Option E.1 Introduction and Examples of Behavior

E.1.1 State that behavior of animals is related to the environmental context. 

· Behavior of animals is related to the environmental.

E.1.2 State that innate behavior develops independently of the environmental context, whereas learned behavior reflects conditions experienced by individuals during development. 

· Innate behavior develops independently of the environmental context, whereas learned behavior reflects conditions experienced by individuals during development.

E.1.3 Explain the role of natural selection in the development of behavior patterns. 

· Innate behavior patters (instincts) are inherited and are stereotyped responses to the environmental stimuli (E.3). The behavior patterns are adaptive and suit the organism to its environment. Possessing a certain gene makes it more likely that a specific behavior pattern will develop. This reflects the role of natural selection.

E.1.4 Explain, using species of birds of mammals (other than humans), one example of each of the following types of behavior: migration, grooming, communication, courtship and mate selection. 

· migration - artic tern, swallow, white stork, blue whale
grooming - baboon
communication - bird songs, alarm responses and hierarchal dominance patterns in wolves and red deer
courtship - male disply (peacock, mallard duck, great crested grebe)
mate selection - territory and song (birds) or combat (stags)

E.1.5 Explain the need for quantitative data in studies of behavior. 

· Animal behavior investigations often begin with careful observations. These help us to understand the natural history of a species. Observations often lead to the formulation of a hypothesis. To test the hypothesis, it is usually necessary to obtain quantitative data. Statistical tests can then be used to establish confidence levels for the data.

Option E.2 Perception of Stimuli

E.2.1 State that sensory receptors act as energy transducers. 

· Sensory receptors act as energy transducers.

E.2.2 State that human sensory receptors are classified as mechanoreceptors, chemoreceptors, thermoreceptors, or photoreceptors. 

· Human sensory receptors are classified as mechanoreceptors, chemoreceptors, thermoreceptors, or photoreceptors.

E.2.3 Describe what is meant by each of the terms in E.2.2 with reference to one named example of each type of receptor. 

· Mechanoreceptors - perceives mechanical energy in the form of movement, sound, pressure of gravity. Example, hair cells in the inner ear send nerve impulses to the brain when sounds make them vibrate. Different hair cells respond to different frequencies of sound.
Chemoreceptors - perceives chemical substances such as when nerve cells in the nostrils send impulses to the brain when specific chemicals bind to receptors in their membranes.
Thermoreceptors - perceive temperature like when warm and cold nerve endings in the skin send messages to the brain of spinal cord at a rate determined by skin temperature.
Photoreceptors - perceives electromagnetic radiation, usually in the form of light like when rods and cones in the eye send messages to the brain, when they absorb light. 

E.2.4Draw the structure of the human eye. 

· Drawing will be inserted at a later date. 

E.2.5 Annotate diagrams in the human retina. 

· Drawing will be inserted at a later date. 

E.2.6 Distinguish between rod and cone cells. 

· Rod cells are more sensitive to light than cone cells, so they function better in dim light. Rod cells become bleached in bright light, but cone cells function well. Rod cells absorb all wavelengths of visible light, so they give monochrome vision, wheras the three types of cone cell, sensitive to red, green and blue light, give color vision. Groups of up to two hundred rod cells pass impulses to the same sensory neuron of the optic nerve, whereas cone cells have their own individual neurons through which messages can be sent to the brain. Cone cells therefore give greater visual acuity than rod cells. Rod cells are more widely dispersed through the retina so they give a wider field of vision. 

E.2.7 Outline how visual stimuli are processed in the retina and the visual cortex. 

· Bipolar cells in the retina combine the impulses from rod or cone cells and pass them on to sensory neurons of the optic nerve (ganglion cells). The left and right optic nerves meet at a structure called the optic chiasma. Here, all the neurons that are carrying impulses from the half of the retina nearest to the nose cross over to the opposite optic nerve. As a result, the left optic nerve carries information from the right half of the field of vision and vice versa. Beyond the optic chiasma, the neurons continue to the thalamus, where the information is processed. It is then carried to the visual cortex at the back of the brain, where further processing leads to formation of images. 

Option E.3 Innate Behavior

E.3.1 Define innate behavior. 

· Innate behavior - behavior which normally occurs in all members of a species despite natural variation in environmental influences. Some texts refer to innate behavior as species-specific behavior. 

E.3.2 Outline the pain withdrawal reflex and one other human spinal reflex. 

