CHAPTER THREE: The Biological Basis of Behaviour
Nervous System- complex communication networks in which signals are constantly being transmitted, received and integrated

· behaviour depends on rapid information processing 

The 2 types of Nervous System Cells are…

· Glia- “glue”; provide structural support, nourishment and insulation for neurons

· involved in the removal of waste

· helps maintain the chemical environment of the neurons

· Neurons- the individual cells in the Nervous System that receive, integrate (put together) and transmit information

· basic links that permit communication

Soma- or cell body; contains the cell nucleus and much of the chemical machinery common to most cells

· used for handling information

Dendrites- the parts of a neuron that are specialized to receive information (branch-like) 

Axon- a long, thin fibre that transmits signals away from the soma, to other neurons or to muscles or glands

· branch off to communicate with a number of other cells

Myelin Sheath- an insulating material, derived from glial cells, that encases some axons

· serves to speed up the transmission of signals that move along axons

Terminal Buttons- located at the axon end; small knobs that secrete chemicals called neurotransmitters

· neurotransmitters- serve as messengers that may activate neighbouring neurons; chemicals that transmit information from one neuron to another
Synapses- a junction where information is transmitted from one neuron to another 

The General Pathway of Information… (visual on pg 79 – Fig.3.1)

· dendrites receive information

· information is passed to the soma
· along the axon
· transmitted to synapses of  adjacent neurons 

· neurotransmitters are released to activate neuron (triggered by terminal button)
· information is now in new neuron, and being passed to the dendrites (which are then connected to other axon ( new neuron)
Neural Impulse- complex electrochemical reaction ( energy used to send information (pg 81– Fig.3.2)

· positively charged on the outside (K+)

· negatively charged on the inside (Na-)

· they do not cross the membrane at the same time ( creates overall charge
· neuron therefore, carries potential energy and acts as a tiny battery

· resting potential-  of a neuron is its stable, negative charge when the cell is inactive

· when the neuron is stimulated, channels in its cell membrane open (sodium gates open)

Action Potential- is a very brief shift in a neuron’s electrical charge that travels along the axon

· created at the point when the neuron’s charge is less negative

· firing action channels in the cell membrane that opened to let in sodium close up

Absolute Refractory Period- the minimum length of time after an action potential during which another action potential cannot begin

All-or-None Principle:

· neuron fires or it doesn’t

· action potential is all the same size

· weaker stimuli do not produce smaller action potentials

· the stronger the stimulus, will cause the cell to fire more rapidly (rate)

THE SYNAPSE: where neurons meet

1. Sending Signals:

Synaptic Cleft- a microscopic gap between the terminal button of one neuron and the cell membrane of another neuron 

· presynaptic neuron- sends the signal across the gap to…

· postsynaptic neuron- receives the signal

· synaptic vesicles- where the chemicals released by the neurotransmitter are stored (in the terminal button)

Neurotransmitters- are triggered when the presynaptic cell and its contents spill into the synaptic cleft

· after they are released, they diffuse across the synaptic cleft to the membrane of the receiving cell and find their appropriate receptor site

2. Receiving Signals: (pg 83 – Fig.3.4)
Postsynaptic Potential (PSP)- a voltage change at a receptor site on a postsynaptic cell membrane

· they do not follow the all-or-none principle, but are graded

· vary in size ( increase or decrease the probability of a neural impulse

· Sends two types of messages…

· Excitatory PSP- the positive voltage shift that increases the likelihood that the postsynaptic neuron will fire action potentials

· Inhibitory PSP- a negative voltage shift that decreases the likelihood that the postsynaptic neuron will fire action potentials

Some neurotransmitters do not bind and drift away or are inactivated…

· reuptake- a process in which neurotransmitters are sponged up from the synaptic cleft by the postsynaptic membrane

· recycles their material

3. Integrating Signals:

Integrate- to bring together as a whole

· must be done before it ‘decides’ whether to fire a neural impulse

· electrical currents add up ( voltage to reach the threshold (an action potential will be fired)

