Phanerozoic
Paleozoic Part C: The start to the Carboniferous and Permian (note that it doesn’t start until after the plants arise) 
Plantae
· Characteristics occur in a two-step process (same as animals) 
· Cellulose synthesis, how we get cell division and how we get cell to cell communications
Cellulose and cellulose synthase
· This is the way plant cells make their cellulose fibre. It’s how they make the cellulose that makes the group unique. Cellulose enzymes link the monomers together creating microfibril molecules due to the hydro part of the cellulose organized into lengthened structures. 
· This enzyme produces cellulose fibre. Embedded in the membrane of the cellulose fibre are 6 of these cellulase proteins and they put them in an array of 6. Of course, these are not all identical to each other and there are 3 different types in it. 
· These 6 are arranged in a super rosette, each one is producing a cellulose fibre (36 enzymes). A typical cellulose microfibril of plants is composed of 6 hydrogen bonded together. The cellulose fibre is floating in the plasma membrane and spooling out microfibrils that become fibres. This is all regulated by the cytoskeleton microtubules down below. When this is occurring, the molecular motors are dragging them across the microtubules. 
· The fibres are then laid out of the outer surface of the cell. This produces threads that lie on the surface of the cell where the microtubules will shift in different fibre arrays. 
· Cellulose molecule are dragged along a molecular motor against the microtubules where it goes outside of the cell walls and lays out. 
Primary cell wall
· The fibre is laid down with hemicellulose and protein which can make something stretchy or hard. This produces the cell wall and knits together the cellulose fibres by having the molecules travel down the microtubule walls. 
Phagmoplastic Cell Division
· Plants don’t use centrioles in cell division, microtubules in resting cells are arranged in such a way that it is constantly building the cell wall to strengthen it.
· Microtubules rearrange themselves as a band around the cells where the molecular motors pull the nucleus to the very central. They reorganize towards the two poles of the two cells, nucleus gone and the chromosomes are attached to spindles. The chromosomes are dragged along the microtubules to the other end and a nucleus forms. 
· If you have a cell that is covered in a cell wall, typical way is that it invaginates the outside and you get two cells. This would mean you wouldn’t get communication between the two cells. 
· Once the microtubules have pulled the chromosomes to the two ends, they then cluster in the middle. Now the molecular motors are grabbing vesicles where they release their contents and anneal together. 
· We get spaces between these blobs. The microtubules secrete this material, fan out, form a cylinder until we have a new cell wall across the middle. What’s happened is that the openings that occurred (gaps) now are cytoplasmic bridges between the two cells. 
· Multicellular capacity and issue with the cell wall that blocks cell to cell communication. 
Alterations of Generations 
· Life cycle of both diploid and haploid, two independent multicellular stages so that a zygote lies on a substrate if it’s a plant. It becomes diploid to then become a sporophyte that undergoes meiosis to become haploid, a spore. This then lands on the ground and that haploid cell undergoes mitosis to become a gametophyte that is a multicellular organism. This gametophyte will start to become a haploid cell, and then egg and sperm gametes that have to swim to become fertilized and start the cycle all over again. 
Sorting out plant parts
· Gametophyte produces
· Sperm from an antheridium. When they do become sperm they undergo morphological change to create the outer casing of the antheridium. Outside of this outer casing went morphological changes to stay green for photosynthesis. Receives its nutrients from this photosynthetic tissue on the outside
· Egg on an archegonia. Specialized cells where the inside has the egg and they are all haploid cells, but they aren’t photosynthetic. They are only dedicated for making the egg and providing it with nutrients.
· The Gametophyte has to produce sperm and egg, is a haploid multicellular organism, and has specialized cells that take on the role of making sperm or eggs. 
· What’s different from the free swimming algae is that the sperm is released, swims, and arrives at the tip of the archegonia and swims down the channel of the egg of the cell. We get a diploid egg that starts to divide and becomes multicellular.
· Diploid cells inside the archegonia which are equivalent to the diploid cells that were running around before. These are the developing sporophyte, these structures will develop, continue to grow, and mature but they are staying attached to the original sporophyte.
