
Cambrian and Ordovician periods

Cambrian

· First geological period of the Paleozoic Era spanning from 543-490 Ma
· Starts with the appearance of multicellular organisms and ends with the formation of Gondwana
· Atmosphere is now what it is today
· Cambrian explosion (photosynthetic life, and new life forms)
Ordovician period

· Second period of the Paleozoic
· Start of 458 Ma
· Dominated by trilobites
· Second mass extinction of the five 
· It is said that the Ordivican is due to an ice age
· 50% of the diversity disappeared, except for bryozoans and trilobites
· Laurentian plate (where North America will emerge from) 

· It is sitting on the equator and is surrounded by a large continental shelf (lots of shallow oceans with sun penetration with warm climate) 

· The prime zone is always across the equator for productivity 

· Coming into the Cambrian, the continental masses are coming out of the water

· We end up with shallow seas that are sitting in the primary productivity zone; instead of single cell things eating the primary producers, we have our multi cells eating the primary producers 

· When you go around the world and find these areas, you find lots of fossils 

· This explosion of the Cambrain was used against Darwin’s gradual change

· About 30 years ago, fossils were found in the white line 

· This is the equivalent to the Canadian Rocky Mountains 

· Off that shoreline, animals were dying and were landing in the sediments that had no oxygen; the sediments kept building (this caused fossils to be formed) 

· These fossils contained in them, not only the fossils of things that had shells but also those fossils of soft bodied animals (invertibrate) 

· These fossils have now gone to the top of the land in Yoho National Park

· When you break the strata, you find impressions in the invertebrates

· There aren’t just 1 or 2 of them, there are hundreds of thousands of the same organisms 

· We have side views, front views, etc.

· You can even take away the epidermis and look at the organelles inside 

· You can see what it was eating 

· When you look at the Burgess Shales, you see thousands of animals that have never been seen again 
Burgess Shale fossils

· Layer of stone, when over time, sediments were deposited and pressed together 
· Can see soft bodied organisms- not just shelled organisms (can even take the skin off the organisms and dissect it to see the organs and what the organism ate
· Found in Yoho National Park
· Our concept of evolution goes from simple to complicated, however they show that there was more diversity then than there is now
Cambrian Explosion

Cambrian explosion


· The quick appearance of many new organisms in a short period of time – major diversification of animals, phytoplankton and calcimicrobes
· Contradicts Darwin’s theory because he stated that evolution happened gradually over time, yet all the organisms appeared under a brief amount of time
· Photosynthetic life explosion
· Development of triploblastic organisms
· The fossils were found, but it was never seen that these fossils were of creatures that were never found before; Walcott didn’t know what they were, so he said that they were all arthropods, not new animals; no one else could look at these fossils because Walcott didn’t let others see his fossils

· After he died, 2 grad students from England went to the Smithsonian and looked at the fossils

Burgess shales and its unusual invertebrates

· The burgess shales are troubling to scientists because these animals are creatures that we have never seen before 

· The problem is that the structure of these new animals appear all of the sudden (no intermediate fossils) and they will disappear just as quickly 

· Where did they come from?

· When cellular live arose, it was at the most complex that it has ever been and that the amount of diversity has been decreasing over time

· This is the opposite of what we think (diversity increases)

· There are about 30 types of creatures that are still here today 

· Things with exoskeletons

· Things that live in shells (mollusks) 

· This is contradictory to Darwin’s gradual change and increase in diversity

· What was going on in the Cambrian that allowed this to occur? 

· When they were discovered and re-analyzed, when we realized that the location was perfect (prime zone), we could figure out where else they could be (anywhere that was in the prime zone > green land, china, south america etc.)

· The Cambrian is the story on the origin of animals; we have 2 kinds of animals 

· Animals that are going to burrow in the sediments

· Animals that live in the water and get their prey down there

Animal architecture

· tissues

· symmetry and cephalization

· embryology

· body cavities 
animal architecture: Tissues

· Developing tissues is one of the biggest things 

· Allows for communication between different functioning cells 

· Chemical signals that are moving between the cells that will coordinate themselves

· There will be cells that haven’t developed the communication (aka no tissues) but they will have cells that do different tasks
1. No tissues

· no cell to cell communication but there are different functions of the cell (division of labour) 

· sponges: porifera 

2. Diploblastic germ layers

Diploblastic

· An animal body plan in which adult structures arise from only two cell layers
· the ectoderm and the endoderm
· Organisms that are diploblastic are either radially symmetrical or asymmetrical – not bilateral
· Passive sedentary organisms, that sense and react to the world around them constantly
· Not able to perform movement because it does not have any muscle
* the very simplest organisms have only 2 layers. 

