Cambrian and Ordivician


Cambrian Era (540 MYA)- origin of animals (burrowers and swimmers)
Up until now, everything has been single-celled, even the large aggregates were considered a bunch of single celled organisms stuck together with no mechanism of communication. Multi-Cellular Life seemed to arise almost at once!
During the late Cambrian era, there was a huge vast area of shallow seas sitting in the primary productivity zone of the planet, along the equator. The first multicellular forms start to feed on the primary producers. 
[bookmark: _GoBack]There is a possibility that the first multicellular organisms actually pre-date the Cambrian, a period in time when there was a massive increase in the biodiversity of multicellular animals on the planet. There were so many new animals that suddenly appeared in the Cambrian rocks that biologists refer to it as the Cambrian explosion! – used as evidence against Darwin’s theory of gradual change.
Burgess Shales
· Contain fossils of animals that were dying and landing in sediments that had no oxygen and sediments kept building on top of them..
· These fossils contain things that had shells, and the fossils of soft-bodied animals, also known as the invertebrates.
· There are hundreds to thousands of fossils of these organisms, perfectly preserved invertebrates. Contains a set of animals that have never been seen before! Very weird!
· Discovered by Walcot, the head of the Smithsonium & he pronounced them arthropods but never let people look at them.
· Two grad students from England opened up the fossil beds and evaluated these amazing fossils of these strange creatures. 
Burgess Shales Unusual Invertebrates
· The animals in the Burgess Shales fossils are so strange and not similar to any animals we see today and since they do not look like what we see today this means that when multi cellular life arose it was at its most diverse and complex. The amount of diversity and complexity has been diminishing over time instead of increasing.
· There are about 30 animal body plans that appear in the Burgess Shales that are still here today, like wormy structures, exo-skeletons and mollusks. The thing is, there are a lot sets that have never made it through time. Contradicts Darwin’s Theory of gradual change.


Colonial Choanocyte Ancestor
· Also known as a choanoflagellate, the ancestral cell to all organisms.
· A group of free-living, unicellular organisms and are colonial flagellate eukaryotes considered to be the closest living relatives of the animals.
· Pumps water  with its flagellum to trap algae in the microvilli and uses phagocytosis to consume nutrients.
· It is at the bottom of the evolutionary tree and as it evolves will gain body symmetry.
· Sponges are the first group to do this and rely on these choanocytes.
Animal Architecture
Multicellularity is all about cells working together while communicating with each other, like chemical signals moving between cells that coordinate cells. 
1. Tissues
· Organisms evolved from a group not having tissues into being dipoblastic; contained ectoderms and endoderm layers.
· Some were triploblastic: contained ectoderm, endoderm and mesoderm.
· Ectoderm, nervous tissue. Endoderm, gut tissue. Mesoderm, muscle tissue. 
Example: Sponges
· They are a part of the group that of animals that do not have tissues or cell to cell communication but are considered multicellular since there is a division of labour within the cells. <kelp and algae do not have this and are, thus, considered single celled>
· What they have accomplished is to take the choanocytes and organize them in a sheet inside a hollow structure.
· A simple sponge is like a vase with a wall of choanocyte lining the inside and on the outside is the the pinacoderm, composed of pinacocytes. An epidermis-like structure
· All of the choanocytes lining this cavity pump the water out the top of the sponge; therefore, we have water movement and choanocytes are still consuming through phagocytosis.
· This is why a sponge is multi-cellular since there is different cell types doing different cell functions.
· Amoebocytes are also present which is used as a mechanism for food transportation to all the cells and all capable of cell division.



Sponge Sex
· Morphs the choanocyte cell into a sperm, since it has a flagellum, large numbers of these cells are turned into sperm which flow out of the sponge, called smoking since it looks like haze coming out of the sponge.
· A neighbouring sponge turns its archeocytes, or ameobocytes, into an egg. The sperm gets trapped in the microvilli and gets consumed by phagocytosis if it is not a sponge sperm but if it is a sponge sperm it passes it to an ameobocyte which brings it to the egg which is then fertilized into a zygote. Thus, a baby sponge is formed.

