A is for Assimilation:

The mammalian digestive system begins with the teeth.  Each mammal has teeth adapted to their diet.  Large canine teeth are found in carnivores.  Big molars for grinding are found in herbivores.

The throat (pharynx) is behind the mouth and tongue.   What started out as the first pair of gill slits develops into the Eustachian tubes that connect the lower throat to the middle ear.  The esophagus is a muscular tube that pushes food from the throat to the stomach.  The stomach lies just below a muscular partition of the body cavity called the “diaphragm.”  The wall of the esophagus has the same kind of structure as the stomach and intestine.

The stomach is an enlarged part of the gut.  The gut is a tube within a tube.  There is a muscular sphincter at the end of the stomach called the pyloric sphincter (circular muscle that opens and closes the gut).  In cud chewing cloven-hoofed animals like cattle and deer, there are four chambers to the stomach (rumen for storing unchewed cud, reticulum for cud being chewed, psalterium, and abomassum for actual digestion).

The stomach empties into the duodenum.  Ducts from the liver and the pancreas enter the duodenum through the common bile duct.  The duodenum connects to the rest of the small intestine.  Diverticulums like the human appendix can be found where the small intestine joins the large intestine.  The rectum and anus terminate the gut tube.

B is for Blood:

The blood contains the plasma (fluid part), red cells (erythrocytes), white cells (leucocytes).  The plasma contains fibrinogen.  Fibrinogen is the protein responsible for the clotting of the blood.  The blood also contains globulin proteins that are the antibodies that produce immunity to disease and platelets that assist clotting.

Serum is plasma after the fibrinogen has been removed. The proteins in the blood, blood sugar, and mineral salts are all important in maintaining the concentration of the blood and the resulting osmotic pressure it induces.  

The antibodies attach to the surface of disease organisms.  The help dissolve bacteria and clump them so that white blood cells can engulf them.  The help disable poisons (toxins) produced by disease organisms.  The substances that start this process are called “antigens.”

The sugar in the blood comes from stores in the liver.  The liver processes the digested food absorbed from the small intestine.  Saliva in the mouth contains enzymes that digest starches.  The stomach begins protein digestion.  It is the source of acidic digestion.  Alkaline digestion takes place in the duodenum as a result of enzymes from the pancreas and the intestinal juice.  The villi of the small intestine absorbed the digested food and passes it to the hepatic portal vein.

The large intestine takes up the excess water remaining.

C is for Circulation:

The mammalian embryo has the aortic arches found in the embryos of fish, amphibians, and reptiles.  Aortic arches are the blood supply structures that primitive fish used to distribute blood to their gills.  The bones supporting the first gill arch became the bones of the upper and lower jaws.  The second gill arch moved forward to support the jaws.  Along with the movement of the gill arches came a change in the system for oxygenating the blood associated with the gills.  In mammals, a four chambered heart pumps blood first to the lungs to pick up oxygen and then pumps the oxygenated blood to the body.

The heart pumps blood to the large arteries.  The blood travels to arterioles (small arteries) and to very small blood vessels called capillaries.  The blood is collected from the capillaries into larger vessels called venules and then into larger veins.  The largest vein is called the “vena cava.”  The veins carry blood back to the heart.

Arteries can have fairly thick walls with layers of autonomic muscle and elastic tissue covered over by epithelial (covering) tissue.  Veins have multiplayer walls, but the walls are weaker and thinner.  The walls of the capillaries are only one cell thick and some are so small that red blood cells can only get through by twisting and folding.  There are 50,000 miles of capillaries in the average adult.

The heart is made of special muscle tissue (cardiac).

D is for Development:

The sequences of development are controlled by information in the DNA molecules of the chromosomes.  This information is in the form of genes for making proteins.  There is a sequence of 180 nucleotides of DNA that is found in flies, humans, and worms.  This sequence, called the “homeobox,” seems to control the development of segmented animals.

