Phanerozoic Paleozoic Era – November 13, 2015-11-13

Animal architecture
Embryology – cleavage
· When it divides to eight and the plane goes through the middle, those four cells on the top can rotate and what they end up is put themselves in a stable position because the round shape is sitting on top of the groove created from the ones underneath 
· Radial cleavage
· Make sure these cells are stable and sit rounded edge to rounded edge
· When you look at the living world, the animals that are triploblast, all do one of these two things: spiral cleavage or radial cleavage
· Cleavage pattern is key event
 
Embryology – gastrulation
· Inner cavity becomes gut of the organism
· Two cell layers, a gut in the middle, an outer ectoderm
· A blastopore is the opening to this gut
· Gastrulation gives organism with two layers and incomplete gut
· When this invagination occurs, there will be a second opening
· Organism that now has two openings to the digestive tract 
· They can put food in one end and processes it as it passes down and create unique environments
· You might have grinding stage in tract
· Everything that went in went out in the same opening
· Now you have a more efficient process of with two openings
· Blastopore could become the actual mouth of the organism 
· Invagination in gastrulation 
· Get an anus on the other end
· So blastopore became the mouth
· Second opening that in fact become the mouth
· Situation where in development you get punching through and this becomes the mouth and the blastopore becomes the anus 
· Therefore, two different ways to get the mouth in the system

Coelom formation
· When we make mesoderm, we put between outer ectoderm and inner endoderm
· In one type of embryo, the cells that are located right at the lit where you have the junction of ectodermo cells and endodermo cells, they get a signal and then differentiate into mesoderm cells 
· Start dividing in large numbers making tissue between the cell layers
· Put connection with other opening to the digestive tract to the far side, you have an opening with a bunch of mesoderm and once this is filled, that block of mesoderm will split apart 
· This split creates a fluid filled cavity – body cavity
· Pack space with mesoderm and then split it to make a coelom 
· Schizo – split
· Coel – coelem 
· When the endoderm starts to invaginate, ectoderm around the outside, coming off the sides are little balloons or pouch like structures 
· The gut will extend all the way though
· Mesoderm that keeps getting bigger until it completely fills that space
· The cavity is there right at the beginning
· A hollow ball and then this filled the space there and then you have a fluid-filled cavity
· Cells that are part of the primitive gut 
· These cells is enterocoel
· The gut forming coelem 
· The consequences are identical in both – end up with mesoderm against the ectoderm and the endoderm and the cavity in between 
· How do we put cavity into the mesoderm 
Protostomes vs deuterostomes
· Protostomes
· Blastopore mouth 
· Eight cell stage in development, it did the spiral
· Once you do the spiral, the blastopore occurs, you get a complete digestive tract, the blastopore remains as the mouth
· First mouth becomes the mouth
· Deuterostomes
· Split it open to make a body cavity
· If the blastopore becomes the anus, radial cleavage and enterocoley 
· If opening on the opposite side that becomes the mouth, this becomes the second mouth
· Refer to this as deuterstomes
· All three fit together to make lineage organisms
· If you look at cladograms, defining two lines, the deuterostone line and protostome line 
· These embryological events, these ways of organizing digestive tract occur in all animals in one of two ways
Body Cavities
· Have cavities that arrive from proto and deutero
· Mesoderm fills space
· Coelomate – completely surrounded by mesoderm and surrounded by fluid
· Don’t have cavity – solid bodies ex. Acoelomate – flatworm
· No spaces within there at all
· Mesoderm fills itself in in a certain type of organisms
· Acelomate – characteristic that is derived
· Celomate – 0 – cavity at the bottom of the cladogram

· Partially lined with mesoderm 

· Transition between no cavity, partially mesoderm lined cavity and a fully mesoderm lined cavity
· Having a partially lined cavity in mesoderm isn’t a phylogenic event 
· The gut has no mesoderm associated with it at all
· In a true body cavity, it would become the muscularture of the gut
· In pseudolomate, digestive tract with no mesoderm
· You have mesoderm everywhere
· The fluid-filled cavity is lined on all sides of the cavity
· Account for pseudocolomate when you look at evolutionary tree

Protostomia (autopomorphy)
· Blastopore is mouth
· The only difference between the groups is that fate of the blastopore 
· Protostome lineage, actually has three important subdivisions 
· Deuterstome only has one lineage

Three main protostome groups
· Ecdysozoa
· All animals that secrete on the other side of the body, a cuticle – arthropods with outer exoskeleton 
· Shed that suit of armour and put on a bigger one and grow into it
· This process is called molting or ecdysis
· This is why this is called the ecdysozoa
· One group is all characterized by living inside a skeleton that has to be molded for them to grow
· Platyzoa
· Loss of coelem 
· They are characterized by the flat worm – most famous

Lophotrochozoa
· A group of organisms that when you look at molecular data, the mitochondrial dna sequences, if you look at its entire genomic sequence, these genetic sequences, there’s two weird organisms, that share a common ancestor, when you look at the animals for their morphology, 
· Over time, there became an agreement that what we can’t see in this group is a single morphological character is what is used to name them
· Nothing that you could say that they were related to each other
· Because there was nothing else that was used to group these, they got the name lophotrochozoa (EITHER no both)
· Taxon defined by one or the other thing
· Place them on the evolutionary tree, becoming mouth

Protosome taxa
· Ecdysozoa
· Exoskeleton (cuticle)
· Moulting
· Lophotrochozoa
· Platyzoa 


Ecdysozoa
· Excrete to the outside of the organism, non living matrix which forms the outer skeleton, always have as the main component as the main matrix itself is solidified protein 
· Its main component is a proteinaceous 
· Say goodbye to cilia 
· No role in cilia being in there
· Down the lineage, no surface ciliature whatsoever
· Every other single animal will have cilia 

Symplesiomorphies
· Collagenous cuticle
· Longitudinal but no circular muscles
· Epitheliomuscular pharynx 
· One of the reinforcing fibers is collagen
· Gives reinforcing matrix to the other cuticle
· Collagenous 
· Ex. Like concrete with reinforcing mesh, strengthening that protein matrix
· In this lineage to this group, happening through the use of longitudinal muscles 
· Nematods – group of organisms refered to round worms
· Characteristic that is unique about them is that they have very unusual pharynx to swallow their meal
· Pseudoelomate with the pseudocoelom fluid in it,
· Gut is associated with the outer ectoderm
· No circular muscle, just longitudinal
· You would have outer epidermal layer, a layer of circular muscles, and a layer of longitudinal layer on the inside, but in this case, only longitudinal 
· The only way that it can move and be able to move it affectively, transfer longitudinal on one side of the body, which stretches muscle son the other side of the body 
· What they end up doing is a whip like motion back and forth
· Use this motion to weave themselves between the particles within the soil
·  Good to move in substrate with particles so you can move in between them
· don’t recognize them because they’ve never been sampled 
· when they go in and they do molecular techniques to determine the species diversity
· nemotods that cause medical conditions, weave the cells between the tissues that they invade
Nematoda
· see the muscles tissue and in arms, is an example of miniaturization 
· extended its own cytoplasmic extension without any intervening nerve cells
· muscle cells that have extensions to create nervous system
· only group of animals that have a meboid sperm, when they mate, they have no flagellum
· consequence of cilia – the ability to create flagellum and cilia
· very unusual to have the amoebic sperm

pharynx (epitheliomuscular)
· has digestive tract with no muscularture, no muscles there
· because they are constantly in motion, there Is hydrostatic pressure there all the time
· pushing on the liquid that is in the coelem which means you are constanyl pushing on the digestive tract with no muscle to resist the pressure
· everytime you swallow food, the pressure would squirt pressure out of digestive tract and you would have to start all over again
· shoot it out the mouth and you’d never get to eat
· develop a second type of muscularture
· got is the morphology is two valves
· if the digestive tract goes that way, you clamp valve and then close the other valve
· squeezes the food out of the digestive tract, close the other tract and then pull the food into it, squeeze the valve and then you’re able to get the food into the digestive tract
· but the muscle is coming from the …
Triradiate pharynx
· most efficient because you can pull it with the least amount of mechanical work
· tricuspid valve in our heart 
· epithelial cells of the pharynx have
· reason is miniatureization
· instead of having one cell to make contractile cell to make this work, they are using only one cell type to make this work
· unusual thing in organisms
· we are looking at a morphology that we are looking at, understanding of miniaturization 

Panarthropoda (autapomorphies)
· instead of cuticle, there’s chitin
· food manipulated by limbs
· these organisms are going to have appendages 
· what this group does it also captures food with these appendages 
· modified for food capture
· when they capture this food, they are going to manipulate it or modify it in order to digest it
· they can break it down to something smaller to break it down to the digestive tract
· tear it or rip it apart 
· can tear it and manipulate it and put it into the digestive tract
· means you have a large surface area on that food particle
· large surface for that digestive system to digest 

Onychopora (autapomorphies)
· group of organisms that were part of the evidence for continental drift
· because you have Pangea, in the tropical regions of this Pangea, there was a little worm called a belvet worm, goes all the way to the marine environments
· has a very unique way of hunting for its food
· has a set of appendages that are going to be used to capture its food and then it will digest it before it swallows it = manipulation of food
· has appendages down the length of its body = segmentation 
· identical units of repeated limbs repeated down the body
· ex. Earth worm
· unusual, have chitin and a cuticle but their cuticle is flexible enough to expand and contract so it hasn’t hardened yet
· can change the shape of its body much like the worm
· unique feet 

