Phanerozoic 
Paleozoic Part B: Silurian and Devonian 
An explanation for the Cambrian Explosion
· How fast it occurred, the changes in the conditions that never happened. 
Snowball Earth
· Period of time where the planet was completely frozen over and it was a solid mass of ice. This is at the very end of the Proterozoic. 
· During this time, 100 million years before the Cambrian this weird event occurred.
· The main continents are startling the equator and about a third to a half of the earth’s surface was continental land mass and the rest was water at the equator and bare rock. This is a reflector of solar radiation and heat which caused it to be bounced back into the atmosphere.
· When the sun hits the water you get more energy and it holds on to it, essentially heating the planet up. 
· Also sitting on the equator where the moist zone lays, this big mass of rock is sitting there as well, being rained on and there’s nothing to protect it from erosion. 
· Then we get a bunch of erosion that goes into the ocean where it strips off the entire bicarbonate cycle in the water. We pull out the CO2 in the water taking it out of its equilibrium with the air and we pull it out of the air and we take it out of the system as precipitate. This causes the CO2 levels in the air to go down.
· This is one of the major greenhouse gases, if we remove this we remove the heat that keeps the planet warm. This also causes the other greenhouses gasses (methane) as well which are very toxic. 
· The end result is that we get cooling, causing the ice sheets to form at the north and south parts of the poles. Frozen water is a reflective surface so now we have less of the planet absorbing heat.
· All together, we get the freezing of the earth by the growing ice sheets where they become so big you cannot stop them from growing and they completely cover the surface of the planet.
· All the animals are trapped under this ice and it changed the biodiversity of the earth.
Slushball Earth
· The alternative where there’s large masses of floating ice near the equator. The rate of diversification grinds to a halt. 
· Over time the greenhouse gases come back and we will leave snowball earth behind, but basically we put a freeze on the earth. 
Early Animal Evolution 
· We get a weird set of fossils:
· Doushantuo Fossils: These remind people of embryos. We believe that these are fossil embryos from some of the first multicellular organisms that occurred in the Precambrian. 
· Why they are preserved is not explained because embryos are really delicate. 
· Cell to cell communication going on and we got the form of the embryo’s 
· Ediacaran Fossils: These are clearly patterned and when you find them they occur in masses, but they predate the Cambrian explosion. 
· The richest set are in Newfoundland where it slides into the ocean.
·  You get a bunch of fossils that have taken on multicellular form 
· Huge numbers of repeating things stitched together to form what looked like animals. We got evidence that there was something going on before the Cambrian! 
Cambrian Burrowers
· Covered on the bottom of the ocean with an algae bacterial matt where it forms a layer on the bottom of the ocean. This layer is essentially dying and their bodies are trapped underneath the film so keeps growing in size.
· This is where we think the Ediacaran fossils come along. Once you get into the Cambrian you never see these fossilized forms again.
· Animal form appears that has the tools to break through the barrier of the algae bacterial film on the bottom of the ocean. The biggest one that does that are the mollusc from the radula. 
· If they get past this barrier the burrowers can come and break through it and get the organic material that nobody has had access to.
· Diversification of life forms as they adapt to this new life source. 
· Huge set of advantages where they are protected, anchored in place and feed on a source that nobody has ever fed on. 
Shelled Arms Race
· Animals pulled calcium out of the water and create armour where they surround themselves in a protecting casing called the exoskeleton.
· Huge amount of predators that make their appearance and it’s because they’re able to handle the animals that have shells and can take advantage of them.
· Got into organic material that no one got into before.
Developmental- Hox Genes
· Didn’t become apparent until we understood patterns in genomics.
· When we have an embryo, how is the packet of cells positioned at the anterior end capable of expressing anything and vice versa for the posterior end. What is the signal that the cell receives that make them form things for that location?
· Regulation is controlled by transcription factors where they fold DNA into distinct patterns, depending on how the DNA is folded you can get different messages.
· In the developing egg there’s a set of transcription factors being produced. In this example they localize at the front end, there’s another transcription factor that turns on once it is finished it diffuses down the length of the egg where it is high and being produced, low when it goes towards the end.
· Depending on the mix you receive certain genes are turned on/off. 
· Once they have received this signal they are committed to it and it can’t change. 
Homeotic Genes
· 7 or 8 transcription factors that are common, presence of these factors basically controls what the embryos are going to do. Once the cell is committed it won’t change what it is going to do. 
· Homeotic Mutant: We put the anterior at the front and destroy the head cells, these factors can determine the fate of the cell and create the pattern of the appearance of the body.