· One example is when the hand touches a stinging plant. Chemicals in the stings stimulate a pain receptor in the skin. The pain receptor passes a message to a sensory neuron, which carries it as a nerve impulse to the gray matter of the spinal cord. The message is passed via a linking neuron, called an association neuron in the grey matter to a motor neuron. The motor neuron carries the message to a muscle in the arm. The message stimulates the muscle to contract, pulling the hand away from the stinging plant. The muscle is called the effector. The series of neurons linking the receptor to the effector is called a reflex arc. Genes ensure that neurons in reflex arcs are connected up so that an appropriate response is made to a stimulus. There are many spinal reflexes. If the skin on the sole of one foot receives a painful stimulus, a pain withdrawal reflex lifts its leg. Another reflex called the cross-extensor reflex causes extensor muscles in the other leg to contract, so that it supports the body's weight. 

E.3.3 Draw the structure of the spinal cord and its spinal nerves to show the components of a reflex arc. 

· Drawing will be inserted at a later date 

E.3.4 Outline the pupil reflex and one other cranial reflex. 

· The brain controls some reflexes. These are called cranial reflexes. The pupil reflex is one example. If a bright light shines into one eye, the pupils of both eyes constrict. Photoreceptor cells in the retina detect the light stimulus. Nerve impulses are sent in sensory neurons of the optic nerve to the brain. The brainstem processes the impulses and then sends impulses to circular muscle fibers in the iris of the eye. These muscle fibers contract, causing the pupil to constrict. 
The conjunctival reflex is another example of a cranial reflex. If the conjunctiva is touched lightly, blinking occurs. The touch stimulus is passed to the brain along sensory neurons in the fifth cranial nerve. Messages are sent along motor neurones in the seventh cranial nerve to stimulate muscles in the upper and lower eyelids to contract and cause blinking. 

E.3.5 Draw the gross structure of the brain including the medulla oblongata, cerebellum, hypothalamus, pituitary gland and cerebral hemispheres. 

· Drawing will be inserted at a later date 

E.3.6 State one function for each of the parts of the brain in E.3.5. 

· Medulla oblongata - controls unconscious processes including breathing rate
Cerebellum - helps to coordinate muscle movements and balance
Hypothalamus - controls secretion of hormones by the pituitary gland
Pituitary gland - secretes hormones that control many processes in the body 
Cerebral hemispheres - used for complex thought processes such as memory, learning and problem solving 

E.3.7 Discuss the pupil reflex testing for brain death. 

· The pupil reflex is sometimes tested in unconscious patients to help determine whether recovery is possible. If the pupil reflex and other brainstem reflexes have been lost the patient has probably suffered brain death and will not recover. 

E.3.8 Discuss taxis and kinesis. 

· Taxis - a movement towards or away from a directional stimulus
Kinesis - response to a nondirectional stimulus in which the rate of movement or rate of turning depends on the level of the stimulus, but the direction of movement is not affected. 

E.3.9 Explain using one example of each behavior, how the responses in E.3.8 improve animals' chances of survival. 

· taxes - flatworms moving towards food (chemotaxis) and Eugelna moving towards light (phototaxis)
kineses - woodlice moving about less in optimum (humid) conditions and more in an unfavourable (dry) atmosphere 

E.3.10 Discuss the importance of innate behavior to the survival of animals. 

· Innate behavior patterns develop independently of the environmental context. They are controlled by genes and are inherited from parents. They develop by natural selection, because they make members of a species better adapted to their environment and increase their chances of survival and reproduction. For example, taxes and kineses are behavior patterns that increase the survival chances of many invertebrates. 

Option E.4 Learned Behavior

E.4.1 Define classical conditioning. 

· Classical conditioning is an alteration in the behavior of an animal as a result of the association of external stimuli. 

E.4.2 Outline Pavlov's experiments on conditioning of dogs. 

· Ivan Pavlov investigated the salivation reflex in dogs. He observed that dogs secreted saliva when they saw or tasted food. The sight or taste of meat is called the unconditioned stimulus and the secretion of saliva is called the unconditioned response. Pavlov then gave the dogs a neutral stimulus, such as the sound of ringing bell or ticking metronome, before he gave the unconditioned stimulus - the sight or taste of food. He found that, after repeating this procedure for a few days, the dogs started to secrete saliva before they have received the unconditioned stumulus. The sound of the bell or the metronome is called the conditioned stimulus and the secretion of saliva before the unconditioned stimulus is the conditioned response. The dogs had learned to associate two external stimuli - the sound of a bell or metronome and the arrival of food. This is called classical conditioning. 