3. Triploblastic germ layers 

Triploblastic

· An animal body plan in which adult structures arise from three primary germ layers: endoderm, mesoderm, and ectoderm
· Found in bilaterally symmetrical organisms because it is needed for cephalization and their movement
· if you have a mesoderm, you have complex animals

Ectoderm

· The outermost of the three primary germ layers of an embryo
· develops into epidermis and nervous tissue
Endoderm

· The innermost of the three primary germ layers of an embryo
· Develops into the gastrointestinal tract and, in some animals, the respiratory organs
· surrounds internal organs (produces the gut) 

Mesoderm

· The middle layer of the three primary germ layers of an animal embryo, from which the muscular, skeletal, vascular and connective tissues develop
· Allows for organisms to move around and have cephalization (heads)
· between endo and ecto. 

Porifera: Sponges: Colonial choanoflagellate 

Porifera

· Phylum containing sponges
· Mesohyl between two thin layers of cells – specialized cells
· Sessile aquatic animals
· Assymetrical body plan
· Choanocytes and archeocytes are the two types of reproductive cells
* NO TISSUES, NO SYMMETRY 

Sponges

· From the phylum porifera
· Bodies consist of jelly-like meshyl sandwiched between two layers of cells
· Have some specialized cells, but also cells that can transform due to needs and migrate between the main cell layers and the mesohyl
· No nervous, digestive or circulatory system – rely on water flow through their bodies to obtain food and oxygen.
· Sessile aquatic animals
· Asymmetrical body plan
· Use sexual reproduction, releasing sperm cells (choanocytes) into the water to fertilize eggs (archeocytes) in other organisms. Sponges that are pumping water will receive the sperm which will be passed into an archoecyte to be fertilized
Colonial choanoflagellate

· Group of free-living unicellular, flagellate eukaryotes
· Said to be the closest living relatives of animals
· Apical flagellum surrounded by microvilli
· Movements of the flagellum creates water currents that can propel the choanoflagellate and trap bacteria and detritus against the microvilli where it is then engulfed
Choanoflagellate

· A group of minute, single-celled protists found in water, 
· the flask-shaped body has a collar of closely packed microvilli that surrounds the single flagellum by which it moves and takes in food
· Considered to be the closest living relatives of the animals 
Choanoderm

· Composed of flagellated collar cells (choanocytes)
· Flagella on the choanoderm are responsible for feeding, reproduction and gas exchange
· Outer cell layer of a choanocyte
Choanocyte

· One of the inner layer of flagellated cells lining the body cavity of a sponge
· Contain a central flagellum surrounded by a collar of microvilli which are connected by a thin membrane – used to filter nutrients and other food from the water that is flowing in and out of the sponge
· Can turn into spermatocytes when needed for sexual reproduction
· Founding cell of all animals and all of the fungi (ancestral cell)
Spongocoel

· The central cavity in a sponge
· Water enters the[image: image1.png]


 spongocoel through tiny pores (ostia) and exits through the larger opening (osculum)
· Can be a simple or complexly branched space
· Lined with choanocytes that create a current that allows water to flow in and out of the sponge providing oxygen and nutrients and spreading sperm when it is time for reproduction
Pinacoderm

· In sponges, an unstratified outer layer of cells
· Epithelial layer of flattened cells
· Used to ensure that food is transported to all parts of the organism
· Capable of contraction
Amebocyte

· Mobile cell in the body of invertebrates 
· Play a role in the defense of the organism against pathogens
· May also digest and distribute food, dispose of wastes, form skeletal fibers, fight infections and change into other cell types
· Found in the mesophyl along with the archaeocytes
· COLONIAL CHOANOFLAGELLATES: Sponges organize in a sheets inside a hollow structure. the sponges are lined by choanocytes that pump water in and spew it out - water movement occurs. wall of sponge has holes in it and water is brought in. water is shot out of top. as water passes by choanocyte it traps food particles and engulfs them by phagocytosis. 

· outer surface is a epidermal-like structure but it does not have tissue is known as a layer of pinacocytes. this animal is multicellular because it has different cell types that have different functions. 