Arthropoda
· Articulated exoskeleton of plates
· Muscles arranged in bands
· Compound eye
· Cylindrical skeleton, where it articulates in a way that you have zone of cuticles so you have flex, and muscles that straddle across the joint so when this shortened, it would bend the joint one way, and then other is bent the other way
· To get that limb in any point, you need joint that move in different directions so you can position the limbs in any place in the environment
· Famous joint appendage in the outer space is the candid arm 
· Muscles are arranged different
· We don’t have different muscles arranged in sheets
· We are taking bands of muscles across joints to be able to create movement 
· Muscle arrangement is banded muscles or stranded muscles 


arthropods: Trilobites
· Four lineages that are recognized
· One is extinct
· Other three groups include the crustacea 
· The others are terrestrial so don’t look at them until life on land
Arhtropoda: Crustacea
· Mammal that have segment of bodies
· Still see these segments of body in modern day crustacea
· Each segment had a pair of appendages
· Segmented body with appendages attached to every single segment down the body
· Tubular appendages formed from exoskeleton
· The arthropods 
· Group segments together to carry out special functions
· When they group the segments together, called Tagma
· Tagma takes on unique functions
· Set of appendages that are the mouth part that are involved in handling and manipulating food 
· Series of appendages that have become walking legs used so animals can walk across the substrate
· Swimmerets is she brews her eggs her and there is a good supply of oxygen for the legs 
· Appendages can be put together and take on different functions
· This layout is not the same for a shrimp or a crab
· Same pattern is here, segment fusing to carry on specialized functions
Filter Feeding
· Every appendage is the same down the length of the body
· Very similar in their appearance
· First arthropods is the same down the length of the body
· These appendages were initially used for swimming
· Appendages have three parts: part that articulate with the body, cuticle and when it swims, it takes the legs, pushes it downward, flaps open up which give it force and then the recovery stroke, it returns the appendages down to its original position
· Multiple appendages down the length of the organisms 
· Medacronal wave as these organisms move
· Power stroke, pushing downward, and then the other one does the power stroke, and then the recovery stroke, the box is constantly being squeezed shut and open
· Water is being squirted out the sides and this is what is pushing the organism forward
· The only way water can come back is to come in from the other side and out the other
· The water that is swimming through is drawn from in front of the animals, down towards the legs, squeezed out and moves the animal forward
· The inner surface made out of hairs in the cuticle
· The water when it comes through, goes through the hairs (mesh)
· The algae get trapped in this sieve of hairs
· It catches algae, through this filter
· When they do the recovery stroke, they push them into the center and move forward 
· This motion takes the food that’s trapped on the surface and pushes it forward down the midline and to the mouth
· Constantly cleaning the surface where algae is trapped
· As they move, they also feed
· This feeding pattern is still here today because the small zooplankton are the main harvesters of our productivity today
· Crustacean tap into the oceans in such a way that they are still doing exactly the same thing 
Three main protostome groups
· Lophotrochozoa
· Spiral cleavage as an autapomorphy
· Either presence of a u shaped gut and lophophore or 
· Trochophore larval stage 
· Lophophore
· Bryozoa
· Animals in this group have returned to be sesial organisms 
· You’d end up living surrounded in your own poop if you don’t move after you poop
· Develop a u shaped gut so you don’t sit in your poop, therefore, the food digested goes beside your mouth instead of beneath you
· Brozoans
· Form geological structures in the oceans
· It’s able to take its lopophore and extend it outside of tis casing 
· when it pops it out, there’s cilia all over to create a water current, which pulls food in the center, cilia trap the food and then moves it towards the mouth 
· food is pulled out and when it is, the water moves, moving the feces in addition to this 
· end up building little masses of calcium skeletons in which they live
· increase in their numbers which increase in their coral mass
· they have body cavity so they use hydrostatic cavity
· common name is moss like animal 

Trochophore larva stage
· there are four groups of animals that all have this in their development sequence at some point
· found no where else in the animal world
· know that they are related to each other
· group of animals all on their own until this group 
· mollus
· trochophore is going to be there
· schizocoel
· when we find this, we only find it here, only two groups that have classic mesoderm splitting to make a body cavity – mollus and annelida
· assumed that these animals were at the base of the evolutionary tree
· so schizocoel defined the animals
· then we would have said everybody else lost it, but when the tree of life got reorganized, schiocoel makes appearance so protozone line cannot be defined by schizocoel 
· dorsal heart and pericardial
· heart is on the back side of the organisms
· mollus
· feed using a structure called the radula
· dorsal mantle – responsible for secreting the shell around the mollus
· calcareous spicules or shells 
· ventral ciliated muscular foot
· sitting on top of the muscular foot
· motorized track system on which sits the living organism which carries out the function 
Molluscs – Trochozoa
· huge numbers in the ocean after the cambrians – successful organisms that they rained down, and now there are abundant molluscs on rocks
· coiled ones – nollus – still lives in coiled shell
· they are the second most abundant animals on the face of the planet
· arthropods are most abundant

Mollusc traits
· mantle that secretes the shell
· muscular foot underneath
· all organ systems on the inside
· unique is that there a set of muscles from shell down to the foot
· developed a way to hide from predators 
· moving across the substrate, its skin/epithelium makes needle like structure and overtime, it becomes a complete shell
· when it hides inside that shell, there’s a gap or gill which is covered in cilia which will draw water in, oxidate the blood and go out 
· doesn’t have to shut down when it hides in its shell
· radula
· a tongue
· and on the surface of the tongue are hardened griding structure
· the animal sticks its tongue out and the teeth on the surface can move back and forth and this abrasive surface is grinding on the substrate, making articulate food
· by tapping into this food source and having protection, they are guaranteed their success
· tap into their food source that no one else has figured 
· group of organisms that have 
· snails (gastropods)
· their main success is they are on land
· adaptive radiation 
· modified to make organisms
· slow moving sessile organisms
· the snail can pull its body and can bring up its body and hide in there
· when snail is killed to make escargot
· most abundant, diverse in the number of species, all due to the fact of their appearance on land 
· they are both math and female
· hermaphrodite 
· will never mate with themselves
· significance of this = 	everytime two snails mate up, they can mate with everyone, and in addition to this, both snails can be mated
· both mated individuals
· gastropods and flatworm = hermaphrodite
· when the two mate, that sperm is transferred between the two individuals, stored, and when they separate, then the eggs are fertilized 
· after you mate, you store the sperm you receive in the seminal receptical, mature eggs, and while eggs are being fertilized, your male reproductive system is shut down 
· in their evolutionary history, when they mate, they produce a dart, they take turns trying to jab their dart into the other individual
· this dart makes it unlikely to receive sperm
· they become not hermaphrodite 
· related to squids and octopods
squids and octopods (cephalopods)
· their ancestors took that shell and elongated it to the cone shape
· the foot has become the set of tentacles that surrounds the arm
· is now a set of tentacles and arms that can be shot out and pull the prey to eat on it
· extremely successful form
· Ammonites
· Active predators
· Will disappear, when they disappear, all of the life in the ocean will go extinct while ammonites survive this
· Mollus evolved and get rid of their shell to become the squids and the octopods today
· Deepest part of the oceans, finding new species of squids and octopods
· Highly adaptive to being predators

Clams
· Bivalves
· Taken its shell and folded it around the sides of the body,
· Pump water into its body
· Not going to chew up and make particles but take in water
· Large gill which is the feeding structure
· Set of muscle 
· When you steam clams muscles, they pop open, the ones that didn’t pop open, you get rid of it, it was dead already when you started to cut it
· Shell is important 
· Organisms that sits half buried in the sediments, that does nothing but filter water

· All organized in slightly different way – clams, squids and mollus 

Annelida (autapomorphies
· Metamerisim of mesodermal structures
· Blocks of mesoderm that is repeating down the lengths of the animal
· Strategy – blocks of mesoderm arranged down the length of the organisms
· Setae
· Set of hair called setae – down the sides 

Annelida: marine worms (Trochozoa)
· Layer of circular muscle
· Longitudinal muscle underneath
· These are in blocks
· Each of these blocks is hydrostatic skeleton
· when you contract the longitudinal muscle, you increase the diameter 
· each one of those metameres, function independently next to it
· can get changing shapes all the way down the organism
· hairs that are sticking out, when you increase circular, the setae stick out and visa versa
· can contract longitudinal muscles and the setae are grabbing on the ground since they are sticking out, the setae that are going in, the head of the worm has moved forward since the setae are sticking in so the length is long 
· accordion style movement
· hydrostatic skeleton arranged down the body allows for this
· earth worms burrow and dig in the substrate, take the anterior end when its pushed forward, they push it into the substrate, drill their head into the substrate that they’re in
· move the food out of the way or swallow the food in order to get rid of it to displace this food particle out your anus
· first animals to burrow
· crawl into substrate that no one else feeds upon = success! 

