Mollusca
Molluscs are “Trochozoans” that have a trochophore larval stage. This name comes from the ciliated band that surrounds the midline of the organism which traps food and propels it towards the mouth. This larva will undergo morphological changes to become part of the various phyla. 
Schizocoel
Metanephridia – a ciliated funnel that is suspended in the coloemic fluid of the body cavity. The cilia beats to propel fluid into the funnel. As the fluid passes down through the tubules into the bladder where it is stored, we will recover essential elements. Problem: if any essential salts/nutrients/proteins required by the animal we have not removed them, therefore will process that fluid to recover these items,therefore by the end the “urine” has nitrogenous waste and other things wanting to discard and keep the things it wants. 
Mollusca have:
Radula – grating structure on tongeto grate against substratct to consume it as foof. Huge innovation, no one else did this yet
Dorsal mantle: epithelium responsible for producing a shell, also first to be able to huide inside a shell away from predators.
Muscular foot: used for locomotion with viscera on top, mantel on top for that
Retractor muscles: pull shell closed to hide
Tetraneural nervous system: 4 components, not a paired nervous system

Mollusc diversity – adaptive radiation: major features of molluscs have adaptively radiated into highly aggressive predators, sessile filter feeders, or terrestrial organisms with rotated and twisted bodies. 
HAM – hypothetical aggregate ancestor. A model where all the characteristics are aggregated together to see how they work as a whole. 
Radula: huge innovation. Tongue like structure called the odontophore, the radula sits over the surface of the odontophore. It has complex teeth that enables it to grind at the substrate. There are odontophore musculature that stick out the tongue and pull it back in, but also havs radula musculature that make it slide across the top of the odontophore. When it feeds it sticks tongue out and then slides teeth back and forth across substrate to turn films into particular debris to then consume.  Problem with this type of feeding: particulate material is not consolidated, ie. It is loose. Next step – mucuous to trap particulate material to then process. Teeth sharp and pointy  = predatory, more flat and grindy = plant matter eater
Dorsal mantle covering visceral mass: an epithelial layer capable of secreting mineralized shell. Occurs in Cambrian when calcium salts start to build up in environment, first molluscs puts calcarius spicules in it skin, which eventually blend together to form a shell over the surface of the animal. 
Shell – secreted by mantle epithelium. Has 3 components: 1) periostracum  - mixture of calcium salts and proteins, protects shell from degradation in mild acidification of waters in which they live. 2) bulk of shell: prismatic layer. Has calcium cyrstals that give it bulk and weight. 3) nacreous layer looks opalescent, mother of pearl. Epithelium from mantle is growing out from central point, and epithelium is rubbing against nacreous layer, so it doesn’t damage from abraision the smoothest layers of crystals are placed there in a substance called nacre, which gives it its name and look = how you end up with pearls. Pearls = sand grain gets into epithelial layer and irritates epithelium of mantle, starts to secrete nacre to surround irritation, smooth it out and protect it. 
Ciliated muscular ventral foot: series of contractions on alternate sides that propel it along. 
Tetraneural nervous system: a nerve ring that supplies nerves up to visceral mass and another ring down to the muscular foot. Instead of an interior brain and a central nerve tract, had a ring of nerves that surrounds the esophagus and sends it up and down. = very specialed function of each section.
Ctenidium – new respiratory structure. A set of ciliated gills set inside a space creating a unidirectional flow inside the mantle cavity to move water over the surface of the gills, to propel water through and as it moves through it takes out waste from excretory system at end of digestive tract. 
Complete digestive system: particulate food is hard to manage, need to be consolidated. What happens is – digestive system is a tube with a digestive gland off the side to completely digest food inside this gland, not everything consumed is food because it is particulate matter. Therefore a new sorting system to sort food from debris and non food items. Cilia linging esophagus push mucous string containing particules along, inside the stomach is crystalline sytle – a proteinaceous needle secreted by the style sac. Inside the style sac there are cilia that beat and spin the crystalline style in one direction, which sticks out into entrance where esophagus is, as string of mucous passes it it winds it around the needle. To separate food from mucous: theproteins in it include the enzymes to dissolve the mucous. Inside the stomach is the gastric shield, as needle abrades against gastric shield it dissolves into solution and contains enzymes to dissolve mucous. Now dissolved mucous and free particles – food to digest and food to not digest (rock and stone). Liing the wall = area of cilia to sort by particle size and sweep them into the digestive gland. Anything not suitiable for figestion heads right to the intestine for elimination. 
Pericardial cavity with a heart: has an open circulatory system – has no capillaries. Nutrient rich blood sloshes all over and bathes the internal organ system. In a closed system – capillaries interidigitae with tissues to supply blood. Haemocoel: a cavity filled with blood. NOT the true coelom, the trueone is the cavity that surrounds the heart itself : the pericardial cavity. Heart has 2 atria that go out to blood vessels, pumps blood out and pulls blood in from across the ctenidium to the heart, out to bdy, back into haemocoel.
Reproduction/excretion: the metanephridia are within the pericardial cavity (what is left of the coelom) and filter the coelomic fluid and clean it up of nitrogenous wastes. Gametes are associated with the ductwork of the metanephridia bc the fluids that move through there carry the gametes to the outside of the body. Gonads releaed gametes into pericardial cavity/coelmon, are taken up by metanephridia tubules and carried out of the body along with fecal wastes
Larva: trocohpore larva undergoes morphological change into veliger larva – has a large shelf of cilia for feeding, and begin to grow shells. 

