Mollusc(hemocoel)
Autapomophies: radula(new feeding way), dorsal mantle(secrete calcerous spicules or make shell), Ventral muscular food(locomotion), Tetraneural Nerv Sys(nerve to foot and nerve to visceral body), Retractor muscles!!
**Veliger Larva:found in almost all mollusk. Is a modified trochophore. This undergo 2nd metamorphosis that secretes a shell. (consider this an autapomorphy)**
Aplacophora: no shell.
Polyplacophora: multiple shells. Shell can flex. 
Mollusc Shell: periostracum(outer, has proteins to prevent and protect prismatic), Prismatic(mineralized crystallized rigid calcium structure, if slightly acidic enviro, calcium will disintegrate and dissolve), Nacreous(internal epithelial layer, smooth because is adjacent to tissue, pearl forms in between mantle and shell as nacre is created and wedged in between and builds in there.) . Front is tri lobed, sensory(sensing things near add), add more shell(growth), and muscular component for sealing shell.
Crystalline style:radula grind food to small particles, production of mucus and use of cilia to push food into the stomach. Crystalline style spins in crystalline sac by the incoming mucus with food. As it spins the tip grinds against abrasive structure coiling incoming mucus. Made of protein and enzymes. Enzymes break down mucus to dissolve the particulate food. Cilia then sort particles by size and lrg particles moved to digestive gland. 
Gastro and Cephal: visermass hidden in coiled shell. Forming a well defined head. Has 2 varients.
Gastropods(snails,slugs): under goes torsion(visceral mass twists, making it asymmetric, but toward mouth mouth toward but this benefit larvae). Adult advantage can sense where heading, but anus on head so poop on own head therefore must torsion away from head. During torsion paired structures disappear(make assym). Has Ovotestis to produce sperm and eggs.   Dart inserts and deepest dart makes the other either release sperm or egg. Furthest dart send egg.
Cephalopod:anterior end is the foot. Capture prey with tent and put to mouth. Ganglia nervous system is put in brain case and protected by cartilidge can call it a lil cranium. Circle mantle then spiral now just muscle mantle to allow it to expand. Moves by jet of water via funnel. Ctneidium used for gas exchange cilia not needed water move by mantle. Heart for moving blood to gills(brachial) and hear for sending to body. Digestive system bi lobed, stomach(breakdown) and one for absorption. Everything not absorbed is removed from outward water flow of mantle. Problem repro?genital openings hidden inside. Tentacle go inside grab sperm and puts arm up female and placed sperm by nidamental glands and ovary as she opens sperm pores females 100,000s eggs. Communicate via chromatophores on body, are elastic sit on iridocytes that reflect light, they can camouflage this way. Communicate by bioiluminescence. Eye difference is nerve in back of eye instead front compared to vert. nerv sys in one place mainly for great coordination. Camera Convergence Eye.
Bivalvia: digging foot(symp),Autap: loss of radula, ctenidia and mantle is specialized for filter feeding, laterally compressed. Scallop clam can swim. Adductor muscles shut to close shell. Most viscera in foot. Food in digestive gland move all through tissue. Heart send blood to food and trade there and garbage sent back and cleaned after through gills in pericardial cavity. Gills gather food. Can swell foot to anchor then pull retractor muscle to put itself deep in sand then opens by opening shell to anchor then pushes down deeper and repeat and so on to sit buried in sediments and filterfeed. Zebra Mussel: prolific filter feeder.     
Annelida
Autap: Metamerism of mesoderm down its segments. Has setae that extend out body wall made of beta-chitin.
Trochophore larvae, a peristomal region a prostomium and an anus. They insert segments between prostom and anus(pygidium). Segments added downward below peristomium. 
Septa: seperates each segment by ceolomic cavity
Chitin: structural carbohydrate, chitin react together to make fibers, 
B-Chitin: molecules arranged in same direction. 
Clam Worms:buildi its burrow case from chitin and live in it in ocean. 
Leaches: are scavengers, ectoparasite. 
Annelids:cicular and longitudinal muscles all the way down its segments. Hydrostatic skeleton. Can contract muscles singular muscles which allows it to change shape. Seta is used to help anchor the organism. 
