Phanerozoic- Paleozoic era: The beginnings of multicellular life
Cenozoic MesozoicPaleozoic
Paleozoic 6 major periods:
1. Cambrian (550-488 Ma)
2. Ordovician (488-443 Ma)
3. Silurian (443-416 Ma) –the age of plants! Therefore insects 
4. Devonian (416-359 Ma)
5. Carboniferous (359-299 Ma)
6. Permian (299-245 Ma)
Cambrian/Ordovician:
The Cambrian explosion*- fossils appear for the first time in large numbers in the Cambrian rocks. Animals with minerals incorporated into their bodies (skeleton or shells). The increase in the dissolved calcium in the Cambrian ocean allowed for these animals to be fossilized. Soft bodied animals could have existed before this time, but we wouldn’t know because they wouldn’t have been fossilized, and found in the sediment of the rocks. 
Could also be explained by:
· No limitations in resource because no competition
· Genetics and developmental gradients appearing in animals
An explanation:
· Snowball earth (The Cryogenian): 90 million years before the Cambrian boundary. The Ediacaran is the time between the melting of snowball earth and Cambrian. Gets its name from the ediacaran fossils (mistaken point newfoundland. Unusual range of organism fossils. Show some form of multicellular life) after the doushantou fossils (590-565 Ma) (embryo fossils- showing multicellular life before the Cambrian). When you have a significant proportion of the tropical region covered in rock, it is no longer warming, but is reflecting. A decrease in the amount of radiant energy being absorbed by the planet because of the large planets sitting there. The continent is sitting in the tropic, which is an area of high rainfall. So the water is running off the rock and dissolving the minerals, and therefore leaching into the ocean. Two things happen: minerals support a massive bloom of algae so large that when it gets to max peak it ends up poisoning (taking oxygen away) the water and dies. Those minerals (divalent cations- like calcium) in the water(bicarbonate) form calcium bicarbonate which is insoluble in water and precipitates out. This drives the reaction that takes the CO2 that’s dissolved in the water and pulls it to carbonate. That means dissolved carbon dioxide levels in the water are dropping and means it is being pulled out of the atmosphere. (So basically, the CO2 is being pulled out of the atmosphere into the water, which is being attached to bicarbonate and precipitates out). When you look around the world, the sedimentary rocks proves to us that this is what happened and shows us the algal bloom. What the algal bloom did before death is loaded a bunch of O2 in the atmosphere that also interacts with methane to turn it into CO2. Therefore, methane is also disappearing. So therefore, before the algal blooms, the planet has a nice little atmosphere abundant in carbon dioxide and methane providing a greenhouse “blanket” keeping heat close to the earth (warming the earth), and then the algal bloom causes oxygen to expand, start destroying the methane, turn it into carbon dioxide, but the mineralization of the oceans is scrubbing all the carbon dioxide out, destroying the insulated blanket- This means the earth is going to start to cool. So ice will form at two poles. This ice is also a problem because it too is reflecting radiant energy off of the planet. So the ice masses grow, diminishing further the ability of the planet to absorb radiant energy to keep itself warm. What happens is the whole planet is locked in ice. This happens in the late Proterozoic, just as we’ve perfected all single celled eukaryote forms. This is an idea as to why diversification to multicellular organisms is delayed, because the planet freezes over killing a bunch of them in mass extinction. So once ice melts, everything starts all over again in terms of diversity. (an alternative to this is slush ball earth, where at the equator its slushier than icy.)
· Burrowing- Gives advantages to feeding, anchorage, and protection. Bottoms of the Precambrian oceans are covered in the impenetrable algal film/coating and what happens in the Cambrian is we get the first organisms able to break through the impenetrable layer, and access the organic material underneath. Ex, molluscs with the radula. In the Cambrian, tapping into new food sources that have never been available before contributing to great diversity; this is called the Cambrian burrowers and the whole phyla. 
· Shelled arms race- many organisms have figured out to take calcium out of the water and build a shell. The classic example is the mollusc. This creates a directional selection for organisms to get bigger and bigger to be able to eat these animals that have no found protection within their shells. This is called the shelled arms race between prey and predators to get bigger and bigger. This creates huge amounts of diversity. At the Cambrian, not only are we gaining access to food that has never been available before, but the biochemistry of pulling calcium out of the water and turning it into shells and protected surfaces occurs. 
· Developmental-hox genes- How do you get a multicellular organism to have such a range of complexity that we see in the Cambrian? What happens in the cells of the embryo/ how do they know how to do that? Evolutionary history married developmental biology (evo devo). A set of genes called the “hox genes” or the homeotic genes; the genes that control pattern. In a developing embryo, every cell has the ability to become anything, but for some reason they are committing or specializing to become a specialized cell (ex for anterior features or posterior). Before we found the sequencing for the human genome everyone assumed one gene made one protein (1 gene- 1 protein hypothesis). When we found the sequence of the human genome, and that it only has 30000 genes but 100’s of 1000’s of different proteins. This is because of compounds called transcription factors, instead of bacterial model of the genes, in eukaryote genomes, regions of the functionality within genome that perform certain functions and the transcription factors fold the DNA in a certain way to avoid sections that you don’t need to produce a certain message. When they started to look at a developing embryo mRNA is placed in a region of the egg by the mother, and the mRNA builds a protein and the protein spreads throughout the egg before cell division starts. Once cell division and you get cellular development in the egg. Since the transcription factor diffuses through the egg- where the source of the message is there is a high concentration of that protein. And as you move away the concentration decreases, causing a gradient of that transcription factor effect on the cell throughout developing embryo. Ex: an embryo that receives a high dose of the transcription factor in the anterior end, but lower concentration in the inferior and posterior, So the transcription factors fold the DNA in a way that produces a message for the proteins (and structures) responsible for forming the anterior end of an organism. Same for middle of an embryo: getting high dose of middle transcription factors, but low dose of anterior and posterior transcription factors, so genome is folded in a way to produce proteins needed in the middle of an organism.
· By using these transcription factors we can create the pattern of a bilaterally symmetric organism. We have a way to organize protein synthesis for structures based on the areas of the embryo (their pattern). They found there are the same set of gene sequences responsible for making transcription factors in fruit fly and mouse. (with slight differences). When the first patterning genes arose (near start of Cambrian) huge array of experiments in organisms that is controlled and reproduced predictively in organisms. 
· We also thought things diversify over time…. very quick and fast evolution and results in lots of diversity. 
Animal architecture
· Tissues
None (sponges), diploblastic (ectoderm and endoderm), or triploblastic (ectoderm, mesoderm endoderm)
Diploblastic-in general, a set of cells that undergo a series of cell division and form a hollow ball. That hollow ball of cells is one tissue layer thick and called a blastula. Then some cells get a signal that causes them to rapidly grow they proliferate so that they invaginate inside the hollow ball. This gives rises to the “gut” or the digestive epithelium. The hole made by invagination leaves the blastopore, which allow food to enter. This structure is the hall mark of all digestive systems and is given the name the archenteron… At this stage it is a gastrula (and this process is gastrulation)
Triploblastic (addition of mesodermal musculature)- arises when tissues are designed for movement. The addition of mesoderm happens in two ways. #1 formation of a schiozocoel- at the junction of an endoderm cell and ectoderm cell there is a signal for the two to differentiate and proliferate into mesoderm in the inner lip of the blastula. The first mesoderm cell will continue to divide until you end up with a solid mass of mesoderm (filling the space between the ectoderm and endoderm) The mesoderm tissue will then split to form the cavity (schizocoel). #2 Enterocoel- getting the coelom from the primitive gut.  When the endoderm gets close to ectoderm, causes cells in that area of the cell to differentiate and proliferate from two bubbles, spreading the mesoderm cells forming masses of mesodermal tissues. Visually and functions schizocoel’s and enterocoel’s are the same, it’s just they arise in two completely different ways. 
· Symmetry and cephalization 
Asymmetry(sponges), radial(cnidarians), and bilateral symmetry (& cephalization)
· Embryology 
Protostome: if the blastula formed becomes the organism’s mouth and deuterostome: if the blastula formed becomes the organism’s anus
· Body cavities
Coelomate, pseducoelomate, acoelomate
Coelomate came first! The true Coelom is completely lined with mesoderm. Acoelomate is derived and means there is no coelom in the organism. The pseudocoelomate has a cavity and mesoderm tissue, but the mesoderm is only associated with the ectoderm, meaning there is no mesoderm surrounding the coelom (which is why it’s called a pseudocoelom).
Key words:
Amoebocyte (archeocyte)- is a mobile cell (moving like an amoeba) in the body of invertebrates such as echinoderms, mollusks, tunicates or sponges…. Move by pseudopodia.

