Mesozoic and Cenozoic
Early Triassic – 237 Ma: At the beginning of the Triassic, the shifting of the continental land masses is starting to occur.

Mass Extinctions: We have had our mass extinction of the Permian and we are going to get a minor one in the Triassic.

Late Jurassic – 152 Ma: As we move from the Triassic to the Jurassic, we are now getting the shifting of all of the continents.

Late Cretaceous – 94 Ma: We are heading towards the structure of the planet that we are familiar with today. When this happens, amongst the amniotes are a group of organisms that will be the ancestor to the vertebrates.

Plesiosaurs:
	The difference between a diapsid and a synapsid was just a mechanism for moving the jaw. There were two solutions to attaching the muscles of the jaw. This diapsid method was so successful at the time that the organisms will ultimately and return back into the oceans in the plesiosaurs. In the oceans, at the end of the permians, many of the top predators in the oceans went extinct and that includes many of the bony fishes, the cartilaginous fish and the molluscs. This was not a problem because in the fresh water lakes and rivers there were still cartilaginous fishes and bony fishes and they repopulated with their architectures. And the plesiosaurs of diapsids that move up on land and move back into the ocean. At this time, the reptiles are very dominant on the terrestrial environment and they were very dominant in the oceans and the pterosaurs are going to dominant the skies as well. The reptiles dominated the oceans, terrestrial and skies and the mammals will eventually achieve some dominance as well.

Mollusc – Cephalopods: 
	The cephalopods, the predators also make a major adaptation to survive. They will lose their shells and everything that we said makes cephalopods great predators are still there. What will happen in the next few years is, in an attempt to survey all of the animals in the ocean, whenever there are submarines sitting idle, there has been an international fund to book one of these subs to look for species of organisms in the ocean and one of the things they have found is that there is a huge array of cephalopod predators. 

Amniote Phylogeny:
	We are going to get 3 major architectures of the skull, the anapsids, the diapsids, and the synapsids. One of these, the diapsids is going to win the race to be the dominant vertebrates on land. The synapsids is our linage. From the diapsids, we are going to get the dinosaurs and move into the age of the reptiles and we are going to solve the problems the amphibians have yet to solve.

Oviparous reproduction:
	The amniote egg is key to their success and is a trait they will pass on to all of the tetrapods. It is important to realize that by bringing this egg that has a gas exchange surface, that has a food storage, that has a water supply, that has a waste compartment and that has protective properties, the first animals that did this had a distinctive advantage. In the ocean, eggs were being fed on but on land, there were no major predators to feed on the eggs and so the method of reproduction of oviparous, or egg laying had a distinct advantage. 

Keratinized Skin:
	The water proofing of the body wall was done in a unique way in the reptiles that will be inherited by everyone else. By using the protein keratin to cross link the dead cells to make a keratinized layer, the resulting layer is highly water resistance and if thin enough, extremely flexible. Our skin has a layer of keratinized cells. In the reptiles the layers of keratinized may become extremely large and become scales. Keratinized tissue will become feathers in birds and keratinized cells will become the hair, the nails, the antlers, etc, in the mammals. This protein is key to the water proofing of the body plan for the animals that moves up on land. It either provides a thin layer that can be sloshed of at times or it become extensive that must be shed or moulted off. 

Major Reptile Groups:
	One of our events has been the jaw. We are going to enlarge the teeth in jaw and the jaw is going to become a powerful structure that is going to be able to rip and tear on land which will become a new feeding strategy. The jaw will have muscles associated with them. Originally, the muscles were attached on the inside of the jaw thus if the muscles were to flex, the pressure within the skull will chance. The solution to this was to take the muscles of the jaw and attach it on the outside of the skull instead of inside. This creates two openings on the skull so that the muscles can attach on the outside so the inside pressure of the skull is not changing. Two lineages are going to develop a method to do this the diapsids and the synapsids.
· Anapsids:
· The anapsids are a group of organisms that have no opening on their skull to attach the muscles. 
· These are the turtles. What we now know is that anapsids are in fact diapsids that have closed the holes because of a very unique feeding strategy. Therefore, there are really only two types of “psids” in the vertebrates.
· Diapsids:
· Dinosaurs, pterosaurs, birds, snakes and lizards.
· Turtles
· Synapsids:
· Modern mammals:

Anapsids:
For breathing, reptiles and animals have internalized their lungs. The amphibians did use lungs very well but by the time we get to the snakes and the reptiles we will have ribs which will have muscles on them which will allow them to breathe via contraction and expand. The reptiles won’t develop the diaphragm and as a result they will always have to raise and lower their rib cage to breathe and the birds will inherit this. Only the mammals will develop the diaphragm to help breathe without moving the ribs. The movement of the ribs is important because if we take a look at the anapsids, they have a different body plan. They have taken their bone and solidified it so that the ribs are all connected to each other and the derm bone associated with vertebrates are also fused to create a body plan of living within  a bony box. That is the secret of the turtle’s success. In the shift to this body plan, it is now becoming apparent that the original opening in the skull that was used for the insertion of the jaw muscles have closed over. In other words it was part of this plant to develop a solid bony body plan and we now realize that the anapsids which we originally thought were a separate lineage were in fact diapsids that closed off their holes and this is consistent with their body plan of solid bone in terms of how they function. It does make a problem because now there is no way to expand the ribs to draw air in. What the turtles do to breathe is extent or contracts the head or appendages. If it extends or contracts the head or appendages, the moving of the head or appendages back and forth into the thoracic cavity is enough to create pressure inside the cavity to draw air in. And so when turtles need to breathe, they usually stick their head out of the water and they used their legs to pump air in and out. 

Major Diapsid groups:
	The successful group were the diapsids. They basically falls into two groups of whether their structure are the extinct form (the structure exists on previous organisms) or on the extant form (the structure that exists today).
· Extinct
· These forms of diapsids are the ones that previously existed and are no longer here.
· Dinosaurs and pterosaurs:
· Extant:
· These forms of diapsid structures are the ones that exists today.
· Snakes, crocodiles, and lizards

Extinct Diapsids:
Two very successful forms of dinosaurs had diapsid structures and they are the suarischia and the ornithischia. The whole group of dinosaurs have perfected the skeletal arrangement to battle gravity. They brought the legs and limbs below their body mass and many groups will have bipedalism in which they will move on their hind legs and have their front legs used for grabbing.
· Saurischia:
· These dinosaurs were the large long necked plant eaters. This group also contained the carnivores such as Tyrannosaurs Rex. 
· Ornithischia:
· This group of dinosaurs include the duck billed dinosaurs and the armoured dinosaurs which often had a plate around their necks. Often this plate will have horns to protect them. Vegetarian.
· Pterosaurs: flight

Saurischia Dinosaurs:
	The Saurischia is the group of long necked dinosaurs and they moved great distances and processed huge amounts of vegetation. Also within the group are the T-Rex and carnivores that fed on the herbivores. 

Ornithischia Dinosaurs:
	The Ornithischia are the duckbilled and the armour plated dinosaurs often having horns. This group fed on the vegetation. The difference between the duck billed and the armoured plated dinosaurs and also the Saurischia is just the placement of the hip bones that holds them up but it was two different strategies and we end up with the two different groups. Both the Saurischian and the Ornithischia are going to go extinct at the end of the Cretaceous.

Pterosaurs:
	There are also diapsids that become successful in air. The pterosaurs are not the ancestors to birds; this was a reptilian attempt at flight. These dinosaurs have a membrane that goes from their little finger to their hind legs. When they are on the ground, they are quadrupeds. When they are on the ground, they curl their fingers up and they walk on their knuckles. This is a very different architecture that becomes very successful and it will also disappear at the end of the Cretaceous.

