Phanerozoic
Paleozoic Part A: Cambrian and Ordovician
November 6th 2014
Lecture 1
· 500 million years, small compared to the amount of time we’ve been talking about. 4 billion years of history has gone by and all we got is single celled eukaryotic/prokaryotics. 
· Cambrian Era- origins of multicellular life. Primary productivity is coming from single celled algae from the oceans and has nothing to do with plants. Every invertebrate shows up during this time, all at once. 
· Silurian moving in the Devonian and Carboniferous is when we see the plants moving up on land. We see the explosion of animals and colonization on land where the multicellular organisms can grow on land and in moist environments. They become so abundant that they make too much CO2 and the atmosphere changes. This was fixed into the ground and is now what we know as coal. 
· Permian is where the biggest mass extinction occurred ever. The whole thing starts over again at the end of this. 
Late Cambrian
· Nothing happening on land, weather patterns and all that doesn’t come into play. Land mass that has emerged called laurentia that is sitting right on the equator where we get lots of sun, light, and heat. 
· Secret is that there is massive large continental shelf that surrounds Laurentia, where the ocean is fairly shallow (light penetrates to great depths). Explosion of life occurs on this continental shelf. Starting to see the diversification of life in that
Cambrian and Ordovician Periods
· Series of events that occurred, as life evolved in that location and an explosion of animal forms occurs, there was a very big drop in the depth of the water and there was raining of sediments into the deep part of the ocean. The organisms on this shelf fell into the deep depths and were gradually flattened into shale’s. 
Burgess Shale’s
· These Shale’s have been uplifted on the top of the mountains (Yoho National Park). Fine sediments where if you smash them they split open, you get to see the impression of the animal that’s in there. 
· They have unusual morphology, unlike that of today. These were the missing links of the soft body invertebrates all fossilized.

Cambrian Explosion
· Here were animals that were so weird and unusual that they were difficult to explain. 
· Unusual Invertebrates: 
· Worms, jelly fish and the whole range of organisms that are all present in these fossils.
· New mechanisms for chewing and feeding that we have never seen before.
· Serendipity; when the Canadian Rockies opened up, people rode horses and would do an outing like that. There’s a trail that still goes on, there was a family on its way back when they saw rocks blocking the trail. The gentleman who found them was an invertebrate specialist. 
· Missing invertebrates that no one ever saw before, therefore they were the missing pieces. 
· We see that things started complex and then went to simple instead of going the other way around.
Late Cambrian
· North China, when they went to those regions they found similar types of organisms. It was a worldwide population of invertebrates. 
· When you split a shale you can get around 100 organisms in it and you can also see the internal organs as well. 
Colonial Choanocyte Ancestor
·  We now know that the unikont heterotroph (ancestor to the whole linage of animals) was this.
· Colonial Choanoflagellate: Collar cells with a set of microvilli that has a flagellum. It beats and builds a water current to where food is brought to the surface and consumed by phagocytosis. This works well as colonies because they can collect more water as appose to being individual.
· Still exists today, key finding because the choanocyte sits at the bottom of the evolutionary tree.
Animalia
· Choanocyte: ingestive heterotrophs and are multicellular eukaryotes. In reality, multicellular and ingestive don’t stand to be defined for animals in autapomorphies. This only works for when the cells in the body have different functions. 
· Cells with different functions, there are going to be cell types there that do different things and this is key.
· We add the choanocyte and we now know that in the multicellularity, they were sticking together adhesively and collagen showed up. This is a modification of the adhesive cell and is the prion in mad cow disease. 

Animal Architecture 
· Watch how many types of cell layers are in our organisms (two; ectoderm etc.)
· The symmetry of the organism is a major change we see and we see changed in the embryology, how we get from zygote to the embryo.
· Spiraling vs. non-spiraling. 
· Body cavities to hold organ systems. 
Porifera
· Sponges, very bottom of the evolutionary tree and the only group of animals that still use the choanocytes as the layer of their cells.
· Missing the fact that they don’t have tissues. When we do have this, we refer to the fact that the cells are connected to each other by cell junction allowing for change for information between cells. 
· Just beginning to understand how the Porifera cells communicate with each other today. 
