Unit VII:  Animal Form and Function

Chapter 40, Basic Principles of Animal Form and Function:  Physical laws and the environment constrain animal size and shape; Animal form and function are correlated at all levels of organization; Animals use the chemical energy in food to sustain form and function; Many animals regulate their internal environment within relatively narrow limits; Thermoregulation contributes to homeostasis and involves anatomy, physiology and behavior.


Questions you should be able to answer:

1. Distinguish between anatomy and physiology.  Explain how functional anatomy relates to these terms.

2. Explain how physical laws constrain animal form.

3. From micrographs or diagrams, correctly identify the following tissues, explain how their structure relates to their functions, and note examples of each:  epithelial tissue; connective tissue (loose connective tissue, adipose tissue, fibrous connective tissue, cartilage, bone, blood); muscle tissue (skeletal muscle, cardiac muscle, smooth muscle); nervous tissue (neuron).

4. Distinguish between endothermic and exothermic animals.

5. Define homeostasis.  Describe three functional components of a homeostatic control system.

6. Distinguish between regulators and conformers for a particular environmental variable.

7. Describe thermoregulatory mechanisms utilized by endothermic vertebrates.

Major themes addressed in the chapter:

1. Science as a process.  Eastern tent caterpillars (Malacosoma americanum) live in sizable groups in silk nests, or tents, which they construct in cherry trees.  They are among the first insects to become active in the spring, emerging very early in the season—a time when daily temperature fluctuates from freezing to very hot.  Observing a colony over the course of a day, you observe striking differences in group behavior:  Early in the morning, the black caterpillars rest in a tightly packed group on the east–facing surface of the tent.  In midafternoon, the group is found on the tent undersurface, each caterpillar individually hanging from the tent by just a few of its legs.  Propose a hypothesis to explain this behavior. How could you test your hypothesis?

2. Evolution.  The biologist C. Bergmann noted that mammals and birds living at higher latitudes are on average larger and bulkier than related species found at lower latitudes.  This observation, sometimes called Bergmann′s rule, has exceptions, but appears to hold true in most cases.  Suggest an evolutionary hypothesis for this “rule.”
3. Energy transfer.  Describe the basic sources of chemical energy and their fate in animal cells.

4. Continuity and change.  Describe animal adaptations to facilitate evaporative cooling. 

5. Relationship of structure to function.  An animal’s form and function are correlated at all levels of organization.  Explain.

6. Regulation.  Distinguish between positive and negative feedback mechanisms.

7. STS.  Medical researchers are investigating the possibilities of artificial substitutes for various human tissues.  Examples are a liquid that could serve as “artificial blood” and a fabric that could temporarily serve as artificial skin for victims of serious burns.  In what other situations might artificial blood or skin be useful?  What characteristics would these substitutes need in order to function effectively in the body?  Why do real tissues work better?  Why not use the real things if they work better?  Can you think of other artificial tissues that might be useful?  What problems do you anticipate in developing and applying them?
Chapter 41, Animal Nutrition:  Homeostasis mechanisms manage an animal’s energy budget; An animal’s diet must supply carbon skeletons and essential nutrients; The main stages of food processing are ingestion, digestion, absorption, and elimination; Each organ of the mammalian digestive system has specialized food-processing functions; Evolutionary adaptations of vertebrate digestive systems are often associated with diet.


Questions you should be able to answer:
1. Explain why fat hoarding may have provided a fitness advantage to our hunter-gatherer ancestors.

2. Define and compare the four main stages of food processing.

Major themes addressed in the chapter:

1. Evolution.  Describe the roles of symbiotic microorganisms in vertebrate digestion.

2. Energy transfer.  Compare the bioenergetics of animals when energy balance is positive and when it is negative.

3. Interdependence in nature.  List and explain the four main feeding mechanisms of animals.

4. Relationship of structure to function.  Explain the relationship of structure to function using animal teeth as an example.