Parazoa:
Phyla Porifera Autopomorphies:
· Use of choanocytes in an aquiferous system: choanocytes pump water and capture the particulate food in it and a variety of canals, chambers, and spaces through which water flows. 
· Cells but no tissues
· Totipotent cells- means that any cell (even though it is differentiated into specialized function ex spongocoel, pinacoderm etc.) can “de-specialize” to a stem cell. Part of how sponges respond to changes in their environment and the reason for their asymmetric shapes… they can’t move so they grow toward where they want to be. If they’re damaged they can grow back what was lost.
· Asymmetric body plan. Symmetry is defined by the oral to aboral axis and occurs when any line drawn through this axis will result in identical halves. One line drawn means bilateral symmetry… if it can be done in a number of ways the result is radial symmetry. But because a sponge doesn’t have a mouth or digestive tract, it doesn’t have an oral to aboral axis to define any form of symmetry and is technically asymmetric.

Animal innovations:
1) Gap junction’s- loss of the choanocyte
2) True tissues with all components- internal digestive epithelium (inner epithelium and the 2nd outer epithelium) Some way to communicate nutrients between the digestive epithelium within the gut.
3) Oral aboral symmetry (radial)
Radiata/Coelenterata
 Phylum Cnidaria
· Cnidocytes- the stinging cell. Contains an organelle nematocyst. Found embedded in the epidermis around the mouth and when present the tentacles or arms. As cell matures, a coiled structure (nematocyst) under extreme pressure triggers the cell (the Cnidocil... or cniodcyte hair). If the right organic chemical stimulus triggers the cnidocil, that cell fires. Because it developed under pressure, the response is released under 40000 G-force. It has very sharp barb, and can pierce through the body wall of prey. These barb also toxins that cause a slowing/immobilizing response in the prey. This makes the Cnidarian’s very predative.
· Polyp body plan. This is the ancestral body plan. An organism that is at rested gastrulus stage, a mouth bus no anus, because we don’t have the completion of the digestive tract. This is very impractical. Body wall diagram*. Can be individual or in colonies. In colonies, the gastrovasclar cavities of adjacent polyps are connected and polyps often specialize for different function: feeding (gastrozooids), reproduction(gonozooids) and defense (dactylozooids).
· Epitheliomusculature- diploblastic but allow movement. Through specialized cells. (circular muscles in digestive epithelium and longitudinal muscles in the outer epithelium) Combining epithelium with contractile muscle cells called myonemes. Contractile myonemes at the base of the cell. Nerve cells also formed from the ectoderm wind between the epitheliomuscular cells to create the nerve net.
Primary role of Skeleton- 
Biochemical energy may be used to shorten a muscle… no way to biochemically stretch it back to its original length. So the skeleton provides the means of physically stretching the muscle back to its length.
Medusa- “mobile medusa”. Is able to move like a jelly fish, unlike a polyp. Some organisms such as cubozoa and scyphoyzoans originate as polyps but this stage is short-lived before they become medusa.
“mushroom lid” loaded with mesoglea. If we contract the circular muscles around the ring of the bell, we end up turning that into a distortion of the elasticity of the bell itself, so that when the muscles relax, the bells springs back to its original shape, and therefore its muscles spread back to its original shape.
Lifecycles also switch between polyp and medusa. 
Colonial Cnidarians- branching polyps, some specialized for feeding (gastrozooid) and some reproduction gonozooid’s that produce female/ male medusa. These medusas release their eggs/sperm into the ocean and by chance meet, the egg is fertilized to form a zygote. This zygote undergoes multiple cell divisions, to form a ball of cells and the ball of cells begins to shift across the substrate. Forming the planula larva. This ball of cells is orientating, and has an anterior and posterior side. Is planula (larvae stage) the first multicellular animal? We don’t know what came first though, radial or bilateral symmetry. 
Types of colonies- corals *coral bleaching—loses its algal endosymbiotic component. 

Bilateria
Three main protostome groups
· Ecdysozoa (have a exoskeleton…undergo molting or ecdysis)
· Lophotrochozoa (lophophore or trochophore-not both)
· Platyzoa (have lost their coelom’s)
 The protostome lineage pf animals were once unified by a single set of synapomorphies based on embryological development: blastopore becoming the mouth, spiral cleave in the early embryo and formation of the coelom by schizocoely. It was later found the shared protostome synapomorphies occur sequentially rather than at the base of the protostome lineage. 
Spiral cleavage: the upper four cells shift and settle in the furrow created by the underlying set of four cells. If you looked at this from the top of the embryo, the upper cells would appear to spin as they move into this more stable position, and this is why this form of cleavage is referred to as spiral.
Ecdysozoa:
Autapomorphies-
-moulted protein cuticle made of protein matrix that is secreted and polymerizes. It also contains reinforcing fibers. (Very similar to pouring concrete) It is nonliving. The epidermis adjacent to it is modified and…have no surface cilia.
-No surface cilia
2 major lineages in branches: Symplesiomorphies
Lineage 1…) “Poster child” example Nematoda
1) have collagenous cuticle (Vs. Chitin cuticle) without microvilli (even in digestive tract) and longitudinal but no circular muscles. 
2)Epitheliomuscular pharynx- how they swallow their food. Under such pressure, that they will either shoot all food out the back end or the next time they try to swallow food, everything will shoot out the front end. But their pharynx consists of two contractile bulbs that act as valves to help them swallow. Their organization of musculature makes the pharynx tri-radiate.  Contraction of the pharyngeal muscles pulls the pharynx open, sucking food into the lumen. This stretches the cuticular lining of the pharynx and when the muscles relax, the elasticity of the cuticle closes the pharynx.
Nematoda are also the only animals that have amoeboid sperm.
*Note This an example of a pseudocoelomate… Therefore, all accumulated 

Lineage 2…Ex: Onychophora
1)Chitin is structural reinforcing carbohydrate in cuticle
2)Manipulate their food with appendages before consuming it. Preprocess it. 
Ex: Onychophora (the velvet worm)
· Cuticle is still flexible
· Oral papillae with slime glands
· Body wall musculature continuous sheet (contains circular and longitudinal muscle)
· Unarticulated limbs 

Ecdysozoa are…
-triploblastic				-protostome
-bilateral symmetry		-pseudocoelomate

