most psychiatric disorders do not follow classic Mendelian inheritance
i. Gene interactions, additive effects, gene silencing, pleiotropic effects
b. All behaviour results from a complex interaction between genes and environment:
i. Genetic effects
ii. Environmental effects
iii. Gene-environment correlations:
1. Passive: children inherit genes AND environment from parents
2. Active: children show preferences for environments that suit their genes

LECTURE 8 (Sept 24th, 2012):

1) Neuronal communication:
a. Synapse: junction between two nerve cells, consisting of a gap across which neurotransmitters may diffuse through
b. Incoming messages – dendrites  axons  cell body  receiving neuron
i. Presynaptic neuron: transmitter
ii. Post synaptic neuron: receiver
iii. Neurotransmitters diffuse through the synaptic cleft
iv. Action potential: electrical charge indicating a neuron has “fired”
v. Excitatory vs. inhibitory signals (GABA)
c. Myelin sheath accelerates how fast information can travel between the axon
d. Grey matter: 
i. Neurons without myelin sheath
e. White matter:
i. Used to transport information
ii. With myelin sheath
f. Plasticity: formation and disintegration of synapses throughout the lifespan
i. Synaptic pruning: how the brain gets rid of unneeded synapses

2) Neurotransmitters:
a. Acetylcholine (ACh): synapses with muscle tissue; involved in learning, memory, and emotion
i. Alzheimer’s: degeneration of ACh neurons
b. Dopamine: involved in voluntary motor activity
i. Parkinson’s: degeneration of the substantia nigra (producer of all dopamine); therefore, loss of motor activity
ii. Schizophrenia: excessive dopamine activity in frontal cortex
c. Epinephrine: mobilizes energy resources
i. Same structure as adrenaline, name differs due to location of neurotransmitter
ii. Called adrenaline when it is produced by the adrenal glands
d. Norepinephrine: regulates sensory arousal and attention
i. Deficiency can lead to attention deficit / hyperactivity disorder (ADHD), impulsivity, lower pain threshold
e. Serotonin: sleep, wakefulness, temperature regulation, appetite; aggression, social status and risk taking
i. Deficiency associated with depression
ii. Excess activity associated with antisocial personality
iii. Deficiency or excess associated with obsessive-compulsive disorder

3) Amino acids (direct effects):
a. Glutamate: primary general excitatory neurotransmitter involved in learning processes and consciousness
i. Excessive activity associated with psychotic symptoms
b. GABA: primary general inhibitory neurotransmitter
i. Deficiency associated with epileptic seizure, catatonic syndromes
ii. A seizure is a group of neurons firing action potentials at a rapid rate
c. Neuropeptides (indirect effects): synthesized in the hypothalamus and pituitary gland; modulate neurotransmitter activity
i. Beta-endorphin: pain relief and relaxed euphoria in response to tissue damage or fearful stimuli
ii. Oxytocin: reduces aggression and promotes parental and partner bonding (released during breastfeeding and orgasm); more abundant in females
iii. Vasopressin: promotes male sexuality and aggression
iv. Neurotrophins: neurogenesis – creation of new neurons, and migration

4) Hierarchy of the nervous system:
a. Central nervous system (CNS; processes, interprets, stores information; issues orders to muscles, glands, organs):
i. Brain
ii. Spinal cord (Bridge between brain and peripheral nerves)
b. Peripheral nervous system (PNS; transmits information to and from the CNS):
i. Autonomic nervous system (regulates glands, blood vessels, internal organs):
1. Sympathetic nervous system (mobilizes body for action, energy output)
2. Parasympathetic nervous system (conserves energy, maintains quiet state)
ii. Somatic nervous system (controls skeletal muscles)

5) Organization and functions of the brain:	
a. Subdivided into three regions:
i. Rhombencephalon (hindbrain)
1. Regulates basic physiological functions
ii. Mesencephalon (midbrain)
1. Neurotransmitter production
iii. Prosencephalon (forebrain)
1. Diencephalon (thalamus and hypothalamus)
a. Controls sensory information and endocrine system (4 Fs)
2. Telecephalon (limbic system and cerebrum)
a. Regulates emotion and cognitive functioning

LECTURE 9 (Sept 26th, 2012):

1) Hindbrain:
a. Cerebellum: fine tunes motor movement; learning repeated motor movement
i. Classical conditioning
ii. Larger than other primates due to digit dexterity and talking
b. Pons: Sleeping, waking, dreaming
c. Medulla: Involuntary bodily functions

2) Midbrain:
a. Basal ganglia: action selection (motor)
i. Malfunction can inhibit particular movements
b. Substantia Nigra: dopamine production
c. Integrates sensory information
d. Reticular Activating System (RAS): monitors background information and arouses higher order processes for events that warrant closer attention

3) Forebrain:
a. Thalamus:
i. Reroutes sensory information
b. Hypothalamus:
i. Basic survival & reproduction
ii. Pituitary (master) gland
c. Limbic System:
i. Amygdala: emotion
ii. Hippocampus: long-term memory
iii. Mammillary body: smell & memory
iv. Septal nuclei: pleasure centre

4) The four lobes of the cerebrum:
a. Occipital Lobe: 
i. Visual cortex (colour, shading)
b. Parietal Lobe: 
i. Somatosensory cortex (touch, pain)
c. Temporal Lobe: 
i. Auditory cortex & Wernicke’s Area (comprehension of language / reading)
d. Frontal Lobe: 
i. Motor Cortex & Broca’s area (responsible for the production of language)
ii. Prefrontal Lobe: personality
iii. Social judgment; planning; rational decision making

5) Lateralization:
a. Right & left hemisphere specialized for different tasks: connected by the corpus callosum
b. The brain is lateralized because the brain keeps getting bigger and bigger, but the corpus callosum remains the same size. As such, a neuron traffic jam is inevitable. Lateralization helps information processing. 
c. Left-hemisphere specialization:
i. Controls right-side of body
ii. Linear Speech: production, grammar, comprehension
iii. First-person perspective
d. Right hemisphere specialization:
i. Control left-side of body
ii. Holistic Speech: intonation, metaphor, emotional prosody
iii. Spatial tasks
iv. Third-person perspective
e. Women are less lateralized than men

6) Two famous studies:
a. Henry Molaison:
i. Had hippocampus and amygdala removed to cure seizures
ii. Cannot form long-term memories
b. Phineas Gage:
i. Had left frontal lobe impaled by an iron rod
ii. Completely changed his personality and behaviour

LECTURE 10 (Sept 28th, 2012):

1) Triune brain:
a. Reptilian: changed little throughout mammalian evolution
i. Basic vital functioning (temperature, blood pressure, respiration, sleep); instinctual behaviour (classical conditioning)
b. Palaeomammalian (limbic system): changed much throughout primate evolution
i. Regulation of emotion & motivation of complex behaviour (e.g., parental care, exploration)
c. Neomammalian: significant changes during hominid evolution
i. Cognition (behavioural flexibility, perception, consciousness, decision making, memory, etc.)
d. Older parts of the brain operate independently of newer parts of the brain (e.g., breathing vs. perception)