Snakes – Venom:
	Amongst the survivors of the Cretaceous are the snakes. What is unusual about snakes is that they have completely abandoned the limbs. One of the things that we said was so successful was the tetra pods and that is because they had fore and hind limbs. The snakes have abandoned this and were partially because snakes developed a burrowing habitat to protect themselves and legs can get in the way. When snakes developed this strategy, to lay their eggs, to hide themselves, we see the diminishment of the legs. That means that as a predator without limbs, there must be another strategy, in fact the snake develops two. Either they will wrap themselves around their prey that they’ve chased down to suffocate them by preventing the expansion of the lungs, or they will inject venom into their prey to kill or knock them out and then ingest them. The whole point of both strategies is to immobilize the prey so that they can ingest them.
 
Snake’s Jaw:
	The snakes have taken the jaw one step further. Instead of having two bones that are hinged, the snakes have added an extra joint and this extra joint means there are now a joint attaching the mandible to a an intermediate piece of bone and this intermediate piece of bone then attaches to the skull. This means that the jaw can open to a very large cavity. This means that the snake can swallow their prey whole. This is consistent with the way they immobilize their prey and also the fact they can’t chew their prey to smaller pieces. It would be detrimental if the prey that the snake just swallowed is moving and kicking within their stomach.

Crocodiles – Crushing Jaw:
	The other surviving group are the crocodiles and they are living fossils. They do show us one of the reptilian characteristics of having a set of teeth around the jaw that are near identical to each other. The crocodile has a crushing jaw and much like its ancestor the shark, it is going to chomp on any prey it can get and then break it in the pieces by thrashing. The jaw muscles to close the jaw are phenomenally strong. With the cartilaginous fish, the purpose of the teeth and jaw was to hold on to the prey, now we have teeth that are meant to do damage to the tissue and augment it by the thrashing to break it into pieces. Their strong jaw has a weakness and that is opening it. The jaws of a crocodile can be held closed by the fingers of a human because the muscles to open the jaws are extremely weak. 

Synapsid Reptiles:
	Also at this time are the synapsid reptiles. They are their but they just aren’t diversifying. The thing about the synapsids is that the ancient ones often at big fans that estend out of their back. We now know that these fan were ways to thermo regulate. The animal can face the sun and warm themselves up.

Retiles Therapsids:
	 Warm – Blooded:
· There is one group within the synapsids that are going to take this warming strategy one step further. These little reptiles are going to become warm blooded which means that they can now thermal regulate without the sun. This is going to be a distinct advantage because can come out at night and can be warm and active while the other cold blooded reptiles are non active to reserve energy. The end result is if an organism can come out at night because they are warm blooded, then they have access to the food source of insects without their major competitors because they are non active.
· Nocturnal:
· Because these organisms are warm blooded while almost all other organisms were cold blooded, that means these organisms can operate at a different time than the other reptiles. Because the other reptiles needed the sun to warm themselves, these therapsids were able to come out at night to feed while the others were resting.
· Glandular Skin:
· These animals lived in burrows and so they would hide in the burrows in wait for the night. These organisms also lived in groups and as a result, they developed glandular skin to give off scents and smells to identify each other. They were also used to find mates for mating.
· By living in the dark, they developed keratinized structures (that protruded from their snout) to tell them whether they were touching each other. This became the whiskers of modern organisms. 
· Specialized Teeth and chewed their food:
· These organisms also developed specialized teeth with different functions

This is the beginning of the mammal lineage. When we knock out the other organisms, these animals are going to survive along with a bird relative. 

Angiosperm Life Cycle:
	There is another huge innovation in plants and that is going to be the final addition to plant reproduction. We have seen that gravity has been solved by lignin and vessels, we’ve had water proofing solved by cuticle and stomata and we’ve sort of seen the reproduction cycle solved by the water proofing of the sperm and getting rid of the sperm’s ability to swim and sending the pollen to the egg by wind. But the method of having the sperm delivered to the egg by wind is still not efficient. What we find is that a new strategy develops in angiosperm anzd it requires double fertilization. Remember that in the gymnosperms, we had a megaspore that developed. The megaspore’s content is going to be the nutrient content for the embryo, the embryo once its developed is going to stay inside a casing and the casing is usually made from tissues of the host plant. What is going on in this sequence is that we are always making a megaspore hoping that it will become fertilized. So every archegonia is committed into making a megaspore even though it may never get fertilized and because such a huge amount of metabolic activity and energy is invested in this, this is a huge waste of resource. So what is going to happen is we are going to solve over production of sperm as pollen, we are also going to not invest any effort into producing an unfertilized egg.