Arthropod Phylum- largest phylum:
2 marine groups-
Trilobites- huge predator in Cambrian oceans 
Crustacea: today’s examples include lobster, shrimp 
Take appendages and modify their functions based on where they are located along their bodies
BUT in the Cambrian time period, we see much simpler modifications, as the appendages along the body are all going to be fairly similar.
Metachronal wave…. Power stroke/recovery stroke. 
Autapomorphies:
· Articulated exoskeleton of plates
· Muscles arranged in bands
· Compound eye
Circular and longitudinal muscles are abandoned with hydrostatic motion, and are replaced with muscle bands covering limbs.
Locotrochrozoa: lophophores OR trocophores
Lophophore:
Lophophore- is a feeding strategy 
· Lophophore
· U-shaped gut
· Budding colonies
Presence of a U-Shaped gut. This is an animal that has become sessile. A sessile organism can move through outside sources such as water columns, but are usually permanently attached to something. This is a triploblastic protostome with a complete digestive track (a mouth and an anus) that has decided to sit down on the substrate and live life as a sessile organism! Therefore, they NEED to make a modification to the digestive track if they are going to “sit down” for the rest of your life.(Otherwise you would be sitting in a pile of shit!!) This is why they bend their bodies in half and sit on the midsection, so that they can remove wastes.
[bookmark: _GoBack]Ex/ bryozoa
Live inside casings with mineralized calcium and build reefs. They are very similar to coral. Even though it is a triploblastic protostome that resembles the coral polyps that we have seen before. Bryozoans form colonies. They live inside their little casing and stick out their tentacles covered with cilia and what the cilia do is propel water through and particles of food get trapped in the surface of the cilia and the cilia moves them all through the mouth and into the digestive track. Therefore, they are filter feeders (similar to the sponges). The fact that they still out of their tentacles out of the little casing, that is their lophophore which is how they get their name. (their lophophore is what fossilizes). In total: they feed using a lophophore, a set of hollow ciliated tentacles that surround the mouth.
 Tentacles have all three cell layers (triploblastic) (so it is an extension of the body cavity) so they can be very articulate in how they move their tentacles around. Super mobile tentacles for feeding. They can also pull their tentacles inside to protect from predators (very important for sessile organisms). 
Trochophore: trocophore larvae
Symplesiomorphies-
1- Trocophore larva
2- Schizocoel
3- Dorsal heart and pericardial cavity
Schizocoel: During schizocoely, mesoderm forms from cells near the blastopore that proliferate between the endoderm that forms during gastrulation and the outer ectoderm. As the mesoderm expands, it splits, and the opening in the mesoderm becomes the coelom. Schiz- splitting- splitting of the mesoderm. Schizocoely’s counterpart is enterocoely (where the mesodermal cells from the endoderm of the primitive gut that forms during gastrulation, once considered a synapomorphy for the deuterostomes.
-Mollusca: 2nd most abundant species on the planet
· Radula – how they eat (making “organic saw dust” through grinding food… allows them access a food resource with no other competition. On the surface of the tongue like structure are flexible teeth. The mollusc pushes out its tongue and move the teeth back and forth and grind the substrate back and forth, like sand paper, and make “organic saw dust”. They then bring this into their digestive system. The molluscs are the only ones that can “free” this organic material from the surfaces, that bottom feeders and things like cnidarians weren’t able to penetrate. Therefore, they are specialists at removing organic film
· Dorsal mantle- layer tissues cover dorsal side of the organism. Has the ability to secrete Ca. In the mantle, the molluscs are already making little calcareous spicules (or needles) This forms the solid surface of calcium – this is what made the shell of the very first mollusc. They also have a set of muscles that run from the dorsal all the way down deep into the foot. When these muscles are contracted it pulls the shell down to the substrate making a protective covering. First group that has an active predator avoidance mechanism. This is not a problem though because the mantle hangs over the gills, and does not “100% close” at back end so it still allows water to enter the gill, and the cilia in that area create a unidirectional flow of water through that space. Therefore, mollusc can still fully respire, as well as digest as the digestive system also flows into that unidirectional flow of water.
· Calcareous spicules or shells 
· Ventral ciliated muscular foot- the animal is functionally sitting on a locomotion system. 
Well fossilized because they literally have mineral deposits embedded within their shells. 
Adaptive radiation: take an organism with a finite set of structures and they are pretty malleable, you can make all kinds of different types of that basis structure. (functional morphologies). Very special case of convergent evolution. 
Snails (gastropods), squids and octopods (Cephalopods) and ammonites.

Snails (gastropods)- hermaphrodites- what is the biological advantage? If it meets up with other organisms (sometimes it’s hard for snails to find mates as they aren’t always around other snails)- they swap sperm (so they each have sperm to fertilize their eggs) therefore two fertilized organisms… 2 zygotes. They have a very extensive ritual for mating to get them in the mood. They produce a dart ( a calcareous spicule) and they jab it in the side of their partner, and that makes the partner more receptive to mating. 
Have developed a mechanism to wind their organs (viscera) up into the shell to prevent water loss if they desiccate as well as avoid predators. Most live in moist environments. They are able to breathe through a small pouch on the RH side of the body just within the shell, which because its permanently moist, is able to absorb oxygen.
Snail mating*

Cephalopods-
Enlarged visceral muscle… head and foot are close together. Conical shell, with viscera inside. It uses water being pumped into its cavity to move, For very earliest cephalopods. Now though the mantle is highly muscular, and is filling/emptying that gives jet propulsion for this group. 
Active hunting predators- highly intelligent. Phenomenal visual system. Can change colours.
Ammonites- are like the cephalopods, except their shells have coiled. 
Clams- bivalves- Pumping capacity on the cilia of their gills, they decided to take shell and fold it around the sides, so they can live inside that shell protected. It can sit and hide in the sediments (burrow itself in the ground).  2 large muscles used to close the shell. 
Filter feeder. Don’t have radula’s. 
Annelida-
· Metamerisim of mesodermal structures (mesodermal metameres-segment). Contract circular muscle we can increase the length, whereas if we contract the longitudinal muscle we can increase the diameter. Therefore, you can change the shape of this box. Contraction of these cause the cilia on the outside to stick out… acting as anchors for the segments. Through coordination of contraction and relaxation, annelid’s can get “accordion like” locomotion. 
· Four bundles of setae

Coelomic boxes (mesmerism of mesodermal structures). Each cavity is separated from the one adjacent to it. Each cavity has a layer of circular and longitudinal muscle. First annelids were burrowers, but they have greatly diversified. 

Platyzoa:
· Loss of coelom
· Acoelomate or pseudocoelom
· Loss of metanephridia and circulatory system
-Platyhelminthes
->incomplete gut- no anal opening. Rely on simple diffusion. Also the digestive tract opens at the body of the body. (no cephalization as their mouth isn’t at the top of their body.) 
There are cilia used for swimming and adhesive glands that allow them to stick to the substrate. They can also change their shape (with limitations) through muscles. This gives a variety of different ways for these organisms to move. One of the ways is ciliary gliding. Or a sticking motion.
-> complex reproductive system associated with hermaphrodism 
To understand this organism’s, you have to understand is it was able to obtain its nutrients by sticking to its substrate and digesting the substrate through its endodermic cells that were immediately adjacent to their bodies surface. And the cilia held it in place. Therefore, this makes sense as to why the mouth was in the middle (bottom of the body) because that’s where it was feeding. Flatworms are also brightly coloured because they are poisonous (that they get form their food)
	Flatworms are also hermaphrodite. Their “plumbing” prevents them for fertilizing their own eggs. NOTE: the seminal vesicle and seminal receptacle aren’t find in just hermaphrodite organisms; they are in all vertebrates because they are places where you store sperm keep sperm that you’ve received. 

Parasitic life cycle: Example – Chinese liver fluke Clonorchis



Deuterostome groups (phylums): Blastopore becomes anus
· Echinodermata (sea horses etc.)
· Chordates (our phylum)

Echinodermata: Autapomorphies
· Penataramous symmetry- form of radial symmetry that have 5 branching arms. Why does this group choose to lose bilateral symmetry to become radially symmetric as they are less efficient, as they are either sessile (attached to a substrate) or they are pelagic and are just floating in the water? Lose the benefits of cephalization.  Even the embryo is bilaterally symmetric (in the larval phase), but it undergoes a morphological change to become radially symmetric as an adult. 
· Water vascular system- system filled with sea water that is a set of pipes and tubes inside the animal that are important in running the two feet that are important for food acquisition and locomotion. *The water vascular system is not the same as an aquiferous system (aquiferous system is in the sponge!). Exam question?? Maybe. The water vascular system has an opening to the outside (called a madreporite) that sends sea water through tubes and canals and all the way out to the tube feet. And there can be 100’s of 1000’s of them. Tube feet are capable of diffusion (oxygen in, metabolic wastes out) so they are also the gas exchange surfaces contributing to the large surface area ratio that they have. Most importantly it has a suction cup underneath and muscles running length of tube foot. Organisms can contract the muscle therefore lengthening the tube foot and internally pulls in the middle of the suction cup and holds onto the substrate. Muscles can twist and bend and if done in pattern can move in one direction. Starfish are predators-on clams! 
· Mutable connective tissue- internal skeleton (calcareous plate that articulate, bend and flex in relation to each other). The mutable connective tissue that connects the two plates together. It is called this because it can exist in two forms; a flexible (elastic form) that would allow the two plates to bend, or a rigid form that means the plates are locked together in a solid structure. This is all controlled by the nervous system. Therefore, in response to a nervous signal in the tissue, where you either get flexing between the plates or you get them locking in place. 
The fossils- like the molluscs with the shell, the echinoderms with the calcareous internal skeleton also left a huge fossil record. When you look at the most ancient echinoderms, they are completely different than today. Before- an animal on a stock anchored to the bottom and from the central disc radiate out a series of arms. Sometimes 5-7 arms… but modern there is just 5. 
Ordovician extinction*

