Shark
The dogfish shark, the most frequently used in this study, is classified either as an elasmobranch (sharks, skates or rays) or as a fish belonging to the Phylum Chordata; subphylum Vertebrata; class Chondrichthyes; order Elasmobranchii; family Squalidae; genus Squalus; species acanthias.  The structures in your shark should generally be the same as those described and pictured in these directions.  If there are abnormalities they should be indicated on your sketches, and pointed out to your instructor.  Throughout the dissection compare your dissection to those of your classmates, and observe the variations between them.

External Anatomy (see fig. 2)

The body of the shark is divided into three (3) regions:

· The head: from the snout to the front of the pectoral fins

· The trunk: from the pectoral fins to the pelvic fins

· The tail: from the pelvic fins to the tip of the caudal fin

Notice the lateral line which appears as a series of minute openings on both sides of the body.  Beneath this line is the lateral line canal, a special sensory organ.

Rub your fingers lightly over the surface of the skin and notice its sandpaper-like texture.  The texture comes from placoid scales. (see fig. 1)  Each scale has a spine directed caudally so that if you rub the skin toward the tail it feels smooth.  Each placoid scale has a crown consisting of a central spine and two shorter lateral spines.  The neck is a stalk between the crown and basal plate (root).  The basal plate is anchored by connective tissue between the epidermis and dermis of the skin.  A pulp cavity is in the neck.

The head has several important features:
· The rostrum:  (snout) wedged shaped for cutting through water.

· The nares (nostrils):  on the underside of the snout.  Each has an incurrent aperture and an excurrent aperture slightly behind it.  The apertures are separated by a nasal flap. Near the nares are several clusters of small mucous pores.

· The mouth: crescent shaped, found on the ventral side of the body.

· The teeth:  are shaped like large placoid scales and are found in rows in the jaw.

· The spiracle:  appears as a small gill slit.  Water for respiration can be admitted to the mouth & gill chambers through the spiracle even when the mouth is closed.  The spiracular valve permits opening and closing of the spiracle.

· External gill slits:  separated form the each other by an interbrachial septum.  Water enters the mouth and spiracle & passes through the pharynx, the gills, and exits through the external gill slits.

· Eyes:  on the dorsal side of the head.  Partially shielded by upper & lower eyelids.  Just inside the lower lid is the conjunctiva, a tough membrane attached to the eyeball.  The cornea is a transparent window on the eye covering the pupil (an opening that lets light enter the eye).  The iris is pigmented and surrounds the pupil.

· Endolymphatic pores: just dorsal & posterior to the eyes.  They are the openings for the endolymphatic ducts.

The shark has different fins for different uses.  The two dorsal fins have sharp spines on their anterior edge that inject poison into a man or animal wounded by them.  The caudal (tail) fin, along with the pectoral fins (just posterior to the gills), is used mainly for swimming.  The caudal fin has a large dorsal vane and small ventral vane.  Such a fin is called herterocercal.  A more symmetrical fin is homocercal.  The pelvic fins are found midway between caudal and pectoral and on either side of the cloacal aperture (anus).  The pelvic and pectoral fins are named after the pelvic & pectoral girdles upon which they are found.
Muscular System

Shark muscles are more simply arranged than those of four limbed vertebrates, but pound for pound, fishes may have twice the volume of muscle than tetrapods.  Fish need more muscle because they move by means of body contortions rather than movement of limbs.

To study the body musculature, cut just through the skin on the left side (the shark’s left) from mid-dorsal to mid-ventral lines at a point just caudal to the pelvic fins and again about two inches caudal to this. Make a ventral incision to connect the previous incisions.  Peel the flap of skin upwards (dorsad) to expose the muscles. Next, cut the skin along the mid-dorsal line anterior to the first dorsal fin for two or three inches.  From each end of this incision cut ventrally on the left side to the mid-ventral line.  Peel this flap of skin away to expose the muscles.  Using these two dissections, identify the following muscles: (see fig. 4)

· Myotome – a single muscle segment resembling a thickened letter “W” turned on its side with bottom points directed to the posterior

· Transverse septum – a horizontal membrane just beneath the lateral line canal & running through the anterior, facing midpoint of each myotome

· Epaxial muscle bundle – lies above the transverse septum

· Hypaxial muscle bundle – lies below the transverse septum

· Myosepta – connect individual myotomes to each other

· Dorsal median septum – between right and left epaxial muscles

· Ventral median septum – divides the caudal portion of the right and left hypaxial bundles