Colonial Choanoflagellates
· Sponge is an animal
· Organization is of an inner cavity referred to as a Spongocoel (cavity), lining the inner surface of this cavity are all the choanocytes and is a water pumping system because of the flagella on the choanocytes. As the water is being pumped out it is being replaced by water coming through the pores. They don’t move themselves but move water.
· Flagellum creates current and the food particles get trapped on the surface of the microvilli and are engulfed by phagocytosis and the food vacuole is used for the nutrients it needs.
· In the Choanoderm:
· The outside of the body is covered in cells, Pinacoderm: Outer surface. We have two different cell functions: pumping cell, feeding cell, outer margin of the body.
· Sponge supported by secretion from the spicules that give rigidity and support (minerals). These cells never feed and don’t undergo phagocytosis. When a collar cell has access to food beyond its needs it passes food to Amebocytes where they carry to the other cells that take up the vacuoles and use as a nutrient source.
· Sponges can trap all the food in the ocean and feed themselves than eat. Superior expert at being a water filter, architecture that ends up being the most optimal in terms of filtering food from a water column. 
Porifera
· Cells are totipotent because most cells once committed to a specific function cannot turn back and become something else but the cells in a sponge have not committed their cells and you can change them to anything. 
· The sponge slurry, first animal that is totipotent. 
· Also important in terms of reproduction. 

Sponge Sex
· Sponges are seasonal and at certain times of the year the choanocytes change their morphology and become sperm, this makes sense because they have a flagellum.
·  Released and ruptured all at the same time (smoking sponge) released huge volumes of sperm into the water column. It traps some sperm and it recognizes its own species sperm. Instead of eating it, turns it into a food vacuole and pass it to the amebocytes that have undergone meiosis that become eggs and other one with the sperm and carries it to the egg to fertilize into a sponge embryo. These are also called Archeocytes because they have multiple roles as well and will make new types of cells in the sponge. 
Porifera
· Symmetry, line that runs through the body from the oral opening to the opposite side and if you can divide this into a number of planes its radial symmetry. If it’s only one it’s bilateral symmetry. 
· The sponge doesn’t have a mouth, we cannot apply our rules of animal symmetry so it is referred to as asymmetric symmetry. 
· The microvilli of the collar and the cytoskeletal structure is exactly the same as the structure of the digestive tract in animals, this is how we know the sponges are the ancestors to animals. 
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· Animal Architecture: Organize your notes when studying this way
· Tissues: None, Diploblastic, or triploblastic
· Symmetry and Cephalization: Asymmetry, radial, and bilateral symmetry
· Embryology: Protostome and deuterostome
· Body Cavities:  Coelomate, Pseudocoelomate, Acoelomate 
Animal Innovations
· All shared by the common ancestor but don’t define the groups we are talking about
· We lose the choanocyte, the microvilli collar is identical to the organisms that come. This is a shared ancestry. 
· Gap junctions/ septate junctions in vertebrate animals? 
· Tissue development?
Gap (septate) Junctions 
· Cell to cell communication that occurs in eukaryotes. Communicate through all sorts of connections. They have connexin proteins that are arranged in a way where it can open/close a pore between cells. Coordinate the cells where they don’t function independently anymore. 

Tissues
· Cells have these communication methods, the sponges don’t have this so they don’t have tissue. When we have this we have a true tissue. 
· No tissues: sponges.
· Mesodermal tissue usually forms muscle, what happens is we have animals that are diploblastic, how will they move around without mesoderm?
· Diploblastic: have 2 layers, absence of mesoderm.
· Triploblastic: have 3 layers, presence of mesoderm. 
Animal Innovations
· True tissues, we also develop an internal digestive epithelium. Key event because we are going to develop ectoderm: tissue on the outside, and endoderm: tissue that line the gut. They all have the same origin. 
Gastrulation- Digestive Epithelium
· Hallow ball of cells one cell layer thick, all have the connections between the cells so we can call a tissue. This is called a blastula, when it forms, cells crunch in rapidly and they slowly dimple into the centre of the blastula. (Analogy: like punching a hole into a tennis ball) We now have ectoderm on the outside and endoderm on the inside, this is now called the blastopore and is the opening to the primitive gut cavity: Archenteron.
· All animals go through this phase and it makes them diploblastic in terms of the animal set up. 