· neuron state is weighted on balance between excitatory and inhibitory influences

Our perceptions, thoughts and actions depend on patterns of neural activity in elaborate neural networks

Synaptic Pruning- a process by which the nervous system gradually eliminates less active synapses 

· this is key in the formation of the neural networks that are crucial to communication in the nervous system

Cell Assemblies- a complex network of neurons, which are linked to each other ( influence behaviour

NEUROTRANSMITTERS AND BEHAVIOUR…
· there are nine, well established, transmitters

· lock-and-key theory: just as a key has to fit a lock to work, a transmitter has to fit into a receptor site for binding to occur

· reduces cross-talk ( making the nervous systems communication more precise

Acetylcholine (ACh) – the transmitter between motor neurons and voluntary muscles

Agonist- a chemical that mimics the action of a neurotransmitter

· example: ACh synapses will be stimulated by nicotine that arrives in your brain (fools the brain) ( nicotine is the agonist

Antagonist- a chemical that opposes the action of a neurotransmitter; blocks the action of the natural transmitter by occupying its receptor sites, making them unusable

Monoamines- regulate many aspects of everyday behaviour; they include 3 neurotransmitters…

· dopamine (DA): controls voluntary movement; pleasurable emotions

· norepinephrine (NE): contributes to modulation of mood and arousal

· serotonin: involved in regulation of sleep and wakefulness, eating and aggression

GABA (gamma-aminobutyric acid) – serves as widely distributed inhibitory transmitter; regulates anxiety

Endorphins- resemble opiate drugs in structure and effects

· morphine – exerts its effects by binding to specialized receptors in the brain

· endorphins – internally produced chemicals that resemble opiates in structure and effects
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PERIPHERAL NERVOUS SYSTEM:

…is made up of all those nerves that lie outside the brain and spinal cord

Nerves- the bundles of neuron fibres (axons) that are routed together 

· the part that extends outside the central nervous system

The Somatic Nervous System- made up of nerves that connect to voluntary skeletal muscles and to sensory receptors 

· Afferent Nerve Fibres- carry information from receptors (skin, muscle, joints) ( CNS
· Efferent Nerve Fibres- carry information from the CNS ( muscles

The Autonomic Nervous System (ANS)- is made up of nerves that connect to the heart, blood vessels, smooth muscles and glands
· controls involuntary, intuitive functions that people don’t normally think about

· fight-or-flight response: organisms generally respond to threat by preparing physiologically for attacking (fight) or fleeing (flight) from the enemy

Sympathetic- the branch of the ANS that mobilizes the body’s resources for emergencies 

· signal adrenal glands to secrete hormones that ready the body for exertion
Parasympathetic- the branch of the ANS that generally conserves bodily resources

· allow body to save and store resources

THE CENTRAL NERVOUS SYSTEM:

… consists of the brain and the spinal cord

The Spinal Cord- connects the brain to the rest of the body through the PNS

· houses bundles of axons that carry the brain’s commands to peripheral nerves and relay sensations from the periphery of the body to the brain

The Brain- contains billions of interacting cells that integrate information from the body, coordinates body actions, and enables humans to speak, think, and remember ( behaviour

· Cerebrospinal fluid (CSF)- nourishes the brain and provides a protective cushion for it

THE BRAIN
The Brain can be divided into 3 major regions… (pg 96 – Fig.3.15)
1. Hindbrain: included the cerebellum and two structures found in the lower part of the brainstem (medulla and the pons)

· medulla – attaches the brain to the spinal cord; charge of the largely unconscious but vital functions

· pons – includes the bridge of fibres that connects the brainstem with the cerebellum

· cerebellum – “little brain”; a relatively large and deeply folded structure located adjacent to the back surface of the brainstem

