An Explanation for the Cambrian Explosion
Four ideas were put other there for the Cambrian explosion, most likely all of them are responsible. One is the planet froze solid all the experiments of multicellular life were put on hold, and by the time snowball earth ends, and conditions returned to conditions that allowed for diversity to occur, the planet is rich in ability to allow diversity. There is the concept of burrowing and shelled arms

Late Proterozoic 650Ma
Snowball earth is a period about 650 millions ears ago (150 million before the cambrian) that the earth is believed to be frozen solid. There are thoughts that this is a cyclic event that the earth froze then thawed three times. The whole of that planet freezes solid. The question is why did it happen, and how do we know it happened. If you go to the period of time in the late Proterozoic, we have the single continent straddling the equator that emerged out of the ancient oceans (first continent) with nothing on it, just pure rock. Its at the equator, the equator is warm and rainy, where for the first time we have a sufficiently large land mass, and its eroding from the rain, and into the oceans are calcium salts and minerals from this continent. So we get a huge amount of calcium slowly being built up in the oceans. In the oceans, there is a balance of CO2 in the air and carbon in the ocean, the balance is simply that when CO2 dissolves in water, there is a reaction that creates carbonate that will dissociate into protons and bicarbonate, this happens all the time. Normally it would be in equilibrium but at the time of snowball earth, there is a large amount of calcium, and this calcium reacts with the bicarbonate atoms to become a solid that sediments. This is where we get sedimentary rock. This reaction gets even more pronounced if we get silica, this will really drive the reaction. Since there is an equilibrium between how much CO2 is in the air and water, if were removing the carbon to carbon silicon compounds and carbon bicarbonate compounds that means water will absorb more CO2 from the air. The first calcium that appears combines from silicon and other minerals that come from the erosion from the first land mass, acts as a carbon sink, carbon is being pulled out of the air on the whole globe and the level of CO2 starts to fall. What do we know as CO2 as today? What do we call it? A green house gas. We're all worried about this. CO2 is an important insulate blanket for the earth, CO2 is what's keeping heat in. If we're slowing thinning the CO2 layer, from mineralization of the erosion of the first continental land mass, as the CO2 levels fall, the insulate blanket becomes less insulating, and the world starts to cool.

You combine it during the Proterozoic where the bloom of algae oxygenated the atmosphere, which is a great thing which we got aerobic metabolism. The other greenhouse gas was methane which insulated the earth at the time, it reacts with oxygen and is destroyed. So we were removing the CO2 because of the first land mass that come out of the ocean and that O2 production at the end of the Proterozoic that created and aerobic world was destroying one of the green house gases that was keeping the world warm, resulted in ice being formed at the poles. Ice is white and reflective, as the ice increases the planet, is not absorbing heat from the sun, so we end up removing the insulate blanket, we cover the earth with a blanket of ice that reflecting the suns rays. What is believed is that there was a tipping point where the ice got to a point where the ice cap were so large that it got to a point where the earth was unable to compensate for absorbing radiant heat from the sun, and the whole thing went into a spontaneous self generating mode, and the plant became covered in ice. This is what we called snowball earth. This has appeared to happen three times. The ice will melt there are still things living in the oceans, they are under stress, no sunlight reaching the oceans. We still got the kimo, litho tropes. We still get volcanic activity and eruptions. Over time, there will be enough co2 released, replace the green house gases and as the green house gases gets replaced,the snow starts to melt and ice starts to melt. The interface where the melted planet and the ice is important because there is so much radiant heat being absorbed adjacent to the ice that it speeds up the process. What will happen is that co2 will vent out of the ocean and slowly put the blanket back in place and the ice will start to recede, as it recedes it ill recede the fastest at the interface of the ice and land. This is what is happening up in the arctic now. Everyone is mystified on how fast all the glaciers are retreating and how fast the ice mass are retreating its because of the nature between the interface between the ice and the land. Thats why the global warming effect is so severe up in the arctic and happening very quickly. It will take 100s of 1000s of years for the ice to retract and it will ultimately retract. There is debate if the earth was completely covered in ice or some pockets open. So there is an alternate hypothesis called "slush ball earth". And around the equator it didn't completely froze and there was come slushy moveable ice. But the main point is that whatever happens before the end of the Proterozoic changes, and diversity stops. By the time the Earth re-warms and restarts organisms in diversification under ideal conditions, it appears all the animal bodies appear at once. In the frozen period of time there was no experiments of multicellular life. When the ice thaws we have a wonderful condition where diversification can occur. If we put snowball earth on a timeline, this becomes the period know as the cryogenic, "the frozen planet." And the rules were that there was no multi cellar life before 5-40 million years ago.