There are different series of brachial and head muscles.  To expose these muscles cut just through the skin about a quarter inch to the right of the mid ventral line from the pectoral fin to the lower jaw.  Then cut at right angles from the beginning of the first incision to the front of the left pectoral fin, continuing forward along the ventral edges of the gill slits and back along their dorsal edges to the pectoral fin again.    From here cut straight to the mid-dorsal line.  Next, cut form the right corner of the mouth forward to a point just posterior to the eye and continue to the mid-dorsal line.  Cut a small circular incision around the spiracle and peel away the skin to expose the muscles.  
In the constrictor series, the major muscles are:

· Mandibular adductor – closes the shark’s powerful jaw

· Dorsal, ventral, & septal constrictors – in the gills

· Mandibular levitator – raised the jaw

Fin musculature is easiest studied in the female since males have structures that complicate muscles.  To study these, tear away the skin on each side of the pelvic and pectoral fin.  

· Pectoral and pelvic levatators – found on the dorsal side of the fin, act to elevate (raise) the fin

· Pectoral and pelvic depressors – on ventral side of the fin, depress (lower) the fin.

· Pelvic adductor – next to the pelvic levitator, but closer to the midline; draws the fin close to the body.

Digestive & Respiratory Systems

To examine the structures of the digestive and respiratory systems, begin by cutting through the body wall, a little to the left of the mid-ventral line.  Extend this incision from the left of the cloaca to the pectoral girdle.

The pleuroperitoneal cavity of a shark consists mainly of the pericardial and abdominal cavities.  This comprises the majority of the coelom.  The abdominal cavity contains stomach, liver, intestine, kidneys and other viscera (soft internal organs).  The viscera are enveloped by the peritoneum, a thin moist membrane and are connected tot eh dorsal body wall by a mesentery.

Before examination of the viscera, pry open the mouth, insert your scissors and make an incision from the corner of the mouth previously skinned through the middle of the gill slits.  Now identify the following structures:

· Mouth – contains teeth resembling placoid scales.  They hold and tear food but aren’t used for crushing or chewing.
· Pharynx – the cavity posterior to the mouth

· Tongue – a small fold of mucous membrane.  You can feel the pharyngeal arches the support the tongue.

· Spiracle –pass your probe through this to see where it leads

· Gills – lie within gill pouches.  Gill lamellae are folds of respiratory tissue where gas exchange takes place.  Cartilaginous gill rakers strains materials from water entering the gills so the lamellae don’t become clogged.

· Esophagus – a short, wide constriction between pharynx and stomach.  The anterior end of it may be seen by looking into the pharynx where you will see many papillae projecting from the mucous membrane.

· Stomach – “J” shaped.  The long straight part is the cardiac portion, and the short curved limb is the pyloric stomach.  The outside bend of the stomach is the greater curvature, and the inside is the lesser curvature.  Slit open the stomach and remove any food such as squid, octopi or small fish.  Notice the ruggae, the tiny folds of the inner lining of the stomach.
· Pyloric sphincter – a thick ring of involuntary muscle.  

· The duodenum – (intestine) passes a short distance from the end of the stomach (the pylorus) to the rectum.

· The Pancreas – a flattened white gland in the anterior curve of the duodenum and the dorsal side of the stomach, up to the spleen near the curve of the stomach.  The lobes of the pancreas are connected by the band of pancreas called the isthmus.  The pancreas secretes digestive enzymes and contains insulin which is secreted by the islets of Langerhans
· Liver – a large, grayish green organ consisting of two long right and left lobes, and a smaller, middle lobe.  

· Gall bladder – the greenish sac-like reservoir for bile.  Located on the ventral side of the middle lobe of the liver

· Spiral valve – cut windows in the intestine, between the blood vessels to observe the spiral valve.  This structure forms a spiral passage which has the same effect as a coiled intestine in other vertebrates.
· Rectal gland – opens to the rectum.  It’s function is osmoregulation (salt balance).  It removes excess sodium chloride (NaCl) from the blood and excretes it through the rectum back to the ocean

· Duodenum – leads out the colon, into the cloaca, and out the rectum

Circulatory System

To reveal the heart dissect the skin and muscles from the pectoral girdle.  The heart is found in the pericardial cavity and is surrounded by the parietal pericardium ( a grayish white membrane).  Partial removal of the pectoral girdle may be necessary.  Lift the heart for better observation (see fig. 6).  The shark’s heart is basically a tube that receives venous (oxygen depleted) blood at its posterior dorsal end and forces it out the anterior ventral end.  It then circulates through the gills and then to the body. 
· Blood from the body empties into the sinus venosus.  
· It then flows into the atrium
· After the atrium it goes to the ventricle, a thick walled pump that forces blood out 

· Blood from the ventricle is pumped to the conus arteriosus
In identifying veins (fig. 7) and arteries (fig. 8) use the diagrams to identify the vessels.  Remember, veins carry blood to heart, and arteries carry it away.  Locate as many vessels as possible and your instructor will inform you which ones need to be learned.

