Phanerozoic:
Paleozoic – Mesozoic – Cenozoic 
Paleozoic:
Cambrian – Ordovician – Silurian – Devonian – Carboniferous – Permian
Cambrian:
· Equator has high radiation, above and below radar are dry zones (air is pulled up and dried out then saturates the tropical zones)
· Surrounding Laurentia is a continental shelf, shallow enough that sun penetrates to a sufficient depth
· Deep photic zone with lots of light – algae and primary producers which is a good food source for anything to feed on it
· Good incubator for biodiversity to occur
· Shoreline of the West Coast (warm shallow water during Cambrian): huge array of fossils seen here. Burgess Shales fossil set, variety of strange animals that look nothing like animals today. Mixture was fossilized because shallow ocean had cliff that dropped to anaerobic region, so some animals fell of cliff when they died and did not decompose (anaerobic) and sediments would land on top fossilizing the animals with millions of years (creating shales with impressions of organisms). Soft-bodied organisms are also fossilized. Based on Pangia, we can also find more fossils, China has a set. 
· Director of Smithsonian Institute in Washington DC – Walcott. Characterized them based on morphology (arthropod). British students Briggs and Conway-Mores realized they were the transition fossils to multi-cellular life we have today. One did the soft-bodied, one did the arthropods. Within the Burgess Shales is the ancestor to every invertebrate. 
· Anomalocaris: major predator with eyes. First predator, arthropod-like. 
· Hallucigenia: spikey to protect from predators
Cambrian Explosion: 
Cambrian explosion because we see an explosion in the diversity of animals in the fossils. May not have been the first multicellular animals though because chemical process for fossilization occurs better with minerals in the body which soft bodied organisms do not have. 
Colonial Choanocyte Ancestor (common ancestor to all animals): heterotrophic unikont, flagellum beats sending food over the collar and food is engulfed by phagocytosis. As a group, pump more water than individually, beginning of organisms found at base of animal tree of life, also at base of fungi
· Origins of Animals: collar around choanocyte is a microvilli surface which traps food, arrangements of microtubules on microvilli collar is identical to microvilli on animals 
· cytoskeleton that makes collar is identical to cytoskeleton of microvilli in digestive tract ect
· single flagellum is seen on sperm
Animalia (Autapomorphies):
· multicellular eukaryotes, injestive heterotrophs, cells with specialized functions, CHOANOCYTES (ancestor), collagen (collagen to stick cells together, cementing substance), microvilli structure and flagella
· true organism not a colony of cells (in a colony of cells- only specialization occurs for gamete production)
Animal Architecture:
· Tissues: cells communicate with eachother, cell layers are called tissues. 
· Diploblastic or triploblastic (two or three layers), in diploblastic, we have outer ectoderm and inner endoderm. With triploblastic, middle mesoderm
· Symmetry and Cephalization: 
· Cephalization: organisms orient with bilateral symmetry (one axis through body to have identical halves), animals move in one direction and concentrate sensory structures on one end of organism
· Radial Symmetry: responding to world at all axis around organism, sessile organisms (sit on bottom of ocean or float). Identical halves when line is drawn at all angles.
· Symmetry: mouth to anus. Travel in one direction and sense where they are going, anterior end becomes the head and is concentrated with sensory structures and this requires nervous tissue – the brain. 
· Embryology: distinct set of divisions that occur
· Protostomes and deuterostome
· Body Cavities: Coelomate – Acoelomate (derived condition – specialized) – Pseudocoelomates arose multiple times  (animals undergo miniaturization so reduction in complexity of body cavity)
· Coelomate: body cavity completely lined with mesoderm (mesoderm lines), mesoderm associated with outer body wall (for movement), these mesoderms are connected by mesenteries, organs are suspended in body cavity. Food can be moved in gut independent of movement of body  
· Pseudocoelomate: no mesoderm associated with digestive tract, only with outer body wall. Animals cannot propel food through digestive tract without movement of body, no mesenteries to suspend organs. 
· Acoelomate: no body cavities (flatworm)
· Solid mass of mesoderm 
Bottom of Animal Tree to the Top:
Porifera: use choanocyte in aquiferous system, cells but no tissues, totipotent cells, asymmetric body plan
· Sessile,  pre-dates Cambrian but capable of differential growth and disconnect and reconnect to substrate
· Pumping water through their bodies trapping food (injestive heterotrophs)
· Some electrical gradients between cells – not tissues though
· Totipotent cells: cells are not committed to being certain cells, every cell can revert to be an archaeocytes and retain stem cell characteristic of cells throughout lifetime. If needed they can revert to archaeocyte and become a whole new type of cell to respond to changes in their environment. Cannot move so they grow where they want to go and if they get damaged, they replace damaged cells
· Asymmetric, no mouth
Sponges: colonial choanoflagellates
· Aquiferou System: (3 types leuconoid, synacoid and asconoid) sponocoel (cavity) that flagellum beats water through, forcing water out the osculum, water is pulled into sponge, flow of water is going on constantly, choanocytes trapping algae on microvilli surface. Algae put into food vacuole and fused with lysozyme (as in protist), difference is that these are the only feeding cells. 
· Choanocyte: This unique collar-shaped cells whose flagella are responsible for generating the water current in the sponge. As the flagella beat, food particles are trapped against the microvilli that form the collar. 
· Pinacoderm is the outer body surface with pores, these cells cannot feed, once choanoderm is fed, amoebocytes carry food vacuole to pinacoderms, pinacocytes are flattened cells that make up this layer 
· Spicules: sponging and spicules form skeleton and the needle-like spicules are a defense mechanism against predators 
· Sponge Sex: some choanocytes become sperm, choanocytes and archaeocytes become eggs. Sperm and egg released into water column where fertilization occurs – often occurs to tidal cycles. Burst and sperm is released, sponge with eggs is pumping water, will engulf sperm from its own species – vacuole to amoebocyte which finds egg to fertilize, if not sperm is ingested  
Animal Innovations (Symplesiomorphies): 
1. Gap (septate) junctions, loss of choanocyte – cytoplasmic communication and connexins that open and close
· Open and close to moderate cellular communication – coordination of tissues
2. True tissues with all components: endoderm, internal digestive system epithelium Ectoderm – nervous tissue and skin, mesoderm forms muscle. 
3. Embryology: blastula (hollow ball of cells) and it invaginates forming an inner and outer cell layer, archenteron cavity is created which is the gut with an opening (mouth) – oral-aboral symmetry 
4. Symmetry: radial symmetry – sessile or swimmer (jellyfish)
Cnidaria: cnidocytes, polyp body plan, epitheliomusculature . Eother solitary or form huge colonies.