	In an flower, the ovule is where we are going to get the megaspore that is going to undergo meiosis, and three products will disappear and the one that is left will undergo three rounds of mitotic divisions and produce a total of eight cells each with one haploid nuclei. What happens is, four are going to be associated with one end of the ovule and four are going to be associated with the other end. What is going to happen is three cells from one group will migrate to one end of the egg and one will stay in the middle and three cells from the other group will migrate to the other end of the egg and one from that group will go to the middle. We now have these four cells partitioned differently. This is after meiosis so these are all haploid.

 The path the sperms will take to reach the egg is just like that of the gymnosperm. A tube cell will have to dig a tunnel to the egg. The sperms will enter the egg from one end and there will be two sperms instead of one. When the pollen tube connects and the two sperm nuclei arrive, one of them will join with one of the three cells located on the side the sperm arrived from producing the zygote (if the sperm arrived from the opposite end it will join with one of those three; it actually doesn’t matter which it joins with because they are the product of the same mitosis) and one nuclei will join with the two haploid cells in the middle. 

That triploid material is what is going to become the nutrient reserve for the developing embryo. We have seen that plants have no problem in being polyploids. In fact this triploploid nucleus is key to the flowering plant’s success because the extra nuclear material means you can quickly and rapidly produce the materials that are going to be stored within the endosperm. For example, if two thousand copies of a protein need to be produced and we only have one copy of the DNA, it will take a long time. If we have three copies, it will take a lot shorter. We have now a solution to the problem associated with the gymnosperms. The endosperm (the nutrient storage associated with the seed) will not develop unless the second sperm reaches the haploid cells in the middle. All this occurs while the zygote from the first fusion develops into an embryo and like in the gymnosperm; a casing will develop around the whole product. The seeds can often be placed inside fruits or any fleshy tissue that surrounds the seeds. These are often eaten by organisms which then transport the seeds by shitting them out somewhere else.

	
Pollination Strategies:
	To get the pollen to the female archegonia, flowering plants rely on pollinators. Pollinators are any group of organisms that will visit the plant, get covered in pollen and go to another plant and inoculate the other plant. We saw that these plants produce nectar, which serves no purpose to the plant and is solely to drawing pollinators. By far, the most common pollinators are the insects. The insects begin to co evolve with the plant in that the insect begins to get trained by the nectar reward to only visits that one plant and this means that the insect will only pollinate plants of that species. The end result is a massive change in the planet’s plant life as the flowering plant makes its appearance.

Insect Plant Co evolution:
	This co evolution is key and whole groups of insects are going to explode in this time period. The bees and butterflies are just two groups that are going to diversify. 
· Bees:
· Butterflies:

Seed Dispersal:
	It is also important to realize that the plant was also developing ways to disperse its seeds. That can be as simple as by wind. Some seeds are of structural integrity to travel by water. Others are rigid enough to be attached to the fur of animals or by being ingested by animals and being transported somewhere else as the organism shits.

	The plant’s biggest problem was that it was immobile. What the flowering plants have done was tap into the mobile kingdoms and they are going to move the sperm and disperse the seeds for the plants. As a consequence, there was a massive change in the composition of plants, insects and many animals.
 

K/T Boundary – 66Ma:
	The giant meteorite flies into México and sets off a huge cloud of debris and marks the end of the dinosaurs. 

Cretaceous Extinction:
	It also turns out that there was a flood basalt in one area but when you actually look at the analysis of this event, it turns out the extinction may not have been as massive as we thought it was. When we look at who disappear, much of the diversity didn’t change that much. Top predators, large animals and anything that was specialized dies in massive extinction. When we look in the strata and fossil records, it turns out that much of the diversity that existed within top predators was already diminishing before the meteor hit. The environments were collapsing already. The dinosaurs were huge and were occupying massive areas and these herds ate so much food that the ecosystem that supported them was already collapsing. The meteorite was the last straw in a sense that it affected an already collapsing ecosystem. This extinction marked the end of the diapsid domination.