Platyzoa
· loss of coelom
· acoelomate or pseudocoelom
· loss of metanephridia and circulatory system
· cavity always occurs
· they also lose a lot of complexity in the organ system
· flat
· optimal surface to volume ratio
· circulatory systems are not needed 
· incomplete gut
· complex reproductive system associated with hermaphrodism
· highly derived organisms
· understand why this group of organisms said goodbye to the advantages to the other functions 

Platyzoa
· loss of coelom
· acoelomate or pseudocoelom
· loss of metanephridia anad circulatory system

Platyhelminthes (autapomorphy)
· incomplete gut
· do not have an anus
· major inervation back in time because linear gut with two openings means you can process food and then bring it down in one manner, but this group does not have second opening 
· so placed at the bottom of the evolutionary tree because they did not know where to place, because of its incomplete gut and no second opening
· complex reproductive system associated with hermaphrodism

Body cavities – Acoelomate
· sheet that is a circular mesoderm underneath the epidermis
· the difference is there is no cavity, all filled with mesodermally tissue, spongy so we can still get shape changes
· if we have another set of muscles that run from the top to the bottom of the animals
· it’s going to constrict how much shape change occurs
· this organism won’t puff up because dorsal ventricles are going to prevent that from happening
· constrictive movement
· ventricle surface, all covered with cilia
· used to move, beat against the substrate, repel them againt the bottom of the ocean if they are not swimming
· set of specific gland cells
· allows them to stick to the substrate
· can secrete these 
· circular, longitudinal, muscular ciliature creates ways that flatworms are able to move 
· nice simple gliding motion 
· on its ventricle surface, all the cilia are moving in a wave that creates this nice gliding movement 
· can attach itself with the substrate with the sticky
· pushing its head forward, stick with those glues and pull the rest of the body with it
· muscle contractions that are allowing motions
· flattened, can stick to the substrate, and can use cilia for motion and movement

Flat worms
· mid central surface – where mouth is located
· not at the interial end
· sensory structure towards the front
· because of the incomplete gut, it hasn’t moved the mouth towards the front
· ancestor to all flat worms, it was a solid body organism with mesoderm
· if this is the substrate on which the organism is living, the flatworm was a flattened animal that was attached to the substrate, glue itself in place, endoderm gut tissue was on the surface that was in contact with the surface in which it was sitting, secreting enzymes and secreting liquid where it was sitting, digested it, and then repeat the process when the unglued, and moves to the area beside it so you can reabsorb the nutrients in the new place
· sticking to the substrate and being flat, makes it difficult for any predator to pry it off and eat it because it’s so flat
· modified itself to be superflat and stick to the substrate so that nothing can attack it
· feeding corals, - surface of mineralized calcium with little pockets in it where the organisms can hide in it, flat worms could liquefied in the casings(holes) and use that as food
· they figured out how to eat nidarian and using the rest of the body tissue but the niocites
· flatworms can take the nidarian defensive mechanism and line whole outer surface with it and sting anyone that tries to eat me 
· these animals were after the same food source as the mollus – they were scraping it off, these ones were sticking on it and liquefying it 
· repdocutive system
· stored in sac like structures waiting for mating to occur
· when we get mating, we get sperm trading
· where it is inserted in the female(penis) in the seminal receptacle where they will get the sperm
· once separated, they will get eggs in the ovaries, 
· oviduct, is past the seminal receptacle, sprinkling of sperm on them so they are fertilized and then discharged one fertile
· separation of sperm transfer
· different synchrony of when we are making sperm and egg

slides 86 and 87 are irrevelent on reproductive system

Fluke Clonorchis – Life Cycle
· the vast majority of them are parasites of one type or another
· tape worms – internal parasistes in the tract
· flukes 
· taken the advantage of the morphology of the flatworm 
· get into fluidfilled spaces and because they are flat, they usually use suckers to be able to adhere to the walls of that structure 
· wraps itself very carefully around the wall so it doesn’t interfere with the biology of its host
· extreme flexibility in terms of organ systems
· tapeworms don’t have a digestive tract because they are living in a digestive tract
· most of the flukes and tapeworms are very specific to the animals they parasitize  
· because there’s multiples in there, you can get mating, egg, fertilization
· bile duct lead to the intestine and the intestine leads to the animals
· inside the egg is the stage that is waiting to be reached with water
· what’s inside this is miracidium
· rain comes along, they get moistened, this is what this egg is waiting for and then hatches
· looking for a certain species of snail that matches its life cycle 
· become an enlarged organism called a sporocyst
· gets inside the host, gets big and then inside of it, it builds itself with the next larval stage
· it can be hundreds
· increase numbers in snails and inside this sporocyst, we get redia
· when it gets completely full, it bursts and then this starts feeding on the snails as well
· get another round of larvacation
· ramped up from one miracidium up until thousands of now new larval stages that are there
· cercaria have a tail because all for the carriers are going to migrate and use their tail to try and find the next host 
· simple life cycle, cercaria would infect a human
· but this cycle, the cercaria is going to infect a fish, going to burrow into the fish and it’s waiting for the human to eat the fish, especially if the fish is raw, it will be raw, going to burrow into the walls, and to the liver of the human where it lives
· flatworm starts parasitizing something back in the Cambrian
· where the lifecycle starts from
· we don’t have vertebrate fish in the Cambrian yet
· we don’t have mammals
· so we find that they are the first parasites of the snails 
· until all of the sudden a fish came along and then they added a fish to the cycle 
Deuterostomia (autapomorphies)
· blastopore becomes the anus 
Echinodermata (Autapomorphies)
· pentaramous symmetry
· water vascular system
· they have unique water vascular system
· used to move unique structure called the two feet – absolutely do not confuse aquiferous system (sponges) and water vascular system 
· 
· mutable connective tissue
· plates interact with each other connects with the connective tissue so that the plates can bed
· connective tissue between the plates allow for movement and flexibility
· that connective tissue is under nerve control
· depending on the nerve signal, the connective tissue can be flexible or rigid
· very pliable and can move around
· or it can become rigid and hard
· the whole surface can be covered with spin

Starfish and relatives
· Larva stage – bilateral symmetric
· Bilaterally symmetric animal
· why did this bilaterally symmetric organism decide to become radial
· they remove and take away all of the features that made them unique in their form
Starfish and relatives
· they have the endoskeleton connective tissue so if they sway, they can sway or become rigid
· branches at the top, place their mouth in the middle and they were capturing food that was falling through the water column from everything that was swimming from above, and they were sitting at the bottom catching the food
· tube feet are responsible for moving the food to the mouth
· sitting on the ocean bottom
· starfish was capturing food before it hit the bottom before the other vertebrates were making their appearance
· don’t stay this way, only primitive
· detach from the bottom, and now mouth is at the bottom and use tube feet to crawl on the substrate
· tube feet are all connected to each other by the water vascular system
· filled with sea water
· each of these tube feet have valves that turn it into a hydrostatic skeleton
· little suction cup on the end of the tube feet to be able to stick on the substrate
· tube feet have mucular and longitudinal muscles
· not fast in how they move, but starfish are predators, organisms that they prey upon
· main food source if clams
· turns stomach inside out and captures the clam inside the stomach
· other thing they feed on is coral 
An explanation for the Cambrian explosion
· snowball earth
· burrowing
· shelled arms race
· developmental - hox genes
· characteristics that define the phyla make the characteristics that make the Cambrian
· why do we get huge numbers of animal architecture appearing in which only some are going to succeed?
· Are we being precise in saying that multicellular life is growing from the Cambrian
· What is the set up as we go into the Cambrian?

Snowball Earth
· Late Proterozoic, single celled organisms
· Point in time where if we were going to get multcicellular life, get a single celled organism to make a multicellular organism, through some colonial event
· Catastrophic event that occurred 640 Ma, that puts a freeze on all of the diversification on the planet
· Continents are lined up in masses on the line of the equator
· The oceans absorb and hold on to heat
· Rock and stone reflects heat
· Get surface warm but doesn’t get the whole thing warm
· Solar radiation 
· Proterozoic – no life on land, nothing, just raw rock that is in continental slabs that are there, no soil, no algae, by erosion by water and rain, slowly dissolving the rock of the planet, and these warm rains that is falling is setting themselves into the water system 
· Got a cooling effect made possible
· Huge amount of land mass on the equator
· As the minerals wash into the oceans, that reaction on the carbon cycle, the presence of calcium and silica combines with the bicarbonate ion to precipitate a solution, it takes a carbon dioxide molecule with it
· Giant flush of minerals which disturbs the carbon cycle and precipitating all of the carbon dioxide out of the oceans
· As they pull the carbon dioxide out of the air, carbon dioxide is a greenhouse gas that keeps the earth warm, so removing part of the warm atmosphere
· Used to be methane in the atmosphere, and that oxygen that is being produced is destroying the methane
· The contribution of methane gas is decreasing
· Methane is a better green house gas – more isolated
· Decrease quality of isolated layer, have replaced it with a less appropriate layer (c02), the oceans receive this massive pulse of materials that cause the c02 to be removed
· Decrease the warming and form ice forming at the poles
· Ice reflects solar radiation so now the planet receives even less polar radiation to keep it warm
· Situation where for the first time ever, you have rocks reaching into the oceans, continents sitting in the wrong place on the earth and as we destroy the green house gas, ice starts to build
· Problematic because it reflects solar radiation away
· Therefore, poles ice is getting bigger and bigger
· Multicellular life gets frozen, get stopped
· Not dying because we can get life under the water
· Setback by the diversity of the planet – snowball earth

Early animal evolution
· There have been fossils found that have clearly been found that are older than the Cambrian
· Burgess shale – at the top of near Cambrian
· Ediacara fossils and Doushantuo fossils

Doushantuo fossils
· Half a milimeter across = small
· When you look at them under the microscope, that have little divisions and subdivisions 
· Think they are cells in the embryo
· These become potentially fossilized embryos 
· From everything w eknow about embryology development, the cells in the early stages are most fragile
· Set of fossils that demonstrate embryology of the early development from millions of years ago
Ediacaran fossils
· Canada – mistaken point newfoundland
· 580-542 million years ago
· fossils that represent moderately complex looking animals
· this one is very common
· no one knows if it is the organ itself or of something that was sit on it

