Chapter One – What are the origins of Brain and Behaviour?
Why study brain and behaviour?
· Many behavioural disorders can be explained and possibly cured by understanding the brain
· The brain is the most complex living organ on Earth
· How the brain produces both behaviour and human consciousness is a major unanswered scientific question
· Behavioural disorders can be explained and possibly cured by understanding the brain
· What Is the Brain?
· Cerebral Cortex: heavily folded outer layer of brain tissue composed of neurons (cortex = “bark”)
· Gyri: bumps on the folded surface
· Sulci: grooves of the cortex
· Not random folds but demarcate functional zones
· Parietal – self-awareness
· Posterior to the central sulcus, located beneath the parietal bone at the top of the skull, behind the frontal lobe and above the temporal lobe
· Occipital – visual
· Back of each hemisphere beneath the occipital bone
· Temporal – auditory and language
· Located at the side of the brain, beneath the temporal bone
· Frontal – higher level functioning (planning, decision making)
· Anterior to the central sulcus, located at the front of the brain, beneath the frontal bone

· Gross Structure of the Nervous System
· Central Nervous System (CNS)
· The brain and spinal cord; brain is encased by the skull, the spinal cord by vertebrae (both bone)
· Spinal Cord: Part of the CNS encased within the vertebrae or spinal column; most of the connections between the brain and the rest of the body are made through the spinal cord
· Peripheral Nervous System (PNS)
· All the neurons (and nerve connections) in the body that are located outside the brain and spinal cord
· Neuron: A brain cell engaged in information processing; most directly control behaviour
· Sensory Neuron: Neuron that carries incoming sensory information from sensory receptors into the spinal cord and brain from receptors on the body’s surface, internal organs and muslces
· Motor Neuron: Neuron that carries information from the spinal cord and brain to make muscles contract;  govern the workings of the body’s internal organs, automatic functions (beating of the heart)
· CNS needs ongoing sensory stimulation, including the stimulation that comes from movement, if it is to maintain its intelligent activity
· A brain disconnected from the PNS  would most likely not be able to function normally
· What Is Behaviour?
· Irenaus Eibl-Eibesfeldt: “behaviour consists of patterns in time.” (movements, vocalizations, thinking, memory)
· Julien Offroy de la Mettrie argued that thought was produced by the brain. 
· Innate behaviours: ‘Patterns in time’ that are relatively fixed, invariant ways of responding (babies responding to a nipple); if all members of a species display the same behavior under the same circumstances, that species has probably inherited a nervous system evolved to produce that relatively fixed behavioural pattern automatically
· Learned behaviours: Flexible ways of responding (baby learning how to drink from a bottle); if each member of a species displays a somewhat different response in a similar situation, that species has inherited a much more flexible nervous system that is capable of changes in behavior due to learning
· Complexity of behaviour varies considerably in different species
· Simple nervous system  narrow range of behaviour
· Complex nervous system  wider range of behaviour; complexity emerges in part of newer nervous system structures being added to older ones
History of Brain Research – Perspectives on Brain and Behaviour

· Mentalism: an explanation of behaviour as a function of the nonmaterial mind
· Ancient Greece: Aristotle
· Brain cooled the blood; no role in producing behavior
· Psyche: Synonym for mind; an entity once proposed to be the source of human behavior
· All human intellectual functions are produced by a person’s psyche, and the psyche is responsible for life, and its departure from the body results in death
· Entity independent from the body, responsible for human thoughts, perceptions, emotions, imagination, opinion, desire, etc.
· Adopted by christinaity as the soul
· Dualism: A nonmaterial mind and the material body contribute to behavior
· “The mind and body must be joined and united to constitute people”
· Mind-Body Problem: Quandary of explaining a nonmaterial mind in command of a material body (dualism)
· Rene Descartes – mind directs rational behavior
· Placed the seat of the mind in the brain and linked the mind to the body; saw the mind and body as separate but interconnected
· Body and brain direct all other behaviour via mechanical and physical principles (sensation, movement, and digestion)
· Mind is located in the pineal gland of the brain, which sits beside ventricles filled with fluid 
· Pineal gland is only a structure though which the mind operates
· Mind regulates behaviour by directing the flow of ventricular fluid to appropriate muscles
· The pineal body directs fluid from the ventricles though nerves and into muscles. When the fluid expands those muscles, the body moves.
· The mind regulates behavior by directing the flow of ventricular fluid to the appropriate muscles
· Problems with Descartes
· People with damaged or no pineal gland still display normal intelligent behaviour
· Pineal gland is involved in biological rhythms, but not in intelligence or behavioural control 
· Fluid is not pumped from the ventricles to control movement
· Young children and mentally insane must lack minds since they often failed to reason appropriately
·  If a person lacked a mind, that person was simply an inhuman machine not due normal respect or kindness
· Materialism: behaviour can be explained as a function of the nervous system without explanatory recourse to the mind
· Rational behavior can be fully explained by the working of the brain and the rest of the nervous system, without any need to refer to an immaterial mind that controls our actions
· Supported evolutionary theories of Alfred Wallace and Charles Darwin
· Both were struck by the many similarities among species
· Darwin’s Concept of Natural Selection:
· Animals have traits in common because these traits are passed from parents to their offspring
· Explanation for how new species evolve and existing species change over time
· Differential success in the reproduction of different characteristics (phenotypes) results from the interaction of organisms with their environment
· How are traits selected naturally?
· Genetic mutation  adaptive trait  increases chances of survival  trait passed on to offspring
· Those individual organisms whose characteristics best help them to survive in their environment are likely to leave more offspring than are less-fit members.
· Leads to a gradual change in a species’ population, with characteristics favourable for survival, which become more prevalent in succeeding generations.
· Implications of Natural Selection:
· Because all animal species are related, their neurons and their brains must be related too
· Rationale for studying simpler animals to understand humans
· Because all species of animals are related, their behaviour must be related too
· Emotional expressions in humans (across cultures) and other animals are similar
· This suggests that the trait is inherited rather than learned
· Both the brain and behaviour changed bit by bit in animals that evolved to greater complexity, as humans obviously did
· Some people reject the idea that the brain is responsible for behaviour because they think it denies religion.
Evolution of Brain and Behaviour