Jellyfish: 
· Nematocyst becomes coiled with pressure,  if cnidocil is stimulated, it cnidocyte cell launches barb 4000 G force of push, piercing through outer tissue of organism, poison that knocks out CNS of other organism
· Designed to attack small organisms, can penetrate through small arthropod shells
· Box-Jellyfish: kill large prey with stinger (it’s sting can kill a human), if one box-jellyfish stings, they swarm
· Polyp Body Plan: tentacles surround mouth in center which leads to incomplete gut, capable of bending over and attaching to substrate and walking 
· U-shaped organism with tentacles – gastrodermis is feeding and digestive tissue with nutritive and gland cells to digest and consume food by phagocytosis, break food down
· Epidermal cells to form outer ectoderm, cnidocytes for sensory and periphery, mesoglea is jelly-like mass in between 
· Epithelial Muscle Cells
· Myonemes: contractile strands of actin and myosin at the base of these cells  
· [bookmark: _GoBack]Nutritive Muscular Cells: responsible for phagocytic uptake of food from gut and cell bases also have myonemes arranged in opposite directions to epitheliomuscular cells  
· Creates our first skeleton – counter muscles return contracted muscles, provide opposite contraction to a contracted muscle
· Hydra contracts all muscles in body it its shorter but wider because full of water, returning muscles to their original length, hydrostatic skeleton
· On inner surface – circular arrangement, on outer surface – longitudinal arrangement, skeleton is to stretch muscles back to original length
· Fluid-filled cavity the expands in opposite direction
· Other type of body plan: Medusa: bell shaped organism, circular muscle lining endoderm, mass of mesoglea (thin layer of jell between tissues (larger in medusa), this does not have longitudinal muscles, mesoglea is compressible like a spring, when muscles relax, mesoglea returns to original shape
· Swims by compressing bell (squirting water out) and rises up, relaxes in such a way that water fills gradually (up then down a bit) – shelf of tissue used to insure upward motion 
· LIFE CYCLE:
· Dimorphic Life Cycle: when the cycle of the animal includes two distinct and physically different body types. The life cycle progresses from the immature form to the reproductive form, or both forms may appear together in colonial types of dimorphic organisms. 
· swimming medusa form, release of gametes outside of organism into water column
· fertilization to form zygote which undergoes a series of cell divisions to become Planula Larva on substrate 
· Cell divisions then form a Polyp (blastula turns into gastrula) – branching polyp – colonies are connected to eachother and you get division of labor. Gastrozooids are feeding polys, reproductive polyps are called gonozooids, and on gonozooids, baby medusas are form 
· Corals are also polyps. Multicellular life in its most primitive forms may predate Cambrian (based on fossils)
· Coral reefs, always in tropical oceans
· Polyps in secreted tubes of mineralized structures and these are built on continuously which become geological features because they bring substrate into photic zone so you get biodiversity (tropical forest of ocean)
· Most corals on reef life in symbiotic relationship with algae (climate change is breaking – coral cells cannot survive without the algae – coral bleaching), algae provides glucose and coral provides protective environment for photosynthesis 
Animal Innovations (Symplesiomorphies):
· Triploblastic Mesodermal Musculature: efficient mechanisms of movement, directed movement 
· Bilateral Symmetry: cephalization 
· Embryology: 
· The cells undergo division to become two cells and a second division to become eight cells. The third division passes across the equatorial axis of the four cells and results in four cells on the top and on the bottom. There are only two ways to orient the top cells relative to the ones underneath. The cells on top can balance right on top of the cells underneath them with the rounded bottoms of the top cells directly over the rounded top of the cells below. The other alternative is for the cells on top to position there rounded bottoms in the groove, or furrow of the cells underneath them. To do this they have to rotate a bit to get into this stable position and when seen from the top the cleavage products appear to rotate or spiral. It’s the origins of the name for this type of cell cleavage – spiral cleavage a characteristic of the protostomes. If the upper cells don’t rotate the result is radial cleave and its typical of the deuterostomes
· Gastrulation: blastula becomes gastrula (membrane folds in to form inner and outer derms)
· Mesoderm fills the space between endoderm and ectoderm
· TWO WAYS OF FORMING MESODERM:
· Schizocoel: cells proliferate from near blastopore (opening of gut) and fill space then split open to make a fluid-filled cavity (coelom) 
· Enterocoel: cells from gut glib off and “balloon” filling the space and the cavity is already in them 
· Archenteron fuses to membrane and forms an anal opening. Blastopore can be mouth or anus 
	Protostomes:
	Deutrostomes:

	-blastopore mouth 
-spiral cleavage
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	-blastopore anus
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-enterocoely



Protostome Taxa: BIGGEST TAXA (arthropods)
· Ecdysozoa 
· Exoskeleton (cuticle)
· Moultining: ecdysis (moult an outer exoskeleton) 
· Lophotrochozoa: trochophore larva or lophophore that they fed with (so derived and we could not define them) 
· Platyzoa: lost coelome 
ECTODYSOZOA
Symplesiomorphies – Nematoda:
1. Cartilaginous Cuticle without Microvilli: outer skeleton can be reinforced with chitin (arthropods) or collagen 
2. Longitudinal but No Circular Muscles
3. Epitheliomuscular Pharynx: recombine and back to ancestral state 
4. Blastopore Becomes a Mouth 

· pseudocoelomate, only longitudinal muscles, miniaturization
· gut suspended in digestive tract, gonads too. Longitudinal muscle (cylindrical animal), animals bends and shape changes because it is a fluid-filled cavity and  movement down body, perfect for weaving between soil grains and the substrate environment (whip-like movement), minimalized components
· nervous system: muscle cells sends arm of muscle tissue to nerve cord to interact directly with it, and nerve cells stimulate muscle cells  to bring about contract
· only animal group that have amoebic sperm 
· constantly have longitudinal muscle contracted and cuticle is kept stretched and rigid, (like armor), pressure on gut tissue (could not open mouth or food would come out), so reverted to ancestral trait – epitheliomuscular with two jobs
· gut with two valves. Shut the back valve while you fill the pharynx, close the front valve while you open the back and squeeze the pharynx down and squirt food into digestive tract
· Triradiate Structure: three lips (fastest way to open circular structure), muscles pull together 
Panarthropoda (Autapomorphies):
· Cuticle with chitin
· Food manipulated by limbs before feeding (ex. compacting food like in filter feeder or tearing food into bite size)
Onychophora (Autapomorphies) Velvet Worm:
· Oral papillae with slime glands
· Body wall musculature continuous sheet
· Unarticulated Limbs: flexible hydrostatic limbs 
· Hydrostatic skeleton with stretchy, elastic cuticle 
· Crawl around substrate at night, fleshy limbs on a wormlike body (marine version in Burgess Shales, these animals came on land, part of the evidence for Pangea based on location – living fossil)
· Anatomy:
· Antenna to probe environment
· Feet with claw to grip substrate
· Oral opening with two big jaws, pushes face onto material it will feed on (jaw is modified appendage that modifies food before consumption), jaw tears up food 
· Oral papillae squirt a glue-like substance that immobilizes prey, then it reclaims it’ s glue and eats the prey
Arthropoda (Autapomorphies) 90-95% of Diversity on Planet:
· Articulated exoskeleton of plates (outer tubular skeleton), plates that flex at right angles to eachother, cylindrical outer exoskeleton, linear joints on structure
· Muscles arranged in bands
· Compound eye 
· Huge number is due to terrestrial arthropods. All that exists at this point is marine arthropods. 