· Sporophyte that is sitting inside the original archegonia will undergo meiosis to make the spores where they will then be released. The Gametophyte takes care of the sperm, producing a sporophyte. They undergo meiosis when they make the spores and they blow away, hit the ground and develop a new plant. 
Transition to land
· We have to prevent from drying out:
·  We can do this by the actual surface of the plant 
· The plant exchanging stuff with the air (CO2 exchange in a plant and O2 in an animal)
· How do they protect their gametes? Can’t swim anymore but we still have to get egg and sperm together? If they live on land they need to have support to be able to do so.
Liverworts
· Very first plants looked like these that came up on land. Unusual because it looks like it has leaves, but instead they are a thallus: mass of photosynthetic cells where no exchange is going on in the cell other than what can happen through the plasmodesma. 
· Grow two structures: Umbrella like structure, archegonia that is female and has the egg. Flat dish like structure is the antheridium which produces the sperm. 
Pores and Rhizoids
· The upper surface cells of the Rhizoids are photosynthetic and the bottom is where we store things. It has an epidermis and a cuticle where we get water proofing. This is an incomplete system because there are pores that bring CO2 to the photosynthetic cells to do sugar synthesis. These pores can’t close, so the liverworts are only restricted to moist environments. 
· These are some of the very important colonizers of moist soils to this day.
· On the other side of this upper surface we have rhizoids (root like structures). Keep in mind that we have no vascular tissues yet so we can’t actually call it a root.
· It is composed of a single cell that extends itself in a finger like projection and it absorbs the moisture, passes it to every single cell that’s there and then the Rhizoids absorb the water. 
· When the antheridium and flattens out, packets of sperm are already swimming to the eggs underneath the umbrella. They get there by the shape of the cup because the rain hits the cup, splashes off the cup and the sperm is transferred: Splash Fertilization
·  Water is absorbed, the cells swell and they burst at the same time. 
Antheridia and archegonia
· Archegonia: Is composed of a big umbrella projection with an egg at the centre where everything is all hanging down from there.
· Antheridia: is flattened and has little packets of sperm. When it matures and flattens out, the sperm is ready to swim to the eggs underneath the umbrella. They get there by the shape of the cup where when rain hits the cup, it splashes out of the cup and shoots some sperm from the archegonia (can fertilize its egg and move on in the life cycle)
· This is how they do fertilization.
Life Cycle
· Sperm shot up in the air, reaches the archegonia underneath, swims down the neck to the egg becomes a zygote. We then get all the cell divisions and multiple diploid cells (sporophyte) where it is sitting.
· At this point, we still have swimming sperm going to the egg.
· What’s different from the algae is that the sporophyte remains attached to the original gametophyte where it can develop from there on. The gametophyte is still taking care of the sporophyte.
Gemma Cups
· These undergo asexual reproduction. Consist of little disks of tissue where they can splash their cups and then land on the moisture of the ground and disperse across the substrate. 
Stomatophyta
· Right now we can’t shut the opening to the major photosynthetic tissue. The plants then develop a mechanism, called the stomata, where they can open and close it. 
· We also get the formation of the meristem. 
· Stomata:
· Opening in the surface of the thallus (Still don’t have leaves yet) with two guard cells that can pump salts into them. This causes them to be able to control their swelling, and the microtubules help them control swelling on just one side next to the surrounding stomata cells.
· They can close the stomata and can force the water into their guard cell. If the plant needs to open them they take the ions out, allowing for the stomata guard cell to open. This all depends on the type of day and usually occurs during the day cause of the sunlight that is able to provide photosynthesis. 
Meristem
· These are what grow and increase the length of the plant
· Determinate Meristem: grows to a certain length and then stops.
· Indeterminate Meristem: grows as large as it can.
· This is the biggest innovation in plant cells because they are undifferentiated cells, meaning that at a growing tip where they peripherate they can make new branches and leaves.
· These meristem cells are equivalent to animal stem cells where it can turn into almost anything. If you take a tree and think of all the branching tips of the tree, at the tip is the meristem that has never differentiated into a plant yet. It can form a brand new zygote and embryo, increasing variation in plants.
· When mutation in the meristem occurs, the genomic content at the tip of the branch of most plants is genomically different then the tip of another branch. 
· Population of genomes sitting at the edges of all the tree branches that are essentially living on a structure that is holding them up for over a thousand years.
