BONY FISH BODY SYSTEMS
INTEGUMENTARY:  : protection/reduce water resistance

Skin covered with SCALES (thin, round disks of bone-like material)
Scales overlap like shingles on roof and grow from pockets in skin; point toward tail to reduce friction in water;  
    Growth rings on scales give idea of fish’s age
Body: dark on top/light on bottom for camouflage

FINS: for defense/motion      Supported by rigid spines or RAYS (defense)
    CAUDAL (tail): moves side to side; propeller

    PECTORAL (side) and PELVIC: for steering, stop, up & down, back up

    DORSAL and ANAL: keep fish upright & going straight ahead
MUSCULAR/SKELETAL-
ENDOSKELETON made of bone for support/protection;  VERTEBRAE = bones around nerve cord
Large dorsal muscles make them top heavy so they float upside down when dead 


CIRCULATORY:  CLOSED- vessels carry blood throughout body; VENTRAL HEART
2 main chambers ATRIUM & VENTRICLE (main blood pumping chamber)

SINUS VENOSUS (collects blood returning) & CONUS ARTERIOSUS  (smoothes flow out)
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SPLEEN- produces, stores, and destroys red blood cells; releases more RBC’s in low oxygen conditions
RESPIRATORY:

GILLS:  GILL ARCH= bone supports filaments; 
GILL FILAMENTS-contain blood vessels for exchange 
    water enters through mouth; forced over gills; large surface for gas exchange (gill filaments);
     water exits out slit behind operculum

Countercurrent flow (water moves away from head; blood moves toward head) 
          allows more gas to diffuse across 
3 Functions of GILLS: 
   1. Exchange gases (O2  & CO2) 

   2.  Remove nitrogen waste (ammonia) from blood and pass it out of body

   3.  Osmoregulation- Control levels of ions and water in blood/body tissues
          Freshwater fish-actively pump ions in   Marine (salt water) fish actively pump ions out
NERVOUS:   More complex than invertebrate ganglia
 Highly developed senses for smell and vision  (areas of the brain for these to senses are largest)

OLFACTORY BULBS-odor/nose;  nostrils dead end sacs for smell only, not breathing

CEREBRUM-  integrate info from all parts; higher thinking = memory, learning, problem solving

OPTIC TECTUM- processes info from  visual (eyes); auditory(ears); lateral line system

CEREBELLUM- motor (muscle)  coordination & balance
MEDULLA OBLONGATA-
       controls “autonomic” internal organs; relay station for sense receptors throughout body

SPINAL CORD- carries nerve impulses to and from brain to body

SPINAL NERVES-connect spinal cord to internal organs, muscles

SENSES: connect by cranial nerves
        eyes/sight; no eyelids      nostrils- smell only/no breathing     ears/no external opening; equilibrium 
        LATERAL LINE: sensory organ along body= senses water pressure; vibration

REPRODUCTION:  SEPARATE SEXES;  DIRECT DEVELOPMENT; EXTERNAL FERTILIZATION
Females lay eggs and males swim over & drop sperm to fertilize
OVARIES-make eggs/ pass through OVIDUCT ;TESTES- make sperm/ pass through VAS DEFERENS
Eggs/sperm pass out through opening behind  anus (UROGENITAL PORE)
Complicated mating behaviors (Spawning); courting; nest building; migrating; some guard nest; 
some take care of young;  a few fish bear live young;   Young are called “fry” 
SWIM BLADDER:  (controls BUOYANCY)

    Allows fish to sink/float at certain level in water without exerting energy to swim

    Gases (O2, CO2, & nitrogen) added and removed from blood to fill bladder like balloon

EXCRETORY:  AMMONIA is excreted through GILLS and KIDNEYS
KIDNEYS have 2 functions: 

   1. remove nitrogen waste (AMMONIA) from blood; 
          URINE – contains ammonia, ions, and water; urine is stored in URINARY BLADDER 
               until it is passed out through UROGENITAL PORE next to anus
   2.  OSMOREGULATION- Regulate water/ion balance in blood and tissues

      
Freshwater fish- urinate constantly      

Marine (salt water) fish –make concentrated urine (w/ little water)
DIGESTIVE:  Most carnivores
MOUTH- jaws with sharp inward pointing teeth (trap food; don’t chew)   PHARYNX = throat cavity   

ESOPHAGUS- muscular tube connecting  pharynx to stomach   

STOMACH (cardiac & pyloric) makes acid & digestive enzymes to start break down of food; 
PYLORIC CAECA-(pouches where stomach joins DUODENUM)- help with digestion  & absorption of nutrients
INTESTINE-completes digestion; absorbs nutrients; collect digestive waste; 1st part called DUODENUM
       VILLI (fingerlike extensions inside intestine) increase surface area to absorb more nutrients
ANUS- exit opening for digestive waste
LIVER- 4 functions:
        1.  secretes bile to break down fats in intestine

        2.  Processes toxins including nitrogen waste from blood

        3.  Stores GLYCOGEN (energy storage for cells)
        4.  Stores vitamins (especially A & D-oil soluble ones)

GALL BLADDER- stores bile made by liver; releases it into intestine

PANCREAS- Makes 3 substances 

      TRYPSIN- (digestive enzyme that breaks down proteins) used by intestine

       INSULIN (causes cells to take up glucose from blood and store it as glycogen) 
       GLUCAGON (causes cells to release glucose stored as glycogen  into blood stream) 

DEUTEROSTOMES / EUCOELOMATES 

KINGDOM: Animalia
PHYLUM: Chordates  (Notochord;  pharyngeal pouches; post anal tail; dorsal nerve cord)

SUBPHYLUM: VERTEBRATA  “bone covering nerve cord”

CLASS: OSTEICHTHYES  ‘bony fish” - largest class of vertebrates


VERTEBRATE CHARACTERISTICS



BONY FISH CHARACTERISTICS
  All Chordate Characteristics (above)  PLUS


Bone instead of cartilage 
   Bones or cartilage around nerve cord



Swim bladder /or lungs

   Cranium (skull)






Scales


   ENDOSKELETON made of bone or cartilage
   Ventral heart with Closed circulation 
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