Animals begin as a zygote, the result of the union of a sperm and an egg.  The fertilized egg begins to divide (cleave).  In vertebrates and other deuterostomes, the division is in a radial (wheel-like) pattern, rather than a spiral one like that found in insects.  The progressively smaller cells begin to form a hollow structure called the “blastula.”

An opening forms in the blastula (blastopore) and cells begin to fold inward to form a sac called the “archenteron.”  This process is called gastrulation.  The tissue lining the archenteron is called “endoderm.”  The tissue lining the outside of the blastula is called the endoderm.  In deuterostomes the blastopore becomes the anus.  In protostomes it becomes the mouth.

Cells break loose in the region of the blastopore to form a middle layer of cells called the mesoderm.  When the endoderm reaches the opposite pole it will form the mouth.  The mesoderm forms the skeleton and muscles.  The ectoderm forms ridges that will make the neural tube.

E is for Embryo:

In the vertebrate embryo, the mesoderm forms a chord called the notochord.  Above it a neural plate forms in the ectoderm of the back.  This plate forms a neural grove with ridges that meet to form the neural tube that will develop into brain and spinal chord.

The mesoderm on each side of the notochord begins to split into blocks of tissue called “somites.”  To each side of the somites, lateral plate mesoderm begins to split to create the coelom (giving rise to the beginning of the internal body cavities of thorax and abdomen).  The somites will generate the skeleton and muscles.  Other mesoderm will generate the urinary and reproductive structures.

Pockets begin to form off the brain end of the neural tube that will combine lens primordium ectoderm to make the eyes.

The human egg (ovum) is fertilized in the oviduct.  The first cleavage takes place in the oviduct.  After about five days the embryo is a ring shaped blastula of 120 cells with an inner mass.  The ring is the trophoblast that will form part of the placenta.  The inner mass is the embryo itself.

The trophoblast implants the embryo within the lining of the uterus.  A part of the inner mass called the “allantois” forms from the ectoderm.  It will form the urinary bladder and its stalk becomes the umbilical cord.   The embryo rests in a fluid filled sac called the amnion.  A mature placenta begins to form from trophoblast and maternal tissues.

F is for Fetus:

The membrane closest to the developing embryo is called the “amnion.”  It encloses the embryo in fluid.  A yolk sac grows out of the ventral (belly) side of the animal and encloses any yolk that is present.  The allantois is cylindrically shaped and develops from the hind gut. It stores the urine of the embryo in the later (fetal) stages and is important in the formation of the placenta.

The placenta forms from the allantois, chorion, and the wall of the uterus.  The allantois fuses with the chorion and forms root-like formations of blood vessels that embed themselves in the wall of the uterus.  The mother’s blood does not fix with the blood of the fetus.  However, oxygen, food, wastes, and antibodies are exchanged.

Identical twins form from a single blastula with more than one center of development. Fraternal twins develop from separate zygotes.  Identical twins share the same chorion and have fused placentas, although they develop their own amnions and yolk sacs.

Birth (parturition) is induced by rhythmic contractions of the involuntary muscles of the uterus wall.  The placenta produces the hormone estrogen that inhibits the milk inducing hormone prolactin.  When the placenta is gone, the prolactin can act to induce milk production.  Suckling by the infant sets off nerve impulses that cause the uterus to contract and prevent continued bleeding from the loss of the placenta.

G is for Glands:

The endocrine glands control the growth, reproduction, and metabolism of the mammalian body.  These are ductless glands that produce chemical messengers called “hormones” that are carried in the blood.

The pituitary gland is the master gland.  It is controlled by the hypothalamus of the brain and has two parts.  The anterior pituitary develops from tissue originating in the roof of the mouth.  The posterior pituitary forms from the hypothalamus of the brain.  In the tunicate ancestors of vertebrates. the pituitary is a subneural gland that controls sex cell release.

The anterior pituitary produces growth hormone that controls bone and muscle development, sex hormones controlling the reproductive glands, thyrotrophic hormone that stimulates the thyroid glands, and adrenocorticotrophic hormones that stimulate the adrenal cortex.