· Huge variation!
Mosses: Determinate Meristem
· Has a stem and a capsule. What’s happened here is that there was a zygote that formed when there was fertilization. Mitotic divisions occur to allow it to become a young sporophyte where it goes through apical meristem.
· The development of the first stem which was pushed up in the air by the meristem and at the tip was the capsule where the spores will be released.
· No vascular tissue yet so we still have rhizoids. We use cellular wicking to absorb water. All the green tissue (not leaves) is loaded in cellulose that wicks up water and diffuses to the cellulose part of the plant to provide water to the rest. 
· The concentration of the cellulose here means we have the potential for bacteria to break down their cellulose.
· They synthesize phenolics (benzene) that are antibacterial, they allow their cell walls to absorb some of this and this shuts down the bacteria from breaking down their cell wall. 
Moss life cycle
· Male gametophyte that waits for water to come along and splash the sperm onto a female where there is an archegonia. Inside we get a zygotic mitosis but now we have meristem. It pushes the stem up into the air where we generate the spores. The cap then comes off, the spores catch the wind, land on the ground and go through cellular division where we get filaments.
· Gametophyte is taking care of the sporophyte again.
Mass extinctions
· End Devonian: lose jawless fishes, oceans get low in oxygen are now called anoxic, organic matter washes into the oceans and the bacteria here can break this down. Pulse of organic matter in the ocean subject to bacterial decay that pulls oxygen out and making it not so suitable for animals to live in.
· Lose the nice habitat causing a huge impact on the animals but nothing has happened on land because the plants aren’t being affected. 
Devonian terrestrial environment
· Really funny plants
· Tracheophyta: 
· Development of the indeterminate meristem where things get very large, in addition we get a cell wall with lignin and can lift itself into the sun because the cell walls will hold it up. 
· As it grows, the photosynthetic carbon dioxide environment is being pulled away from the water absorbing nutrient part of the plant, end up with vascular tissue that connect the two together.
· Cells in the plant grow and produce fibres of cells that extend from the top to the bottom. The secret to this is lignin, similar to the phenolics we have seen earlier on.

Lignin 
· Phenol rings, notice the complex organic chemistry associated with it. Laid down in the plant as a secondary cell wall. This prevents anything from breaking down the cellulose from it and it is indigestible. 
· Real secret: totally hydrophobic in a high mass. Surface tension makes water repel from polar substances. Think of a Teflon coding running down the length of these cells from the bottom to the top.
Evolution of plant vascular tissues
· When it makes its first appearance it shows up just as rings that give reinforcement to the cell, then it becomes spirals that keeps the cell properly shaped and it gives it strength. Becomes a point where it is a solid lining on the inside.
Tracheids 
· Very long and thin, when they reach full maturity they die where they have no cytoplasm in the cell. The lignified secondary cell wall and all the surface is now free of cytoplasm and hydrophobic. They are connected from one cell to the next by a whole set of pits. 
· They fill with water, at the top of the plant we get evaporation. The water is pulled out of these tubes (a lot of them in bundles). Rigidity of the lignin means the plant can now hold itself up.
· Separate the photosynthetic part of the plant and the plant can now start to get tall
Sieve tube elements
· No lignin and its alive. Connected to each other through openings in plates through a cytoplasmic link between all the cells. This wouldn’t do anything on its own and it needs a second cell. 
Vascular flow
· Work together to move sugars in the plant. Sugar builds up in the leaf, the companion cell will burn some energy by pulling sugar from it. It then pumps sugar into the cytoplasm of the sieve elements. The osmolality is increased where the solution gets dilute and then the trachea cells sends the water over and tires to dilute the sugar.
· Water builds up in the cell and can’t change the shape because it has a cell wall. Now you get turgor pressure where you can squeeze it one way or the other.
· Sink where we pull the sugars out and decrease the water concentration where the material will pull towards the sink. This causes the water to come in
· The source can be leaves and the sink can be the stem. Pour sugar into the structure and the system will automatically transfer it. 
· This is what happens when we get sap from a maple tree.
· Sugar always moves from the site of demand, Phloem and Xylem, can carry water in the entire length of the plant. 