Symmetry and Cephalization 
· Radial symmetry appears and we say goodbye to the asymmetry because now we have a mouth. We can divide the organism from the mouth of the body: Radial symmetry
Cnidaria
· Takes all these characters and adds characters to them to make them different. 
· We are frozen in evolution commonality but we have added autapomorphies to these groups. They get there name from the stinging cell that captures pray: Cnidocyte 
· Polyp body plan which is really unique, and a unique set of cell called the Epitheliomusculature where the cells have two functions.
Cnidocytes
· Develop a specific organelle called the Nematocyst: gives the jelly fish its sting. Organelle that as the cell matures, a little coiled spring starts to develop inside and under pressure. When it is mature, the compressed spring is there and if it gets released it shoots out. This only happens when in contact with food or another animal. 
· Cnidocil gets the signal, it turns itself inside out and barbs shoot out at phenomenal speeds so that it penetrates the body wall of the prey that this animal is feeding on, hooks and barbs anchor the cnidocyte to the prey and it has poisons to subdue the predator so that it doesn’t thrash around. (Analogy: Taser) 
· They feed this way and feed on small prey. A group called the boxed jelly and a sting from one of them can kill a human, so unusual that when they sting they send out a signal where they can get other ones to come in and kill you. 
Hydrostatic Skeleton
· Polyp body wall, a U shaped wall with tentacles at the top. (Hydra)
· Digestive cavity lined with endoderm, mouth at the top, tentacles that surround the mouth that have the Cnidocytes on them used to sting. They force the food into the digestive tract where it’s lined by a set of cells where it has a gastrovascular cavity: Gastrodermis and the cells that line it are called the dermis.
· Nutritive cells absorb the food from the gut by phagocytes and gland cells that secrete digestive enzymes and then absorb by phagocytosis. Lining the inner cavity are these specialized cells
· Outside we have an outer epithelium, has cells in it that create the margin (outer surface of the body) but also contains cnidocyte cells and nerve cells to communicate. In between is the mesoglea. 
· Epitheliomuscular cells: Lining the digestive tract, inside these cells at their base they have a muscle fibre that is a muscle strand with myosin and actin, the fibre in the inner layer is arranged in a circle so essentially circular muscle strands that are all linked together all the way up this. 
· Epidermis are running longitudinally down the length of the animal. This creates our first skeleton that we will see in animals, what does a skeleton do (remember that this isn’t a bone skeleton, this is a hydrostatic skeleton where it relies on water)? Return a contracted muscle back to its actual length and is the only way it can do it. Antagonist created so that we can stretch the muscle back to its original length. 
· Hydra shuts its mouth with the fluid filled cavity, contacts the longitudinal muscles shortens and the diameter goes wide. The water can’t be compressed so this HAS to happen no matter what. Vice versa for when it goes the other way. It doesn’t act like a little balloon and can contract them in different parts of the body and has movements where it can capture pray. 
· It can sit on the bottom and anchor itself by sticking its mouth to the substrate. 
· Skeleton without muscles!
Medusa (jelly fish)
· Tip the polyp upside down to become umbrella shaped, base end of the old hydra. The mesoglea becomes huge because it is an elastic (on the outside of the animal). We have only the circular muscles in the medusa and the longitudinal are gone. When the circular muscles contract, the mesoglea becomes under pressure from the compression and when the muscles relax they spring back to the original shape. 
· Can get hydrostatic without a muscle, but what we will do is put into a contraction by putting it into a string and then contract it back. The bell shape has water and when it contracts down it squirts the water out causing it to rise in the water. If it opens it up the same way it contracted it will go down in the water. 
· Life Cycle: 
· Female mobile ones throw sperm and eggs into the water column and will find each otherForm a zygote undergo mitotic divisions to form a planula larva settles at the bottom of the substrate crawls around and feeds (looks like a hot dog ) has an anterior direction. One of the reasons that some people think this is a bilaterally symmetrical stage in the life cycle. 
· Stops, changes into radial and develops into a polyp. No agreement if the first animals are radially symmetric or bilaterally symmetric. 
· Budding happens where more and more polyps are connected to each other. Feeding polyps and a new one form that is responsible for making a medusa, gonoozoid is made where you get polyps that work to make the medusa. 