The posterior pituitary produces oxytocin that stimulates the uterus to contract and the mammary glands to release milk.  It secretes vasopressin that controls the amount of water in the urine.

The thyroid gland produces thyroxin.  Thyroxin is a hormone controlling the amount of chemical activity in the cells (rate of metabolism).  The parathyroid glands control calcium metabolism.  The adrenal cortex produces steroid hormones regulating salt balance and reaction to stress. 

H is for Herpetology:

Herpetology is the study of amphibians and reptiles.  The difference between amphibians and reptiles is in the adaptation of reptiles to the absence of water.  Amphibians have a thin skin that generally needs to be kept moist.  Amphibian eggs hatch while the young are still in the larval stage.  This means that the tadpole-like young need water to swim in. 

The Reptile lays an amniotic egg in which an amnion develops that creates an internal pool of liquid for the embryo to develop in.  The embryo does not hatch until it has gone through the larval stage.  Thus, amniotic egg laying reptiles do not need water for the development of their young.  Also, the thicker scale covered skin protects the reptile against water loss.

The amphibian larva is very similar to the lungfish.  The amphibian larva has gills and gill slits and a line of sense organs (lateral line) along both sides of its body like those found in fish.  Tadpoles excrete wastes as ammonia just as fish do (rather than converting the wastes to urea as frogs do).

Amphibians seem to have evolved from air breathing fish related to the lungfish and coelacanths.  Legs developed from fins to allow the lungfish ancestor to get from pool to pool and to help it dig in the mud.  The original amphibians were scaly like modern reptiles.  Modern amphibians appear to be distant descendants of these first fossil types.

I is for Ichthyology:

Ichthyology is the study of fish.  The first fish had no jaws.  The bony supports of the first gill arch evolved into jaws.  The only living group of jawless fish is the “cyclostome” group that includes the parasitic lamprey and the hagfish.  These primitive fish have a larval stage very similar to the primitive “cephalochordate” lancelets (Amphioxus or Branchiostoma).

Unlike lancelets, fish are vertebrates.  The have a backbone made of vertebrae.  Cyclostomes retain the notochord found in the lancelets.  In addition they develop a backbone made of cartilage (the cyclostomes group is put in the class Agnatha, they had ancestors with bony skeletons).

The sharks, rays, and skates belong to the Chondrichtyes.  Modern representatives of this group have jaws and a skeleton made of cartilage.  They also have evolved from ancestors with a bony skeleton.  Their skin is covered with tiny teeth called “denticles.”

The major surviving groups of fish appear to have evolved in fresh water hundreds of millions of years ago from armored fish called the “placoderms.”  The placoderm ancestors had a bony skeleton and simple gill arches.

The placoderms were ancestors of the Chonrichthyes (elasmobranches) and the Osteichthyes.  The Osteichthyes are the modern bony fish.  The ray-finned group of bony fish has evolved into many forms that fill the lakes, ponds, and ocean waters of the modern world.

J is for Jurassic:

The Jurassic age was 150 million years ago, midway through the age of the dinosaurs.  The land and sea were filled with reptiles of various kinds.  Ferns and cone bearing plants dominated the land.

The Devonian, 300 million years ago, was the great age of fish evolution.  The fish evolved from primitive chordate ancestors that emerged in Cambrian times 600 million years in the past.

Among the first fish to appear in the fossil record were the jawless ostracoderms.  These fish were covered with bony armor over the head area.  They were fresh water fish that appear to have been mainly bottom feeders.  In ancient Silurian times (400 million years ago) there are fossils of “Jamoytius,” a fresh water fish that seems to be intermediate between the ostracoderms and the primitive lancelets (Amphioxus and other cephalochordates).  The ostracoderms could have evolved into cyclostomes (lampreys, etc.) by losing their bony armor and developing a cartilaginous skeleton.

The placoderms were the first fish with a jaw.  They were covered with bony armor and flourished in the Devonian period.  The Chondrichthyes (sharks and rays) appear to have evolved from the placoderms and to have moved into marine waters at an early stage in their evolution.  By late Devonian times, they were becoming numerous.  The Osteichthyes were differentiating into various groups.