· Hox genes: common to every single animal group, but there can be variations where sometimes they repeat and sometimes they disappear but for the most part they are always present. 
· Defining what a bilaterally symmetric organism looks like. Means that it occurred as a monophyletic event because everyone has inherited it, one thing that happened was the genetic mechanism to control pattern first makes its appearance. 
· There is no competition yet where the ocean becomes populated and they are not going to make it through the extinction that is about to happen because we are going to lose all the variation. 
Mass Extinctions
· End of the Ordovician, comes because of the cooling of the planet that ice forms at the poles where the water becomes shallower. 
· Continental shelf comes out of the water and we get a collapse to support all the organisms in the oceans. 
Silurian and the Devonian 
· Survivors in the oceans are going to be the forms we have today. We lost some biodiversity during this point in time, the weird animals are the ones that we lost.
Animal Innovations: Chordata
· Chordata, our group of organisms. The very first ones are not like us and are invertebrate where they have no skeleton. 
· They have the Notochord that swims using lateral lungalations of the body, has muscle blocks down the length of the body and they contract on both sides where you get a waggling motion. 
· [bookmark: _GoBack]You also get an animal with muscle blocks down the length where if you have a large tail you get a large propelling through the water. The tail is extended past the anal opening so when the fish swims its entire body moves, including its head.  
·  “Tadpole like swimming” and they also have their mouths open. Circular opening that stays open at all times and when they are swimming water moves into the mouth and across the gill slits and out. This creates new form of locomotion where water is pouring in the mouth.
· It isn’t that productive but there is a layer of cells on the pharynx where the food is trapped on a mucus net called the mucus glands. 
· Beginnings of the Chordates as a group. 
· Axial skeleton runs down the length of the organism and turns it into the vertebrate which makes an appearance during this point of time. 
· This marks the beginnings of vertebrate fishes
Vertebrate Phylogeny
· We calcify the axial skeleton, can’t have it solid and we get little blocks of bony material which becomes the vertebrate. We get this skeleton that runs down the length of the body. 
Armoured Fish
· They are either swimming with their mouths open or some will develop a jaw but they are also covered in a huge plate of bone.
· Most dominant fish like forms at this point of time very early on. The fish swimming with their mouths open disappear, and we get fish with jaws. 
Pteromyzontida (Lampreys)
· These still swim with their mouths open
· Descendants that are still around and highly modified for a patristic existence. They feed on the tissue of fish.
· Swim upstream of rivers where they lay their eggs, larva stage that matures and goes back out into the oceans.
· Prays upon large fishes and attaches on the side of the fish
· The teeth dig into the skin of the host, they can change the shape to lock itself in. Takes the tongue and saws tissue and prevents the tissue of its prey from healing. Constantly oozing blood and puss where the lamprey uses to feed upon.
· First invasive species to get into the great lakes.
Gnathostomata
· Jaw, paired fins where we don’t have a tail wagging back and forth behind the anus
· The fish can finally see where it is heading without the tail.   
· We add a third fin to this so that it can move in 3D and be stable (like an airplane) this will make it not tip over or anything.
Evolution of the Jaw
· In the embryology, building on the characteristic of the ancient ancestor.
· When the gill slits are there they also have gill arches (supporting tissue) that hold the openings open. When they form embryologically you get bone tissues that develops from the dorsal, ventral and towards the middle and you get it to be open.
· Over time we get muscles that are associated with the mouth cavity where you can change the shape of the mouth cavity, we can potentially pump water in and out
· This junction point between the two pieces of bones becomes a hinge, this gives flexibility and we depend less on the swimming.
· Take the bending where we can close the two bones against each other and they can close right down and then open up. Now have gill arches that close at the front and some that can flex and expand the cavity and also we have a way to trap food inside the mouth so that it doesn’t get away.
· Teeth will make an appearance but it is not incorporated in the jaw
Homeotic Hox Gene Duplication to the Genome
· Very early ancestor of the chordates there is only one copy of the gene set, by the time we get to the sharks we see something unusual: two rounds of complete genome duplication in the animals.
·  Now there are 4, one of the only cases that has happened in animals. The best is that this extra variation had one copy of hox genes where the body could rely on it if something didn’t work out in the variation. 
· “Masking copy” you can get variations on body plans, new body plans etc. 
· This extra set of genetic material explains why the chordates are the most diverse in morphology!
· The fish went one more round where they have 8 copies and this is why we have so much in experimentations.
