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Augustana College 
 

BIOL 120, BIOL 121, Beginning Biology, BIOL 150 Anatomy  
BIOL 225 Human Physiology 

BIOL 334, BIOL 336, BIOL 346 
 
 
Concepts addressed: 
Human evolution including phylogeny and classification, digestion, circulation, respiration, 
excretion, nervous system, muscular system, endocrine system, immune system, reproduction and 
development (gametogenesis, fertilization, parthenogenesis, embryogenesis, growth and 
differentiation)  
 
BIOL 120: covers primate diversity and pre-human evolution  
 
Humans are a member of an order of mammals, the primates that first appeared about 65 million 
years ago. The first primates lived in trees, and we have inherited some of their characteristics: 
limber joints, sensitive grasping hands, a short snout, and forward pointing eyes that enhance depth 
perception. There are two groups of living of living primates: the prosimians (Iorises and lemurs) and 
the anthropoids (monkeys apes and humans). Humans are most closely related to the apes, primates 
that lack tails and have forelimbs longer than their hind limbs. The apes include the gibbons, 
orangutans, gorillas, and chimpanzees. We share more than 97'7'0 of our genes with chimpanzees, our 
closest living relatives; our behavior also shows similarities.  
Apes and hominids probably diverged from a common ape-like ancestor between 5 and 7 million 
years ago. The earliest hominids were a diverse group. Various species of Australopithecus date from 
about 4 to 1 million years ago. Homo sapiens is the only hominid that has not become extinct. The 
relatively small brains of the australopithecines indicate that the evolution of the basic human trait of 
bipedalism preceded the evolution of the enlarged brain. Homo habilis, an early African hominid, 
coexisted with some of the australopithicines, had a larger brain, and made simple tools. Homo 
habilis may have given rise to the more advanced Homo erectus. H. erectus spread out of Africa over 
most of the Old World and eventually gave rise to Homo sapiens. One of the regional descendants of 
H. erectus was the stocky and muscular Neanderthal, who lived throughout Europe from about 
200,000 to 40,000 years ago. Some paleoanthropologists think that modern humans arose from the 
regionally diverse populations of archaic Homo sapiens in Africa, Europe, and Asia. Others believe 
that modern H. sapiens came from a second group in Africa that arose around 100,000 years ago and 
migrated out of Africa, replacing archaic peoples elsewhere.  
 
The relatedness of the different lines of pre-human organisms is illustrated using the skull size as a 
vehicle, along with jaw shape and teeth size.  
 
BIOL 121: has the intent to establish a basic understanding of the diversity and evolutionary origins 
of animal life.  
 
Animals are eukaryotic, multicellular heterotrophs that ingest their food, lack cell walls, and have 
unique intercellular junctions. Most animals are diploid except for haploid eggs and sperm. The 
zygote often grows into a hollow blastula, which folds inward to form a gastrula. The animal may go 
through a larval stage, which metamorphoses into an adult. Animals have unique developmental 
genes (Hox genes).  
Animals probably evolved from colonial protists, whose cells gradually became more specialized and 
layered. Ecological, geologic, or genetic factors may have caused the Cambrian explosion in animal 
diversity.  
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An in depth study of the structures and functions of the invertebrate phyla: Porifera (sponges), 
Cnidaria (cnidarians), Platyhelminthes (flatworms), Nematoda (roundworms), Mollusca (mollusks), 
Annelida (segmented annelids), Arthropoda (arthropods such as scorpions, crabs, millipedes, 
insects), Echinodermata (echinoderms such as sea stars and sea urchins), is intended to establish a 
basic understanding of the physiological processes of hormonal control, nutrient procurement, 
osmotic and ionic regulations, gas exchange, and circulation. Reproduction and development, 
including gametogenesis and fertilization are also compared between phyla to further illustrate 
evolutionary relationships.  
 
BIOL 150 and BIOL 225: the physiology of animal body systems - form and function - and the 
hierarchy of structural organization in an animal.  
 
The function of any part of an animal results from its unique structure. The correlation between 
structure and function is one of biology's most fundamental concepts. Structure and function are 
correlated at each level in the structural hierarchy of an animal's body: cell, tissue, organ, organ 
system, and whole animal.  
 
