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Chapter 1




	
                  01 Human Biology, Science, and Society


	
                  CURRENT ISSUE An Outbreak Anywhere Is a Threat Everywhere

              

	
                  1.1 The characteristics of life

              

	
                  1.2 How humans fit into the natural world


	
                  Living things are grouped according to their characteristics

              

	
                  The defining features of humans

              

	
                  Human biology can be studied on any level of biological organization

              



              

	
                  1.3 Science is both a body of knowledge and a process


	
                  The scientific method is a process for testing ideas

              

	
                  Designing and conducting the experiment

              

	
                  Making the findings known

              

	
                  A well-tested hypothesis becomes a theory

              



              

	
                  1.4 Sources of scientific information vary in style and quality

              

	
                  1.5 Learning to be a critical thinker


	
                  Become a skeptic

              

	
                  Learn how to read graphs

              

	
                  Appreciate the value of statistics

              

	
                  Distinguish anecdotes from scientific evidence

              

	
                  Separate facts from conclusions

              

	
                  Understand the difference between correlation and causation

              



              

	
                  1.6 The role of science in society


	
                  Science improves technology and the human physical condition

              

	
                  Science has limits

              

	
                  The importance of making informed choices

              

	
                  HEALTH & WELLNESS The Growing Threat of Antibiotic-Resistant Bacteria

              



              



              








        

      

    


      
        
          
Chapter 2




	
                  02 The Chemistry of Living Things


	
                  CURRENT ISSUE Water Crisis in Flint, Michigan

              

	
                  2.1 All matter consists of elements


	
                  Atoms are the smallest functional units of an element

              

	
                  Isotopes have a different number of neutrons

              

	
                  Free radicals have unpaired electrons

              



              

	
                  2.2 Atoms combine to form molecules


	
                  Energy fuels life’s activities

              

	
                  Chemical bonds link atoms to form molecules

              

	
                  Living organisms contain only certain elements

              



              

	
                  2.3 Life depends on water


	
                  Water is the biological solvent

              

	
                  Water is a liquid at body temperature

              

	
                  Water helps regulate body temperature

              

	
                  Water participates in chemical reactions

              



              

	
                  2.4 The importance of hydrogen ions


	
                  Acids donate hydrogen ions, whereas bases accept them

              

	
                  The pH scale expresses hydrogen ion concentration

              

	
                  Buffers minimize changes in pH

              



              

	
                  2.5 The organic molecules of living organisms


	
                  Carbon is the common building block of organic molecules

              

	
                  Macromolecules are synthesized and broken down within the cell

              



              

	
                  2.6 Carbohydrates: used for energy and structural support


	
                  Monosaccharides are simple sugars

              

	
                  Oligosaccharides: more than one monosaccharide linked together

              

	
                  Polysaccharides store energy

              



              

	
                  2.7 Lipids: insoluble in water


	
                  Triglycerides are energy-storage molecules

              

	
                  Phospholipids are the primary component of cell membranes

              

	
                  Steroids are composed of four rings

              



              

	
                  2.8 Proteins: complex structures constructed of amino acids


	
                  SCIENCE CONSUMER What Are Those Chemicals in My Food?

              

	
                  Protein function depends on structure

              

	
                  Enzymes facilitate biochemical reactions

              



              

	
                  2.9 Nucleic acids: store genetic information

              

	
                  2.10 ATP: carries energy

              



              








        

      

    


      
        
          
Chapter 3




	
                  03 The Structure and Function of Cells


	
                  CURRENT ISSUE Stem Cells, Hope or Hype

              

	
                  3.1 Cells are classified according to their internal organization


	
                  Eukaryotes have a nucleus, cytoplasm, and organelles

              

	
                  Prokaryotes lack a nucleus and organelles

              



              

	
                  3.2 Cell structure reflects cell function


	
                  Cells remain small to stay efficient

              

	
                  Visualizing cells with microscopes

              



              

	
                  3.3 The internal structures of cells carry out specific functions


	
                  The nucleus controls the cell

              

	
                  Ribosomes are responsible for protein synthesis

              

	
                  The endoplasmic reticulum is the manufacturing center

              

	
                  The Golgi apparatus refines, packages, and ships

              

	
                  Vesicles: membrane-bound storage and shipping containers

              

	
                  Mitochondria provide energy

              

	
                  Fat and glycogen: sources of energy

              



              

	
                  3.4 Cells have structures for support and movement


	
                  The cytoskeleton supports the cell

              

	
                  Cilia and flagella are specialized for movement

              

	
                  Centrioles are involved in cell division

              



              

	
                  3.5 A plasma membrane surrounds the cell

	
                  The plasma membrane is a lipid bilayer

              


              

	
                  3.6 Molecules cross the plasma membrane in several ways


	
                  Passive transport: principles of diffusion and osmosis

              

	
                  Passive transport moves with the concentration gradient

              

	
                  Active transport requires energy

              

	
                  Endocytosis and exocytosis move materials in bulk

              

	
                  Information can be transferred across the plasma membrane

              

	
                  The sodium-potassium pump helps maintain cell volume

              

	
                  Isotonic extracellular fluid also maintains cell volume

              



              

	
                  3.7 Cells use and transform matter and energy


	
                  Glucose provides the cell with energy

              

	
                  Glycolysis: Glucose is split into two pyruvate molecules

              

	
                  Cellular respiration uses oxygen

              

	
                  Fats and proteins are additional energy sources

              

	
                  HEALTH & WELLNESS Should You Be Taking Antioxidant Supplements?

              

	
                  Anaerobic pathways make energy available without oxygen

              



              



              








        

      

    


      
        
          
Chapter 4




	
                  04 From Cells to Organ Systems


	
                  CURRENT ISSUE Facing the Facts about Acne

              

	
                  4.1 Tissues are groups of cells with a common function

              

	
                  4.2 Epithelial tissues cover body surfaces and cavities


	
                  Epithelial tissues are classified according to cell shape

              

	
                  The basement membrane provides structural support

              



              

	
                  4.3 Connective tissue supports and connects body parts


	
                  Fibrous connective tissues provide strength and elasticity

              

	
                  Specialized connective tissues serve special functions

              



              

	
                  4.4 Muscle tissues contract to produce movement


	
                  Skeletal muscles move body parts

              

	
                  Cardiac muscle cells activate each other

              

	
                  Smooth muscle surrounds hollow structures

              

	
                  SCIENCE CONSUMER Decoding Your Sunscreen

              



              

	
                  4.5 Nervous tissue transmits impulses

              

	
                  4.6 Organs and organ systems perform complex functions


	
                  The human body is organized by organ systems

              

	
                  Tissue membranes line body cavities

              

	
                  Describing body position or direction

              



              

	
                  4.7 The skin is an organ of the integumentary system


	
                  Skin has many functions

              

	
                  Skin consists of epidermis and dermis

              



              

	
                  4.8 Multicellular organisms must maintain homeostasis


	
                  Homeostasis is maintained by negative feedback

              

	
                  Negative feedback helps maintain core body temperature

              

	
                  Positive feedback amplifies events

              



              



              








        

      

    


      
        
          
Chapter 5




	
                  05 The Skeletal System


	
                  CURRENT ISSUE A Black Market in Human Bones?