· Two Major Sub Phyla:
· Trilobites: extinct but were extremely prevalent. 
· Crustacea (Crill or Zooplankton): sequence of appendages different in shape and appearance for different function. Sensory antenna, limbs for passing food to digestive tract, limbs for walking, claw for defense, little legs underneath for water flow and egg incubation. Different attachment to the body. Region of fused segments called the cephalothorax. Segments locked together with a common function in terms of function based on musculature – Tagma. Segments have appendage that are modified to do certain things. 
· Filter Feeding: series of appendages down length of body, each is a limb, most adept filter feeders capable of movement. Metacronal wave to propel though water. These appendages were cup-like structures, fan out, and fold in. Appendage pulls away enlarging space and it fills with water through midline, midline has little hairs that water flows over, compress and water squirts out the sides. Occurring on both sides. Water is coming in from head region, water contains algae, and hairs trap particulate food as it swims. Squeezing at base pushes food to mouth. PRIMARY HERBIVORES 
LOPHOTROCHOZOA:
· Either presence of a U shaped gut and a lophophore OR trochophore at larval stage 
Bryozoa:
· Sessile lophophore with U-shaped gut
· Mouth and anus that is sessile that keeps feeding, but U shaped gut, secretes a casing around itself, pump water that creates current that comes in center of lophophore, flowing over tentacles and cilia grab particulate food so it can be passed to mouth and digestive system. Living is calcareous case so can retract if predator comes. Water current is respiratory. Anus is positioned such that no contamination of water flowing on tentacles.
· Reef builder
Trochozoa (Autapomorphy):
· Presence of the trochophore larval stage
· Miniature animal with same structure, band of cilia around middle to propel in water, ciliary currents pass food into mouth to stomach digesting food, tuft of cilia to stabilize while feeding until it undergoes metamorphosis of animal it becomes
· Mollusc (second most diverse): 
· Secretion of shell from mantle allowing it to creep across substrate (can latch to substrate and cover in shell to hide from predators)
· Feed with radula, fleshy tongue with radular teeth that grate grind and pull organic material of substrate 
· Mantle cavity with respiratory structures (when in shell), gills pump unidirectional water into cavity 
· Anus is located in outgoing water (never contaminate water that is breathed in)
· Foot to crawl across substrate and still be able to feed
· SNAIL: land mollusk, gastropod.
· SQUIDS AND OCTOPODS: cephalopods. Elongated along dorsal axis, cephala head is closer to “foot” tentacles which captures prey. Water pumping in and out “jet pumping”
· CLAMS: folded shell around itself, at posterior end is two oepning to pump water over gills and food is trapped on gills and sent to mouth. Ass end up in the air. Burrow into ground, hiding in substrate and filter feeding. Muscular foot to burrow into the ground. Muscles used to close shells, big. *never eat the clams that stay closed because tetanus has locked the muscles
· Analids: marine worms
· segmented body, rings (hydrostatically isolated from the others), linear arrangement down animal with circular and longitudinal muscles, independent of neighboring rings. Setae hairs stick out the sides, puff circle out, setae latch to substrate, when circular muscles contract, setae pull in, worm lengthens and front end moves forward, accordion-like movement. With this locomotion, anterior end can be pushed into substrate, substrate can be burrowed or digested and passed through and burrow behind 
· penetrate substrates and taps into new food source
· also are swimming earth worms 
Animal Innovations (Symplesiomorphies):
· Trochophore
· Schizocoel: way up evolutionary tree
· Spiral cleavage  
· Dorsal heart and pericardial cavity
PLATYZOA:
· Acoelomate or pseudocoelomate
· Loss of coelem
· Loss of methanephridia and circulatory system
Platyhelminthes:
· Incomplete gut – mouth with no anus (gone back to the more ancestral characteristics) 
· Acoelomate: animal is able to keep itself flat (flatworms), all tissues are either near the gut to receive nutrients or to receive oxygen  
· Still outer circular muscles and longitudinal muscles allowing animal to keep itself flat. Still small, spongy, hydrostatic skeleton to undergo shape changes but other muscles keep it flat.
· Cilia on ventral surface: smooth gliding while cilia beat, can lift itself off the substrate. Can anchor themselves to the substrate with stickiness. Can also feed and prey upon nydaria, nydocites - stinging cells do not fire, migrate to outer body wall so the flat worm can protect itself with these nydocites 
· Mouth in the ventral center of the organisms, pharynx on underside 
· Derived character traits
· Complex reproductive system, all organisms exhibit hermaphrodism
· Organism is not very mobile, distinct advantage – mating event between hermaphrodite species, both gametes are fertilized (double fertilization), organisms produce two sets of organisms which increases the number of hermaphrodites. Self-fertilization cannot occur
· Female Anatomy: eggs produced in ovaries and travel down oviduct
· Male Anatomy: sperm produced in sperm duct and stored in seminal vesicle 
· During mating: intermittent organs insert into eachother and sperm is transferred to seminal receptacle of other worm, and copulation stops, then egg is produced and provided with nutrients passing in front of seminal receptacle fertilizing the egg
· Free–living flatworms (not dominant form), most are parasitic, complexity of lifestyle shows how ancient they are
· Life Cycle of a Fluke Clonorchis: free-living ciliated larval (mericidium) stage leaves vertebrate host, and seeks out it’s specific snail and invades amplifying numbers to produce cercaria that can be released into water and invade host (or rest as metacercaria)
· Swimmer’s Itch: cercaria nibbling on your legs 
Deuterostomia:
· Blastopore become anus
· Radial Cleavage
· Enterocoelic Coelom
Echinodermata:
· Pentaramous symmetry (only in adults, immature echinoderms have bilateral symmetry then undergo metamorphosis to become radial) – radial symmetry based on 5.