· food from choanocyte to amoebcyte to pinacocyte (movement of food) 

· inside of sponge there are at least 4 or 5 cell types that work together to collect water and distribute food. all cells are able to self-replicate. cells stick together by collagen (defining characteristic of animals). 

· sponges are specialized in pumping water and collecting food - primary animals; distant ancestor 

· when they create their shell there is a problem (out of calcium or silica) calcium cannot be used in deep oceans - it cannot withstand pressure. 

· sponges are still the most effective filters of the ocean systems

Filter feeder

· Organisms that feed by straining suspended matter and food particles from water, typically by passing the water over a specialized filtering structure
· Ex: Krill, clams, sponges, fish and sharks
· Can play an important role in clarifying water
· SPONGE SEX

· choanocytes become sperm

· Archeocytes (sponge stem cells) form egg 

· sponge will use choanocytes cell (with has flagella) and make it into a sperm. the water current will pump the sperm out "smoking" and other sponges will turn its amoebocytes aka archeocytes into an egg. the sperm particles will get trapped on microvilli and consumed by phagocytosis - instead of getting broken down it is passed to amoebocytes and babies are made. the extra sperm are consumed.

Archeocyte

· Amoeboid cells found inside sponges
· Located in the mesophyll performing essential functions including cell differentiation – all cells have its origins with the archaeocyte
· Able to become oocytes when needed for sexual reproduction of the sponge
· COLONIAL CHOANOCYTE ANCESTOR: cell body and flagellum and a set of microvilli that form a collar around the center - it pumps water and movement of microvilli propels it. it does not move but ingests small photosynthetic fungi which the microvilli trap and preform phagocytosis to engulf food and supply the cell with energy. these cells aggregate in stocks or mats - mats are more efficient at pumping water together then individually. (these sit at bottom of ancestry tree)
animal architecture: symmetry and cephalization 

1. Assymetric 

Assymetric body plan

· A body plan characterized by a lack of proportion in the spatial arrangement or placement of parts
· Found in sponges (phylum porifera)
* rare

2. Radial Symmetry 

Radial symmetry body plan

· A body plan of organisms in which structures are arranged regularly around a central axis, like spokes radiating out from the center of a wheel
· Organisms with this body plan are sedentary (passive) and do not have cephalization
· Not necessarily triploblastic – don’t need muscle tissue because they don’t have a head to guide them with directed movement
· Oral opening and opposite side (aboral side > not all have anus) 

· If we slice through the middle of the middle (oral and aboral), there will be symmetry; we can do it in different planes 

· sessile organism > sitting on the bottom of the ocean

· If it’s anchored and its feeding or looking for mates or predators, it has to monitor all directions around it (passive in environment, can’t move around) 

· also in flowing organism (something that just floats in the water)  which also needs to be able to see all around it

· radial + diploblastic = cnidaria example. 
3. Bilateral symmetry and cephalization 

Bilateral symmetry body plan

· The body plan of animals in which the body can be divided into mirror image right and left halves by a plane passing through the midline of the body
· Have cephalization – meaning they aren’t passive, have directed movement, a sense of direction
· Always triploblastic – have muscle tissue allowing them to move around
Cephalization

· The development of an anterior head where sensory organs and nervous system tissue are concentrated
· Allows the organism to be active, have a sense of direction and move around their surroundings
· Cephalized organisms are organized with Bilateral symmetry
· Organism, instead of sitting and being passive, it is using it’s locamotory skills to move

· Directive motion (moving in one direction)

· Once we have directive movement, we need to always receive information on where we are moving 

· Anterior (front) end receives information on where the organism is going

· Going to food

· Running away from organisms

· Looking for organisms to mate with 

· Oral to aboral end has 1 plane that can be divided to get 2 equal halves 

· Major innovation! 

· Active animals that can do all types of things that we haven’t seen before

* bilateral + triploblastic (they move so they need to have muscle systems: new tissue layer)

Corals/cnidaria

Cnidaria

· Phylum of mainly aquatic and marine organisms
· Have a specialized cell call a Cnidocyte that is used to capture prey
· Predators
· Bodies consist of mesoglea (compressible and elastic that allows the cnidarian to spring back into original shape)
· Have radial symmetry
· corals and jellyfish 

· important group

· going to give us a couple of things we’ve never seen before

· live in small colonies 

Corals

· A structure made from the hard skeletons of coral animals or polyps; found largely in tropical and subtropical marine environments
· Most productive and biodiverse part of the ocean
· Polyps are surrounded by a skeleton that allows them to join together and form large colonies – forming coral reefs
· Cnidarias, meaning they are predators that capture and sting their prey
· CORAL REEFS: colonies capable of producing coral reefs we see today 

· polyp growing skeleton and enlarges the skeleton as it grows........

