Mind Map Phanerozoic

Extinctions:
Background extinction happen all the time one species is replaced by another or is unable to adapt after surviving a mass extinction. Mass extinction must be more than 50%.

Causes for mass extinction in general: 
Astroids impact – An asteroid hits the earth sending up huge amount of debris and space dust             
                               causing a change in temperature which caused extinction. Original hypothesis 
                               doesn’t work for all extinctions because the craters from these impacts don’t 
                               match up with the time periods of all the extinctions.

Elevated carbon – Global warming (associated with all 5)
· From volcanos increasing carbon dioxide in the atmosphere causing global warming
· From flood basalts which a tears in the earth crust releasing large amount of magma and carbon dioxide. This happens on hot spots where the mantle is thin and usually occurs with continents shifting.  This is much more likely as much more CO2 is released. 
· Gas hydrates – Methane producing bacteria that live in the bottom of the oceans. As they create methane because of the pressure of the water at that altitude is solidifies into liquid form could be used as a source of energy if brought up to the surface in a containment unit. If water levels drop then the pressure on the methane reduced turn into methane gas and released into atmosphere. Could allow for huge amount of methane to get into the air which is much more potent gas than carbon dioxide 

Marine anoxia – A reduction in the amount of oxygen in the oceans. No oxygen no life and 
                             extinctions ensue.

Sea level changes – melting of polar ice caps mean more water in the oceans could lead to 
                                   marine anoxia. Reduction of water results in gas hydrates expelling huge 
                                   amount of methane. 

Major extinctions (who died, who survived and why)
End Cryogenian (no fully considered an extinction could be reason for multicellular coming when it did) – Snow ball/ slush ball earth ( 3 possibilities)
1. The land masses reflected the light of the sun without warming the plant.
2. The continents erosion removed large amount of CO2 from the atmosphere in the form of carbon salts which would cool the earth.
3. The primary productivity in the oceans was so high that it took up most of the CO2 which would cause the plants to cool.
It poles froze over and extended across the planet getting to such a size that it was maintained as the light reflected off the glaciers preventing the earth from warming up. 
Earth did melt finally probably due to volcanic activity on a global scale putting large amount of CO2 back into the atmosphere to levels over 300 fold higher than what we see today causing the earth to warm up.  The thawing of the earth furnishes the bottom of the oceans with sediments high in mineral nutrients his along with the high amount of CO2 created a time of high productivity and diversity.
End Cambrian 
End Ordovician
Late Devoninan – Due to flush if nutrients from dead plants less oxygen in oceans less co2 in atmosphere
End Permian – 90% lost in oceans froze diversity change on land.
End Triassic – favors reptile first to get their egg on land is favored
End Cretacious – asteroid crashed temperature dropped productivity and biodiversity dinosaurs died. Out of control population that out used the bottom levels of their trophic pyramid caused collapse marine anoxia dropped temperature

Thing that are resistant to mass extinction are generalist small and globally distributed. 


Time line: 
Paleozoic
Multicellular life before Cambrian evidence
1. The chemical processes required for fossilization only appear at this point in time we wouldn’t see any animals prior to this. Could still have been some. 
2. The use of molecular clock to look at rates of change in the homeotic genes tell us that these homeotic genes first appeared millions of years before the Cambrian!
3. The Edecarian fossils which appear immediately prior to the start of the Cambrian the earliest experiments in multicellular life. 
4. the Doushantuo fossils. These are really unusual because they are microfossils that look like embryos of multicellular organisms. 

Burgess Shale fossils –  In Yoho National Park. Here, the invertebrates of the Cambrian were fossilized in layers of shale that formed in the ancient Cambrian seas. Flattened between layers of fine sediment like leaves pressed in a book, the fossils in the rocks were ultimately thrust to the peaks of the Canadian Rockies. Split the layers in the shale and there are the impressions of this unusual community of invertebrate animals that lived then, and who are in part the ancestors to many of the animals that still exist on the planet today.

