Silurian and Devonian

Ordovician survivor’s 
· Cnidarian-corals
· Molluscs
· Shelled cephalopods
· Bivalves
· Gastropods
· Worms
· Echinoderms
· Bryozoan
· Arthropods
· Trilobites (some)
· Marine forms (crustacean) 

**Just because these groups are making it threw, it doesn’t mean that they look the same as they did before**

Middle Silurian 425 Ma:
· The big southern continent of gondwana and north the plates are starting to form, and eventually they all fuse to become Pangaea 
· In this period of time we start to see things growing on continents
· The oceans have started to balance themselves out 
· There is a giant sea that is in-between all of the land masses, which is protected, as place for experimentation due to all the ideal conditions.\lots of continental shelf, good light approximation, close enough to the land masses. 
· We see further protection of the invertebrate already there 

Animals innovations (the two things that are happening down this linage) 
· Pharyngeal gill slits, Dorsal hollow nerve cord
· Water is going to come in threw the mouth and out threw the pharynx 
· The organism has slits in the pharynx 
· Endostyle, notochord, Post-anal tail and tadpole swimming. 
· We add special structure, endostyle, which is involved in feeding
· Notochord, brings about a new method of moving
· A support structure 
· Tadpole like tale movement in order to move. 

Chorodata
· There was one hiding in the burgesal fossils.
· Fossils were so rare and ancient
· Very difficult to get enough fossils to do a fossil dissection and look for all of the chordate characteristics. 
· Now know there was a invertebrate chordate(no vertebrate) that has a different support structure in the Cambrian. 
· But very infrequent 

Ordovician extinction:
· During that period of time all kinds of animals had different morphologies that did things.
· But then there was an event that was a selective pressure that only some survives.
· Adaptations can occur independent of what survives. 
· An event occurs, adaptive pressure, there is a certain group that manages to survives
· They didn’t evolve to survive this event, it came along and some organism where just lucky enough to have the composition to survive the event.
· Some organism had the right composition to survives while others didn’t 
· We refer to the survival at the end of the Ordovician, as a lottery, because they all had an equal chance of surviving.
· All the organisms were equally adapted to the oceans, but certain pressure came along and only some organism would have the right composition to survive it. 
· Only one small that managed to make it threw to be the founder of the phylum chordate. 

· Pharyngeal gill slits
· The organism has slits in the pharynx 
· Water is going to come in threw the mouth and out threw the pharynx 
· Its swimming around with the mouth opening and water is forced in and the pushed out. 
· We add endostyles
· A set of cells located at the base of the phyrnx 
· They are going to produce a mucus secretion, which is produced as a sheet
· Going to be ulled up the side of the phyarynx
· The cilia passes the sheet up the sided
· The mucus sheet is going to be the length of the whole pharynx
· The sheet is not a solid, it’s a mesh
· As water goes threw the mesh and out, food particles are going to get trapped in the mesh. (this is what the crustatea did that made them so successful) 
· We take the net and scrunch it together and then send it (with the food) down to the digestive track 
· Another filter feeder. 
· Notochord
· Cartilage rod
· Can not be compressed length wise
· Down the side of their body they have blocks of muscle tissues,
· They cant contract longitudinally on both sides 
· One can contract at a time, which stretches the muscles on the other side. 
· End result
· Get waggling motion
· Results in the movement
· Tadpole like movement.
· This group have added more blocks past the anus (post anal segmentation) 
· Just a solid piece of muscle 
· It’s a tail. 
· Its dedicated to the tadpole like movement 
Cephalochordata (under chordate)
Parcelletle (has all the characteristics listed above) 
· There ones around today are alittle different then the older ones, because the ones we see today tend to burrow into soft sediments 
· they are going to have a mouth that projects out
·  use cilia to propelled water 
· no swimming to propel water in
· We see it has an oral opening
· Covered in cilia to create water current to get water in 
· Water then goes between the gill bar
· Airate the blood in the circulatory system 
· The endostyle is putting the sheet up which is now trapping the particulates in the food
· Particles of food being projected back into the digestive system
· Notochord sitting on top
· Tail still there and cant wiggle back and fourth to create the local motion associated with the group. 
· As swimming organisms sweeping particles of food, while using a brand new type of locomotion. 