              

	
                  5.1 The skeletal system consists of connective tissue


	
                  Bones are the hard elements of the skeleton

              

	
                  Bone contains living cells

              

	
                  Ligaments hold bones together

              

	
                  Cartilage lends support

              



              

	
                  5.2 Bones develop from cartilage

              

	
                  5.3 Mature bone undergoes remodeling and repair


	
                  Bones can change in shape, size, and strength

              

	
                  Bone cells are regulated by hormones

              

	
                  Bones undergo repair

              



              

	
                  5.4 Bones fit together to form the skeleton


	
                  The axial skeleton forms the midline of the body

              

	
                  The appendicular skeleton: pectoral girdle, pelvic girdle, and limbs

              



              

	
                  5.5 Joints form connections between bones


	
                  Joints vary from immovable to freely movable

              

	
                  Ligaments, tendons, and muscles strengthen and stabilize joints

              

	
                  HEALTH & WELLNESS Treating A Sprained Ankle

              



              

	
                  5.6 Disorders and diseases of the skeletal system


	
                  Sprains damage ligaments

              

	
                  Bursitis and tendinitis are caused by inflammation

              

	
                  Osteoporosis is caused by excessive bone loss

              

	
                  Arthritis is inflammation of joints

              



              



              








        

      

    


      
        
          
Chapter 6




	
                  06 The Muscular System


	
                  CURRENT ISSUE Drug Abuse Among Athletes

              

	
                  6.1 Muscles produce movement or generate tension


	
                  The fundamental activity of muscle is contraction

              

	
                  Skeletal muscles cause bones to move

              

	
                  A muscle is composed of many muscle cells

              

	
                  The contractile unit is a sarcomere

              



              

	
                  6.2 Individual muscle cells contract and relax


	
                  Nerves activate skeletal muscles

              

	
                  Activation releases calcium

              

	
                  Calcium initiates the sliding filament mechanism

              

	
                  When nerve activation ends, contraction ends

              

	
                  Muscles require energy to contract and to relax

              

	
                  Producing and storing energy within muscle

              



              

	
                  6.3 Muscles vary in movement, force, and endurance


	
                  Isotonic versus isometric contractions: movement versus static position

              

	
                  The degree of nerve activation influences force

              

	
                  HEALTH & WELLNESS Delayed Onset Muscle Soreness

              

	
                  Slow-twitch versus fast-twitch fibers: endurance versus strength

              

	
                  Exercise training improves muscle mass, strength, and endurance

              



              

	
                  6.4 Cardiac and smooth muscles have special features


	
                  How cardiac and smooth muscles are activated

              

	
                  Arrangement of myosin and actin filaments

              

	
                  Speed and sustainability of contraction

              



              

	
                  6.5 Diseases and disorders of the muscular system


	
                  Muscular dystrophy

              

	
                  Tetanus

              

	
                  Muscle cramps

              

	
                  Pulled muscles

              

	
                  Fasciitis

              



              



              








        

      

    


      
        
          
Chapter 7




	
                  07 Blood


	
                  CURRENT ISSUE Should You Bank Your Baby’s Umbilical Cord Blood?

              

	
                  7.1 The composition and functions of blood


	
                  Plasma consists of water and dissolved solutes

              

	
                  Red blood cells transport oxygen and carbon dioxide

              

	
                  Hematocrit and hemoglobin reflect oxygen-carrying capacity

              

	
                  All blood cells and platelets originate from stem cells

              

	
                  RBCs have a short life span

              

	
                  RBC production is regulated by a hormone

              

	
                  White blood cells defend the body

              

	
                  HEALTH & WELLNESS Apheresis: Collection of Specific Blood Components from Donors

              

	
                  Platelets are essential for blood clotting

              



              

	
                  7.2 Hemostasis: stopping blood loss


	
                  Vascular spasms constrict blood vessels to reduce blood flow

              

	
                  Platelets stick together to seal a ruptured vessel

              

	
                  A blood clot forms around the platelet plug

              



              

	
                  7.3 Blood transfusions and human blood types


	
                  ABO blood typing is based on A and B antigens

              

	
                  Rh blood typing is based on Rh factor

              

	
                  ABO incompatibility can cause complications

              

	
                  Blood typing and cross-matching ensure blood compatibility

              

	
                  New tests make transfused blood safer

              

	
                  Donating blood

              



              

	
                  7.4 Blood substitutes

              

	
                  7.5 Blood disorders


	
                  Mononucleosis: contagious viral infection of lymphocytes

              

	
                  Septicemia: bacterial infection of blood

              

	
                  Anemia: reduction in blood’s oxygen-carrying capacity

              

	
                  Leukemia: uncontrolled production of white blood cells

              

	
                  Multiple myeloma: uncontrolled production of plasma cells

              

	
                  Thrombocytopenia: reduction in platelet number

              



              



              








        

      

    


      
        
          
Chapter 8




	
                  08 The Heart and Blood Vessels


	
                  CURRENT ISSUE Where Is the Nearest AED?

              

	
                  8.1 Blood vessels transport blood


	
                  Arteries transport blood away from the heart

              

	
                  Arterioles and precapillary sphincters regulate blood flow

              

	
                  Capillaries: where blood exchanges substances with tissues

              

	
                  The lymphatic system helps maintain blood volume

              

	
                  Veins return blood to the heart

              



              

	
                  8.2 The heart pumps blood through the vessels


	
                  The heart is mostly muscle

              

	
                  The heart has four chambers and four valves

              

	
                  The pattern of blood flow through the cardiovascular system

              

	
                  Arteries and veins of the human body

              

	
                  The cardiac cycle: the heart contracts and relaxes

              

	
                  Heart sounds reflect closing heart valves

              

	
                  The cardiac conduction system coordinates contraction

              

	
                  Electrocardiogram records the heart’s electrical activity

              



              

	
                  8.3 Blood exerts pressure against vessel walls


	
                  Measuring blood pressure

              

	
                  Hypertension: high blood pressure can be dangerous

              

	
                  Hypotension: when blood pressure is too low

              



              

	
                  8.4 How the cardiovascular system is regulated


	
                  Baroreceptors monitor and maintain arterial blood pressure

              

	
                  Hormones play a role in regulation of the cardiovascular system

              

	
                  Local control mechanisms dictate local blood flows

              

	
                  Exercise: increased blood flow and cardiac output

              



              

	
                  8.5 Cardiovascular disorders: a major health issue


	
                  Atherosclerosis

              

	
                  Angina: chest pain warns of impaired blood flow

              

	
                  Heart attack: permanent damage to heart tissue

              

	
                  SCIENCE CONSUMER Interpreting a Lipid Profile

              

	
                  Heart failure: the heart becomes less efficient

              

	
                  Embolism: blockage of a blood vessel

              

	
                  Stroke: damage to blood vessels in the brain

              



              

	
                  8.6 Replacing a failing heart

              

	
                  8.7 Reducing your risk of cardiovascular disease

              



              








        

      

    


      
        
          
Chapter 9




	
                  09 The Immune System and Mechanisms of Defense


	
                  CURRENT ISSUE Have You Thanked Your Normal Microbiota?