Chondrichthyes
· Cartilaginous skeleton, one of the characteristics of this type of fish  
· Scales on the body to improve the swimming motion and a very distinct tail to be the propelling motion of the fish.
· Two pairs of fins on the side (pelvic girdle and pictorial girdle) and a dorsal fin at the top but they also have internal cartilage. They aren’t attached to the axial skeleton, it’s the body wall that anchor the fins in place. 
· Heterocircle tail where the tail is bigger on the top than the bottom, pushing them to the ground but then they rise from the fins.
· If the shark is swimming along with these fins, it can’t break and it stops swimming to slow it down. Challenges respiration because of this considering these types of fish rely on swimming in order for them to breathe. 
· They have to tilt the fins into a broad wide turn. 
Placoid Scales
· If the body has a smooth surface as it moves through the water, it creates drag and can slow the animal down when it swims. We find placoid scales made from the epidermis where they project backwards away from the head and create a vortex of turbulence.
· As it moves through the water making a laminar flow against it, you get bits of turbulence making the body less resistance and giving it a more propulsive force. This gives them the ability to swim faster. 
· The minerals take the form of dentin where they have a pulp cavity inside, this is exactly the same kind of structure as your teeth. 
Feeding
· We took large versions of these and embed them in the skin above the jaw. This ended up as teeth the shark can use to hold on and capture it’s pray. They take the jaws, clamp down on it and eat it. Technically the teeth are only there to grip its prey when eating.
· They use the power of its swimming motions and they thrash so that there pray become small enough to get into the mouth and swallow. 
Mermaids Purse
· Sharks have a reproductive strategy that is unlike the animals living in the marine environment. 
· Male and female mate so that they can transfer the sperm and egg. The female uses the sperm to fertilize only one or two eggs and provides the egg with a rich source of nutrients and huge amount of her metabolic energy to produce food for the embryo that will eventually develop. 
· The shark then hides the mermaid’s purse in the ground. Inside it the little shark develops and feeds on the nutrients there. 
· Totally unusual for the marine environment. This is problematic for sharks because they cannot increase the variability very quickly and can become easily extinct. 
Actinopterygii: Bony fish
· Replace the cartilage with bones and embed the teeth into the jaw. We get a swim bladder or a lung and we see the swim bladder first. 
· Ray finned fish: the bones that are there are needle like structures that support the fins. These fish also have a swim bladder and their jaw is modified for feeding so that a brand new way of feeding is proposed. 
· Bony fish contain a huge amount of bones compared to what they had before and they are key to what is supporting the fins and they anchor down into the musculature of the fish. 
· Needle like ray of bones giving the group there name. 
· Pectoral and pelvic fins migrated forward and articulated with the bones that created the head of the fish. These fins are now able to articulate with the body, instead of being locked in place, they have moved forward, are hinged and articulate against the head and are used for fine types of movements. 
· Two ways of swimming, the powerful tail and the fine tuning of its position are used because of these new fins and now the fish can anchor itself in one spot.
Suction Feeding
· Bony structure that can be opened and closed. We see a hinge where we can open up extremely wide to swallow pray and then close and trap the pray inside. The gill arches are farther back, the teeth lay here.
· It brings its mouth in, then out, then sucks in. 
Swim Bladder
· Add air to it as you go down deeper and deeper and as you rise through the water column air is taken out. Connected to the circulatory system where it senses the depth and takes oxygen from the blood, putting it into the bag. 
· As it rises it takes the oxygen out and returns it to the blood. Dynamic in terms of blood supply. Fish can hover in one place, sharks needed to pass water over the lungs 
Opercular Gill
· Flap of tissue called the opercular gill that covers the opening to the gills, while it is hovering it can open its mouth and expand the size of the mouth cavity pulling water in. Closes mouth, shrinks the size of the cavity and pull the cover out where the water can swim out of the gill.
· Now it has a pumping mechanism that it can aerate its gills with while it is waiting for food to come along. 
· Obtains neutral buoyancy where it floats when it swims. 
Lobed fin fishes: Tetrapod stance 
· Different architecture for their fins, they have muscles in their fin and we also have bones in these tissues. This group is a fresh water group. 
· In the Devonian (plants on land) this particular fish is living in the dried up bodies of water and they get a lung, the advantage this group has is that it can come out of the water and breath air into the lungs and use the oxygen in the air to oxygenate its body without having to pass it through the gills. 
· Because of the bones, we get a rigid structure, we use limbs to get out of the water and to drag themselves to other bodies of water. Beginnings of the first vertebrate forms of life with this particular group. 