· in shallow waters across the equator

· biodiverse habitat

· stimulates diversity

· called tropical rainforest of the oceans: high productivity and high diversity

· survivors

· during extinction: coral reefs become poisoned and die globally: changes in ocean and terrestrial environment 

Cnidocyte

· A pretty-capturing and defensive cell in the epidermis of cnidarians
· Composed of a Barb. As the nematocysts develops, the barb also develops under pressure (like a loaded spring)
· Once a cell comes in contact with food, it fires out the barb with force, which then penetrates the body wall of organisms and the toxins inside immobilize prey and stick them to the tentacles
· Tentacles are then used to pull the food into the organism’s mouth
· capture their prey: in epidermis is a cnidocytes: as it develops inside it is a coi[image: image2.png]


led bar structures and goes under pressure like a loaded springs: if it touches something that is food it will fire: jabs, spikes, poisons> so much force anchors itself and punctures prey. (ex. stinging by a jellyfish)

* BODY WALL- HYDROSTATIC SKELETON (CNIDARIA) 

Hydrostatic skeleton

· A structure consisting of muscles and fluid that, by themselves, provide support for the animal or part of the animal; no rigid support, such as a bone, is involved (coelom surrounded by muscles)
· Ex: Found in organisms of the phylum cnidarian like jellyfish
· This structure allows for movement because they can move around and keep their shape afterwards
Gastrodermis

· The derivative of endoderm that lines the gastrovascular cavity of radially symmetrical animals and forms the epithelial lining of the midgut in bilaterally symmetrical animals
· Has fibers arranged in rings that make up part of the organisms skeleton (working together with fibers in the epidermis)
· Contains nutritive cells, gland cells some muscle fibers
Epidermis

· A complex tissue that covers an organism’s body in a single continuous layer of sometimes in multiple layers of tightly packed cells
· Acts as the principle barrier between an organism and an inhospitable environment
· Arrises from the ectoderm
· Together with the dermis forms the cutis
· Contains stratified squamous epithelium
· HYDRA (polyp only): 1st animal to move and has tissues 

· tissue that lines digestive tract: endoderm...set that forms gastrodermis (gut) like gland cells to excrete enzymes..others for phagocytosis

· ectoderm on the outside it is composed of a variety of cells (nerve cells) 

· tissues contain muscle fibres but they are not muscle cells

· cells: epidermis and muscular, and digestive and muscular 

· potential for 1st skeleton 

· role of skeleton: muscles interact with skeleton for movement. stretch muscles and get back to original length by the antagonist muscle. 

· shape of hydra when longitudinally contracted: circular muscles stretched (short and fat)

· when circles contract: becomes skinny and long (longitudinally stretched)

· hydrostatic skeleton: based on water to provide means to lengthen... 

· using differential contractions of circular and longitudinal elements it can then move. 

· hollow cavity goes all the way up the tentacles and produce very fine movements: food on tentacles and place into the mouth. 

· cnidarians: simple but they are all predators (carnivores). feeding on herbivores that are feeding on single celled algaes. 

Suspension feeders

· An animal that ingests small food items suspended i[image: image3.png]


n water
· Ex: animals in the phylum cnidarian
· issue: don’t have anus. only 1 opening. incomplete digestive tract. regurgitates undigested materials back out of the opening (oral)

Polyp

· The tentacles, usually sessile stage in the life cycle of a coelenterate (life cycle of cnidarian)
· Composed of a gastrodermis and epidermis forming one of the first skeletons seen in organisms
· Contain contractile elements (fibers in the dermis) which allow it to keep its shape
· Contains mesoglia which is a jelly-like matrix that holds everything together
· Ex: sea annenomy
Medusa

· The tentacle, usually  bell-shaped, free swimming sexual stage in the life cycle of a coelenterate (jellyfish)
· Mobile stage, allowing the organism to reproduce and find a mate
· From the phylum cnidarian, so they contain the specialized cell “cnidocytes”
· Predator that has a hydrostatic skeleton
Mesoglea

