Tetrapod’s include: amphibians, reptile’s mammal’s birds.
Feeding is intermittent: occurring at irregular intervals, not continuous process. Stomach is the main storage area. Larger quantities are ingested when available and tend to be processed more slowly.
In general food is:  Ingestion, mastication, temporary storage (sometimes), processed, absorbed, wastes eliminated.
Food needs to be reduced prior to nutrient absorption (chemical). Absorption requires a large surface area. Long intestines, folds (plicae circularis), and villi. 
Villi: finger like projections lining the wall of the small intestine. After food passes from stomach to small intestine nutrients in the food are absorbed into the body through the villi.

There are 3 regions to the digestive tract 
Buccal cavity (mouth)
Pharynx
Alimentary canal 
Paleoniscid: Epaxials lift head & Ventral body muscles pull down lower jaw.
Condrichthyes: Lift head and drop jaw.
Osteichthyes:   open with hypaxial and epaxial & close with adductor mandibular complex  
Tetrapod’s: Epaxial muscles lift jaw & and depressor mandibular lowers jaw.  Hypaxial and sternohyoideus contract. Adductor mandibular complex closes jaw.  

Terrestrial animals (except for mammals): use cranial kinesis for feeding. Term describes the movement of bones in the skull.
PALATE
Internal nostril: Choanae: open in the palate in some fish and tetrapod’s
It is part of air passage for breathing in some tetrapod’s.  
Separates air passage from mouth cavity in mammals. 
TOUNGUE, CHEEKS AND LIPS
Aquatic animals use water to help move food. Most fish don’t have muscles in the tongue (rigid) and do not manipulate food sometimes with teeth.
tetrapod’s need tongue to manipulate food (cheeks and lips assist in manipulating food.
Digestive glands secrete enxymes to begin digestion. Very rare in fish. Present in all tetrapods exept birds. In mammals the salivary glands are the most common. And Venom glands in snakes.
Pharynx
Area at the back of the mouth. In aquatic verts it is the region with brachial gills. The glottis is a slit at the back of the pharynx that prevents food from entering the trachea. Mammals have an epiglottis in front of the glottis to deflect food around the glottis. 
Stomach
Folds in wall are called rugae (allows stomach to expand when needed) 
Mammals have a cardiac portion- the cardiac sphincter controls the movement of food.
Largest part is the fundus (allows for accumulation of stomach gases) produced by chemical digestion.
Ends at the narrow pyloric region with pyloric glands. Neutralize acidic chyme.
Pyloric sphincter is a valve that prevents food from re-entering the stomach.

Intestines
Most absorption occurs in the anterior portion of small intestine. Secretion from live (bile) and pancreas (pancreatic enzymes) add to intestinal secretions. Bile is stored in gallbladder in some vertebrates. 
Small intestine is long and tightly coiled (smaller diameter). Duodenum Jejunum and ilium.
Ilium empties into cecum of large intestine.
The Large intestine also known as Colon.
· Responsible for absorption of various compounds. Often straight tube or gentle lube, shape varies. There is no villi. 
· Undigested material and excess bacteria are eliminated.
· In most tetrapod it ends in the cloaca aka vent in fish. It is an outlet for fecal material from intestines and urogenital tract products.
· In mammals: noooo cloaca. Separate openings for intestines and urogenital. Large intestine straightens: rectum and anus. Digestive tract= Gastrointestinal (GI) tact.
Carnivore: Short intestines
Herbivores: Short intestines. 
	Agnathans
	Gnathostomata(jawed vertebrates)
	tetrapod’s (Birds & reptiles)
	Birds
	Mammals

	Simple, straight digestive tract
	Structure varies w/diet.
	
	
	

	Esophagus ciliated runs from pharynx to intestine
	Esophagus short.
	Short esophagus (except snakes). Pyloric glands(raise pH)
	Esophagus modified into crop.(food storage. “milk”
	Long esophagus- no cilia

	No distinct stomach
	Stomach J-shaped with rugae
	Intestine is differentiated. Small intestine. Large intestine is short/straight. Crocodiles have muscular gizzard.
	2 part stomach:
-proventiculus(glandular) and gizzard
	J- shaped stomach. Marnes (cetaceans): have a crop!)

	Modest spiral valve
	Teleosts have some folding of intestines(pyloric ceca)
	
	Small intestine is long and coiled. Duodenum ilium. Large IN : is short and straight. Cecum is sometimes present 
	SI: long/coiled.
LI: long ends in rectum.usually!!

	
	Spiral valve in lower fish. Prolongs digestion. Absent in teleost’s. 
	
	
	Cecum present in most herbivores. 