K is for Keratin:

Keratin is the protein that is found in large amounts in the cells of the skin.  This is the protein that ancestral reptiles used to develop the thick scales that protected them against drying.

The osteichthyes developed at an early stage into two groups, the ray-finned fish and the lobe-finned fish.  Large numbers of ray-finned fish moved into salt-water environments.  The lobe-finned fish remained largely fresh water fish.  In the Devonian, two groups of lobe-finned fish appeared, the lungfish (dipnoi) and the crossopterygians.

Toward the end of the Devonian, lobed-finned fish of the crossopterygian type became better at climbing over land to get to distant fresh water pools.  These types gradually evolved into the amphibians.  Those amphibians that inhabited drier places took to laying increasingly large and yolky eggs and thickening the scales on their skin with layers of keratin rather than bone.  These were adaptations to dry conditions that allowed the embryo to undergo much of its development inside a private aquarium within the egg and protected the skin of the adult from the hot dry sun.

Eventually reptiles would emerge from this line of evolution.

First amphibians, then reptiles, developed skeletons that became progressively adapted to life out of water.  Keratin layers in the skin evolved into the scales of reptiles, feathers of birds, and hair of mammals.

L is for Lymphatic:

Fluids lost from the blood to the tissues are collected by a lymphatic system.  This system takes these fluids back to the blood stream.  It is made of progressively larger vessels that are somewhat similar to veins in their structure.  Fluid moves into the lymph capillaries and travels to ducts that empty into the subclavian veins.  The fluid in the lymphatic system is called “lymph.”  There are lymph nodes throughout the system that filter the lymph.  Lymphatic vessels are found in the intestinal villa.  They are largely responsible for the absorption of digested fats.

There are many kinds of white blood cells.  Neutrophils are round cells that can become amoeba like and engulf disease organisms.  Basophils release chemicals like histamine that promote inflammation.  Monocytes may become large amoeba-like macrophages.  Macrophages lodge in lymph nodes, spleen, lungs, and liver.  The macrophages in the lymph nodes trap disease organisms in the lymph, those in the spleen trap disease organisms in the blood.  The tonsils trap airborne organisms.


The immune system is responsible for the body’s response to disease.  It consists of the bone marrow, thymus, spleen, lymph system include nodes, and the tonsils.  The stem cells in the marrow of long bones produce red and white blood cells.  The thymus gland and the bone marrow produce B and T lymphocytes that produce antibodies and mediate immunity.  Lymphocytes are found in large numbers in the lymph nodes.

M is for Muscles:

There are three kinds of muscle cells.  Striated muscles is responsible for moving the bones of the limbs and torso.  It is formed from the mesoderm and is controlled by the cerebellum, basal ganglia, and motor cortex of the cerebrum.  Smooth muscles is controlled by the autonomic centers in the medulla and hypothalamus.  There are two smooth muscles systems, the parasympathetic that generates a resting response and the sympathetic which produces the excitation response.

The cardiac muscle of the heart is intermediate in its characteristics between smooth and striated muscle.  It is controlled by the medulla and the autonomic nervous systems.  The parasympathetic slows down the heartbeat and directs blood to the stomach and intestines.  The sympathetic speeds up the heartbeat and dilates arteries sending blood to the muscles of the extremities.

The striated muscle system of a mammal may be divided into muscles of the limbs, muscles of the axis, and muscles of the face and jaws derived from the ancestral gill arch muscles.  The muscles of the first gill arch become the manidibular muscles used for chewing.  The muscles of the second (hyoid) arch are spread out over the face.  The muscles of the third and subsequent arches form the muscles of the throat.

The axial muscles are in two sets: spine-straightening epaxails, spine flexing hypaxails like the “rectus.”

N is for Nervous System:

At each stage of evolution from water to land and from reptile to mammal, a new area has been added to the brain.  In primitive deuterostomes, the brain is simple or non-existent.  In fish, hearing and vision are processed in lower parts of the brain.  Reptiles have shifted processing into the thalamus and striated bodies.  In mammals, telencephalon, the most forward (highest) portion of the developing brain, is significantly increased in size.