Urochordata(under chordate)
· Problematic morphology groups.
· The adult spends whole time on bottom of the ocean puming water threw the pharynx to capture food.
· It produces an eggs that hatches into a larvi that swims then settles back down on the floor.
· People though this must have been at the bottom of the chordate phylogeny
· But its not, its in the middle
· Because we found in the genomes that somewhere in the evolutionary past there was a massive screw up in the genetics
· They lost huge junks of their genome
· Usually this would result in death of genomes but apparently there were enough genes to survie in a very simple way
· It retained some of its chordate characteristics to allow it to swim in its larval stage. 
· “freak of genetics” 
· turned on hidden genes to produce cellulose to protect its body wall

The Cephalochordata had a long ridged rod while the urochordata and vertebrata have a series of small disks that are connected to eachother : this is important beaicase when we get the vertebrae the bones of the vertebrate are going to replace this with the bones of the skeleton, but the discs are going to become the cartilage that is in between the discs that run done the vertebrate of the organism. 

Vertebrata(under chordate)
· Tripartite brain and cranium
· The brain has to lobes to it
· The brain gets it into a protective case, the cranium. 
· There are people the want to call this group the craniata because the cranium defines this group 
· This takes the name because there is a group that does not have a vertebrae (mixini) 
· Axial skeleton with vertebrae 
· The skeleton is going to change in vertebrae 
· Because of this people think the group should be called the vertebrata 
· Craniata and vertebrata are symmonyms 

Mixini
· Loose vertebrate
· Has maintained notochord as its main skelelle element.
· Do not have a jaw
· As well as lamprey 
· Agnatha: jawless fish
· They are known are the armour fish, because they are covered in boney plates and that’s how they protect their selves. 

Pteromyzontida
· Does not have a jaw, mouth is open at all times
· Agnatha: jawless fish
· Unique feeding structure with circular suction with keratinized teeth
· Tounge covered in teeth
· They are known are the armour fish, because they are covered in boney plates and that’s how they protect their selves. 

Ostracoderms/ Hag fish (under on of these 2 groups)
· It lvies in the bottom of the ocean
· It eats dead and decomposing bodies that float to the bottom of the ocean
· The hag fish swim inside the digestive track so they are protected by the out body wall and they eat their way out.
· Unique way of protecting its self
· Produces huge amounts of slim
· When it secretes the slim, it has to be able to get the slim off the body or it will block its air ways
· Have big boney plates
· Who’s mouths are open all the time
· Eats dead and decomposing bodies that are sinking down the the bottom on the ocean
· Produces huge amounts of slim
· Can tie its body in a knot and it will slide it down the body to get the slim off in order to be able to breath
· Also uses know to lever predator off
· Couldn’t do this if they had a rigid body. 
· They used to have the vertebrate, but then they lost it. 
· Lost it to become this specialist feeder
· The lamprey will cause irritation so that the fish that it is attached to so it will drink the blood.
· They will go up stream lay eggs then die.
· the lampreys have destroyed the fish stock. 

Lamprey
· big circular mouth
· all around it are a set of teeth
· it will take mouth and attach to side of fish and get a grip with its teeth to stick to the side of the fish
· laches on to the fish and uses its tongue and teeth and tear’s at the side of the fish. 
· Doesn’t actually eat tissue of the fish, just trying to wound the fish and then produce a chemical so the blood wont claught and the wound wont heal
· So its constantly spilling puss and blood which it eats. (food source) 
· has a nostril on top to allow it to bring water in while the mouth is attached to the fish
· water exits threw the side.
· The adult lamprey live in the ocean
· When its time to breath they will swim up small creeks and lay their eggs in the gravel and then they die. 
· They completely destroyed the great lakes fishing industry 
· They are controlled now by lampacides