Cecum connects the two intestines. 
Infrequent feeder: Boa constrictor. Frequent feeder: (Lampropeltis getula)
Small intestine mass increases more in infrequent feeders 
LIVER   (FARMSV) 
Fetus: RBC production 
Adult: HB picked up from RBC
Removes toxicants, releases clotting agents 
Manufactures bile- released to intestines (duodenum) to emulsify fats.
Stores, mobilizes carbohydrates, proteins, fats
Vitamin manufacture/storage

Pancreas
Found only in vertebrates, next to duodenum.
Secretes pancreatic enzymes and some hormones. Islets of Langerhans (pancreatic islets) insulin-beta cells and glucagon- alpha cells.
Enzymes: trypsin, amylases, lipases. TAL 

Coelomic cavities:
Contains visceral organs (heart and lung)
Allows organs to move and change size.
Lined by thin-membrane: mesotherium.
Pericardial and pleuroperitoneal cavities. (separated by transverse septum). 
Mesenteries (TAPO)
Thin membranes between organs and body wall
Also composed of mesotherium
Provide passage for blood vessels and nerves
Omentum- mesenteries that join organs together.
Religion produces love lessons
All cells use oxygen and release carbon dioxide.  Diffuse through cell membranes. 
Diffusion is enhanced by:
· Reduced thickness of barrier  
· Prolonged contact/exchange time
· Large surface area for exchange
· Large diffusion gradient
There are two types of respiration
External: gas exchange between environment and blood. 
Internal: gas exchange between blood and body tissues. 

Ventilation: Process of moving water or air across the exchange surface.
Aquatic gas exchange: GILLS!
Unidirectional  water enter buccal cavity and passes over gills to exit. (Requires energy).
Ram ventilation_ swim with open mouth (shark and tuna).

Shark dual pump:
Suction phase: mouth and spiracles open while the valves of the gills close and the muscles of the pharynx contract. Pressure decreasewater in.
Force phase: mouth and spiracles close, musculature compresses. Pressure increase water out.
Bony fish have operculum – bony flap covering gills.

I grow gardens here sir.
Increase respiratory surface. Gill bar is part of visceral skeleton. Gill filaments (typically 2 sets on gill bar) Holobranch. Hemibranch – single row of filaments. Secondary lamellae. Gill septa (may separate gills
Aerial gas exchange
Warm stagnant water. Low O2. Gills alone do not meet sufficient O2 needs. Loaches and armored catfish have modified intestines. And Siamese fighting fish, climbing perch and armored catfish have suprabranchial air chambers: Arborecent organs.

Swim bladders can be physostomous (carp) or physoclistous. (Perch most teleost).
Gas glands release gas via rete mirabile
The two components of the circulatory system are the blood vascular system and the lymphatic system.  
RBC- Erythrocytes – flat round or oval carry hemoglobin in cytoplasm (iron). In mammals they lack a nucleus.
WBC- Leucocytes- Act in immune responses. –2:  Lymphocyte and granulocytes.
Thrombocytes (platelets in mammals) play a role in clotting.
ARTERIES – away from heart, usually oxygenated. Thick walled. 
VEINS- to the heart, usually deoxygenated. Thin walled. Little pressure. Flatter (larger in diameter) usually one way valves.
Capillaries- Link arteries and veins. Site of exchange. Arterioles/ venules

Single circulation in fish : Heart-Gills- Rest of body parts. 
Double: left ventricle- body-right ventricle-lungs- left ventricle.

Vasoconstriction is the narrowing of blood vessels resulting from contraction of the muscular wall of the vessel.
Fast breathing n mammals:
Nasal turbinate, carotid rete (arrangement of blood vessels in the brain that cool the brain) and countercurrent heat exchange.
Lymphatic system: Lymph I mostly water, dissolved substances, no RBC.
T is a blind ended tubular system that recirculates fluid.
Most lymph will flow up the thoracic duct. !)The 10% remaining substance after fluid has entered the capillaries is recovered by the lymphatic vessels by being seeped through the arterioles. 
Moving lymph: heart, body movement and pulsing arteries.
Thymus present in all vertebrates and produces lymphocytes. 
Fetal cisrculation
Ductus arteriosus- connects pulmonary artery to aorta. Protects lungs against circulatory overload. Allows right ventricle to strengthen. Like the foramen ovale it helps blood bypass the lungs.
Ductus Venosus: Fetal blood vessel connects umbilical vein to the IVC.  Carries mostly oxygenated blood. To the liver 
Foramen Ovale: shunts highly oxygenated blood from right atrium to left atrium.Hole that allows blood to pass directly through the heart without necessarily travelling through the lungs. This is because this blood coming from the mother is much more oxygenated than that returning from the fetuses lungs
Bypasses liver(where nutrients are stored) to venacava to general circulation. Regular path through the heart. After aorta blood travels through umbilical artery/Umbillical vein which go  to and from the placenta where gas exchange occurs ( fetus and mothers blood vessels interface at the placenta.
KIDNEYS
Functions: excretion and osmoregulation. 
It excretes nitrogenous wastes and maintains internal environment (homeostasis) regulates salt and water concentration.
[image: renal medulla 480x480] Urine enters renal calyx to renal pelvis and exits to urinary bladder through the ureter.
Shark heart