Cenozoic – Paleogene and Neogene:
	The end of the cretaceous marks the loss of diversity of the diapsids and the synapsids are going to dominate. Within the diapsid group, there is going to be one new form, the birds.

K/T Boundary – 66 Ma:
	Most of the continents are going to shift to what we see today.

Amniote Phylogeny:
	The birds and the mammals that are going to survive had a distinctive advantage in that they were warm blooded. Had the meteorite altered the global temperature to the extent people believe it had, we should have seen a more severe extinction but we don’t. It looks like what happened was an environmental collapse.

Birds:
	The birds’ origins existed alongside the dinosaurs. When the dinosaurs were around there were organisms that had feathers for insulation and were primarily insectivores. The main thing about the birds is their features. 

Feather Structure:
	The feather is made from keratin. The secret to the feather is that it is a light weight membrane that can be used to push against the air to create lift. The reason the feather is so effective is because it has a central shaft that has barbs protruding from it and these barbs are linked together by barbules. The barbules ensure that this structure is always intact. What birds do when they are grooming is realigning the barbs and barbules in their feathers to perfect alignment so that the membrane is undisturbed. So now what we have is a dry light weight surface that we can now glide and fly.

Flight Adaptations Skeleton:
	The birds are also going to lighten their skeletal load so that they become lighter as a being so that they are more adapted to flight. So instead of using all that skin and fat and blood vessels to service the skin, we use a layer of keratinized feathers to insult and protect. We are also going to reduce the number of bones in the body. The bones that remain are enlarged where required or fused to allow even more rigidity. Another reason why the bones are fused to allow more rigidity is because the bones are hollow. The bones are composed of struts that run from one side of the bone to the other and the struts are aligned to the forces the bones are going to experience. So a bone from the wing is going to push down on air, it must resist the pulling of the muscles and the lift generated from air and thus the struts are aligned diagonally. If we were to bend the bone in a manner different that the force it was designed to handle, it snaps. So the birds become light weight by modifying their skeletons and another thing the birds do is getting rid of their teeth.

	Another form of locomotion arises and that form involves muscles that are centralized. In the bird, there is a centralized and compact mass, and the wings are on the sides. The center of gravity is now in the center and the bird is no longer lifting a long body but a small body. Flight requires a very unique muscle system to make the wings work. Normally, two take a limb and make it rise; two muscles must be attached on opposite sides of a bone to generate antagonist force to move the bone. But what the birds have done is take the tendon of the lifting muscle and attached it to the top of the wing through an opening in the ribs. So now, both the antagonist muscle and the protagonist muscle exist on the external side of the ribs. The lifting muscle locates in between the ribs and the pectoralis major which pulls on the wings. This shifts the center of gravity below the point equidistant from both wings and this is what is attempted to be achieved in everything that flies so that we lifts the mass up and not push it. 

	So we have this extremely powerful flight mechanism in an organism that is very light weight with characteristics specially designed for flight. 

Parental Care:
	We also have a new form of reproduction via amniote egg, we have water proofed the skin (feathers) and now instead of producing large amounts of young, we get females that will invest large amount of time and resources into caring for a few eggs and young. So that the effort and energy will guarantee the survival of a few fit individuals. This ties in with female choice in selection because, why would the female go through all this trouble to raise a young from an unfit male? 

Mammalian Integument:
	The mammals on the other hand will develop special keratinized skin. The whiskers that existed on the therapsid will develop to cover their bodies. The whiskers will then later develop into hair on mammals. To maintain the hairs there is a set of oil glands to moisten the keratin in the hair. The hair stems from a hair follicle. The birds do the same thing with their feathers. There is an oil gland on their tail used for grooming to keep the keratin from becoming brittle. In addition to the oil glands, there are addition glands to put water in the form of sweat to the surface of the organism for thermoregulation. If we are going to have a layer of insulation to keep the organism warm, we must also going to have to have a method to cool the organism down. The birds are going to do that via respiration by using the lungs and the surface it holds to transfer heat to the external. There are also going to be glands that produce smells for communications. 

