





Rat Body Systems
INTEGUMENTARY (Outer body covering)
Skin with hair/FUR (prevents loss of body heat/ identification/camouflage) made of KERATIN
Stored FAT acts as insulation to hold body heat/stored energy; 
MAMMARY GLANDS (modified sweat glands) produce milk
SKELETAL  - Endoskeleton made of bones
DIGESTIVE

High food requirement to fuel high metabolism (ENDOTHERMIC) and allow extended activity
Specialized teeth reflect differences in diet; 
     Rodents have 2 pairs of continuously growing INCISORS /must gnaw to keep them proper length
Digestion BEGINS IN MOUTH with Chewing by TEETH (begins to break up food) 
     & addition of DIGESTIVE enzymes (amylase-digests starch) from SALIVARY GLANDS 

Some hoofed animals have 4 chambered stomach (w/rumen)

Non-cud chewers have cecum (pouch at junction of  small/large intestine) where microorganisms digest plants
     Human APPENDIX is VESTIGIAL (leftover/no longer functioning) cecum
ESOPHAGUS- carries food to stomach;  STOMACH- digestive enzymes/acid/muscles  break down food; 

Pancreas makes TRYPSIN (digests proteins) for small intestine; 
liver makes BILE (to breaks down fats) for small intestine, stores glycogen and vitamins, and processes toxins including nitrogen waste/drugs;  
RATS HAVE NO GALL BLADDER but in most mammals a gall bladder stores bile; 
3 part Small intestine-DUODENUM receives bile and trypsin & continues digestion;
       JEJUNUM & ILEUM complete digestion & absorbs nutrients; 
VILLI-fingerlike projections inside small intestine increase surface area inside lining
Large intestine (COLON)-absorbs water & concentrates digestive waste; RECTUM- stores feces waiting to exit; Separate digestive exit = ANUS; No CLOACA (except monotremes- egg layers) 

RESPIRATORY

High oxygen requirement to fuel high metabolism; GLOTTIS-opening for air; EPIGLOTTIS-flap that covers opening to prevent food going down wrong tube; TRACHEA-cartilage rings prevent collapse; splits into 2 BRONCHI; LARYNX-voice box;
Lungs with millions of ALVEOLI (tiny air sacs increase surface area for more gas exchange)
diaphragm (sheet of muscle below ribcage) helps pull air into lungs; More efficient than amphibians/reptiles

CIRCULATORY

Most efficient blood flow with 4 chambered heart; 

2 loop system (PULMONARY to lungs and back & SYSTEMIC to body organs and back)
4 chamber heart (2 atria & 2 ventricles) so  HIGH oxygen/LOW oxygen blood don’t mix
ARTERIES leave heart; VEINS return to heart; CAPILLARIES exchange gases/nutrients;
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Largest Artery leaving heart to body organs = AORTA  
PULMONARY ARTERIES carry blood to the lungs

PULMONARY VEINS return blood from the lungs 

SPLEEN collects, processes, and stores blood cells
Red blood cells have no nuclei (unlike other vertebrates)  
     so there is more room to carry oxygen
EXCRETORY
Kidneys  regulate ion/water balance AND remove UREA from blood/dilute with water to make urine; 
ureters carry urine from kidneys to URINARY BLADDER which stores urine; URETHRA carries urine from bladder to exit.  No cloaca (except monotremes - egg layers) Females have separate opening for urine; males share opening for urine and sperm (UROGENITAL OPENING)

REPRODUCTIVE
Separate sexes; Internal fertilization; 

Males: PENIS for transferring sperm inside female; 
testes- (makes sperm) placed outside body in SCROTUM because mammalian sperm production 
             requires temperature that is cooler than body temperature; 

EPIDIDYMIS- coiled tubules where sperm matures and grows tail; SEMINAL VESICLES-Add fluid to sperm;
vas deferens – tubules carry sperm to urethra which carries sperm out of body 

     MALES: urethra carries BOTH urine & sperm;
     FEMALES: have separate exit openings  for excretory & reproductive systems

Females: ovaries make eggs; FALLOPIAN TUBES (OVIDUCTS) – carry eggs to uterus; UTERUS -muscular organ where embryo grows;  VAGINA-receives sperm and acts as pathway for babies to exit

Placental mammals= mother provides nourishment/oxygen to embryo via placenta attached to uterine wall

Mammary glands make milk to feed young. Young depend on mother for food and care after birth

NERVOUS
Mammalian brain = 15 times larger than other vertebrates
Most of increase due to larger cerebrum; Surface folded to increase  surface area without increasing volume
CEREBRUM (greater thinking skills- evaluates info from sense organs, controls movement, regulates behavior, memory, learning); CEREBELLUM-motor coordination; MEDULLA OBLONGATA- involuntary body organs
OPTIC LOBES, CEREBELLUM, MEDULLA OBLONGATA are folded underneath CEREBRUM
Depend on senses; varies with organism & environment
VIBRISSAE (whiskers) – sensory, EXTERNAL NARES; PINNA (outer ear flap)- catch sound; 
TYMPANIC MEMBRANE (eardrum) inside head; 3 small bones in inner ear
EYES see color/good DEPTH PERCEPTION (eyes on front of head)

ENDOCRINE:  PANCREAS make INSULIN which tells cells to save glucose as GLYCOGEN and GLUCAGON which tells cells to break down stored glycogen and release sugar into the blood stream
The endocrine system in mammals is the most complex. The THYROID GLAND makes THYROXINE which controls cell growth and differentiation and regulates metabolism. There are many other GLANDS such as the PITUITARY, ADRENAL, and PARATHYROID GLANDS which help to control other body organs, growth, development, and reproductive functions.

MISCELLANEOUS
Eucoelomates/Vertebrate deuterostomes (blastopore becomes anus; radial indeterminate cleavage)

Dorsal spinal cord/ventral heart

Endothermic (warm blooded) allows for sustained activity & ability to live in wide range of habitats 
20 orders of mammals ( 95% of mammals are placental)

     Humans are in mammalian order called PRIMATES (See characteristics below)
Mammals descended from early vertebrates called THERAPSIDS
First small mammals appeared about same time as dinosaurs.

Extinction of dinosaurs allowed mammals to expand into more environments.

Rat:

   Kingdom: Animalia

   Phylum: Chordata

   Subphylum: Vertebrata

   Class: Mammalia  “breast”
   Order: Rodentia   “to gnaw” 
CHARACTERISTICS OF MAMMALS


CHARACTERISTICS OF PRIMATES

Endothermic





Larger brain (cerebrum)
Hair/fur





Forward facing eyes (depth perception)

Nurse young with milk




Fingernails instead of claws

4 chamber heart




Grasping hands

Single lower jawbone

Specialized teeth
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