Gnathostomata 
Evolution of the jaw
· Meachnaims to close the mouth
· Did not evolve to eat food 
· Respiratory structure. (Primary purpose) 
· the jaw evolved in this group
· if you take the muscles in the phyanx and open it 
· over times they accommodate the shape change
· in all vertebrae the first 2 gil arch’s fuse together to form to form the bones of a jaw
· if you trap prey, you don’t walk them swimming open out, so you close your mouth and trap the prey
· jaw eventually gets teeth so you can hold onto the fish even better
· same bone structure is found in ever vertebrae that is to come.
2 pairs of fins:
· now we have dorsal and lateral fins
· similar to the plane
· Resists tipping and rolling 
· They are swimming in 3 dimensions. 
· Makes its appearance different. 

Genome duplication (Homeotic Hox genes) 
· Has four copys of the genome in the body.
· This group has gone threw genome duplication. 
· This happens because one copy mutates or what not you still have 3 back ups
· Had extra genome material to try things out and experiment 
· They were allowed expirament in such large groups because it had the extra genetic material to be able to try things out

Chromdrichthyes
· Cartilaginous skeleton
· Placoid scales
· Heterocercal tail
· Unique upper jaw bone 

Chondrichthyes
· Cartilagenous skeleton
· Is a skeleton made out of cartilage not bone. 
· Placoid scales
· Unique apperence 
· Heterocercal tail
· Modification of the tail
· Allow for efficient swimming mechanism 
· Unique upper jaw bone
· The upper jaw bone does not fuse with cranium.
· Allows the sharks to enlarge mouth bigger the possible
· Can open mouth and slid jaw out so it has larger feeding cavity.
· the bones of the paired fins are not attached to the axial skeleton
· bones don’t articulate with the main skeleton.
· The fins are anchored by the muscle to the organisms
· The fins are not very moveable, can only slightly change their angles. 
· The breath by ramming water into their mouth, so they swim with her mouth open to airiate their gills
· Heterocircle tail
· The upper loab is a lot bigger than the lower lob
· The vertebrae extend up into the upper loab 
· Upper tail is the main propulsion source. 
· Fins are in position to lift the shark up 
· Try to minimize how much work they need to do to prevent them from falling down to the bottom of the ocean. 
· Since the tissues are very dense, they would fall threw the water column if it weren’t for the tail that provides the life 
· Cartilage is lighter than bone
· Cartilage density close to water, so it doesn’t sink as much
· Have a huge liver
· The produce oil always floats to the top,
· This is reducing the density of the animal and preventing it from sinking as much
· Three strategies for swimming:
· The oil is making it lighter
· The tail
· The cartilage 
Placoid scale
· Pulpy core,
· Covered in dentin with a thin layer of enamel on it. 
· Similar to teeth
· Rub in one direction, its smooth, in other direction, very rough 
· The scales on the fish project out and produce little vortercies of water.
· This means there is no lambertor flow against the skin of the shark 
· In shark you do not want Lamberator flow because it would slow you down 
· Therefore youo can move more efficiently threw the water
· 
· They create scales, projections, which means there’s no flow against the skin of the shark. 
· Lets them move quicker 
Feeding 
· The scale gets modified into a tooth
· Small structure
· Same anchoring in the epidermis
· Same features of weakness of attachment 
· Feeds on things bigger then them
· They grab a hold of the food and does a ton of rapid movement with the hope that for example a leg will fly off, and now you have something small enough to swall
· All these forces result in teeth getting ripped out
· Teeth are always being produced and brought forward to replace lost ones.