Silurian and Devonian era
Middle pair of the sixth pair of the Paleozoic era. Approximately 70 million years.
Ordovician survivors:
· Cnidarians-corals
· Molluscs
-shelled cephalopods
-Bivalves
-Gastropods
· Worms
· Echinoderms
· Bryozoans
· Arthropods
-Trilobites (some)
-Marine forms (crustacean)
These organisms might not look like they did in the Ordovician, but the autapomorphies that make those organisms them are there.
Chordates:
It wasn’t until 5 years ago that we were able to confirm that there was a chordate organism in the Cambrian era. Not very common organism not many fossils
Animal innovations symplesiomorphies: 2 step separating form echinoderms (in-between is hemi-chordates- half the chordate autapomorphies)
1) Pharyngeal gill slits
dorsal hollow nerve cord- hearts on the ventral 
-
2) Endo-style (How they use the pharyngeal slits as a feeding mechanism), notochord(important in how the animal swims, using a tail), post-anal tail and tadpole swimming .
· Endostyle is a little mass of cells that occurs in a group along the bottom of the pharynx. It creates a sheet of mucus that rises along the inner part of the pharynx. On these gill bars, are cilia that will move the mucus sheet up to the top. We end up with a mucus bag that lines that pharynx. This bag is a mesh- not solid. When water passes through bag, the food particles get trapped along the surface of the bag.  On dorsal side, Ciliated groove is constantly pulling the bag up, scrunching it together, and taking the food and pushing it down to the digestive system. Therefore, what they are doing, is filtering out the particulate food, trap it on surface of bag, (That is constantly being regenerated at the bottom and scrunched up at the top) and the food is passed onto the digestive system. This concentrates the primary productivity that the algae are creating. WHILE MOVING. (Only one other group can do this and that is crustacean)- type of convergent evolution. 
· The notochord is reinforcing cartilaginous rod running the length of the animal. It is flexible- in only one way. Not compressible down its length! But It can bend. “Wagging-tad pole like motion”. 
· Segmentation- muscle blocks extend along the anal opening. Strictly designed to bed the notochord for swimming- becomes a tail (This is unique to chordates)
Chordate phylogeny
· Cephalochordata
· Urochordata
· Vertebrata (Craniata)
Cephalochordata- the lancelet That is still alive today:
Current survivor is something that burrows into the ground
· Assymetric planktonic larval stage 
· Extension of muscular notochord beyond neural tube
· Staggered myomeres and a mouth a modified gill slit
Urochordata: Do not need to know
Lost almost all of its genome but yet it survived.
Notochord changes its configuration. Instead of being a rod it is not a set of little discs. Vertebrae the cartilage between the discs are all that remains of that notochord. Tripartite brain and cranium and axial skeleton with vertebrae. (brain, brain case before vertebrae, or at the same time?) 
Verterbrata (Craniata):
If you call them craniata you are recognizing that the brain and cranium came before the vertebrae
*growing synthesis that they are growing together.
Ex: 2 groups Mixini (hagfish)and Pteromyzontida (lampreys)
Really weird group
No jaw- mouth that stays open- the Agnatha (the hag fish-or slime fish (protection mechanism as slime is distasteful)-, and the lamprey) Hagfish is able to slip themselves into a knot and pull themselves out in order to get the slime off.
The first early agnathan’s were called armoured fish (the ostracoderms) covered in bony plates to protect from predators. Swimming around with their mouths open- but none make it through the Permian extinction- just lamprey and hagfish.
The lampreys- 
Unique mouth with teeth made of out keratin that they will use to anchor onto their host to feed (because they are ectoparasites). Major predator on fish. They have a nostril so that they can move water over their gills while anchored on their prey. Adult lamprey’s live in the ocean. When it becomes breeding season, they swim the up the rivers, mate, spawn, and lay their eggs and the adults die (like salmon). In north America we had a problem arise (late 1800s)- When the canals were built from Montreal- Kingston the lampreys were able to get into Lake Ontario. Killed the fishing industry. They started treating with “lamprocides” to kill larva lamprey’s. 
Embryologically you can see the buds from which the vertebrae bud- but they have not developed. 


Gnathostomata (The jawed mouth animals)
· Genome duplication 
· Jaw
· Paired fins

Chondrichtyheson
Jaw- Set of gill arches holding slits up so they don’t collapse. Gill arches are embryologically formed from extensions of the dorsal and ventral side – 2 part in terms of how they form. Gill arches holding up buccal cavity if you can expand cavity you can pull water it/ contract it to push water out. There has to be stretch on the arches. This means you don’t have to swim constantly to breathe. Front two arches go from just bending to completely closing. These two bones fuse to form the jaw- allows you to open and close the mouth. Open- increase buccal cavity, close- decrease buccal cavity squeezes water across the gill slits and squirt it out. So respiration is first need of the jaw.
But also means…Trap prey within your mouth. This is a secondary purpose though. Stabilizing fins- paired fins at front and back (pectoral and pelvic). They help stabilize the head while the wagging is occurring. Like an airplane. 
Somewhere between the cephalochordates and the first Gnathostomata duplicated the genome. 4 sets of hox genes. 
Chondrichthyes:
Autapomorphies-
· Cartilaginous skeleton
· Placoid scales
· Heterocercal tail
· Unique upper jaw bone

Ex: Shark
Cartilaginous fish, refers to the presence of cartilage in the axial and appendicular skeleton, rather than mineralized bone as found in the agnatha and jawed vertebrates- this cartilage is a derived characteristic. Cartilage decreases the body’s density, which makes cartilaginous fish mour buoyant. Pelvic/ pectoral fins are not in contact or anchorage with main axial skeleton.  They are held in place by the musculature of the body wall. Their fins therefore are not very mobile or agile. Not really a problem because they need to swim to aerate their gills. 

Heterocercal tail- vertebrae goes up into the tail. When it wags back and forth the pulpusive force is above the fish. Therefore, this force is going to push the fish down. But the fins allow the force to actually lift the shark. Cartilage is closer to the density of water then bone is. Also the oils on the shark “float in water” increasing its buoyancy.
Therefore, it fights gravity with the heterocercal tail, by light density of cartilage and the oils increasing its buoyancy. 
*Although its still present in the chondrichthyes, the notochord is reduced to rounded discs that fit into the hollow of the centra on either side of it.

Placoid Scales- Scales always point backwards. VERY find abrasive when brushed 
backward. They’re formed in the epidermal layer from dentine and covered in enamel. As a smooth object moves through water it creates laminar flow- adhesion of the water on the object. Sharks don’t want laminar flow. With scales they disrupt the flow of water by making little vortices of water. The spine of placoid scale, directed toward the back of the shark, creates a layer of microturbulance close to the surface of the body as the shark swims. Avoids resistance (friction) of flow and drag associated with laminar flow. Improves locomotion through a dense medium. 
Examples: Swimwear. “Shark skin suit” create little vortices on the suit while you are swimming. 
Scales structure include a layer of dentin surrounding a pulp cavity (exact same structure as our teeth) 
The shark’s teeth are really nothing but giant scales. But they are embedded in the epidermis not the bone of the jaw (no roots). They can easily break off, so when going after a prey they have to deal with the fact that they lose their teeth, but they grow back all the time. The teeth are not involved with biting and manipulating food. They clamp down with extreme force on the prey and they try do a “death roll”. They spin to have pieces rip off their larger prey to be able to swallow whole. But jaw muscles are very weak- if ever in shark attack hold the shark by the nose.
Reproduction- Almost all fishes in oceans produce large numbers of eggs, sperm, and young fish hoping that a percentage will survive. Most sharks produce one offspring for each reproductive cycle which might be every 2 years (maybe ten in a lifetime). The embryos are encased in nourishing mermaids purse where the embryo will hatch and morph into an immature miniature shark. Shark finning- kills 100 million sharks in 2012. Shark finning is taking out one of the top predators from the oceans ecosystems. In international waters, there is no regulation.