2) Brain size and evolution:
a. Cerebrum in human brain much larger than chimpanzee
b. As soon as we obtained the ability to use tools, we see a rapid increase in brain size development
c. The brain (16%) and guts (15%) are the most metabolic intensive systems within the human body
i. Inverse relationship between brain size and stomach size
ii. To conserve energy, humans reduced the digestive tract by eating meat, which is easier to digest
iii. Humans have a small intestine, where proteins are rapidly broken down
iv. Raw plant matter is more difficult to break down than meat; the invention of cooking techniques made digestion more efficient
d. Social brain hypothesis:
i. Human intelligence did not evolve primarily as a means to solve ecological problems, but rather intelligence evolved as a means of surviving and reproducing in large and complex social groups
e. Allometric changes:
i. Olfactory bulb: PI = 1/40
ii. Amygdala (involved in emotion): PI = 3.9
iii. Enlarged basal ganglia (motor actions)
iv. Frontal lobe more convoluted and gyrified
f. Constraints on further encephalization:
i. High child and mother mortality rate during birth
ii. Human brain continues to grow at prenatal rate for 13 months
1. This means that human are born 13 months early (you are still raising a fetus!)
iii. Soft skulls and head shape; the skull of a baby has not fused together yet and has gaps (fontanelles)

3) Heterochrony:
a. Changes in developmental rate and timing relative to ancestral populations
i. We are comparing the developmental aspects of an ancestor to its descendants
b. Paedomorphosis (truncated / reduced development):
i. “Retention by an organism of juvenile or even larval traits into later life”
1. Post-displacement: later onset
2. Progenesis: earlier offset
3. Neoteny: retarded rate
c. Peramorphosis (extended development):
i. “Delaying of maturity while the development of the adult is extended”
1. Pre-displacement: earlier onset
2. Hypermorphosis: later offset
3. Acceleration: accelerated rate
d. Causes changes in allometry:
i. Allometry is the changes in shape, due to the fact that different body parts grow at different speeds

4) Heterochrony & the brain:
a. “Human brain is combination of paedomorphosis and subsequent hypermorphosis”; widely believed, but inaccurate
b. Anatomical paedomorphosis in humans?
i. Age of sexual maturity in primates increases with encephalization
ii. Humans become sexually mature sooner (14-16yrs in modern environment) than expected (44yrs)
iii. Early developmental offset? NO: acceleration = peramorphosis
c. Behavioural paedomorphosis in apes?
i. Playfulness and curiosity into adulthood
ii. Delayed offset of development = Peramorphosis (how both children and adults like to play games)
d. Humans are OVERdeveloped:
i. Leg and foot bones
ii. Brain and cranium
iii. Facial development is a notable exception
iv. However, facial development in humans is TRUNCATED, not overdeveloped
v. As brain size increases, facial features decreased (small brow ridges, smaller jaws). The removal of certain facial features allowed for the expansion of the brain

5) Brain sexual dimorphism:
a. Men have larger brains than women, but:
i. Men also have larger body size
ii. Density of cortical neurons is equal
iii. Ratio of cortex to brain is equal
iv. IQ is equal:
1. Women perform better on verbal questions
2. Men perform better on nonverbal questions
b. Female brains are less lateralized than male brains
i. Corpus callosum is same thickness in men and women
ii. Lateralization puts less demand on corpus callosum
c. Hunters need to navigate long distances and then return; gatherers need to remember location of food producing plants (Silverman & Eals, 1992).
i. Men outperform women on mental rotation tasks
ii. Women outperform men on object memory
iii. Women navigate using landmarks; men navigate using Euclidian directions

LECTURE 11 (Oct 1st, 2012):

1) Life history theory: divided into two:
a. Somatic effort
b. Reproductive effort:
i. Mating effort:
1. Males invest more
2. Risks: paternal uncertainty; opportunity costs
ii. Parenting effort:
1. Females invest more
2. Risks: large obligatory investment
c. More encephalization  longer lifespan (longer individual growth periods as well)
d. Why is there such a long post-reproductive period?
i. Allows us to take care of grandchildren
ii. Since it takes 20 years on average to take care of child to maturity, we need the extra 20 post-reproductive years for this reason

2) R vs. K strategies:
a. R = no resource limitations  quantity
i. Early reproduction, catastrophic death
ii. Tend to be small in stature since reproduction is the focus
b. K = resource limitations  quality
i. Longer gestation, slower reproduction

LECTURE 12 (Oct 3rd, 2012):

1) Humans as extreme k strategists:
a. We give birth to small numbered, high quality offspring because our ancestral environment was at carrying capacity
b. Population is expanding because of technological advancements, medical advances, etc

2) Attachment:
a. Definition: the psychological adaptation connecting the infant with mother
b. John Bowlby (1907 – 1990): English psychoanalyst: Attachment enhanced survival and social learning
c. Maternal deprivation in Rhesus Monkeys:
i. Aggression and socially incompetent
ii. Unable to provide maternal care as adults
d. Separation Anxiety: emotional distress observed in infants when separated from primary caregiver
i. Appears 6-8 months; peaks at 14 – 18 months
ii. Fear of strangers

3) Attachment styles:
a. Secure attachment:
i. Explore comfortably; upset when mother leaves; calms quickly when she returns
b. Anxious/ambivalent attachment:
i. Explores but anxious; protests when mother leaves; difficult to console when she returns
c. Avoidant attachment:
i. Explores comfortably; unconcerned when mother leaves.
d. Disorganized attachment:
i. Simultaneous avoidance and contact seeking or “freezing”
ii. Child is afraid of its caregiver
e. Insecure attachment can interact with genes to produce psychopathology

4) Senescence:
a. Simultaneous deterioration of all biological systems due to old age
i. Why does life end?
b. If an organism lived forever, it’s reproduction capabilities is limited because there are no time risks
c. Genes are myotropic, affecting a range of systems
d. If a gene is favourable early in life rather than late, this gene is favourably selected
e. Selection should favor strategies that sacrifice reproduction in the far future for reproduction in the present (e.g., testosterone)
i. Early reproduction = more reproduction
ii. Mortality rate is high over long periods
iii. Therefore, concentrate reproduction early in life
iv. Selection is stronger for mutations expressed in young individuals and weaker for mutations expressed later in life
1. Selection for pleiotropic genes that increase reproduction early but lead to death later

5) Bereavement:
a. Acute reaction to death of someone biologically important (6 – 12 months):
i. Grief increases
ii. Mental & physical health deteriorates
iii. Mortality rate increases
b. Asymmetry in grief reactions:
i. Life-history:
1. Men have stronger reaction to loss of spouse
2. Women have stronger reaction to loss of offspring
ii. Reproductive value:
1. Stronger reaction to loss of younger spouse
2. Stronger reaction to loss of older offspring


[MIDTERM #1]



LECTURE 13 (Oct 10th, 2012): Causes of pathology

1) Introduction:
a. All pathology has a genetic basis. Pathology decreases fitness. Why does pathology exists? Why has natural selection failed to eliminate pathology?
b. Medicine & social sciences focus on proximate explanations of disease
c. Teleology: error of explaining in terms of purpose or goal: i.e., what is the function of the sun?
i. Explaining the past from the future is an error (teleology)
ii. Explaining the future from the past is not an error (evolution)
d. Causes of pathology:
i. Infections
ii. Defenses
iii. Diseases of civilization
iv. Genetic quirks
v. Design compromises
vi. Evolutionary legacies