Mermaid purse
· Sharks only produce 1 egg and they make it with all the nutrients it will need
· They seal it up in a leathery case, called the mermaids case and hide it from predators.
· Inside, one female sharks full year of reproduction potential.
· Inside the case there are enough nutrients for the little shark to eat, so when it emerges it is already a small fully functional predatory shark
· One of the only fish groups, that instead of the producing tons of babys, they only produce one.
· This could be the sharks downfall
· 

Bony skeleton replaces cartilage
Teeth embedded in the jaw
Swim bladder or lung form from the gut

Actinopterygii (ray fin fishes)
· Fins supported with bony rays
· Pectrofins and pelvic fins
· Bony like little needles hold up the fins, the rays.
· The fins have migrated forward 
· Are attached to the axial skeleton
· Much more moveable
· Due to these fins they can hover and look around, stop on a dime
· Agility 
· Big tail still used for power stroke 
· Swim bladder
· Floatation device
· Neutral buoyance 
· Similar to a balloon of air. 
· As the balloon goes further down the water column, the pressure fro above would cause the balloon to shrink in size 
· Which means less pressure in the balloon to float with
· If we add more air then it would float again
· That’s what the swim bladder is, it’s a closed air bladder and is connected to the circulatory system
· As the fish dives, we add more oxygen to the make up for the pressure
· As it comes to the surface the oxygen is taken out
· Dynamically filling and emptying
· This allows it to hover at an exact location without having to swim

· Modification of the jaw for suction feeding
· Unique way of feeding 
· Taken the jaw and modified the hinging
· So the jaw can be opened up very wide and very fast 
· As you are swimming you are sending out vibrations warning that you are coming and then the other fish will swim away. The only solution is the shoot out a device to trap the other fish before it swims away. 
· To solve this problem, they use a type of suction to get the little fish in.
· In these fish are is now a gill arch a little further back that has the ability to fold and has the teeth on it so when they turn into the suction apparatus, they developed a jaw further back in the pharynx so thy still were able to retain the jaw. 

· Opercular gill 
· A flap of tissue that covers the surface of the gills
· To breath, The fish opens its mouth stretches the bucal cavity, closes its mouth, clamps the bucal cavity, the slits open up on the side and By suction it pulls the water out 
· Fill closed squeeze pull water out 
· They can now become organisms that hover
· Once the stability is developed, tons of variety occurs in result
· Examples, sea horses
· Uses its tail to anchor its self in the vegetation 
Sarcopterygii ( the lobe fin fish)
· Fins supported by the muscles and bones that are extend into the fin
· Fins that are supported by bone structures
· The bony structures have one large solid bone that articulates with the axial skeleton
· Usually a pair set of bones
· And then another set of small bones further down
· This is the group that will move up on land and give us amphibians
· They are fresh water
· At the end of the Devonian, the earth is a very dry place, which doesn’t have much of an impact on the oceans but for the fresh water fishs that are in lakes and river, as they dry out or loose oxygen
· This group has the advantage of being able to push up and have a nostril that they can bring hair into their lungs.  
· Or is the water quality is poor where they are, they can push up and try to find a new lake
· The origins of the amphibians 
· Still exist today, only about 4 species that are known as the lobed fish. 