Actinopterygii (ray fish) 
Symplesiomorphies:
· Bony skeleton replaces cartilage
· Teeth embedded in the jaw
· Swim bladder or lung formed from the gut
Rays penetrate into the muscle mass that hold everything up. The pectoral and pelvic fins have migrated forward on the body and are now connected to the axial skeleton and have muscles that allow them to move independently from the body. What this fish is able to move without using its tail. Allows to hover in one place. Save big tail fin for massive pupulsion. 
Ex: perch.
Feeding- Fish have a set of sensors that run the length of their body that can pick up vibrations in water. Therefore, if another fish is swimming towards you leaves vibrations out in front of it and the fish can sense that. Therefore, you need to be able to quickly shoot out a structure that moves faster than the fish you are chasing. In ray fin fish, the jaw has evolved a bunch. A massive suction extraction system allows the fish to shoot out mouth to surround its prey. 
Swim bladder- is a closed gas bag in the body. To keep air in bag at perfect level to hover you need a mechanism to add air and remove air from the bag. This is regulated by the circulatory (oxygen) shunts to this bag. Controlled by nervous influx.
Opercular gill- sit and breathe and maneuver and maintain neutral buoyancy. Seahorses are experts at hovering. 
Duplicated genome- now have 8 copies of the original chordate genome in their bodies, allowing them that diversification.

Symplesiomorphies:
-the lung 
Sarcopterygii (lobe)- bony fish
Autapomorphies:
· Fins supported by muscles and bones that extend into the fin 
· Lobed fins
Found in fresh water systems.
Plantae: or Verdi plantae
Plants: real true plants
Huge amount of resistance to the idea of complex organisms becoming simpler.

Autapomorphies:
· Cellulose rosettes, phragmoplastic cell division and plasmodesmata
· Alternation of generations
Cellulose and cellulose synthase: cellulose is produced all throughout the plant. And is synthesized by the bacterial origin enzyme cellulose synthase. This enzyme is structurally designed to be able to sit in plasma membrane. In its tertiary structure there are hydrophobic loving amino acids in the middle that anchor it in the hydrophobic part of the membrane, there are polar parts on the outside and inside so it can react with the cytoplasm and extracellular matrix. What it does is take glucose units and links them together to form a string= cellulose molecule. These cellulose enzymes cluster together in groups of 6 (hexamer). It has to be a right configuration of A B and C. They are self-assembling.  Furthermore, these hexamers self-assemble into a group of 6 hexamers. That is the rosette. That rosette produces 6 glucose string molecules X 6 hexamers =36. Every cellulose micro fibril has 36 molecules. Therefore, cellulose synthesis by the rosette is what defines the kingdom plantae.  
What’s even more spectacular- Rosettes attach to molecular motors and drag them along the microtubules. This is how the cell wall forms. Than microtubules shift, and start pulling again. 

Cell division: phragmoplastic cell division. Plants don’t use centrioles. Create plasmodesmata-holes between cells in the cell wall. Cytoplasmic bridges- and bridge of endoplasmic space. Called symplastic pathways for cytoplasmic streaming. 
Apoplastic pathway- through cell wall and symplastic pathway- through cytoplasm. 

Cell wall contains:
Cellulose, protein, hemicellulose, and pectin. 

Alternation of generations: The diploid generation produces spores and is called a sporophyte (spore producing plant). The haploid generation produces gametes by mitosis and is called a gametophyte (gamete-producing plant). The sporophyte makes spores, the product of meiosis that don’t become gametes. Sporophyte produces haploid spores through meiosis, Spores land and germinate, they turn into a plant full of haploid cells and modify one of those cells to become an egg or sperm (making a gamete) through mitotic division. Then gamete fuses through fertilization to form a zygote, and cycle starts over again. 
Gametophyte (gamete plant) – has a “nurse structure in the middle, that are gametangia which produce gametes. If they produce sperm it’s called an Antheridia, and if it’s an egg it’s called archegonia, surrounded by vegetative haploid tissues. The gametophyte’s function is to nourish and protect the forthcoming sporophyte generation.
Sporophyte (spore plant) 2n – have sporangia producing spores, and these plants form from a zygote. Then spores are released and life cycle completes itself.
Transitions to land (PLANTS)
· Water conservation (across exchange surfaces and body wall in general)
· Protect the gametes again drying out
· Support system (gravity)
Ex: liverworts (hepatics or marchantiophyta). A mass of plant cells called a thallus. Liverworts have two morphologies: thalloid and leafy. Two layers of plant cells (photosynthetic and non-photosynthetic). The upper cells are chlorophyll cells covered with a single layer of epidermal cells that have a waxy cuticle to prevent water loss, and pores in the cuticle lead to small chambers surrounded by photosynthetic cells. The photosynthetic cells (on the upper thallus) makes glucose and excess glucose is stored in the non-photosynthetic cells (through symplastic transport). The non-photosynthetic cells on the lower side of the thallus are involved in water absorption as well. Rhizoid (roots) are absorptive extended single cells, that absorb cellulose on the outside of their cell walls and using apoplastic wicking across cellulose to move water throughout the plant. 
*Splash fertilization. What are the chances that the antheridia near your archegonia is actually from another individual? Problems with self-fertilization. BUT if you're a plant its ok to do so if you have no other choice. 
Stomatophyta
Autapomorphies:
· Stomata, determinate meristem (one of two types).
Determinate meristem- counterpart is indeterminate meristem- a cell that can turn into any type of plant structure. (like a plant “stem” cell). Determinate meristem
Bryophyta: 
Determinate meristem occurs in the mosses. Moss are totally dependent on water transport that they can absorb. A moss that has a mature spore capsule on it, we have a rhizoid (root), a gametophyte that has archegonia in it that got fertilized, and rose a sporophyte capsule. In moss, we have risen the sporophytes to better distribute the spores. The spores also have a distinct casing that improve their water proofing. One thing that first mosses do to protect themselves from bacteria (cellulose can be broken down by bacteria) is embed phenolic (rings) compounds into the cell wall. Phenolic’s are antibacterial (ex: dentol). Mosses have impregnated their cellulose with an antibacterial so nothing can come and break them down. In first nations compounds today, mosses are very important in wound healing- antibacterial as well as wicks (absorbs) fluids and water out of the wound. (Lignified wall)
Devonian terrestrial environments:
Beginnings of the vascular tissue