The roof, or pallium, of the telencephalon is called the “neocortex” because it makes its first appearance in reptiles.  The neocortex forms the hemispheres of the cerebrum and pushes aside the old “paleocortex” which was largely concerned with the sense of smell.

The control of the movement of the striated muscles is shifted forward and upward into the frontal lobes of these cerebral hemispheres.  Vision is shifted in to the occipital lobes, hearing into the temporal lobes, and touch into the parietal lobes of these hemispheres.  The right hemisphere controls the left side of the body and the left hemisphere controls the right side of the body.

In humans, the left hemisphere tends to be slightly larger than the right and concerns itself particularly with understanding and producing speech.  The right hemisphere is connected to the left hemisphere by a bridge of connecting fibers called the “corpus callosum.”

Connecting fibers make up the brain’s “white matter.”

O is for Ornithology:

Ornithology is the study of birds.  Birds evolved from reptiles during the age of the dinosaurs.  Their nervous system and eggs are of the reptilian type.  Feathers are a specialized development of the keratin of reptilian scales.  Dinosaurs with feathers and birds with reptilian tails, teeth, and claws are a feature of the fossil record from 150 million years ago.

Ratite birds are flightless and have primitive reptile like skulls.  Ostriches of Africa and Arabia, Rheas of South America, Cassowaries and Emus of the Australian region, and the Kiwis of New Zealand are the four types of ratites.

The carinates include penguins, loons, grebes, petrels, pelicans, herons, ducks, haws, quail, coots, pigeons, parrots, owls, potoos, swifts, mouse-birds, trogons, kingfishers, woodpeckers, and sparrows.  Sparrows belong to the perching bird group, which is the largest of the orders of birds.  Perching birds have four toes arranged for holding on to a perch.  This order includes the thrushes, crows, robins, swallows, tanagers, starlings, and others in some 70 families of birds.


Feathers make flight possible and provide the insulation necessary for birds to maintain their high body temperature (c. 104 degrees F.).  The contour feathers of a bird are distributed in feather tracts called “pterylae.”  The contour feathers and the flight feathers are fixed in number.  Down feathers lack a shaft.  Filoplumes are hair like.

P is for Placentals:

Mammals are vertebrates with hair and mammary glands.  Only the monotremes (duckbilled platypus and the spiny anteaters) lay leathery shelled eggs from a cloaca (as in birds and reptiles).  The monotremes are limited to the Australian area.  They have no nipples and the skeleton is very reptilian.  

Marsupials have a pouch into which the young crawl at an early stage of development.  There is no corpus callosum uniting the two hemispheres of the brain.  The anus and urogenital system are fused into a common cloaca.

In placental mammals, the eggs develop within the uterus until a relatively advanced stage.  There is a placenta with blood vessels derived from embryonic membranes.  The cerebral hemispheres have become large and developed a corpus callosum to connect them.

The insectivores reflect the earliest type of placental mammal.  They are small with sharp teeth and live on a diet of insects, worms, eggs, and millipedes.  They are generally nocturnal (come out at night).  The moles and shrews are the most common example.  Primates are insectivores that took to trees.  The primate order includes the lemurs of Madagascar, the tarsiers, the monkeys, apes, and humans.  

Important placental orders include the rabbits and hares, rodents, carnivores, cetaceans, artiodactyls, perissodactyls, elephants, bats, conies, sea cows, armadillos and sloths. 

Q is for Quadrupeds:

Amphibians are the most primitive group of living quadrupeds.  They are separated from fish by having five-toed legs instead of fins.  They do not lay eggs that have an amnion that encloses the embryo in a sac of water as the reptiles do.  The embryo, egg, and larva of the amphibian is very much like those of a lungfish.  The tree living orders of amphibians are the salamanders (Caudatiformes), toads and frogs (Salientiformes), and the worm-like amphibians (Apodiformes).