Digestive System: the human digestive system consists of an alimentary canal and accessory glands. 
Once the food is swallowed, peristalsis squeezes the food towards the stomach and through the rest 
of the alimentary canal. Ring-like sphincter muscles regulate its passage and digestion begins in the 
oral cavity. The tongue pushes the chewed food into the pharynx, and the swallowing reflex moves 
the food into the esophagus, while keeping it out of the trachea. Peristalsis moved to food into the 
stomach where it mixes with acidic gastric juice - pepsin begins the hydrolysis of protein. Bacterial 
infections in the stomach and duodenum are associated with ulcers. Most digestion and absorption 
occur in the small intestine. Alkaline pancreatic juice neutralizes stomach acid, and its enzymes 
digest polysaccharides, proteins, nucleic acids, and fats. Bile, made in the liver and stored in the 
gallbladder, emulsifies fat droplets for attack by pancreatic enzymes. The lining of the small intestine 
is folded and covered with tiny, fingerlike viii that increase its absorptive surface. Nutrients pass 
through the epithelium of the viii and into the blood, which flows to the liver can store nutrients and convert them to 
other substances the body can use. Undigested material passes to the large intestine, or colon, where 
water is absorbed and feces are produced.  
 
Respiratory System: Gas exchange is necessary because energy metabolism requires Oz and 
produces CO2. Oz enters an animal and CO2 leaves by diffusion through a respiratory surface 
consisting of living cells. In humans and other mammals, air enters through the nasal cavity and 
passes through the pharynx and larynx into the trachea. The trachea forks to form two bronchi, each 
of which branches into numerous bronchioles. The bronchioles end in clusters of tiny sacs called 
alveoli, which form the respiratory surface of the lungs. Oxygen diffuses through the thin walls if the 
alveoli into the blood.  
Mucus and cilia in the respiratory passages protect the lungs, but pollutants can destroy these 
protections.  
Breathing is the alternation of inhalation and exhalation. During inhalation, muscles expand the rib 
cage, and the diaphragm contracts and moves downward - the chest cavity expands reducing air 
pressure in the alveoli (negative pressure breathing) and air rushes into the respiratory passages and 
into the lungs. During exhalation, the rib muscles and diaphragm relax, forcing air out.  
Breathing control centers in the pons and medulla of the brain keep breathing in tune with body 
needs. During exercise, the CO2 level in the blood rises, lowering blood pH. The medulla senses this 
drop and increases the rate and depth of breathing, eliminating CO2 and returning blood pH to 
normal - the control centers do not respond directly to a lack of Oz.  
The heart pumps oxygen-poor blood to the lungs, where it picks up Oz and drops off CO2 .. Then it 
pumps oxygen-rich blood to body cells, where it drops off Oz and picks up CO2. At the tissues, 
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oxygen diffuses down its partial-pressure gradient to the cells, and carbon dioxide diffuses down its 
partial pressure gradient into the blood. In the lungs, the gradients are reversed.  
The protein hemoglobin in the red blood cells carries most of the Oz in the blood and also helps 
buffer the pH of the blood and carries some CO2. A human fetus depends on the placenta for gas 
exchange. A network of capillaries exchange Oz and CO2 with the maternal blood that carries gasses 
to and from the mother's lungs. At birth, increasing CO2 in the fetal blood stimulates the fetus's 
breathing control centers to initiate breathing.  
 
Circulatory System: The mammalian heart has two thin-walled atria that pump blood into the 
ventricles and two thick-walled ventricles that pump blood to all other body organs. A single layer of 
epithelial cells forms the walls of the capillaries. Arteries and veins have smooth muscle and 
connective tissue layers. Valves in the veins prevent the backflow of blood.  
The heart's activity follows a rhythmic cycle: during diastole blood flows from the veins into the 
heart chambers and during systole contractions of the atria push blood into the ventricles, and then 
stronger contractions propel blood into the pulmonary artery and aorta. Cardiac output is the volume of blood 
pumped into the aorta by the left ventricle each minute. Heart valves prevent the backflow.  
The pacemaker (SA node), in the wall of the right atrium, generates electrical signals that trigger 
contraction of the atria - the A V node then relays these signals to the ventricles. An 
electrocardiogram (ECG), is a recording of electrical changes in the skin resulting from electrical 
signals in the heart. A heart attack is damage to the cardiac muscle that occurs when a coronary 
artery feeing the heart is blocked, usually by a blood clot.  
Blood consists of cellular elements in a fluid plasma, which is an aqueous solution of various 
inorganic ions, proteins, nutrients, wastes, gases, and hormones. Red blood cells (erythrocytes) 
contain hemoglobin, which enables them to transport 02. White blood cells (leukocytes) function 
both inside and outside the circulatory system to fight infections and cancer. When a blood vessel is 
damaged, platelets help trigger the conversion of soluble fibrinogen to an insoluble fibrin clot that 
plugs the leak.  
All blood cells develop from stem cells in bone marrow and may prove valuable for treating certain 
blood disorders e.g. leukemia.  
 