Tracheophyta?
Autapomorphies:
· Indeterminate meristem- can grow into anything
· Lignified secondary cell wall, treachery cells and sieve elements long-lived sporophyte (transport mechanisms (cohesive flow) in organisms) ***vascular flow
Cellulose can be broken down by bacteria.
Lignin:
-phenolic rings- toxic nature to this compound
-hydrophobic-repels water.  When plants develop secondary cell wall (has lignin in it), lines the inner surface of the primary cell wall. If these are tracheal cells, the cell tissue in their will die (disappear). Water will not interact with secondary cell wall because lignin is hydrophobic. It won’t be absorbed into the cellulose, and there are not even adhesion properties between the water and the wall (repellant). That means at the very top, if water is evaporating the cohesive properties of water is going to pull it up from the root, and you now have that cohesive flow going up through that tracheal system.
-indigestible (very difficult to break down)
-bacterial and fungal lignases (they figure out how to break it down)
-toxic
*Lignin first makes its appearance as supporting rings (adding rigidity- fight against gravity). As time progresses the lignin becomes continuous with only cell openings, allowing cell-cell communications laterally. 
A tracheid (xylem) is a plant cell with lignified inner cell wall, connected end to end, in which the cell dies to make this tube that goes all the way to the top. Each year, this set of new cells is put in when it grows, it dies, and that becomes the new water transport mechanism for that year. 
End of the Devonian it is becoming a problem, because NOBODY knows how to break down this molecule lignin.  In the next era, (the carboniferous era) there is going to be a huge reliance on brand new strategy to become tall, transport water and prevent breakdown; which means all those plants that make their appearance then, are NOT going to make it into the decomposition cycle, and the great big trees in carboniferous forest when they 0die-fall over- and no one is able to break them down…. They will fossilize! (as coal- (otherwise known as modern petroleum products) fixed carbon because no one was able to break down lignin!) --- the fungi eventually will though. 
In companion with this lignin tube is the living sieve tube. The sieve tube is always matched with its “companion cell” and its goal is to move sugar. The plant needs a source for sugars (where they will make it) and sink for sugars (where they will store it). Companion moves glucosesieve cell. The glucose concentration increases, and pulls water from the tracheid’s (the xylem system) to dilute the sugar concentration, we get pressure build up (because of the cell walls.) Now what happens, is the fluid can move up or down. The secret is though; the suction causes it go down through xylem (source->sink)
Note: the gradual change in the plant life cycle. Waterproof spores, risen sporophytes. *decreasing role of the gametophyte phase. It will still be there to make the gametes. Ultimately, the female gametophyte will be internalized (where it will become the ovule and make the egg inside), and the male gametophyte will be modified to be pollen (blow on the wind, never dry out). This gametophyte stage will either be inside the sporophyte stage of the plant, or will be external from the plant, carrying the sperm to other plants in the wind. 
End of Devonian- slowly forming Pangea. 
Another mass extinction-MARINE mass extinction. We lose trilobites, most reef systems in world.  We don’t really understand, but at this time
1) For the first time we have vegetated material on land and we don’t have a complete balance between terrestrial and marine environments so we have a flood of organic material in the oceans
2) Plants are consuming huge amount of CO2 in air through photosynthesis, therefore, the amount of CO2 in the atmosphere is decreasing (slight planet cooling) Ocean levels drop a little, oceans warmer. 


Carboniferous and Permian
Pangea is forming at beginning of carboniferous, and by the end of the Permian the continental blocks are locked across the center (north- south pole). Extinction at end of the Permian that will kill of 90% of organisms on the face of the planet, caused by a whole series of factors.

Carboniferous terrestrial environments: 
Like Devonian, we would not recognize these terrestrial environments. The 2 groups that we don’t have are the kinds of groups that dominate today- No conifers (no needle) and no flowering plants (big trees). 

Coal forests:
· Club mosses
· Giant horse tails
· Tree ferns
Autapomorphies:
· True leaves, chloroplast DNA inversion. Means we don’t have a thallus anymore (massive green tissue with storage and photosynthesis) we now have a tissue that the vascular tissues flow through (there’s a xylem strand that goes up to leaf to supply with water to make up for evaporation, there is sieve elements of the phloem in the leaf to take the sugar from the companion cell and move it away from the leafs) We end up with TRUE vascular leafs. Now the plant has a huge SA that it can supply with all of its nutrients and harvest the sugar that is being produced in this massive SA. Also the chloroplast’s DNA has an unusual characteristic. Remember the chloroplast is formed by endosymbiosis. The last three groups (monilophyta, gymnosperms, and angiosperms) all have this DNA inversion (mutation) in their chloroplasts (circular DNA- bacterial origin). 
Monilophytes
Ex: Fern- Still rely on alternation of generations (producing of spores that will grow into a gametophyte plant and create either archegonia or antheridia that will be fertilized and get a new sporophyte plant). But this fern has mastered their ability to disperse their spores. This group is capable of launching their spores. 
Life cycle: sorri, lepto sporangium, release of haploid spores, land on ground and germinate, create leafy like tissue on which there is going to be archegonia and antheridia located on that surface. Again possible self-fertilization, but that’s just the fall back. From there water will make sperm carry to egg, fertilized, grows through mitosis and we get a new plant. (Again the gametophyte is still their nourishing the zygote) After the sperm and egg is together, and the sporophyte starts to grow out it and tap into the vascular system to be able to grow a true root, true stem and true leaves to be able to supply that, the gametophyte disappears … It is very short lived. 
Leptosporangia*


Autapomorphies:
· Seeds
Spores vs Seeds:
· Homosporous (most spores we’ve seen thus far)
Sporangiasporesbisexual gametophytesperm or eggs
· Heterosporous (tied to the process of seeds)
MicrosporangiaMicrosporesMale gametophyte spermMegasporangiaMegasporesfemale gametophyteeggs

Gymnosperms (Conifers):
First heterosporous
2 types of cones:
pollen grains are huge- allergies*
very obstructive. The male cones contain the microspore mother cell (this is the cell from which were going to build its tissues). The microspore mother cell is going to undergo a bunch of mitotic divisions to increase their numbers and then meiosis to get to the haploid state. In the female cone, there is a microspore mother cell, and what she does is undergoes meiosis and destroy 3 products, (in gamete production in any time of female including humans, we get 4 mitotic products and 3 are destroyed; often called polar bodies). This microspore then undergo differentiation to build all tissues associated with the archegonia and the gametophyte and also often undergo meiotic divisions to produce 2 fertilizable eggs. This pollen will land on the opening above where the egg is and fertilize it.
To put this together, the pollen cell (haploid cell) undergoes 2 meiotic divisions 4 products. Most important; 1) tube cell, 2) generative cell. The other 2 cells make the architecture of the pollen grain. The generative cell combines with egg to make zygote. The tube cell makes a path for the generative cell nucleus to be able to travel down to get to the egg and fertilize it (the root). In the female side of the plant, the megaspore undergoes meiosis and make 4 cell, 3 disappear and then it grows into the gametophyte (getting fed by sporophyte). Then we take 1 gametophyte cell and make it an egg cell, then it divides in two giving 2 egg cells.
Then in the sporophyte cone, mega sporangium that is differentiating becoming the female gametophyte, with all its tissues and nutrients that builds up there to supply the embryo, then you put in 2 egg cells. This cone is waiting for pollen to be fertilized. Once fertilized, the embryo is formed in the cone. Sperm= pollen, cone= female with egg. 
1) Sporophyte
2) Gametophyte->growing embryo in cone
3) Releases seed. (a sporophyte embryo surrounded by gametophyte nutrient and encased in the sporophyte shell, that the parent sporophyte made.)
So a seed is a travelling sporophyte in the embryonic stage, complete with the nutrient capsule for it to be able to survive, and all has been developed on the parent sporophyte plant. ( for females) for males gametophyte was the pollen grain. 
	We are still producing a huge amount of pollen that is probably not all going to fertilize something, and in the cones, is some archegonia that is going to mature even if it doesn’t receive a pollen grain. Therefore, a lot of wasted reproductive energy. 