Reptiles began to radiate into many different life styles 200 million years ago.  The labyrinthodonts were scaly animals shaped like salamanders that were intermediate between amphibians and reptiles.   The therapsids were intermediate between reptiles and mammals.  Birds emerged from dinosaur like ancestors about 150 million years ago.

Living reptiles are classified in four orders: lizard like New Zealand tuataras, turtles and their relatives, lizards and snakes in the order Squamatiformes, and crocodiles and their relatives (Crocodiliformes).

The horny scales on the skin of a reptile are made of keratin and they are equivalent (homologous) to the scales on bird’s legs and the tails of rats and beavers.  The bony scales of fish are covered by living tissue that can dry out.  Keratin is hardened protein and is resistant to drying out.  Scales made of keratin are an important stage in the adaptation of quadrupeds to life on dry land.

R is for Respiration:

Gills were the basis of gas exchange in fish and primitive vertebrates.  The embryo of higher vertebrates, including humans and chickens, develops gill slits and blood vessels to supply them, much like those of an embryonic fish.  

In sharks the first gill slit is reduced to a spiracle.  The arches supporting the first gill become the jaws.  Adult frogs and salamanders develop lungs.  Air is drawn into the mouth through the nostrils by vacuum created by depressing the throat.  The air is swallowed into the lungs through the slit like glottis.  It passes through the larynx (voice box).  The larynx has rods of cartilage derived from the embryonic gill arches.  Here are the vocal chords.

The lungs of reptiles are larger than those of amphibians and lungfish and have more air chambers.  The forward part of the lungs are basically sacs of air without much blood supply.  Birds may have an extensive development of these air sacs.

The movement of the ribs draws air into the lungs in reptiles.  In crocodiles and mammals, there is a diaphragm separating the thorax and abdomen.  From fish to mammals, there is a gradual sequence of changes from the ancient system of aortic arches supply blood to the gills to the mammalian four chambered heart that pumps blood to the lungs where oxygen is absorbed by red blood cells in the capillaries and carbon dioxide is given off.  The ultimate destination of the oxygen is the mitochondria.

S is for Skeleton:

The jaw bone (mandible) and the malleus and incus bones of the middle ear that transmit vibrations from the ear drum are derived from the supports to the first gill arch.  The second gill arch produces the stapes bone that transmits the vibrations to the inner ear; it also generates the styloid process.  The remaining portion of the second arch and parts of the third create the hyoid bone.  The thyroid cartilage (Adam’s apple) is generated from the fourth and fifth arches.

The backbone in mammals tends to be made of seven cervical vertebrae of the neck, 12 to 14 thoracic vertebrae that bear ribs, 5 to 7 lumbar vertebrae with ribs reduced to stubs, 5 to 7 sacral vertebrae specialized for attachment to the pelvis, and the 4 to 25 caudal vertebrae of the tail.  The pectoral and pelvic girdle are attached to this axis.

The pectoral girdle in mammals is flexible and the pelvic girdle is rigid.  The loose connection of muscles and ligaments that hold the pectoral girdle together can absorb the shock resulting from the tendency of mammals to land on their front legs.  The rigid pelvis allows the hind legs to transmit their push to the whole skeleton.  The pectoral and pelvic griddles are similar in makeup throughout the mammals. The arm of a man, the wing of a bat, the flipper of a seal, and the front leg of an elephant have the same basic structure.

Bones are formed around “Haversian canals.”

T is for Tadpoles:

Some believe that vertebrates began from tunicate tadpoles.  It is presumed that these tadpoles took to swimming in freshwater rivers.  A backbone evolved to support this swimming ability giving rise to the ancestral jawless fish.

The tunicate has a subneural gland associated with a cerebral ganglion and a ciliated pit in the pharynx region.  

Apparently this pit is a sensory structure for signaling the presence of sex cells being released by neighboring tunicates.  This subneural gland appears to be homologous to the pituitary gland in vertebrates.  