Doushantuo Fossils
But then there are a series of unusual fossils that are found. one of these fossils are called the Doushantuo fossils, they date to 590 millions years ago, 50 million years before the Cambrian explosion. They are small and look like embryos, at the two cell four cell stage, etc… If there are embryos that have managed to survive fossilization over 600 millions years, it tells us there was multi cellar life. Because multicellular life takes a zygote that undergoes division, the first stage are embryos. These fossils tells us that there was been multi-cellular experiments prior to the cambrian. What appeared about 15-20 years ago was the…..

Ediacaran Fossils
edicaran fossils, these date back to just before the Cambrian. They are unusual because they are patterned. In the fossils you can see things that have burrowed under the sediments. These fossils, are found in Newfoundland. They are making us question the origins of the origins of life. So whats interesting is that, the Cambrian explosion may not have been an explosion, there are evidence that there are multicellular organisms from before, and when we place them on to a time line is that when we come out of snowball earth, we find that there is something going on with multicellularity immediately after wards. There are architectures of organisms that appear before snowball earth that predate the cambrian. and it looks like they were come of the first experiments of multi cellular life. They are not the successful ones though because we don't see anything like them today. and so we have to figure out the origins of multi-cellular life and find a solution to where all that diversity came from. Calcium and minerals are in equilibrium after snowball earth. It fluctuates after the plants come along however.

-Biological life forms are found a way to precipitate these dissolved minerals to make bones, armours, shells, and casings. When you get organisms that live in a suite of armour, they can become larger. We see small mollusc become bigger. If you got a protecting casing no one can consume you unless they're bigger than you.

- Burrowing, prior to the cambrian, the bottoms of the oceans were covered in biofilms of algae and bacteria theses were impenetrable. These films locked away below them organic matter to organisms that were there. Organic material is building up, and most of the organisms living there at the time were living on top of this. We see this in the edicaran fossils where all things siting on or moving across the surface. When the first organism break through this film by burrowing into the sediments they tap into a food reserve that has been locked away for biodiversity up to that point. This is important for burrowing organisms that come along because they are able to take that body plan and go into that food reserve that nobody is feeding on, optimizes it, that means they're diversifying their body shapes. All of a sudden in the Cambrian, you see tracts and tracings of burrowing. You get other burrowers. Molluscs play a role in this too, the radula was probably they first innovation to break through that bio film. We have a whole type of food that no one is feeding on. We have organisms tapping into this food reserve and they're so successful at it that they diversity. We get an explosion of burrowing of burrowing organisms. The explosion of the increase in amounts of invertebrate may well be an advantage of burrowing. The burrower, being in that food reserve, living in the burrow was a form of protection. Life basically in this point of time is no longer on the surface of the ocean bottom. This is probably the big Cambrian explosion