Earthworm: has hydroskeleton. worms two ended gut, front for food. Close circ to push blood through blood vessel to service internal organs. move by wavelike contract in body wall. Each seg has 2 pairs of bristles that grip subst to keep worm from slip, they relx allow sperm to slide forward, front anchor and back move forward. Circular muscle contracts setae stick in and it glides forward then longitudinal contract setae out and it anchors the body. Move by burrowing. They feed as it burrows by ingesting earth as it moves. Moves through body by peristaltic contraction. Its intestine has fold (TYPHLOSOLE) for more surface area for absorption of nutrients. Has chlorgog tissue to deaminate any amino acids to use hydrocarbons. Has pharynx to pull food in, has an esophagus, small storage area, gizzard behind to breakdown. Calciferous glands regulate calcium levels in the blood stream. Metanephrida has funnel to remove ceolomic fluid to the outside from the nephridia pores. Packs nitrogenous waste in urea. Gametes escape via the funnel in metanephrida, which cary them outside organism.  Blood vessels to carry nutrients all around the body. Resp through the skin; Blood through capillaries pick up oxygen and give up co2. Nitrogenous waste collected by excretory organs found in each segment. Collects waste ejects it through pore. They have both sexes in one individual. Stores sperm in sacs. Fertilized eggs held in a cacoon secreted by mucus from the Clatellum, cacoon slides by oviduct and eggs put in it, then by seminal and sperm put in it.  Dorsal heart near anterior end pumps blood, ventral vessel collect blood and moves it around body. Before reaching dorsal vessel Nephridia vessels cleanses the blood from waster and oxygenates ate from exchange through atmosphere with body wall. Nerovus system cephalization is located in anterior end. Ganglion found in every segment to control activities within the segment. Has a series of Giant Axons in Nerve Cord, Giant axon acts as escape tool because they can contract all longitudinal muscles to move forward fastly! Have 5 aortic arches that pump lrg volumes of blood towards ventral side cuz most organs found there especially reproductive organs. 
Nereis: leg appendages called parapods. Setae stick out parapod Capillary beds pick up oxygen and move around body by circ. Gills used in food getting not just breathing. Has upper notopodium and lower neuropodium that makes up a paropod. Has muscle to raise and lower from body. Uses reorganization of muscles to move. 4 larg muscles. Hydrostatic box with 4 muscle bands, the pair muscle bands contract on one side and causes the other side to spread out. Parapodia anchors to ground box changes and levers one way then next box does the same(stick and pivik around paropodia). They crawl across substrate. Anterior end loaded with sensory structures. They are tactile and chemoreceptive. They have eye cups for detecting motion.  Has killer jaws in its pharynx and can shoot out when eye spots detects prey in strike zone. Ventral vessel collect blood from back dorsal blood to front. Paropods=Gas exchange. Ventral->lateral->dorsal->anterior. They release gametes into the water.  
Leeches: scavengers. Intestine has lrg pouches for storing food. No ceolomic space. Circular and longitudinal and dorsoventral muscle. Creates wavelike ungulations. Its spongy tissue allows it to change shape. Have two suckers at anterior and posterior ends, suckers stick into ground from one end other end doesn’t and body moves into the sucker direction. Body cavity is reduced to sinuses. Has small ceolomic space around nerval cord. A leech is an almost solid organism. The reason this is, is because the leech needs a larger crop because it need to store its food in the crop because it doesn’t eat much.
	-Medical Leech: set of 3 jaws to pierce skin for blood.releases a blood thinner, Hirudinida to enhance blood circulation through the wound which enhances blood healing.
Nematoda(Pseudocoleomates)
Ecdysozoa:   protein cuticle with reinforcing rods made of alpha-chitin or collagen, no cilia on surface, no coelom.   