· Nervous systems and behavior built up and changed bit by bit as animals evolved
· Can trace our lineage by comparing the genes, brains, and behaviours of different animals
· Humans and apes are descended from common ancestors
· Origin of Brain Cells and Brains – quite recent adaptations
· Despite the age of the Earth (4.5 billion years), brain cells and brains are quite recent adaptations
· First forms of life: 3.5 billion years ago
· First brain cells: 700 million years ago
· First brain: 250 million years ago
· First human-like brain: 3 - 4 million years ago
· Modern brain: 100,000 - 200,000 years ago
· Classification of Life
· Living organisms,Kingdon,Phylum,Class,Order,Family,Genus,Species
· Taxonomy – the branch of biology concerned with naming and classifying species, groups organisms according to their common characteristics and their relationships to one another.
· Animals with Nervous Systems
· A nervous system is not essential for life
· Among the various animal categories, the nervous system has evolved considerably
· Nerve net – older phyla (jellyfishes and sea anemones) have very simple nervous systems; nerve net consists of neurons that receive sensory information and connect directly to other neurons that move muscles; does not resemble a brain
· Segmented nerve trunk – recently evolved phyla (flatworms) have bilateral symmetry and segmentation (body composed of similarly organized parts); they have segmented nevous systems that resemble the human nervous system, with sensory and motor neurons projecting from each segment 
· Ganglia – clams, snails have clusters of nerons (ganglia) in particular body parts; resemble primitive brains and function somewhat like command centers
· Chordates
· The Chordate Nervous System
· Nervous systems vary widely among chordates, but all are/have:
· Bilaterally symmetrical and segmented
· Brain and spinal cord encased in cartilage/bone
· Crossed organization: Each hemisphere receives information from and controls the opposite side of the body; may allow for greater control of movements of the limbs than for those of the trunk; may allow each hemisphere to hold one side of the body still while moving the limbs on the other side
· Spinal cord is dorsal (at the back) to the heart and gut – may allow the nervous system to grow larger
· Behavioural complexity among chordates is correlated with the evolution of cerebral hemispheres and cerebellum:
· Cerebellum: located in the hindbrain; involved in the coordination of motor and other mental processes
· Increased size and more convolutions (increases the volume of the cerebral cortex)  
· They start out as small and smooth, and then evolve into much more prominent structures, and then evolve more into extensively folded structures which increases surface area while allowing them to fit into a small skull

Human Evolution

· Members of the Primate Order
· Features common to primates:
· Excellent color vision
· Eyes in front of face: enhance depth perception
· Females: Usually only one infant per pregnancy; infants require more care
· Larger brains
· Humans are members of suborder apes, which are distinguished by their intelligence and large brains
· Hominid: Primates that walk upright; includes all forms of humans, living and extinct
· Australopithecus – ‘southern ape’
· Our distant ancestor (4 million yrs ago)– Brains were 1/3 our size (same size as nonhuman apes)
· First primates to show a distinctly human characteristic – they walked upright; had footprints resembling those of humans
· Homo habilis (“handy human”)
· 2 million years ago; in Africa, made simple stone tools
· Dental pattern is more similar to that of modern humans than to that of australopiths
· Homo erectus (“upright human”)
· Migrated to Europe and Asia, 1.6 million years ago
· Larger brain than H. habilis
· More sophisticated tools than H. habilis
· The First Humans
· Homo sapiens (“wise human”)
· Africa and Asia: 200,000 years ago
· Europe: 100,000 years ago
· Larger brain than H. erectus
· Made more sophisticated tools
· Coexisted with other hominids
· Example: Neanderthals, who had comparable or even larger brains than H. sapiens
· Exact reason why we replaced Neanderthals is unknown
· We do not know how they completely replaced other human species, but perhaps they had advantages in tool making, language use, or social organization.