Corals 
· Older than the Cambrian and one of the golden rules in zoology is that all multicellular life arose in the Cambrian explosion. When did the actual divergence of organisms occur in the group? 
· Coral Reefs mastered the ability to take minerals (calcium) out of the water and secrete it as a protective casing in which they live: exoskeleton. Stick the tentacles out and feed on food and when a predator comes along they can hide. They grow bigger and bigger and create coral reefs in the tropical rain forest in the marine oceans. 
Animal Innovations
· Next thing is to put the mesoderm in to become triploblastic. Mesoderm means we get perfection in locomotion and movement, we start to get directed movement where they move in one direction. 
· Sensory goes to the anterior of the animal through a process called Cephalization and we end up with bilateral symmetry. 
· We divide from the oral to the opposite side of the animal, there is only one line we can split for it to be symmetrical. 
Animal Architecture 
· What we now have is a set of embryological events and is related to the formation of the complete gut (how we get the digestive tract). In the cnidarians we have a mouth but we didn’t have an anus and we call that an incomplete gut.
· Fluid filled space between the gut and the outer wall
Embryology- cleavage 
· 4 cells and the next division goes through the middle you have 4 on top or underneath
· 4 cells at the top stay exactly where they are and have rounded end on rounded end: Radial Cleavage, or they shift putting it below and the rounded end is going to sit on the groove of the one underneath: Spiral Cleavage. 
Embryology – Gastrulation
· Cnidarian has the primitive gut and are stuck at this stage where they only have two layers
Embryology- Coelom Formation
· We add mesoderm between the inner ectoderm and the outer endoderm. Happens in animals:
· First way of doing it: At the tip of the blastopore where cells have transformed from ectoderm to endoderm, the cells move into the space between the endoderm and ectoderm making a massive tissue. The whole thing is a mass of mesoderm inside the inner endo and outer ecto. Split occurs within the group of cells where we get a space that becomes the cavity. The split occurs at both sides so it doesn’t join at the top and we get mesoderm that stays in place. *Splitting of the mesoderm tissue, cavity that forms by splitting: Schizocoel
· Second Way: Cells from the gut come off surround themselves and have a cavity already in them. They keep growing until they fill this space with a cavity in it. Balloon that is filling the space in between and the cavity is already there. *Cavity came from guts from the primitive: Enterocoel 
· Two structures form a cavity and is the only two ways that this happens. You can divide the world up by cleavage and coelom formation.
· What happens to our blastopore? We produce a gut that has two openings where it goes right through the other side and we get two: complete gut. This is important because we now have architecture that creates a tube within a tube (outer body and digestive) 
· This way is more convenient when it comes to feeding making it a huge innovation. Which ones becomes the mouth/anus? 
· If we get anus on the opposite side and the blastopore becomes the mouth: Protostomes (stome- the mouth) the mouth is the first opening. Same animals where spiral cleavage and where Schizocoely occurs.
· The blastopore doesn’t become the mouth and it becomes the anus: Deuterostomes, mouth became the second opening. Radial Cleavage and Enterocoley occurs. 
· THIS IS NOT TRUE. The only traits that separate these two groups is what the blastopore becomes. **********These traits are not linked traits and that is one of things you have to watch out for!
Body Cavities
· Cavity appears with mesoderm
· Acoelomate: some animals that have mesoderm without a cavity.
· Space between the outer endoderm and inner ectoderm is solid cavity. It does not have a coelom. 
· Coelomate: have mesoderm that surround a cavity. 
· Most common, muscle around the digestive tract, the endoderm and the outer ectoderm. Always a place where we get mesodermal tissue as meson that holds the organs in place
· Pseudocoelomate: Funny hybrid group.
· No mesoderm in the gut and is only associated with the body wall on the outside.
· Was a time where all these were put in one group, this was a mistake. We know this is found in animals that specialize in miniaturization. Reduction in the organ systems. Can’t use this to classify an organism.
· The way it works on the cladogram is when body cavities showed up for the first time it was a block of mesoderm and it had a cavity and was important because it gave the animals that had this space inside of them a set of advantages. Circulatory or moved things around and this space could be a space for organ systems to grow. Our tube within a tube, the inner tube has muscles to move food through the digestive tract.  If you don’t have this the only way you can move food around is to change the shape of the body. 