5. Regulation.  Describe pepsinogen-pepsin activation and the role positive feedback plays in this reaction.

6. STS.  The media report numerous claims and counterclaims about the benefits and dangers of certain foods.  Just a few examples are debates about vitamin doses, advocacy of diets enriched in certain food molecules such as carbohydrates or proteins, much discussion about low–carbohydrate diets, and publicity about new products such as cholesterol–lowering margarine.  Have you modified your eating habits on the basis of nutritional information disseminated by the media?  Why or why not?  How should a person evaluate whether such nutritional claims are valid?
Chapter 42, Circulation and Gas Exchange:  Circulatory systems reflect phylogeny; Double circulation in mammals depends on the anatomy and pumping cycle of the heart; Physical principles govern blood circulation; Blood is a connective tissue with cells suspended in plasma; Gas exchange occurs across specialized respiratory surfaces; Breathing ventilates the lungs; Respiratory pigments bind and transport gases.


Questions you should be able to answer:
1. Describe the need for circulatory and respiratory systems due to increasing animal body size.

2. Distinguish between open and closed circulatory systems.  List the three basic components of each.

3. Relate the structures of capillaries, arteries, and veins to their functions.

4. Explain why blood flow through capillaries is substantially slower than it is through arteries and veins.

5. List the structural components of the vertebrate circulatory system and relate their structure to their functions.

6. Distinguish between pulmonary and systemic circuits and explain the functions of each.

7. Explain how gases are exchanged in vertebrate lungs.

8. Distinguish between systole and diastole.

9. Explain how osmotic pressure and hydrostatic pressure regulate the exchange of fluid and solutes across capillaries.

10. Describe the composition of lymph and explain how the lymphatic system helps the normal functioning of the circulatory system.  Explain the role of lymph nodes in body defenses.

Major themes addressed in the chapter:

1. Evolution.  Explain how the Weddell seal and other air-breathing divers respond to environmental challenges over the short term with physiological adjustments and over the long term as a result of natural selection.

2. Continuity and change.  Describe the adaptive advantage of respiratory pigments in circulatory systems.  Distinguish between hemocyanin and hemoglobin as respiratory pigments.

3. Relationship of structure to function.  List the structural components of a vertebrate circulatory system and relate their structure to their functions.

4. Regulation.  Explain how osmotic pressure and hydrostatic pressure regulate the exchange of fluid and solutes across capillaries.

5. STS.  Hundreds of studies have linked smoking with cardiovascular and lung disease.  According to most health authorities, smoking is the leading cause of preventable, premature death in the United States.  Antismoking and health groups have proposed that cigarette advertising in all media be banned entirely.  What are some arguments in favor of a total ban on cigarette advertising?  What are arguments in opposition?  Do you favor or oppose such a ban?  Defend your position.
Chapter 43, The Immune System:  Innate immunity provides broad defenses against infection; In acquired immunity, lymphocytes provide specific defenses against infection, Humoral and cell-mediated immunity defend against different types of threats; The immune system’s ability to distinguish self from non-self limits tissue transplantation; Exaggerated, self-directed, or diminished immune responses can cause disease.


Questions you should be able to answer:
1. Explain what is meant by nonspecific defense and list the nonspecific lines of defense in the vertebrate body.

2. Distinguish between innate and acquired immunity; humoral and cell mediated response.

3. Describe the inflammation response, including how it is triggered.

4. Distinguish between antigens and antibodies.

5. Distinguish between antigen and epitope.

6. Explain how B lymphocytes and T lymphocytes recognize specific antigens.

7. Explain why the antigen receptors of lymphocytes are tested for self-reactivity during development.  Predict the consequences that would occur if such testing did not take place.