Fungi- make their appearance
1) Chitin cell wall
2) Multicellular- very unusual cellular structure. Long and filament like hypha wind up into mycelia.  There is nucleus equally distributed down the hypha with no plasma membrane separating. This is one giant mass of cytoplasm. Extremely fine (1 cell thick). Supports transport (cytoplasmic streaming) because no cellular barriers. Spindle pole body- Inside the nucleus, there is a nuclear organizing region shooting microtubules out and in of the nucleus. There are also chromosomes in there. The chromosomes line up in their pairs across the equator, but of the nucleus. And the spindle fibers pull chromosomes to opposite ends of the nucleus, nuclear envelope pinches to nuclei adjacent to each other. The spindle fibers are then able to drag the nuclei to its new place (where it’s needed) and anchor it in place. So instead of a regular animal cell, the fungi carry out mitosis in their nuclei. 
In the most developed fungi, they will develop septate walls. This is a real innovation because once you develop a wall between two fungal you are able to differentiate between them. This comes into play in terms in how they reproduce fruiting body. 
· Plasmogamy- dikaryote cells. The two myofilaments meet and their membranes fuse, and two septal walls are put up in the original myofilaments so the new cell is separated… but the 2 nuclei do not fuse- they are kept separate. This is called a dikaryote cell. So plasmogamy is fusing the cytoplasm of two myofilaments but kept the nuclei in their separate state. 
· karyogamy- diploid cells. When the dikaryotic hypha reproduce, and the 2 nuclei happen to fuse, they are now diploid and you have a zygote. That structure then immediately undergoes meiosis.
· Meiosis- haploid cells. Meiosis produces 4 products, and those products are released by spores to go back to the asexual reproductive cycle (haploid mycelia). 
Basidiomycota- mushroom
The fruiting bodies appear very rapidly. The fruiting body is composed of all the dikaryotic cells of mycelia. In the roots you have monokaryotic mycelia absorbing nutrients, and the dikaryotic cells are still absorbing nutrients, but they are essentially dried up and wrap themselves into a compact structure that all it requires is hydration by water to reach up (inflate) into a fruiting body.
The secret is the gills they are karyogamic cells that release badiospores as products of their meiosis.
Ectomycorrhizal fungi- feed material to root of the plant. Symbiosis with the plant. The plant gives the fungi sugar (product of photosynthesis) and the fungi absorbs minerals to feed the plant. 
Arbuscular mycorrhizal fungi- hypha go right up into the plant cells and elaborate/proliferate.
Lichens- dormant for years; but add water and they come back to life. 
Photobionts (also associated with cyanobacteria)- carries out photosynthesis, but the rest of the lichen is fungus. The mycelium cage traps photobionts, providing the lichen with glucose, and since its sitting on a rock it has the minerals, and the lichen is able to live. But if it dries out its okay they just wait for rain. 

At the end of the Permian; there are animals up on ground. First are the insects
Arthropoda: feeding on the spores and leafy tissue. 
Autapomorphies:
· Articulated exoskeleton
· Muscles arranged in bands
· Compound eye
Tagmatization*- this happened only once.  A head, three segmented thorax and an abdomen.
The compound eye contains a series of optic units associated with the eye. Contains a retinular cell- the sensory cell and a focusing cell. 
Insect movement- group that flies. Flight and wing folding mechanism. Exoskeleton- cuticle is waterproof. Made of pro-cuticle- the big bulk part. Waterproof upper layer is called the epicuticle. Shellac- liquefied insect epicuticle
Insect reproduction- The egg is covered in a shell. Every egg has one opening for the sperm. 

Tetrapod-
Autapomorphies:
· Tetrapod stance with appendicular skeleton of fore- and hind- limb.

Amphibians-
Autapomorphies:
· Buccal force breathing
· Skin is primary respiratory organ
Amphibians are an incredibly diverse group. These 2 autapomorphies are the only traits that unite all fossilized and present day amphibians. 
	Amphibians skin is glandular keeps their skin moist. Amphibians have partially adapted to land, but they will not water proof their surfaces, because they weren’t forced to. Amphibians have also tapped into a new food source. Evolved from lobed fish, moved up on land, amphibians are insectivores.  To catch insects, they have set their tongue up in a very unique way. They have placed their “tongue hinge” from the back of the mouth and placed it at the front. They are able to take their tongue, coil it up and project it out to catch their prey. This is the origins of the amphibian diversity that we see today. 
They are also able to life themselves up against gravity. They still rely on their skin to breath (no diaphragm etc.). (When they do breathe- it is usually when they are still and it’s that forced buccal exertion). 
They haven’t protected the water proofing of their eggs and sperm. All amphibians must return to water to lay their eggs and have them be fertilized. We end up with metamorphosis. Whole bunch of variations…ex: a small frog in the Amazonian forest that climbs all the way up the bromelain tree and captures water, they plop the fertilized egg in the tree. Sometimes there is not enough nutrients for the larvae so she climbs 3 or 4 trees, and puts an offspring in each tree… then she goes back 1-2 times a day to put unfertilized eggs in their as a food packet for the developing larvae.
 Another example is amphibians that lay their eggs in blisters of liquid on their back and they actually give birth to tadpoles on their back. Their skin provides secretions for nutrients for the tadpole and little frog lets are birthed from their back. Some frogs even swallow their fertilized eggs (to put them in her stomach) and that shuts down acid production and enzyme production and its like a little warm pond inside her stomach… acts as a incubator. Then she basically barfs up mature frogs.
 This gastric incubation was only discovered about 4 years ago- caused lots of excitement especially in the medical professions- because here was a system that turned off acid production in the stomach. This has huge implications in medicine in acid reflux/ heart burn etc. So when they decided to go back and catch some of these frogs for further studying- they were all gone. In fact, couldn’t find any of the frogs that they were monitoring. This is part of a massive amphibian extinction that is going on presently. Caused by critid fungus- that once it gets into the skin of a frog gets into the glandular level and puts its mycelia from the surface of the frog and feeds on it, basically suffocating it. This is partially contributed to the fact that amphibians are very susceptible to pesticide because they are absorbing through their skin. The growing critid fungi was caused by the spreading of it on the only critid resisted frog in the world. These frogs were used for their embryos in pregnancy tests. When they were moved from their isolated habitat to all of the world, they spread the critid fungus with it. 80% loss of amphibians in less than 10 years. Amphibians to this day are very much in danger right now. 



Mass Extinction
Permian ends with one of the biggest mass extinctions on the planet. A mass extinction is defined by a disappearance of 50% of a taxonomic level (phylum, family, doesn’t matter which one you look at.) The thing about the Permian extinction is we lose 90-95 % of all biodiversity is lost in the planet. 
Types of extinction:
· Background extinction: organisms that appear and function for a period of time, and simply just disappear. Organisms are usually around for about 10 million years. 
· Mass extinctions- anything more than 50%. 

Causes of mass extinction:
· Asteroid impacts- asteroid’s hit the planet, spewing up dust and cloud, that blocks the sun, blocks of penetration of light, the planet cools, and we therefore get loss of organisms. The Cenozoic asteroid is probably not true in terms of causing this mass extinction. We know that this is no longer the case, because we are able to date rocks, and none of them correlate to the time period of any of our mass extinctions. 
· Elevated carbon dioxide- raising of green-house gases, raises temperature of the earth, therefore the oceans. As you raise the temperature of the ocean (salt water) it can absorb less and less oxygen. So a warm ocean has less oxygen dissolved in it than a cool ocean. The question is where has this excess carbon dioxide come from? 
-flood basalts: When the earth’s crust moves over one of the magnum upwelling’s in the earth (where it’s really hot) and it turns out this is where continents are separating from each other) the crust is sufficiently thin and the magma comes flowing up from underneath. These flows can sometimes 1000’s squares of miles long and be thousands of feet deep. They can layer this molten mass on the surface of the planet. Its’ an event where raw magma and volcanic gasses came up through the bottom of the planet. There are a couple that are pretty notable around the world. Hot spot in middle of Pacific Ocean- when Africa and south America were joined in Pangea, they were sitting right over top of it. So when they started to drift in each of their directions, a huge flood basalt came out of the ocean and they carried with it. There is a matching flood basalt on the west side of Africa, and east coast of south America. There is another one related to Africa drifting of Antarctic. There is a huge one in Iceland and green land from Europe causes basalts. In 1784 a magma eruption in Iceland that changed the climate of the world to the point that none of the agricultural crops matured in that one summer. That caused socio-economic chaos that is triggered things such as the French revolution and all of the geo-political changes that occurred in Europe. One of the biggest ones is in Siberia- and is perfectly in time with the Permian extinction. So the suggestion that we have is not volcanic degassing, but massive eruptions of flood basalts. That is seen as a fair amount of material.
-volcanoes: This was the idea before continental drift came along. Volcanology has had a number of very major volcanoes in the past 40 years that volcanologists have been able to study. (St Helen’s). When they look at how much gas is released, how much dust is turned up, it is absolutely impossible for volcanoes to be the cause as much as havoc and damage and CO2 level by themselves.
-gas Hydrates-Extremophiles: some of them make methane… where they live where so much water pressure is over above them, and the temperatures are so cold, that the methane they produce doesn’t bubble out as gas, but crystalizes with water as what are called gas hydrates (in other words solid methane gas). The energy industry around the world is desperately trying to harvest that! Methane is much superior green-house gas then CO2… There was so much CO2 being released, as well as the ocean getting shallower, that the methane didn’t have enough pressure and it wasn’t cold enough, and the methane comes bubbling out of these gas hydrates and we have a huge release of greenhouse gas. One of the scariest things about gas hydrates is we have tundra in northern Canada and across Europe is loaded with gas hydrates, and when that tundra starts to warm, there will be a massive influx of green-house gas in the atmosphere. 
· Marine anoxia- the perfect storm. The water temperatures in the oceans during the Permian extinction was between 40-45 degrees Celsius. Most living aquatic things cannot survive those climates. Of course there are survivors though. 
· Sea level change
Surviving mass extinction:
· Plants: on land not affected by serious water change temp. 
· Insects- only lose 3 species
· Small size and global distribution
· Generalist life style.