Somewhere along the line, there developed glands that produced nutrients and when these glands gathered in one location, they are called mammary glands. That is where the group the mammals get their name because they nourish their young via milk produced from the mother. 

Mammalian Jaw:
	Now we have a new way of feeding the young and we are going to get a new way to feed the adults as well. The mammals are the only group in the vertebrate lineage that has different types of teeth on their jaws. The mammals, instead of developing simple teeth for grabbing prey, mammals have incisors for cutting, molars for grinding, etc, so essentially mammals have a jaw with a “Swiss army knife” of teeth capable of doing an array of functions. The mammals are going to be one of the first groups to be able to bite flesh of a large organism. They can end up being specialized as being herbivores to grind vegetation. They can end up being carnivores with sharp teeth to tear meat. They can also be omnivores which can eat both vegetation and meat because they have the sharp teeth for tearing and the flat teeth for grinding. 

	So now we have the water proofing with our keratinized skin, we have conquered gravity with our stances whether it be tetra stance or bipedalism and we have also gotten our food source down.

Mammalian Reproduction:
	One of the major modifications with mammals is how the amniote egg gets utilized. There is one group of mammals that are still oviparous.
· Oviparous
· Mammals that still lay eggs.


· Monotremes:
· The duckbilled platypus is an example. What the platypus does is, the mother platypus waits by the eggs it lays as they hatch. Once the eggs hatch she will hold the young to her mammary glands and supply them with nutrients and protects them until they mature. However, even though she supplies them with milk, which is a trait characteristic of mammals, she still lays eggs making her a oviparous mammal.
· Viviparous
· These mammals will not lay the egg. The egg will be fertilized and retained inside the organism.
· Marsupials:
· These are the group like the kangaroo. In marsupials, the egg is fertilized internally and the zygote will develop. At a very small immature stage, the embryo crawls out of the womb, through the fur, into the pouch and latches onto the mammary gland within the mother’s pouch and starts developing. As soon as this young leaves, another embryo within the mother that is in “reserve” develops and the whole thing happens again.
· Eutherians:
· They are the placental mammals.

Placental Mammals:
	In the placental mammals, the embryo stays within the uterus for long periods of time. When it is born, depending on the mammals, the baby can fully functional or need more growth and development. What has happened in placental mammals, unlike the viviparous and monotremes where the young fed on the mammary glands from a very early age, we now have much prolonged development in the young. In the placental mammals, the barrier between the female and the young has become complete with the placenta. In any other animal, if there was another animal growing within it, the growing organism would be seen as a threat by the immune system. In the marsupials and the monotremes, the embryo must get out of the mother and latch on to the mammary glands very early or face retaliation from the mother’s immune system. The placenta separates the developing embryo from the mother. It allows nutrients to pass through via the umbilical cord, it allows wastes to pass through via the umbilical cord as well, and it also protects the young from the mother without being seen as a foreign object and is thus tolerated for a longer duration of time.


Parental Care:
	Now we have even more parental care. We have parental care during embryological development and just like the birds the mammals are going to engage in parental care of their young for varying lengths of time depending on the species. It is a strategy that large ensures that large amounts of investments go into offsprings that we can assure are going to be successful rather than huge amounts of resource and investments into few offsprings that many of which may not survive.

Macroevolution:
	 
· Evolution above the level of species:
· Macroevolution is anything that has to do with evolution on a scale above species. Microevolution is evolution of the species.
· Includes
When we are studying and looking at macroevolution we are looking at five things:
· Adaptive Radiations of taxa:
· How do taxonomic groups expand and diversify?
· Biodiversity changes over time (paleontology):
· What is happened and how things have changed.
· Extinctions:
· Speciation:
· Where do we get new species? How are these species adapted to the environment they are in and how have these species changed over time?
· Origins of novel structures:
· Novel structures can be any structure that we are studying.
· Where did these structures come from?

The whole course has been macroevolution. We have followed the origin of life, from the big bang, to the first cells stitching themselves together to the life cycles of plants, animals and fungi. We have watched as everything evolved and happened.