Protostomia 
· Blastopore becomes the mouth and blastopore becomes the anus, spiral cleavage and schizocoelus occurs.
· Set of groups of organisms that are 3 major sub lineages of the protostomes. 
The main protostome groups
· Ecdysozoa: they all mould and live inside a cuticle that’s not living and as they increase their body mass the suit doesn’t get any bigger so they build another one. They undergo Ecdysis and zoa means the animals that do it. 
· Platyzoa: the ones that lost their coelom and is reference to their flat and solid bodies.
· Lophotrochozoa: a taxon for which there was no clear morphological piece of structure on the animals as a group to give them their name.
· Monophyletic but they had no similarity what so ever. There were two basic morphologies in that group: 
· The ones that fed with the lophophore: set of tentacles that pump water and trap food. 
· Another group had a distinct larva stage: Trochophore. 
· Therefore we call it the Lophotrochozoa. Term that’s referring to having one or the other thing. They don’t have all these together, they are independent. 
· Taxa:
· Cuticle: nonliving layer or organic compound secreted to the outside usually rigid. In the Ecdysozoa they are grouped in one of two ways: can no longer be an exchange surface with the world. They have fibres in their exoskeleton. 
· Collagen 
· Chitin 
· Look at the slide! 

Animal Architecture
· Looking at a triploblasts that has radial symmetry that’s protostome and Pseudocoelomate.
Nematoda 
· Gut in the middle, organ systems and mesoderm on the outside- Pseudocoelomate. 
· Digestive tract that is single cell layer thick with no muscle. Reproductive system, the organ systems are suspended in this cavity and because there is no mesoderm the organs hang in the cavity and we call this a pseudocoelom.
· Muscles have one layer of longitudinal muscles 
· Collagen as the cuticle
· Body wall:
· Another form of reduction of complexity and unlike any other animal instead of having a nerve that sends an axon and stimulating a muscle, they send a cytoplasmic extension of themselves.
· When we contact the long muscles it’ll bend and we get this whip like motion because we only have one fluid filled cavity. 
· Most abundant organisms on the face of the planet and can move between soil grains/tissue and uses this movement to move in its miniature world to feed on things. 
· They have to have a rigid and stiff cuticle and putting pressure on the Pseudocoel. The consequence is that the food comes out of the mouth when it opens the mouth.
·  Creates a unique pharynx where it consists of two valves, one at the front and one at the back.  Takes the muscle of the pharynx and clamps at the back…
· Epitheliomuscular pharynx that opens and closes using a single celled layer. Triradiate pharynx is when the muscles pull the valve in three parts, Triradiate and not only minimal numbers of cells we also have the most efficient minimal way to open a valve. 
· Specialist at miniaturization
Panarthropoda 
· Chitin as the cuticle, also what is going to happen is we’re also going to have limbs appear down the length of the body. 
· One of two groups that uses their limbs to manipulate their food. This is the only one out of two groups that does this, meaning they can pre-process the food before they swallow or ingest it.  
· Arthropods and their close relatives. 



Onychophora 
· Can change its shape with a hydrostatic skeleton and the cuticle is flexible enough to do this. Based on muscles arranged in circular and longitudinal sheets. The limbs they use to manipulate their food are through their hydrostatic skeleton.
· Velvet worm: fossil species and hasn’t changed in time. When the continents got pulled apart they didn’t change very much. Biggest piece of biological evidence that the continents were stuck together and pulled apart. 
· Antenna it uses to find pray and its way around, repeating appendages down the length of the animal, introduces us to the segmentation of animals down the length of the animal. Claws to grip and move along substrate. The mouth has two great big jaws and are modified appendages and cut structures. 
· How do they capture their food? They use a unique set of glands in the oral papilla that are modified appendages that start to specialize for functions. 
· Starts to show us some of the Arthropoda characteristics. 
Arthropoda 
· Articulating plates of cuticle, living in solid piece of armour with things in between so that we can bend and shift. If we want to move it we put a band of muscle in a joint place. Multiple joints you can now get the arm and the structure to any parts of the environment. 
· Compound eye
· Organisms for which we have 4 major groups, two of them are terrestrial but we won’t talk about them now. Base of organisms in the marine environment during this time. 