Clams
HAM has become laterally compressed, viscera is pushed into the foot, the foot is surrounding that, and the shell is folded in half = completely protected inside its shell. Have huge ctenidia that are used to pump water into the shell cavity, cilia either pump water or they trap particulate food to pass via mucous to the mouth and in. therefore bivalves have stopped creating their own particulate food. There is no head, no anterior sensory structures. The dig into the sand, open edge of mantle cavity with incurrent and excurrent openings, used this to pick up food. Can therefore hide in substrate pulling in water and pumping out waste. Series of muscles to close and open the shell: adductor muscles clamp down to close the shell, for shell to open the just have to relax. Bivalves have lost their radula and eyes, cephalization, etc. 
Locomotion: move with their muscular foot – they force haemolymph into it to change its shape. They anchor themselves by opening their shell into the substrate and then push the foot forwards and down into the sediment. The foot swells with a knob at the end when extended to anchor at the other end, shell closes, retractor muscles pull shell dow through sediment, and repeat. Can also move laterally to push against substrate for locomotion.
Freshwater clam life cycle: has unique larval stage. The female releases glochidia larva which swim away and attach to fish gills and feed off their nutrients, grow until big enough, release from fish and fall to sediment to live. 
Zera mussel: invasive species, extremelely efficient at filtering water before our own clam can, zebra mussel filter out so much matter that sunlight can now penetrate to bottom of lakes causing big algal plants to grow. 
Adaptations as predators: squids and octopi

Squid
Internally: conical visceral mass surroundined by muscular cone that can expand and contract – when expanded it releases itself from body wall, when contract is compresses itself and pushes water out of the funnel. 
Circulatory system: 2 more hearts added, one on each end of the cenidia. Systemic heart squeezes blood out to entire body, branchial heart aka gill heart squeezes blood through the tenidia. It is no longer passive, blood is purposely pushed through gills to systemic heart and out to body. No longer open system, it is closed with capillaries to tissues. No longer need cilia to arrate ctenidia. 
Digestion: same except optimized to be able to feed on large pieces of food. Has chitinous jaws, shoots arms forward to grab prey and tear away at prey with jaws and pass into digestive system. Still have radula but doesn’t do anything in particular. Digestive system becomes bilobd: food from esophagusinto muscular stomach where ground up. 2 sections: absorb nutrients, and produce digestive enzymes. 1) enzyme production in the”liver” that sends enzymes into stomach to grind up and liquefy food. 2) from stomach small particles sorted by cilia and sent to cecum for absorption. 
Reproductive system: transfer sperm from male to female using hetocotylous arm. Male takes arm, places it inside mantla cavity and transfers spermatophore to arm, mates with females by insterting arm and deposits spermatophores at opening to her genital tract, sperm migrate into seminal receptacle where eggs stored until fertilized. Female: deposits eggs with small amount of nutrient so that little squid develops inside egg and hatches as a miniature of adult )direct development), put in egg cases in nidamental glands when she deposits her eggs/ 
Squid eye: consists of lens w retina behind it, lends focuses inverted image on the retina, nerves that lead from retina are used to interpret the image, from that image the squidcan recognize things. Nerves exit from the back of the retina cells, which is different than vertebrate eye. 
Colour production: chromatophores work in combination with iridiocytes. Iridiocytes are mirror cells that reflect light, the elastic capsule chromatophores are able to change their shape – a nerve signal causes cointractile elements to expand chromotphores open = a colour filter over the mirror. Depending on what colour is here, it will absorb certain wavelenthgs of light and reflects others back. Doing this at differeing degrees composition of light reflected back changed. By using a mixture of chromatophores, it is able to change its colourappearance under nervous control = defensive mechanism to hide in their environment. Bioluminescence –can produce light as a communication strategy
Nervous system: ganglia from all over body are now concentrated into a large brain which sends large nerves out to different areas to control activities. Brain is covered in cartilaginous protective casing. 