              

	
                  9.1 Pathogens cause disease


	
                  Bacteria: single-celled living organisms

              

	
                  Viruses: tiny infectious agents

              

	
                  Prions: infectious proteins

              

	
                  Transmissibility, mode of transmission, and virulence determine health risk

              



              

	
                  9.2 The lymphatic system plays a key role in defending the body


	
                  Lymphatic vessels transport lymph

              

	
                  Lymph nodes cleanse the lymph

              

	
                  The spleen cleanses blood

              

	
                  Thymus gland hormones cause T lymphocytes to mature

              

	
                  Tonsils protect the throat

              



              

	
                  9.3 Keeping pathogens out: the first line of defense


	
                  Skin: an effective deterrent

              

	
                  Impeding pathogen entry in areas not covered by skin

              



              

	
                  9.4 Nonspecific defenses: the second line of defense


	
                  The complement system assists other defense mechanisms

              

	
                  Phagocytes engulf foreign cells

              

	
                  Inflammation: redness, warmth, swelling, and pain

              

	
                  Natural killer cells target tumors and virus-infected cells

              

	
                  Interferons interfere with viral reproduction

              

	
                  Fever raises body temperature

              



              

	
                  9.5 Specific defense mechanisms: the third line of defense


	
                  The immune system targets antigens

              

	
                  Lymphocytes are central to specific defenses

              

	
                  B cells: antibody-mediated immunity

              

	
                  The five classes of antibodies

              

	
                  An antibody’s structure enables it to bind to a specific antigen

              

	
                  T cells: cell-mediated immunity

              



              

	
                  9.6 Immune memory creates immunity

              

	
                  9.7 Medical assistance in the war against pathogens


	
                  Active immunization: an effective weapon against pathogens

              

	
                  Passive immunization can help against existing or anticipated infections

              

	
                  HEALTH & WELLNESS The Case for Breast Milk

              

	
                  Monoclonal antibodies: laboratory-created for commercial use

              

	
                  Antibiotics combat bacteria

              



              

	
                  9.8 Tissue rejection: a medical challenge

              

	
                  9.9 Inappropriate immune system activity causes health problems


	
                  Allergies: a hypersensitive immune system

              

	
                  Autoimmune disorders: defective recognition of self

              



              

	
                  9.10 Immune deficiency: the special case of AIDS


	
                  HIV targets helper T cells of the immune system

              

	
                  HIV is transmitted in body fluids

              

	
                  AIDS develops slowly

              

	
                  Risky behaviors increase your chances of getting AIDS

              

	
                  Making sex safer

              

	
                  HIV Testing

              

	
                  New treatments offer hope

              



              



              








        

      

    


      
        
          
Chapter 10




	
                  10 The Respiratory System: Exchange of Gases


	
                  CURRENT ISSUE E-cigarettes and Vaping: Safe?

              

	
                  10.1 Respiration takes place throughout the body 

              

	
                  10.2 The respiratory system consists of upper and lower respiratory tracts 


	
                  The upper respiratory tract filters, warms, and humidifies air

              

	
                  The lower respiratory tract exchanges gases

              



              

	
                  10.3 The process of breathing involves a pressure gradient 


	
                  Inspiration brings in air, expiration expels it

              

	
                  Lung volumes and vital capacity measure lung function

              



              

	
                  10.4 Gas exchange and transport occur passively 


	
                  HEALTH & WELLNESS Carbon Monoxide: An Invisible, Odorless Killer

              

	
                  Gases diffuse according to their partial pressures

              

	
                  External respiration: the exchange of gases between air and blood

              

	
                  Internal respiration: the exchange of gases with tissue fluids

              

	
                  Hemoglobin transports most oxygen molecules

              

	
                  Most CO2 is transported in plasma as bicarbonate

              



              

	
                  10.5 The nervous system regulates breathing 


	
                  A respiratory center establishes rhythm of breathing

              

	Chemical receptors monitor CO2, H+, and O2 levels


	
                  We can exert some conscious control over our breathing

              



              

	
                  10.6 Disorders of the respiratory system 


	
                  Reduced air flow or gas exchange impedes respiratory function

              

	
                  Microorganisms can cause respiratory disorders

              

	
                  Lung cancer is caused by proliferation of abnormal cells

              

	
                  Exposure to asbestos can lead to mesothelioma

              

	
                  Pneumothorax and atelectasis: a failure of gas exchange

              

	
                  Congestive heart failure impairs lung function

              



              



              








        

      

    


      
        
          
Chapter 11




	
                  11 The Nervous System: Integration and Control


	
                  CURRENT ISSUE Head Trauma in Young Athletes

              

	
                  11.1 The nervous system has two principal parts

              

	
                  11.2 Neurons are the communication cells of the nervous system

              

	
                  11.3 Neurons initiate action potentials


	
                  Sodium-potassium pump maintains resting potential

              

	
                  Graded potentials can initiate an action potential

              

	
                  Action potentials are all-or-none and self-propagating

              



              

	
                  11.4 Neuroglial cells support and protect neurons

              

	
                  11.5 Information is transferred from a neuron to its target


	
                  Neurotransmitter is released

              

	
                  Neurotransmitters exert excitatory or inhibitory effects

              

	
                  Postsynaptic neurons integrate and process information

              



              

	
                  11.6 The PNS relays information between tissues and the CNS


	
                  Nerves carry signals to and from the CNS

              

	
                  Sensory neurons provide information to the CNS

              

	
                  The somatic division controls skeletal muscles

              

	
                  The autonomic division controls automatic body functions

              

	
                  The sympathetic and parasympathetic divisions oppose each other

              



              

	
                  11.7 The brain and spinal cord constitute the CNS


	
                  Bone, meninges, and the blood-brain barrier protect the CNS

              

	
                  The spinal cord relays information

              



              

	
                  11.8 The brain processes and acts on information


	
                  The hindbrain: movement and automatic functions

              

	
                  The midbrain: vision, hearing, and sleep/wakefulness

              

	
                  The forebrain: emotions and conscious thought

              



              

	
                  11.9 Memory involves storing and retrieving information

              

	
                  11.10 Psychoactive drugs affect higher brain functions

              

	
                  11.11 Disorders of the nervous system


	
                  Trauma

              

	
                  Infections

              

	
                  Brain tumors: abnormal growths

              

	
                  Disorders of neural and synaptic transmission

              

	
                  HEALTH & WELLNESS Repairing Spinal Cord Injuries

              



              



              








        

      

    


      
        
          
Chapter 12




	
                  12 Sensory Mechanisms


	
                  CURRENT ISSUE DWD: Driving While Distracted

              

	
                  12.1 Receptors receive and convert stimuli


	
                  Receptors are classified according to stimulus

              

	
                  The CNS interprets nerve impulses based on origin and frequency

              

	
                  Some receptors adapt to continuing stimuli

              

	
                  Somatic sensations and special senses provide sensory information

              



              

	
                  12.2 Somatic sensations arise from receptors throughout the body


	
                  The skin contains a variety of sensory receptors

              

	
                  Mechanoreceptors indicate limb position, muscle length, and tension

              

	
                  Thermoreceptors detect temperature

              

	
                  Pain receptors signal discomfort

              



              

	
                  12.3 Taste and smell depend on chemoreceptors


	
                  Taste: Chemoreceptors bind with dissolved substances

              

	
                  Smell: Chemoreceptors bind with odorants

              



              

	
                  12.4 Hearing: mechanoreceptors detect sound waves


	
                  The outer ear channels sound waves

              

	
                  The middle ear amplifies sound

              

	
                  The inner ear sorts and converts sounds

              



              

	
                  12.5 The inner ear plays an essential role in balance


	
                  Sensing rotational movement

              

	
                  Sensing head position and acceleration

              



              

	
                  12.6 Vision: detecting and interpreting visual stimuli


	
                  Structure of the eye

              

	
                  Regulating the amount of light and focusing the image

              

	
                  Eyeball shape affects focus

              

	
                  Light is converted into action potentials

              