2) Infection:
a. Bacteria and viruses:
i. Pathogen-host coevolution; a never-ending evolutionary war
ii. Pathogens attempt to subvert our defenses
b. Antibiotics [1929]:
i. Penicillin:
1. Produced and found in mold
2. Attacks and kills bacteria (tuberculosis & pneumonia)
3. Rates of infectious disease quickly began to decrease
4. Bacteria began to evolve defenses against antibiotics:
a. Staphylococcal bacteria
b. 1941 – all strains vulnerable
c. 1944 – strains begin evolving enzymes that break down penicillin
d. 1994 – 95% of strains at least partially resistant
c. Overuse in hospitals and factory farming has led to an increase in infection rates [faster evolution]:
i. Salmonella, E. coli, & tuberculosis
d. Antibiotics do not kill viruses because viruses are not alive (have no biological structure)
e. Factory farming:
i. Gathering large amounts of animals to save money and improve efficiency (i.e., chicken)
ii. Antibiotics are given as a precaution and used for accelerated growth

3) Defenses:
a. Response to disease that are sometimes confused with the disease itself
i. Expulsion: mucus, cough, sneezing, nausea & vomiting, diarrhea, & menstruation all function to remove disease agents
ii. Fever: increases in temperature kills microorganisms; survival rate for syphilis increases when infected with malaria to induce fever
iii. Iron-depletion: bacteria consume iron
1. Body reduces iron levels in response to infection
2. Reduce consumption of iron-rich foods
3. Body reduces iron absorption
b. Treating / blocking a defense can be detrimental:
i. Fever reducing medication prolongs illness
ii. Iron supplements increase infection rates
iii. Anti-diarrheic doubles recovery time from Shigella infection

4) Anxiety as a defense?
a. In danger or under stress:
i. Hypothalamus activates sympathetic division  adrenal medulla produces epinephrine and norepinephrine
ii. Hypothalamus sends messages to the adrenal cortex  cortisol is produced and release  increased energy and protection from tissue inflammation in case of injury

5) Causes of disease:
a. Diseases of civilization: mismatch between design and environment
i. High-fat diet: heart disease & type II diabetes
ii. Ancient (calorie extraction) vs. modern (abundance of calorie-rich meals)
iii. Separating mother and child following birth; infant sleeping in separate room an example of insecure attachment
iv. Substance abuse:
1. Opiates stimulate endorphin receptors in the brain
2. THC stimulates receptors in the brain
3. Alcohol increases GABA activity
4. Cocaine increases catecholamine activity

LECTURE 14 (Oct 12th, 2012): Causes of pathology con’t

1) Genetic quirks:
a. Genes that only express their negative effects in the modern environment
b. Some cases of heart disease caused by allele that codes for abnormal metabolism of cholesterol:
i. Inconsequential except when combined with high-fat diet
c. Myopia: makes far objects difficult to see
i. 25% of Americans have myopia, but hunter-gatherer populations have very low incidence of myopia; why?
ii. Incidences of myopia increased to 25% in Native peoples when children started attending school.  Reading and writing at a young age causes impaired vision later in life; why?
1. Eye growth depends on feedback from the brain, which is sensitive to blurring
2. Ensures coordinated development of the eye, but close work leads to an oblong shape
d. If only part of the visual field is blurred, this leads to asymmetrical growth

2) Design compromises:
a. “Hit / miss / false alarm / correct rejection”
b. Costs associated with adaptations appear as flaws
i. Adaptations are not optimal: sufficiently well designed to perform their function for as long as normally needed
c. Anxiety:
i. Prolonged stress response uses extra calories, interferes with attention, and damages tissues and the immune system
1. Chronic activation of HPA stress reaction leads to tissue damage
ii. Fight/flight response: “misses” are more costly than “false alarms”
iii. Low threshold leads to many “false alarms”
iv. Adaptive conservatism or “smoke detector principle”
v. Too costly to design a system with no errors

3) Theory of mind:
a. “The contents of the mind motivate behaviour”
b. The inability to recognize that one’s own mind is distinct will lead to negativities (i.e., paranoia)
c. Theories about the nature of “mind”:
i. Ability to recognize other minds as distinct from own
ii. Ability to know the contents of other minds
iii. Ability to know that thoughts and desires motivate behaviour
iv. False beliefs: a belief that does not reflect reality
1. Children under the age of four years cannot appreciate false beliefs (e.g., candy box full of crayons)
d. Design compromise:
i. Benefits: predictability and enormous flexibility
ii. Cost: long developmental period makes it vulnerable to disruption (pathogens, toxins, malnutrition)
iii. Cost: potential dysfunctional development (e.g., paranoia: others can read their mind, mistake own thoughts for insertions)

4) Evolutionary legacies:
a. Evolution makes small modifications to existing structures
b. Evolution cannot create new traits de novo
c. Back pain & bipedalism:
i. The evolved backbone allows more room for organs, but leads to intense back pain:
1. Travel long distances using minimal energy and use hands for carrying
2. Complex reorganization of the pelvis and vertebral column
3. Double “S” curve centres weight over the feet and reduces muscle tension required to maintain balance
4. Vertical alignment of internal organs and higher centre of mass lead to lumbar & cervical prolapses (slip discs)
5. Double “S” structure begins developing at 3 months, when infant begins to control the head
ii. Increased brain size introduces difficulties for baby to pass through a narrow birth canal
1. Solution 1: increase high-protein diet  decreased gut size
2. Solution 2: antedate parturition towards greater immaturity
iii. Young babies cannot sit up because their spines are shaped like a quadruped’s

5) Canadian cancer statistics [not important]:
a. Estimated 186,400 diagnoses in 2012:
i. 28% of cancers for women is breast
ii. 27% of cancers for men is prostate
b. Prognosis: 38% of new diagnoses die within 5yrs
c. Estimated 75,700 deaths in 2012
d. Cancer risk increases with age:
i. 43% of diagnoses and 61% of deaths in individuals over 70 years
e. Lifetime prevalence:
i. 40% of women and 45% of men will develop cancer
ii. 25% of Canadians will die of cancer

6) Germ cell theory:
a. Each differentiated cell in your body does something that none of its ancestors ever did before: it stops dividing
b. If any of the ten trillion cells in your body begins to divide again unchecked, this results in a lethal disruption of physiological function (cancerous tumour)

7) Cancer:
a. What is cancer?
i. “Cancer is a collective term for maladaptive and uncontrolled tissue growth of all kinds…. Cellular renegade that has rebelled against the body and can be regarded as a parasite pursuing its own interests.” (Nesse & Williams, 2000)
b. Multiple and redundant mechanisms to prevent uncontrolled cell replication:
i. Tumor-suppressor genes
1. Inhibit cell division
2. Detect cell growth and shut it down
3. Detect cell growth and cause self-destruction
ii. Immune system attacks cells with maladaptive growth
iii. Gene P53: suppresses cancer; a polymorphism version of this gene may lead to increased susceptibility to colon, lung, and breast cancers
c. Suppressor genes that inhibit tumor growth might assert their effect by destroying a substance essential for cell division
i. Abnormal suppressor genes originally thought to cause cancer, but now believed to be ineffective at preventing cancer