Nematode: collagenous cuticle without microvilli, only longitudinal muscle(symp). Pair of ampids, epitheliomuscular pharynx (apomor). Has a triradiate symmetry appearance.  Has a pair of ampids(chemosensory), a mouth, and 3 lips. Has a gut but not muscle tissue attached to gut. The longitudinal muscles are attached with the ectoderm that runs along the length. Move by sinusoidal Locomotion due to its elasticity and ability to bend. This motion is used to weave between particulate materials within the substrates. Its cuticle is covered in ridges to give better attraction to move through. The longitudinal muscles compress against the cuticle to always keep it stiff and strong. Epithelialmuscular Pharynx:food moves through first valve then valve closes and second  valve open and food moves through that then the valve closes.  Triradiate pharynx is triangle shape, is most efficient way to open circle, has muscles surrounding to open and close it.female Tubular reproductive tract starts small and gets wider. At widest end is the uterus, at smallest is the ovary are paired.  Male same tube structure we have testes in widest and seminal vesc on opposite is not paired. The sperm is amoeboid and not flagellated. 
	Ascaris: all muscle cells have a cytoplasmic extension of itself to attach to the nerve cord. Renette Cell releases water when in hypotonic solution, it gathers water in hypertonic soln.
Arthropoda: 
Number of species? Many. Distribution?everywhere. Crust:seawater, Atelocerate:land and freshwater., Evoln History? Longest of groups, some insects still remain the same in terms of looks like dragonfly, they are extremely adaptive. Impact on PPL? can give off bad diseases, Bubonic Plague. 
cuticle=alpha chitin. No ceolomic space, has a Haemocoel. Haemocoel pumped and emptied with a Ostiate Heart, Appendages to manipulate food. Has a 3 segmented brain, cuticles arranged in plates. Limbs have joints(Symp).  Muscles are in bands, compound eye, 3 appendages for food manipulation and attenae(Autap).
	Cuticle layers: procuticle and epicuticle. Procuticle is the strength component, epicuticle is the protective structure layer. Outer exocuticle has covalent bond with proteins giving the cuticle its strength and rigidity. Endocuticle is flexable more elastic.  Epicuticle is the chemical barrier. It water proofs the outer surface. 3 kayers epicuticle: protein, wax, and harening agent. 
	Moulting: lift armored body swallow air or water, proteins remake cuticle then let go air or water and they grow back into this new armor/cuticle that was layed down. space between old and new cuticle are filled with enzymes, protein matrix(cuticulin) this process is APOPOLYS. Cuticulin layer is there to disallow enzymes from breaking down new cuticle being formed.  Cutulin is made at very beginning and is most important. Is formed first then after cutulin enzymes are activated and cutulin continue to grow until reach exocuticle. The insect then swallows air puffs up and releases signal and breaks lining to allow the arthropod to step out old cuticle into new cuticle. 
	Muscles: banded form. They help articulate joints in the appendages. 
	Mechanoreceptive Setal Hairs: setal hairs made of cuticle sits in a socket that is embedded in the cuticle. The nerve cell is attached to the base of the setal hair. When the hair moves the base moves as well and this changes polarity of nearby nerve cell. This communication happens to distortion of setal hair.
	Chemoreceptive Setal Hairs: as insect walks across or touches something sensor inputes into the pore can let it know that there is food where it touched. It works for smell as well for smell multiple pores.
	Compound Eye: cuticle is transparent near eye. Has series of optic units each called omitidia, light sensory. Omatidia, has a cuticle and special sensory cells(RETINULAR CELL). Epidermis makes cornea or lens. Crystalline cone focuses light as it comes into eye to one point. This light then moves down Rhabdome which is made my Retinnular cells. Rabdome is  microvili sensory cells with pigmented cells to produce color. The more ommatidia in the eye the better the image. 
Chilicerates: are fluid feeders. A lot are predators: Spiders, Ticks, Mites, Scorpions. Mites are the smallest predators, destroying bee colonies because of mites in airways of bees. 
Atelocerata: cenepedes and milepedes.
*Crustacea*: saccate metanephridia(Sac acts as an end to filter and clean hemocoel, as it is held in the hemocoel tissue.)Gnatho type of Mandible.
	-Nauplius Larva: 3 appendages, 1st 2nd antenna and mandible. Has a Naupliar Eye(a pair of eyes fused in middle, is beginning of compound EYE).
	-Biramous Appendages: has two appendages; Podites(legs Exopodites, Endopodites), and extensions(exites and Endites). 