Doushantuo fossils – Microfossils that look like embryos with it’s simple 2, 4, 8 cell formation. Could be representative of multicellular life that did not fossilize because too soft bodied. Resets the age of multicellular life to beginning Ediacaran

Ediacaran fossils – Fossils that prove multicellular life was around before the Cambrian. Merited the creation of a new period at the end of Phanerozoic first addition in over 100 years. Fossils found in Mistaken point Newfoundland dated to be Precambrian. Unknown line of dissent horizontal burrowers originally thought to be soft corals. Ediacaran fossils are some of earliest experiments in multicellular life.
Cambrian & Ordovician – water multicellular life
Cambrian  burges shales
Snowball 
Huge productivity In oceans

Porifera (sponges)
Asymmetric (not tissue non communicating)
Covered in choanocytes (cells with a collar of microvilli around the flagella) which create a water current by pumping water trapping any food in the microvilli collars. 
Contain an outer pinacoderm, an inner choanoderm and in the middle gelatinous mesohyl containing spicules (skeleton) and amoeboids which transfer nutrients between cells after taking what they need.  
There is a division of labour between cells but all cells are totipotent and can become any type of cell
For reproduction sponges have sex they releases sperm that developed from choanocytes and it goes into another sponge nearby and they fertilize eggs in the sponge. The zygote then goes into a swimming stage where is leave the sponge and settles somewhere else. 

Cnidaria (Polyp/Jellyfish) – cnidocytes (sting)
Cell to cell communication real tissue therefor radially symmetric.  Two forms in life cycle simple sessile polyp colonies similar to  sponges with stinging tentacles (carnivore) with longitudinal and circular musculature (reproduce asexually). Moving form medusa better known as jellyfish responsible for sexual reproduction. 

Diploblast has both an endoderm and ectoderm along with mesonglea in the middle jelly like elastic middle allows for motion (hydrostatic skeleton).
Water enters through a big hole the circular muscles contracts releasing water through a small whole propelling the animal forward.  The mesoglea allow the bell to open up again without longitudinal muscles.
Incomplete gut formed through invagination creating a gastrula and a blastopore which could become a protostome of deuterstome depending on what it becomes. 

Start of bilateral symmetry (proto/deuter digestive tract)Triploblastic 
Body cavity  
Full coelom  space with muscles around gut and body ball with mesenteries in between. 
Pseudoelomate  mesoderm around body wall then space
Acoelomate  no body cavity all mesoderm.

Protostomes: mouth first opening, spiral cleavage (twist), Schizocoely (solid split)
Ecdysozoa (moulting exoskeleton)
· Anthropoda (trilobites, crustacea) Onychophora & Nematodes
Lophophore ( Lohphpore or trochophore larval stage)
· Lophotrochoazoa (feeding structure) -  bryozoan
· Trochozoa (swimming larval stage) – Annelida (marine worms), mollusca
Platyzoa 
· Platyhelminthes (flat worms)

Nematodes (ecdysozoa)
Pseudoelomate. Minimized and reduced structure. Nerves directly connected to muscles. Removed circular musculature. Twitches in sinusoidal movement in earth with mouth open double valves pharynx allows it to swallow. Very abundant, important in decomposition cycles, and very bad for plant crops. 

Onychophora (ecdysozoa) – velvet worm 
Unarticulated limbs, slime glands, cuticle with chitin food manipulating limbs. Living fossile  evidence of continental drift. Feet with claws, antenna to see and mandibles to manipulate food . Uses a hydrostatic skeleton. Predator attacks prey with slime then rips it apart with jaw/ mandible. Coelomate. Reproduce a sexually. Two layers of cuticle epicuticle (waxy) procuticle chitin.  Segmented

Trilobites – Arthropod (ecdysozoa)  articulated exoskeleton plates, muscles arranged in bands, compound eye. Went extinct marine type arthropod made appearance in the Cambrian. One of the first large body in aquatic environment. Segmented
Crustacea – Arthropod (ecdysozoa)
Articulated exoskeleton of plate, muscles arranges in bands, compound eye. Segmented portions take on different functions Appendages become specialized and change shape. New type of filter feeding with motion through piston formation of body cavity forcing water in the middle and out the side trapping food particles. Algal cells push food up to mouth.  Primary productivity of the oceans very fragile plankton (crustacean) and Algae   animal food base of entire ocean. 

