I. 32.1 Echinoderms
A. Major Characteristics
1. Endoskeleton – 
a) Made of ossicles (individual calcium rich plates) 
(1) Enclosed in living tissue in the young - a true endoskeleton
(2)  Covered in a layer of hard skin in adults

b) Some species have fused plates that function like an exoskeleton, providing sites for muscle attachment and a protective shell. 
c) Most echinoderm skeletons have spines that project upward through the skin

2. Five part radial symmetry – 
a) Bilaterally symmetrical as larvae, they develop into a 5-part radial plan as adults, however the number of arms may vary

3. No head or brain – 
a) Their nervous system consists of a central ring of nerves that extends out into each arm
4. Regeneration – 
a) Most species can regenerate an arm if lost or a body if the severed arm contains part of the central disk.  
b) They can’t regenerate a body from an arm alone.

5. Water-Vascular System – 
a) System of interconnected canals and tiny tube feet filled with water. 
b) Feet may have suckers on the ends and serve in movement.  
c) System also plays a role in feeding and gas exchange.
6. Coelomic circulation and respiration – 
a) Body cavity serves as a simple circulatory and respiratory system.  
b) Particles including gasses move freely in the cavity.  
c) Some species have skin gills to aid in respiration and waste removal; these fingerlike projections grow between the spines and create an increased surface area for gas exchange and waste removal.

B. Types of Echinoderms

1. Sea Stars

a) Most are carnivores and important predators in marine ecosystems
b) Pedicellaria – pincer like structures containing their own muscles and nerves that will snap at anything that touches them

2. Brittle Stars & Sea Baskets

a) Largest class of echinoderms

b) Have slender branched arms they use to row along the ocean floor, they get their name because these arms break off easily

c) Filter feeders, live in cracks in the coral reefs

3. Sea Lilies and Feather Stars

a) Most ancient of echinoderms

b) Mouth is located in the upper rather than lower surface of their body
c) Sea lilies are sessile and attach to the ocean floor by a stalk, Feather stars use hook-like projections to attach themselves to the coral reef but may move short distances
4. Sea Urchins and Sand Dollars
a) Lack distinct arms
b) Spines provide protection and in some cases contain a burning venom, other species have modified pedicellaria containing a paralyzing toxin
c) Sea urchins live on the ocean bottom while sand dollars are found in sandy areas along the sea coast
5. Sea Cucumbers
a) Soft bodied, slug-like with out arms have small ossicles that are not fused together
b) Mouth is surrounded by several modified tube feet covered with a sticky mucus to trap plankton

c) Can release several sticky threads from its anus to entrap an attacker

6. Sea Daisies

a) New Class, only two species are known

b) Have 5-part radial symmetry but no arms, tube feet run along the edges of the disk

II. 32.2 Invertebrate Chordates
A. Major Characteristics
1. Completely internal endoskeleton
2. Notochord – stiff but flexible rod of tissue that aids in locomotion, develops along the back of the chordate and has muscles attached to it

3. Dorsal nerve cord – hollow tube with nerves attached that travel to different parts of the body

4. Pharyngeal slits – slits in the wall of the pharynx (tube that connects the mouth to the digestive tract) 

5. Postanal tail – tail that extends beyond the anus

B. Three sub-phyla

1. Sub-Phylum Vertebrata – (vertebrates) will be studied later
2. Sub-Phylum Urochordata – (Tunicates)

a) Only the free-swimming larvae have nerve cord, notochord, and postanal tail, however adults do retain the pharyngeal slits
b) Sessile, filter feeders, marine animals
c) Tunic – tough sac lined with cilia that gives them their name

d) Feeds by drawing water through the incurrent siphon passing it through the pharyngeal slits where food is filtered out, waste is passed from the body through the excurrent siphon. 
e) May reproduce sexually as hermaphrodites, or asexually by budding
3. Sun-Phylum Cephalochordata (Lancelets)
a) Get their name from their blade-like shape
b) Resemble fish, but are scaleless, translucent, and only a few centimeters long
c) Muscles are v-shaped bundles arranged in repeating segments
d) Found world-wide in shallow ocean water with their tail burrowed in the sand and mouths protruding. 
e) Feed by filtering microscopic protists from the water 
f) Reproduce sexually with a distinct male and female gender
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