Snails
Torsion: 22:56 (class before break)

Skipped to Annelids 38:28
Took a coelmonic cavity and repeated it linearly down the length of the animal = segmented worm. Ie. Metamarism of the mesodermal structures. A major innovation because allows a new form of locomotion and associated burrowing. Ectodermal things also segmented. 
Setse hairs – 4 bundles of chitinous setae hairs for movement
Metamarism: blocks of mesoderm with colemoic cavity added between peristomium and prjidium… keeps going until have segemtatally arranged structures with mesodermal skeleton underneath. Eg. Earthworm – coelmic boxes separated by septal walls, within each circular muscles outside and longitudinal muscles inside. Seate made out of chitin – poarity in molecules + and- down length of organism that can interact with each other to give rigidity and structure.
Parallel chitin strands (B-chitin sheets) = not as tight as if they were antiparallel (a-chitin sheets)
Use it as a mechanism to anchor themselves for locomotion
Earthworm body wall: arrangement of circular and longitudinal muscles in coelmic cavities that are separated by each other by the septae = distinct outer body wall with epithelium (no protective because use it as respiratory surface), to move: each coelmic boxes is moving independently of each other. When long muscle contract and diameter of segment enlarges, it forces setal hairs out to anchor, all segments in front contracts cicular muscles setal hairs contract in and it lengthens and moved forward. Once extended to maximum length, it contracts longitudinal, etc. repeats  ie. Alternating contracting boxes that moves across substrate by anchoring setae
Also use this locomotion to burrow into the substrate.. as it moves through the substrate it surrounds it, ingests it, surrounds it, ingests it, etc. and passes dirt along figestive tract and extracts nutrients etc. and releases soil out the other end. 
Problem: coellmic fluid is now part of the hydrostatic skeletion, therefore it can no longer be used as a circulatory fluid. Therefore needed new circulatory system to move nutrients. 
Circulatory system: dorsal blood vessel on top moves blood anteriorly, ventral moves posterior. Therefore blood moves toward head and it sent back to the back, lateral connectives connect the two : these pass through either the gut intestinal vessel (adding nutrient to blood), out to body wall (bc breathe o2 by diffusion across body wall), and metanephridia (clean nitrogenous waste from blood before passing it back to the top).  Byt the time it reaches the anterior the blood spills into the capillary system and is supplying the brain and nervous system with hgh nutrient, clean blood to power the nervous system. = first closed circulatory system bc could no longer use the colemic fluid for nutrient transport.  One exception to this flow of blood: 5 blood vessels called aortic arches where the blood flows in the opposite direction – these are the segments where the reproductive organs ar located. The system has modified itself to ensure the reproductive orangs get some of the best blood too for egg and sperm production.  Also has haemoglobin (oxygen transport protein)
Digestive system: consist of tube that is within the wall of the eathwrom, has an infolding= typhlosole that increases surface to volume ratio. Also has chloragogue tissue that does de-amination and remove nitrogenous components – deaminated as ammonia and excretes as urea. 
Gut: has muscular pharynx to bring food into the mouth. Esophagus takes food to processing region: a crop (region for storing food), when ready to be digested it is passed into grinding muscular gizzard and then into the intestine. Problem: gets influx of excess calcium , therefore calciferous glands remove excess calcium from circulatory and changes it to insoluble form that can be removed from the body. 
Metanephridia: filters coelmoic fluid, these are metmerically arranged. Each metanephridia is connected to circulatory system via lateral connectives that recovers nutrients that metnephridia filtered by mistake, metanephridia takes nitrogenous wastes from circulating blood, and fluid is oozes out of nephridiopore to excrete from body. Secretions very liquidy, this helps keep moisture on the surface of the body which is necessary for respiration
Nervous system: ventral nerve cord with connectives to pharynx and brain ( called superesophageal ganglion). This is also metamerically arranged – a ganglion in each segment with a set of nerves that control activities in that segment, tbu there are also connections between the segments. In ventral nerve cord: giant axons that control the majo escape and defensive response of the worm. If the worm is attacked it keeps its tail end always in its burrow, and it conracts all of its circular musclers to lengthen and look for foos in substrate. If attacked it contracts longitudinal muscles to shorten itself and retract back into its burrow. The giant axon supplies all of the segments with information
Reproductive system: hermaphordites. Gonads appear only in certain segments (with different modified pumping hearts mentioned before). A pair of testes produce sperm that are funneled into 3 seminal vesicles to be stored. When mating time, sperm leaves seminal vesicles and enters funnel that moves to outside of animal as the opening of the male reproductive system. 1 ovary with its own funnel that opens to the outside. 2 worms orient in opposite directions and place the openings to the sperm ducts to the opening of the seminal vesicles of the other worm and release the sperm. While mating, they are glued together by ooze produced by clitellum that keeps them tied together so all sperms into the other invidivudla. When finished – clitellumsecretes mucous sleeve, worm wriggles and sleeve moves forward along the length of the worm, it passes in front of the ovary opening, then in front of the seminal receptacle opening, then slides off the worm. Inside, is where a little worm will be born inside this sleeve cocoon until it burrows its way out when mature. 