Homeotic Genes
the other is actually molecular, one of the biggest question in developmental biology is how can we have an embryo, how does it know which cells are going to be at the anterior end of the body and which cells are going to the at the posterior end of the body. The cells are identical in there genomic content, so what is the signal that a cell receives in the developing embryo that says turn on the genes that are going to make the anterior end of the body, or which ones are going to get the signal to say which ones are going to be the posterior or middle. The big question is that where does pattern come from in animals? Like how come the embryo always know how to have the anterior structure, the sensory structure, the brain, all at the anterior end and not at the posterior end. And this was a real conundrum in developmental bio for a long time, until it become clear that there are homeotic genes, these are pattern genes, that produce transcription factors. And transcription factors are the way eukaryotes control the genome. Unlike the operon where the substrate combines and turns a gene one, transcription factors are factors that fold and configure the DNA to make it available for transcription and translation. So we're basically using complex mechanisms to turn off and turn on genes in eukaryotes. And those transcription factors are example why that the human genome project we talked about before was important. it turns out that the 80% of the DNA we thought was doing nothing in the human genome are actually regulatory DNA that fold and configure itself to turn genes on and off. Transcription factors are important in the regulation of eukaryotes. In the developing embryo, when the egg is provisioned by the mother, she places a series a messenger RNA in a section of the egg. So when the egg is produced we now have an egg thats got lots of messenger RNA that are maternal, and when the egg starts to develop, that MRNA is going to be turned into protein. And because its being produced at one pole, there ends up being a gradient of this bicoid protein. The front end is high in this particular protein and low on the other side. It turns out there is a series of these, there is an equally important one that is positioned at the posterior end that starts to make a protein that makes a gradient. That gradient exists in the egg and as the cells of the egg divides, cells at the anterior end are going to get more to the blue transcription factor. Cells at the posterior end are going to receive more of the black transcription factors than the blue. And the ones in the middle are going to get an equal dose. The cells at the anterior end, when it sees a high level of transcription factors those cells turn on and do different things that the cells at the posterior end. So we have cells that get a different environment around them chemically. Homeotic genes are going to regulate which cells are going to be anterior, posterior or middle. Because we have this gradient each of the cells even though they have the same genetic compliment, doesn't make the same product because the cells genomes are regulated differently depending on there they are in the cell. So now we can have pattern, we can have the anterior, posterior and middle. This was a major breakthrough, up until then it was thought that the egg was homogeneous, that the egg was the same though out. But it turns out its not, it's programmed right at the beginning to do this. Then biologist looked at the homeotic genes, the first work was done in fruit flies. What they noticed was there was a set of 8 homeotic genes that are by the time they are expressed and the gradient effect through the embryo they turn on things in the anterior to posterior. These homeotic genes, or hox genes as a subset of them, are discovered. This then gives explanation of patterning in the fruit fly. If you look at a mouse embryo, these homeotic genes undergone duplication, everyone starts at one then at genome duplication you get 2 and genome duplication you get 4. But what we find is that the homeotic gene set are present are these, they are homologous genes. You can take cells and move them so that, a cell that has been experiencing homeotic gene transcription factors that say your suppose to be a leg in the embryo, you can take them and move them and take them to the front. And what happens is that you can end up with a fruit fly that instead of having antenna at the front have legs on its head. So what it tells us is that these homeotic genes, these transcription factors commit the cells to the fait that what they're going to be. And that fait is fixed for the rest of the embryo. When the proteins are isolated the homeotic gene proteins, the actual transcription factors that are produced, they can be moved between organisms. Another words their function was conserved throughout the evolution of animals. It become apparent, when we go look for homeotic genes in the diversity of the living planet, they are found in every organisms, and they are homologous. We have a template to genetically code for pattern. That pattern maybe different, that genome might say that leg is going to be a fruit fly leg, or that genome is going to say that leg is going to be a vertebrate leg, but the homeotic genes this is the position where the leg is going to be is identical between the fruit fly and vertebrate. And so what happens is that there is a mechanism to explain pattern. The final reason of the cambrian explosion, for the first time a stable genetic mechanism evolved. That allowed for pattern to occur, that brought fourth the simplest of organisms, for example the cnidaria. Once that pattern was there they can be used to experiment for different pattern types. What was missing was a guaranteed way to turn a multi cellular organism from a mesh mash of repeating things which was the ediacaran fossils to an organism that had pattern. One of the assumptions is that happened in the cambrian explosion is that finally a mechanisms to make complex multi cellular organisms based on these homeotic genes. The regulatory genes make their appearance right before snowball earth. Biologist believe that the regularly genes for pattern make their appearance just after snowball earth, where there are two attempts for multicellular life, where the edicaran fossils with patterned organisms are the sponges and cnidarian first evolve. These are the animal forms we see in the burgee shales. These genes are constant. There are homologous genes also found in plants, that create the petal whirls, the position of the leaves on the stem, etc…. they are the same homolog. It seems like theres a mechanism for pattern right before the the cambrian and once thats perfected its applied to different animal body types.Patterning predated the Cambrian explosion.