The development of the tadpole of the amphibian is very similar to the larval stage of the lungfish.  In reptiles and birds, this tadpole stage takes place inside the amniotic sac inside the amniotic egg.  In placental mammals, the amniotic sac is attached to a placenta that is imbedded in the uterus.   The brain develops in this tadpole stage. 

The brain begins as the forward end of the embryonic neural tube.  This neural tube develops a series of five swellings.  The most forward of these swellings are the “telenchephalon.”  The telencephalon is associated with the sense of smell and has two lobes, one going to each nostril.  Behind it is the diencephalon controlling the pituitary gland.  Behind it is the mesencephalon with optic lobes associated with vision, the metencephalon that processes hearing and balance and the myelencephalon that controls the balance between attention and automatic response.

U is for Urogenital:

The first kidneys were collections of tiny tubes with open ends shaped like funnels.  Body cavity (coelomic) fluid was taken in and passed down the tube.  These funnels were replaced with a knot of capillaries called the “glomerulus.” The end of the tiny tube that captures fluid from these capillaries is known as “Bowman’s capsule.”  Substances that the body needs are removed from the tubes leaving only the waste materials in the fluid flowing through them.

The kidneys in amphibians are similar to those in fish.  The embryonic kidneys of reptiles and mammals have three sections.  The first contains tiny tubes called “nephrostomes” that draw fluid out of the body cavity this part is only found in the embryo (except in the cyclostomes).  The middle section (the main kidney in fish and amphibians) degenerates in reptiles, birds, and mammals.  The duct associated with it becomes the sperm duct (vas deferens) in males.  The very tail end of the embryonic kidney develops into the main kidney of reptiles, birds, and mammals.

This kidney develops a duct called the “ureter” that carries urine to the urinary bladder.  Urine passes from the bladder through the urethra.  The liver of the mammal converts waste nitrogen to urea that goes into solution in the blood and is eliminated by the kidneys.  Waste nitrogen in fish is eliminated from the gills in the form of ammonia.  Reptiles and birds excrete nitrogen as crystalline white uric acid.  This allows them to save water by creating a solid urine.

V is for Vertebrates:

Vertebrates show the evidence of the evolutionary forces that created them in the embryology of the bones, muscles, and nerves of the face, jaws, ear, and throat.  The vertebrate embryo rehearses its evolutionary origins in the development of gills and associated nerves, bones, muscles, and blood vessels.  

The embryonic mammalian kidney has structures found only in jawless fish.  The ducts of the part equivalent to the adult amphibian kidney are used to form the ducts of the male reproductive system in mammals.

The development of a fish shows similarities with a tunicate larva, the development of an amphibian with a lung fish, the eggs of primitive mammals are like those of reptiles.  At each stage the transitions are visible from one level of vertebrate evolution to the next.

The telencephalon forms the basis for the development of the cerebral hemispheres that are the major sensory processing centers in mammals.  In lower vertebrates they are olfactory regions processing the sense of smell.  The diencephalon has evolved from an area controlling the pituitary gland to an area controlling the higher aspects of visceral responses and their associated emotional states.

Yet, in the mammal embryo these structures begin a swellings in the neural tube that are very similar to the swellings that generate the brain of a fish or a shark.

W is for Wings:

Wings allow the bird to fly.  Gliding flight is characteristic of birds like quail and pheasants.  Flapping flight is complex motion in which the wings are extended on the downward stroke and partly fold on the upward stroke.  Hawks, vultures, commonly use soaring flight and long narrow winged birds like the albatross.

The bird skeleton is dinosaur like.  The forelegs are modified into wings.  The breast bone (sternum) has a prominent keel for the attachment of flight muscles.  The humerus is a hollow tube filled with air from the air sacs attached to the lungs.  The vocal chords in birds are located where the bronchial tubes come together.

Bird intelligence is based on the development of a part of the telencephalon called the “corpus striatum.”  In mammals these structures are found hidden beneath the cerebral hemispheres and they are commonly associated with coordinating repetitive movements.

