Cambrian and Ordovician Keywords:


Cambrian:
· [bookmark: _GoBack]A period in the Paleozoic era from 550-488 Million years ago
· The first multicellular heterotrophs appear on land
· Every single type of animal makes it’s appearance on the planet.
· The continents are starting to emerge from the ocean and they are pure rock –no soil or plants. 
· Rain is eroding the continent and there is a huge array of minerals dissolving into the ocean. There are diverse bacteria and single-celled organisms in the ocean and all of a sudden multi-cellularity arises.

Burgess Shales:
· In some parts of Laurentia shelf animals (underneath the water a shallower part of the ocean where sunlight penetrated and thus allowed for trophic abilities) fossilized really well even though they were invertebrates.
· Sediments got pushed up over the last 500 years and these fossils are now in the Brugess Shales of Yoha National Park.
· They are important because they allowed to see fossils of this age.

The Cambrian Explosion:
· There is a huge range of diverse animals in the fossils.
· These fossils are abundant 
· Diversity happened all at once NOT a gradual slow change
· Can be explained through:
· Snowball/ Slushball Earth
· Burrowing
· Shelled arms race
· Developments hox genes

Colonial Choanoflagellate:
· The body plan of sponges
· A mat of colonial choanocytes curled on themselves creating a chamber.
· Protected by Pinacoderm.
· Chonaocytes are pumping water to create a water current going through the wall to the central chamber.
· First multi-cellular organism to filter feed by pulling particulates out of the ocean.
· When there is multi-cellularity there is differentiation through reproduction.

Choanoflagellate:
· A protist with a flagellum surrounded by a collar of microvilli.
· As the flagellum moves water through the collar, the projections trap and engulf bacteria and particles of organic matter from the water.
· Sessile- attached to a surface; a number of species are colonial
· Both molecular and morphological data indicate that a Choanoflagellate type protist gave rise to animals.

Colonial Choanocyte Ancestor:
· A variation on the unikont; has a cell body and microvilli that form a collar (microvillar ring) and a flagellum that extends out which beats to create a water current.
· Water is pulled towards the flagellum through the microvilli, and out.
· Food particles get trapped by the microvilli and are ingested by phagocytosis.
· One Choanocyte does not filter water as efficiently as multiple choanocytes thus forming a colony becomes advantageous to filter more water and get more food.
· Ancestor to all animals; microvilli form a cell skeleton and in all animals it is identical to the cytoskeleton developed by choanocytes. 

Tissues:

Ectoderm:
· A type of tissue in both diploblastic and triploblastic animals
· Forms the outer body covering and things derived from it
· Example: nerve and skin

Endoderm:
· A type of tissue in both triploblastic and diploblastic animals
· Lines the digestive tract and related structures

Mesoderm:
· Only found in triploblastic organisms
· Between the ectoderm and the endoderm
· Forms muscle
· Will make it’s appearance by Schizocoel or Enterocoel

No tissues:
· No cell-to-cell communication
· Still an animal because it has differentiation of cells

Diploblastic:
· Have an ectoderm and an endoderm
· The simplest animals

Triploblastic:
· Having all three germ layers
· Mesoderm can derive into muscle

Body Cavities

Acoelomate:
· Do not have a body cavity
· A mass of cells, derived largely from mesoderm packs the region between the gut and the body wall
· Ex. Flatworms (Platyhelminthes)

Coelomate:
· Have a fluid-filled body cavity
· Completely limed by mesoderm
· The inner and outer layers of the mesoderm connect forming mesenteries, membranes that surround the inner organs and suspend them in the coelom
· Most animals in the living world have coeloms. 