Cambrian burrowers 
Advantages
· feeding
· anchorage
· protection

Homeotic genes
· solve a major problem in terms of development
· genomic content 
· transcription factor
· 30000 genes
· bunch of transcription factor
· concentration at one end
· look at various homeotic genes at the back
· high at the back, low at the front
· sit and work in the middle
· concentration is highest in the middle, lowest in the back
· at the front, getting high concentration 
· at the back, getting high concentration of posterior and not anterior
· folding on the proteins that are making anterior things, posterior things and middle things

Homeotic genes – hox genes
· green set is by anterior   
· purple set is posterior
· you can take cells that have fate determined
· if you take fruit fly and take cells that perceive signals to make walking leg,
· instead of antenna, you get walking leg
· pattern in organism is set in genes
· you can build anything
· you can get all of the different shapes and forms
· if you look at evolution of genes
· they are there in different organisms
· genes that are missing that when they are present, bilaterally symmetric pattern
· what you end up with is genetic understand of pattern
· if you get multicellular polarity by the work, there has to be a pattern
· control of that pattern with the homeotic genes
· all of the diversity arose because the genetic mechanism to fix pattern in a multicellular pattern arose and because the genes shared together
· this patterning program only arose once
· you can now build all kinds of shapes of animals because you could control the appearance and get predictability
· in the Cambrian when all of the forms appear
· organisms don’t compete with each other so you can get all kinds of funny things
· by the end of Cambrian, the organisms have competition
· only the very best of all of the different organisms are going to make it through to the next period
Animals
· we are at bottom of evolutionary tree
· chordate
· not a very dominate organism
· don’t see a lot of this animal
· ancestory according
· diversify a lot more towards the
· it’s going to be a little beast that swims
· have gills down the side of the body
· skeletal support structure
· allow for a new type of movement
· tadpole like swimming

pharyngeal gill slits
· open mouth
· as it swims, water passes through the mouth cavity and goes out the pharyngeal gill slits down the side
· to be able to move water through the mouth
· extract oxygen that is moving across them
· endostyle
· it creates a net or sieve and the sheath of mucilage 
· water coming through, now you have a mucous bag (porous so water can get through it and get out) , food is going in but the holes in the bag are small and as a consequence, food gets trapped in that bag, the food particles get trapped in the inner surface of the bag and at the top, constantly rolling the bag up and compacting it and building it from the bottom continuously, always picking up food as the bag is concentrated and the rope is being passed through as food 
· not only getting respiration, trapping food, passes through the digestive tract and now you have food moving through the water
· same advantage as cruastaceous had when it was trapping it by its leg

notochord
· has characteristics that you cannot compress it if you take it length wise
· but it can bend – flexibility to bend but not compress
· muscle blocks down the length of the body
· the muscle blocks, when they contract on one side, when they bend, they are going to bend in the other direction
· notochord that provides the strength down the back
· little animal swimming and its moving and feeding at the same time

Segmentation
· extends beyond the anal opening
· tail
· only group that does this
· every single animal has an anal on the tip of the body
· but this group has extgra locomotor mobility so it’s a good swimmer
· anal is not at the tip of the body like the other animals
· notochord
· unique swimming motion
· is still one organism that survies with this architecture
Cephalochordata
· does not have vertebrae
· will come later
· an example of a n invertebrate chordate
· animal is intresting because it shows us how first chordates fed 

cephalochordate
· as it swims or feeds, it uses cilia to pull the water in, the food is brought into the digestive tract, the water is expelled out through the split of the pharynx
· anus on the end
· the beginning o the vertebrate are linear
· unique organism in terms of how it feeds
· propelling itself through the motion
· be very efficient at getting the activity
· vertebrates are also called craneates
· the brain at the anterior end of the body has three lobes
· sits in the protective brain case – cranium
· there is debate whether cranium came first or vertebrate
· important to realize that there’s two important events
· locking the brain in case of bone
· axioskeleton replaces the notochord
· pieces of cartilage between the vertebrate
· the bones are referred to vertebrae
· if we look at the group
· the cranium is at the bottom

· lack a jaw
· moving with a mouth without a jaw like its early
· the organisms without a jaw or mouth = agnatha 
· if we want to see an agnatha and how it functions = look at lamprey
· lamprey has a circular mouth but it has teeth 

Jawless fishes (agnatha)
· whole bunch of very small fish that are covered completely in bony plates that are swimming around with mouth opens to capture food
· take swimming ability to pick up material from substrate
· bony fish with mouths that are locked open
· almost all of these are going to disappear completely
· hagfish and lamprey are existing
· lamprey
· the anus will be in the middle to allow it to swim
· slits because water going to go through mouth cavity
· has agnatha jaw
· set of horny teeth
· horny becaue made of keratin
· latches itself on the side of the fish
· the lamprey latches on can squeeze the outer circle of the mouth so the teeth embeds to the fish they are attached to and then they take the tongue in the center and it protrude it forward and scratch and claw the tissue (not the food, but it creates a wound that oozes the blood and fluid) – which it feeds on
· have a unique set of parasite with that structure
· adaptation is a nostril at the top so the water comes through the nostril and over the slits as it feeds so it can still breathe
· important to us because lamprey can live in both ocean and fresh water
· adult lampreys come up water systems, spon and lay their eggs, and little lampreys lie in those creeks for four or five years and when they swim, they swim to big oceans to feed on big fish (salmon)
Gnathostomata
· animals with jaws
· set of fins along the sides, two set of pins (front called pectoral and back called pelvic fins)
· the whole body engulates
· as its swimming, its hard to keep body sleep
· difficult to keep orientation to where you’re going since  head moves with body
· taken animal and divided it into two zones, one that engelates or one that uses back tail propelling it through the water
· we have a pair of fins out the side
· single fin out the top
· completely stabilizes the swimming motion
· a fin that will resist moving to one side
· powerful tail motoring behind ,
· requirement that moves in three dimensions – these animals move in 3d
· a plane moves in 3d, that’s why they are stabilized as they are moving through the air because they have three fins

Evovolution of the jaw
· in our agnatha, gill openings, gill slits and they are supported and held open called gila rches
· you can’t have gill collapse so there’s a skeletal mechanism to hold the gills open
· grow together and then fuse together to make arch open for when they swim through and pass through water
· develops the mouth cavity
· instead of the mouth cavity being fixed, there is an ability to make it a bit bigger or smaller, also bending and stretching the gills on the side
· pull water in, and then contracting it out, you have a potential to get respiratory surface without moving around
· decreasing and increasing mucal cavity
· p0umping method
· won’t work very well if opening is same side as the front
· the gill arches in the front become more flexible at the fringe point
· where out have this pump mechanism, not all gills are forming the same way
· closing point
· an ability to pul water in, and squeeze water out because you can close the opening in the front
· front pair are capability of closing right down
· when they close right down – they become a jaw
· secondary advantage because wherever the jaw closes down on some food or use it to tear a piece apart and pass it through the digestive system, advantageous as a feeding mechanism
· trap food in the mucal cavity before it swims away
· manipulate the food and tear the food and swallow those pieces once you get teeth on those jaws
· jaw with teeth and a feeding structure
· it came a long as a way to enhance respiration

Genome Duplication – Homeotic Hox genes
· there is one set of hox genes
· if we go to first gnatha stones
· first gnatha stones are sharks
· first hox genes multiplied twice
· the entire genome went through two rounds of duplication
· so something happened with simple anphious to gnathastones, we got four genomes happening
· something plants do (polyploidy)
· now we see it in animals
· same advantage as we saw in plants when we see in duplication
· carry out all the functions that we need
· second set to experiment with 
· still maintain all the genomes to function properly but you have a second set to be experimented with and if any of this is advantageous, you may end up with a diversity
· bigger potential for variation
· reflected in all of the ascendents
· fish
· eight copies of the original genome
· allow sdiversification
· very first chordate along this is the chordrichthyes

Chondrichthyes - shark
· cartilaginous skeleton is unique to the group
· placoid scales
· heterocercal tail
· unique upper jaw bone

Cartilaginous fish
· pectoral fins
· pelvic fins
· not attached to skeleton
· both types of fins are not connected to skeleton that goes down the body
· not a lot of ability to move these fins in any particular way
· when they are swimming, the best they can do is tilt the fins a little bit to make turns
· the turning in movements are all very gradual
· they can’t use the fins to paddle with
· they’re swimming motion comes from a distinct tail
· the upper lode of the tail is considerably bigger than the other load
· the upper lobe is providing most of the pulpulsive force
· the fins are positioned that into lift
· twist those fins just a bit to turn left or right
· heterocircle tail
· not the most agile organisms in the world
· they can’t as well stop and hover and stay in one place because this group has to keep swimming
· the ventilation of the gills
· there are sharks to this day that have to swim
· buccal cavity pumping
· the early sharks had to keep swimming to breathe

Placoid scales
· laminar flow as you slide through the water if your skin surface is smooth
· suction between the two surfaces
· the laminar flow is what makes the airplane fly
· the air is moving at laminar flow over the surface of the wing
· because you have pull on greater flow than lower surface gets a net fly
· turbulence – the laminar is broken
· laminar flow creates drag
· can’t fly if turbulence
fish scales because they project on the surface of the skin, prevents laminar stick as the water moves through
· get more movement for the power of the swimming motion
· the sharks have a very unique scale
· placoid scale
· embedded in the dermis – not attached to bone
· projects out backwards and creates microturbulence
· outside surface is a layer of dentin with a pulpy core – gives it rigidity
· homologous structure
· the scales become big and they become the teeth of the shark

