	Cambrian and Ordovician Periods
Near – End Proterozoic: (2 Billion Years as Single Celled Protists)
· Explosion of unicellular life (some bigger than others)
· Continental land masses arising from ocean near end of Proterozoic 
· Massive flourishing of invertebrates
· Consumed carbon dioxide, therefore carbon dioxide levels decrease

Why Did it take 3 Billion years for multicellular life to originate?
· Something changed in the ancient oceans (filled with bacteria, single celled protists, etc.)

Snowball Earth: (2 or 3 cycles had occurred during earth’s lifetime)
· Earth was completely covered by ice and snow
· No primary productivity during this time period
· Underneath ocean, still getting volcanic gases, sulphur gases
· Hydrothermal vents: extremophiles (low oxygen environments)
· Impossible for multi-cellular life to begin

Slushball Earth: (more likely theory)
· Near equator, there is a slushy, icy things
· Allows some of the aerobic protists and bacteria to form and survive 
· Earth was frozen over however, near the equator it was much warmer allowing more forms of life to form there

Doushantuo Fossils: (found in China)
· Spherical in shape 
· Looks like zygote 
· The thought is that these fossils represent fossilized embryos
· Are they evidence of multicellular life, or just bacterial aggregates?  We don’t know
· Prior to Cambrian

Ediacaran Fossils: (found in New Found Land)
· Predate the Cambrian
· Experiments in multi-cellular life before Cambrian (Only a hypothesis..)
· Fossilized sponges (evidence that sponges DID exist): 
· Sponges – filtration of water to trap protists, archae, bacteria ect. (because the ocean was a “soup” – lots of food)
· Colonial Choanoflagellates are the types of organisms that are seen in Ediacaran Fossils
· Very first multicellular organisms that are trapping food

Ectoderm:
· Outermost layer forms external covering and nervous system
Mesoderm:
· Middle layerform muscles of body wall and other structures between gut and external covering       Germ Layers
Endoderm:
· Innermost layerforms lining of gut (some organisms, respiratory organs)

Ediacaran Period:
· Choanocyte:
· Uses a single Flagellum (animal – like)
· When it beats (spiral), it propels water away from the sponge
· Water passes series of microvilli (acts as filter)
· Phagocytosis (to feed – like an animal)
· Collar cells of sponges (individual cells)
· Colonial Choanoflagellates: (Group of Choanocytes working together)
· Said to be the first ‘experiments’ of multicellularity
· Cluster of cells on a single stalk (sessile)
· Thought to be the ancestor of animals because:
· Molecular and morphological data of choanoflagellates 
· Ex. Many similarities between choanoflagellates and collar cells of sponges (Choanocytes)
· Nucleic acid sequencing also supports this hypothesis
· Ultimately they become Organized:
· Division of Labour between cells: (In Sponges) – however cells do not communicate with eachother
· Choanoderm: inner layer of choanocytes (inside sponge)  forms a choanoderm (feeding ones that create the circulating water)
· Pinacoderm: Skin on the outside of the animal  get food from amebocytes 
· Ameboctyes (Ameboid cells): really important because they are the cells that move the food vacuole around (wandering amoeba cells)
· Sponge: (Sex) (sacs with a cavity) – Phylum Porifera
· Spongocoel: is the opening to the environment – the cavity inside the sponge
· Choanocytes become sperm (because they have flagella)
· They undergo meiotic event to create haploid cells  Undergo mitosis (to increase number of sperm)
· Archaeocytes/amoebocyte forms egg (sponge stem cells)
· Sperm released goes to female sponge, the sperm will get trapped in the choanocytes of the female sponge and the wandering amoebocytes/Archaeocytes will then transport that sperm (given that it sperm is of the same species) to the egg to fertilize it
· Corals: (Ediacaran Fossils – possibly)
· In Ediacaran seeing begins of the corals before they start to make big coral reefs (experimental body plan)
· Coral reefs
· Equatorial, warm waters, etc.
· Most productive environments on surface of planet
· Little animals called Polyp that are living inside of Skeletons (sessile) - Cnidaria
· Thought to be occurring in the Ediacaran (Pre – Cambrian period)
· Polyp: (Became motile in Pre - Cambrian)
· Take on a second morphology instead of in skeleton
· Gastrozooid:
· Polyps that feeding (division of labour among cells)
· Gonozooid:
· Polyps that produce reproductive cells Medusa (Male-sperm, Female-egg)
· Medusa: (motile)
· Upside down polyp  tentacles surrounding the mouth
· Umbrella shape (open/close umbrella – form of locomotion)
· Mesoglea:
· Jelly-like layer of connective tissue separating gastrodermis and epidermis 
· Gastrodermis: derivative of endoderm (inside)
· Epidermis: derivative of ectoderm (outside)
· Cnidaria:
· Kingdom Cnideria – a plant with irritating hairs (jellyfish – sting)
· Are the simplest animals that display division of labour among tissues and that have nerve cells
· Preying upon large protists (by stinging them with cnidocyte cells)
· Cnidocytes: (Predators – sting and paralyze enemy)
· Is a special stinging cell (step on a jelly fish), shoots itself out with force (with poison) Biological taser