Pseudocoelomate:
· A fluid-filled space between the gut and the muscles of the body wall. 
· No mesoderm associated with the gut
· Ex. Roundworms 

Symmetry and Cephalization:

Asymmetric Body Plan:
· Irregular shape – no symmetry in any plane
· Sponges are the only phyla exhibiting an asymmetric body plan

Radially Symmetric:
· Body parts are arranged regularly around a central axis
· Associated with sessile animals living attached to the substrate or passively floating in the water
· React equally in all directions to their environments
· Cnidaria and Ctenophora 

Bilaterally Symmetric:
· Left and right sides are mirror images of each other
· Have anterior and posterior ends and dorsal and ventral surfaces.
· Always travel in one direction and sense where they are going.
· Anterior often has specialized sensory structures concentrated on the head and require an increase in nervous tissue. 
· Most common suggesting active approach was more advantageous than passive lifestyle of radially symmetric

Cephalization:
· The development of an anterior head where sensory organs and nerve tissue are concentrated
· Occurs in bilaterally symmetric organisms
· A result of natural selection


Embryology:

Spiral Cleavage:
· Zygote undergoes cell division, first product is two cells, and second product is four cells.
· Next division is equatorial and goes through the central plane. If the division occurs at oblique angles and each cell at the top of the embryo lies in the groves of the cells below then spiral cleavage occurred.
· Characteristic of protostomes.

Radial Cleavage:
· Zygote undergoes cell division, first product is two cells, and second product is four cells.
· Next division is equatorial and goes through the central plane. If the division is vertical producing a mass of cells stacked directly above and below one another then radial cleavage occurred.
· Characteristic of Deuterostomes. 

Mesoderm Formation:
Schizocoel:
· The series of cells that proliferate at the lip of the blastopore and the junction of the endoderm and ectoderm will differentiate into mesoderm. 
· Thus, mesoderm originates from a few specific cells near the blastopore.
· The coelom originates as a split in the mesoderm.
· Characteristic of Protostomes.
Enterocoel:
· Mesoderm forms from outpocketings of the archenteron. 
· As the primitive gut starts to form some of the cells at the upper end start to differentiate into mesoderm and a little bubble of cells form and pinches off.
· The coelom forms from the space inside the little bubbles i.e. the space inside the outpocketings. 
· Characteristic of Deuterostomes. 

Coelom formation:
· (see Mesoderm Formation)

Blastopore:
· The opening at one end of the archenteron which develops into the opening of the digestive tract
· Gives rise to the mouth in protostomes 
· Gives rise to the anus in deuterostomes 

Lineages:




















Protostomes: 
· Demonstrate spiral cleavage
· Mesoderm and coelom form via Schizocoel
· Blastopore develops into mouth

Deuterostomes:
· Demonstrates radial cleavage
· Mesoderm and coelom form via Enterocoel
· Blastopore develops into anus 

Lophotrochozoan:
· Lophophore: a circular or U-shaped fold with one or two rows of hollow ciliated tentacles surrounding the mouth
· Trochophore: specialized larval stage of development
· Exhibit bilateral symmetry

Ecdysozoa:
· Moult their external skeleton and grow into a new one
· Ecdysis is the process of moulting
· Arthropods account for over 90% of the species of animals that have ever been found on earth

Segmentation:
· The production of body parts (and some organ systems) in repeating units
· Ex. earthworm

Phylum Porifera (sponges):
· Feeding Habits: Choanocytes are pumping water through the central chamber and amoebocytes carry the food and transport it to all the other cells.
· Filter feeder: feed by straining suspended material and food particles from water
· Amebocytes: a mobile cell in the body of invertebrates that may digest or distribute food or dipose of waste. Moves by pseudopodia.  Also known as archeocytes.
· Reproduction: Choanocytes undergo a morphological change and become sperm (because it already has a flagellum). When the season is right for reproduction the sponge will release a cloud of sperm. This is taken in by another sponge which is pumping water. It is trapped by choanocytes, passed to amebocytes and is carried until an egg is found. The sperm and egg then are fertilized 
· Locomotion: Sessile