Mesozoic: Triassic, Jurassic and cretaceous
This is a time on the planet where Pangea is now starting to break apart. There is a mass extinction in the Triassic, and this is going to really work for the reptiles (the age of reptiles).
Amniota:
Autapomorphies-perfect getting up on land
· Amniotic egg: create a waterproof egg that contains an embryo bathed in an amniotic fluid (like a little ocean) provisioned with nutrients that is placed on land.  The components- the embryo sitting inside amniotic sac- fluid filed. External to it is nutrient reserve. The yolk gland is another membrane system plugged right into digestive system of the developing embryo. Albumen* white of the egg- water reserve for the egg. Makes little toxins that we want to get rid of- the allantois. Mammals and reptiles use these eggs- the synapsida and diapsida (this is a reference to the musculature of the jaws)
· Keratinized skin: waterproof our skin. Keratin protein is embedded in dead skin cells that are linked together to produce a water proof surface
· Temporal fenestra in skull: major changes in jaw in means of being able to feed… musculature changes.
Reptilia (diapsida)
Autapomorphies- 
· Diapsid skull (Diansaurs, pterosaurs, birds, snakes and lizards and turtles)- crushing jaws. They still have conical teeth but they have powerful jaws. Initially these jaw muscles were inside the cranium. The muscles end up moving up and insert on the surface of the cranium. Diapsids- have 2 holes, synapsid have 1. For the longest time there was anapsids, but when the molecular biologists worked out the gene, the anapsids (the turtles) actually genetically matched to the diapsids. The turtle’s strategy is to fuse bones together. Ex: sternum and the ribs etc. Turtles don’t have jaws- keratinized beak. The turtles represent diapsids that have fused the skull together, and the 2 openings are gone. We are synapsids- muscles on the surface of the cranium. We can divide the diapsid group into extinct and extant organisms.
· Beta- keratin in scales and feathers: beta and keratin are used to produce scales and skin. They all lay eggs, no noturnal tendencies (don’t take care of them)
Important to note that keratinized is dead- needs to be discarded. (in patches or shedding). 
Extinct Diapsids:
· Saurishchia: “lizard hipped”. a group of dinosaurs include long necked herbivores. They have solved the issues of getting the limb underneath the body. The bones that attach the leg to the vertebral column… The ilium is at right angles to the pubis, that is the saurischian hip. 
· Ornithischia: “bird hipped”. crown horned dinosaurs. Pubis rotated backward parallel with the ischium (four pronged structure). When this got solved by the dinosaurs (limbs under body) it was solved in two different ways in the saurischian and ornithischian.
· Pterosaurs: flying dinosaurs. Quadrupeds, ran around w knuckles down and membranous wing covering longer finger. This membranous wing was used to fly. Hiding in this lineage is a synapsid reptile (found in the fossils)- the therapsids.

The therapsids: 
· Warm blooded
· Nocturnal
· Glandular skin
· Specialized teeth and chewed their food
Everyone though all reptiles were cold blooded. A giant brontosaurus that weighs 1000’s of tonnes doesn’t cool down that fast, and many of them had warm bodies. Being able to regulate your body temperature to keep it warm! What they would do is go out at night to feeding on same food sources that small reptiles were feeding on during the day, but they’re not active during the night, so this becomes an advantage for them.
	Their glandular skin- parts of their glands are associated with chemical communication. Teeth specialization- 1 conical tooth becomes a big canine. This is the beginning of the mammal lineage. 

	Whole planet is going to populated by a flowering plant- the angiosperms. The parts of the plant that are the female and male are actually modified. The female side of the gametophyte is very complex, complete with a stigma, style and ovary containing an egg. The male gametophyte has anthers, where pollen is made, connected to shafts connected to the bottom of the plant. A pollen grain has 2 sperm.
	Double fertilization: A pollen grain lands on top, the tube cell starts to build the pollen tube, and the pollen tube down swims those 2 nuclei. 2 nuclei: One will fertilize the egg to form a zygote, the other will join up with the 2 central cells to make and fuse into a 3n cell (endosperm). We created an endosperm cell and a zygote with a fertilization event. Endosperm cell produces all the nutrients (gametophyte tissue) to the developing embryo (baby sporophyte) will need to function. The plant can recognize its own pollen. If its own pollen, the tissues of the carpel assists the tube nucleus to make the pollen tube, so therefore, instead of it taking a year and a half for the pollen tube to grow, we speed it up to 2-3 days. The egg cell has remained dormant. Once the double fertilization, we make the nutrients within the embryo in the seed. Therefore, in other words we don’t make the precursors of the seed until we have fertilization. 
	Pollination strategies: angiosperms use other animals to carry their pollen to increase the chances of fertilization (instead of just relying on the wind). These animals are called pollinators. Examples: bats, humming birds, and of course the bees and butterflies. The butterflies evolve as a major insect taxon, with the advent of the flowering plant. The tissue that surrounds the ovary in the carpel, from the original plant, can be modified and supplemented. 

K2 boundary cretaceous extinction- dinosaurs wiped off face of the planet.

Since the 70s 66% of animals have disappeared off the face of the planet. Within the next 5 years that will reach 75-80%, and there is nothing to stop it. Global extinctions are common, but this one were in is being mediated by the human species- there is a new geologic term: the antropomorcy- the humans modifying the planet on a global scale. 
	At end of cretaceous extinction, we have our survivors and our continents drifting into their places where they are now.
Survivors-
· Birds: took their feathers and used them in a new function. The first feathers were used for catching insects on the inner surface of their wings to feed on later. And then at some point the bird changed its motion and realized it could fly! OU I can get away from a predator if I do that! - this is called the ground up theory of flight and birds. The second theory is a tree down theory… bird climbs up tree, jumps off branch, uses feathers to glide with their mouth open to catch insects as it falls back down to the ground. The feather is a beta- keratinized structure. Therefore, warm bodied and flight. Birds also appear in parental care
Synapsida (mammalia)	
Autopomorphies:
· Synapsid skull 
· Glandular skin with alpha-keratin: producing materials to the surface, and hair. (maintenance of body temperature)
· Lactation: the mammary gland
· Heterodont deciduous dentition: herbivore- grinding molars and incisors to chop the grass. Carnivore- no incisors, but molars, cutting teeth and canines. (Canines could puncture a lung etc.). Omnivore- mix of both. This new innovation means chewing our food before swallowing- all organisms before were swallowing their food whole.
Baby teeth- adult teeth: deciduous 

Mammalian reproduction:
- Oviparous
-monotremes (platypus)
- Viviparous
- marsupials (kangaroo)- no blood baring membrane between mother and child
-eutherians (humans)- perfects the blood baring barrier between mother and child- the placenta. The mother and child can have different blood types and a whole bunch of other things, but the barrier keeps the two independent of each other. The young are born in often a very susceptible state… example mouse embryos rest of development achieved by parental care and nourishment from the mammaries on the external surface of the mother. Even after lactation, the child still stays with mother. Ex: polar bears are 3-5 years.

Microevolution: evolution that generates species
Macroevolution: evolution of species and their interactions with everything else. * on a large scale 
-adaptive radiations of taxa
-biodiversity changes over time (paleontology)
-Extinctions- why do new species arise after extinctions
-speciation
-origins of novel structures