· Original starfish and relatives were sessile, anchored on bottom with arms, mouth facing up, catching organic matter that was falling through the water column  
· Water vascular system: tube feet (small hydrostatic skeletons) that push feed down arm to center, part of a larger system, the water vascular system, continuous to the outside, ampulla is a reservoir that supplies fluid to the foot that can change its shape and position based on muscle contraction inside of it – supplemented by suction cup on bottom of tube foot. All coordinated together. 
· Detached flipped over and moving across substrate
· Predators: feed on clams. Mutable Ct wraps around starfish and suction feet use the skeleton and stretch skeleton locking it in position causing a crack in clam shell, starfish stomach turns inside out regurgitating its digestive contents liquefying the clam and starfish consumes liquid. Can also consume corals.
· Mutable connective tissue – echinoderms have a endoskeleton (skeleton surrounded by tissue, arranged in plates held together by connective tissue under nerve control to determine whether CT is flexible or rigid),  articulation between plates or can be rigid to wedge into cracks and crevices
· Ex. starfish

Explanation of Cambrian Explosion:
· Most diversity in multicellular organisms right after they have appeared and have been decreasing since
Snowball Earth: no vegetation, just rock straddling the equator, does not hold on to heat which reflects most of the sun’s heat, so planet started to cool, rain is running calcium and minerals in the oceans, mineralization of oceans. In equilibrium with water, CO2 blanket is disappearing out of the air as well (insulation blanket), also losing methane. Ice masses form lowering the water levels ocean and these ice masses reflect solar energy as well. Froze everything in time essentially, ice formed over oceans, some life underneath. (Slushball, some life and open water near equator) – DELAY IN DIVERSIFICATION 
· Geothermal venting bring conditions back to normal 
· Early animal Evolution: the Doushanto Fossils predate the Cambrian, look like embryos at different stages of evolution, must have been some multicellular life. Ediacaran Fossils: impressions inside fossils which suggest that complex forms of life existed, fractal, these pre-date the Cambrian in Newfoundland. 
Burrowing: first animals were able to breaks through, dig through the impenetrable surface at the bottom of the ocean, mollusks did this, burrowers moved into sediment, feeding on untapped organic material for first time. Anchor in one place and protect themselves from predation
· Advantages: feeding, anchorage, protection (Ediacarian- benthic zone)
Homeotic Genes: organisms have pattern, bilateral symmetry and posterior and anterior end. Cells that specialize. Transcription factors that determine what genes are going to be turned on and off, site for production of mRNA is at front of organism and as factor is produce it diffuses down organism and concentration of the factor is very high in the region where it is produced diminishing as it moves don length of organism. Cell will receive certain doses of what genes to turn on and off. Depending on where cell is positioned on length of organism based on anterior and posterior mRNA production. Hox genes are common to all organism and control pattern of organism. 
· Can make homeotic mutants b putting committed cells into different locations in embryo 
· Commonalities on genetics pattern because appearance controlled by hox genes 

· Predators become bigger than prey
· Mineralization of body to form shell to act as armor to protect from predation
· Homeotic Genes: allow for bilateral symmetry and a variety of body forms which can burrow and break through sediments exploding diversity
· Prey gets bigger and we get massive diversification
Mass Extinction – End Ordovician:
· Loss of more than 50% of biodiversity
Middle of Ordovician: 
· Continental plates beginning to shift, Gondwana moving south and cooling issues, ice shelves build up dropping ocean levels and less continental shelves which is the incubator, so decrease in biodiversity
Before Extinction:
Animal Innovations (Symplesiomorphies):
1. Pharyngeal Gill Slits: swim through water across gills and on surface of gills (endostyle creates mucus which traps food which mucus is passed into digestive tract)
2. Dorsal Nerve Cord
3. Endostyle Post-Anal Tail and Tadpole Swimming: extension of body past anal opening providing propulsive force to propel animal through water
Ordovician Survivors:
· Cnidaria (coral)
· Mollucs 
· Shelled cephalopods
· Bivalves
· Gastropods
· Worms
· Echinoderms
· Bryozoan
· Arthropods
· Trilobites
· Marine forms (crustacea)
Silurian:
First Vertebrates and Chordates
Vertebrate Phylogeny:
· Axial skeleton, with vertebrata, invertebrate fish sits at bottom of ancestral tree, and it develops an axial skeleton – jawless fish, Agnatha
· Armored Fish (placoderms and ostracoderm): descendants are lampreys (and hagfish) which are highly specialized 
· No mechanism to close jaws
· Move between oceans and fresh water, always goes back to same creek it was living in 
· Parasites that feed on large fishes in great lakes and killed the fisheries (anchors onto prey, tearing and ripping oozing blood and nutrients to lamprey)
· Undulating a tail
Gnasthostamata  (Autapomorphies): 
· Genome Duplication (Homeotic Hox Genes): Amphixous invertebrate is the most primitive chordate. Chordate genome has undergone 2 polyploid events (4 copies of everything)
· Experiments in body plan and pattern, you have a backup genome, so you can experiment with the others, experimentation is the source of variation. (Fish diversifying the fastest because 8 sets of genome) 
· Jaw: gill slits held open by cartilage or bone, reinforcing structure is gill arch, formed by two bones that fuse. Muscles of face evolve to compress buccal cavity, and buccal cavity can change size by flex, so we can pump water into cavity over gills. Bend on eachother and close, bend to the point where they create the jaw – capture food in mouth so it cannot escape, and pump water in and out – animal does not have to swim to feed. Teeth appear on jaw. Innovation for respiration and two gill arches close in front and become jaw for feeding.)
· Paired fins: undulations of tail only means head wags, fins create a stabilization of anterior part of body (eventually evolve to limbs). Dorsal fin – stabilization as tail wags.  
Chondrichthyes (Cartilaginous Fish):
· First to display all these Autapomorphies, similar to sharks, gnasthostomata 
· Paired Fins: axial skeleton that runs length of body, cartilaginous bones in fin are not attached to axial skeleton, for stabilization (does not create change in motion, except slight tit in fins to make wide arc)
· Undulation of tail for movement (in ancestral form, most swim to breathe) – heterocercal tail 
· Claspers in males
· Placoid Scales: smooth surface moving through water pulls the two together causing resistance to movement through water. Placoid scales are designed to create little vortices of turbulence so body does not generate any laminar flow against water they are moving through and so there is less friction/resistance in the water they are moving through
· Sharks scales have dentin (calcium and minerals), similar to structure of teeth
· Feeding: modify the placoid scales into teeth but are much larger, designed so shark can clamp down on prey, can’t chew or break down food into smaller pieces. Death roll hopefully tears pieces. Feed on something larger than cells. Teeth get ripped out and pocket where epidermal layer is constantly making more teeth. Upper jaw made from paleoquadrate cartilage no fused to cranium 
· Mermaids Purse: reproduction. Female produces few young per year after mating with a male, males have claspers, so sperm goes directly into female and fertilizes one egg and put into mermaids purse (leathery pouch), and has yolk and nutrient supply and female will bury it under gravel and she might lay a couple per year. Shark feeds on nutrients and matures (a year) in yolk and turns into baby shark. 