· Hydra: (related to Polyp – Form coral reefs) 
· Hydrostatic Skeleton: (invertebrate skeleton – evolved in colonial polyp)
· Structure consisting of muscles and fluid that, by themselves, provide support for the animal no rigid support such as bone is involved


Ediacaran Period: (Pre – Cambrian Period):
· Sponges
· Early group of predators forming colonies of Polyps (Colonial choanoflagellates)
· Corals
· Cnidaria
CAMBRIAN PERIOD

Cambrian Explosion: (experiments in body plans)
· Mass diversification of heterotrophic organisms over a relatively short period of time (IN OCEANS ONLY)
· EVERY SINGLE type of animal we have today (plus more that have gone extinct) had formed and had a specific body plan at beginning of Cambrian (Burgess Shell)
· The Ediacaran and Doushantuo fossils (fossil record) is evidence of this explosion 
· Snowball Earth: (oceans became oxygenated)
· Aerobic life was under stress and very difficult to happen
· All animals are aerobic therefore could not survive before the Cambrian due to a lack of oxygen
· Once Cambrian came aroundthere was oxygen in the oceans so multicellular life began to form
· Burrowing: (Organisms broke through previously impenetrable bio-film)
· Algal Mats:
· Before the Cambrian, oceans covered in dense algal mat (bio-film) therefore could not penetrate it and life could only occur on the surface
· Once Cambrianorganisms can crack through this layer!! (because they can burrow)
· Can now access all the organic minerals that were under there and flourish
· Spoon worms, priapulid worms, and annelid worms (Polychaete – bristle worms)
· Shelled Arm Race: (oceans became mineralized)
· Oceans filling with calcium
· Therefore organisms could make shells (molluscs, arthropods, etc.)
· Organisms get bigger and bigger (blossoming in size)
· Hox Genes: (Homeotic genes  genes that control pattern) – ‘tool-kit’ genes
· We can rearrange the hox genes – anterior genes can be put in the backtherefore can make head at back
· Anterior genes control cells in the front end of animals (head)
· Allows to put together animals that have patterns in their genes (anus, thorax, etc.)
· If we take hox gene from fly and put it in the mousethey still express the gene of the mouse (means that the proteins that are used in all of animal kingdom for hox genes ARE THE SAME)

Hermaphrodite: (flatworms – Platyhelminthes)
· Contain both male and female sex organs (no self fertilization)
· Advantage: 
· Every sexual encounterthere are two individuals that can produce young (double the population)
· EVERYONE mated!
· Seminal Vesicle:
· Structure that stores sperm until mating occurs
· Seminal Receptacle:
· Structure that stores sperm once SEXED each other (flatworms)
· Only AFTER INSEMINATION(transfer of sperm) will the egg mature (You can NEVER fill your seminal receptacle with your own spermReason why flatworms cannot mate with themselves)

Burgess Shales: (formed just off of Alberta – base of ocean)
· Collection of soft bodied animals
· All invertebrates (ex. Flatworms, hallucigenia, etc.) 
· When these animals fell off the edge into deep that was anaerobic no decaylayered in sediments
· Therefore you have sedimentsanimal stuck in theremore sediments on top
· Then the pressure of all that presses theses sediments into special fossils called Shales  
· You can split apart the shales 

Deposite (Substrate) Feeders:
· Planaria – picking up organic debris

Cambrian Burrowers:
· Advantages: Feeding, Anchorage, Protection
· Worm-like animals burrowing into the sedimentsgrabbing food as it passes by
· Spoon Worm (inflating of crevasses used to pick up food), Priapulid worm

Filter Feeder:
· Sponges filter feed, ALSO worms hiding in the substrate and filter feeding
· Molluscs
· Lophophorates
· Bivalve: (Clams)
· Brings in water through a tract and filters food particles out
· Also have a radula

Mollusc:
· Snails, clams, periwinkles, squids
· Body plan: 
· Shell:
· Protective structure
· Radula: (inside of shell)
· Feeding structurewhich scrapes food into small particles or drills through shells of prey
· Penetrate the Algal Mats at the bottom of the oceans
· Locamotory Foot:
· Slides along substrate
· Gastropods:
· Snails
· Wound up visura mass (thats why they have the a round spiral shell)
· Snails will be successfulthey will make it up to land
· Cephalopods:
· Squids with visura mass in a protective case (they are dominant PREDATORS)
· Cambrian Swimmers