The following are the names of many of the veins and where they carry blood:

· Hepatic portal – (all portals lead into organs) leads into the liver

· Gastric vein – from the stomach to the hepatic portal

· Gastrosplenic – from the spleen to the hepatic portal

· Gastrointestinal – intestine to the hepatic portal

· Caudal – from the tail

· Renal portal – to kidneys

· Common cardinal veins – into the sinus venosus

· Interior jugular – from mouth and gill cavities

· Hepatic sinus/ vein – liver to sinus venosus

· Caudal Cardinal sinuses – to sinus venosus

· Cranial cardinal sinuses – to sinus venosus from the head

· Brachial vein – from pectoral fin & lateral abdominal.  They join to form the subclavian that leads to the common cardinal

· Femoral – drains the pelvic fin

The following are some major arteries:

· Conus arteriosus – becomes the ventral aorta, which branches into 3 brachial arteries.  Two of these split to form a total of fieve brachial arteries leading to the gills.  When leading to the gills they are afferent brachial arteries.  Leaving the gills they become efferent.  Four of the efferent brachial arteries join to form the dorsal aorta, which extends down the body carrying oxygenated blood through many branches:

· Subclavian artery – to the pectoral fin

· Gastric artery – to stomach

· Hepatic – to liver

· Duodenal – to duodenum

· Cranial intestinal artery – to intestine and rectal gland

· Genital – (not developed fully in immature sharks) – to gonads

· Parietal – fin and musculature

· Iliac – pelvic fins

· Caudal – tail

Urogenital System
The sharks we use for dissection are generally immature, and will contain underdeveloped reproductive organs.  Locate as many as possible AND be sure to observe the sharks of BOTH sexes.

FEMALE:  The ovaries are oblong cream colored glands on each side dorsal to the liver.  These and other genital structures are supported by the mesovarium (mesentery of the ovaries).  Eggs are usually fertilized in oviducts leading from the ovaries.  Sharks have internal fertilization.  The shell gland by the ovary encases eggs in a membrane, several eggs in each membrane.  An enlarged portion of the oviduct, where the sixteen to twenty month gestation period occurs, is the uterus.  Shark “pups” are born through the cloaca.  It also discharges urinary and fecal wastes.  

MALE:  The testes are soft slender glands in a similar position to the ovaries.  The mesentery of the testes, supporting the testes, is called the mesorchium.  Sperm is carried from the testes by efferent ductules to the epididymis, the anterior part of the kidney.  The vas deferens is a tube that carries sperm to the cloaca.  The enlarged, straightened part of the vas deferens is the seminal vesicle.  To follow the seminal vesicle, dissect away the peritoneum from the ventral face of the left kidney.  The male has certain structures relating to the discharge of sperm.  Externally ha has claspers (females do not) with a spine and a hook (see fig. 9) used in depositing sperm.  Internally, the male has muscular siphon sacs that move sperm through tubes called spermatic sulci.  Siphon sacs can be found by cutting through the skin transversely at a point just lateral to the midline and at the level of the cranial end of the pelvic fin.  Insert your probe and pass it to the posterior until it emerges in the spermatic sulcus.  With the use of these structures, the sperm can be transferred to the end of the clasper and deposited in the cloaca of the female.

The kidneys are very long, brownish, ribbon shaped organs found on each side of the mid-dorsal line, dorsal to the pleuroperitoneal cavity.  A tough, glistening caudal ligament is found between the kidneys.  Separate the kidney from the body wall and notice varying thicknesses.  The thicker part performs the excretory function.
Nervous System

The nervous system is of great importance since it controls both voluntary and involuntary functions of the body.  The control center for the nervous system is the brain.  

To expose the brain, shave off the layers of the chondrocranium covering it.  Identify the following major structures and whatever others you can see (fig. 10).

· Olfactory lobes:  the most anterior structures for sense of smell
· Optic lobes: for sight

· Cerebellum:  works in coordination

· Medulla oblongata:  tapers down to form the spinal cord.  The elongated posterior part of the brain.  Its function is automatic actions.

· Cerebrum:  just anterior to the optic lobes.  Used in thought processes, senses, and motor functions.  More easily seen from the side or from below

Less common structures, visible in the shark brain:

· Resitform bodies: just beneath the cerebellum.  They are nerve tracts known as auricles

· Olfactory tract: a stalk between the cerebrum and the olfactory lobes