· Shark-Fin Soup: kills off tons of shark, knocking off reproductive block. 
Symplesiomorphies:
· Bony skeleton replaces cartilage (rigid calcareous skeleton)
· Teeth embedded in jaw (more effective for grabbing on food)
· Swim bladder or lung formed from gut (neutral buoyancy: expend no energy and remain at constant level in water)
Actinopterygii (Autapomorphies):
· Fin supported with bony rays: lots of little bones that support fins and dorsal fins, pair of fins attached to axial skeleton – muscles associated with them, animal can articulate fin. Can swim with fins or with tail (fine delicate movements with fins – maneuverable) AGILITY. 
· Swim bladder: air sac at top of body cavity hooked into blood supply, deeper you go, shrinks sac due to increased pressure, decreasing size means less air in animal, hard to maintain neutral buoyancy – must be able to adjust air in sac which is done through connection with circulatory system.
· Fish goes deeper, oxygen pulled out of blood and put into sac, blood is aerated in gills. When fish comes up, remove air, instantaneous because controlled by nervous system. 
· Cerebral hemispheres formed by eversion 
· Modification of the jaw for suction feeding: jaw is extendable, extra muscles to extend and grab prey and pull it back in. Gill arches farther back become secondary feeding structures with feeding. Fish can feel water depression so can detect prey, pulls water in without warning prey that you are feeding upon. Food acquisition structure
· Opercular Gill: covering pulls out pulling water out of buccal cavity. Closing the mouth, squeezing the buccal cavity, pulls water in so fish can sit still and pump water. Pumping water in squeezing it across and pulling it out by pulling opercular gill to the side
· Adapt for aquatic environment
Symplesiomorphies:
· Fins supported by muscles and bones that extend into fin 
· Lobed fins 
Lungfish (Lobe-Finned): paddle-like fins with limb like digits, and can escape and crawl out of water to find better water to live in 
Devonian:
PLANTAE:
Verdiplantae:
· Photosynthetic algal cells that forming colonies of algal matts ae the ancestors to the plants 
Plants and Multicellular Organisms (Autapomorphies) 
· how cells divide, how they communicate with eachother (no centriole involved), and how they make cellulose 
· cellulose rosettes, cellulose cell wall from hexameric 
· glucose molecules stuck together in chain, hydroxyl bonds can hydrogen bond and cellulose aggregate together to form microfibrils in cell wall. Cellulose synthase in plants stitches glucose together, forms a six unit subunit and these cellulose interacts with eachother forming a microfibril with six cellulose molecules (three different types of cellulose working together in subunit off six) which organizes as six more – the rosette. Rosette produces 36 strands of cellulose molecules that hydrogen bond with eachother to make a microfibril (36 cellulose). Characteristic of plants for cellulose molecules to form into six groups of six.  Must be a mixture of the three different cellulose molecules to self-assemble. 
· Embedded in PM of cell, side where cellulose fibrils come out is going to build cell wall in various orientations and patterns (stretchy or rigid) 
· Underneath PM is series of microtubules meshwork, base of rosette interacts with it, and as cellulose is produced, rosette slides along microtubule laying down fiber for cell wall. Regulates how cellulose is put out in various orientation.
· Proteins added for rigidity, thickness, flexibility 
· Pectin
· Phragmoplastic Cell Division: invagination of cell wall and plasma membrane, when we pinch we get a barrier. 
· At rest: microtubules laying cellulose down. 
· At start of cell division: pull nucleus to central position (microtubules), microtubules change array and positioning, microtubules go to ends and produce spindles attached to chromosomes and pull to opposite directions  two nuclei. 
· Molecular motors transport cell plate to where alignments occur, carry vesicles that release contents (cellulose) that fuse and cell plate for. Start in middle as cluster, expand as cylinder, enlarging plate at periphery, when large enough attaches to cell wall. When this wall was forming, endoplasmic reticulum is trapped in plate, perpherated  with cytoplasm and ER for communication
· Plasmodesmata: cell to cell communication method (holes in cell wall, from cell division)
· Move things by wicking through cellulose – apoplastic pathway for movement of water wicking along cellulose
· Connection in cytoplasm and endomembrane system through desmotube that can open and close to regulate movement of material
· Alternation of Generations: Gametophyte produces gametes  gametes which get fertilized  form zygote which transforms to sporophyte  undergoes meiosis to form spores 
· Gametophyte (gamete plant): n
· Have gametangia producing gametes
· Antheridia: sperm (gametophyte tissue surrounding that provides nutrients)
· Archegonia: egg (gametophyte tissue surrounding that provides nutrients)
· Antheridia release sperm and find archegonia with eggs, fertilized egg in archegonia
· Formed from zygote
· Sporophyte (spore plant): 2n
· Egg develops attached to gametophyte and forms spores
· Have sporangia producing spores
· From a zygote 
Transitions to Land (Plants):
· Water Conservation
· Across exchange surfaces
· Across body wall in general
· Protect gametes against drying out
· Support system (gravity) – no water for flotation.
Liverwort:
· Live in restricted moist areas (mossy, damp)
· Absence of vascular tissue (cellulose wall for wicking material)
· Plasmodestmata to move materials around from photosynthate 
· Some protection against drying out – waxy coat (water out but also air out)
· Pores across thallus that allow air to pass into air chamber for photosynthesis
· Must be in moist environments because pores cannot close
· On underside, some cells elongate to finger-like structure called rhizoids which wick up water from soil 
· Archegonia: elevated on stocks with eggs inside being supplied with nutrients
· Flattened structures containing antheridia 
· Life Cycle:
· Male and female gametophytes (antheridia and archegonia) – when rain hits antheridia, water droplets shoot up and hit underside of archegonia, a lot of genetic mixing (self-fertilization)  zygote forms and becomes sporophyte (attached under umbrella)  undergoes meiosis and thousands of mitosis’s forming thousands of spores  wind carries them to ground where they germinate and form thallus (leafy structure) and matures
· Capable of asexual reproduction
· Gemma Cups: inside splash cup are gemma, and if rain hit them they pop out and are washed  away to produce plant or produces plant nearby
Stomataphyta (Autapomorphies): 
· Stomata and determinate meristem
· Water Conservation: stomata close opening that brings air into photosynthesis chamber. Stomata open when sun is out to get CO2 while sun is out and do photosynthesis and then close when sun sets 
· Two guard cells with microfibrils that when plant pumps salt into cells that swell when they take on water so they close. Cellulose bands laid down to regulate this. 