Evolution of the Human Brain

· Brain Size and Behaviour
· Jerison (1973)
· Principle of Proper Mass: Species exhibiting more complex behaviours will possess relatively larger brains
· Developed an index of brain size to allow comparisons among different species
· Used body size to predict brain size
· Modern human is located further than any other animal, indicating a brain that is relatively larger for its body size than that of any other animal
· Encephalization Quotient (EQ): Measure of brain size obtained from the ratio of actual brain size to the expected brain size for an animal of a particular body size
· A numerical value for the brain size of each species
· H. sapiens have the largest EQ
· A larger brain is needed for increasingly complex behavior
· Being a primate is associated with many other limb innovations, including extensive tool making. Each increase in behavioural complexity is associated with increases in brain size.
· Why the Hominid Brain Enlarged
· Rapid climate changes have been thought to produce new environments that select for new traits (e.g., larger brains)
· Example: Animals that walked upright would do well in grass-covered areas that were not previously covered with grass; helped to regulate body temperature by reucing the amount of body surface directly exposed to the sun and to improve their ability to scan the environment for opportunities and threats; useful for tree climbing
1. The Primate Lifestyle
· The foraging behaviour of primates is more complex than other animals
· Finding fruit is more difficult than eating grass or other vegetation on the ground
· Need good sensory (colour vision – to recognize ripe fruit in a tree), motor skills to reach and manipulate fruit, spatial (to navigate to trees that contain fruit), and memory skills (to remember where fruit trees are, when it will be ripe)
· Having friends who can help search is beneficial – complex social realtions and a means of communicating with others of their species
· Parents to teach skills, so being a good teacher and learner is useful
· Fruit eaters have larger brains – more brain cells due to elaboration of life skills
2. Changes in Hominid Physiology
· Radiator Hypothesis (Falk, 1990)
· The more active the brain is, the more heat it generates
· Increased blood circulation  Improved brain cooling Enabled size of Hominid Brains to increase
· Contained holes through which cranial blood vessels passed; Homo species had a much more widely dispersed blood flow from the brain than did earlier hominids, and this more widely disersed blood flow would have greatly enhanced brain cooling.
· Stedman and colleagues (2004)
· Genetic mutation  smaller facial muscles and bones  change in diet  increased brain size
· Smaller bones in turn allowed for changes in diet and an increase in brain size
3. Neoteny
· Rate of maturation is slowed
· Allows more brain cells to be produced
· Adults retain some infant characteristics
· Neoteny would lead to adults with larger skulls to house larger brains
· Newly evolved species resemble the young of their common ancestors
· Human heads look more like the heads of juvenile chimpanzees than adult chimpanzees
· Head shape of a baby chimpanzee is more similar to an adult human; humans retain some behaviours of primate infants, including play, exploration, and an intense interest in novelty and learning

Studying Brain and Behaviour in Modern Humans

· Evolutionary Approach
· Make brain-behaviour comparisons between different species – species-typical behavior, behavior displayed by all members of a species
· CAUTION: 
· Difficult to make brain-behaviour comparisons between members within the same species
· Example: Brain size and intelligence
· Usually comparing how well one individual member performs a certain task in relation to other members
· Are people with larger brains more intelligent?
· Problems with answering this question:
· How does one measure brain size?
· Control for skull thickness
· Volume versus weight
· Control for body weight
· Can fluctuate within an individual over time 
· Effect of age, physical health, brain damage?
· People who sugger brain injury in early life often have smaller brains and behavioural impairments. If we wait until after death to measure a brain, the cause of death, the water content of the brain, and the time elapsed since death will all affect the results.
· Exposure to aq complex environment can promote growth in existing brain cells
· How does one measure intelligence?
· People vary enormously in their individual abilities, depending on the task
· Should certain skills get greater weight as measures of intelligence?
· Are people with larger brains more intelligent?
· ANSWER: 
· Brain size and intelligence are not related
· Research has shown that many smart people (e.g., Einstein) have average size brains
· Women’s brains weigh about 10% less than men, but the two sexes do not differ in measures of average intelligence – roughly equivalent to the average difference in female and male body size
· If gross brain size does not seem to correlate with intelligence, what explains the difference in abilities among individuals?
· Relative size and function of certain brain regions?
· Differences of some kind must exist in the brains of individual persons because people differ in behavior and talents.
· Culture: 
· Learned behaviours that are passed on from one generation to the next through teaching and learning
· Requires extensive learning from other member of the species, and exactly how each behavior is performed can differ widely from one group of people to another
· Brain is highly flexible: 
· We perform many tasks today that our brains were not originally selected for early during evolution 
· Example: programming computers
· The human brain evolved a capacity allowing it to be highly flexible in accommodating the variety of knowledge and achievements of modern culture.
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