8) “Causes” of cancer:
a. Cancer has 10 trillion chances to circumvent these cancer preventing mechanisms
b. Genetic predisposition to cancer due to one or more missing mechanisms
c. Cell regulation becomes less effective later in life
d. Environmental factors that can disrupt the cancer preventing mechanisms:
i. X-rays and toxins can cause damage to genes
ii. Viruses have been associated with 20% of cancers beginning in the 1960s:
1. They produce toxins and attach themselves to chromosomes to disrupt the cell’s machinery (especially dangerous if said chromosome is responsible for tumour suppression)

LECTURE 14 (Oct 15th, 2012): Psychopathology Diagnostic Criteria

1) Bereavement [continued]:
a. Fertility vs. reproductive value:
i. Fertility: likelihood that copulation will be successful (peaks at age 25)
ii. Reproductive value: average number of future offspring an individual can have (peaks during late teens in women)
b. Why does bereavement exist?
i. It is NOT an adaptation, but rather a by-product
ii. When death occurs, your body PROTESTS… just like when a child is separated from parents
c. Miscarriage [men vs. women]:
i. Men are sad, but women are devastated due to physiological reasons and the waste of invested time
d. Abnormal shortening of inter-birth intervals  increased risk for child maltreatment, neglect, and abuse

2) Diagnosis of psychological disorders:
a. Medical models:
i. Old: focused on possession (exorcism), witchcraft (torture), and affliction (prayer)
ii. Modern: treat it like a metaphor; it is good for certain conditions like schizophrenia, but not good for other behaviours:
1. Some conditions are just deviations (homosexuality), not diseases
2. Not the best model

3) DSM:
a. Diagnostic and Statistical Manual of Mental Disorders (DSM) published by American Psychiatric Association
b. Rapid expansion of mental disorders:
i. DSM-I (1952): 100 disorders
ii. DSM-IV-TR (2000): 400 disorders
iii. Result of mental health industry & U.S. health insurance?
c. Many new “disorders” reflect normal behaviour:
i. ADHD, mathematics disorder, caffeine-induced sleep disorder
ii. Discarded diagnoses: drapetomania; childhood masturbation disorder, homosexuality
d. Over-diagnosis: 
i. ADHD affects 5 – 10% of school-age children
e. Why more mental classifications:
i. Insurance companies requesting to have a name for the problem
ii. Many new problems are just normal behaviours pushed by insurance companies to exist

4) Multi-axial system:
a. Axis I lists clinical syndromes:
i. Disorders first diagnosed in infancy / childhood / adolescence (e.g., Autism, ADHD)
ii. Organic mental disorders: dysfunction of brain functioning (e.g., dementia, organic amnesia)
iii. Substance related disorders: maladaptive use of drugs and alcohol
iv. Schizophrenia & other psychotic disorders: hallucinations, delusions, disorganized thought
v. Mood disorders: emotional disturbances (e.g., depression, bipolar disorder)
vi. Anxiety disorders: heightened & unpleasant physiological activity (e.g., phobias, PTSD)
vii. Eating disorders: disturbances in eating and preoccupation with weight (e.g., anorexia, bulimia)
viii. Sexual & gender-identity disorders (e.g., paraphilias & sexual dysfunction)
ix. Somatoform disorders: somatic symptoms with no organic basis (e.g., hypochondriasis)
x. Dissociative disorders: dysfunction of memory, consciousness & identity (e.g., dissociative identity disorder, non-organic amnesia)
b. Axis II: why are personality disorders here rather than Axis I?
i. For legal reasons; it provides defense for crimes
ii. Personality is innate, rather than developed over time
iii. Personality disorders are just extreme versions of personality traits

LECTURE 15 (Oct 17th, 2012): Autism

1) Autism symptomatology:
a. Symptom composed in a triad:
i. Communication deficits:
1. Lack of facial exploration, avoidance of eye contact, inability to monitor gaze, no joint attention
ii. Impaired social interaction:
1. Deficits in “theory of mind”, lack of empathy, ignoring the presence of others, impaired imitation and symbolic play
iii. Stereotyped behaviours and interests:
1. Meaningless imitation of actions (echopraxia) or speech (echolalia)
b. Symptom severity:
i. Milder forms: Asperger syndrome & high-functioning autism (preserved verbal communication)
ii. Severe forms: Kanner autism (mental retardation or epilepsy)
iii. Normal intellectual functioning: superior technical intelligence
iv. Savants (e.g., math, music) are usually intellectually impaired
c. Autistic spectrum disorder: experience deficits in only one of the three symptom groups

2) Epidemiology & genetic risk factors:
a. Epidemiology: onset occurs in early infancy, but diagnosis doesn’t occur until 18 to 24 months:
i. Autism: 5.2 / 10,000 before 1980s; 7.2 / 10,000 after 1980s
ii. Autism spectrum: 3 – 6 / 1,000 individuals
iii. Male/female (4:1)
b. Genetic risk:
i. 10 – 20 different alleles involved (polygenic disorder)
c. Autism rates increasing [3-6/1000 individuals]; why?
i. Vaccines are taken around the same window as autism (18-24 months)
ii. People are getting better at diagnosing autism

3) Pathophysiological mechanisms:
a. Mirror neuron system:
b. Chemical messengers:
i. Elevated levels of endorphins & brain-derived neurotropic factor (BDNF)  more neurons and bigger brain
ii. Serotonin levels elevated in blood but reduced in CNS
iii. Oxytocin is down-regulated
iv. Elevated foetal testosterone  increased number of androgen receptors  more sensitive to testosterone?
c. Neurological abnormalities:
i. Reduced apoptosis (selective cell death)
ii. Increased density of neurons except in mirror neuron system (impaired imitation)
iii. Increased white matter but reduced inter- and intra-hemispheric connectivity  less efficient transmission
iv. “Mentalizing” centres hypoactive (impaired theory of mind)
v. Enlarged amygdala at birth, but underdeveloped later on (impaired social emotion)

4) Evolutionary synthesis:
a. Psychological mechanisms affected are those associated with social brain functioning [behavioural, cognitive, and emotional]:
i. Deficits in ‘theory of mind’ reflect selective impairment of social information processing
ii. Not a reflection of low general intelligence!
b. Mirror neurons [bridge between two minds]:
i. Contained in parts of the prefrontal and temporal cortex
ii. Involved in observational learning (imitation), but also important for theory of mind
iii. Active during observation and also imitation of action
iv. Mentalising:
1. The ability to appreciate own and others’ mental states
2. Dysfunction causes a broad array of psychopathological signs / symptoms
c. Cortical thickness reduced in autistic individuals