· Meristem: set of cells (stem cells) that can turn into anything
· Determinant: sitting at end of growth structure 
· Indeterminate: cells that can grow continuously (tip of flowering plant – each bud is meristem that is differentiating into new organism. Potential at growing ends (apical or root), to build anything associated with plant. Tip every branch of a plant is a brand new immature plant, not identical to first sperm and egg cell that grew plant because meristem is exposed to UV radiation and can undergo mutation. Growing tips are genetically different from eachother. 
· Respond to environment: multiple of organism with multiple of meristems that are slightly genetically different from eachother on a growing tip (flexibility of plants)
Moss:
· gametophyte nourishing sporophyte that will come out of it and meristem at base that is diving cells producing a stock that will push capsule up into air to release spores
· still has rhizoids, no vascular tissue
· must absorb water through leafy tissue – wicking cellulose important, moss dries out in summer, rain absorbed through wicking rhizoid roots 
· protective mechanism for cellulose in cell wall: (cellulose could be degraded by bacteria) – deposition of antibacterial compounds in cell wall called phenolics (benzene rings) 
· sphagnum moss used as antibacterial because contains phenolics
· Life Cycle:
· Spore lands on ground and germinates into male or female gametophyte, on male gametophyte is antheridia and on female is archegonia  sperm (biflagellate) lands on disc of female fertilizing egg  zygote undergoes mitotic divisions gametophyte to sporophyte and  determinant meristem pushes it up in air and original fertilized egg in in capsule as spore 
End of Devonian:
· Goodbye jawless fishes
· Ocean levels fall and reef systems around world tend to collapse
· Not much happens in this mass extinction to plants 
Tracheophyta (Autapomorphies):
1. Indeterminate Meristem
2. Lignified Cell Wall, Tracheary Cells and Sieve Elements, Long-Lived Sporophytes (independent of gametophyte)
Lignin: rich in phenolics (anti-bacterial breakdown) and as it builds up it is hydrophobic, also very indigestible, toxic for bacteria and bacterial and fungal lignases cannot break it down.
Evolution of Plant Vascular System:
· Secondary cell wall inside primary cell wall that is filled with lignin, rigid ring that strengthens cell and you can hold it upright
· Cells can attach end on end supplied on lignin ring to withstand gravity and become taller
· Rings become solid lining of lignin in tracheary cells that are connected end to end. When they mature they die, plasmodesmata still connect them and they are hollow, evaporation at top of plant will cause water to be drawn up hollow tube because it is hydrophic
· Tracheids : primary cell wall with cellulose, secondary cell wall with lignin (xylem)
· Sieve Cell: when it matures, is alive and is filled with cytoplasm connected through plasmodesmata, sieve plates connect cells and these move sugars of photosynthate (phloem) 
· Has companion or albulminous cell accompanying it that uses ATP to pump sugar into sieve element (high conc.), connections between xylem and sieve and because conc. is high drawing water in and structure is rigid forcing cytoplasmic elements down from one sieve to the next to be stored in branch or branch into sink, sugar pulled out with ATP (low conc. in sink so water diffuses back to tracheids) 
· Concentration and pressure gradients to force sugar from source to sink
Evolutionary Trend in Plant Life Cycles:
· Spore becomes dominant and gametophyte become less prevalent 
Early Devonian:
· Pangea is on its way
Carboniferous:
Multicellular plants cover the surface of the planet, not enough decomposers so the plants fossilize and these remains are the carbon fuel, we use today. All of lignin that could not be broken down is the coal. Heading towards large continental land mass. Trees with lignified tissues.
Carboniferous Coal Forests:
No seed plants, vascular plant.
· Club Mosses
· Giant Horse Tails 
· Tree Ferns 
Autapomorphies:
1. True leaves
2. Chloroplast DNA Inversion
Ferns: 
· Fern Life Cycle:
· Fern is a mature sporophyte that produces spores  brown splotches on underside in fall call sorri (sorrus), inside them in leptosporangium  spore launched and becomes gametophyte that becomes thallus with antheridia and archegonia with rhizoids to absorb water and water will take sperm to egg and form zygote which becomes young porophyte which germinates up and out to produce first fern leaf which enlarges and multiplies and fern propagates 
· Leptosporangium: inside sorrus, covering and iside is developing leptosporangia, spore package have thick cell walls except thin on exposed outer surface. When it comes time, covering comes off, spores are exposed to air and water evaporates out, cell buckles inwards and pulls cells closer together causing structure to straighten out and then snaps catapulting the spore package into wind currents 
Autapomorphy:
1. Seeds. 
Spores vs. Seeds:
· Homoporous:
· Sporangia  spores  bisexual gametophyte  sperm and egg
· Heterosporous
· Microsporangia  microspores  male gametophyte  sperm
· Magasporangia  megaspore  female gametophyte  egg
· Meiosis and three of the spores disappear, nutrients all go to one so larger spore which is important because it will be the egg
Gymnosperms or Conifers:
Cones (Strobila):
· Separate sporangia: locations for making spores (male and female cones)
· Previously spore was released and plant grew with archegonia on that second plant and that’s where egg was produce
· Now: produce spore but not release, archegonium on original plant and germinate into gametophyte (gametophyte born on sporophyte) 
· Pollen: mature male gametophyte in water-proof coating developed on parent plant and endospory (spore not release from plant)
· Male cones on conifer are making pollen which will be released and make its way to another tree to fertilize female cone
· Conifer Life Cycle:
· Male cone (bottom of tree) – huge number of sperm produced
· Sperm in water-proof case
· Each meiotic cell has undergone 4 divisions
· Generative cell: sperm nucleus 
· Tube Cell: Build special pollen tube to get sperm to egg
· Prothalial Cells: support cells that ultimate disintegrate
· Wings: carry to female
· Female cones at top produce spores 
· cone is open and sperm lands in cone and cone will close and megaspore will undergo mitotic division that undergoes further mitotic divisions to produce tissue that surround egg (archegonium) and pollen grain (4 cells) tube cell germinates and generative cell is the sperm cell that is brought to fertilize egg and it is surrounded by tissue and baby sporophyte develops 
· cone opens and pine seed is released 
· embryo: sporophyte
· nutritive tissue: gametophyte
· protective seed coat: sporophyte
· process takes two years 
Flying mobile male gametophytes. 