2. Symmetry and Cephalization
· Tells us a lot about the life styles and mode of living of these organisms, when tissues were developed, symmetry was also developed.
· Assymetric: organisms that are not symmetric.
· Radial Symmetry: if you slice through the middle of the organism from the oral to the aboral side, they will be identical to each other and able to do it from multiple planes
· This is prime for sessile organisms that live on the bottom of the ocean and do not move. Also optimum for organisms that just float, need to be able to have good sensory motor.
· These types of organisms have diploblastic tissues e.g. corals and jelly fish
· Bilateral Symmetry: the organism is symmetric from the oral to the aboral end of the organism and there is only one plane you can divide the organism to get a mirror of each other. e.g. humans; these types of organisms have tripoblastic tissues
· An organism that uses its motor skills to move and has a directed motion. When we have directed motion we need to get sensory information to an organism about where it’s going.
Radial Animals/Diploblastic Organisms
Example 1: Corals
· An animal that has diploblastic tissue and is radial symmetric and immotile at the bottom of the ocean. Works in colonies to form coral reefs formed during the Cambrian era in shallow waters, which create a very bio diverse habitat.
· Made up of an animal called a polyp, living inside the skeleton which feeds and grows the skeleton enlarges which makes the coral reefs.
Example 2: Cnidaria
· A phylum in the kingdom animalia, eukaryote domain which contains species of animals found in marine environments.
· Distinguished by the use of the cnidocytes which are specialized cells used to capture prey.
· Examples: hydra and jelly fish, both predators.
· Hydra is potentially the first animal to move because of its hydrostatic skeleton which is used to get lengthened muscles back into its original form. Is diploblastic but has muscle fibres, NOT muscle cells. Has an incomplete gut, so regurgitates undigested food.
· Cnidarians have a life cycle which moves from immobile to mobile. The mobile stage, known as the medusa, is the swimming stage in the cnidarian life cycle. 
· Jellyfish is in the stage of medusa, it has a hydrostatic skeleton that allows it to move by contracting and expanding the bell of the jellyfish, which squirts water, then expands. 

Embryology 
[image: http://salinella.bio.uottawa.ca/BIO1130/Lectures/Images/Embryologyweb.jpg]

· Multicellular organisms started life as a fertilized egg – the zygote. Cells divide from a 2-cell stage to a 4-cell stage and the 8-cell stage. The third division passes across the equatorial axis of the four cells and results in four cells on the top and on the bottom. There are only two ways to orient the top cells relative to the ones underneath:
· Radial cleavage, of the deuterostomes, e.g. vertebrates likes mammals. The cells on top balance right on top of the cells underneath them with the rounded bottoms of the top cells directly over the rounded top of the cells below in a stable position. 
· Spiral cleavage a characteristic of the protostomes, like flatworms and arthropods. The cells on top position their rounded bottoms in the groove of the cells underneath them. To do this they have to rotate a bit to get into this stable position and when seen from the top the cleavage products appear to rotate or spiral. 
· As cell divisions proceed the embryo ultimately resembles a hollow ball of cells with a single layer of cells. It one end a dimple appears and grows to become an invagination with the invaginated cells destined to become the endoderm and the gut of the embryo. This opening will be one of the openings to the digestive tract and will either be the mouth or the anus. In protostomes it becomes the mouth in deuterostomes the anus.
Gastrulation
· The next divisions after radial or spiral cleavage will create a hollow ball of cells known as the blastula stage that occurs in all animals, regardless of which cleavage used.
· Blastula is only ectodermal at that stage but will soon gain an endoderm by invaginating internally.  Cnidarians and other diploblastic organisms freeze at this stage.For triploblastic organisms, mesoderm will enter in between these layers by 2 ways: 
· Schizocoely: mesoderms proliferate at the opening of the primitive gut, the blastopore, then the mesocells migrate and fill up the space between the two tissues then a split occurs, which forms the coelom.
· Enterocoely: mesoderm develops from the endoderm pouches of the gut which then forms a coelom.
Bilateral Symmetric/Triploblastic Organisms 
· LINEAGE 1/PROTOSTOMES: SPIRAL CLEAVAGE, BLASTOPORE MOUTH, SCHIZOCOELY MESODERM FORMATION.
· phyla: molluscs, flatworms, arthropods