Phylum Cnidaria:
· Polyps:
· Sessile 
· Radially symmetric 
· Structure best exemplified by hydra – a sac with a series of tentacles at the top. Has two tissues, no mesoderm (diploblastic)  
· The Gastrodermis (an endoderm derivative) is formed of composite cells and allows movement to occur. Includes sensory receptor cells, gland cells, and phagocytic nutritive cells.
· The epidermis an ectoderm derivative and is thus the outer layer.
· The mesoglea is the middle glue between the two layers.
· Locomotion: Sessile.  Have longitudinal and circular muscles. But use their water-filled gastrovascular cavity as a hydrostatic skeleton  (a structure consisting of muscles and fluid, that by themselves, provide support for the animal or part of the animal; no bone is involved). When some cells contract, fluid within the chamber is shunted and the body changes shape and moves in a particular direction.     
· Feeding habits:  Predators (an animal that preys on others)
· Cnidocytes: unique cells of the epidermis, prey-capturing and and defensive cell. Contains the nematocyst, which contains an encapsulated coiled thread that is fired at its prey. Touch, chemical signals, or vibrations may trigger discharge of nematocysts. The toxin can paralyze small prey. They then use their tentacle to draw in the prey to their mouths. 
· Gastrozooids are polyps that are specialists at feeding
· Medusa:
· Pola that have been turned upside down
· They float passively in the ocean because of their radial symmetry
· Locomotion: Able to open the bell of their upper surface and when it squeezes the bell water jets out and it has directed movement upwards. Rises up in the water column and drifts slowly back down. It only has circular muscles and elastic bell causes the muscle to contract and spring back to its original position. 
· Feeding habits:  Predators
· Hope tentacle will bump into something while floating
· Cnidocytes: unique cells of the epidermis, prey-capturing and and defensive cell. Contains the nematocyst, which contains an encapsulated coiled thread that is fired at its prey. Touch, chemical signals, or vibrations may trigger discharge of nematocysts. The toxin can paralyze small prey. They then use their tentacle to draw in the prey to their mouths. 
· Reproduction: Colonial polyps have a division of labour. Gonozooids are specialized polyps at making the gonads. They produce small medusa which, when mature, undergo the meiotic event to make gametes. Sperm and egg will be released in the water and find each other and undergo fertilization to create a zygote. The zygote will undergo cell division to become multi-cellular, settle to the ground, maybe move a bit using cilia, and will form into a polyp and produce gonozooids. 

Coral:
· Coral reefs are built by cnidaria 
· Major modifiers to the ocean environment that are going to effect all oceanic organisms
· Cnidaria sticks itself out, waves its tentacles around and catches food

Phylum Platyhelminthes (Flatworms):
· Feeding habits: A single opening serving as the mouth and the anus on bottom of organism picks up organic sediments while gliding across the substrate. Digestive system is lined with cilia and they beat so that there is a current of nutrients that circulates through the entire organism. 
· Locomotion: Takes all of its circular muscles and it contracts them, lengthening the planaria. It glues it head to the substrate and contracts it’s longitudinal muscles shortening the planaria towards it’s head. It then glues its bum to the substrate, releases it’s head and contracts circular muscles.
· Sexual Reproduction: Hermaphrodites
· A testis produce sperm, which travels down the sperm ducts and is stored in the seminal vesicle. 
· When two flatworms mate, they exchange sperm from their seminal vesicles to their seminal receptacles. 
· Only when sperm is received in the seminal vesicle will the eggs begin to mature. The eggs will trundle down the sperm duct and receives nutrients from the yolk gland.
· A small amount of sperm will be released when the egg passes the seminal receptacle.

Phylum Nematoda (roundworms):
· Moult their cuticle four times during their lifespan
· Feeding Habits: gas exchange occurs across cuticle to get nutrients. Pharynx and muscles are used to swallow food.
· Locomotion: only had longitudinal muscles and contracts them on one side of the body relative to the other. Results in a sinusoidal or thrashing movement; efficient way to move through soil, sand, cells, and tissues. Muscles are innervated when muscle sends out cytoplasmic arms to the nerve cord. 
· Sexual Reproduction: Fertilization is internal and female nematodes produce large numbers of eggs. Amoeboid sperm (no flagella or cilia) 

Phylum Bryozoa (aquatic moss):
· Feeding Habits:  Filter feeders. Use tentacles to create a water current so that cilia can trap particulate materials and bring the particulates into the mouth and down the digestive system. Feeding structure is extremely mobile it can twist and spiral to ensure that it receives the optimal amount of food. 
· Locomotion: sessile
· Reproduction: asexual

Phylum Trochozoa (Mollusks):
· Feeding Habits: use their teeth-like radula to scrape substances off the substrate to make particulate food. Use cilia to pass food down into the mouth and down the digestive system.  First organism to be able to protect itself while feeding – protective shell uses calcium from the water (via. the mantle)
· Locomotion: have a muscular foot to provide means of locomotion
· Reproductive: Sexes are usually separate. Zygotes develop into a larval stage called a trochophore which are ciliated and free-swimming. 