Feeding
· because teeth are embedding to skin and not bone, they are easily ripped out
· the teeth will be ripped out
· to solve this, there’s a pocket at the back and they are constantly maturing new teeth to the front so when they do capture fish and lose teeth, it can be replaced over time
· it is not able to use its teeth to tear food apart
· cannot preprocess its food with its jaws
· uses its jaws to clamp down on its prey and muscular of jaw is very unique 
· the upper jaw is hinged as well, the shark is still hinged, can clamp down and huge musculature and can clamp down an
· grabs the whole body that’s attacking, spinning and thrashing to rip off an arm and then to eat it
· jaw that doesn’t do a lot in feeding other than clasping onto and ripping those food so it’s important to replace those teeth
· cartilage is less dense than bone
· lightening up their body
· if you ever worked with shark material, they have a huge liver
· produces shark oil
· tissue is very oily
· neutral density
· high proportion is oil = less dense than water
· between cartilage, oil and heterocircle tail that is always lifting them, they have potential to resist density 
Mermaid’s purse
· shark have taken a opposite strategy
· when they mate, the male transfers sperm internally into the female
· matures only one egg
· loaded with nutrients
· fertilized egg will be one progeny that she will produce
· put egg in leather case – mermaids purse
· glue that mermaids purse where it’s not easy to get at
· can’t chew through the leather casing
· that one egg slowly undergoes maturation that when it hatches outside of the purse, it is a small shark
· the female in utero incubates the shark embryo with milk and placenta gland that she gives birth to a small shark that can function to its own
· sharks in danger are killed everyyear for shark fin soup

Vertebrate phylogeny
· bony skeleton replaces cartilage
· teeth embedded in the jaw
· swim bladder or lung formed from the gut

actinoptergi – swim bladder
sarcopterygil – lung formed 

Actinopterygii
· fins supported with bony rays
· small tiny bones
· swim bladder
· modification of the jaw for suction feeding
Bony fish Skeleton
· own musculature so that they can move
· these pectoral and pelvic fins become important because they allow for agility 
· uses pectoral fins to move around
· these pectoral and pelvic fins means you can  move without entire tail motion and be able to sit and hover in one place

Bony Fish Skeleton
· an attachment of those skins to the main skeleton
· fins can articulate with each other
· rather than being stuck out to he side, the musculature associated with them can allow them to wiggle and move
· not only mechanism for stabilizing and movement
· precision movement
· fins become the way to move with precision and agility
· fast swimmers in the oceans
· tail that has a floppy tail to it
· two forms of locomotion
· with the attachment of the fins
· fins themselves are supported by bony rays

Bony fin rays
· form body wall as well as in the fins
· all of the bones you end up eating, is bony fins ray 
· main tail for power movement
· system = lateral line system
· set of vibration detectors 
· runs the length of the body and allows the fish to detect vibrations in the water around it
· sense movement
· to be able to see if predator is moving towards them
· displacing and pushing the water in front of them
· the movement is picked up as a type of depression and the fish is able to detect if anything is able to come near it
· this group when it feeds, if it’s going to feed on small fish, as it swims towards its prey, it has a bowel wave that’s descending a signal to anything in front of it
· if it wants to consume some other organism
· send another signal that it is approaching
· develop an extremely different way of feeding 
Liverwort Life cycle
· two cells that are referred to as guard cells
· raise osmolarity so that it’s salty inside the cell
· water will flow in behind which will cause the cell to swell
· inner surface
· cell draws in minerals
· the cell swells and guard cells meet in the middle 
· when they need to have air in there, you pump minerals out
· the water flows out,
· stomata opens
· during daylight and it will close at night
· still some water loss even when it’s open
· but minimalizing water loss 
· major innervation at this point in time
 meristem
· embryonic cell, sort of like an animal stem cell – a cell that can become anything
· might be meristem that becomes tissue that allows cell to elongate and grow
· meristem that may become vascular tissue
· what is happening is that for the first time, there’s a bundle of cells whose fate can change
· determinate 
· when you have meristem that is gonna form leaf tissue, meristem for leaf
· indeterminate
· fate not decided 
· opposite of indeterminate
· not going to occur yet
· but it’s meristem that can produce more meristem
· its fate can be flexible
· indeterminate – always flexible cells
· if you take plant, and there is meristem cells, some are determinate and become leaf buds, some are determinate and become leaf tissue, growth at the tip 
· apical meristem (top of the plant)
· root meristem (where roots are)
· those cells are regenerating everytime
· as the tree branches, means the tip of the branches are the sixth generation or tenth generation
· there are tens thousands variations of the original embryonic cell in which the plant grew
· repeating itself at the tip of every single part of the plant
· basically a brand new organism starting all over again
· essentially a zygote that develops into a new season
· at the end of the season, it will undergo a new division
· important that all those meristems are susceptible to mutations, genetic change, can react to environmental circumstances
· it won’t be genetically identical because it is a descendant of the first
· so potential for genetic change
· all happening on a plant as the tip grow
· when you look a big trees, you have descendants of years and generations growing at the tips growing individually
· a plant is actually a colony of growing individuals all connected to each other
· no genetic identify of the growing tip
· every growing tip is a genetically unique individual
· tree that is a thousand years old is a product of genetic change still in there within the tree
· plant breeders will go out and look at large complexes
· when they find a branch that they want
· you get a different type of flower at one branch
· taken that with its meristem
· you can generate a new individual
mosses
· gives example of determinance
moss anatomy
· still have close association of sporophyte and gametophyte
· within mosses, there are male and female mosses, all have a familiar splash cups
determinate meristem is going to sit there and push up into the air the developing sporophyte
meristem comes along and it makes a stock, pushes the sporophyte into the air 
when you look at moss, you look at the capsules up at top used to attach the gametophyte
Moss life cycle
· these cell divisions will create determinate meristem that will push sporophyte into the air
· that capsule will burst and spore will be released on the wind
· the spore will land on the ground and get little strands of organisms called protonema, the cells will differentiate and will build basic gametophyte of the moss with archegonia on it
· now we’re trying to improve spore diversion so we push sporophyte up into the air to be released in the wind
· specialized structures with the determinant meristem

Early Devonian
Heading towards giant continent Pangea
· green things starting to appear
· one of the things that come up on land and eats the spores is the insects
· one of the first to come up on land
· if we look at Devonian forest
· unusal environment in the sense that the plants that are there are not the ones we would see today
· not very dominant organisms
· in this point in time, the Devonian forest like ferns and horsetails, their ancestors were tree-size
· part of the success is that during the Devonian, the indeterminate stem is there, and in addition, lignification of the plant cells
· gonna create vascular tissue – tracheary cells and sieve elements
· (zylom and phloem)
· early mosses started to take compounds with phenol rings in them, impregnanted their walls with them, which created a toxin for bacteria, and to this day in many native cultures, spagnam moss is used as a healing agent
· becomes much more complex 
Lignin
· hugely complex
· all of these phenolic rings
· are what create the antibacterial characteristics of lignin
· a cell wall with permeated lignin so bacteria can’t break it down
· whenever you have any complex that is highly cross linked, it is difficult to break down
· ex. Keratin is highly cross linked so that can’t easily break down(hair and nails)
· between those two things
· hydrophobic – repel water
· a whole ebunch of things that happen by putting in lignin, making it toxic to bacter, indigestible, hydrophobic, can’t break it down
· secondary wall that is put beside the vessel
· water will not react to the wall, in fact, it repels it and because of that
· you have a vaporation at the top
· characteristic at the top
· complexing those into rings or spiral
· rise up off the substrate
· whole wall becomes esentailly lignified
· extremely rough rigid cell wall
· creates a problem
· problem that occurs is that the plant exploit this so that it can grow tall, can now resist bacteria decay,but  when a plant dies, there’s nothing to break it down
· carboniferous forest because all of this plant material that exists because nothing can break down lignin 
Tracheids
· cell doesn’t achieve its main goal in life of moving water until it dies
· cell that’s being produced, coming from determinate meristem, and as it grows, they die and the cytoplasm disappears leaving hollowed-out cells
· these hollowed-out cells are lined with lignin 
· get a continuous chamber
· this doesn’t happen until cell dies 
Sieve tube elements
· always have a compagnion cell
· compagnion cell which helps drive that process
· secret is that the companion cell 

Vascular Flow
· sieve cell transfers glucose from source through itself and is pushing through 
· basically got pump
· sieve cell is the one doing the work
· this rises in glucose concentration
· means that this is now a higher ionic compound than the surrounding tissue
· the water will move into there
· xylem
· as sufar builds up, it gets diluted by incoming water
· inside the cell, the water pressure is building up, the cell can’t change its shape
· turgor pressure within the plant
· if you build it up there, it could come up or go down
· pressure building up on it
· it can release its pressure going in two different directinos
· down at the other end, at the root tip, is the sink
· companion cell is pulling sugar out of the system
· region where there is very low sugar concentration
· water will diffuse out
· a build up of pressure and a place where we’re relieving the pressure
· a movement of materials from source region to sink region
· pump it out of the bottom, pump it through the top, and it will go down by the pressure
· don’t need pump throughout the entire thing, just at top and bottom
· the sink could be a fruit on a tree, ex an apple on a tree
· will get sugar by the tree
· in the winter, the trees and sap runs down to root system in the tree, 
· maintain the sugars that you require for the next growing season, because it needs to pry nutrients 
· tap every spring as maple syrup, steal sugar and hijack it in the sieve cells and then boil it down to make maple syrup
· these two tissues make an appearance at the time