8. Describe a plausible mechanism for how interferons can fight viral infections and might act against cancer.

9. Distinguish between primary and secondary immune responses.

10. Explain how lymphocyte diversity is generated by gene rearrangement.

11. Distinguish between the variable and constant regions of an antibody molecule.

12. List and distinguish between the five major classes of antibodies in mammals.

13. Distinguish between active and passive immunity and describe examples of each.

14. Explain how the immune response to Rh factor differs from the response to A and B blood antigens.

15. Describe an allergic reaction, including the roles of IgE, mast cells, and histamine.

Major themes addressed in the chapter:

1. Science as a process.  One effect of interferon–γ is to increase the number of class I MHC molecules on the cell surface.  Suppose you want to test its effectiveness in treating viral infections and cancer.  What effects would you predict interferon–γ to have on the immune response of laboratory animals against (a) virus–infected cells and (b) cancer cells?
2. Evolution.  Describe the variation found in the major histocompatibility complex and its role in the rejection of tissue transplants.  Explain the adaptive advantage of this variation.

3. Continuity and change.  One reason for the success of invertebrates, which make up more than 90% of living animal species, is their effective defense against microbes.  Describe one mechanism by which invertebrates combat such invaders, and discuss how this mechanism comprises an evolutionary adaptation that is retained in the vertebrate immune system.
4. Interdependence in nature.  An animal coexists with many potentially dangerous viruses and bacteria.  Explain why this coexistence is possible in terms of an immune response.

5. Relationship of structure to function. How is the structure of a macrophage related to its function?

6. STS.  Both an injectable inactivated (killed) vaccine and an oral attenuated (live) vaccine are available for immunization against poliovirus, which can cause paralysis by destroying nerve cells in the brain and spinal cord.  The oral vaccine is no longer recommended in western countries, where polio has been eradicated, because the live virus in this vaccine may mutate to a more virulent form, and be reintroduced into the population.  However, the oral vaccine continues to be used in countries where polio persists because it is easy to administer (no needle!) and is highly effective.  Moreover, the attenuated virus can spread to (and immunize) unvaccinated individuals.  Do you feel this risk of mutation to virulence (about 1 in 12 million) is acceptable when compared with the benefits of oral vaccination?  How do you think public health decisions of this type should be made?
Chapter 44 Osmoregulation and Excretion:  Osmoregulation balances the uptake and loss of water and solutes; An animal’s nitrogenous wastes reflect its phylogeny and habitat; Diverse excretory systems are variations on a tubular theme; Nephrons and associated blood vessels are the functional units of the mammalian kidney; The mammalian kidney’s ability to conserve water is a key terrestrial adaptation;.


Questions you should be able to answer:
1. Define osmolarity and distinguish among isoosmotic, hyperosmotic, and hypoosmotic solutions.

2. Distinguish between osmoregulators and osmoconformers.  Explain why osmoregulation has an energy cost.

3. Describe the key steps in the process of urine production.

4. Identify and describe the function of each region of the nephron.

5. Distinguish between cortical and juxtamedullary nephrons.

6. Explain how the loop of Henle enhances water conservation by the kidney.

7. Explain how the loop of Henle functions as a countercurrent multiplier system.

8. Describe the nervous and hormonal controls involved in the regulation of the kidney.

Major themes addressed in the chapter:

1. Science as a process.  Scientists Knut and Bodil Schmidt-Nielsen and their colleagues from Duke University observed that the fur of camels exposed to full sun in the Sahara Desert could reach temperatures over 70°C, while the animals’ skin remained more than 30°C cooler.  The Schmidt-Nielsens reasoned that insulation of the skin by fur may substantially reduce the need for evaporative cooling by sweating.  To test this hypothesis, they compared the water loss rates of unclipped and clipped camels.  Explain their results and conclusion.

2. Evolution.  A large part of the evolutionary success of arthropods and vertebrates on land is attributable to their osmoregulatory capabilities.  Compare and contrast the Malpighian tubule with the nephron in regard to anatomy, relationship to circulation, and physiological mechanisms for conserving body water.
3. Continuity and change.  Compare the strategies to eliminate waste as ammonia, urea, or uric acid.  Note which animal groups are associated with each process and why a particular strategy is most adaptive for a  particular group.

