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Introduction

Neural control and coordination form the foundation of all complex behaviors and physiological
processes in multicellular organisms. The nervous system represents one of the most sophisticated
biological systems, enabling rapid communication, information processing, and coordinated
responses to environmental changes. Understanding neural mechanisms is crucial for
comprehending how organisms maintain homeostasis, respond to stimuli, and exhibit complex
behaviors.

The human nervous system integrates billions of neurons into a highly organized network capable
of processing vast amounts of information simultaneously. This chapter explores the structural and
functional aspects of neural coordination, from individual neurons to complex brain structures,
providing insights into the mechanisms that control and coordinate life processes.

Historical Development of Neuroscience:

Luigi Galvani (1737-1798): Discovered electrical nature of nerve impulses

Santiago Ramón y Cajal (1852-1934): Neuron doctrine, detailed neural structure

Edgar Adrian (1889-1977): Action potential recordings

Alan Hodgkin & Andrew Huxley (1952): Ionic basis of nerve impulses

Modern era: Molecular neuroscience, brain imaging, neural networks



Significance of Neural Coordination:

Rapid communication throughout the body

Integration of sensory information

Control of voluntary and involuntary functions

Maintenance of homeostasis

Complex behaviors and consciousness

18.1 Evolution and Organization of Neural Systems

18.1.1 Evolutionary Development

Primitive Neural Systems:

Cnidarians (Hydra): Simple nerve net

Flatworms: Bilateral nerve cords with ganglia

Arthropods: Segmented nervous system with brain

Vertebrates: Centralized nervous system with spinal cord

Progressive Complexity:

Diffuse networks: Simple stimulus-response

Ganglionic organization: Local processing centers

Centralization: Brain development and specialization

Cephalization: Concentration of neural tissue in head region

18.1.2 Functional Advantages of Neural Organization

Speed of Communication:



Electrical conduction: Rapid signal transmission

Point-to-point connections: Direct pathways

Parallel processing: Multiple simultaneous operations

Integration capability: Complex information processing

Precision and Specificity:

Targeted responses: Specific muscle activation

Selective processing: Filtering relevant information

Coordinated activities: Synchronized organ function

Adaptive responses: Environmental adaptation

18.2 Human Neural System Organization

18.2.1 Structural Organization

Two Major Divisions:

A. Central Nervous System (CNS)

Brain: Primary control and processing center

Spinal cord: Major pathway for information transmission

Protection: Skull and vertebral column

Function: Integration, processing, and control

B. Peripheral Nervous System (PNS)

Cranial nerves: 12 pairs connecting brain to organs

Spinal nerves: 31 pairs connecting spinal cord to body



Ganglia: Clusters of nerve cell bodies outside CNS

Sensory receptors: Detect environmental changes

18.2.2 Functional Classification

Based on Information Flow:

A. Afferent (Sensory) Division

Sensory neurons: Carry information to CNS

Sensory receptors: Detect stimuli

Sensory pathways: Transmit sensory information

Processing: Integration in CNS

B. Efferent (Motor) Division

Motor neurons: Carry commands from CNS

Target organs: Muscles and glands

Motor pathways: Transmit motor commands

Response execution: Muscle contraction or glandular secretion

Motor Division Subdivisions:

1. Somatic Nervous System:

Target: Skeletal muscles

Control: Voluntary movements

Neurotransmitter: Acetylcholine

Pathway: Single motor neuron from CNS to muscle

2. Autonomic Nervous System:



Target: Smooth muscles, cardiac muscle, glands

Control: Involuntary functions

Subdivisions: Sympathetic and parasympathetic

Pathway: Two-neuron pathway with ganglion

Autonomic Subdivisions:

Sympathetic Division:

Function: "Fight or flight" response

Origin: Thoracic and lumbar spinal cord

Ganglia: Close to spinal cord

Neurotransmitters: Norepinephrine (primary), acetylcholine

Effects: Increased heart rate, dilated pupils, decreased digestion

Parasympathetic Division:

Function: "Rest and digest" response

Origin: Brain stem and sacral spinal cord

Ganglia: Close to or within target organs

Neurotransmitter: Acetylcholine

Effects: Decreased heart rate, constricted pupils, increased digestion

18.2.3 Visceral Nervous System

Definition: Complex network controlling visceral organs and their functions.