Evolutionary trend in plant life cycles
· role of sporophyte
· role of gametophyte
· we get the zygote being fertilized, we get liver
· in the moss, we get indeterminate stems, we have the sporophyte developing its products above
· what happens over time, the gametophyte will have shorter and shorter life span
· looking at is sporophyte
· gametophyte is being internalized in the plant and will ultimately become the seed
· the male gametophyte is going to be highly specialized and highly waterproof, airbourne and pollen
· the gametophyte stage is short lived and still there
· a very unique occurrence between those two groups

Mass extinctions
Two things – there is some decaying plants to be occurring
Jawless fish disappear, we get coral reefs collapsing so no coral or reefs and there’s a lot of it though to have been some decaying plant and that’s causing the ocean a nutrient bloom as we do get material
Organic material that’s flooding off continents for first time, you find that carbon dioxide in atmosphere drops in atmosphere
Less greenhouse gas and less warming
Big disruption of ocean current involved in keeping the planet warm

A nutrient blooms into the oceans 
· you find carbon dioxide levels drops
· less warming of the planet at this time
· end result of all of this, big disruption and occurrence to keep planet warm





Carboniferous
· plants are going to take off in huge numbers
· issues with those plants that have to be resolved
· at this point in time, you see Pangea start to solidify
· by the time you get to late carboniferous, Pangea has formed
· huge biodiversity has occurred
· as we look at our forests, these are the groups that you wouldn’t recognize because these are plant species that are not dominant
Carboniferous coal forests
· club mosses
· giant horse tails
· tree ferns
one of the innovations that is coming is that there are true leaves, chloroplast dna inversion
the vascular tissue invades a synthetic organ that becomes a leaf
up until now, all of the photosynthesis has not been occurring
once we get that, then we get true leaves
chloroplast is bacteria in origin,
for some reason, there was a duplication of a segment of the dna in the chloroplast
this was part of what helped solve the evolutionary history of the plants
the monilophyte, gymnosperms and angiosperms are the three groups that are close relatives
we get that dna inversion

the very first group that uses these characteristics are fern
· vascular tissue
· when you wander around in the woods and you see a fern, you see a mature stage
· later in the season you look underneath it, you see brown spots are called sorri
· spore production sites in these
· in the earliest of plants, the spores would fall out by the wind and hope for the best
· leptosporangium are sites that are filled with spores that have a casing around them
· you have plant cells that surround the plant cells that are inside
· when it comes time to release the spores, the water is transported into the cells but are also rigid on one side
· as water is removed from the cell, the only side that can shrink is the bottom side
· when it bends inward, the adjacent cells shift to teach other and then curl structure that straightens out
· all of a sudden, the cells burst because they are stretched too far
· basically a caterpult 
· in launching spores away from your body, you are not in risk of fertilizing your body 
· this is more effective than just throwing them, but to launching them, they can go to a further distance
· situation in chloroplasty in egg
· for some reason, there was a duplication of the segment in the chloroplast
· part of what helped to solve evolutionary history of the plants
· inversion is inherited by the three groups of the plant species
· the ferns are close relatives
· get that DNA inversion
· one of the very first groups that uses all these characteristics – ferns
Ferns
Fern life –cycle
· when you run around in the woods and you see the fern, you see mature chlorophyte stage in the plant
· when you get fern leaf, there’s usually brown spots
· these brown spots are called sorri
· in the sorri is where spore production is
· in the earlier of plants, the spores basically fall out on the wind
· get a lot of success because they create lepto-sporngium
· filled with spore but have a casing inside
Leptosporangia
Plant cells that surround the spores that are produced inside
When ti comes time to release the spores, the water is transported into the cells but it is rigid inside
· launch spores away from body so you don’t self –fertilize 
· launch the spores is better tenchique then waiting for it to fall and hope that it catches in the wind
· product of the gametophyte are going to generate after meiosis
· haploid to begin with (spores)
· starts to grow and get massive tissue that is gametophyte
· it looks like thallus because it is just a little piece of tissue
· it will have rootlets of rizoids underneath
· primitive in how it’s functioning
· on its surface, will develop the archegonia and the antheridia  
· on the surface, you will have archegonium that is present
· also rely on water that will carry sperm to the archegonium very often on the same gametophyte
· if we need genetic mixing to occur
· still got issue that if we can get meiosis
· the other stage of the lifecycle is likely to disperse far away with the mechanism
· unlike the liverwort, very little change by two liverworts to mate, now we have more to mate
· embryo starts to divide and rise up and out of the gametophyte, that will ultimately turn into the fern
· gametophytes 
Gmetophyte and germinating sporophyte
– rootlets
· as it matures, the rhizoids get replaced by vascular tissue that gets connected to leaf to root (apical stem) and root stem
· this shows that short miniaturization is occurring

· when we leave the ferns
· is the development of the seed
· once seeds come along, the coniferns are going to dominate
· the seed is a very important innovation
· we end up a gamotangia that produce egg and sperm are starting to differentiate
· similar size spores, are very similar in appearance and size = homosporous
· spores that come out of the fern plant all look the same, so you woudn’t be able to tell which is the sperm or egg
· there will be a change in spores
· instead of the gametophyte having both sexes on it, now will get both separate male and female gametophyte
· do now is instead of having both sexes on gametophyte, gonna have a male gametophyte and female gametophyte
· when you look at spores, the spores that are gonna become female gametophyte are larger
· now sporangia are bigger, now have ability to have male plant and female plant
· opposite for males, they are gonna make small sporangia so they will make small sperm
· now have ability to make a female and male plant and even reduce self-fertilization even more
· to resolve female fertilization

Gymnosperms Conifers
Cones (strobila)
· if in spring, you run around with a conifer, in the spirng, set of cones that are not typical 
· male gametophyte = pollen
· if you wait for them to mature, you can tap on them and then pollen comes out
· the male gametophyte is going to be pollen
· as they are maturing, the casing is going to be closed and will fall out of that cone
· what we have in life cycle is that in the spring, the male cones mature in the trees, ripen, let out pollen and pollen is carried on the wind to another tree where there is a female cone waiting to receive pollen
· gonna go by luck that the pollen falls on the female cone, when it falls, the pollen will release special nucleus that will be  tunnel to the egg of the cone and behind this will be the sperm of the cell, this will fertilize the egg, the cone will close up, and inside will get a zygote, and the zygote is the 2n structure which will be going to be provisioned with nutrients
· it’s going to be released to become a new plant 
· if we take this and break it into components
· inside the cone, one cell that is going to become the egg
· the cell that will become the (megaspore mother cell)
· will have to undergo meiosis
· will produce spore products in which three will disappear 
· one left that is going to be left inside the female cone
· being open waiting for the pollen to arrive
· when it arrives, produce all of these haploid products thousands of them by rounds and rounds of mitosis that is going to land on the reproductive structure on the cone
· there is so much pollen that is going to be released
· very big pollen brains and in huge numbers
· if it’s a really calm day, you can see clouds of yellow – so much pollen
· yellow ring around puddles is confier pollen

Gymnosperm pollen (male gametophyte)
In male cone, we have a single cell that has undergone two rounds of duplication to create four cells
Tube cells and generative cells – nucleur material that will fuse
The other cells produce casing – will give pollenistic wing shape – makes it fly better (make it more airborne)

Gymnosperm seed formation
· cell is going to divide and going to create a multicellular structure
· the other cells are involved in creating nutrient materials
· going to use or seed materials that we’re going to produce
· the opening closes 
· the tube cells builds a tube
· the male nucleus follows behind and get fertilization of female egg inside
· we have gametophyte tissue surrounding the fertilized egg
· we made the egg, and we have all of this tissue so inside the archegonia is fertilized egg (diploid) – this is the start of sporophyte stage
· surrounded by haploid gametophyte tissue as a nutrient reserve 
· structure is occurring inside the cone of the adult plant so we have sporophyte tissue on the outside
· the parent sporophyte tissue surrounding the archegonium that devleopped in itwith the fertilized sporophyte already in there with the nutrients
· that sporophyte is the seed that disperses, hits the ground, germinates and grow s another pine tree
· female sense- in the cone waiting for pollen to arrive
· male sense – produced thousands of pollen of flying gametophytes that land inside and be fertilized and this is how we get a new tree

· the gametophyte is surrounded by tissue and protected
· potential for UV damage
· limited exposure to that
· development of zygote and divisions
· doesn’t work really well because little seed with embryo surrounded by gametophyte nutrients with protective coating, that’s what we really want to have
· what happens in the conifer – they mature eggs that never get fertilized, there is strictly the luck of the wind in that pinecone, there might a thousand female archegonia but maybe only 5 will get fertilized so this is a wasteful method, also a waste of pollen that maybe never be used to fertilize a seed 
· wind within the pinecone
· a thousand female archegonia but maybe only five or six will get fertilized
· also have a lot of wastes in terms of pollen that may be used
· this architecture is much more efficient than sperm swimming to egg

Fungi 
· fungi figures out how to break out lignin
· they create lignase to break down lignin that no other organism has ever been able to get
· once fungi comes along, then everything becomes into balance in the terrestirial balance and from this, we don’t see massive event of coal
· they don’t fossilize very well
· still a lot of confusion as to what is important
· in the evolutionary sequence
· get a sense of what’s important
unique fungal terms
septa
hypha
mycelia

· septa between their cell walls
· is not ancestral trait
· originally, not septa 
· structures consist of cells that are aligned end to end
· surface can excrete enzymes to liquefy organic materials 
· ancestrally, the first fungal cells did not have cell walls