	
                  Rods and cones respond to light

              

	
                  Rods provide vision in dim light

              

	
                  Cones provide color vision and accurate images

              

	
                  HEALTH & WELLNESS Lasik to Correct Vision Problems

              

	
                  Visual receptors adapt

              



              

	
                  12.7 Disorders of sensory mechanisms

              



              








        

      

    


      
        
          
Chapter 13




	
                  13 The Endocrine System


	
                  CURRENT ISSUE Endocrine Disruptors in the Environment

              

	
                  13.1 The endocrine system produces hormones

              

	
                  13.2 Hormones are classified as steroid or nonsteroid


	
                  Steroid hormones enter target cells

              

	
                  Nonsteroid hormones bind to receptors on target cell membranes

              

	
                  Some hormones participate in negative feedback loops

              



              

	
                  13.3 The hypothalamus and the pituitary gland


	
                  The posterior pituitary stores ADH and oxytocin
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                  13.7 Testes and ovaries produce sex hormones


	
                  Testes produce testosterone

              

	
                  Ovaries produce estrogen and progesterone
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                  Prostaglandins: local control of blood flow

              

	
                  Nitric oxide has multiple functions

              

	
                  Growth factors regulate tissue growth

              



              

	
                  13.10 Disorders of the endocrine system
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                  Hypothyroidism: underactive thyroid gland

              

	
                  Hyperthyroidism: overactive thyroid gland

              

	
                  Addison’s disease: too little cortisol and aldosterone

              

	
                  Cushing’s syndrome: too much cortisol
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                  Vitamins are essential for normal function

              

	
                  Minerals: elements essential for body processes

              

	
                  Fiber benefits the colon

              



              

	
                  14.11 Food labels 

              

	
                  14.12 Energy balance 


	
                  Energy balance, body weight, and physical activity

              

	
                  Healthy weight improves overall health

              

	
                  Obesity

              



              

	
                  14.13 Eating disorders 

              

	
                  14.14 Disorders of the digestive system 


	
                  Disorders of the GI tract

              

	
                  HEALTH & WELLNESS What’s All The Fuss About Gluten?
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                  Ureters transport urine to the bladder

              

	
                  Urinary bladder stores urine

              

	
                  The urethra carries urine from the body
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                  Acute and chronic renal failure impair kidney function

              

	
                  HEALTH & WELLNESS Water Intoxication

              

	
                  Dialysis cleanses the blood artificially

              

	
                  Kidney transplants are a permanent solution to renal failure

              

	
                  Urinary incontinence is a loss of bladder control
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                  Mammary glands nourish the infant
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Preface




How did a few reports of a new viral disease in China in December 2019 become a pandemic three months later?  Are genetically modified organisms (GMOs) a good thing or a bad thing? Why have Russian athletes been banned from international competitions for 4 years? What is our normal microbiota and what roles do they play in our overall health? What is gluten and should everyone eliminate it from their diet? What is the evidence to support global warming and climate change? What decisions should I make based on my personal DNA testing results from 23andMe or AncestryDNA?




These and similar questions come up almost daily. Those of us who find these questions and the news stories about them fascinating – and yes, even exciting! - have an obligation to help others understand science and the impact it has on their lives. Science is too much fun and far too important to be left to scientists.







        

      

    


      
        
          
New to This Edition




Changes to this edition are designed to encourage students who do not have a strong background in science to become actively engaged in the course. Improved pedagogy helps students focus on learning, directs their attention to key concepts and current issues in biology, and encourages thoughtful analysis and critical thinking.





	
                  Science Consumer features are new to this edition. These enable the student to understand the science and apply it to consumer decisions they may face. These are included in five chapters.

              

	
                  Refreshed Visual Content To revitalize the visual content, new photos replace images from the previous edition and 29 figures are new. Thirteen figures have been improved from the previous edition.

              

	
                  Updated Features, Graphs, Tables, and Text. Key features of this text are currency and accuracy. Time-dependent data have been updated with the latest information available. The updated text includes six new Current Issues features, and six extensively revised Current Issues as well as three new Health & Wellness features.

              









        

      

    


      
        
          
The Focus Is on the Student




This book is written for students that do not yet have a strong background in science so that they, too, might share in the wonder that science has revealed about life in general, and the human body specifically. Every effort is made to make the book accurate and up to date while keeping it inviting, accessible, and easy to read. The look and feel of the text is intentionally like that of a news magazine, peppered with short features likely to be of interest to the student and designed with a strong visual appeal.




Each chapter begins with an outline of the main topic headings and a list of key concepts to be covered. Next, a Current Issue feature highlights a recent controversy or concern or ethical/social/political issue related to topics to be covered in the chapter. The introductory section of each chapter helps the student understand just how the topic of the chapter fits into the bigger picture of human biology and the larger world.




Students are naturally curious about how their own bodies work and human disease and disorders. We capitalize on this curiosity with Health & Wellness features that highlight timely health topics. In addition, organ system chapters generally conclude with a section covering the more common human diseases and disorders.




Students are faced with many choices when it comes to buying food or purchasing health care products and making health care decisions. With the variety of mixed messages in social media and news outlets, students are confronted with challenges when making these decisions. The focus of the new Science Consumer features is to enable students to make scientifically-informed decisions as consumers.




To help students assess whether they understand the material, check questions throughout the text allow the students to test their understanding as they progress through each chapter. At the end of each chapter is a variety of question types, from concept review to recall to application, each designed to test the student’s knowledge of facts as well as stimulate their critical thinking skills.







        

      

    


      
        
          
Unifying Themes Tie the Subjects Together




Several unifying themes in biology hold the chapters together: Homeostasis, the state of dynamic equilibrium in which the internal environment of an organism is maintained fairly constant, is one of those recurrent themes. The concept of homeostasis ties in with another recurrent theme: Structure and function are related. Structure/function relationships are the very core of the study of anatomy and physiology, and both fields in turn rely on the most unifying concept in all of biology: evolution. Only in the context of evolution can anatomy and physiology be fully understood; without the concept of evolution, very little in biology makes sense.




A predominant theme of this book is that each of us has choices to make—choices that will affect ourselves, other humans, and the entire planet. How could we have been better prepared to fight the COVID-19 pandemic and what can we learn to prepare for future pandemics? Should I get a COVID-19 vaccine? Will we be willing and able to slow the rate of global warming and climate change? Is it important that we save other species from extinction, and if so, how should we go about it? This book can’t answer these questions but informs students with the science and encourages them to formulate their own views of these and other topics so they will feel comfortable with related choices they make.







        

      

    


      
        
          
The Organization Fits the Course




This book was designed to accommodate the fairly standard format for college courses in human biology. There are chapters that introduce science and chemistry, chapters that cover basic human biology from cells through the human organ systems, and finally, chapters on evolution, ecosystems and populations, and human impacts on the environment.




With such broad coverage, however, there is never enough time to teach all that is interesting, exciting, and relevant about human biology in one semester. Fortunately, because each chapter was written to stand on its own, this book allows for a certain degree of flexibility. Instructors wishing to emphasize the basics of human anatomy and physiology or focus on the medical aspects of human biology could omit or de-emphasize the last two chapters. Instructors should also feel free to present the organ system chapters in a different order if they feel more comfortable doing so. Within chapters, sections on diseases and disorders could be omitted or considered optional. Those interested in a more molecular or cellular approach might want to give greater emphasis to Chapters 2–4 and 17–21 and move more quickly through the organ systems chapters. Those more interested in the broader picture of where humans came from and how humans fit into the world order may want to allow sufficient time for the last three chapters, even if it means that they must move quickly or selectively through the organ system chapters. All of these approaches are equally valid.