	-Legs are multifunctional. They are locomotory(metachromal wavelike motion), they trap food for feeding, and are respiratory can do gas exchange, are covered in setal hair for sensory. 
	-Movement and Feeding: Water down through centre line across setal net with setal hairs trapping particulate food on surface and shooting out water through appendages to move it forward and squeeze particles to mouth.
	*Crayfish*:tagmosis occurs, segments fused together. Thorax for locomotion, head for feeding, abdomen not many appendages but organs mainly. Some thorax appendages became recruited for feeding and been placed on head known as maximalthorax, these on cephalothorax. The thorax became known as pereon which has pereopods as locomotion. Abdomen became Pleon, with pleopods as appendages. First tagma sensory and feeding(antenn)
		-Stomach is gatric mill lined with cuticles.2 regions; pyloric(food to dig gland), cardiac(closest to esoph) have 3 massive jaws that pulverized material in gastric mill. Pyloric will assort small and lrg particles. No cilia in cuticle but setal hairs that allow the smallest of particles to move to digestive gland, anything large will go to intestine. 
		-resp sys:chamber out body extension of legs and water flows across as gills. Gills are in protective chamber.
		-Circ Sys: it is open. Heart 3 aortasto serve Tail, body, organs. There is an arteriole system to direct movement of blood to poor over surface of organs and then it pools and move across gills and back to heart. Ostia are valves in the heart that closes under heart compression and opens as heart relaxes(Ostiate Heart).
		-Excrete Structure: Antennal Gland. 
	
**Chillicerates**: have Chilicera first appendage on body(feeding), have two tagma Prosoma(6appendages), and Opisthosoma.Is missing DeuteroCerebrum in brain responsible for antennae and possible compound eye. Have 8 eyes for sensory around itself. 
	-Chelicera(feeding, Walking Legs, Spinnerets(web creating), Epigynum(opening to reproductive system), Gnathobase(grinds and squeeze out juices), Fangs.
	-Sensory: have a rotating optic surface behind the lens to look different ways from different eyes! Can be light detectors and for vision.
	-Male PediPalp: collects sperm and inserts it into the epigidium of female. Males pluck the webs on the edge to tell female he wants to mate.
	-feeding and digestion: waits on web feels vibration goes immobilizes it and wraps cacoon on it and puts enzymes into cuticle of prey. Enzymes makes inside slurpy and couple days late  it comes back and slurps it up. 
	-Resp: BookLung.
**ticks and mites**
    Tick: Opisthosoma is lost. Have Gnathosoma and idiosoma behind it for flexibility and expansion as well as to help with attachement of legs.Ventral Surface: feeding structures here, they feed on fluid and are predator.
**Atelocerata**: means lost of appendage on head, lost one pair antenna on head. Have mandibles without articulation. 
	Centipede: Chilopod Head, use a thoracic appendage as a poison claw to be able to go after prey. Antennae is used as sensory to feel for prey.
INSECT BIOLOGY
-always 3 tagma, head(3appendages behind mouth) sensory and food aquisition, Thorax(always 3appendages) locomotion, Abdomen reproductive and general function
GrassHopper: Head: pair of antennae, compound eye, Mouth(behind: mandible on sides, maxilla on sides, labium on bottom). The 3 mouth appendages forms cavity. The mandible grinds food, maxilla assists with grinding and has palp for sensory, and labium has sensory palps. The mouth has a tongues called hypopharynx, and salivary ducts to add saliva to food.
Mosquito: mouth large labium, have pair of mandibles, maxilla(elongated needle to the tip) closed off by labrum. Mouth parts pushed against skin, muscles in head contract and poke the mandibles and maxilla into skin until it finds a capillary and itll use a straw made from labrum into capillary.
Honey Bee: labrum acts like a whick, labium and palps squeeze out fluid.
Butterfly: no mandible, maxilla interlock like straws in core of centre. Uses body pressure to squeeze blood down mouth parts and place opening into nectar and drink it up. No hypopharynx needed. 

    INSECT SUCCESS? Metamorphosis, waterproof exoskeleton, evolution of flight, reproductive potential, symbiosis with plants, small size.
	