· coordinates movement

· equilibrium

· organizes sensory info that guides muscular movements

2. Midbrain: the segment of the brainstem that lies between the hindbrain and the forebrain

· integrates sensory processes

· voluntary movements

· reticular formation- contributes to the modulation of the muscle reflexes, breathing and pain perception

3. Forebrain: the largest and most complex region of the brain, encompassing a variety of structures…

Thalamus- all the sensory information (except smell) must pass to get to the cerebral cortex

· relays information to particular part of cortex

Hypothalamus- involved in regulation of basic biological needs

· relating to survival ( four F’s : fighting, fleeing, feeding and mating

· control of the ANS

· vital link between brain and the endocrine system

Limbic System- involved in the regulation of emotion, memory and motivation

Cerebrum- the seat of complex thought; the largest and most complex part of the human brain, controlling most complex mental activities 
· cerebral cortex- the convoluted outer layer of the cerebrum
· the cerebrum is divided into two halves ( cerebral hemispheres (right and left halves of cerebrum)
· corpus callosum - structure connecting two hemispheres
· each hemisphere is divided into 4 lobes (dedicated to specific purposes)…(p100 – 3.19)


1.  Occipital Lobe- visual signals are sent and visual processing is begun



2.  Parietal Lobe- registers the sense of touch; integrating visual input and monitors space



3.  Temporal Lobe- auditory processing



4.  Frontal Lobe- largest lobe; control the movement of muscles

Plasticity of the brain- refers to the brains ability to change structure and function. This is based on several lines of research…

· aspects of experience can sculpt features of brain structure

· damage to incoming sensory pathways or the destruction of brain tissue can lead to neural reorganization

· the adult brain can generate new neurons in the hippocampus

This research is to suggest that the brain is not “hard wired”; but neural wiring of the brain is flexible and constantly evolving ( helps for adaptation 

Research Methods…
· structure is found through dissection

· function is found with the working brain

Neuroscientists- people who study the brain 

Electroencephalograph (EEG) – a device that monitors the electrical activity of the brain over time, by means of recording electrodes attached to the surface of the scalp 

· sums and amplifies electric potentials occurring in many thousand brain cells

· brain waves – what the information is translated into

· used to identify patterns of brain activity that occur when participants engage in specific behaviours or experience specific emotions 

Case Study Method- observing behavioural changes in people who have suffered damage in specific brain areas 
Lesioning- involves destroying a piece of the brain

· allows researchers to get an electrode to a particular place buried deep inside the brain

Electrical Stimulation of the Brain (ESB) – involves sending a weak electric current into a brain structure to stimulate (activate) it

· not exact, but a close enough approximation

Neurosurgery- patient would stay conscious and alert and research was based on the patient’s responses and making reports of memories, sounds, etc. as a result of the stimulation

CT scan (computerized tomography) – primarily focuses on structure ( takes multiple x-rays, shot from many angles; entire brain can be visualized by assembling a series of images representing successive slices of the brain

PET scanning (positron emission tomography) – primarily focuses on function ( mapping actual activity over time by radioactively tagging chemicals introduced to the brain

· pinpoints areas that handle various types of mental activities

MRI scan (magnetic resonance imaging) – uses magnetic fields, radio waves and computerized enhancement to map brain structure

· produces 3D pictures of the brain

Functional MRI- monitor blood and oxygen flow in the brain to identify areas of high activity

Split-Brain Surgery- cuts the corpus callosum to reduce the severity of epileptic seizures

Hemispheres… (pg 103 – Fig.3.21)

· primary connections are to the opposite side of the body

· both control vision and hearing

· information can be shared between the two via the corpus callosum

· LEFT ( dominant (better with verbal processing)

· RIGHT ( non-dominant (contains own special talents- non-verbal processing)
Perceptual Asymmetries – left-right imbalances between the cerebral hemispheres in the speed of visual or auditory processing

· how long it takes subjects to recognize different types of stimuli

· LEFT ( faster because it can recognize stimuli on its own

· RIGHT ( longer because it has to consult the left first

ENDOCRINE SYSTEM:
…consists of glands that secrete chemicals into the bloodstream that help control bodily functioning

(pg 106 – Fig.3.23)

Hormones- the chemical substances released by the endocrine system

· diffuse through bloodstream and bind to receptors on target cells

· messages travel to distant cells at a much slower speed than neural messages

· hormones are released in response to changing conditions in the body and act to regulate those conditions
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Pituitary Gland- “master gland” which releases a great variety of hormones that fans out around the body, stimulating actions in the other endocrine glands

For stress... 