However much you cover, dig in and enjoy your course!




Michael D. Johnson




Suzanne Long







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Chapter-Specific Changes




CHAPTER 1 Human Biology, Science, and Society 





	
                  New Current Issue “An Outbreak Anywhere Is a Threat Everywhere” that focuses on the COVID-19 pandemic

              

	
                  Updated the Health & Wellness “The Growing Threat of Antibiotic-Resistant Bacteria”

              

	
                  Revised the explanations on the scientific method and designing and conducting an experiment

              

	
                  Revised and updated the discussion on sources of scientific information

              

	
                  Revised Figure 1.4 on domains and kingdoms

              

	
                  Refined Figure 1.6 on the levels of organization in human biology

              






CHAPTER 2 The Chemistry of Living Things 





	
                  New Current Issue “Water Crisis in Flint, Michigan”

              

	
                  New Science Consumer “What Are Those Chemicals in My Food?”

              

	
                  New Figure 2.3 illustrating atoms of carbon isotopes

              

	
                  New Figure 2.7 illustrating the polarity of a water molecules and hydrogen bonding

              

	
                  New checkpoint question on triglycerides

              






CHAPTER 3 Structure and Function of Cells 





	
                  Revised the Current Issue “Stem Cells, Hope or Hype”

              

	
                  Updated the Health & Wellness “Should You Be Taking Antioxidant Supplements?”

              

	
                  Revised Figure 3.28 on the electron transport system and oxidative phosphorylation

              






CHAPTER 4 From Cells to Organ Systems 





	
                  New Current Issue “Facing the Facts about Acne”

              

	
                  New Science Consumer “Decoding Your Sunscreen”

              






CHAPTER 5 The Skeletal System 




	
                  New Figure 5.4 illustrating the process of bone remodeling

              





CHAPTER 6 The Muscular System 





	
                  Revised the Current Issue “Drug Abuse Among Athletes”

              

	
                  Refined Figure 6.9 illustrating the role of calcium in muscle contraction

              

	
                  Revised the discussion on producing and storing energy within muscle

              

	
                  New Figure 6.10 illustrating the role of creatine phosphate in replenishing ATP

              

	
                  Revised Table 6.1 on energy sources for muscle

              

	
                  Revised coverage of fast-twitch and slow-twitch fibers

              

	
                  New checkpoint question on bicep contraction and bone movement

              

	
                  New checkpoint question on proteins that comprise muscle tissue

              

	
                  New checkpoint question on botulism and the blocking of acetylcholine release at the neuromuscular junction

              






CHAPTER 7 Blood 





	
                  Updated the Current Issue “Should You Bank Your Baby’s Cord Blood?”

              

	
                  Added a discussion on fetal-maternal ABO blood-type incompatibility

              

	
                  New Heath & Wellness “Apheresis: Collection of Specific Blood Components from Donors”

              

	
                  Revised discussion on blood disorders

              






CHAPTER 8 Heart and Blood Vessels 





	
                  New Current Issue “Where Is the Nearest AED?”

              

	
                  New Science Consumer “Interpreting a Lipid Profile”

              

	
                  Updated the blood pressure guidelines

              

	
                  Added a discussion on the role of hormones in the regulation of blood pressure

              

	
                  Added an explanation on calculating target heart rates

              

	
                  New Figure 8.19 illustrating target heart rates by age

              

	
                  Updated the discussion on artificial hearts

              

	
                  Updated the statistics on heart disease

              






CHAPTER 9 The Immune System and Mechanisms of Defense 





	
                  New Current Issue “Have You Thanked Your Normal Microbiota?”

              

	
                  Added a discussion of normal microbiota and their beneficial roles

              

	
                  Added a description of probiotics and prebiotics

              

	
                  Included details on COVID-19 to the discussion on disease transmission

              

	
                  Expanded and revised the coverage of cell-mediated immune response

              

	
                  Revised Figure 9.9 on the production of antibodies by B cells

              

	
                  Revised Figure 9.10 on how antibodies inactivate pathogens

              

	
                  Revised Figure 9.14 on the activation and clonal expansion of cytotoxic T cells

              

	
                  Expanded the Health & Wellness “The Case for Breast Milk” to describe the probiotic and prebiotic qualities of human milk

              

	
                  Added a description on the application of monoclonal antibodies for treatment of specific diseases

              

	
                  Updated the HIV and AIDS statistics

              

	
                  New Figure 9.22 of pie charts illustrating HIV infections in the United States

              

	
                  New section “HIV Testing”

              

	
                  Revised the coverage of HIV treatment to include a discussion of pre-exposure prophylaxis (PrEP) and post-exposure prophylaxis (PEP)

              






CHAPTER 10 The Respiratory System: Exchange of Gases 





	
                  Revised Current Issue “E-cigarettes and Vaping: Safe?”

              

	
                  Added a discussion on how opioid overdose affects the respiratory system

              

	
                  Updated the discussion on influenza

              

	
                  Updated the Health & Wellness “Carbon Monoxide: An Invisible, Odorless Killer”

              

	
                  Included COVID-19 and SARS-CoV-2 coverage in the discussion on microorganism-caused respiratory disorders

              






CHAPTER 11 The Nervous System: Integration and Control 





	
                  Revised Current Issue “Head Trauma in Young Athletes”

              

	
                  Added description of the hippocampus and its role in memory

              

	
                  Updated the Health and Wellness “Repairing Spinal Cord Injuries”

              

	
                  New Figure 11.14 illustrating the blood-brain barrier
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                  Updated discussion on immunotherapy

              

	
                  Updated the statistics in Table 18.3 on the 10 most deadly cancers

              

	
                  Added information on liver cancer and types of leukemia
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Chapter 01


Human Biology, Science, and Society









Chapter Outline



	
                  1.1 The characteristics of life

              

	
                  1.2 How humans fit into the natural world

              

	
                  1.3 Science is both a body of knowledge and a process

              

	
                  1.4 Sources of scientific information vary in style and quality

              

	
                  1.5 Learning to be a critical thinker

              

	
                  1.6 The role of science in society

              









        

      

    


      
        
          
Key Concepts





	
                  Living things have certain characteristics that make them different from nonliving things. All living things are composed of cells that harness energy to synthesize unique chemical compounds. Living things grow and reproduce.

              

	
                  Humans are just one of several billion different life forms on Earth. Our closest relatives are the other primates (including monkeys and apes). Features that taken together define humans as unique are bipedalism, opposable thumbs, a large brain, and a capacity for complex language.

              

	
                  Science is a process for studying the natural world. It is based on data obtained by repeatedly questioning, observing, and drawing conclusions.

              

	
                  Science helps us understand what is, not what should be. It does not provide us with “right” answers or give meaning to our lives.

              

	
                  We make choices about how to use scientific knowledge every day whether we are consciously aware of it or not. We owe it to ourselves to make informed choices.