5) Extreme variation of “male brain” traits?
a. Excessive foetal testosterone and increased number of androgen receptors masculinize the brain:
i. Technical understanding a male trait? Social functioning a female trait?
b. Evidence:
i. Adrenal hyperplasia  increased androgens  elevated boyish behaviour and autistic traits
ii. Low 2D/4D ratio in autistic individuals (high testosterone)
iii. Precocious puberty in autistic boys
iv. Foetal testosterone in non-autistic children inversely related to eye-to-eye contact, shared attention, speech development, social functioning, and restricted range of interests

6) Genomic imprinting:
a. Genes compete to be expressed by silencing other genes; paternal genes can silence maternal genes or vice-versa:
i. Autism reflects over-expression of paternal genes [too much silencing of maternal genes]:
1. Exaggeration of male traits; impaired functioning of female traits
2. Exaggerated development: oversized placenta, higher birth weight, brain enlargement (greater density of grey matter; greater white matter volume)
3. Angelman syndrome caused by over-expression of paternal genes shares some autistic symptoms (e.g., impaired language, poor eye contact)
ii. Autism reflects over-expression of maternal genes [not enough silencing of maternal genes]:
1. Locus on mother’s X-chromosome that is usually silenced in girls
2. Turner syndrome: social-cognitive impairment and autistic traits more common in girls whose X-chromosome comes from mother
3. Males always inherit their X-chromosome from mother; explains why girls are better at social-cognition compared to boys; explains why autism is more pronounced in boys

7) Symptoms of autism [refer to slide chart]:
a. Low end:
i. Hypofunctioning: language
ii. Social-cognition: “theory of mind”
b. High end:
i. Hyperfunctioning

8) Summary:
a. Evolved psychological mechanisms:
i. Social-cognition helps individual to manage social relationships, “theory of mind’ helps predict behaviour of others
b. Genomic imprinting:
i. Paternal genes silence maternal genes OR
ii. Locus of maternal X is over-expressed
c. Proximate developmental mechanism:
i. Increased foetal testosterone / androgen receptors:
1. Brain enlargement; reduction of the mirror neuron system
2. Deficits in social-cognition & “theory of mind”

LECTURE 16 (Oct 19th, 2012): ADHD

1) ADHD symptomatology:
a. Chronic and pervasive inattentiveness, hyperactivity, and impulsivity that exceed typicality:
i. Inattentiveness: inability to delay gratification
ii. Hyperactivity: problems organizing and planning; inability to sustain attention
iii. Impulsivity: physically or mentally overactive
b. Three types:
i. Inattentive subtype (ADD):
1. Typically associated with depression and anxiety disorders (more common in women)
ii. Hyperactive / impulsive subtype:
1. Typically associated with bipolar affective disorder or substance abuse (in men)
iii. Mixed subtype
c. Diagnosis is usually made at a preschool or elementary school age (median age of onset = 7yrs), and occasionally during adulthood (continuity of symptoms since childhood)
d. Hyperactivity and impulsivity decline with age; de novo diagnosis in adulthood not possible

2) Epidemiology:
a. Primary school children (5% – 10%):
i. Self-reported rates lower
ii. Parent & teacher ratings higher
iii. Diagnostic threshold
b. Symptoms weaken as person gets older
c. Later in life for ADHD children:
i. Teenagers (60% – 85%)
ii. Young adults (2% – 8%)
iii. Adulthood: 30 – 70% continue to have sub-threshold criteria
d. Male to female ratio: (3 – 9) : 1
i. Ratio for inattentive subtype approximately equal

3) Genetic risk factors:
a. Polygenetic disorder consisting of multiple polymorphisms with small but additive or epistatic effects:
i. Gene involved in ‘novelty seeking’, OCD, Tourette’s syndrome
ii. Allelic variations influence regulation of dopamine, norepinephrine and serotonin activity in the brain (all reduced)

4) Environmental risk factors:
a. Maternal smoking and alcohol abuse during pregnancy [maternal stress during pregnancy, particularly weeks 12 – 22]:
i. This week range is a critical period for nervous system development
b. Complications during pregnancy or birth: stress to the fetus, preterm delivery, low birth weight:
i. Full-term: 37 weeks
ii. Age of viability 22 – 26 weeks
c. Psychosocial stressors:
i. Severe early deprivation
ii. Institutional rearing
iii. Abuse
iv. Family conflict
v. Maternal psychopathology

5) Psychophysiological mechanisms:
a. Neurotransmitter abnormalities:
i. Dopamine deficiency [hyperactivity]:
1. Interaction between dopamine transporter gene and early psychosocial stressors
ii. Norepinephrine deficiency in prefrontal cortex (attention deficits)
iii. Serotonin deficiency (impulse control & emotional lability)
b. Brain abnormalities:
i. Reduced cortical grey and white matter volumes in frontal and temporal lobes
ii. Smaller cerebellum and basal ganglia
iii. Smaller corpus callosum
iv. Reduced activity in regions involved in behavioural inhibition
c. Emotional lability: quick mood changes and emotional overreaction

6) Treatment:
a. Dopamine-releasing stimulants [inverted U – shaped relationship between dopamine and attention, impulse control, working memory]:
i. Intermediate levels of dopamine  highest concentration levels
b. Norepinephrine reuptake inhibitors, particularly in cases with comorbid depression
c. Rough / tumble play enhances dopamine in kids; modern inventions reduce such activity and result in less dopamine release
d. Behaviour therapy (operant conditioning)

LECTURE 17 (Oct 22nd, 2012): ADHD & dementia [Alzheimer’s disease]

1) Delay discounting:
a. ADHD individuals and impulsive / hyperactive subtype discount the future more than controls (ADD do not)
b. The less impulse one is, the earlier one will make the switch between $100 in a month or $100 now
i. “If one is living in a dangerous world, why wait?”

2) Evolutionary synthesis:
a. Evidence for greater risk-taking in ADHD individuals:
i. Smoking, alcohol, and illicit drug use
ii. Antisocial and criminal behaviour
iii. Extramarital affairs
iv. Delay discounting
b. Genes associated with ADHD coincide with the dispersal of anatomically modern humans out of Africa [40,000 – 50,000 years ago]:
i. Increased environmental variability and unpredictability
ii. Selection for ‘novelty seeking’ and risk-taking
iii. Immediate resource extraction
iv. ADHD girls more likely to report childhood abuse
c. Sexual selection for risk-taking is greater in men:
i. More dangerous for women to engage in risky behaviour (primary caregiver)
ii. Less need for women to take risks (reproductive variability is low)
iii. Being male is a risky reproductive strategy (reproductive variability is high)!
iv. Men are risk-takers because not every male will be a successful reproducer  mildly polygamous:
1. I.e., 4% of all elephant seal males account for 85% of the pups
v. Consistent with the male bias in ADHD and impulsive/hyperactive subtypes

3) Mismatch hypothesis:
a. Contemporary environment: sustained attention, problem solving, and planning important
b. Rough and tumble play necessary for normal brain development [prefrontal cortex]:
i. Increases dopamine utilization
ii. T.V., videogames, and internet reduce social play
iii. Increase in prevalence of ADHD?
c. “What was adaptive in the ancestral environment is no longer adaptive in modern environment”