Fungi:
· develop a way to break down lignin
· Lignified woods turn to fossils but bacteria can then break it down 
· Strands of single cells – hypha, wrapped around eachother forming more complex mycelia (big advent is when they can branch)
· Haploid: only one set of chromosomes, nucleus is 1n, diploid state is very short-lived
· Two haploid cells with one nucleus per cell and cell fusion and the two nuclei fuse to form diploid state and then undergo meiosis and create spores
· WHY: (diploidy means you have back up set of chromosomes) – fungi do not use light so they are not subject to the same mutagenicity from the sun. Heterotrophs that live in their food. Multicellular and for cell to cell communication, the most primitive of fungi (when cell divides, the cell wall disappears and cytoplasmically connected) – problem: when nucleus undergoes mitotic division, we get duplication of chromosomes, you can dissolve nuclear membrane – spindle pole body, chromosome duplication and separation occurs in nucleus which then undergoes binary fission to create two nucleus.
· Microtubules that are sticking outside the nuclear envelop attach to molecular motors to drag nucleus to new position to end of hypha, hypha continues to elongate 
· ADVANCED FUNGI:
· Plasmogamy: cells divide
· Dikaryote cells: two haploid nuclei, chromosomal compliment of n + n, later
· Karyogamy: fusion of two nuclei
· Diploid zygote which during meiosis, produce haploidy again but with recombination and enhance variations
· Meiosis 
· Haploid cells: two spores form from zygote meiosis which germinate into mycelia
· Mushroom – Basiodiomycota
· Some monokaryotic and dikaryotic mycelia, fungal mycelia swell with water and mushroom expands, rising out of the ground
· On under edge of gills, dikaryote cells undergo fusion (karyogamy) becoming diploid then undergo two rounds of mitosis to form haploids (4 cell products) forming spores that are release into wind
· Basidium produce basidiospores 
· Why keep n+n separate? Bacidia covering gills that will all form spores and all events are recombination of two haploid nuclei and we get meiosis and chromosomal recombinations which will all be unique in each bacidia – thousands of cells undergo meiosis and we ensure a tremendous amount of variability by keeping cells separate 
· Fungal Mutualism:
· Ectomycorrhizal Fungi (EMF)
· Plants and fungi have mutualistic releationship. Plants are not capable of dissolving minerals from substrate, fungi can – plants in return, supply photosynthate sugar to the fungi
· Ove 95% of plants we can count, symbiotic relationship
· Meshwork of fungi covering roots of plant 
· Invasion of land by plants was dependent on fungi
· Arbuscular Mycorrhizal Fungi ((AMF) 
· Plant cells contain elaborations of fungal tissue in arbuscules 
· Lichens: photosynthetic cell trapped in woven mesh of fungal mycelia (similar to moss, the can dry out. Water makes it green again.)
Arthropoda Coming Up on Land (Autapomorphies): 
· Articulated exoskeleton of plates
· Muscles arranged in bands
· Compound eye
Insect External Anatomy (Tagmatization):
· Dominate terrestrial landscape. 
· Tagmatization: fusing segements together into functional units (optimum)
· Head Tagma (6): food acquisition and sensing environment 
· Thorasic Tagma (13): used for movement (when wings come along as well)
· Abdomen Tagma (11-12): organ system in expandable case that can enlarge when feeding or produce eggs – segments accordion to enlarge 
· Modified appendages for every insect
· FLIGHT:
· First group to fly
· Feeding on spores but flying allows them to escape predators, colonize new areas, find new plant species to feed on or fly in and out of seasonal areas (ex. monarch)
· Waterproof Cuticle-Exoskeleton:
· Two components: procuticle and epicuticle (chitin reinforced), epicuticle is waterproof, no water can evaporate outside of insect 
· Insect Reproduction: lock and key structure, connections insure we do not desiccate the sperm
· Sperm package called a spermatophore, female produces eggs with waterproof casing called corion and one opening that allows sperm to penetrate 
Amphibia (Autapomorphies):
· Buccal force breathing – pushing air into lungs (swallow air and force it into lungs) then squeeze body wall to let air out. First organisms with lungs.
· Secondary acoustic pathway 
· Skin is primary respiratory organ – not waterproofed
· Amphibian Skin: glands to keep skin moist but also to produce poison to protect against predation
· Amphibian Food: feed on flying insects (tap this) – tongue can be flipped out to capture prey 
· Amphibian Locomotion: four sets of limbs stuck out at sides – to move must lift themselves of ground 
· Amphibian Life Cycle: sill must lay eggs in water. Tadpole – gastrula – blastula – egg
Permian:
· Single largest mass extinction, 95% of biodiversity disappear entirely and the survivors set the stage for the Mesozoic 
Mesozoic:
· Pangia wraps the planet
Amniota:
· Amniote Egg: lay an egg not in water – embryo in amnion (water filled sac) and sac containing nutrients and in sac we produce nitrogenous and allantois protects embryo from waste. Albumen sac surrounding all of this – water reserve
· Costal ventilation 
· Keratinized skin: waterproofing it (no moisture lost, mammals and reptiles)
· Temporal Fenestrae in skull
Reptiles (Diapsida):
· Diapsid skull
· Beta-keratin in scales, feathers and claws 
· Keratin is a protein embedded in skin (cross-linked) that meshes with dead quantified layer and this provides waterproofing
· Makes plates and scales
· Is molted (like snakes)
· Faveolar lung
· Oviparous Reproduction
· Jaws: 
· Crocodiles: homodont teeth (conical), grasp prey with tight clamp (musculature to open is weak, musculature to close is strong)
· Problem: muscles manipulating brain case as they expanded – limited brain development. 