Bryozoa (Lophophorates)
U shaped gut, triploblastic , radially symmetrical. Complete gut sessile so not sitting in poop.  Often in the form of coral reefs. Cilliated temtacles that can be retracted back into the body using muscles protection from predators feeding strategy get food before it hits the ground. Reproduce asexually. Doesn’t need to move to digest coelomate, radially symmetrical.

Annalida (Trochozoa) - marine worms  
Schizocoel – mesodermal  (solid split), Dorsal heart – heart of the back of animal.
Ancesteral characteristics in earth worm. Independent segmented muscles ciliated hairs contractile and longitudinal muscles. Ciliated hairs will anchor one part while circular muscles up front will contract that part will ancor bottom part will release and longitudinal muscles will contract. Allows for motion.  First method for digging and getting into a new food source away from predators. 

Mollusc (Trochozoa)
Bilaterally simetrical coelomates, schizocoel dorsal heart.
2nd most diverse phyla. 2 regions muscular foot and visceral mass which contains the mantel
which secretions the stuff to make a shell. Also has gill cavity to breath if stuck in shell to protect from predator. Also have radula to grind things before they consume. 
Snails (gastropods) coiled visceral mass into coiled shell into a cone to distribute weight. Squids and octopuses (cephelopods) shanged to the rol of the foot and started swimming in it’s side to become predators. Ammniotes coiled shell into a spiral to compete with fish and eventually lost shell
Clams (Bivavles) laterally compressed mass  foot only used to dig became sessile and lost head + anus. Did return to motion laterally folded shell vaginally compressed mass. Opening and closing pumping water to catching food. 

Platyhelminthes (Platozoa) – flat worms
Loos of coelom through a flattened body plan optimized surface to volume ration didn’t need digestive system. Still have circular and longitudinal muscles and mesophile with cilia at the bottom nice smooth gliding motion but if turbulence used body glue to anchor it to substrate and move the same way as worms. Mouth located on vetral surface to pick up food as it passes over things digestive system goes everywhere. To protect them selves that digest sinting cells and incoportate it into themselves. Developed into parasites ivade tissue of tliving things can sit in the liver or lunch of coelen and not block food from passing. Theses animals are hermaphrodites since they don’t run into each other often when they do meet both produce offspring. Blocking mechanism to prevent asexual reproduction through seminal receptacle. 

Deuterostomes: – Blastopore becomes anus , radial cleavage
Echinodermata (starfish)
Pentaramous symmetry, water vascular system, Mutable connective tissue. Started of as bilaterally symmetrical in larval stage became sessile adopted the technique of radial symmetry.  Arms that go for food before they reach the ground.  Water vascular system of tube feed original role for feeding and manipulating food towards the mouth. Now turned over to allow for motion and to take food out of substrate. Feed off of other small predators such a bivalves which they break open and eat. 

Ordovician Extinction – survivors
· Cnidaria
· Molluscs ( shells cephalopods, bivavles, gastropods)
· Worms
· Echinoderms
· Bryozoa – took a hit
· Arthropods
· Crustacea

Sillurian – Survivors diversify  vertebrae development 
Chrodata development – vertebrae phylogeny

Jawless fishes (Agnatha) Hagfish  lamprey
Parasite of large fish with no jaw just circular mouth in which it sucks out fluids from the fish they latch on to. Life cycle half in fresh water half in ocean marine systems come to fresh water to lay their eggs ( similar to salmon). Had a huge impact of great lake fishery as the saint Laurence sea way opened up allowing lamprey to come into great lakes and parasitize all the large fish.  