              









        

      

    


      
        
          
Current Issue: An Outbreak Anywhere Is a Threat Everywhere


In late March 2020, a 27-year-old man living in a small town in upstate New York died suddenly of acute respiratory failure after experiencing flu-like symptoms—fever, cough, and shortness of breath—for nine days. Post-mortem testing showed that the cause of death was COVID-19, a new viral disease that had emerged just four months earlier on the other side of the world, in Wuhan, China. How could a virus that nobody knew of before January 2020 have killed this young man along with over 36,400 others worldwide by the end of March? Even six months later, the disease continued its death march, infecting over 28 million people and killing over 915,000. Where did this virus come from, and how did it manage to infect people in nearly every country on Earth, causing the deadliest pandemic (a disease outbreak that spans many countries and continents) since the influenza pandemic of 1918? To explore questions about novel viruses and other microorganisms that cause disease, the One Health approach is often employed by scientists.


One Health


The One Health approach studies the interconnections between human health, animal health, and environmental health. The interactions among these three factors—humans, animals, and the environment—provide opportunities for the emergence and spread of pathogens (microorganisms that cause disease), such as certain bacteria, protozoa, fungi, or viruses. Such diseases are called infectious diseases. Let’s explore these factors and how they impact the emergence and spread of disease.


Human Factors


High population density facilitates disease transmission. Human populations are becoming increasingly crowded. More than 55% of the human population lives in urban areas, and both rural and urban populations gather within confined spaces, such as restaurants, theaters, sports arenas, trains, cruise ships, and airplanes. The ease of global travel further accelerates the spread of disease among human populations. Humans can travel to almost any destination on the planet in 24 hours. With the transport of humans comes their viral “cargo” that can rapidly disperse in a new location. Human dietary choices play a role in disease transmission, particularly when wild animals are on the menu. Wild animals may be infected with a variety of pathogens that can transmit directly or indirectly to humans. Other factors affecting human health and vulnerability to disease are lack of access to health care and increased age, poverty, malnutrition, and chronic illness, such as diabetes and heart disease.


Animal Factors


Human contact with animals facilitates disease transmission between animals and humans. Many individuals live or work in relatively close proximity to livestock—pigs, chickens, cows, sheep, goats, camels, and so forth. Wild animals are hunted, captured, and bought and sold. Human populations are expanding into previously unoccupied areas, encroaching on wild animal habitats. Cutting down forests and raising livestock in recently cleared areas exposes livestock to wild animals and their viruses. The intersection of domestic animals with wild animals, particularly bats, provides opportunities for pathogens to “jump” species and become adapted to the domestic animals. In some cases, domestic animals have served to amplify a virus, before it enters the human population.



          
          
              
                        [image: Researchers gently hold a bat on a table while using a syringe to collect samples to test for viruses.] Collecting samples from a bat to test for viruses.

 
              

          

          

          
            
          

        

Transfer of diseases from wild animals to domestic animals and humans is referred to as spillover. Over the past 25 years, an estimated 75% of new infectious diseases in humans has resulted from spillover. Diseases in humans that are acquired by exposure to microorganisms that normally infect animals are known as zoonotic diseases. Familiar examples of zoonotic diseases include rabies, influenza, Lyme disease, Ebola virus, West Nile encephalitis, and, as of 2019, COVID-19.


Environmental Factors


Disturbance of the environment facilitates disease transmission. When stable ecosystems are disturbed and animal habitats are reduced, degraded, or destroyed or new habitats created, new pathogens may emerge. For example, climate change can result in the expansion of mosquito or tick species into regions that they previously had not inhabited. Mosquitos and ticks carry diseases, so expansion of these populations can lead to increased transmission of the mosquito-borne diseases malaria, yellow fever, Zika virus, and tick-borne Lyme disease. When forests are removed and the land is converted to agricultural use, as is done with palm oil plantations and livestock operations, new patterns of disease transmission are observed. The change in land use alters the diversity and numbers of animal species, and the opportunities for spillovers increase. Disruption of wildlife and loss of habitat are not just conservation issues but important factors in driving spillover events.


The Emergence of SARS-CoV-2


How did the factors that facilitate disease transmission as stipulated by One Health contribute to the emergence of the virus SARS-CoV-2, the cause of the current COVID-19 pandemic? To begin to answer the question, we look at past experiences with other diseases caused by members of the same virus family as SARS-CoV-2.


SARS-CoV-2 is one of a large family of viruses known as coronaviruses that infect a variety of animals, including humans, pigs, camels, bats, and cats, among others. Four of the human-adapted coronaviruses cause a mild upper respiratory disease (common cold) and are widespread among the human population. Three new coronaviruses have spilled over from wild animal populations in the past 20 years:



	
                  SARS-CoV, the virus that caused severe acute respiratory syndrome (SARS), first appeared in China in 2002, causing more than 8000 cases of disease and 774 deaths in 26 countries before spread of the disease stopped in 2004. SARS-CoV is believed to have arisen from bats.

              

	
                  MERS-CoV, the virus responsible for Middle Eastern Respiratory Syndrome (MERS), first appeared in 2012 and is believed to have originated in a wild animal reservoir (most likely bats) and was then amplified in camels. MERS-CoV causes sporadic localized outbreaks of respiratory disease in humans and has infected more than 2500 people, killing 866. While both SARS and MERS caused outbreaks, neither achieved the pandemic spread of COVID-19.

              

	
                  SARS-CoV-2 came to worldwide attention at the beginning of January 2020 when the World Heath Organization (WHO) began to investigate a cluster of cases of pneumonia in the Chinese metropolis Wuhan. Within 10 days, not only had scientists isolated and identified the novel virus that was causing the pneumonia, but they had also sequenced its RNA genome (genetic material). Named COVID-19, the disease began to spread throughout Wuhan and then worldwide and was declared a pandemic by the World Health Organization on March 11, 2020.

              




We likely will never know the identity of COVID-19’s “patient zero,” the first human to become infected with the disease. There are ideas, however, on the location of “ground zero,” where human infection appears to have begun. Early on, infection outbreaks were reported among people who had visited a Wuhan “wet” market. Such markets offer their customers many species of live wild and domestic animals, which are kept in crowded cages, stacked one upon another. The close proximity of the animals to each other enables the spread of viruses among animals of the same species as well as spillover to other animal species and human passersby. Although initially the Wuhan market seemed a logical ground zero for the COVID-19 pandemic, scientists have begun to think differently. It is suspected that spillover into humans most likely occurred elsewhere, perhaps in a rural area of China, likely in November 2019 or earlier. Instead of ground zero, the wet market is thought by scientists to be the epicenter for greater dispersal of COVID-19. Scientists, however, are certain COVID-19 is a zoonotic disease that very recently spilled over from the bat population and may involve another host animal.


COVID-19, an Expected Pandemic


The emergence of SARS-CoV-2 and the progression of the COVID-19 pandemic have not surprised scientists who study spillover events in general and coronaviruses in particular. For them, it hasn’t been a matter of whether a pandemic would occur but rather when and which coronavirus.


What strategies could be applied to reduce the chances of spillover and spread? Surveillance is a key tool that can be employed to detect and monitor potential pathogens. Knowing what viruses are out there and the host species that harbor them and monitoring the health of both animal and human populations may enable early detection and control, before spillovers can lead to outbreaks and epidemics.


The PREDICT project was organized by the United States Agency for International Development (USAID) in 2009 as part of the Emerging Pandemic Threats program and focused on the detection and discovery of zoonotic viruses at the interface of humans and wildlife. The goal of PREDICT was to identify new zoonotic viruses and other potential drivers of pandemics and prevent pandemics before they happen. The PREDICT program trained approximately 5000 people to identify diseases and strengthened medical research laboratories in 30 African and Asian countries. Their surveillance efforts resulted in the discovery of more than 1000 viruses that one day could spill over into humans and cause the next pandemic. Unfortunately, despite PREDICT’s success, USAID announced the defunding of it late in 2019, just before the arrival of COVID-19.