Nervous System: Sensory neurons conduct signals from sensory receptors to the central nervous 
system (CNS), which consists of the brain and spinal cord. Interneurons in the CNS integrate 
information and send it to motor neurons, which, in turn, convey signals to effectors. Located outside 
the CNS, the peripheral nervous system (PNS) consists of nerves (bundles of fibers of sensory and 
motor neurons) and ganglia (clusters of cell bodies of the neurons). The functional units of the 
nervous system are neurons, cells specialized for carrying signals. A neuron consists of a cell body 
and two types of extensions that conduct signals, dendrites and axons. Many axons are enclosed by 
cellular insulation called myelin sheath, which speeds up transmission.  
At rest, a neuron's plasma membrane has an electrical voltage called the resting potential, which is 
caused by the membrane's ability to maintain a positive charge on its outer surface opposing a 
negative charge on its inner (cytoplasmic) surface. A stimulus alters the permeability of a portion of 
the membrane, allowing ions to pass through and change the membrane's voltage. A nerve signal, 
called an action potential, is a change in the membrane voltage, from the resting potential to a 
maximum level and back to the resting potential. Action potentials are self-propagated in a one-way 
chain reaction along a neuron and is an all-or-none event; its size is not affected by the strength of the 
stimulus. The frequency of action potentials does change with the stimulus strength.  
The transmission of signals between neurons or between neurons and effector cells occurs at 
junctions called synapses - action potentials pass between cells at electrical synapses. At chemical 
synapses, the sending cell secretes a chemical signal, a neurotransmitter, which crosses the synaptic 
cleft and binds to a specific receptor on the surface of the receiving cell.  
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Muscular System: Consists of all the skeletal muscles in the body. Skeletal muscles can move parts 
of the body because they are attached to rigid bones or cartilage structures. The muscular system 
enables us to move about, to manipulate our environment, and to change our facial expressions.  
Muscles pull on bones, which act as levers to produce movements. Antagonistic pairs of muscles 
produce opposite movements. Muscles perform work only when contracting. A muscle is returned to 
an extended position by being pulled by other parts of the skeleton. Each muscle cell, or fiber, 
consists of bundles of myofibrils, which in striated muscle exhibit alternating light and dark bands. 
Each myofibril contains bundles of overlapping thick (myosin) and thin (actin) protein filaments. 
Repeating units of thick and thin filaments, called sarcomeres, are the muscle fibers contractile units. 
The sliding-filament model explains the molecular process of muscle-contraction. The myosin heads 
of the thick filaments bind A TP and move to high-energy states. The heads then attach to binding 
sites on the actin molecules and pull the thin filaments towards the center of the sarcomere. Most 
neurons carry action potentials that initiate muscle contraction - the neuron and the muscle fibers it 
controls constitute a motor unit, and the strength of a muscle contraction depends on the number of 
motor unite activated. A neuron releases the neurotransmitter acetylcholine at a neuromuscular 
junction and an action potential triggered in the muscle fiber passes along tubules into the center of 
the cell, causing calcium release from the endoplasmic reticulum, which initiates muscle contraction.  
 