Mass extinctions
- At the end of the Ordovician, its the second large mass extinction on the planet (we see it in the fossils). As we come out of the ordovician extinction we will have the 30 or so animal architecture we associate with the world today. The end permian is the biggest time of mass extinction, this will trim diversity, the huge amount of experimenting in the cambrian and the ordovician comes to an end. 
Quote 1
- Classification, we're arraigning our biodiversity in a way that communicates information. What we mean is that our taxonomic scheme should tell us something. If I tell you that this organism is triploblastic, that tells you that its in the group of organism thats going to have 3 cell layers, they're going to be muscular, they're probably going to be bilaterally symmetric, their going to divide into two groups based on the coelomic formation. There's something going on there than just the names that are associated with it, in other words this system organizes thing not only that, it must respond to new classification.

Quote 2
Classification is dichotomous, its darwin that said to us that everything branches into dichotomies and if you think about how most things are organized we organize them in yes and no criteria. This is why dichotomy is important in the branching pattern we're going to create.

Types of taxonomies
- It turns out that ever since the human species started to make inventory of things they started to classify them. The first classification scheme was called the folk taxonomies, they are not written down, they were basically verbal and passed from one generation to the next. There was higher elder in the community kept all these information and trained the next person to remember it all. When you look at folk taxonomies what you always find is that when they look at classifying the living world they make two classification right off, inanimate and animate. So they're look at soils and minerals and things like that and the living world. They always divide things into plants and animals they divide plants into consumables and medicinals. The amazing constancies across cultural groups is that at most there are 500-600 items, there is an upper limit in how we can organize. And when it gets up to 500 or 600 items we usually have them in 3 nested categories.

- Aristotle is the first to create the lists, he writes it down. That is Aristotle's Scala Naturae.

-Linnaeus comes along and he now organizes those lists into a distinct hierarchal category set which we call the Linnaean classification system. He tries to base it on morphology. Linnaeus gave us a nested set of categories that had retrievable information that was written down. That was a big innovation. But this was pre darwinian, he didn't use evolution, he didn't know what evolution was. He did notice morphologically that some things seems to fit together, he got the group of vertebrates right, and the arthropods. But he screwed up the worms, he said that anything that was long a cylindrical without legs was a worm and said that they were all related to each other, but we now know today that they're not. But that was a mechanical taxonomy. Just basically trying to put it all together by some way or form.

- its darwin that gives us the natural evolutionary taxonomy. its darwin that gives us concepts such as homology and homoplasy as being key characteristics we use in evolutionary taxonomy.

- Taxonomies how you go about naming the living world, are ways that are organized. Over time things being organized followed different rules.

- the type of classification we use now is called cladistic. Prior to cladistics we had natural or evolutionary taxonomy. When this was going on (post darwin), was they were grouping organisms based on morphology. They would take a trait and decided weather it was primitive or ancestral, and determine what was the advanced trait. If we have not talked about the evolutionary tree, and I showed you an example of a group of organisms that not had a mesoderm and a body cavity and another groups that had a mesoderm and a body cavity, morphologist will determined which was the ancestral form. Acoelomate at the bottom of the evolutionary tree, why? Having a mesoderm will be one event and having a mesoderm with a body cavity would be two event. The first one is simpler. Up until 10 years ago the flat worm was placed at the bottom of the evolutionary tree, it was assumed that the acoelomate came first then the coeloms came. Thats the problem of evolutionary taxonomy they are based on intuition and biased, they can't be tested on any other way. You will have subjectivity.