Scientists were working to develop a SARS vaccine in response to the 2002–2003 outbreak, but by the time a preliminary vaccine had been developed, there were no more human infections, and no funding was available for clinical trials in humans. In retrospect, discontinuation of SARS vaccine development was short-sighted. It’s possible that had this vaccine gone through clinical trials, it would have been ready to deploy against SARS-CoV-2 and could have been at least partially protective against COVID-19 or might have “jump-started” COVID-19 vaccine development.



          
          
              
                        [image: A patient lies in bed in a room marked quarantine and caution, as medical personnel wearing protective equipment assist her.] Medical personnel in personal protective equipment (PPE) caring for a COVID-19 patient in isolation.

 
              

          

          

          
            
          

        

Global connectedness enabled COVID-19 to reach pandemic levels rapidly. We must realize that we are connected in a global community, and what happens to the people, animals, and the environment in faraway places—China, Saudi Arabia, the Democratic Republic of the Congo, or anywhere on Earth—can impact our own lives and everyone else on the planet. An outbreak anywhere is a threat everywhere.


Questions to Consider



	
                  Bats seem to be implicated as the potential source of SARS, MERS, and most recently COVID-19. What other well-known diseases are bats known to spread, and what makes bats so effective at spreading disease?

              

	
                  Unlike SARS and MERS, COVID-19 rapidly attained pandemic status. Why was COVID-19 able to spread so much more quickly and effectively?

              

	
                  Are there steps that the United States could have taken to more effectively prevent the rapid spread of COVID-19 within the United States?

              










YOU WERE BORN INTO EXCITING TIMES, WHEN SCIENTIFIC DISCOVERIES ARE HAPPENING MORE RAPIDLY THAN AT ANY OTHER TIME IN HUMAN HISTORY. Like the Industrial Revolution of the nineteenth century and the discovery of DNA in the twentieth, today’s scientific innovations will change the human condition forever.


In your lifetime, people will probably be able to select or modify their children’s features before they are born. People may even be able to have clones (copies) made of themselves. At the very least, cures will be developed for certain diseases that threaten us now. Perhaps your grandchildren will not even know what COVID-19 is because the disease will have been eradicated.


Science is the study of the natural world, which includes all matter and all energy (Figure 1.1). Because all living organisms are made of matter and energy, they are part of the natural world. Biology is one of many branches of science. More specifically, biology (from the Greek words bios, meaning “life,” and logos, meaning “word or thought”) is the study of living organisms and life’s processes. It is the study of life. Within biology, anatomy is the study of structure and physiology is the study of function. There are numerous other specialty areas of biology, such as ecology, microbiology, and immunology. Other branches of science are chemistry, physics, geology, astronomy, and related fields such as medicine.



          
          
                Figure 1.1
                Studies of the natural world.
              

            
          
              
                        [image: Examples of studies of the natural world include a massive display of stars and dust in deep space, a jellyfish in the ocean, an erupting volcano, and scientist Jane Goodall interacting with a baby chimpanzee.] 
              

          

          

          
            
          

        

A recurrent theme in all of biology is the theory of evolution: that over the billions of years of Earth’s history, living organisms (including humans) have undergone slow change over time. Based on the evidence available to us, it is hard to escape the conclusions that all living organisms evolved from single-celled organisms and that single-celled organisms arose from nonliving chemical elements nearly 3.8 billion years ago.


All of us, individually and collectively, must choose how to use the knowledge that science gives us. Will human cloning be acceptable? Can we prevent climate change? Should you be required to vaccinate your children against certain infectious childhood diseases? Can we prevent a future pandemic like COVID-19?


This text is specifically about human biology. We will explore what it means to be alive. We will see how the molecules that make up our bodies are synthesized, or assembled, from elements in the air we breathe and in our food and drink. We will learn how the trillions of cells that comprise our bodies grow and divide. We will explore how our bodies function, why we get diseases, and how we manage to survive disease. We will look at how we develop into adults, reproduce, and influence the destinies of other organisms on Earth.


We all have to make responsible decisions concerning not only our own health and well-being but also the long-term well-being of our species. This book considers many aspects of human connections with the natural world. We’ll contemplate how humans function within the environment as well as the impact of humans on the environment. Along the way, we’ll confront a variety of social and personal issues and discuss the choices we might make about them. Finally, we’ll discuss our place in Earth’s history when we explore the topic of evolution. Because biology is the study of life, we begin by defining life itself.







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
1.1 The characteristics of life


What is life? On the one hand, this question seems easy, but on the other hand, it is so abstract that it is more like a riddle. We all think we can recognize life even if we can’t define it easily. Children learn early to distinguish between living and nonliving things. Remember that childhood game “animal, vegetable, or mineral”? Children can readily distinguish what is alive (animals and plants) from what is not (minerals).


Most biologists accept the following criteria as signs of life:



	
                  Living things have a different molecular composition than nonliving things. Everything in the natural world, both living and nonliving, is composed of the same set of approximately 100 different chemical elements. However, only a few elements are present in any abundance in living organisms. In addition, living organisms can combine elements in unique ways, synthesizing certain molecules that nonliving things cannot. These molecules of life (proteins, carbohydrates, lipids, and nucleic acids) are found in all living organisms and often persist in the remains of dead organisms. Variations in these molecules in different life-forms account for the diversity of life.

              

	
                  Living things require energy and raw materials. The formation of the molecules of life doesn’t happen by accident, at least under present conditions on Earth. The transformation of molecules from one form to another requires energy. The term metabolism refers to the physical and chemical processes involved in transforming energy and molecules so that life can be sustained. All living things take in raw materials and energy from the environment and metabolize them into the molecules and energy that they need to survive. Plants use the energy of sunlight and chemicals obtained from soil, water, and air. Animals and all other forms of life ultimately obtain their energy and raw materials from water, air, plants, or other organisms.

              

	
                  Living things are composed of cells. A cell is the smallest unit that exhibits all the characteristics of life. All cells originate only from existing cells. Living things always have at least one cell, and some organisms (called unicellular organisms) are only one cell (Figure 1.2a). Multicellular organisms are composed of many cells or many different types of cells (Figure 1.2b). Estimates suggest that there are about 30 trillion cells in the human body.

              





          
          
                Figure 1.2
                Cells are the smallest units of life.
              

            
          
              
                        [image: Two micrographs of cells. Figure (a) shows several tightly-packed cells of the bacterium Staphylococcus aureus., with the nucleus in the center of each cell. Figure (b) shows tightly-packed cells that form the lining of the human stomach. ] Some organisms consist of just one cell (unicellular), whereas others contain many cells (multicellular).

 
              

          

          

          
            
          

        


	
                  Living things maintain homeostasis. All living organisms must maintain an internal environment compatible with life, and the range of chemical and physical conditions compatible with life is very narrow. The maintenance of a relatively constant internal environment is called homeostasis. Living things exhibit remarkable ways of regulating their internal environment despite sometimes dramatic changes in the external environment. Single cells and unicellular organisms are surrounded by a membrane that allows the cell (or organism) to maintain internal homeostasis by providing a selective barrier to the entry and exit of various substances. In multicellular organisms, the tissues, organs, and organ systems work together to maintain homeostasis of the fluid that surrounds all cells. We discuss the importance of homeostasis further in Chapter 4.