· Now we can become tall and become larger, reach higher into the sky. So successful that they take off in huge numbers and there is no body to break down the lignin and all the carbon is trapped and not recycled and the cell wall gets fossilized. This is what coal is.
· Coal is so bad because we are releasing this CO2 back into the air.
· Bacteria and fungi come and break down the lignin, coal will never come back on the planet because the circumstances will never come back again. 
Evolutionary Trend in the plant life cycles
· Transition where the sporophyte will become dominant and the gametophyte will become minimalized. There is still UV damage, if you have 2 chromosomes you always have the second one to protect it. 
Early Devonian
· Left the Devonian extinction, two land masses that are coming together (gondwana and the Laurasia) Period from carboniferous and the Permian.
Carboniferous and the Permian
· Another hundred million years, when we watch the continents, we notice a giant continent spanning right across the centre of the earth called Pangea. 
· Plant evolution and animals begins when this forms.
Carboniferous terrestrial environment
· Don’t resemble anything we see today. We don’t have seeds, still spore producing plants, and we don’t have flowers. 
· They can become big and tall and they create the coal forests.
Carboniferous coal forests
· Club mosses, small ferns, horse tails. These were 10 to 20 feet tall in this period but when we get vascular plants that come along and use seeds. All these big plants are at a disadvantage because we get more fertilization in the life cycle.
· Some here today but not a lot of them. They are no longer the dominant plants. What we really have is the development of true leaves.
· Vascular tissue now invades the green tissues of the plants to produce leaves. We had leafy structures but now we have vascular tissues. 
· Chloroplast DNA a whole piece of DNA duplicates and inverts it and every plant has it now. Big innovation are the leaves connected to vascular tissues.
Ferns
· Every other group disappeared and this one stayed, this represents the transition step in plant evolution. Now we have true leaves and vascular tissue connected to roots, we don’t have seeds yet and we are still going to be moving spores around to fertilize a plant.

Fern life-cycle 
· Under side of the leaf is a structure called a sorri (multiple) sporangium: place where we make spores. Set aside the 2n cells and is a 2n plant, allow it to undergo meiosis, going to be lodged inside the sporangium.
· Lepto-sporangium: It is because of this that the group survives today, they figured out a way where it pinches and throws the spores into the air. 
Leptosporangia
· Sorris, sections in here where you have a structure with very thick cell walls that can die full of liquid. When the cover comes off the sorris and when it’s time to have the spores released, the protective cover keeping them moist comes off and the water inside these cells, evaporates off and the cell volume decreases.
· The two sides pull together and the volume is decreasing. All the way down the length of the structure, the distance is shortening and the whole structure slowly straightens out. The little membrane is stretched to the limit and they all break at once, the cell wall goes back to its original position and now we have a pore that is selective.
· Only spore producing non seed vascular plant that is still here
Germinating sporophyte
· This is a Gametophyte that has no tissue and is vascular. There’s a little mass of green photosynthetic tissue and on its surface side we have Rhizoids.  On the surface are antheridia and archegonia, when water falls on this the sperm can swim from the antheridia to the archegonia to get fertilized that undergoes mitosis (diploid) embryo.
· Very first fern leaf that can grow out of the surface from where the egg was buried. Provides little to no contribution (gametophyte) develops its own root.
· Complete flip of where the dominance is right now, sporophyte become much more long lived and capable of surviving without the gametophyte.
Spores vs. seeds
· Until now we have been relying on spores that come together or to be produced that either make antheridia or archegonia on their gametocytes. 
· All spores were the same size, if you had a spore that made a gametocyte female that was archegonia, it looked the same as the one that made an antheridia. 
· Now, they don’t look the same. Big change where we have the diploid cell that undergoes meiosis to make 4 haploid cells. When we had Homosporous cells, they were all the same size and used to create the next generation. These 4 cells, 3 are dead and the archegonia that is providing the nourishment instead of nourishing four cells that end up small, ends up nourishing one cell that can end up to be bigger and you get a large spore: megaspore which becomes the egg in the organisms we see.
· The little one is when we get meiosis and are all used to make the male gametophyte, so they are very small: Microspores
· Heterosporous: This is the small one microspores made on microsporangia, microspores make male gametophyte which then produce sperm. Megasporangia produce megaspores that make female gametophyte where the megaspores produce the eggs. 