4. Relationship of structure to function.  How is the structure of the mammalian kidney related to its function?

5. Regulation.  Kidney function is under constant regulation.  What role does antidiuretic hormone (ADH) play in this regulation?  Explain the renin-angiotensin-aldosterone system (RAAS) and its role in water homeostasis.  Where does atrial natiuretic factor (ANF) come into play?

6. STS.  Kidneys were the first organs to be successfully transplanted.  A donor can live a normal life with a single kidney, making it possible for individuals to donate a kidney to an ailing relative or even an unrelated individual with a similar tissue type.  In some countries, poor people sell kidneys to transplant recipients through organ brokers.  What are some of the ethical issues associated with this organ commerce?
Chapter 45, Hormones and the Endocrine System:  The endocrine system and the nervous system act individually and together in regulating an animal’s physiology; Hormones and other chemical signals bind to target cell receptors in target cells, initiating pathways that culminate in specific cell responses; The hypothalamus and pituitary integrate many functions of the vertebrate endocrine system; Nonpituitary hormones help regulate metabolism, homeostasis, development and behavior; Invertebrate regulatory systems also involve endocrine and nervous system interactions.

Questions you should be able to answer:

1. Compare the response times of the two major systems of internal communication:  the nervous system and the endocrine system.

2. List the three major classes of molecules that function as hormones in vertebrates.

3. Describe the organization of a stimulus, receptor, control center, efferent signal, and effector in a simple endocrine pathway.

4. Explain how the hypothalamus and pituitary glands interact and how they coordinate the endocrine system.

5. Discuss how and why different target cells exposed to the same hormone may respond in different ways.

6. Describe the location of the pituitary.  List and explain the functions of the hormones released from the anterior and posterior lobes.

7. Explain the role of tropic hormones in coordinating endocrine signaling throughout the body.  Distinguish between releasing hormones and inhibiting hormones.

8. List the hormones of the thyroid gland and explain their roles in development and metabolism.  Explain the causes and symptoms of hyperthyroidism, hypothyroidism, and goiter.

9. Note the location of the parathyroid glands and describe the hormonal control of calcium homeostasis.

10. Distinguish between alpha and beta cells in the pancreas and explain how their anatagonistic hormones regulate carbohydrate metabolism.

11. List the hormones of the adrenal medulla, describe their functions and explain how their secretions are controlled.

12. List the hormones of the adrenal cortex and describe their functions.

13. List the hormones of the three categories of steroid hormones produced by the gonads.  Describe variations in their production between sexes.  Note the functions of each category of steroid and explain how secretions are controlled.

14. Describe the location of the pineal gland.  Explain the significance of its secretion of melatonin.

Major themes addressed in the chapter:

1. Science as a process.  Which of the methods for analyzing DNA could you used to determine whether or not the intracellular receptors used by steroid and thyroid hormones are members of a “superfamily” of proteins?  Explain.

2. Evolution.  The intracellular receptors used by all of the steroid and thyroid hormones are similar enough in structure that they are all considered members of one “superfamily” of proteins.  Propose a hypothesis for how the genes encoding these receptors may have evolved.
3. Relationship of structure to function. 

4. Regulation.  Describe an example of a negative feedback loop in an endocrine pathway involved in maintaining homeostasis.  Explain why the neurohormone pathway that regulates the release of milk by a nursing mother is an example of positive feedback.

5. STS.  Growth hormone (GH) treatments have enabled hundreds of children with pituitary dwarfism to reach a stature within the normal range.  Some parents of children who are extremely short, but who do not suffer from an endocrine disorder, also request GH treatment so that their children will grow faster and taller.  There can be potentially harmful effects, such as a reduction in body fat and an increase in muscle mass.  And no one yet knows if GH injections could have seriously harmful long–term effects in individuals who do not have a hypopituitary condition.  What guidelines would you propose for the use of GH in children?  Explain your reasoning.
Chapter 46, Animal Reproduction:  Both asexual and sexual reproduction occur in the animal kingdom; Fertilization depends on mechanisms that help sperm meet eggs of the same species; Reproductive organs produce and transport gametes:  focus on humans; In humans and other mammals, a complex interplay of hormones regulates gametogenesis; In humans and other placental mammals, an embryo grows into a newborn in the mother’s uterus.