Adrenal Gland- secrete hormones that radiate throughout the body, preparing it to cope with an emergency

Negative Feedback System- regulates the level of hormones; hypothalamus receives message or excess hormones, and stops further secretion of that hormone

GENETICS

Behavioural Genetics- an interdisciplinary field that studies the influence of genetic factors on behavioural traits

Chromosomes- strands of DNA molecules that carry genetic information

Zygote- a single cell formed by the union of a sperm and an egg

Genes- are DNA segments that serve as the key functional units in hereditary transmission

Homozygous - the two genes in a specific pair are the same

Heterozygous- the two genes in a specific pare are different

· traits are determined by genes

Dominant Gene- the one that is expressed when the paired genes are different

Recessive Gene- one that is masked when paired genes are different

Genotype- refers to a person’s genetic make-up

Phenotype- physical features; refers to the ways in which a person’s genotype is manifested in observable characteristics 

Research Methods…

Family Studies- assess hereditary influence by examining blood relatives to see how much they resemble one another on a specific trait

· can indicate whether a trait runs in the family

Twin Studies- assess hereditary influence by comparing the resemblance of identical and fraternal twins with respect to a trait

· Identical (monozygotic)- emerge from one zygote that splits for unknown reasons

· Fraternal (dizygotic)- when two eggs are fertilized simultaneously by different sperm cells, forming two separate zygotes

Adoption Studies- assesses hereditary influence by examining the resemblance between adopted children and both their biological and adoptive parents 

· genetics and environment influence on intelligence

Genetic Mapping- the process of determining the location and chemical sequence of specific genes on specific chromosomes

· detailed physical maps of the genetic material on chromosomes

· do not reveal which genes govern which traits

**Genetics and experience jointly influence most aspects of behaviour

EVOLUTIONARY PSYCHOLOGY:

…analyzes behavioural processes in terms of their adaptive significance

Natural Selection- Darwin’s theory of evolution; explains how the characteristics of a species might change over generations and why these changes tended to be surprisingly adaptive. 

This involves 4 crucial insights…

1.  Organisms vary in endless ways

2.  Some of these characteristics are heritable

3.  Organisms tend to produce offspring at a pace that outstrips the local availability of food supplies,    
living space and other crucial resources

4.   If a specific heritable trait contributes to an organism’s survival or reproductive success, organisms 
with that trait should produce more offspring than those without that trait 

· heritable characteristics that provide a survival or reproductive advantage are ore likely than alternative characteristics to be passed on to subsequent generations and thus comes to be “selected” over time

Fitness- refers to the reproductive success (number of descendents) of an individual organism relative to the average reproductive success in the population

· variations in reproductive success are what really fuels evolutionary change

Genetic Drift- consists of random fluctuation in gene frequencies over generations, as a result of chance alone
Mutation- a spontaneous, heritable change in a piece of DNA that occurs in an individual organism

· unpredictable errors in DNA replication

Adaptation- an inherited characteristic that increased the population (through natural selection) because it helped solve a problem of survival or reproduction during the time it emerged

· species typical patterns of behaviour often reflect evolutionary solutions to adaptive problems
· designed to improve organisms’ chances of reproductive success

Inclusive Fitness- the sum of an individual’s own reproductive success, plus affects the organism has on the reproductive success of related others
· used to explain the paradox of self-sacrifice