- what came first radial symmetry or bilateral? if radial came first then it had to be a sessile animal, that would have to settle on the ground would then have to move around. So where do we get the switch from radial to bilateral? If we look at a cnidarian larva, its a slug that crawls along the ground.

- It gave us good ideas, but the problem was they were biased, they were affected by opinions of investigators and biased among the community.

- What happens is that we end up in situations where we have biased situations. We have a man named Bill Henning, he comes up with a new way to build evolutionary tress, he calls it cladistics. 

Cladistics- Useful Terms
-Henning wanted us to understand is that there was still the concept of a derived character. We take a trait and decide what is primitive and what is derived, what is original and what is advanced. He created words to describe words in the cladistic sense

- Apomorphies: A derived character, they are synonyms. In cladistics you would never say "I have used the following derived character" that would be inconsistent, you would signalling ambiguity, and people would know if you're doing cladistics or evolutionary taxonomy. If you said: I'm using the following 7 apomorphies in my analysis: people would know you're dealing with cladistics.

- Plesiomorphies: ancestral, "primitive". Henning is saying that every single character and you could have an apomorphic state or plesiomorphic state and what your going to end up doing is scoring them as a 0 if its the plesiomorphic state and 1 if it's the apomorphic state. If your sitting there look at presence of a coelom and if you feel that its a derived apomorphic state you will score all your animals with that trait with a 1. In a branching diagram, the whole point of a branching diagram is things are shared, we see that in our evolutionary diagram, when triploblasty makes its appearance, that is an apomorphy that's a new innovation, there is a whole decent chain of organisms thats going to inherit that trait. There going to share that derived characteristic this means that were going to have a sin apomorphy, a shared trait.

- Synapomorphies:

-Symplesiomorphies:

- So all protostones have the synapomorphy of a blastopore that becomes the mouth, spiral cleavage, and a coeloms formed by shizocealy. they share that they all got that. They also have things in their past that they share with other animals that are not in their group. So our protostones with their synapomorphies of the blastomore becoming the mouth, the schizocoel, spiral cleavage also are triploblast, but so are the deuterostones. That's a trait not only shared by this group but other groups as well. So that tribloblasty is an old trait that doesn't define our protostones and everyone that descended from it, it's something that is even further back in time. and these are the symplesiomorphies, a primitive trait for a prototone is being tribloblastic and it shares it with the deuterostones, and because it's shared, its a symplesiomorphy.

- advanced were going to score them as 1 and primate 0 and were going to see how many you share with everybody else. The ones were most interested in are the events that created changes.

Cladistics Useful Terms Part 2
Autoapomorphy: its a defining trait, example, if you find a radula you have a mollusc.

Cladogram Construction 1
-we take a series of traits that are important in divvying up the organisms we're looking at. were going to take each trait and say what is the apomorphic state (the derived state) which is the symplesiomorphic state, and your going to score it with a zero or a 1. Q: If you have an organism that has 1 derived trait and another that has 7 derived trait, who is higher on the evolutionary tree? A: 7, that's what Hennig is giving us in cladistics, the more derived traits that are in an organism the more apomorphies that an organism inherits then it farther along the branching diagram it should be. Hennig is saying that these can be morphological, these can be changes in gene sequences, these can be the number of chromosomal duplications, these can be gene duplications, theses can be embryology, whatever you do you should get the same change. If you have properly scored a zero or 1 you should always get the same branching diagram.

-Wings are an important innovation, the very first insects had no wings. They will evolve wings they will get 4 pairs of wings. Some will modify their wings. Another innovation in insects were metamorphosis (caterpillar, larva, butterfly), that complex life cycle would be scored a 1 because metamorphosis is there. One of the other innovation that allowed the insects to take of was they developed a unique manacle to chew food, it was hinged at two places and it can be swung in and out and this became the jaws that insects use to feed. The first insect only had a mandible of one joint and they used it as an ice pick to poke at to get food. An important thing is that you have to have an out group an organism that going to score zero for all of these things, the out group will be the more symplesiomorphic out of all the organisms it will have all zeros. There is one insect, a spring tail that still uses an ancient mandate that uses a ice pick like mandate to feed, it still has no wings and undergoes no metamorphosis, the spring tail scores all zeros and is the out group.