Plantae (verdiplantae~~the true plants)
· Cellulase rosettes, phragmoplast cell division, and plasmodesmata
· Have cellulose cell walls
· The cellulose walls pop up all over
· They were trying to unify with the presence of cellulose cell walls
· Cellulose rosettes: 
· The unique way we are going to put cellulose into the cell wall 
· phragmoplast cell division:
· unique way of dividing ourselves to ensure cell to cell communication 
· normal cell division wouldn’t work with cells because it wouldn’t result in a form that could have cell to cell communication
· to centriole driving this
· the centriole is still going to make microtubules
· still going to make cytoskeleton
· just not going to see a centriole organizing it
· when the cell is at rest, the microtubules are horizontally around the cell
· the microtubules are going to reorganise their selves into a band around the center of the cell just before it is about to divide. 
· The nuclear envelope disappears
· The microtubules are then rearranged vertically sort of an egg shape around the senter and they lach onto the chromosomes and they will the chromosomes to the opposite ends
· We end up with to ends with chromosomes
· We then wrap them up in a nuclear envelope and now we have complete division of the cell in the sense that we have 2 nucleai 
· The difference comes, 
· The golgi apparatus is kicking in, it puts the material and puts in in vesicles so it can be transported
· These packages are then transported on the microtubules down to the mid-line 
· These little vesicles are going ot be put in groups in the center, while all of the microtubules are already condensed in the center 
· Once the vesicles are putt in the center of the cell, the microtubules keep increasing in diameter
· The vesicles are clustering in the middle as the cell plate. 
· There are gaps between the vesicles, where there is cytoplasm. 
· As the plate forms there are spaces in it and to keep expanding until it connects to the cell wall on the outside
· This plate allows for cytoplasmic communication between the 2 cells, and we know have cell to cell communication 
· You have endomembrane space connecting the 2 cells together
· Cytoplasm connecting the cells together
· And you have the plasmodesma, which are pores, cell openings between cells
· Typical cell division would have put an impermeable cell wall between the cells stopping communication 
· Symolastic pathway: communication threw cytoplasm. 
· The cell way itself is a matrix of cellulose, with proteins and pectin and other things.
· The cell wall is an important transportation mechanism. 
· Apoplastic pathway
· cellulose and cellulose synthase
· glucose chains strung together 
· glucose forms hydrogen bonds together to form the sub-fiber 
· these chains interact together to form a thick ridged chain of cellulose. 
· Molecules is clusters together to form microfibrils, which are combinded together to form fibrils, which are all woven together and embedded to form the cell wall
· We now know that cellulose synthase is a bacteria that is incorporated into plants to make cellulose 
· The cellulose synthase molecule is a little molecule that sits in the cell membrane, each molecules produces one cellulose molecule from being feed the glucose molecules that are in the cytoplasm. 
· This occurs on the exterior of the cell membrane ]
· These little cellulose enzymes cluster together in groups of 6 and there are 3 different morphology’s in the cellulase molecules.
· The group of six needs to be composed of the 3 different types of morphology
· If all three are present the group of 6 will self assemble. 
· All of the small groups of six will six assemble with other small groups of 6 to have 36 in total
· So 36 cellulose molecules are coming out
· Every fibril in the whole kingdom has 6 glucose molecules in the fibril. 
· The rosette is the 36 units(6x)
· Which at the bottom are anchored to a molecular motor
· You have 36 molecules that are tied to a molecular motor, taking glucose spitting out fiber strands. 
· Underneath the microtubules have all been aligned and the molecular motors interact with the microtubules and they drag the rosettes threw the plasma membrane and as you drag it threw the fibre is sent out behind. 
· Then the microtubules will shift and it will go around again and laid down again at a slightly different direction. 
· This is what gives the cell wall its strength. 
· The rosettes lay down the cellulose. 

· Alternation of generation 
· We start with a sporophyte that is a diploid organism (2n) \
· We are going to make spores,
· The meiotic product doesn’t turn into gametes it turns into spore
· The spores are haploid, which turn into a vegetation structure, cells on the structure under go a morphological change to become gametes
· Sperm and egg swim to each other and fuse and we have a gametophyte again
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Sorting gout plant parts
· Gametophytes (gamete plant) : part that makes gametes
· Have gametangia, which is the structure the produces gametes
· Antherdia- the ones that produce sperm
· Archegonia- the ones that produce eggs
· Formed from zygote 
· The plant is haploid if we look at the development of the antheridium, we have a special set of cells set aside, that have another set of cells that wrap around them, which provide interface to take in nutrients from the gametophyte tissues, and pass it threw to the developing sperm or egg in the package.
· We have a plant that is assisting in the produce of the structure
· The archegonia is formed in the same way, we have a egg sitting in the plant that has a set of assisting cells that are letting nutrients to get into the egg. The cells of the archegonia are also going to create a chancel to the egg to allow the sperm to swim into it to fertilize the egg. 
· Sporophytes (spore plant) 2n
· Have sporangia, the structure that produces spores
· From a zygotes (fusion of egg and sperm) 
· The gametophytes are still there, all the tissue further out is still gametophyte tissue with the channel still there. The egg that was sitting there that go fertilized, will under go a series a series of divisions that anchor it to the plant, the foot, it produces a stock, and that egg cell is also then going to produce the haploid gametes (the spores) in a package. 
· The sporophyte is not separate in another organism, it is still embedded in the gametophytes.
· Relying on the gametophytes to get the nutrients in order to convert its structure and undergo meiosis to become a spore producing structure. We then release the spores. 
 