· LINEAGE 2/DEUTOROSOMES: RADIAL CLEAVAGE, BLASTOPORE NO MOUTH (ANUS) AND ENTROCOELY MESODERM FORMATION.
· phyla: chordate, starfish, mammals
Body Cavities
· advantages: gut can move and digest food without body having to move at the same time, can be a transport medium, thermal sink for heat and a place to proliferate organs.
Acoelomate: organisms that do not have a coelom and lose the advantages that come with it, like proliferation of organs. E.g. flatworms
Example: Flatworms (Platyhelminthes) 
· Life’s processes occur in a 3d space, which is the volume and the supply is across the surface of the organism. 
· The volume is directly proportional to the surface area so when you increase the surface to volume ratio, more processes occur like in larger animals. Flatworms optimize the volume-surface area ratio without a coelom
· they do not have an anus an their mouths are under its belly
· not a free-living animal; can live in body cavities and parasitize animals fluid filled spaces.
· Have a hydrostatic skeleton that’s works with the muscle and is covered in cilia which create a metachronal wave to give this creature a gliding movement across the substrate
· Feeds on cnidarians and can consume cnidocytes which then covers the surface of the worm like a protective shield.
· Hermaphrodite: can reproduce with any other individual in the species but can not reproduce with itself, mechanism prevents self-fertilization. Advantage is that off springs can occur from both genders.
Pseudocoelomate
· Has only mesoderm associated with ectoderm. The digestive track does not have a muscle track, the muscle is only involved with movement and change on the outside of the organism
· In order to digest food, the organism has to use its body; usually animals that specialize in miniaturization 
Example: Nematodes
· Microscopic multicellular organisms, like pin worms, that have a pseudocoelomate 
· There is no connection between the organ systems, which is moot since the organism is so small. 
· Muscles are arranged longitudinally and moves in a whip like motion. 
· Unique: communicate with nerve cells through the use of a cytoplasmic arm of the muscle cell being connected directly to the nerve cell, instead of the use of messages from the axon
· Nematode sperm are amoeboid; without flagella.
Coelomate: organisms, like humans, which have a coelom for the proliferation of organs and more.
Protostomes
- Bilateral Symmetric/Triploblastic Organisms 
- Spiral Cleavage-Blastopore mouth- Mesoderm formation by schizocoely 
- 2 groups; Lophotrochozoa and Ecdysozoa (have exoskeleton made of chitin)
- Lophotrochozoa: no morphological unifying trait from the lophophores and trochopore but share either larval stage. Lophophores develop their feeding structures as adults which is a small mouth with tentacles while Trochophores have a unique larval stage and become sessile.
Cambrian Explosion
Why did this explosion occur and why did so many animals suddenly appear on the planet during this time? Fossils show that protoanimals with the same architecture like early cnidarians or sponges may have been present before this explosion. The following are reasons why animals may have suddenly appeared during this time, which all happened at once:
Snowball Earth: may have impeded multicellular life
· In the late Proterozoic there was an unusual combination of circumstances that resulted in the whole planet freezing solid. No free marine water or land (nothing was living on land). 
· Continents were merging from under the oceans and out of the water and were all positioned right on the equator; land was bare rock. 
· Consequences: water in the oceans are better at absorbing heat than bare rock, so the heat Earth usually absorbed was being reflected back causing the Earth to cool. The oceans started to mineralize because of precipitation; calcium silica and iron were all eroding in to the ocean because of the precipitation rolling off the rocks.
· CO2 and water react to make carbonate and this compound is capable of being in equilibrium which occurs in all aquatic areas. Now that minerals are in the water, they will react with the carbonate ion which form salts that precipitate out of the solution. Thus, the CO2 levels start to deplete and since it is an insulating gas we lose more heat.
· Ultimately, the ice mass enlarges and keeps enlarging until it starts reflecting away more solar energy than can be held which makes the planet freeze solid
· Life in the ocean becomes limited, photosynthesis is nearly impossible.
· This was deduced when the rocks of this period were examined and glacial sediments were imbedded within the rock.
· As geologic activity occurs under the ocean, like plate tectonics and volcanic eruptions, the planet will soon melt back. 
Burrowing
· The Cambrian burrows were able to break through the algal biofilm, they then harvest the organic material contained. e.g. earthworm.
· Can hold themselves in place by using their burrows and hide from predators.
· Advantage: feeding, anchorage, and protection


Shell arms race
· Predation was on the rise during the Cambrian era, like the strange shrimp that had two large claws, a tail & teeth and could grow to 2 feet in length.
· Animals needed to protect themselves and the ones with shells used their shells to hide and protect themselves like the lophophores, and corals. Can use spikes too.
· Some were sessile with shells and others were motile, like the arthropods.
Hox Genes
· How do we get cells to organize themselves so that, for example, there is a posterior and anterior end? Something has to program the cell to accord to the pattern and organization.
· Homeotic genes: pattern genes that define the appearance of an organism.
· Hox genes create transcription factors, which are factors that are RNA strands which control the genetics of the cell to determine its fate.
· In eukaryote cell regulation, transcription factors are responsible for folding nucleotide genetic info for the genetic code to bring regions that are on the gene sequence close to each other to undergo transcription or translation.
· Depending on how you fold them ,you can get a different product (little info)
· E.g. RNA strand blue difuses out through the embryo which creates a gradient of it in the organism in, for example, the posterior end and another RNA strand black creates a gradient in the anterior end.
· These transcription factors are arranged genetically in the body, in a fruit fly, the set of transcription factors are controlling each element of its body like the thorax, abdomen, antennae and legs.  See slide colour example.
· In the fruit fly study, Hox genes were misplaced which created mutant flies, like Hox gene of the legs was placed in the posterior which caused legs to sprout out the head because those transcription factors were specialized to make that.
· All of the animal world’s body and pattern,s regardless of what it is, is regulated by the same transcription factors across all animals. So when the Cambrian era went into effect, the first genes that were successful with this genetic mechanism also arose and has become more complex over time from simple sponges to complex humans. These transcription factors are also present in plants.
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