Gymnosperms: Conifers
· First group to do this.
Cones
· Female cone and a male cone are the reproductive structures. Inside the female cone are Megasporangia, inside the male cone are microsporangia. In the life cycle:
· At the base of the tree you have the male cones, female cones are at the top this is what prevents self-fertilization because of the way the wind blows.
· Inside the female cone is the megaspore mother cell that undergoes meiosis where three products disappear and we get a reorganization. Inside the female gametophyte we get an egg (inside the cone)
· Ready to receive sperm.
· Male cone is producing spore cells and we end up with a pollen grain. One cell product of meiosis has divided into 4 cells, they are the male gametophyte where we reduced it down to 4 cells and 2 of them make sperm inside a pollen grain.
· Pollen grain is in the wind and lands between the scales of the open female cone 
· Gymnosperm Pollen:
· 4 cells, tube cell that makes pollen, generative cell that makes the nuclear material and two cells that have no function
· Seed formation:
· When these pollens land on the female cone, female puts out water to trap them, absorbs the water and pulls the sperm down through the opening adjacent to the developing egg ovary. This set of megaspores undergoes a set of divisions where only one becomes the egg and is surrounded by the tissue of the female that made it.
· The egg and the tissues around it are the female gametophyte where it grows and grows inside in which there is an egg
· Pollen germinates and sends down a pollen tube where the sperm is pulled and it brings the sperm to the egg, fertilize the egg, and let that cell undergo multiple division. Have an embryo sitting inside the archegonia surrounded by the original sporophyte. 
· This becomes the seed. 
Gymnosperm Seeds
· Sporophyte embryo, nutrient surrounding it that come from the female gametophyte that nourished is now in a protective wrapper that the tree made for it that prevents it from drying out which is the seed coat. 
· Pines produce huge amounts of pollen 
· We are providing the egg with nutrients even if the egg doesn’t get fertilized and is the improvement we have next. 
Fungi
· Absorptive heterotrophs where they actually live inside their food. Chitin cell wall, but they don’t fossilize well so we don’t have a good fossilized background. 
· Cell wall because you have a limit for the ability of the cells to communicate with each other. For the ancestral fungi, they didn’t bother putting a cell wall between the cells. Organism that has cells end to end, cytoplasmically connected to each other.
· Cell that has inside of it, a nucleus, and the cell gets bigger and bigger and when it undergoes mitosis. 
· Inside the nuclear membrane we end up with a spindle pole body, it is a microtubular arranging area and it’s shooting out microtubules inside the nucleus and outside the nucleus. 
· When it becomes time for the chromosomes to divide, they line up in the middle, attach to the spindles being produced by this structure and are dragged to opposite ends. 
· The whole division process is occurring in the nucleoplasm and not the cytoplasm. Nuclear envelope invaginates and forms two nuclei
· Because the chromosomes are pulled to the opposite ends of the nucleus, it’s the nucleus that divides. 
· Later on where we can actually separate these two cells, there is one time where they do put a cell wall between them: Cell plate
· Hypha of one fungus with nuclei down its length, if they are the appropriate mating types they will do cellular fusion where they put their cell wall in between. If we fuse the haploid nuclei we return to the diploid state that goes through meiotic division, we now have genetic mixing that can come from recombination and meiosis. 
· Was a point in the evolution where the nuclei never fused where it would become a big long filament where it is separated by septa, you get a mycelium that has 2 nuclei (n+n) because the two genomes are still independent. 
· Plasmogamy: cells that will fuse and combine their genetic material
· Karyogamy: when we fuse the nuclear material after
· As soon as you get the two haploid together in animals they immediately fuse to form a nuclei. 
Fungal Life cycle
· Where you have the septa and the nuclei, at some point it meets up with a strand of the opposite mating type (we don’t call male and female because there is no gamete) 
· Two nuclei that have single nuclei: monokaryotic and a situation will arise (seasonal) one these cells with two nuclei fuses them, we get a zygote which undergoes meiosis which makes a cell with cell products in it that become mycelia. 