4) Alternative hypothesis [high risk strategy]:
a. Individuals with ADHD are often successful by both social and evolutionary criteria and poses problems for others:
i. Viewed as lacking conscientiousness, discipline, and reliability
ii. Engage in antisocial behaviour
iii. Less reciprocation of helping behaviour
b. They excel in fast paced environments where action and reward shift rapidly:
i. Motivated to engage and master new environments
ii. Energetic & assertive
iii. Good athletes
iv. Entertainers, entrepreneurs, sales, etc
c. Fail in environments that require routine and attention to detail

5) Distribution of risky behaviour:
a. ADHD is associated with increased risk-oriented behaviour:
i. Hypofunctioning: does not affect population
ii. Hyperfunctioning: results novelty seeking, immediate gratification, vigilance

6) Summary:
a. Evolved psychological mechanisms:
i. Novelty-seeking & risk-taking selected for in ancestral groups leaving Africa to populate new regions
b. Proximate mechanism:
i. Psychosocial stressors interact with genes regulating neurotransmitter activity
ii. This results in decreased dopamine, norepinephrine, and serotonin levels
c. Phenotype [ADHD]:
i. Mismatch hypothesis: high levels of novelty seeking & risk taking are no longer adaptive in modern environment OR
ii. Alternative hypothesis: high levels of novelty seeking & risk taking still useful in SOME modern environments

7) Dementia symptomatology:
a. Insidious and progressive loss of:
i. Memory:
1. Long-term memory; autobiographical memory
ii. Disorientation:
1. Inability to differentiate or accurately evaluate the reality of temporal, spatial, and personal situations
iii. Cognitive decline
iv. Blunted affect: decrease in emotional responsiveness (indifference)
b. Terms:
i. Anosognosia: unaware of own illness
ii. Irritable/anxious: fear response to unfamiliarity
iii. Deterioration of social competence
c. Neuropsychological deficits:
i. Aphasia: unable to use/understand language
ii. Apraxia: unable to make purposeful movement
iii. Agnosia: unable to recognize objects
iv. Disturbances to executive functioning (deployment of attention for planning, organizing, sequencing, abstracting)

8) Epidemiology:
a. Alzheimer’s disease (AD) in 2/3 of all cases and equal in both sexes:
i. Characterized by widespread degeneration of ACh sensitive neurons in CNS
ii. AD rates:
1. 65 years: 1%
2. 80+ years: 20%
3. Rate lower in non-developed countries:
a. Perhaps they are not living long enough?
b. Diagnostic criteria?
iii. Probably extreme variation of normal aging and senescence
iv. Dementia with Lewy bodies (DLB): variant of AD with Parkinsonism, visual hallucinations, fluctuating vigilance
1. 

9) Genetic risk factors:
a. Heritability:
i. Concordance rates for MZ twins = 30% – 80%; rates for DZ twins = 10% – 40%.
ii. First-degree relative of AD patients have 3 – 4 times greater risk of AD
iii. Accounts for only 13% of early-onset AD and less than 1% of late-onset AD
iv. Most cases of AD are sporadic
b. Genes:
i. Early-onset AD (before age 65; also called familial AD): polymorphisms of amyloid precursor protein (APP) coding gene on the 21st pair of autosomes
ii. Late-onset AD: polymorphisms of apolipoprotein-E family:
1. ApoE4 increased risk of AD (heterozygous: 50%; homozygous: 90%).  Related to the development of both amyloid-beta plaques and neurofibrillary tangles
2. Plaques:
a. APP + beta-secretase cleaves APP from stub
b. Stub = B-stub + AB42
c. AB42 created from y-secretase
d. AB42 floats in bloodstream, clumps to form amyloid plagues
e. Plaques lead to loss of ACh neurons (toxicity and neuronal death)
3. Neurofibrillary tangles:
a. Microtubules transport essential components
b. Tau proteins maintains microtubule
c. Abnormalities cause tau proteins to tangle, collapsing microtubules  ACh neurons die
4. ApoE2 has protective effects
iii. Nobody with the APP coding gene variant has survived past 67 years without developing AD

LECTURE 18 (Oct 23rd, 2012): Dementia [Alzheimer’s disease] con’t

1) Environmental risk factors:
a. Age
b. Down syndrome: develops in 40s
c. Less education and low cognitive functioning:
i. High vs. low language ability in nuns; 90% of those who died with AD had low ability (Snowden et. al., 1996)
d. Estrogen depletion following menopause
e. Exposure to aluminum or other heavy metals (lead, mercury, cadmium):
i. Air pollution, pesticides, smoking, and fillings
ii. Aluminum is ubiquitous in our environment
iii. Collect and concentrate in cholesterol plaques over time (direction of cause and effect?)

2) AD brain effects:
a. AD first affects the entorhinal cortex & hippocampus (long-term memories), then attacks the nucleus basilis of Meynert:
i. Entorhinal cortex relays information to and from the hippocampus
ii. Nucleus basilis of Meynert are high density of cholinergic neurons involved in attention, arousal, and memory
b. Later stages lead to cortical atrophy, parietal cortex in particular
c. As this progresses, the brain shrinks due to fissures  ventricles form (to prevent brain from shaking)
d. This leads to fewer acetylcholine terminals in brain
e. Cerebellum, spinal cord, motor and sensory cortex less affected; no physical symptoms

3) Treatment:
a. No cure; death occurs 10 – 12 years after onset of symptoms due to secondary complications (e.g., pneumonia)
b. Symptom management:
i. Acetylcholine esterase inhibitors: retard the rate at which ACh is broken down (ACh agonist)
ii. Memantine: blocks NMDA receptors (glutamate antagonist)
iii. Marijuana: THC prevents build up of deposits (plaques/tangles); also effective as ACh esterase inhibitor
c. Reality orientation: reminding the individual of place, time, and social relationships
d. Cognitive retraining: improving impaired abilities through cognitive exercise
e. NMDA are glutamate receptors; using a glutamate antagonist leads to less glutamate  less toxicity

4) Music therapy:
a. Music therapy: preverbal
i. Receptive: listening to music: relaxation (calming effect) vs. analytical (stimulating effect)
ii. Active: producing music [used with autistic children]:
1. Effective because autistic children have low language abilities
b. Alzheimer’s patients:
i. Music used to stimulate emotional centres and aid memory retrieval [music picked for each individual]:
1. Greater responsiveness to music compared to language
2. Memory for music is superior than memory for language (e.g., humming a tune following therapy)
3. Provides cues for existing memories
4. Does not improve encoding and recall of new memories
ii. Reduces anxiety and depression in early to mid stage patients (Guetin et. al., 2009)