Trilobites
· Make their appearance in the burgees shale’s, body plan that becomes diverse in the marine environment. Major predators in the ocean environment but then they disappear and go extinct and the arthropods will be represented as the crustacea
Crustacea
· Lobster etc. Larger forms of the crustacea, they aren’t the first to make their appearance but we look at them because they are related. 
· Segments down the length of the body with appendages. Different ones take on different roles. Anterior becomes things like antenna, the ones that surround the mouth become the mouthparts, 4 walking legs it uses to walk around on, a great cheliped for attack and swimming legs underneath. When the limbs become modified the muscle will change the appearance to the segments where they were attached. 
· As the appendages are made for a specific function the segments develop a different morphology and the segments have been fused into tagma: regions of specialization. 
Filter Feeding
· Zooplankton were the firsts to be here. They are the ones that capture the algae photosynthetic primary productivity in the oceans. Figured out a way to trap the food very efficiently, they do it while they are swimming to be able to move around to an abundance of food. 
· The limbs are similar to the crustacea down the length of the animal. Anchored on the middle and it has two flaps on both sides, fans would spread out giving the power stroke and when it pulled back the fans go in and that would give the swimming motion. Metachronial wave giving a nice forward direction. 
· Another important thing is that if we have two of these working against each other, we have our swimming motion where some go back and some go forward. If we separate into two different events, the spaces between two appendages opens up. The ones on the sides are covered in citial hairs. When we go back we get two of them that lock against each other, the water gets squeezed out the side.
· Get a direction of water and making locomotion. Water is loaded with algae and when it goes into the citial hairs it gets trapped. Primary herbivore in the marine environment, first ones that did this perfected it so well that they are still in the oceans today and the whole food chain of the marine environment involve these ancient organisms that are still there
Lophotrochozoa 
· Lophophorates: Complete gut that has returned to being sessile (sitting on the bottom). Sit down and start feeding through the lophophore, the environment has a continued gut this makes it get a little messy and folds its body in half and creates a U-Shaped gut and the U sits on the bottom of the ocean. 
· Live inside a mineral skeleton 
Bryozoans 
· Lophophore is a ring of tentacles that it uses to feed. The cilia on the surface pass the food particles down the middle into the gut and it gets digested. When it’s complete, the end of the gut is outside of the lophophore. Water current takes stuff that isn’t digestible away from the animal
· Huge surface area for respiration. They live inside calcareous cases where they can stick themselves out and feed or they can hide from predators. 
· Type of reef but it reminds us of the polyps of the corals. Triploblastic group that has gone convergent evolution from polyps to building reefs. 
Trochophore
· Larva stage that is unique and found in all animals that have this stage. Cilia band around the middle to propel the animal through the water and into the mouth to be used as food. Spinning top in the water as it moves around and feeds, the tufts at the top and the bottom stabilize it so that its always in the right orientation
· Mollusc or an annelid (worm) they are closely related to each other


Animal Innovations
· Schizocoel only occurs in one linage in the cladogram, mesoderm arose in more than two ways. Schizocoely is no longer a unique event in protostomes in which they all develop their mesoderm this way. 
· Another character in the same lineage but in a different monophyletic group is where spiral cleavage occurs. Protostome groups have very yolky eggs, when you look at how the cells divide there’s 10 different ways that are not as simple as spiral cleavage therefore it is going to be a different monophyletic group.
Molluscs 
· What happened here is that we get a group that has a body plan so adaptive that it radiates into the second most abundant and diverse group in the face of the planet.
· Traits:
· Epithelial layer called the mantle that creates a calcaneus shell because there is a set of retractor muscles where it brings the shell snug on the animal in a protective casing where they can hide and live. 
· Unique feeding structure: Radula
· Mollusc Radula:
· Tongue like structure with teeth that grind, the teeth can slide on the surface of the tongue and rub against material. This will sand away organic matter and sweep that into their digestive tract and feed on it.
· New way of feeding, no one has fed like this before and they tap into a food resource that no one else has been using at that point of time. 
· When it pulls its shell down, it can’t breathe. Therefore it put a cavity with a gill in the mantle cavity. When the shell comes down and the gill creates a water current, as the cilia beat they pull water in across the respiratory surface and out. 
· We can also leave the radula in here because it is working on top of a muscular foot where it can move, breathe and feed at the same time. 