E.4.3 Define operant conditioning. 

· Operant conditioning is behavior that develops as a result of the association of reinforcement with a particular response, on a proportion of occasions. 

E.4.4 Outline Skinner's experiments into operant conditioning. 

· Skinner designed a piece of apparatus called a Skinner box to investigate learned behavior in animals. When a rat or pigeon pressed a lever inside, a small pellet of food dropped into the box, which the rat could eat. When a hungry rat is placed onto the box it moves around, looking and sniffing at everything within the box. It eventually presses the lever by accident, but soon learns to associate pressing the lever with the reward of food. The food reward is called the reinforcement. Pressing the lever is called the operant response. This form of learning is called trial and error learning or operant conditioning. The more quickly the reinforcement is given, the more quickly the operant response develops. Surprisingly, Skinner found that if the reinforcement conditioning develops more strongly than if the reinforcement is always given. 

E.4.5 Define imprinting. 

· Imprinting is learning a response to a stimulus during a sensitive period of development. 

E.4.6 Outline Lorenz's experiments on imprinting in geese. 

· Lorenz investigated learning sing greylag geese and other birds. In one experiment, he removed half of the eggs that a female goose had laid and kept them in an incubator. Lorenz was with the goslings when they hatched out from those eggs, and he remained with them for a few hours. He was therefore the first moving object that they saw. The goslings did not show normal behavior - they followed him around instead of their mother and some of them even tried to mate with humans when they became adults. 

E.4.7 Discuss how the process of learning improves the chances of survival. 

· There are many situations where survival chances can be increased as result of learning: Birds learn to avoid the evil-tasting black and orange caterpillars of the cinnabar moth by conditioning.
Grizzly bears learn by operant conditioning how to catch salmon.
Goslings learn who their mother is by imprinting and so avoid predators by remaining close to her. 

Option E.5 Social Behavior

E.5.1 List three examples of animals that show social behavior. 

· Ants, honey bees, and termites. 

E.5.2 Describe the social organization of honey bee colonies. 

· There are three castes of honey bees each of which has different tasks. The single queen bee is normally the only member of the colony to lay eggs. The worker bees do all the jobs that are needed to maintain the colony. The drones do nothing to help the colony to survive, but if they successfully mate with virgin queens they spread the genes of the colony to new colonies. Workers eject drones from the colony at the end of the season during which virgin queens are available. 

E.5.3 Discuss the role of altruistic behavior in social organizations using two examples. 

· NOTE: Parental care is not considered to be altruism. 

Option E.6 The ANS (Autonomic Nervous System)

E.6.1 State that the ANS consists of sympathetic and parasympathetic motor neurons. 

· The Autonomic Nervous System consists of sympathetic and parasympathetic motor neurons. 

E.6.2 State that the roles of the sympathetic and parasympathetic system are largely antagonistic. 

· The roles of the sympathetic and parasympathetic system are largely antagonistic. 

E.6.3 State that the ANS serves the heart, blood vessels, digestive system and smooth muscles. 

· The ANS serves the heart, blood vessels, digestive system and smooth muscles. 

E.6.4 Explain the effects of the sympathetic and parasympathetic system by referring to the control of the heart, salivary galnds and iris of the eye. 

E.6.5 Discuss the relationships between the influence of the conscious part of the brain and automatic reflexes as shown by bladder or anus control, meditation and yoga. 

Option E.7 Neurotransmitters and Synapses

E.7.1 State that synapses of the peripheral nervous sytem (PNS) are classified according to the neurotransmitter used, including acetylcholine and noradrenaline. 

E.7.2 Explain how presynaptic neurons can either encourage or inhibit postsynaptic transmission by depolarization or hyperpolarization of the postsynaptic membrane. 

E.7.3 Outline how pain is sensed how endorphins and enkephalins can act as painkillers. 

E.7.4 Outline the symptoms of Parkinson's disease and the involvement of dopamine. 

E.7.5 Explain that psychoactive drugs affect the brain and personality by either increasing or decreasing synaptic trasmission. 

E.7.6 Discuss the behavioural effects of the excitatory psychoactive drugs nicotine, cocaine and amphetamines. 

E.7.7 Discuss the behavioural effects of the inhibitory psychoactive drugs benzodiazepines, cannabis and alcohol. 