5) Evolutionary synthesis:
a. Senescence: simultaneous deterioration of all biological systems due to old age:
i. Selection should favor strategies that sacrifice reproduction in the far future for reproduction in the present
ii. Selection for pleiotropic genes that increase reproduction early but lead to death later (e.g., synaptic pruning early in development, but neuronal death later in life)
iii. Brain in particular might be susceptible to senescence because of oxidation and build up of free radical byproducts, (attack proteins and disrupt DNA).
iv. Brain areas most recently modified by natural selection might be most susceptible
b. Encephalization & longevity:
i. As we gain life experience, our brain creates massive amounts of neurons and gets rid of old neurons
ii. This leads to neuronal death (synaptic pruning early in development?)
iii. Longer encephalization  we have to live longer for our brains to fully grow
iv. Bigger brains require more energy; hence, the introduction of meat into our diet (more efficient to digest)
c. ApoE4 gene  ApoE3 gene  ApoE2 gene:
i. E3 & E2 emerged with larger brains
ii. Delay senescence and increase longevity?
iii. E4 binds to low density & very low density lipoprotein
iv. E3 & E2: higher affinity for high density lipoprotein (better for meat diet because it protects us from atherosclerosis)
v. Fitness advantages to non-ApoE4 genotypes:
1. The consumption of meat increases cholesterol (atherosclerosis)  E4 negatively binds to this unhealthy LDL
2. Homozygous E3 men have more children
3. Women with E3 or E2 gene reach menopause later
4. As a result, the E4 gene is slowly dying out
a. Evidence: give a chimpanzee a high protein diet  chimpanzee develops atherosclerosis because they do not have the E2 / E3 genes

6) Summary [refer to chart slide]:
a. “All forms of dementia are chronically progressive disorders with increasing cognitive decline associated with loss of neurons”
b. Adaptation (encephalization)
c. Traits selected:
i. Longer lifespan (delayed senescence)
ii. Meat diet
d. Genes selected:
i. E4 (senescence: Alzheimer’s disease)
ii. E3 / E2 (later senescence)

7) Other dementias:
a. Frontal-temporal dementias FTD [e.g., Pick’s disease]:
i. 10 – 15% of cases:
1. Rare, but makes up 20% of cases of early onset dementia
ii. Frontal lobe: changes in personality
iii. Temporal lobe: Aphasia (language)
iv. Cognitive decline follows later
v. Affects serotonergic neural system
vi. Onset is 40 to 80 years (typically late 50s)
b. Frontal-subcortical dementias: affect cognition and motor systems:
i. Vascular dementia:
1. Second most common form in Europe and North America; most common form in some Asian countries:
a. Prevalence of atherosclerosis leads to restricted blood supply to brain, clotting and strokes
b. Neurological symptoms: weakness in arm or slowed reflexes
c. Cognitive performance fluctuates more than AD
d. Mixed dementia: VD & AD co-occur; more common in men
e. Neurons are not degenerated, but killed
ii. Huntington’s chorea:
1. Caused by single dominant gene (5 – 10 cases/100,000)
2. Inability to control movement: writhing (chorea) and unable to swallow
3. Cognitive and emotional deficits
4. No cure; life-expectancy is 20 years following onset of symptoms
iii. Parkinson’s disease:
1. Caused by a loss of dopamine from the substantia nigra (midbrain)
2. Affects 1% of those over 60; 4% of those over 80
3. 5 – 10% of cases are early onset (20 – 50yrs)
4. Muscle tremors & rigidity
5. Akinesia: inability to initiate movement
6. Life expectancy is 5 – 10 years.  Life expectancy is slightly lower than pop average with treatment (L-dopa or other dopamine agonists)
iv. Normal pressure hydrocephalus:
1. Impairment in the circulation of cerebral spinal fluid (CSF) that leads to gross enlargement of the ventricles
2. Caused by brain insults and inflammation (e.g., head injury, stroke)?
3. Applies pressure to areas affecting legs, balance, bladder, and memory  slow, wide gait
4. Repairable with surgery in some cases

LECTURE 19 (Oct 26th, 2012): Substance abuse & dependence

1) Psychotropic substances:
a. Stimulants: increase CNS activity
i. Caffeine
ii. Nicotine (ACh agonist)
iii. Cocaine & amphetamines (catecholamine agonists)
b. Depressants: decrease CNS activity
i. Alcohol & anti-anxiety benzodiazepines (GABA agonists  increases GABA)
c. Opiates: chemically identical to endorphins; relieve pain
i. Opium, morphine, heroin, Demerol, codeine
d. Hallucinogens: alter perception
i. LSD & psilocybin (serotonin); mescaline (norepinephrine)

2) Symptomatology:
a. Substance abuse: maladaptive pattern of behaviour
i. Withdrawal occurs when substance is discontinued:
1. Physiological disturbances:
a. Increased blood pressure
b. Increased heart rate
c. Sweating
2. Psychological disturbances:
a. Confusion
b. Hallucinations
c. Irritability
d. Anxiety
e. Anger
3. Psychological dependence:
a. Repeated substance use to achieve satisfaction or to avoid discomfort; physiological dependence is not necessary
ii. Substance dependence: physiological addiction
iii. Tolerance: more of the substance required to achieve the same effect
iv. Results in:
1. Failure to fulfill major role obligations at work, school, or home (e.g., missing class to recover)
2. Physically hazardous behaviour (e.g., impaired driving)
3. Substance related legal problems
4. Continued use despite substance related problems
5. Substance is used in large amounts
6. Unsuccessful efforts to reduce use
7. Activities are reduced in order to use the substance
8. Continued use despite physical or psychological problem

3) Alcohol withdrawal:
a. Cessation of heavy and prolonged alcohol use:
i. Autonomic hyperactivity (sweating; elevated heart rate)
ii. Hand tremors
iii. Insomnia
iv. Nausea or vomiting
v. Psychomotor agitation
1. Quantitative disturbances:
a. Motor movements performed excessively are diminished
2. Qualitative disturbances:
a. Motor movements lack smoothness and harmony
vi. Anxiety (fear or apprehension)
vii. Seizures
b. Perceptual disturbances:
i. Intact reality: transient, visual, tactile (pertains to feel), and auditory hallucinations occur, but individual knows they are not real
ii. Substance-induced psychotic disorder: hallucinations without intact reality
c. Seizures:
i. Characterized by abnormal electrical activity throughout the brain and violent muscle contractions, followed by loss of consciousness

4) Epidemiology:
a. Dependence on legal substances: alcohol, nicotine, and caffeine
i. Europe & North America: 5 – 10% of adult men and 3 – 5% of adult women have alcohol dependence
ii. Prevalence of those at risk for alcohol dependence much higher
iii. Most people have some dependence on one or more substances
b. Dependence on illegal substances: cocaine, heroin, designer drugs (crystal methamphetamine & MDMA)
c. Dependence takes months or years to develop
d. Onset is insidious (slow and progressive)
e. Withdrawal begins in 20 – 40 years
f. High relapse rate

LECTURE 20 (Oct 29th, 2012): Substance abuse & dependence con’t

1) Environmental risk factors:
a. Impoverished conditions
b. Parental who have substance abuse (either with alcohol or drugs)
c. Lack of a stable attachment figure
d. Substance availability