Birds have bills rather than teeth.  The bill is a structure that is adapted to a birds specialized way of getting food.  The unique arrangement of bones in a birds jaw allows in to move both upper and lower jaw.  One of the bones that has evolved into a structure helping the bird raise its upper jaw, becomes a bone of the middle ear in mammals.

A muscular portion of the stomach filled with small stones  (the gizzard) allows birds to function without teeth. 

X is for Xeric:

Much of the evolution of vertebrates has been in the direction of adaptation to increasing dryness (xeric conditions).  The amniotic egg seals the embryo inside a touch shell with membranes that seal in fluids and protect the inner part of the egg from water loss.  The keratin of reptilian scales, bird feathers, and mammalian hair protects the vertebrate from the loss of water and heat allowing it to survive in cold dry places like the arctic tundra.

The reptilian kidney produces a solid urine in the form of uric acid that conserves water loss.  The vertebrate skeleton has become progressively modified for various forms of specialized movement on land from the jumping and gnawing ability of some rodents to the slithering ability of a snake.

As these specialized movements developed, the brain was modified to accommodate them.  The structures of the metencephalon which are specialized to handle equilibrium in primitive fish developed into the muscle coordinating systems of the reptilian cerebellum.  Connections developed between these systems and the corpus striatum and associated structures coordinating muscle movement in the telencephalon.   In mammals, muscle movement planning and coordinating centers developed in the frontal lobes of the cerebral hemispheres.  The visual functions centered in the optic lobes of the mesencephalon were largely shifted into the larger occipital lobes of the cerebral hemispheres.  Hearing shifted to the temporal lobes.

Y is for Youth:

Young stages are very important in understanding vertebrate origins.  Vertebrates tend to repeat earlier stages of evolution in their embryological development.  The young human embryo goes through stages similar to those of a fish or an amphibian.

Neoteny, the appearance of adult sexuality in a juvenile stage of development is also important in understanding vertebrates.  Vertebrates may have developed from neotenous tunicate larva.  Humans may be neotenous apes.

The young vertebrate embryo develops gill arches with supporting bone, cartilage, nerves, and blood vessels.  The frontal part of the neural tube develops swellings that will become the embryonic brain.  These structures look remarkably similar in humans, reptiles, amphibians, and fish.

Ten pairs of cranial nerves develop in the young embryo.  The fifth (trigemial to face and jaw), seventh (facial), ninth (glossopharyngeal to tongue and throat, and the tenth (vagus to heart, lungs, stomach) begin as the nerves to the first four gill arches.  The first pair (olfactory nerves) connects with the two parts of the telencephalon (this expands to form the cerebral hemispheres).  The second pair connects to the retinas of the eyes.  The fourth, and sixth connect to the muscles of the eyes.  The eighth connects the ears to the metencephalon.  This sequence is found in the embryo of fish, shark, human, and reptile.

Z is for Zygote:

A zygote is a fertilized egg.  The egg and the sperm are formed by a special kind of cell division called meiosis.  Meiosis takes place in two stages and produces cells with a single chromosome of each type.  In mammals, the male determines the sex since males produce sperms with either X or Y chromosomes.  The X chromosome carrying sperms make female zygotes and the Y chromosome carrying sperms make male zygotes.

Eggs (ova) are formed in the ovaries and sperms are formed in the testes.  In mammals, the sperms are carried through the vas deferens to the seminal vesicles and the prostate gland.  The fluid the sperms are carried in is called the semen.  The seminal vesicles can serve as sperm storing structures.  The prostate gland produces fluid that adds to the volume of the semen.

Sperms must swim up the uterus into the oviducts where they meet ova being released from the ovaries.  The release of ova is controlled by the menstrual cycle which is controlled in turn by the pituitary gland beneath the hypothalamus of the brain.  Sperms fertilize the egg in the oviduct and the fertilized egg (zygote) begins to undergo cleavage (cell division).  The resulting embryo becomes embedded in the wall of the uterus.  Here it forms a placenta an amniotic sac filled with fluid in which it swims until its expulsion at birth.

Marsupial embryos leave the uterus at a very early stage.