Transcription Factors:
· Bind as “Switches” 
· Combination of transition factors can activate a gene or suppress a gene
· RELATE TO HOX GENES
ORDIVICIAN PERIOD

Blastula:
· A hollow ball – one cell thick (nothing inside it)
· Blastopore: 
· First opening – specialized cells extend inside blastula to form ecto and endoderm and gut (Protosomes – Mouth, Deuterostomes – Anus)
· Gastrula: developing endoderm, developing the primitive gut in embryo, putting ecto and edoderm into play

Mesoderm Formation:
· Mesoderm develops into muscles
· Forms in one of two ways
· Schizocoel: (splitting of coel)Series of cells that split open and there is a cavity inside (body cavity)
· Entercoel: Take cells from the primitive gutbecome mesoderm and get body cavitiy



Animal Body Shape:
· Symmetrical Body Plan: body that is symmetric down the middle or arranged around a central axis (radial)
· Radial Symmetry:
· Body parts arranged regularly around a central axis (spokes of a wheel) ex. starfish
· ANY cut down the axis splits the animal into two identical halves (ex. Cnidaria and Ctenophora)
· Bilateral Symmetry:
· Have left and right sides that are mirror images of one another (down midline) 
· Anterior (front), posterior (back), ventral (lower), dorsal (upper)
· Types of Body Cavities (Triploblastic animals):
· Acoelomate: (least advanced)
· animals without body cavities lost mesoderm cells that are packed in the region between the gut and the body wall
·  (
“Tube-within-tube” body plan
)Pseudocoelomate: have Pseudocoelom (fluid – filled area between gut and body wall)
· Muscles of body wall derived from mesoderm
· Gut Gut derived from endoderm
· Epidermis derived from ectoderm
· Internal organs are bathed in fluid and lie in the pseudocoelom
· Coelomate: (most advanced)
· Coelom: fluid – filled body cavity lined by mesoderm (thin tissue – peritoneum)
· Separated into Two Lineages of Animals: (based on development characteristics)
· Protostomes:
· Blastoporedevelops into mouth (other end is anus)
· Schizocoelom: Space between layers when mesoderm splits into inner and outer layers (near blastopore) 
·  (
Characteristics that differ in protostomes 
and Deuterostomes.
Other characteristics are:
Protostomes
 – Nervous system & Brain lies on ventral side of body 
Deuterostomes
 – Nervous system and Brain lies on dorsal side of body
)Spiral Cleavage: 
· First two cell divisions cuts zygote into 4 wedges
· Subsequent cell divisions occur at oblique angles to vertical axis
· Lies in a groove of the pair of cells below it
· Deuterostomes:
· Blastopore  develops into anus (other end is mouth)
· Enterocoelom: space pinched of by the outpocketings
· Radial Cleavage:
· Third cell division of zygote is perpendicular to vertical axis of embryo
· Mass of cells that are stacked directly above and below one another
· Ex. Humans – this is why we have twins (indeterminent cleavage-fate of cells in zygote determined later)  two cells produced by first cleavage sometimes split apart and develop into identical twins

· Body Cavity:
· Hydrostatic Skeleton: provides basis for locomotion (LINK TO HYDRA AND STARFISH)
· Tube Feet:
· Little hydrostatic skeletons used to transfer food to mouth
· Use tube feet for walking (locomotion)
· Environment where egg and sperm can develop
· Transportation of nutrients and products of metabolism 
· Water Vascular System: (unique to starfish)
· Each tube feet is isolated from one another so it can work as a hydrostatic skeletonlocomotion
· Predators (feed on clams and corals)

Bryozoa: animals that live inside casings
· Colonial animals
· Lophophorates: filter feeding (lophophore – type of feeding structure)
· Ciliated tentacles that create water currents pull water in with food particles and filter the food to eat
· Colonial filter feeder
· Take advantage of calcium in oceanprotective shell
· Bryozoans involved in building coral reefs

By the end of the Ordivician:
· all animal forms are present
· Mass extinction

Carnivores:
· Organisms that eat only meat
· Ex. 

Herbivores:
· Organisms that eat only plants
· Ex.

Omnivores:
· Organisms that eat plants and meat
· Ex.

Onychophora: (phylum)
· Velvet worms
· Fossil of Onychophora are represented in the Burgess Shale fossils) – From Cambrian
· Represents one of the successes in the Cambrian experiment (explosion) – because body plan has not changed

Ectoparasite:
· Parasite that lives on the exterior of its host
· Ex. Leeches, mosquitos

Endoparasite:
· Parasite that lives in the internal organs of its host
· Ex. Tapeworms, roundworms 
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