Snails 
· The ones in the marine environment are capable of crawling in the substrate but they pull themselves up into the shell when they hide from predators, some even have doors. 
· This became one of the key events that allowed them to invade land, where it is able to crawl inside the shell when in dry environment 
· Success of this organism is because they are terrestrial environments and can even live in desserts. 
Squids and Octopods
· Took the shell like structure and lengthened the body where the mantle and the shell became a conical shell and lived inside the opening of the shell as predators. When they lifted that structure up the head and the food became close together, tentacles (suckers in terms of feeding). 
· Some had helical shells that spiraled
Ammonites 
· Affective predators because they had the camera eye to be able to hunt and they displace the trilobites as the predators of the oceans
· [bookmark: _GoBack]Mass extinction in the oceans, the shelled cephalopods survive it. When we get fishes they populate the oceans from the fresh water bodies that are draining into the oceans where the population increases and they are predators in the oceans and diversify and the shelled cephalopods are in trouble because the weight of the shells make them slow down. 
· Produce lighter and lighter shells where they disappear completely and we get the squids and octopods. Muscle of the mantle is being used to pump water into the cavity and moves it forward by jet propelled motion. 
· They can communicate with each other with light. 
Clam
· Mollusc body plan for being sessile where they leave openings at the top to pump water to bring food in where it traps in the surface of the gills and passed to the mouth to feed. Same structure to make a predator but reverting backwards. 
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Annelida: Marine worms 
· Diverse in their appearances and shapes and occur in the marine environment. They developed a set of mesodermal structures arranged segmentally down the animal (repeating body units) each is exactly the same as the one adjacent to it. 
· Each block is a longitudinal muscle and circular muscles which are repeated all the way down the length of the structure. Also there are setal hair or bristles that make it anchor the organism in the place. 
Metamerization 
· Circular muscle on the outside and the longitudinal is always on the inside and we have segment with water for the hydrostatic skeleton. 
· Contract the longitudinal muscles the segment swells in diameter, stick the bristles out and hold into place. 
· Around 10 muscles are lengthened and the bristles are pulled in where the worm then moves. Has a mechanism for moving across a substrate. One thing that happens instead of crawling across the substrate, they start to burrow instead
· Use the ability to push their head forward and push it into the soil. They can either:
· Take the front in and push the dirt to the side
· Can open their mouths and swallow it (build a tunnel) and it’ll come out the other end and the organic material in the soil are the food for the earth worm: Substrate feeders 
· 1st animals in the ancient oceans that burrowed into the substrate.
· Worms that became swimmers/predators/filter feeders. 
· 1st group that tapped into the accumulation of organic matter. 
Platyzoa 
· Group that lost their coelom, we’ve come to see that the coelom arose with mesoderm. This group has lost its coelom, so we call it Acoelomate.
· We are dealing with a group that has simplified their selves.  
Platyhelminthes 
· Incomplete gut (no anus present) which is really unusual because we just talked about how the other animals evolved this. 
· Complex reproductive system where they are hermaphroditic. 
· Why have we lost the coelom? 
Acoelomate
· When the explosion of diversity occurred, this group of animals created a flattened body plan. The mesoderm that’s filling the space is a derived tissue that is spongey and you can compress it at a certain extent. 
· Dorsal ventral muscle they are flat enough that every tissue is close enough to the outside and digestive system to exchange gas and pick up nutrients (surface to volume ratio)
· Hydrostatic skeleton. Ventral side there is a whole side of glands that produce sticky adhesives to stick to rocks, you are in a position where you can escape from predators because you are glued to it. 
· Combine muscle movement and their stickiness as a new way to move across the substrate. Contracting the muscles in the back, pushing forward, sticking to the substrate and then pulling the body along. 
· Individual contraction down the length of the organism. 
· Introduce another type of movement, which is having cilia on the ventral surface where when the beat they can propel against the substrate. 
· Two ways to move around
· Soft piece of protein so it’s ideal to get preyed upon. Many of the flat worms that are free living feed on cnidarians where they feed on the tentacles with the cnidocyte and for some reason it doesn’t fire when it’s in its body. 
Platyhelminthes: flat worms
· They have a toxic body wall, pharynx is located in the middle of the body. This is here because it can slide out the side while on the rock and feed off substrate. 