Nereis (marine worm) is an errant polychaete : errant means it can swim 
Nereid body wall: ave parapodium = fleshy feet on each side, purpose is for locomotion. 2 compoents: upper (notopodium) and lower (neuropodium, called so because nerve cord is on that side, ie. The neural side of the organism). Inside are 2 pairs of setal hairs that poke out on the outside. Musculature differs from eathworms – there are huge blocks of longitudinal muscles on each side of the bodu, 2 block dorsally and 2 blocks ventrally, the circular muscle is an extremely thin layer just underneath the cuticle. This is because they move primarly by contractions of longitudinal muscles. Divided in 2 blocks because they contract them at different times. 1 segment contracts muscles on left side and stretch them on the right, and vice versa = S curve as it contracts = accordion like motion that creates lateral undulations – it weaves inside of moving straight ahead. While doing this, parapodia oblique muscles raise and lower parapodium, as it pivots is pushes parapodium on one isde and lifts the other, and then vicer versa = gripping into substrate and releasing. Chitnous rod inside parapodioum for support. If these contractions get fast and hard enough it can launch out andswim and use parapodioum like paddles.  (20 minutes)
Nereid head: anterior end on peristomium is sensory structures: set of eye cups on the head – can tell where things are moving etc. by shadows, use as mechanism to capture its prey. Has a very big muscular pharynx, when shadow moves across eye cups it knows how close prey is, then reflexively fires out its pharynx, inverts it, jaws unfold and then stabs prey and pulls it back into the digestive system. 
Circulation: paradpodium are important gas exchange surfaces, have capillaries in them. Dorsal vessel brings food forward, ventral takes blood back, branch up through gut, branch to metanephridia, branch out to paradpoduim (all like earthworm). However they have no gonds. Nereis produice gamets only in season, gonads only appear on septal walls in season, colemoic space fills with gamets, they flow out the metanehpridia to the outside. Because of this, no opposite flow like seen in the earthworm. 

Leeches
Body wall: have gotten rid of the body cavity – filled in coelmic cavity. Instead have layers of muscle for locomotion characteristic of leeches: either flatten out and undulate, or use their suckers to clamp on to a host. They can use their muscles to change their shape because their insides are mushy. 
Coelom: wall of coelom is shrinkwrapped down and is covering every organ, so only have a small amount of coelmoic space around each. Thes spaces = sinuses. This allows leech to have a flattened structure and also to use their suckers to move around between hosts. 4
Feeding/digestion: leeches haveto store food (between hosts), so have a very large crop. No longer have simple tubular gut, instead have divided it up into large crop on anterior end. Problem: more space using for storage and less for surface area of digestion, so to compensate have cecums that stick out down the length. 
Medical leech (hirudinida): 3 big chitnious jaws to clamp onto the host, attaches and drinks the blood. Unique: it has a preference for venous blood that is returning back to the heart, therefore if you put these leeches on the wound, they drink any hematomas and also secrete and anticoagulant that lets more blood flow through damaged blood vessels to help repair them. Very common in reattachment surgeries.  
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