The Vertebrates & Fishes

I. Classification

a. Kingdom Animalia
b. Phylum Chordata
II. Evolution

a. True, internal skeleton

b. Flexible rod along the back

c. Attachment of muscles to this rod

i. Key evolutionary advancement!!

ii. Made it possible for large animals to evolve

III. The Chordates

a. Approx 43,000 species

i. Includes: birds, reptiles, amphibians, fish & mammals

b. Feature characteristics

i. Single, hollow nerve cord

1. dorsal surface

2. in vertebrates ( brain & spinal cord

ii. notochord
1. long, supporting rod

2. sits below the nerve cord

iii. pharyngeal slits

1. links mouth cavity & esophagus to outside

2. present in embryos of ALL vertebrates

3. become slits for animals with gills

4. animals without gills ( it disappears

iv. posterior tail that extends beyond the anus

c. Other distinguishing characteristics

i. Internal skeleton

ii. Muscles which attach to skeleton

1. allows for rapid, versatile movement

d. Most Chordates ARE vertebrates

i. 99% are in subphylum Vertebrata
ii. vertebrates have backbone (vertebral column)

1. made of individual segments called vertebrae

2. function:  to enclose & protect the spinal column AND give support

e. Nonvertebrate Chordates

i. Subphylum Urochordata
1. tunicates

2. filter feeders

3. no notochord or tail

4. sea squirts

ii. Subphylum Cephalochordata
1. lancelets

2. gills & closed circulatory system

IV. Characteristics of Vertebrates

a. Subphylum Vertebrata (*chordates with a spinal column) – main differences

i. Vertebral column – series of bones that protect dorsal nerve cord

ii. Head – distinct region with a skull & brain

b. Other differences

i. Neural crest – embryonic cells are key to development

ii. Internal organs

iii. Endoskeleton

V. Evolution overview timeline

a. 470 million years – 1st vertebrates evolved

i. jawless fishes

ii. looked like flat hot dogs!  (
b. hinged jaw fishes

c. amphibians

d. 1st reptiles – 300 million years ago

e. 220 million years ago – dinosaurs & mammals appear (1st mammals were no bigger than a cat!)

f. 65 million years ago – dinosaurs disappear

g. mammals & birds take over

h. diverse group of Vertebrates

i. eight classes (4 fish, two of which are extinct; and 4 tetrapods)

1. Mammalia – mammals

2. Aves – birds

3. Reptilia – reptiles

4. Amphibia – amphibians

5. Osteichthyes – bony fish

6. Chondrichthyes – cartilaginous fish

7. Cephalaspidomorphi – lampreys

8. Myxini- hagfish

I. Fishes

a. Over half of all vertebrates are FISH!!!

b. Evolutionary base for amphibians

c. Characteristics of fishes

i. Gills – way to get oxygen out of water

1. tissues with many blood vessels

2. located in the back of the pharynx

ii. Vertebral column

1. internal skeleton

2. brain enclosed in skull

iii. Blood pumped from the heart to the gills

1. from gills to body

2. blood returns to the heart

iv. Nutritional deficiencies

1. must consume amino acids (AA’s) in their diet

2. can’t make their own AA’s

3. all vertebrates have this “problem”

d. 1st fish

i. bottom dwellers

ii. jawless mouth

iii. flat head

iv. eyes on upper surface

v. descendents  - lamprey & hagfish

e. major development – hinged jaw!!

i. Evolved from one set of gill arch supports

f. Developing better swimmers

i. Streamlined body

ii. Mobile fins

1. large, efficient tail

2. stabilizing fins (dorsal & ventral)

3. paired fins (help with sharp turns)

II. Sharks become TOP predators – Class Chondrichthyes
a. Characteristics

i. Skeleton of cartilage

1. semi-calcified

2. very light & strong

ii. streamlined

1. paired fins

iii. 1st vertebrates to develop teeth

1. evolved from scales

2. 20 rows – teeth are always new & sharp

iv. internal fertilization of eggs

1. shark pups are born “alive”

b. Development of skates & rays

i. Approx. 200 million years after sharks

ii. Rays are like flattened sharks

iii. Bottom dwellers

c. 275 species of sharks today

III. Bony Fishes

a. Class Osteichthyes
i. What is a Fish?

1. any aquatic vertebrate that has:

a. paired fins – movement

b. scales – protection

c. gills – gas exchange

2. Form & Function in Fish

a. Feeding

i. Many different methods of feeding

ii. Herbivores, carnivores, parasites, filter feeders, detritous feeders (garbage gut)

b. Respiration

i. Gases are exchanged using gills

1. made of gill filaments

2. contain many capillaries 

3. large surface area

ii. lungfish – special organs that act like lungs

1. in times of drought they bury themselves in mud

2. cover themselves in mucous

c. circulation

i. closed circulatory system – blood is pumped in a loop

ii. heart( gills ( body ( heart

1. sinus venosus

2. atrium

3. ventricle

4. bulbous arteriosus

d. excretion

i. waste is excreted as ammonia

ii. kidneys filter waste from the blood
iii. kidneys also regulate the amount of water in the body

e. response system

i. well developed nervous system

ii. olfactory bulb – sense of smell

iii. cerebrum – voluntary activities

iv. optic lobe – sense of sight

v. cerebellum – body movements

vi. medulla oblongata – controls functions of internal organs

vii. well developed eyes – great color vision

viii. lateral line system – to detect currents & vibrations

f. movement

i. fish create curves in their bodies in order to move

ii. fins & tail help propel the fish

iii. streamline body to help decrease drag (friction)

iv. swim bladder 

1. just beneath the backbone

2. helps with buoyancy

g. reproduction

i. eggs can be fertilized internally OR externally

ii. oviparous

1. eggs hatch outside mother’s body

2. embryos get their nutrients from egg yolk

iii. ovoviviparous

1. young are born “alive”

2. embryos get their nutrients from egg yolk

iv. viviparous

1. young are born “alive”

2. embryos get their nutrients from the mother

b. almost all bony fish are ray finned fish

c. 7 species of lobe finned fish

i. lungfish – freshwater

ii. coelacanth – saltwater (thought to be extinct)
d. Ecology of Fish

i. Migration to breed

1. anadromous

a. live in ocean

b. migrate to fresh water to breed

c. salmon

d. recognize the “home” stream by smell

2. catadromous

a. live in fresh water

b. migrate to ocean to breed

c. European eel