Components:

Visceral sensory neurons: Monitor internal conditions



Visceral motor neurons: Control organ function

Visceral reflexes: Automatic responses

Integration centers: Coordinate visceral functions

Functions:

Homeostasis maintenance: Temperature, pH, pressure regulation

Organ coordination: Synchronizing digestive, circulatory, respiratory systems

Stress responses: Adapting to environmental challenges

Metabolic regulation: Controlling energy production and utilization

18.3 Neuron Structure and Function

18.3.1 Neuron Anatomy

Three Main Components:

A. Cell Body (Soma)

Nucleus: Contains genetic material

Nissl bodies: Rough endoplasmic reticulum with ribosomes

Mitochondria: Energy production for neural activity

Golgi apparatus: Protein processing and packaging

Cytoskeleton: Maintains cell shape and transport

Nissl Bodies (Nissl Substance):

Composition: Rough ER and ribosomes

Function: Protein synthesis for neurotransmitters and enzymes



Distribution: Cell body and dendrites

Clinical significance: Chromatolysis in injured neurons

B. Dendrites

Structure: Branched projections from cell body

Function: Receive signals from other neurons

Surface area: Increased by branching pattern

Receptors: Contain neurotransmitter receptors

Integration: Summate incoming signals

Dendritic Properties:

Length: Variable (few micrometers to millimeters)

Branching pattern: Determines receptive field

Spine density: Affects synaptic strength

Plasticity: Can change with experience

C. Axon

Structure: Single long projection from cell body

Initial segment: Site of action potential initiation

Axon hillock: Tapering region where axon begins

Axon terminals: Branched endings with synaptic knobs

Function: Transmit signals away from cell body

Axon Terminal Structure:

Synaptic knobs (boutons): Swollen endings



Synaptic vesicles: Contain neurotransmitters

Mitochondria: Provide energy for neurotransmitter synthesis

Calcium channels: Control neurotransmitter release

18.3.2 Neuron Classification

Based on Structure:

A. Multipolar Neurons

Structure: One axon, multiple dendrites

Location: Cerebral cortex, spinal cord motor neurons

Function: Integration and motor control

Examples: Motor neurons, interneurons

B. Bipolar Neurons

Structure: One axon, one dendrite

Location: Retina, olfactory epithelium

Function: Specialized sensory functions

Examples: Retinal bipolar cells, olfactory neurons

C. Unipolar (Pseudounipolar) Neurons

Structure: Single process that divides

Location: Sensory ganglia

Function: Sensory information transmission

Examples: Dorsal root ganglion cells

Based on Function:



A. Sensory (Afferent) Neurons

Function: Detect and transmit sensory information

Location: Sensory organs and pathways

Types: Mechanoreceptors, thermoreceptors, nociceptors

B. Motor (Efferent) Neurons

Function: Control muscle contraction and glandular secretion

Location: Motor cortex, spinal cord, cranial nerve nuclei

Types: Upper motor neurons, lower motor neurons

C. Interneurons

Function: Process and integrate information

Location: CNS (brain and spinal cord)

Proportion: 99% of all neurons

Types: Excitatory, inhibitory, modulatory

18.3.3 Myelination

Myelin Sheath Structure:

Composition: Lipid-rich membrane wrappings

Formation: Schwann cells (PNS), oligodendrocytes (CNS)

Structure: Multiple membrane layers

Nodes of Ranvier: Gaps between myelin segments

Myelinating Cells:

Schwann Cells (PNS):



One-to-one relationship: Each cell myelinates one axon segment

Regeneration: Support axon regeneration after injury

Neurilemma: Outer nucleated layer of Schwann cell

Oligodendrocytes (CNS):

Multiple processes: Each cell myelinates multiple axons

No regeneration support: Limited CNS regeneration

Distribution: Throughout CNS white matter

Functions of Myelination:

Saltatory conduction: Faster impulse transmission

Metabolic support: Provide nutrients to axon

Electrical insulation: Prevent signal loss

Structural support: Maintain axon integrity

Comparison: Myelinated vs. Unmyelinated Axons:

Feature Myelinated Unmyelinated

Conduction speed Fast (up to 120 m/s) Slow (0.5-2 m/s)