· end up with instead of being connected as we see them now, there is no cell wall between them 

· when you look at a fungus and a strand, you see sets of nuclei down the lengths of the cell with no cell wall

· part of their success is when the tip of the hyphy absorbs nutrients, it can use cytoplastmic transfer
· no barriers in between
· plant cells had to develop cell plates
· we were able to get cell communication
· the fungi don’t use any form of cell to cell communication
· they just use cytoplasmic connections between each other
· the other thing about this is haploid nucleus
· basically only see diploidy for only short period of time
· one of the things about this is that the haploid cell is missing all of the protectiveness the diploid cell has against mutengenisis so haploid cells are subject to uv 
· haploid cells can be very subject to any issue
· fungi are able to survive still by being haploid is the fact there is inside the food
· there live and absorb the food and are never exposed to sunlight except for very short periods of time
· mushroom is a short-lived phase
· for the most fungi, haploid nucleus does not encounter light
· no uv damage and are able to function
· cell to cell transfer assurance - put nuclei in there and use cytoplasm transfer
· problem is when we do mitosis to build a new cell, in all of the other organisms, we get duplication of chromosomes and these are pulled to opposite ends of the cells
· no centrioles in plants
· if we were to dissolve centrosomes in there and try to arrange microtubules to be able to pull them apart, we’d be in a mess because we don’t have opposite ends of the cell – no cell boundaries associated with this
· fungi have come up with a completely different way of carrying out mitotic divisions
· if we take the nucleus and enlarge it, and we have chromosome that are lined up along the equator, in the animal cell, this happens within the nuceleus
· not going to divide up and make nuclear membrane disappear
· the nuclear membrane disappears and get pulled
· not gonna have nuclear membrane disappear
· this alignment is going to occur inside of it
· microtubules that are on the outside that is attached to it (polar spindle body)
· there is a set on the inside
· same thing happens at the opposite end of the nucleus
· the microtubules extend the chromosomes and pull chromosomes apart so it aggregates on the opposite side on nuclear envelope
· here, we’re doing it inside the nucleus
· pull them to the opposite ends
· the nuclear envelope proliferates, invaginates to the point where we have two nuclei
· the other microtubules drag nuclei apart from each other
· so in this strand, when it comes time for cell division, the nucleus splits the cell internally, and it divides and this is why nuclei are all positioned evenly
More fungal terms
Phasmogamy
· two haploid nuclei that are gonna form a cell
· have a separation of cell division
· from creating a diploid cell

plasmogamy
· nucleus has not diffused at all
· dikaryote cell – cell with two nuclei – (n + n)
· can produce more cells with more nuclei
· diploid stage
· separative event from cell fusion

karyogamy
· karyote and we end up with a diploid cell
· after we get diploid cell, we get meiosis and production of four haploid cells
· can be a variety of cell types that are present
· asexual reproduction
· sexual reproduction
· one of the cell types on its surface, spore is resistant to drying out just like the other spores seen before
· when it lands back on the gorund, then move around in the substrate absorbing material
· genetic remixing
· one has a black nucleus and one has a white nucleus
· creates dikaryotic cell
· to maintain their identity
· cell can create mycelium
· you can get complex fungi both monokaryote and dikaryote
Basidiomycota life cycle

· main plant are running in soil breaking down materials
· all interconnected to each other
· mycelio are all connected to each other 
· when it comes time to reproduce
· need to produce spores for dispersion
· start to differentiate and divide to form a compact structure
· when conditions are right, and compact structure is ready to be used, then it waits for rain
· water that they absorb create pressure
· at this point, the water starts to deflate the mushroom and starts to rise out of the soil
· come up very quickly after a rain storm
· no mushrooms all of a sudden have a ring of mushrooms that make an appearance
· all of the mycelio can move water form a huge area, can deflate it and send it to the air
· made out of karyotic mycelia
· two nuclei inside it to diffuse to make a haploid nucleus
Basidiospores
· here are four cells that are being produced
· basidiospores
· type of mushroom that you would see most often
· products of meiosis – from basidiospores
· taken two haploid nuclei
· fused them, undergo meiosis to make products
· genetic variability when you fuse two gametes
· whole umbrella of mushroom with dikaryotic cells are all identical to each other at that point but when they fuse, dispersing a complete set of possible mixings of all of the chromosomes that are made possible by meiosis
· ensuring its genetic variability
· figured out how to deal with lignin, also have mechanism for expressing genetic variability unlike the other multicellular groups

Fungal mutualism
· plants like to have some kind of some type of association with fungi – referred to as mutualism
· fungi and plants have always been in association with each other
· they moved up on land together and became dependent on each other
· the fungal cell becomes mycelia that penetrates the cell
· because fungi can export enzymes,
· also capable of absorbing minerals from solid rocks
· acidic conditions will also liberate up magnesium, zinc that are associated with catalytic enzymes
· when the first clumps came up on land, the moist zone
· they wre probably coming up with fungi associated with them
· the fungi were liquefying the rocks
· plants were providing fungi with sugars
· end up with a mutualism where they end up helping out each other
Ectomycorrhizal fungi
· the cell wall of a fungi are used for absorbing things
· barrier for water to get to the plant cell
· absorbing minerals which is passing to the plant cell
· leaking out sugars
· microrisal
· reference to mycelia that is on surface of the root
· ectomycorrhizal fungi
· when we look at plants, we find out that even a small seedling and its own root system runs down, all the rest is on
· recognize that If the plant needs minerals, we end up having is these two working together

arbuscular mycorrhizal fungi
· the mycelia penetrate to the cell fo the plant, and form structure to be able to transfer minerals to the plant and get glucose from the plant
· probably in all plants a fungal association and it goes back to the beginning of time
· contains mycorrhizal adititive – if you just throw minerals on a plant, it may not be able to absorb it without the fungi

Fungi – Lichens
· are an association between fungi and cyanobacteria
· not the same that happened in the beginning with algea
· the fungi have created a special environment in which the fungi mycelia trapped cyanobacterial cells
· put a loose web of weaving mycelia over that
· the whole structure is called a photobionts
· if there is sufficient light, the mineral on which it is sititng, the photobiont is being held captive, carrying out photosynthesis to supply fungus
· if everything dries out, and there’s no moisture
· the whole process stops	
· sitting there waiting to rehydrate and start those processes up again
· showed up what happened in earlier times
· relationship with the green bacterium
· another relationship that exists today
· this process has not changed

spores are very nutrient rich

· insect external anatomy (Tagmatization)
· the things that arthropods do is they take segments and fuse them into functional regions called tagma
· each tagma has a specific function
· you have head that is composed of six segments:
· the appendages are sensory and feeding
· taken appendages and modified them for food
· group that manipulates its food with its limbs
· you have compound eye 
· three thorax
· -three pairs of legs – original way of how insects moved
· abdomen
· place where all the visceral functions are going to occur
· involve a meal that is large
· the cuticle in the abdomen is arranged in a very special way in an accordion way
· can expand away and decrease in diameter
· this is essential for large meals and to store it
· all insects have exactly this plant
· the morphology of the first insect on land was fixed at that one point in time, it hasn’t changed since
· except for wings, but the head is 6, thorax is 3, and abdomen is 11-13 is common to all insects
· reason to diversify is they were the first to come up on land

Compound eye
· first insect visual system
· compound eye
· structure that is repeated
· each one has its own lens, a cornea that samples the light that it is looking at, if you have a set of drinking straws, you get an image that is looking at the room even if its portioned into small subunits
· the light gets focused in the centre, in the microvilli that is going to detect light
· blurs all of the colours that is there
· when it hits the sensory cells, there are three primary colours and get triggered at different levels
· computer pixels
· most insects odn’t use red
· but use ultraviolet in the spectrum
· take those dots and stitches them together to make an image
· mosaic
· as you add more pixels, you get the ability to see motion and form

Insect movement
Flight and wing folding mechanism

· first on land, first in the air as well
· what happens is they can fly to food resources that are distant
· this insect doesn’t have to walk to food resource
· it can fly up to them
· it can fly up to that food resource
· they can fly into regions that have seasons
· they can fly in and tap into plant 
· they are actually able to fly in and sample things
· the monarch butterfly comes up  from mexico and goes back to mexico because it can’t survive our winter
· flying to find new habitats
· there are predators who are interested in eating this, but the insects can fly away from the predators
· before it could do that, was waterproof its skeleton

Cuticle – Exoskeleton
· procuticle
· cuticle in the marine would be composed entirely of
· protein matrix that have fibres
· they took the gland cells and oozed over the top to make epicuticle
· epicuticle – waxes and hydrophobic substances
· it puts a water impermeable barrier on the top of it 
· shellac is insect epicuticle
· gametes don’t dry out because of waterproof mating

Insect reproduction
· insects pass sperm between each other
· they will take sperm and wrap it into waterproof package
· potential for drying out and pass
· they egg has to be waterproofed as well
· the shell is put on the egg
· one opening to the inside of the insect egg shell
· the only way for sperm to get in there is a sperm is to get sperm to dive into hole
· first organisms on land
· the ultimate in waterproof and new form of mobility
· insects are dominant animals in teressitial environment

Vertebrate phylogeny
Tetrapoda 
· carboniferous is moist
· not a period of time where water conservation is a major issue
· the vertebrates started to move up on land
· the selective pressure to survive conditions start to disappear