Questions you should be able to answer:

1. Distinguish between asexual and sexual reproduction.

2. List and describe four mechanisms of asexual reproduction.

3. Describe several adaptive advantages of asexual reproduction.  Discuss the conditions that may favor the occurrence of asexual reproduction.

4. Describe the mechanisms that increase the probability that mature sperm will encounter fertile eggs of the same species in organisms that use external fertilization.

5. Compare the menstrual and estrous cycles.

6. Explain how the uterine cycle and ovarian cycle are synchronized in female mammals.  Note in detail the functions of the hormones involved.

7. Describe human oogenesis.

8. Describe spermatogenesis and the structure and function of mature sperm.

9. Describe three major differences between oogenesis and spermatogenesis.

Major themes addressed in the chapter:

1. Evolution.  In animals, hermaphroditism is often found in species that are fixed to a surface.  Mobile species are less often hermaphroditic.  Why?
2. Continuity and change.  Organisms that use external fertilization produce far more offspring than will ever survive to sexual maturity.  Explain the function of this adaptation from an evolutionary standpoint.

3. Interdependence in nature.  Given the interaction of all organisms in a natural environment, why is it necessary for aquatic organisms reproducing via external fertilization to produce a large number of offspring?

4. Relationship of structure to function.  How is the structure and location of the male testes related to their function?  How is the structure of the uterus related to its function? 

5. Regulation.  Describe the control of lactation.

6. STS.  Techniques for sorting sperm, combined with in vitro fertilization, make it possible to choose a baby′s sex.  What potential problems can you foresee if this procedure becomes widely available?
Chapter 47, Animal Development:  After fertilization, embryonic development proceeds through cleavage, gastrulation, and organogenesis; Morphogenesis in animals involves specific changes in cell shape, position, and adhesion; The developmental fate of cells depends on their history and on inductive signals.

Questions you should be able to answer:

1. Describe the acrosomal reaction and explain how it ensures that gametes are conspecific.

2. Describe the cortical reaction.

3. Explain how the fast and slow blocks to polyspermy function sequentially to prevent multiple sperm from fertilizing the egg.

4. Describe the general process of cleavage.

5. Distinguish between meroblastic cleavage and holoblastic cleavage.

6. Describe the general process of the formation of the blastula.

7. Describe the process of gastrulation and explain its importance.  Explain how this process rearranges the embryo.  List adult structures derived from each of the primary germ layers.

8. Describe the significance and fate of neural crest cells.  Explain why neural crest cells have been called a “fourth germ layer.”

9. Describe the events of cleavage in a mammalian embryo.  

10. Explain the role of the trophoblast in implantation of a human embryo.

11. Explain the functions of the extraembryonic membranes in mammalian development.

12. Explain what is known about the molecular basis of induction.

Major themes addressed in the chapter:

1. Science as a process.  The “snout” of a frog tadpole bears a sucker.  A salamander tadpole has a mustache–shaped structure called a balancer in the same area.  You perform an experiment in which you transplant ectoderm from the side of a young salamander embryo to the snout of a frog embryo.  You find that the tadpole that develops has a balancer.  When you transplant ectoderm from the side of a slightly older salamander embryo to the snout of a frog embryo, the frog tadpole ends up with a patch of salamander skin on its snout.  Suggest a hypothesis to explain the results of this experiment in terms of the mechanisms of development.  How might you test your hypothesis? 
2. Evolution.  The movement of vertebrate animals onto land required the evolution of structures that allowed reproduction in dry environments.  Explain and list two structures that exist today as a result of this evolution.

3. Continuity and change.  What adaptations have evolved that enable different animals to inhabit and reproduce in the vastly different environments found on Earth?

4. Interdependence in nature.  Why do scientists study the developmental patterns of a variety of different organisms?  How is this information used? 