2) Genetic risk factors:
a. Twin concordance rates:
i. 20 – 80% in male MZ twins; 10 – 60% in male DZ twins
ii. 10 – 50% in female MZ twins; 5 – 40% in female DZ twins
b. Personality traits:
i. Beginning before 25 years:
1. “Novelty seeking”: greater genetic risk; adverse childhood experiences less involved
ii. Beginning after 25 years:
1. “Harm avoidance” and “reward dependence”: lower genetic risk; adverse childhood more involved
c. Genes:
i. Variants of MAO-A & COMT enzyme coding genes:
1. MAO-A enzymes track down and disable rogue neurotransmitters (stray molecules)
2. COMT enzymes break down catecholamines
3. 2 types:
a. Monoamines:
i. Dopamine
ii. Epinephrine
iii. Norepinephrine
iv. Serotonin
b. Catecholamines:
i. Dopamine
ii. Epinephrine
iii. Norepinephrine
ii. Variants of dopamine D4 & two GABA receptor genes
iii. Variants of ADH & ALDH enzyme coding genes:
1. These enzymes break down alcohol

3) Pathophysiological mechanisms for alcohol:
a. Neurotransmitter activity:
i. Stimulates GABA receptors
ii. Stimulates dopamine “reward” pathway, which connects the midbrain wit the prefrontal cortex
b. Associative learning (classical conditioning)
c. Broken down by enzymes in the liver:
i. Ethanol + ADH  Acetaldehyde
ii. Acetaldehyde + ALDH  acetate
iii. Acetate is further broken down into carbon dioxide and water
d. Polymorphisms of ADH and ALDH can lead to excess acetaldehyde, which is toxic and leads to nausea, vomiting, and less alcohol dependence
e. Dopamine reward system:
i. Alcohol is a depressant because it increases GABA  increases the dopamine reward pathway

4) Effects of drugs on dopamine release [refer to chart slide]:
a. Amphetamines: 1100% basal release
b. Cocaine: 350% basal release
c. Nicotine: 250% basal release
d. Morphine: 200% basal release (very smooth peak)

5) Homeostasis [baseline equilibrium]:
a. Organisms strive to maintain homeostasis:
i. Physiological responses
ii. Behavioural responses
b. Nervous system strives to maintain homeostasis:
i. Decreases activity following introduction of a stimulant
ii. Increases activity following introduction of a depressant

6) Classical conditioning:
a. Acquisition of physiological response resulting from an association between a neutral environmental stimulus and an automatic reflex:
i. Neutral stimulus + neutral stimulus  no response
ii. Neutral stimulus + unconditioned stimulus  unconditioned response (unconditioned reflex)
iii. Neutral stimulus + unconditioned stimulus  unconditioned response (learning)
iv. Neutral stimulus + conditioned stimulus  conditioned response (conditioned reflex)
b. I.e., Pavlov discovered that a bell could elicit salivation if it was associated with food:
i. Bell + bell  blank stare
ii. Bell + food  salivation (unconditioned reflex)
iii. Bell + food  salivation
iv. Bell  salivation (conditioned reflex)
c. Physiological responses to psychotropic substances are also subject to classical conditioning:
i. Person + person  neutral response
ii. Person + depressant  increase in CNS activity (unconditioned reflex)
iii. Person + depressant  increase in CNS activity
iv. Person + person  Increase in CNS activity (conditioned reflex)

7) Treatment:
a. Prevention: secure attachment reduces likelihood of risk taking behaviour
b. Aversion therapy:
i. Drinking + disulfiram (induces vomiting)  vomiting  less desire to drink
c. Stop using the drug
d. Anti-anxiety medication (benzodiazepines) to relieve withdrawal symptoms:
i. Replacing one addiction with another
e. Change friends/job/residence
f. Organizations and counseling to prevent relapse

LECTURE 21 (Oct 31st 2012): Substance abuse & dependence con’t

1) Evolutionary synthesis:
a. Psychotropic substances are adaptive chemical products of plants for self-defense and reproduction:
i. Caffeine is an insecticide
ii. Sugar derivatives attract frugivorous animals and disperse seeds
iii. Every inhabited region, and used since stone age (opium, coca & tobacco plants, coffee beans, tea leaves, peyote & other hallucinogens)
b. Most primates are frugivorous (24 million years):
i. Preference for ripest fruits [sugar and ethanol: the fermentation of sugar]:
1. Note the mirula fruit video
2. Humans enjoy alcohol because we used to be fruit eaters
ii. Typically 0.6%, but as high as 5.0%
iii. Small amounts of ethanol were part of early hominid diets
iv. ADH & ALDH are phylogenetically old enzymes
v. [bookmark: _GoBack]Frugivorous byproduct hypothesis
c. Substance abuse is a disease of civilization:
i. Artificial fermentation (beer & wines)
ii. Distillation (hard liquor)
iii. Manufacturing (mass production)
iv. Artificial selection of tobacco leaves that are less harsh
v. Extracts of active ingredients (e.g., cocaine, morphine)
vi. Chemical processes to increase potency (e.g., heroin, crack)
vii. Synthetic drugs (e.g., LSD, MDMA, amphetamines)
viii. Hypodermic needles
ix. Greater access in the modern environment
d. Potency of modern drugs overwhelms our body’s ability to detoxify (effects are more intense & more prolonged)
e. Why do we like the effects of drugs and why is it so hard to stop:
i. Hijacking of our ‘reward’ pathway:
1. Our “motivational system”
2. Descending pathway from the PFC (top-down control) provides contextual information (person, place, or context) for consuming a drug
3. Exhaustion of resources terminated the activity in the ancestral environment (no ‘stop’ button)
ii. Opiates simulate feelings associated with social affiliation:
1. Reduce separation distress in social animals
2. Withdrawal symptoms similar to symptoms of separation anxiety (negative emotions, irritability, despair)
3. Those with insecure attachment at greater risk?
f. Why are some individuals affected more than others:
i. Genetic risk factors: polymorphisms associated with abuse and dependence are genetic quirks:
1. Dopamine receptor polymorphisms associated with addiction also associated with novelty seeking and risk taking
2. Never expressed maladaptive behaviour in ancestral environment
ii. Environmental risk factors: novelty seeking and risk taking are adaptive responses to uncertain or dangerous environments:
1. More common in impoverished conditions
2. More common among males
a. Males are either great reproducers or total failures; hence, riskier life strategies
3. More common during prime reproductive years
4. History of competitive failures
g. The endogenous opioid system:
i. Involved in social affiliation and attachment
ii. Opioid addicts seek to stimulate this system because they lack secure attachment
iii. Insecurely attached children may perceive the world as perilous, and may therefore adopt opportunistic behavioral strategies
iv. Opioid withdrawal syndromes are characterized by highly aroused negative emotional states, such as irritability, despair, etc
v. Opiates have the potential of substituting emotional states normally associated with social bonds / attachment  people addicted to opiates may not experience the need to integrate into conventional social groups
h. Withdrawal symptoms of a drug are opposite of what the drug does
i. Certain dopamine receptors are responsible for novelty seeking  increased abuse / dependence of drugs

2) Summary:
a. Psychotropic substances:
i. Chemical properties found in plants
ii. Chemicals that occur naturally in the brain
b. Diseases of civilization:
i. Psychotropic substances activate the brain’s reward pathway
ii. Psychotropic substances become more prevalent and more potent in the modern environment
c. Genetic quirks:
i. Polymorphisms involved in risk taking and novelty seeking at greater risk for dependence and addiction
1. Uncertain or dangerous environments motivate use of substances
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