Transition to land (plants)
· The 3 problem:
· Water conservation
· You can not loose water across the surface of your body
· No longer surrounded by water, so u can dehydrate and dry out
· We don’t want to loose it threw gas exchange surface
· Across exchange surfaces
· Across body wall in general
· The problem is that the surface plants use for gas exchange is the same surface they use for photosynthesis 
· They cant hide the surface
· Huge potential for water loss here. 
· Protect the gametes against drying out
· We can no longer rely on the sperm to swim to the egg
· We have to make sure it doesn’t dry out.
· Going to need to protect the gamettes.
· Support system (gravity) 
· No longer have the bouncey of water
· So it now needs structural elements.
· In order to hold up, we need a ridged system 
Liver worts
· Show use all of the original types of architecture and fertalization that occurs in plants
· When you see them, you might think there are leaves
· Bit there isn’t
· Its just masses of photosynthetic cells, called thallus. 
· These plants are not entairly water proof
· Live in moist and damp environments 
· You see 2 very unique things
· Umbrella like structure, the Archegonia
· Little disc like structures, the Antherdia
· We need to get sperm between these 2 strucutres 
· We do this by splash feralization
· You couldn’t on a rain drop hitting the flat disc which is designed that when the rain drop hits it splashes up and hopefully into where the Archegonia is.
· Sperms is in the water droplet
· Results in egg being fertilized 
· The odds of the Archegonia being fertilized by a different liver wort is very low
· They always have option to mate with their selves if they cant find another plant to mate with.
· Life cycle:
· We have a male gametophytes with the Antherdia sitting on top of it
· We have a separate female gametophytes with the Archegonia on top of it
· Hope these two are from different parents
· The sperm gets mixed with the water droplet
· Some times instead of mixing with water, it will bubble up the water the was inside and will mix the sperm then shoot it out into the air
· It shoots up underneath
· Fertilizes egg
· While still attach, The zygote will turn into sporophytes
· Will get nutrients from the gametophytes, it will get bigger, extend,
· We will get meiosis,
· Spores will spill out
· Land on ground to germinate into female and male gametophytes 
· Pores and rhizoids
· Massive plant tissue (plant cells)
· Subdivided into 2 types
· Those who have chloroplasts
· Photosynthetic
· They will produce sugar and they are going to flow by symplastic transportation down into storage cells to able to use for growth later
· And those who don’t 
· You will see pores in the surface, which are the air pores
· There are no control over the airflow into the photosynthetic chamber
· You can see the cells have enlarged for gas exchange, but also very at risky to loosing water and dehydrating 
· Out side there is a waxy cuticle which will prevent some water loss.
· On bottom there are little root looking things that do not have vascular tissues
· These are single cells that have elongated into rhizoids
· They go into substrate to pick up water then put it into the cytoplasm and use symplastic transport to get it to the cells that are inside. 
· Gemma cups
· Inside there are bundles of cells that if they are in water, and go away on soil, they can make a new liver wort. 
· Asexual 
· They have good distribution mechanism. 
Stomatophyta
· Stomata, determinate meristem 
· Can open and close pore
· Meristem: a cell that can differentiate into a tissue type and produce large amounts of that tissue
· Can only make on thing
· but can make differentiate structure
· Water conservation 
· Stomata gives the group its name
· The stomata is surrounded by guard cells which control the open and close
· What’s unique about the guard cells is that the cellulose in the cell wall of these have been laid down in a unique way
· Where they connect to each other and cross over is very ridged 
· The other cellulose is actually somewhat flexible
· If its time to conserve water, the guard cells will take up a bunch of water which causes one side to bulge out and when it bulges on both size it closes the opening. 
· Prevents gas exchange when needed. 
· Only opens when carrying out photosynthesis.
· Meristem
· Determinate:
· This cell its faint is determined and can only grow into one thing
· Indeterminate
· This is a cell whose faint isn’t fixed, it can become anything
Moses
Moss anatomy 
· Rhizoids supplying a gametophyte
· Gametophytes has fertilized egg inside
· It is sitting in same place as before
· But when it undergoes division, differentiate with the root that is going to stay inside the gametophytes
· The spore forming structure is going to form
· There will be a set of cell in between
· It sits and cell divided into a set of cells with different functions, some to absorb nutrients from the gametophytes that still supply’s it and other is going to take the spore bearing cells and the determinate meristem is going to push them up into the air 
· End up with stocks sitting up in air
· They will shatter and release spores into air which will travel with the wind and land on ground and make another gametophyte again. 
· The determinate meristem allowed for advanced distribution of the spores. 
Moss life cycles
· We have a male gametophyte and a female gametophyte with their female and male structures on top
· Stil relys on water to splash sperm over over to the other organism
· The sperm is going to swim down to the zygote and the zygote is going to undergo cell divisions will make spore capsul and stoke to push up into air with, and the open and the spores are blown in wind
· Difference between this and the liver worts: 
· Is that now we have an elevated structure 
· Also have extremely water proof spores. 
Mass extinction 
· At the end of the Devonian
· Important in the sense that it is going to change composition of the oceans, plants will keep moving
· The Devonian forests are still forming on land, but they don’t look like anything we would recognize today 
· No seed plants
· No flowering plants 
Tracheophyta 
· Indeterminate meristems
· Cells that can form into anything
· Weird thing about plants is as a plant grows and branches; the tip of every branch contains meristem cells. 
· Which is where the branch new plant can start from the meristem cells
· All of the meristem cells are daughters of the original zygote the whole plant grew from 
· Over years the meristem cells get mutation 
· Resulting in variation
· Even though the plants cant move around, they still get huge variability but its hiding at the tips of all of the branches
· Huge innovation
· Lignified secondary cell wall, treachery cells and sieve elements, long lived sporophytes 
· Since cellulose is easily subjected to bacteria, they started putting antibacterial cells into he cellulose
· Which prevents bacterial decomposition 
· Beginnings of protecting the cellulose by a secondary cell wall.
· The cross link phenyl (the antibateria) is the lignin
· Putting indigestible things in a second cell wall, so it cant be broken down by bacteria
· Lignin
· Hydrophobic
· Indigestible
· Bacterial and fungal lignases
· Toxic 
· Has strengthened the cells to help fight gravity
· Nothing can break it down 
· Its originally starts off as little rings to support cell, eventually becomes solid sleeve 
· This makes the plants bloom in huge number because no one can take them down
· Becomes very dominate
· Well they die and fall over, there is nothing it break them down and digest them