Class Gastropods (snails):
· A class of mollusks 
· Special Adaptation: Wrapped shell into a spiral shape so that they can completely retract themselves to protect from predators and maintain their moisture on land.
· Some snails are hermaphroditic. 

Class Cephalopods (squids and octopi):
· Ancestral forms had a conical shell containing viscera and foot and mouth sticking out.
· Shelled squid and octopi disappear with the arrival of predatory fish
· As a consequence there is a jet propelled organism
· Have a visceral system that is almost identical to ours, communicate through light.

Class Bivalvia (clams):
· Enclosed within a pair of shells hinged together by an elastic ligament.
· Mobile and use their muscular foot to bury in the sand.
· Part of the mantle forms two tubes:
· Incurrent tube: water enters and gills trap food which is moved into the clam by cilia. Acceptable bits are carried to the mouth
· Excurrent tube: water exits with metabolic waste and feces

Phylum Annelida (worms):
· Feeding habits: annelids have a complete digestive system with a mouth at the front end and an anus at the rear. They burrow into the ground, open their mouths, and consume the substrate. They would eat organic debris, algae, microscopic organisms, and other animals and the rest would come out their anus.
· Locomotion: annelids have both circular and longitudinal muscles, which are used for movement. When the longitudinal muscles contract the circular muscles enlarge and a set of spikes emerge on the ventral side to anchor the worm in place. Then the circular muscles contract, the segment extends as the spikes are released. 
· Sexual Reproduction: Hermaphrodites, worms exchange sperm when they mate. Newly hatched worms have an adult morphology. 

Phylum Onychopora (velvet worms):
· Has a flexible cuticle and moults it. 
· Segmentation – repeated little feet along the body for locomotion
· Feeding habits: effective predator – squirts glue at its prey immediately when it touches it, immobilizing them.
· Reproduction: Sexes are separate and fertilization is internal. Many produce live young. 

Phylum Anthropoda:
· Have a segmented body encased in a rigid exoskeleton, a complex of chitin and glycoproteins. Cuticle is hardened by calcium carbonate. 
· Crustacea undergo tagmatization; instead of having every segment do exactly the same thing, structures are modified and clustered based on their function.
· Shed their cuticle when a new one develops under the old one in the process of ecdysis. 
· Feeding: capable of filtering the algae out of the water and using them as a food source. They are the primary consumers; second trophic level of the ocean.
· Locomotion: each segment has a pair of lateral appendages sometimes specialized for locomotion. 
· Sexual Reproduction:

Phylum Echinoderm (starfish and relatives):
· Have radial symmetry in the adult stage. Larva bilateral symmetry. 
· Feeding Habits: Tube feet are used to push food down towards the mouth. Catch large particulate matter before it falls to the substrate – NOT filter feeders.
· Locomotion: sessile on stauks Move using a water vascular system. 
· Reproduction: separate sexes. Release gametes into the water. Eggs demonstrate radial cleavage. 





CCA


No nerves


Porifera


Nerves


Radial Symmetry


Bilateral Symmetry


Cnidaria


Protosomes 


Deuterosomes


Echinodermata (starfish)


Segmentation


Chordata


Ecdysozoa


Pseudocoelom


Nematoda


Segmentation


Anthropoda


Onychophora


Lophototrochozoa


Lophophore


Brachiopoda


Trochophore larvae


Mollusca

















































L e———)

e o X
s ot ot e s ey o el b
e Thear s b s i b e

i s o et s s et e ot sl
ol e mhert S et s showed o P
e o gy s

+ Ty e mper e e oo sl i 5

e e rane o s s b he s

Pt
e

b

o et
o pmang wtr e s e et g e
[ —

oottt
ok g st by ol f il
£ el st v ol e ot