Basidyomycota Life cycle
· Mushrooms spring up quickly. Part of the reason is because the mycelia that are in the soil have all turned around and started absorbing water, the water can be used to build pressure and inflates mycelia that become hydrated and the mushroom comes out of the ground very quickly. 
· Monokaryotic mycelium at the body and dikaryotic is associated with the fruiting body, the under surface where the gills are have a cell of two nuclei that fuse, we get meiosis and we get our four products where they distribute themselves in little bodies 
Basidiospores
· Cells that underwent karyogamy, fused, then underwent meiosis and this structure is called a basidium and the spores it produces are called basidium spores that hang underneath the mushroom where they get dropped into the air and spread.
· While would the fungi keep the two nuclei separate? They are cloning one after another over time. Each cell undergoes meiosis and takes advantage of the huge variability that’s possible during meiosis of chromosomal rearrangement, but no two of them will be identical to each other because each of them is an independent mitotic event. 
· Get up to billions of slight genetic variance coming off the spores falling off the mushroom, they are all different. Found the secret to produce massive amounts of genetic variability because this is occurring in the thousands to millions. 
· This can respond to selective processes because of this
Fungal Mutualism
· First fungi had a different role, the plants do better with the fungi so they have an interaction with each other.
· The fungi are the ones who are able to dissolve the minerals from the rock and provide it to the plant. The plant gives the fungus sugars, probably all of the plants today have some kind of EMF relationship between a fungus and a plant
· Ectomycorrhizal Fungi (EMF): when the first plants came up on land they were already in an association with the fungi. 
· In almost every plant where the outer surface of the plant has fungal mycelium hypha that wrap the plant root. We have a huge mass of fungi surrounding the roots.
· Huge innovation, instrumental on bringing the plants on land in the first place.
· Arbuscular mycorrhizal Fungi (AMF): fungus invades the plant cell in this relationship. 
Lichens 
· Live under very severe conditions such as dead material, rock, etc. Close relationship between a fungus and a bacterium or a green algae.
· The fungus is wearing a protective mesh of mycelium in which they trap photobionts (single celled photosynthetic organisms) and provide a habitat for the organism to live in. 
· Green plants coming on land in complex structures and still surviving today.
Arthropoda
· First groups on land, all the plant material is something they can munch on
Tagmatization: Insect external anatomy 
· Most successful group of animals that all look like this: have a head made of 6 segments with sensory structures and feeding structures on it. Thorax specialized for locomotion and they all have 3 legs. Most have two pairs of wings. 
· Abdomen is where the workings of the animals occurs and its cuticle is set up to be expandable.
· Really simple look and every insect follows this basic plan, the real innovation is the skeleton.
Flight and wing folding mechanism
· Evolves very early on in the insects, advantage is that they can fly to other places, food reserves ion areas where nobody else is. If there is a predator near them they can fly away. 
· Feed on the spores as a protein rich source, you get a group that diversifies 
Cuticle: exoskeleton
· Epicuticle, the main skeleton underneath called the procuticle is where we have the chitin mixed with protein and is the main bulk and structure. The epicuticle is the water proofing for the group and is specific, waxes secreted by the insect.
· Waxy surface is so affective you can buy it in the store. 
Insect Reproduction 
· Mechanism to transfer sperm, lock and key mechanism so that the sperm is transferred. A large majority combine them with a spermatophore
·  Sperm package, water proof package to the female, she opens it when it’s in her reproductive system. Makes an egg and water proofs it right away. 
· Only one opening in the egg and when it passes in the sperm surge region, sperm fertilizes the egg right away.
· First on land so there was no one for them to compete with, this is why they increased in numbers. 
Tetrapoda
· Lung fish is popping its head out of the water and pushing itself up with the two sets of appendages and is the beginning of a skeleton that allows the tetrapod to crawl up on to land and is called the tetrapod stance.
Amphibia 
· First group that tries this are the frogs, they move up on land to look really weird.
· The first amphibians were very simple in their form, fish like, started to develop to the terrestrial environment then the moist carboniferous came along. The things we see today (frogs etc.) are what all that remains from the diverse organisms from this group of people.
· We can look at our modern amphibians and get a good guess at what is going on.