              

	
                  Living things respond to their external environment. Stay out in the cold too long and you are likely to respond by moving to a warm room. Plants respond to their environment by turning their leaves toward light or by growing roots toward sources of nutrients and water. Even bacteria respond to their environment by moving toward nutrients (and away from noxious stimuli) and by altering their growth rate.

              

	
                  Living things grow and reproduce. Living organisms have the capacity to grow and ultimately produce more living organisms like themselves (Figure 1.3). The ability to grow and reproduce is determined by the genetic material in cells, called deoxyribonucleic acid (DNA). Some nonliving things can get larger, of course; examples are glaciers and volcanoes. However, they cannot reproduce themselves.

              





          
          
                Figure 1.3
                Living things grow and reproduce.
              

            
          
              
                        [image: Living things growing and reproducing. Milkweed goes to seed by exploding in a puffy, cottony display with seeds. A mycobacterium divides, appearing as 2 fused rods. A ewe and her lamb stand in a field.] 
              

          

          

          
            
          

        

	
                  Populations of living things evolve. The various forms of life may change over many generations, a process known as evolution. Evolution explains why there are so many different forms of life on Earth today.

              



Although all these characteristics are necessary to describe life fully, not all of them apply to every living thing all the time. Individual organisms do not evolve nor do they necessarily reproduce or always respond to their surroundings. However, populations of similar organisms have the capacity to perform these functions.







✓ Why do living things require energy? Where does that energy ultimately come from?







Recap


All living things are composed of cells. Living things require energy and raw materials, maintain homeostasis, respond to their external environments, grow and reproduce, and evolve over many generations.







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          1.2 How humans fit into the natural world






        

      

    


      
        
          
Living things are grouped according to their characteristics


To find order in the diversity of life, biologists have long sought ways to compare and categorize living things. Although methods of classification have changed over time and several schemes can be found in scientific literature, the most widely used classification system defines all organisms by hierarchical categories from largest to smallest, based on common features that reflect evolutionary relationships. The categories of the classification system (from largest to smallest) are domain, kingdom, phylum, class, order, family, genus, and species. The classification system begins with three domains: Bacteria, Archaea, and Eukarya. Figure 1.4 shows how the domains are thought to have evolved from the first primitive life-forms.



          
          
                Figure 1.4
                Domains and kingdoms.
              

            
          
              
                        [image: A phylogenetic tree for the three domains of life and the four eukaryotic kingdoms.] Classification of living organisms is based on common features and evolutionary relationships. All organisms in domains Bacteria and Archaea are single-celled and lack nuclei (prokaryotes). Organisms in the domain Eukarya have nuclei; that is, they are eukaryotes. The domain Eukarya is subdivided into four kingdoms.

 
              

          

          

          
                          Earliest organisms leads to branch point 1, which leads to:
 
	Domain Bacteria 
 	Branch point 2
 
	Domain Archaea 
 	Domain Eukarya, which leads to branch point 3 and the four Eukaryotic kingdoms:
 
	Protista (Protozoans, algae, and slime molds)
 	Animalia (Animals)
 	Fungi (Fungi)
 	Plantae (Plants)






      
    
          

        

Organisms in the domains Bacteria and Archaea are all single-celled and lack nuclei. (Cells without nuclei are called prokaryotes; organisms whose cells have nuclei are called eukaryotes.) You probably have heard of some members of the domain Bacteria, such as Staphylococcus aureus or Escherichia coli (E. coli). The organisms in domain Archaea tend to live in unique environments under extreme conditions, such as in deep-sea thermal vents.


All organisms whose cells have nuclei belong to the domain Eukarya. This domain is further divided into four kingdoms: Protista (protozoans and algae), Animalia (animals), Fungi (fungi), and Plantae (plants).


The “kingdom” Protista comprises a very diverse group of unicellular and relatively simple multicellular eukaryotes such as protozoa, algae, and slime molds. It is not a true kingdom and actually includes several kingdoms, but for purposes of simplicity we will treat it as a kingdom here. The remaining three kingdoms (Animalia, Fungi, and Plantae) all consist of multicellular organisms. The criteria for classifying animals, plants, and fungi are based largely on the organism’s life cycle, structure, and mode of nutrition. Plants, for example, contain a green pigment called chlorophyll that allows them to capture the energy of sunlight, which they convert for their own use in a process called photosynthesis. Animals get the energy they need by eating plants or other organisms, which requires structures specialized to digest and absorb food. Most animals can move about to obtain food. Fungi (yeasts, molds, and mushrooms) are decomposers, meaning that they obtain their energy from decaying material.


Humans belong to the domain Eukarya, kingdom Animalia. Based on their features in common with other animals, humans are further classified into the phylum Chordata (animals with neural cords), class Mammalia (chordates with mammary glands for nursing their young), order Primates (humans, lemurs, monkeys, and apes), family Hominidae (orangutans, chimpanzees, gorillas, and ancient and modern humans), and finally genus and species (Homo sapiens).


A species is one or more populations of organisms with similar physical and functional characteristics that interbreed and produce fertile offspring under natural conditions. All humans currently living on Earth belong to the genus and species Homo sapiens. We share common features that make us different from any other species on Earth, and we can interbreed.


No one knows how many species of living organisms exist on Earth. Some estimates suggest as many as a trillion, if including all species of bacteria as well as the more familiar plants and animals, but only about 2 million species have been identified so far.







✓ While studying a drop of pond water under a microscope, you notice two tiny single-celled organisms, one with a nucleus and one without. In what domain and kingdom is each organism? Which organism is more closely related to humans? Explain.






        

      

    


      
        
          
The defining features of humans


Humans are not the largest animal nor the fastest or strongest. Our eyesight and hearing are not the best. We cannot fly, we swim poorly, and we don’t dig holes in the ground very well with our hands. Nevertheless, we possess several features that, taken together, define how we are different from other organisms and explain how we have managed to impact Earth so dramatically:



	
                  Bipedalism. Humans are the only mammals that consistently stand upright and walk on two legs. Bipedalism (from the Latin bi-, meaning “two,” and pes, meaning “foot”) frees our hands and forearms for carrying items ranging from weapons to infants. Birds walk upright, too, of course, but they do not have the advantage of being able to carry things with their forelimbs.

              

	
                  Large brain. Humans have a large brain mass relative to body size. The evolution of a large brain seems to have coincided with the advent of stone tools, leading some scientists to suggest that a large brain made possible the complex motions associated with tool use. Other scientists believe that a large brain enabled language and that language developed as social interactions among humans became more important.

              

	
                  Capacity for complex language. Many animals vocalize (produce sounds) to warn, threaten, or identify other members of their species, and a few (such as dolphins) have developed fairly complex forms of communication. However, humans have developed both complex vocal language and a system of signs, symbols, and gestures for communicating concepts and emotions. Throughout the world, every group of human beings has developed a complex spoken language. Humans have also placed their languages into written form, permitting communication over great distances and spans of time.

              

	
                  Opposable thumbs. Humans and several other primates have thumbs that can be moved into position to oppose the tips of the fingers. However, only humans have the well-developed muscles that enable us to exert a certain type of precise control over the thumb and fingers. For instance, we tend to pick up and manipulate small objects between the tip of the thumb and the tip of either the index or second finger (Figure 1.5). In contrast, chimpanzees more naturally grasp objects between the thumb and the side of the index finger. Threading a needle or suturing a wound would be difficult for a chimpanzee.
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