· Tracheids
· Xyleum 
· Inside 
· Ex, wood of the tree, provide support to allow the leave to be lifted up 
· Use to transport water
· Even when it dies, it still is used to hold up the plants
· Vascular tissues
· Lignified secondary cell walls 
· Occur in hollow cell cases in dead tracheid cells that aloows water to be transferred in the plant
· Each year the plant grows a new set of tracheid cells and a new 
· Sieve tube elements
· Living
· Sugar transport system
· Have a companion cell beside them
· Vascular flow
· Source, where glucose is produced
· Sink, where the glucose is stored
· Up in a source, we have a photosynthetic cell making glucose
· The companion cell is going to take the glucose and use a transport mechanism to put it in the sieve element
· The sugar concentration is going to rise in the cell
· Water is going to move from the tracheid’s and into the sieve elements to try to dilute its sugar 
· With water build up, there is pressure
· The cell wall means the cell cant burst
· So the water has to go somewhere
· Where the sink is, the companion cell is taking out the sugar and putting it into cell where its going to be stored
· Sugars are moved threw the sieve element 
· Use ATP to pump sugar in and out to create a source and a sink
· And the sugar is then going to move directionally threw the system
· Each year they grow a new set of sieve cells
· The sieve cells are on the very outside of plant
· Ex, the bark
[bookmark: _GoBack]
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