Energy requirement Low High

Diameter Large Small

Conduction type Saltatory Continuous

Distribution Motor neurons, sensory neurons Autonomic neurons, pain fibers



18.4 Neural Physiology

18.4.1 Membrane Potential

Resting Potential:

Definition: Electrical potential difference across unstimulated neural membrane

Value: Approximately -70mV (inside negative relative to outside)

Stability: Maintained by active and passive processes

Universality: Present in all excitable cells

Ionic Basis of Resting Potential:

Ion Distribution:

Inside cell: High K⁺, low Na⁺, high organic phosphates, proteins

Outside cell: Low K⁺, high Na⁺, high Cl⁻

Membrane permeability: K⁺ > Cl⁻ >> Na⁺

Sodium-Potassium Pump:

Stoichiometry: 3 Na⁺ out : 2 K⁺ in

Energy requirement: 1 ATP per cycle

Contribution: Creates and maintains ionic gradients

Electrogenic effect: Net charge separation

Equilibrium Potentials:

K⁺ equilibrium: -90mV

Na⁺ equilibrium: +60mV

Cl⁻ equilibrium: -70mV



Resting potential: Weighted average based on permeabilities

18.4.2 Action Potential Generation

Threshold and Excitation:

Threshold potential: Critical depolarization level (-55mV)

All-or-none principle: Action potential is always the same amplitude

Stimulus strength: Determines frequency, not amplitude

Excitability: Ability to generate action potentials

Action Potential Phases:

1. Depolarization Phase:

Voltage-gated Na⁺ channels open: Rapid Na⁺ influx

Positive feedback: Depolarization opens more channels

Peak potential: +30 to +40mV

Duration: 0.5-1 millisecond

2. Repolarization Phase:

Na⁺ channels inactivate: Na⁺ influx stops

K⁺ channels open: K⁺ efflux begins

Membrane potential returns: Toward resting level

Duration: 2-3 milliseconds

3. Hyperpolarization (Afterpotential):

Continued K⁺ efflux: Membrane becomes more negative than resting

Gradual return: To resting potential



Refractory period: Reduced excitability

Duration: Variable (few to many milliseconds)

Ion Channel Types:

Voltage-Gated Sodium Channels:

States: Closed, open, inactivated

Activation: Rapid opening upon depolarization

Inactivation: Self-closing mechanism

Recovery: Return to closed state after hyperpolarization

Voltage-Gated Potassium Channels:

Activation: Slower than Na⁺ channels

Function: Repolarization and hyperpolarization

Types: Delayed rectifier, A-type, calcium-activated

Modulation: Various factors affect gating

18.4.3 Impulse Conduction

Conduction in Unmyelinated Axons:

Mechanism: Continuous propagation

Local currents: Adjacent membrane depolarization

Speed: Proportional to axon diameter

Energy cost: High due to Na⁺-K⁺ pump activity

Conduction Process:

1. Local depolarization: At site of stimulus



2. Current flow: Inside axon toward adjacent regions

3. Threshold reached: Adjacent membrane depolarizes

4. Wave propagation: Sequential activation along axon

5. Refractory period: Prevents backward propagation

Saltatory Conduction in Myelinated Axons:

Mechanism: Action potentials "jump" between nodes

Node of Ranvier: High density of voltage-gated channels

Internodal region: Insulated by myelin

Speed advantage: Up to 50x faster than unmyelinated

Saltatory Conduction Process:

1. Action potential at node: High channel density

2. Current flow: Through axoplasm to next node

3. Myelin insulation: Prevents current leak

4. Next node activation: Threshold reached rapidly

5. Node-to-node jumping: Rapid propagation

Factors Affecting Conduction Velocity:

Axon diameter: Larger = faster (less resistance)

Myelination: Presence increases speed dramatically

Temperature: Higher temperature increases speed

Extracellular ion concentrations: Affect excitability



18.4.4 Refractory Periods

Absolute Refractory Period:

Duration: 0.5-2 milliseconds

Mechanism: Na⁺ channel inactivation

Excitability: No action potential possible

Function: Ensures unidirectional propagation

Relative Refractory Period:

Duration: 2-10 milliseconds

Mechanism: Continued K⁺ channel opening

Excitability: Stronger stimulus required

Function: Limits action potential frequency

Physiological Significance:

Frequency limitation: Maximum firing rate

Direction control: Prevents backward propagation

Signal integrity: Maintains distinct pulses

Metabolic protection: Prevents excessive activity

18.5 Synaptic Transmission

18.5.1 Synapse Structure and Types

Synaptic Components:

Presynaptic terminal: Axon terminal of transmitting neuron



Synaptic cleft: Gap between neurons (20-50 nm)

Postsynaptic membrane: Membrane of receiving neuron

Synaptic vesicles: Contain neurotransmitters

Types of Synapses:

A. Electrical Synapses

Structure: Gap junctions connect neurons directly

Transmission: Direct current flow between cells

Speed: Very fast (instantaneous)

Direction: Usually bidirectional

Frequency: Rare in vertebrate nervous systems

Gap Junction Structure:

Connexons: Protein channels spanning membranes

Pore size: Allows passage of ions and small molecules

Regulation: Can be opened or closed by various factors

Function: Synchronizes activity in connected cells

B. Chemical Synapses

Structure: Separated by synaptic cleft

Transmission: Neurotransmitter-mediated

Speed: Slower due to chemical processes (0.5-5 ms delay)

Direction: Unidirectional

Plasticity: Can be modified by experience



18.5.2 Chemical Synaptic Transmission

Presynaptic Events:

1. Action Potential Arrival:

Depolarization: Opens voltage-gated Ca²⁺ channels

Calcium influx: Rapid increase in intracellular Ca²⁺

Calcium sensors: Synaptotagmin proteins detect Ca²⁺

Duration: Brief (1-2 milliseconds)

2. Vesicle Fusion and Exocytosis:

SNARE proteins: Mediate vesicle-membrane fusion

Calcium triggering: Ca²⁺ binding causes rapid fusion

Neurotransmitter release: Contents expelled into cleft

Quantum release: Vesicles release in discrete packets

Synaptic Vesicle Cycle:

1. Vesicle docking: At active zones

2. Priming: SNARE protein assembly

3. Fusion: Ca²⁺-triggered membrane merger

4. Endocytosis: Membrane retrieval

5. Recycling: Vesicle reformation and refilling

3. Synaptic Cleft Events:

Diffusion: Neurotransmitters cross cleft

Binding: To postsynaptic receptors



Enzymatic degradation: Terminates signal

Reuptake: Clearance from cleft

Postsynaptic Events:

1. Receptor Binding:

Specificity: Lock-and-key interaction

Affinity: Strength of binding

Kinetics: On and off rates

Cooperativity: Multiple binding sites

2. Ion Channel Opening:

Ligand-gated channels: Directly controlled by neurotransmitter

Ion selectivity: Na⁺, K⁺, Ca²⁺, Cl⁻

Driving force: Electrochemical gradient

Current flow: Ion movement across membrane

3. Postsynaptic Potential Generation:

EPSP: Excitatory postsynaptic potential (depolarizing)

IPSP: Inhibitory postsynaptic potential (hyperpolarizing)

Magnitude: Depends on number of channels opened

Duration: Determined by receptor kinetics

18.5.3 Major Neurotransmitters

Classification Systems:

By Chemical Structure:



Amino acids: Glutamate, GABA, glycine

Biogenic amines: Dopamine, norepinephrine, serotonin

Acetylcholine: Unique quaternary ammonium compound

Peptides: Endorphins, substance P, vasopressin

By Function:

Excitatory: Increase likelihood of action potential

Inhibitory: Decrease likelihood of action potential

Modulatory: Alter neuronal responsiveness

Major Neurotransmitter Systems:

A. Acetylcholine (ACh)

Synthesis: Choline + Acetyl-CoA → ACh

Degradation: Acetylcholinesterase

Locations: Neuromuscular junction, autonomic ganglia, brain

Functions: Motor control, memory, attention

Cholinergic Receptors:

Nicotinic: Ligand-gated ion channels (fast)

Muscarinic: G-protein coupled receptors (slow)

Distribution: Different subtypes in various tissues

Pharmacology: Different drugs affect each type

B. Glutamate

Synthesis: From glutamine by glutaminase



Clearance: Reuptake and conversion to glutamine

Distribution: Most abundant excitatory neurotransmitter

Functions: Learning, memory, plasticity

Glutamate Receptors:

AMPA: Fast excitatory responses

NMDA: Voltage and ligand-gated, Ca²⁺ permeable

Kainate: Modulation of neurotransmitter release

Metabotropic: G-protein coupled, modulatory

C. GABA (Gamma-Aminobutyric Acid)

Synthesis: From glutamate by GAD

Clearance: Reuptake and degradation

Distribution: Primary inhibitory neurotransmitter in brain

Functions: Motor control, anxiety regulation, sleep

GABA Receptors:

GABA-A: Cl⁻ channels, fast inhibition

GABA-B: G-protein coupled, slow inhibition

Modulation: Benzodiazepines, barbiturates, alcohol

Clinical relevance: Anxiety, epilepsy, sleep disorders

D. Dopamine

Synthesis: Tyrosine → L-DOPA → Dopamine

Degradation: MAO, COMT



Pathways: Nigrostriatal, mesolimbic, mesocortical

Functions: Motor control, reward, motivation

E. Norepinephrine

Synthesis: Dopamine → Norepinephrine

Release: Sympathetic nervous system

Functions: Arousal, attention, stress response

Clinical relevance: Depression, anxiety, ADHD

F. Serotonin (5-HT)

Synthesis: Tryptophan → 5-HTP → Serotonin

Distribution: Brainstem raphe nuclei

Functions: Mood, sleep, appetite, pain modulation

Clinical relevance: Depression, anxiety, migraine

18.5.4 Synaptic Integration

Spatial Summation:

Definition: Integration of simultaneous inputs from multiple synapses

Mechanism: Addition of postsynaptic potentials

Linear summation: Simple addition of EPSPs and IPSPs

Nonlinear interactions: Voltage-dependent channels affect summation

Temporal Summation:

Definition: Integration of sequential inputs from same synapse

Mechanism: Overlapping postsynaptic potentials



Facilitation: Enhanced response with repeated stimulation

Depression: Reduced response with repeated stimulation

Synaptic Plasticity:

Short-term Plasticity:

Facilitation: Enhanced release with repeated stimulation

Depression: Reduced release due to vesicle depletion

Duration: Seconds to minutes

Mechanisms: Calcium dynamics, vesicle availability

Long-term Plasticity:

LTP: Long-term potentiation (strengthening)

LTD: Long-term depression (weakening)

Duration: Hours to lifetime

Mechanisms: Gene expression, protein synthesis, structural changes

18.6 Central Nervous System

18.6.1 Brain Protection and Support

Cranial Meninges:

A. Dura Mater

Structure: Tough, fibrous outer layer

Composition: Dense connective tissue

Function: Physical protection, venous sinuses



Attachments: Fused with inner skull

B. Arachnoid Mater

Structure: Delicate middle layer

Subarachnoid space: Contains cerebrospinal fluid

Arachnoid granulations: CSF drainage sites

Function: CSF circulation

C. Pia Mater

Structure: Thin inner layer

Adhesion: Closely follows brain contours

Blood vessels: Contains brain's blood supply

Function: Metabolic support

Cerebrospinal Fluid (CSF):

Production: Choroid plexuses in ventricles

Volume: 100-150 mL total

Functions: Cushioning, waste removal, nutrient transport

Circulation: Ventricles → subarachnoid space → venous sinuses

Blood-Brain Barrier:

Structure: Tight junctions between capillary endothelial cells

Function: Selective permeability to protect brain

Transport: Specialized systems for essential molecules

Clinical significance: Drug delivery challenges



18.6.2 Brain Development and Organization

Embryological Development:

Neural tube: Initial CNS structure

Primary vesicles: Prosencephalon, mesencephalon, rhombencephalon

Secondary vesicles: Further subdivision

Adult derivatives: Forebrain, midbrain, hindbrain

Brain Weight and Complexity:

Adult brain weight: ~1400g (2% of body weight)

Neuron number: ~86 billion

Synaptic connections: ~100 trillion

Energy consumption: 20% of body's glucose and oxygen

18.7 Forebrain Structure and Function

18.7.1 Cerebrum

Cerebral Hemispheres:

Division: Left and right hemispheres

Connection: Corpus callosum (200 million axons)

Asymmetry: Functional specialization

Surface area: ~2500 cm² (folded to fit skull)

Cerebral Cortex:

Gray Matter Organization:



Layers: Six distinct cellular layers

Cell types: Pyramidal cells, interneurons

Thickness: 2-4 mm

Function: Information processing and integration

Cortical Areas:

A. Primary Motor Cortex

Location: Precentral gyrus

Organization: Motor homunculus

Function: Voluntary movement initiation

Output: Corticospinal tract

B. Primary Sensory Areas

Somatosensory: Postcentral gyrus

Visual: Occipital lobe

Auditory: Temporal lobe

Organization: Topographic mapping

C. Association Areas

Prefrontal cortex: Executive functions, planning

Parietal association: Spatial processing, attention

Temporal association: Language, memory

Function: Higher-order processing

White Matter:



Composition: Myelinated axons

Tract types: Projection, association, commissural

Function: Connect cortical areas

Volume: ~40% of brain volume

Basal Ganglia:

Components: Caudate, putamen, globus pallidus

Function: Motor control, learning, habit formation

Disorders: Parkinson's disease, Huntington's disease

Connections: Cortical-basal ganglia loops

18.7.2 Thalamus

Structure and Organization:

Location: Between cerebral hemispheres

Nuclei: Multiple specialized nuclear groups

Connections: Extensive cortical projections

Function: Sensory relay and integration

Major Thalamic Nuclei:

Sensory Relay Nuclei:

VPL/VPM: Somatosensory relay

LGN: Visual relay

MGN: Auditory relay

Function: Process and relay sensory information



Motor Nuclei:

VL/VA: Motor and cerebellar input

Function: Motor control and coordination

Connections: Basal ganglia, cerebellum, motor cortex

Association Nuclei:

Pulvinar: Attention and consciousness

Anterior nuclear group: Memory and emotion

MD: Executive functions

Function: Higher-order processing

18.7.3 Hypothalamus

Anatomical Organization:

Location: Below thalamus

Size: Small (~4g) but functionally critical

Nuclei: Multiple specialized groups

Connections: Extensive body-wide

Major Hypothalamic Functions:

A. Homeostatic Control

Temperature regulation: Thermostat function

Water balance: Osmotic regulation

Energy balance: Hunger and satiety

Circadian rhythms: Biological clock



B. Neuroendocrine Functions

Hormone production: ADH, oxytocin

Pituitary control: Releasing and inhibiting hormones

Stress response: HPA axis activation

Reproductive hormones: GnRH release

C. Behavioral Control

Feeding behavior: Hunger and satiety centers

Sexual behavior: Reproductive drives

Emotional responses: Fear, aggression, pleasure

Sleep-wake cycles: Circadian control

Important Hypothalamic Nuclei:

Suprachiasmatic: Circadian rhythm control

Paraventricular: Stress response, fluid balance

Arcuate: Feeding behavior, growth hormone

Supraoptic: ADH and oxytocin production

18.7.4 Limbic System

Components:

Hippocampus: Memory formation

Amygdala: Emotional processing

Cingulate cortex: Attention and emotion

Fornix: Major hippocampal output pathway



Functions:

A. Memory Processing

Hippocampus: Declarative memory formation

Memory consolidation: Transfer to long-term storage

Spatial memory: Navigation and location

Temporal memory: Event sequencing

B. Emotional Processing

Amygdala: Fear and emotional learning

Emotional memory: Associating emotions with events

Social behavior: Recognition and response

Stress response: Activating defense mechanisms

C. Motivation and Drive

Reward pathways: Dopaminergic systems

Addiction: Altered reward processing

Social bonding: Attachment behaviors

Maternal behavior: Caregiving responses

18.8 Midbrain Structure and Function

18.8.1 Anatomical Organization

Location and Boundaries:

Superior: Thalamus



Inferior: Pons

Central canal: Cerebral aqueduct

Size: Small but critical for basic functions

Major Structures:

A. Tectum (Dorsal)

Superior colliculi: Visual reflexes

Inferior colliculi: Auditory reflexes

Function: Sensorimotor integration

B. Tegmentum (Ventral)

Red nucleus: Motor control

Substantia nigra: Dopamine production

Reticular formation: Arousal and consciousness

C. Cerebral Peduncles

Crus cerebri: Descending motor pathways

Function: Connect forebrain to hindbrain

18.8.2 Functional Systems

Visual System:

Superior colliculus: Eye movement control

Visual reflexes: Pupillary light reflex

Spatial orientation: Visual-motor coordination

Auditory System:



Inferior colliculus: Sound localization

Auditory reflexes: Startle