· Temporal fenestra are holes in skull that allow muscles to attach to top of skull
· Synapsids: one opening
· Diapsid: two openings 
· Anapsids: turtles has no holes, (plasteron and carapace are fused bones to protect itself, also have no teeth) – modified diapsids
· Extinct: dinosaurs and pterosaurs
· Saurischia: limbs are attached to pubis, ischium and illium – not parallel 
· Ornithischia: swung pectoral girdle underneath and attached limbs to that – always ready to run. Ischium and pubic bone are parrallel
· Pterosaurs: quadrupeds that walk on front knuckles 
· Extant: snakes, crocodiles and lizards 
· Reptiles – Therapsids:
· Warm blooded – can hunt at night and not be affected by cold 
· Nocturnal 
· Glandular skin
· Specialized teeth (heterodent) and chew food
Angiosperms (Flowering Plants):
· Flower Anatomy: Anther (stamen) is male part for pollen production and carpel (stigma) with sticky style at the top and ovary beneath (egg is wrapped in ovary)
· Male anther produces pollen (anther contains spores, spore mother cells undergo meiosis to produces haploids which undergo mitosis and cover these in a wall – 3 cells, two sperm nuclei and a tube nuclei)
· Female ovule: megasporocyte undergoes meiosis to form haploids which undergo 3 mitotic divisions to poduce 8 cells, 3 cells migrate to the pole (1n), 3 migrate to the base near the micropyle, one will become the egg and 2 synergids (1n) and the other two fuse in the middle to for central cell (2n)
· When fertilization occurs, pollen cell germinates and migrates down, in tube cell there are 2 nuclei. One fuses with the egg to form the zygote and the other fuses with the central cell to form an endosperm (3n) which grows into the nutrients that supply egg 
· Efficient movement of pollen via animals which get a reward – occurs in days 
· Outer wall of ovary become fruit (flesh of nut or fruit)
· Relegate gymnosperms to being ground plants 
Cenozoic:
· Extinction that knocks out dinosaurs and animals…maybe not true
· Giant meteorite lands in Yucatan Peninsula and globe goes into meteoric winter and as a result the dinosaurs all die 
· Meteor impact was not as dramatic as they thought – event killed off upper vertebrates that were dominating the terrestrial environment, tropic collapse (dinosaurs were destroying planets) – specialist dinosaurs die
· We are doing the same thing – we are now in the 6th mass extinction because killing off primary productivity and destroying top predators in ocean and land 
· Continents keep moving 
· Birds Survive: archaeopteryx and microraptor gui
· Keratin structures that make interlocking feathers that are very light to push against wind or air to cause lift
· Original Advantage: run around with enlarged feathers to sweep up insects to feed on (sweeping air) – then they fly. The ground up theory of flight
· Tree Down Theory: bird falls out of tree and glides down
· Flight Adaptations: remove teeth from jaws and used keratinized beak to be lighter. Hollow bones for flight and are warm-blooded (feathers help create a constant temperature). Muscles for flight are attached come down from front to lift and lower bones (pectoralis major)
· Parental Care: invest a lot of resources into a few young
Mammalia (Synapsida):
· Diapsid Skull
· Glandular skin with alpha-keratin: hairs in skin, oil from glands keep hair nice and supple. Also for temperature maintenance
· Lactation from mammary glands: feed young. Platypus still lay eggs and when hatch, hold young up to chest for lactation.
· Heterodont Deciduous Dentition: tearing, cutting, grinding teeth (specialized), two rounds of teeth as skull grows
· Nephric loop of Henle 
· Mammalian Reproduction: internalizing embryo
· Oviparous:
· Monotremes
· Vivaporous:
· Marsupials: internalize embryo but no blood barrier to mother, so joey must crawl out of pouch to the teat to get the milk to survive 
· Eutherians: barrier so we don’t get autoimmune reaction to embryo – placenta. Exchange occurs across placenta
· Parental Care: extended care (9 months then years)
· Macroevolution: evolution above level of species including…
· Adaptive radiations of taxa, biodiversity changes, extinction, speciation, origins of novel structures 
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EXTINCTIONS:
Background Extinction: species always being extinct, more species are lost this way. On average, a species will survive about 10 million years. Extinction rate of mammals is about a million years. Continuous background rate of extinction. 
Mass Extinction: 50% of genera is lost, measurements are generally made in the marine environments because of their rich fossil record. Mass extinction lead also to a complete collapse in the primary productivity of the oceans. Global genetic bottlenecks.
· Ordovician
· Devonian 
· Permian: radiation of ray-finned fishes. Largest mass extinction that could have been the result of all the causes. 
· Triassic: radiation of ray-finned fishes 
· Cretaceous: led to success of birds and mammals after dominant terrestrial vertebrate were extinct (dinos) 
What follows is an evolutionary burst of diversity with the survivors inheriting a new environment that they can adapt and speciate into free of competition from organisms that may have been dominant prior to the extinction. Not all species that survive mass extinction will be successful in adapting to their new environments.


Causes:
· Meteorite Impact: end of dinosaur age caused by meteorite impact into Yucatan Peninsula that caused global cooling as a result of the sun being clouded by debris – killed dinosaurs. Evidence includes iridium and shocked quartz in a thin layer around the world that can only occur from impact of large meteorite
· Flood Basalts: Unlike volcanoes that spew out dust particles, toxic gases such as sulfur dioxide and the greenhouse gas carbon dioxide Flood basalts do this on a huge scale. Flood Basalt Zone - regions of the molten earth’s core that are very hot compared to the rest of the core called mantle plumes and as the continental plates drift over the hot spots, the mantle of the earth melts and basalt lava floods out. Volcanoes can appear. The flood basalts are much larger and instead of producing a volcano, the lava flows out of the rip in the mantle and floods across the ocean floor or land. Result is a certain amount of dust and debris that may enter the atmosphere and cloud the sun with a loss of primary productivity; after the dust has cleared there is still a massive increase in carbon dioxide from the eruption. The toxic sulphur dioxide would have been scrubbed from the air by rain that would now be acid rain
· Gas Hydrates: Methane gas is solidified in combination with water due to the pressure of the water column above and temperature. If the pressure were to decrease, as the ocean levels fell, or the water was to warm up these gas hydrates would release the methane into the atmosphere and methane is a much more potent greenhouse gas than carbon dioxide
· Marine Anoxia: a decrease in dissolved oxygen in the oceans – no oxygen, no life. Global warming and melting of polar ice caps is associated. 
· CONCLUSION: cause of mass extinctions is still unknown but suspect that global warming and greenhouse gases lead to marine anoxia Not one trigger but multiple effects the determine severity and timing.
Survivors:
Single-Celled Organisms: single-celled prokaryotes are not affected like single celled eukaryotes – cyanobacteria exist unchanged from their original form that created the oxygen atmosphere. Eukaryote algae that are responsible for primary productivity tend to have some survivors that are in dormant form
Marine Ecosystems: Age of the taxa, older and more established and diversified. Global distribution increases chances of survival
Plant and Insects: neither were affected by the end-Ordovician extinction but neither had colonized land. Plants are resistant to physical damage and can grow from broken and damaged pieces and can often survive extreme conditions. They are autotrophic and make their food from carbon dioxide and light, very self-sufficient. Insects survive because of their small size, generalist feeding patterns and wide distribution. Evidence of insect extinction when 6 orders disappeared at the end of the Permian.
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