· Complex Reproductive system:
· Only phylum that’s exclusively hermaphrodite and that aren’t mobile. Why do we revert to hermaphrodism?
· The advantage to being a hermaphrodite: two individuals mate and both leave with fertilized eggs which increases variability. 
· Prevent self-fertilization, we separate the events of sperm transfer.
· Sperm and a testis and the sperm is stored in a seminal receptacle. The flat worm comes along and pushes the egg into it.
· Flat worm A and B mat, both insert their sperm and eggs into each other and the sperm from flat worm A goes into the seminal receptacle of flatworm B and vice versa for B 
· Set of tubes, when it’s complete we separate the two events and only then is when the eggs reach final maturation. They pass down the spermduct and a small amount of sperm is released to fertilize the egg.
· Life cycle that is very efficient for an organism that can’t really do anything when it would come to mating individually. 
· Fluke Clonorchis Life Cycle
· Vast majority of the flat worms today are parasites. Taken their flattened body and invaded the fluid filled cavity of other organisms. Adapted to be inside the spaces of individuals. 
· Huge diversity of parasitic forms, such as the tape worms where they live inside the digestive tract of an individual. 
· Every fluke has one host to be a snail. In this case it’s a sheep liver fluke and it lays eggs where it gets in the digestive tract food and they get in the fecal material and carry the eggs in ponds and we get ciliated larva stage that starts looking for the snail where it invades.
· In the snail it goes through a series of amplification where we make a sporocyst where the redia break and go into the cercaria which is another free swimmer. It will either invade a host right away or another host. It’ll go in a resting stage of the muscle of the animal called a metacercaria.
· The only way it is activated is when the fish is eaten and goes into the liver of something that eats it. 
· It added the snail, human, and a fish in its life cycle. Between the specificity of the fluke, vertebrate host and the snail host you end up with a huge diversification because they all have a very specific parasite body. 
· We now realize that all the original characters were there and this group modified them to be simple again. 
Deuterostomia
· Blastopore becomes the anus 
· Enterocoelic Pouching and radial cleavage. These characteristics occur in the Bryozoan group of animals as well. Another reason why we do not use these characters to define protostomes and deuterostomes. 


Echinodermata
· Bilateral symmetry is where you can orient where you are going. This group has returned to radial symmetry and it is based on 5, called pentaramous symmetry.
· Locomotion where they move their bodies with a water vascular system. 
· Mutable Connective tissue, they have an endoskeleton like we have one (not bones but plates)
· When they move and wiggle their arms these plates flex between each other, so flexible you can change the length of the wall. So unusual is that this tissue can change its properties and become rigid and under nervous control. 
· When a signal sends and the tissue will harden up, the only group of organisms that has a connective tissue that moves between a flexible and inflexible state. Get a really weird connective tissue. 
Starfish and Relatives
· Nice evolutionary line in radial symmetry that when from diploblastic to triploblastic until they were able to observe the larva stage where it is bilaterally symmetric. 
· This is when it settles on the ground and becomes radially symmetric. 
· The oldest of this group lived on the bottom of the oceans with stocks and arms that radiated around a central mouth. Running down the edge were fleshy tubed feet and food got trapped in the baskets it created. This is where the nutrients were provided. 
· The advantage was that they were capturing the organic material that fell in the water column and intercepting it. 
· Now have an organism that is tapping into a food source that no one else is feeding on (Can diversify based on this body plan)
Water Vascular system
· Tubed feed, sea water comes through the medreporite (passive) and fills all the tubes 
·  Branching off these is a tube foot consisting of an ampulla, base of the food and the connected to the next one.
· If you shut this valve you now have an enclosed hydroskeleton that is all fleshy with muscles. 
· Tube foot changes position where the foot is lengthen and also moved forward. Tube foot attaches to the substrate by a suction cup and it anchors itself in place. Lever the body along the substrate and when you do this with around 500 feet you start to get motion, key to locomotion.
· The tubes aren’t involved in feeding anymore and are actually predators and they seek out and stalk prey. But what do they feed on given how fast they move? 
· Prides the clams open and it turns its stomach inside out where it takes the stomach enzymes and consumes the clam slurry as its food source. Coral is the other thing they prey upon where they just extend their stomach and release the digestive enzymes.
· This all happens around the same time geologically. 