Amphibians
· looking at a hugely diverse set of organisms
· almost impossible to make generalization from amphibians because there is so much loss of diversity from the group
· involves lungs and skin
· first amphibians
· moved very awkwardly
· stubby
· when they diversified they didn’t bother to solve any issues dealing with water conservation
· Buccal force respiration
· Amphibians breathe by pushing air into their lungs
· Swallow and gulf air
· Animals that are going to come, are going to pull air
· Extremely unique way of breathing
· Fills buccal cavity with air, pushes it down the lungs until air is inflated and then uses the muscularture of the body to squeeze air out
· Amphibian skin
· Vertebrte way of waterproofing skin
· Embed a dead layer of skin with keratin
· Ancestral amphibianas didn’t do this because they needed to breathe through their skin
· Mucus gland to keep it moist so amphibians can be used in respiration of the skin
· If that mucous dries out, they would suffocate
· This means they lost protective scales from fish
· They also have poison glands is to put skin loaded with poisons
· They have a lot of chemicals in their skin that are extremely toxic
· Advertise themselves with bright colours to show toxicity 
· Advantage of staying on land if you keep themselves moist
· They had a lot of insects so they could eat which not a lot of other predators 
· All amphibians are insectivores 
· Unique way to trap the food
· Use tongue
· Shoot tongue, grab food and pull back in
· Disadvantage if tongue is hinged at the best of the mouth
· They haven’t solved the issue of gravity
· Aphibian locomotion
· Way they are going to move is by alternating axis down the body
· Have push themselves up
· Haven’t solved waterproofing of their gametes
· Must return to water to fertilize their eggs

Amphibian life cycle
· Do have a skeleton
· But don’t have waterproofing of gametes
· Carboniferous put no pressure on these animals 
· End of the Permian 

Mass extinctions
· Huge that over 90% of the generagenous level of organisms to be recognized, disappeared from the oceans
· Mass extinctions
· When you lose more than 50% of the genera within the bio that is out there
· End Cambrian is because there’s one there but this is the time where all the weird animals
· Don’t know how many genera are there so can’t calculate for 50%
· Five others that are recognized
· Scientists declared that we are living in the sixth mass extinction 
· Backgorund extinction
· Halflife of the species is somewhere around 10 million of years
· Always a low level of disappearance
· What brings on mass extinctions?
· Various things that can do this:
· Asteroid impacts
· Elevated carbon dioxide
· Flood basalts
· Volcanoes
· Major eruptions 
· Gas hydrates
· Marine anoxia
· Sea level changes 
· Flood basalts
· When continental are shifting, When it rips open, magma comes flowing out
· Aren’t small events
· Basalt mountain ranges that cover thousands of square miles of land that are thousands of feet high that oozes of nothing but volancic material that ooze onto the earth at some point in time
· Release huge amounts of carbon and green house gases
· Often at the tear point between points
· Point where continents are colliding
· From flood basalt, three cubic miles of magma oozed out onto the earth 
· Effect of greenhouse gases, temperature rose effected the crops in the area
· Agriculture collapse in northern Europe
· Siberian traps that are perfectly tied to the permia (age of blood basaltS)
· Recognize that they are critical
Gas Hydrates
· Methanogens are sitting under the oceans all this time and they release all these methane
· Methan gas in liquid form freezes in an ice matrix – gas hydrates
· Protroleum wants to get this because when you get frozen object of methane and bring it up to the oceans, they get a lot of natural gas without have to process it
· Siberian traps raise temperature from 35 to 45 degrees celcius so it kills anything that’s in there
· Warming releases gas hydrates
Anoxia
· When you warm water to decrease oxygen solubility, as you have things dying in the water, sucks oxygen out of the water
· Between warming and decomposition, the marine levels become anoxic
Sea Level changes
· Everything happens at once – perfect storm – wiped out 95%
· Flood basalt
· Knocks everything off the planet at that time
Surviving mass extinctions
· [bookmark: _GoBack]Plants, insects, small size and global distribution
· Generalist life style
· Where environmental deterioration is complete and will survive mass extinctions
· Mass extinctions where we lose insects is Permian 
· You are going to survive likelihood of mass extinction
· Some morphology \that is functional to be able to produce
· End up getting into is Mesozoic 




























Vertebrate phylogeny
· Keratinized skin
· Amphibians that move up on land
· Muscles that are associated with jaw that is attached with skull in a unique way
· Holes in skull
· Enclosed environment with nutrient reserve that allows embryo to develop
· Amniote egg
· Amnion develops within this
· Attached to a yolk sac
· As it’s using nutrients up
· Needs to not poison itself with
· Wrapped around all of this is albumen
· Generates water
· Water reserve
· Surrouned by chorion that produces the shell
· Free from predation
· Nobody was going to feed on the egg

Sixty million of years ago
· Not big enough to be able to do anything with the food that comes along
· One of the group that comes up first and manages to do this is descendant of reptiles
· Also be able to move its jaw muscles in a unique way
· Uses beta keratin 
Keratinized skin

Crocodiles – crushing jaws
· Powerful muscles
· One of problems in early animals is the muscles that move the jaw is attached 
· The solution to this is going to be put muscle on surface of skull and move tendon up and down through hole of the skull
· Diapsids – reptiles that have two holes through skulls
· Synapsids – muscle that is moving through temple fenestra 
· You can move jaw without affecting any branial activity

Anapsids
· They are closely related to reptiles
· Turtles 
· Whole morphology strategy is to make a box of bone
· Shut hole in skull
· Effected how jaw worked
· Got rid of the teeth and used jaws to eat
Major diapsid groups
· Extinct
· Dinosaurs and pterosaurs
· Extant
· Snakes, crocodiles and lizards, birds
Most of these have gone extinct

Saurischian dinosaurs
· Solved problem to lift body up off the ground
· Lifting body off the ground
· Two different forms
· Reason it’s put in there is to remind us that it looks like a reptilian lineage
· There are two solutions
· There wre some that were flying

Pterosaurs
· Have wings to fly

Synapsid reptiles 
· Unique, competing with the other small dinosaurs
· Surface to volume ratio , at nightm they slow down but this group Is warm blooded so they can keep functioning at the niche where they are so they can function at night
· They have glandular skin to communicate with each other
· They have specialized teeth and chewed their food

Angiosperms(flowering plants)
· Flower anatomy
· Producing too much pollen for everytime we had pollenization
· In the cone, every female was prepping for pollination even if it may never pollenate
· In the flower plants, there is a solution to this
· Carpel (consists of stigma at the top, style and overy at the bottom)
· Males have filament at the top to produce their sperm
Ovary (Ovule)
· In megasperangian 
· The mother cell underwent meiosis and three disappeared, that cell is going to undergo meiosis and undergo three mitotic dibisions
· We get three mitotic divisions to get 8
· Three cells are going to locate themselves on ovary, one cell is at entrance where sperm is going to go in and 
· Egg cell is in the middle so it’s an enclosed opening 

Double fertilization
· At the top, the pollen grain is going to arrive (slide 26)
· Pollen
· Three cell gametophyte
· Two nucleus
· What’s going to happen is that this tube nucleus is going to mine a hole down to the opening of the ovary
· But now it’s going to work in concert with the tissues of the plant which will guide it there
· Period of a day
· Rapid fertilization
· As it’s travelling, there’s two sperm nucleus there
· One is going to fuse with egg cell The other is going to fuse the two nuclei in the centre
· Only if we have had fertilization
· The thing about flowering plant is that they rely other animals to move the pollen for them
· Insects ex. Bees
· Plant can modify itself 
· Big groups of pollenators are bees and butterflies
· Plants modify their flowers to attract insects like bees
· Wall of ovary can be modified in tissues used to disperse seed or make animals feed on the seed in terms of fruit

· The cretaceous extinction
· Just before cretaceous, already a collapse 
· Over populated the planet
· Destroying the environment of the planet to the point where it wasn’t sustainable anymore, which caused a collapse of the reptiles

· Feather structure
· Generate lift in flight
· Also combined with lightening up the body
· Tremendous reduction in the number of bones
· Simplify the body
· Mostly feathers that are attached the wings
· Ensure flight is we have centre of gravity where muscles of flight are located
· Much easier to fly with compact centre of gravity to which all the muscles can be used to fly
· Bulkiest muscle on the bird is 
· Fillet is muscle that lifts the wing (big muscles) 
· Bones are hollow so there’s not a lot of weight associated with bones
· Waterproofed all the keratin, end up with new form of locomotion
· Parental Care
· Spend a fair amount of time taking care of their cute children
· Mamals have a glandular skin with alph-keratin
· Glandular skin is important to keep insulated hairs supple and non-brittle so they can keep themselves warm
· Feather on also have keratin
· Glands in the skin have a step forward
· Point where secretion can be used to get specialized material being produced in the mammary to get its name
Mammalian integument
· End up with glandular skin with sweat glands, oil glands to keep hairs supple, sweat glands for cooling and maintaining temperature

Mammal Jaws
· Next group other than the arthropods that preprocess the food
· These jaws can rip, chew and tear the food and process it through the digestive tract

Mammalian reproduction
· Oviparous
· Placenta of the group
· Glands are producing a nutrient material – origin of mammary
· Embryo internalizes and marsupials
· Vivparious
· No blood barrier between the blood mother and the young
· Seen as a foreign objecst or parasite so it must be removed form the canal
· Results in a little baby kangaroo that crawls out and into the pouch where it attaches to a mammary gland and nourishes there
Placental mammals
· No cross so now the mother can take care of the young

Parental Care – all mammals have parental care after birth

Macroevolution 
evolution above the level of the species
· includes adaptive radiations of taxa, biodiversity changes over time, extinctions, speciation and origins of novel structures