5. Relationship of structure to function.  How is the structure of a bird’s egg related to its function?

6. STS.  Many scientists believe that fetal tissue transplants offer great potential for treating Parkinson’s disease, epilepsy, diabetes, Alzheimer′s disease, and spinal cord injuries.  Why might tissues from a fetus be particularly useful for replacing diseased or damaged cells in such conditions?  Some people would allow only tissues from miscarriages to be used in fetal transplant research.  But most researchers prefer to use tissues from surgically aborted fetuses.  Why?  What is your position on this controversial issue, and why?
Chapter 48, Nervous Systems:  Nervous systems consist of circuits of neurons and supporting cells; Ion pumps and ion channels maintain the resting potential of a neuron; Action potentials are the signals conducted by axons; Neurons communicate with other cells at synapses; The vertebrate nervous system is regionally specialized; The cerebral cortex controls voluntary movement and cognitive functions; CNS injuries and diseases are the focus of much research.

Questions you should be able to answer:

1. Name the three stages in the processing of information by nervous systems.

2. Distinguish among sensory neurons, interneurons, and motor neurons.

3. List and describe the major parts of a neuron and explain the function of each.

4. Describe the factors that contribute to a membrane potential.

5. Define a membrane potential and a resting potential.

6. Explain the role of the sodium-potassium pump in maintaining the resting potential.

7. Distinguish between gated and ungated ion channels, and among stretch-gated ion channels, ligand-gated ion channels, and voltage-gated ion channels.

8. Describe the characteristics of an action potential.  Explain the role of voltage gated ion channels in this process.

9. Explain how an action potential is propagated along an axon.

10. Describe the factors that affect the speed of action potentials along an axon and describe the adaptations that increase the speed of propagation.  Describe salutatory conduction.

11. Compare an electrical synapse and a chemical synapse.

12. Describe the structures of a chemical synapse and explain how they transmit an action potential from one cell to another.

13. Explain the role of the axon hillock.

14. Compare the structures and functions of the central nervous system and the peripheral nervous system.

15. Distinguish between the functions of the autonomic nervous system and the somatic nervous system.

Major themes addressed in the chapter:

1. Science as a process.  Explain how research on stem cells and neural development may lead to new treatments for injuries and disease.

2. Evolution.  An action potential is an all–or–none event.  This on/off signaling is an evolutionary adaptation of animals that must sense and act in a complex environment.  It is possible to imagine a nervous system in which the action potentials were graded, with the amplitude depending on the size of the stimulus.  What advantage might on/off signaling have over a graded (continuously variable) kind of signaling?
3. Continuity and change.  How have the nervous systems of animals changed over time?

4. Interdependence in nature.  How are the nerve systems of organisms in nature similar?  How are they different?

5. Relationship of structure to function.  How is the structure of a nerve cell related to its function?

6. STS.  Alcohol’s depressant effects on the nervous system cloud judgment and slow reflexes.  Alcohol consumption is a factor in most fatal traffic accidents in the United States.  What are some other impacts of alcohol abuse on society?  What are some of the responses of people and society to alcohol abuse?  Do you think that alcohol abuse is primarily an individual problem or a societal problem?  Do you think that society’s responses to alcohol abuse are appropriate and proportional to the seriousness of the problem?  Defend your position.
Chapter 49, Sensory and Motor:  Sensory receptors transduce stimulus energy and transmit signals to the central nervous system; The mechanoreceptors involved with hearing and equilibrium detect settling particles or moving fluid; The senses of taste and smell are closely related in most animals; Similar mechanisms underlie vision throughout the animal kingdom; Animal skeletons function in support protection, and movement; Muscles move skeletal parts by contracting; Locomotion requires energy to overcome friction and gravity.

Questions you should be able to answer:

1. 

Major themes addressed in the chapter:

1. Science as a process.  

2. Evolution. 

3. Energy transfer.  

4. Continuity and change. 

5. Interdependence in nature.  

6. Relationship of structure to function. 

7. Regulation
8. STS.