Endocrine System:  A number of organs produce chemicals, called hormones, that  
regulate the activity of organ systems. Hormone-producing organs are called endocrine glands and 
together they constitute the endocrine system, which works together with the nervous system to 
coordinate body activities.  
Hormones trigger changes in target cells by two general mechanisms. Most hormones derived from 
amino acids bind to receptor proteins in target cell plasma membranes and initiate signal-transduction 
pathways that ultimately cause changes inside the target cell. Steroid hormones bind to intracellular 
receptors; the steroid receptor complex then binds to DNA, turning specific genes on or off. The 
effects of a hormone on different cells depend on the receptors and other molecules of the cells.  
The vertebrate endocrine system consists of more than a dozen glands, secreting more than 50 
hormones. Only the sex glands and the adrenal cortex secrete steroids.  
The hypothalamus is the master control center of the vertebrate endocrine system. It regulates the 
pituitary gland, which consists of two parts. The posterior pituitary, composed of nervous tissue, 
stores and secretes hormones produced in the hypothalamus. The anterior pituitary, composed of 
glandular tissue, is controlled by releasing and inhibiting hormones carried by the blood from the 
hypothalamus. Hormones in the blood exert feedback control over the secretion of many hormones. 
Neurosecretory cells extending from the hypothalamus into the posterior pituitary make the 
hormones oxytocin and ADH (antidiuretic hormone) and transmit nerve signals that trigger their 
release from the posterior pituitary. Releasing and inhibiting hormones secreted by the hypothalamus 
control the secretion of TSH (thyroid-stimulating hormone), ACTH (adrenocorticotropic hormone), 
GH (growth hormone), and other hormones from the anterior pituitary. The brain and anterior 
pituitary also produce endorphins, the body's natural painkillers.  
Two amine hormones from the thyroid gland. T4 and T3, regulate an animal’s development and 
metabolism. Negative feedback maintains homeostatic levels of T4 and T3 in the blood. Thyroid 
imbalance can cause cretinism, metabolic disorders, and goiter. The pancreas secretes two hormones, 
insulin and glucagon, that control the blood glucose level. Insulin signals cells to use and store 
glucose, and glucagon causes cells to release stored glucose into the blood. Diabetes mellitus results 
from a lack of insulin or failure of cells to respond to it.  
Hormones from the adrenal glands help maintain homeostasis when the body is stressed. Nerve 
signals from the hypothalamus stimulate the adrenal medulla to secrete epinephrine and 
norepinephrine, which quickly trigger the fight-or-flight response. ACTH from the pituitary causes 
the adrenal cortex to secrete glucocorticoids and mineralcorticoids, which boost blood pressure and 
energy in response to long-term stress. Glucocorticoids such as cortisone relieve inflammation and 
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pain, but they can mask injury and suppress immunity. Estrogens, progestins, and androgens are 
steroid sex hormones produced by the ovaries and testes. Estrogens and progestins stimulate the 
development of female characteristics and maintain the female reproductive system. Androgens, such 
as testosterone, trigger the development of male characteristics. The secretion of sex hormones is 
controlled by the hypothalamus and pituitary.  
 
Immune System:  
Nonspecific Defenses:  
The body's non-specific obstacles to infection include the skin and mucous membranes and their 
secretions, phagocytic cells such as macrophages, and anti-microbial proteins, including interferon 
and complement proteins. Tissue damage triggers the inflammatory response, which can disinfect 
tissues and limit further infection. The lymphatic system is a network of lymphatic vessels and 
organs. The vessels collect fluid from body tissues and return it ad lymph to the blood. The organs 
include the lymph nodes, spleen, and thymus, which are packed with white blood cells that fight 
infections.  
 
Specific Immunity:  
Our immune system counters specific invaders by responding to foreign molecules called antigens. 
The immune system "remembers" an invader. Two kinds of lymphocytes carry out the immune 
response: B cells, responsible for humoral immunity, secrete proteins called antibodies, which attack 
foreign antigens in body fluids; and T cells, which are responsible for cell-mediated immunity, 
attacking cells infected with pathogens. As each lymphocyte develops, it produces membrane 
receptors that are able to bind to one kind of antigen. Millions of kinds of B cells and T cells wait in 
the lymphatic system to confront invaders. Antigen molecules have specific regions, called antigenic 
determinants, to which antibodies bind.  
When an antigen enters the body, it activates only lymphocytes with complementary receptors, a 
process called clonal selection. The selected lymphocytes (B cells or T cells) multiply into clones of 
effector cells specialized for defending against the antigen that triggered the response. In the primary 
immune response, clonal selection produces not only effector cells, which are short-lived, but also 
memory cells, which may confer lifelong immunity. Activated by subsequent exposure to the 
antigen, memory cells mount a more rapid and massive secondary immune response.  
Triggered by a specific antigen, a B cell differentiates into an effector cell called a plasma cell, which 
secretes antibodies. An antibody molecule has antigen-binding sites specific to the antigenic 
determinants that elicited its secretion. Antibodies may block harmful antigens or microbes, clump 
bacteria or viruses together, and precipitate dissolved antigens. They also activate complement 
proteins, which kill bacteria and enhance inflammation. Monoclonal antibodies, produced by fusing 
B cells specific for a single antigenic determinant with easy-to-grow tumor cells, are useful in 
research, diagnosis, and treatment of certain cancers.  
Helper T cells and cytotoxic T cells are the main effectors of cell-mediated immunity, and helper T 
cells also stimulate the humoral responses. In cell-mediated immunity, an antigen-presenting cell 
(APC), such as a macrophage, first displays a foreign antigen (a nonself molecule) and one of the 
body's own self-proteins to a helper T cell. The helper T cell receptors recognize the self-nonself 
complexes on the APC, and the interaction activates the helper T cell. In turn, the helper T cell can 
activate cytotoxic T cells with the same receptors (and can stimulate B cell activation as well). 
Cytotoxic T cells bind to infected body cells displaying both self-proteins and foreign antigens and 
destroy them. Cytotoxic T cells may also attack cancer cells, whose surface molecules are altered by 
the disease. The immune system normally only reacts against nonself substances (foreign molecules 
and cells), not against self. It generally rejects transplanted organs, whose cells lack the recipient's 
unique "fingerprint" of self-proteins.  
Disorders of the Immune System:  
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In autoimmune diseases, the system turns against the body's own molecules. In immunodeficiency 
diseases, immune components are lacking, and infections recur. Physical and emotional stress may 
weaken the immune system. Allergies are abnormal sensitivities to antigens (allergens) in the 
surroundings. The AIDS virus attacks helper T cells, crippling both cell-mediated and humoral 
immunity. So far, AIDS is incurable, but drugs and vaccines offer hope for the future.  
 