Gnathstomata –  Jaw (developed from gills),  gene duplication, and paired fins 
Chrdrichithyes   cartilaginous fishes (sharks, sting rays)
Jaw came from the first 2 gill arches folding together to form a jaw shape  primitive clamping shape can’t chew/bite. Duplication of the genome allows for genetic variation to occur. 
Paired fairs allowed for stability when moving. Created a cartilaginous skeleton with placoid scales made of dentin with pulp anchored in the skin projected backwards same as teeth. In the mouth also have teeth in rows read to come up if the next one falls out used to clamp down on things not break. Must thrash around to break of animal pieces small enough to eat. Sharks are huge and they are very heavy so as not to sink they have body oils that are less dense than water to help them float not spend all their energy to not sink. Not perfect they must  always swim in order to note sink and in order to breath and have water flow through their gills. Also have  dorsal fin and caudula fin to swim and stay balanced. 
Reproductive strategy is not not have many offspring but put lots of energy and resources into few offspring. Females create a meraids purse  with all the food and nutrients in will need until it develops into a mini shark to protect it’s self.  Very fragile life cycle easy to go extinct if you knock out a big predator the bottom collapses. 

Actinopterygii – Bony fish
Bony skeleton is replaced by cartilaginous skeleton teeth get imbedded into jaw and swim bladder forms. Fins are supported by thin needle like bones. Reproduction a lot more random females produce thousands of eggs every year and males produce huge amount of sperm and fertilize as many eggs as possible.  Modified mouth structure to such up food (suction feeding). Solved the problem of sinking through the creation of a swim bladder. When they go deeper pull more air to oppose pressure. When the fish is higher that release air as there is less pressure. Opercular gills solve the problem of always needing to be in motion flapps can bring water into gills without motion important to protect as predators and hide. This is the only group of organisms still diversifying (8 copies of the genome)

Sarcopterygii – Lobed fins
Development of lungs which are a huge advantage as the oxygen levels decrease in oceans they can move on land (ancestor to amphibians). Fins and body changed to a central core of bone with muscles are around. Strong fins allow the jump out of water and breathe oxygen. Still have gills to breath in water.

Plants transition to land:
Must conserve water protect gametes from drying out and support against gravity. 
Alteration of generation between plants sporophyte and gametophyte  antheridia and archegonia
One of the 1st  non vascular bryophytes to move on land were liverworts. No leafs just photosynthetic tissue which was the gametophyte generation anchored to the ground by rhizoids. The antheridia and  archegona grow out of the main body and through slash fertilization a zygote is formed . Gemma are small cups that allow them to reproduce asexually.
Mosses also start to arise also dependant of splash fertilization 

Devonian – more plants no vascular tissue
Large plants bryophyte plants with no vascular tissue. Vascular sterts to develop with lignin rings and eventually eniter secondary walls of lignin. 1st to do this were the fferns who flung their spern instead of just depending on wind. Self fertalization is tolerated and it grow out of it’s self all the time. 

Small End Devonian extinction flush of nutrients from dead plants less oxygen in oceans less CO2 in the atmosphere. 

Carboniferous – vascular tree / fungi   insects  amphibians 
Gymnosperm trees (conifers) starting to develop with huge amount of toxic lignin that cannot be decomposed and eventually becomes the coal we use now.  Seeds become common complete zygotes ready to grow once released. 

Fungi 
Ectomycorrhizal – outside roots
Arbuscular mycorrhial – inside roots
Litchen – symbiotic relationship

Insects – once on land new food source no predators  development of flight huge advantage could move with seasons and avoid any predators. Exoskeleton with 2 layars of cuticle epicuticle (waxy)  procuticle (chitin). Glands create the epicutical waterproof layer by secreting wax. (used in shelack)
Can’t breathe through skin so tracheal system attached directly to muscles. Does not rely on oxygen dissolved in bloods just spiracle  trachea  tracheoles muscle 
Reproduction sperm gets put into female zygote gets formed and waterproofed. Develops in stages:
Ametabolous which it just a small things that grows into a larger version of it’s self never acquires wings. Incomplete metamorphosis infant develops slowly only different is as it reaches mature adult acquires wings. Metamophosis where it enter the larval stage where it gains lots of nutrients from a different food source then changes completely through the pupi stage into an adult with a completely different food source.  