The ventral aorta branches into the left and right into the 1st and 2nd afferent branchial arteries. The 3rd arises midway along the ventral aorta. The 4rth pair arises near the conus arteriosus and immediately divides into the 4rth and 5th. These vessels carry deoxygenated blood to the gills.
The gills are drained through the efferent branchial arteries into the dorsal aorta. The internal and external carotid arteries supply the head via the 1rst efferent and the radix aorta. The subclavian artery arises from the dorsal aorta between the 3rd and 4rth efferents and supply the pectoral girdle. 
Vessels returning blood from the body enter the large sinus venosus. Blood passes through the atrium into the ventricle through the conus arteriosus and into the ventral aorta. 
The posterior body is drained into the posterior cardinal sinuses from the posterior cardinal vein. The pectoral girdle is drained through the subclavian vein. The head is drained through the anterior cardinal vein and the inferior jugular vein. 
Coeliac artery: The first major artery off of the aorta after it passes through the transverse septum, gives rise to branches to the gonads , esophagus and cardiac end of stomach. Further down it gives rise to the gastrohepatic artery which gives rise to the gastric and the hepatic arteries. After this junction the coealc continues into the pancreaticomesentric artery.
The two main branches off f the aorta are the coelic artery and the posterior intestinal artery 
Mammal
The posterior and anterior vena cava bring deoxygenated blood back to the heart. 
Thoratic veins draining blood to the heart- internal and external jugular vein. Right and left subclavian veins 
The aorta leaves the left ventricle. The aorta begins to curve dorsally , the branchiocephalic and the left subclavian arteries branch from the arch supplying the head , neck and forelimbs. 
The left and right branchiocephalic veins join to form the anterior vena cava.
Venacava—right atrium--right ventricle—pulmonary artery—lungs—ox-pulmonary veins—left atrium – ox-left ventricle –ox-aorta--- body parts.
Blood travels from the inferior vena cava to the right atrium then the right ventricle. It then travels through the pulmonary artery to the lungs where it gets oxygenated. Oxygenated blood comes in through the pulmonary veins into the left atrium and then the left ventricle. It then travels through the aorta, the dorsal aorta carries blood to the parts of the body
Mudpuppy
The second and third efferent branchial arteries branch off towards the lung carrying blood after it has passed through the gills. The pulmonary vein carryes blood from the lungs to the left atrium Then the ventricle. Then the right atrium 

Bulbus arteriousus , ventral aorA 

2ND AND 3RD efferent unite immediately after leaving the gills. The 1st efferent soon joins them to form the radix aorta. The radix from each side come together to form the dorsal aorta, blood is then supplied throughout the body. 
The internal and external carotid arteries branch off from the first efferent to supply blood to the head region 
The pulmonary artery arises from the united 2nd and 3rd efferent branchial 
Body is drained by the posterior venacava which passes through the liver and splits into the divided hepatic sinuses which join the common cardinal veins. The common cardinals also receive blood from the subclavian veins from the forelimbs . The head is drained by the external jugular vein 
Urogenital (shark)
The testes and the kidneys are drained by small ducts into the zigzag (ductus deferens, or mesonephric ducts). Down to paired seminal vesicles that lead to paired sperm sacs on either side of the cloaca. The cloaca is the opening for urinary and digestive waste as well as sperm. 
Female- the anterior end of the oviducts are called ostium tubae, from which each duct loops forward towards the liver before beginning its posterior course. 
The shell gland? Secretes membranous shells around clusters of ova.
[bookmark: _GoBack]NOTE:
Mesonephric duct only serves for waste products in females. 
1) The mesonephric ducts in male sharks are coiled ducts lying on the ventral surface of the kidneys, they serve for the passage of sperm and urine
2) Kidneys regulate extracellular fluid volume and excrete wastes and toxins
3) An oviduct is the tube where an eg and or ovum pass through. Mammals
4) The kidneys are drained by ureters, very small, often pale vessels that are easily damaged before being identified. Seen in the pigeon
5) The loop of Henle is a tube that is part of the kidney. It forms a long loop in the medulla of the kidney, from which water and salts are reabsorbed into the body.

Mudpuppy-Females receive and store sperm in the fall but only lay eggs in the following spring. Up to 150 may be laid for 6 -9 weeks before hatching. It takes up to 8 years for them to reach maturity but they can live up to 25 years.

Pigeon
Oviduct has 5 regions- the ostium the isthmus, uterus, albumen gland 
Female- the kidneys are drained by the uterer  
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