Reproductive System:  
Spermatogenesis and oogenesis produce sperm and ova respectively. Primary spermatocytes are 
made continuously in the testes; these diploid cells undergo meiosis to form four haploid sperm. A 
woman's ovaries contain her lifetime supply of primary oocytes at birth. Each month, one matures to 
form a secondary oocyte, which, if fertilized, completes meiosis and becomes a haploid ovum.  
Hormones synchronize cyclical changes in the ovaries and uterus. Approximately every 28 days, the 
hypothalamus signals the anterior pituitary to secrete FSH and LH, which trigger the growth of a 
follicle and ovulation - the release of the egg. The follicle secretes estrogen; after ovulation, the 
follicle becomes the corpus luteum, which secretes both estrogen and progesterone. These two 
hormones stimulate the endometrium (the uterine lining) to thicken, preparing the uterus for 
implantation. They also inhibit the hypothalamus, reducing FSH and LH secretion. If the egg is not 
fertilized, the drop in LH shuts down the corpus luteum and its hormones. This triggers menstruation, 
the breakdown of the endometrium. The hypothalamus and pituitary then stimulate another follicle, 
starting a new cycle. If fertilization occurs, a hormone from the embryo maintains the uterine lining 
and prevents menstruation.  
Human development begins with fertilization in the oviduct. Cleavage produces a blastocyst, whose 
inner cell mass becomes the embryo. The blastocyst's outer layer, the trophoblast, implants in the 
uterine wall. Gastrulation occurs, and organs develop from the three embryonic layers. Meanwhile, 
the four extra-embryonic membranes develop: amnion, chorion, yolk sac, allantois. The embryo 
floats in the fluid-filled amniotic cavity, while the chorion and embryonic mesoderm form the 
embryo's part of the placenta. The placenta's chorionic villi absorb food and oxygen from the 
mother's blood. Viruses and drugs may cross the placenta and harm the embryo.  
Human embryonic development is divided into three trimesters of about 3 months each. The most 
rapid changes occur during the first trimester. By 9 weeks, all organs are formed, and the embryo is 
called a fetus. The second and third trimesters are times of growth and preparation for birth.  
Hormonal changes induce birth. Estrogen makes the uterus more sensitive to oxytocin, which acts 
with prostroglandins to initiate labor. The cervix dilates, the baby is expelled by strong muscular 
contractions, and the placenta follows. Oxytocin and prolactin then stimulate milk secretion.  
In vitro fertilization and surrogate motherhood give hope to infertile couples, but these new 
technologies have raised ethical and legal questions.  
 
BIOL 334 extends this systems perspective by comparing and contrasting the systems and 
adaptations and developmental patterns of the various vertebrate groups looking at egg size, yolk 
supply, and environmental interactions. Also compares the embyrogenesis of mammals, amphibians, 
and birds.  
Goal of this discourse is to recognize that individual group adaptations are built of common 
developmental plans and, despite early developmental differences, each group reaches a stage when 
all show conserved commonalities of development.  
 
BIOL 336 compares and contrasts the major bird systems to mammals. Classification is dealt with by 
examining Orders and Families of birds of the world, and the birds of South Dakota are looked at in 
the detail of Families and common names.  
 
BIOL 346 discusses growth and development from early fertilization interactions, activation 
responses and blocks to polyspermy, to post-fertilization synthesis. This includes natural and 
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artificial parthenogenesis (a form of asexual reproduction in a variety of invertebrates and some 
vertebrates in which eggs of the female develop into adults without being fertilized), and cytoplasmic 
organizational changes.  