Amphibians – tetrapod stance must push it’s self up and then use undulated movement to move forward. Must return to water in order to reproduce. Skin is their primary respiratory surface no protection skin often poisonous to protect against predators.  Gulps in air  then pushes it in lung through positive pressure (mammals use negative pressure)

Permian extinction (HUGE) – plants and insects fine

Mesozoic – molluscs cephlapods body fish came back from lake and rivers
Those that are able to get their eggs up on land are favoured (aka reptile age of dinosaur)
Creation of amniote egg very important as well as keratinized skin for protection. 
Reptiles – were the first to put amniote eggs on land which lead to success as no predators. Keratizined dead skin cells hardened to create a waterproof protective layer on the body reptiles used beta keratine. As jaw muscles got bigger needed a way to get around  that without reducing cranial capacity.  Took muscle and attached it in bands through a hole in the skull. Reptiles had two band (diapsids) mammals had 1 and turtles originally diapsid lost this trait and became anapsid with no holes.   

Extinct Diapsids 
Dinosaurs move away from the tetrapod stance in order to not crush new lung system when moving they needed to be able to breath while moving the best possible would be if on 2 legs that it wouldn’t get crushed at all. Legs moved under in 2 ways
Sairichian – big predators (carnivores) articulation of the limbs at right angles with each other. 
Ornithischian -  articulated limbs at parallel angles to each other. 
Pterosaurs – developed wings as an extension of their pinky down to their legs large predators jumped off things and gliding still extremely heavy not able to take off on their own. 

Living Diapsids
Snakes lost limbs all together no way to manipulate food so unhinged jaw which creates a box mouth cavity they can swallow large things in whole. Manipulate food through constriction and venom.  
Crocodiles living fossile still in tetrapod stance homodont can’t bite  just camp down on things the way sharks do. 

Extinct Synapsids - Little reptile with huge fans. 
Therapsids - Were warm blooded and nocturnal as a result when out and hunted smaller predators at night when the others had slowed down due to being cold blooded. Heterodont and chewed their food. They developed sensory hairs and gland so they could smell each other. Their had fur and some even had feathers. 

Angiosperm flowering plants
Way to not spend energy on creating the nutrients from an embryo if it was not fertalized. The female ovary developes 8 nuclei which them arrange themselves into 3. 1 at the top and 2 in the middle. The 1 on top become the zygote the second sperm fertilized the middle 2 creating the nutrients. Instead of being dependant of wind they were now able to attract insects, birds, and animals to move their pollen for them with small gifts of nectar of fruit. 

Triassic extinction at end favors reptile the first to get egg on land away from predators and out of oceans. 

Jurrassic Bony fish come back to ocean from fresh water
Vertebrae develop on land  Flowering plants take over  Dinosaurs rule

Cretaceous extinction dinosaurs die asteroid

Cenzoic – birds and mammals take over
Birds developed from reptiles with feather optimizing body structure to be as light as possible with large surface. The light structure of feather with the shaft, bars and barbules help.
Two theories of flight group up (got excited) Tree down (fell). Skeleton adapted to have hallow bones and long with muscle straps along the sternum. Reproductive strategy to have few young and take care of them until they could take care of themselves.

Mammels developed  from the synapsid with the hair and the skin producing oil so it wouldn’t get brittle. Jaws changed to food source. Reproductive strategies oviparious nursing young outside body (aka platapus. Vivaporus inside the body using a placenta (us) or half inside half out in their pouch (marsupials). Mammals also produce few yound and instil parental care to make sure the young survive. 
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