Buccal Force Respiration
· Have a lung but not efficient
· Amphibian Skin:
· Breathe through their skin and have to keep it moist. They have to spend a huge amount of their time to make their skin moist, they have mucus glands.
Amphibian Food
· They would go around and try to find a pond with oxygen and they captured insects with their cool tongue. Its hinged out and not rooted in the back anymore, this gives them their success and a unique way of feeding. This allowed them to expand in numbers but the reality is they haven’t solved the issues of the terrestrial environment
Amphibian Locomotion
· 4 limbs on the side stick out sideways, stomach is on the ground and it needs to lift up to walk somewhere.
Life cycle
· Still have to lay their eggs in water (tadpoles), aren’t water proof, need to still return to the water to produce their eggs. 
· They don’t solve the issues of moving up on land.
Permian Extinction
· [bookmark: _GoBack]The permian was one of the biggest mass extinctions
Extinctions
· Background: 
· Continuous background rate 
· Species survive for about 10 million years before they disappear 
· Invertebrates seem to survive for 11 million years and marine vertebrates seem to live for only 5 million years before being replaced with a new species, for mammals it is only a million years 
· More species have been lost to background extinctions then they have been loss from mass extinctions. 
· Mass Extinction:
· 50% of the genera (genus level) is lost and is measured in the marine environments because it has the highest fossil record and is one of the oldest environments on the face of the planet 
· Large loss in biodiversity but also a loss in the primary productivity of the ocean which can bring consequences to the organisms that rely on this productivity. 
· There have been 5 major extinctions in earth’s history:
· End of the Ordovician
· Devonian
· Permian
· Triassic
· Cretaceous 
· There were still survivors and it has nothing to do with what happened to create the extinction, but what was going on during the time. 
· What follows after is an evolutionary burst of diversity where the survivors have to adapt to a new environment where they can speciate without competition of other organisms. 
· Examples: Ray finned fish from the Permian and the Triassic extinctions and the success of the birds and mammals after the end-cretaceous extinction that had eliminated the dinosaurs.
· Mass extinctions are an example of global bottleneck effects.
· Some can fail to survive the new environment as well. 
The causes of Mass Extinctions
· Meteorite Impacts:
·  Everyone knows about the Yucatan peninsula in Mexico that caused a global cooling and the death of the dinosaurs that were unable to adapt to this change in global climate.
· The evidence that supports this is seen in the iridium and shocked quarts in a thin layer around the world. 
· The timing of this evidence matching the mass extinction date, but we need a mechanism for the other 4 dates.
· Flood Basalts:
· Toxic gases like sulfur dioxide and the greenhouse gas carbon dioxide, flood basalts do this on a huge scale.
· There are regions of the earth that is molten and hot in the core compared to the rest of the core. These are mantle plumes. When the continental plates drift over the hot spots the mantle of the earth melts and basalt lava floods out. 
· The result is a certain amount of dust and debris that clouds over the sun and you lose primary productivity. 
· After the dust clears there is still a large amount of CO2 in the air and the toxic sulphur dioxide would have been scrubbed by acid rain.
· Gas Hydrates:
· The flood basalts don’t release that much toxin in the air compared to other theories
· These lay just on the continental shelf where methane gas is solidified in combination with water due to the pressure of the water column above and temperature. 
· If the oceans were to warm up, these gas hydrates would release the methane into the atmosphere and methane is more potent than carbon dioxide
· Marine Anoxia:
· Decrease in the dissolved oxygen in the ocean waters
· Global warming removes the global ice caps
· Increase in primary productivity of global warming and the result is a flush of organic nutrients into the oceans and bacterial decay.
· Global warming and marine anoxia are associated with each of the five mass extinctions
· Still don’t have all the answers 
Surviving the Mass Extinction
· There are always some survivors that form post-extinction communities. Marine Anoxia is common.
· Single-celled organisms: Prokaryotics aren’t affected the same way that single celled eukaryotics are. Cyanobacteria is a common example. Every extinction lost the algae in the oceans which were the primary productivity.
· Marine Ecosystems: The decline in primary productivity affects the whole marine food chain but there are some patterns of survival. Older groups usually survive because they have diversified 
· Plants and Insects: Both didn’t colonize land until after the end-ordovician extinction 