Cladogram Construction 2

- Silver fish, has no wings, no metamorphosis, but it was the double hinge for feeding, it scores one.

Cladogram Construction 3

-cockroach: has wings that can be folded in for protection, no metamorphosis, it scores 3 apomorphic characters

Cladogram Construction 4
-Housefly has still the double jointed mandible, two pairs of wings that can be folded back, since flies come from maggots it undergoes metamorphosis, so it scores a 1 in that category.

Cladogram Construction 5
- Dragon flies: they have wings perched on the sides, they never developed a mechanism to fold their wings back, this insect has double jointed mandible, two pairs of wings, no folding mechanisms no metamorphosis, no modification of the hind wings

Cladogram Construction 6
beetles: have 4 wings, front two are harder, underneath are the folded wings, we have double mandible, folding mechanisms, metamorphosis, no reduction of hind wings.

Cladogram Construction 7
When you have your matrix you add all the characteristics by columns and when you put all the organisms on a cladogram we see that the fly is at the top because it has the most derived characteristics. Your able to put a breaching diagram together and find the major evolutionary event.When making a cladogram your doing it in a unbiased way. Your taking a series of things and deciding if its apomorphic or plesiomorphic, and you put that thing together. It's not always single, sometimes when you sum up you might get a tie and you have to break ties. In cladistics……

Parsimony- the Kiss Principle
Parsimony (the most simplest), we want to have the most simple cladogram possible.

Homology vs Homoplasy The Camera Eye
what we want in a cladogram is that most of our atapomorhies should only aries once, but we do know that in the evolution of organisms sometimes there are events that happen twice. We saw already that segmentation is not a monophyletic (a single event that is inherited by everyone), segmentation occurred three different times in the animal world. We see that flight has occurred 4 different times in the animal world. In other words these are convergent evolutionary events. We don't normally see that in our cladogram, but if its there we have to acknowledge that its there. For example the camera eye, there are two groups of animals that have the camera eye, this morphology occurs in two groups. If we were to say the camera eye were to happen as a single event requires, 6 changes. But if we say that the camera eye evolved independently in two different groups, once in the mollusc and once in the vertebrates, this is two events, so this way is the least parsimonious. We will break ties in our cladogram using parsimony. In the homeotic genes, there is a series of genes called the packs genes and the packs genes code for all the biochemistry and proteins of light detection, and there seems so be a unifying event at the bottom of the evolutionary tree were light detection by cells became possible. What really has happened is that light detection surfaces has become on surfaces to be on in cups in eyes, and there is a unifying structure, so it is a monophyletic event, its just how are the pack genes shaped into the vision system that is different. No where did we have biased in our characters, we either said they were apomorphic or plesiomorphic and we built a cladogram that was the best and more parsimonious cardiogram.

Some initial definitions
classification: trying to put an order on a collection of things. For example if you collect stamps you might corder them from the country they come from. Everybody who collects things have form or ordering. Is this called classifying and you are carrying out some sort of classification. When you do your classification, you will apply a rule, then you have taxonomy of a set of rules you're applying to your classification.

Taxonomy, Systematics, Hierarchical:

when animals were divvied up, the rules have changed overtime. They are not always the same rules, systematics come along, when the rules that we will use to show in our classification, is going to be evolutionary relatedness, then we do a very special type of classification. Our rule is evolution and to identify to anyone that sees that we're using evolution we say were using systematics. So if you say were doing a classification of animals no one will know what you're going. But if you say your doing a classification of animals based on colour they will know that your doing a taxonomy. But if your grouping things because you thought there was an evolutionary related to each other, then you're dealing with systematics. Darwin told us there should be a branching diagram to create that. And thats that hierarchal aspect that Linnaeus gives us way back when he creates his Scala Naturae way back in time. Taxonomies and classification has changed over time.