· Translucent, inert, jelly-like substance that makes up most of the bodies of certain primitive sea created in the phylum Cnidaria and Ctenophora
· Acts as the primary structural support (no bones, cartilage or skeleton)
· Cells in mesoglea allow for a slower metabolism
· Allows for movement, and pulling of water in and out to capture prey
· CNIDARIA: they don’t just sit on the bottom: they also swim > the medusa (jellyfish): swimming stage in the lifestyle of a cnidaria 

· polyp turned upside down = medusa 

· fibres used for muscle contractions, the circular ones circle around the margin of the bell of the jellyfish: bell closes when contracts and when relaxed opens(because jelly in the bell is elastic).use this to swim: use bell of the jellyfish: when contract squirt water out.. end result: change diameter of the opening. up and down because water filling and excreting. jellyfish swim to surface of ocean where there are small organisms that are feeding on algae and swim back down.  

· diploblast, hydrostatic skeleton, predator

* JELLYFISH 

Gastrozooid

· Colony of polyps that specialize feeding 
· Have interconnected gastrovascular cavities
Gonozooid

· Colony of polyps that specialize in reproduction
· Reproduce asexually in favourable conditions and sexually in adverse conditions
· exhibit polyp and medusa stage. 

· most cnidarians alter between swimming/mobile (medusa) and sessile (polyp) stage. 

· female and male medusa : egg and sperm released in water. zygote undergoes becomes little massive cells containing flagella (planula larvae) and can swim and dispers[image: image4.png]


e and it will settles on the ground and undergoes a morph change and turns into a polyp and sits on the bottom and feeds. some polyps are specialized: (view keywords above)

animal architecture: embryology (cleavage, gastrulation, coelom formation)

* 2 ways of the zygote/embryo to get to the 8cell stage. 

Spiral cleavage

· The cleavage pattern in many protostomes in which newly produced cells lie in the space between the two cells immediately below them
· Found in annelids, molluscs and sipuncula
· From this cleavage pattern we can also infer that the organism is a protostome (blastopore becomes the mouth) and that the coelom develops from an schizocoel
· 1/4 turn

· triploblastic, bilateral symmetry. 

Radial cleavage

· A cleavage pattern in deuterostomes in which newly formed cells lie directly above and below other cells of the embryo
· Found in some vertebrates and echinoderms
· From this cleavage pattern we can also infer that the organism is a deuterostome (blastopore becomes the anus) and that the coelom develops from an entercoel
* triploblastic, bilateral symmetry 

* GASTRULATION: gastrula develops  from a blastula by the inward migration of cells 

Blastula

· The hollow ball of cells that is the result of cleavage divisions in an early embryo
· After the zygote undergoes cleavage 
· Proceeded by the morula and the gastrula
· set of cells go through a series of divisions and become the blastula

· happens in all cells (regardless of type of cleavage)

· only has ectoderm 

Blastopore

· The opening at one end of the archenteron in the gastrula that gives rise to the mouth in protostomes and the anus in deuterostomes
· Used in embryology to determine whether the organism is a protostome (blastopore becomes mouth), or a deuterostome (blastopore becomes anus)
· Blastopore develops to become the gastrula (the gut) and will form the endoderm layer
* some cells of ectoderm differentiate to become the endoderm and invaginate internally 

Gastrula

· The developmental stage resulting when the cells of the blastula migrate and divide once cleavage is complete
· Composed of an ectoderm, endoderm and gut 
· Has a Blastopore
· If the blastopore becomes the mouth of the organism then it is called a protosome
· If the blastopore becomes the anus of the organism it is called a deuterostome
· Is then able to develop into a coelem [image: image5.png]
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through schizocoel or entercoel
· COELOM FORMATION *cnidaria don’t have a complete opening all the way through the organism

Coelom formation

· A coelem is a fluid-filled body cavity in bilaterally symmetrical animals that is completely lined with derivatives of mesoderm
· Formed from the Mesoderm layer appearing between the endoderm and the ectoderm and proliferating – this is called a schizocoel coelom
· Can also be formed from cells that are already on the endoderm gut and proliferate to form a hollow ball that breaks away from the gut (enterocoel coelom)
· green = coelom; pink = mesoderm 

Mesoderm formation

· Leads to the development of a coelem
· Forms the schizocoel or the entercoel
· Found in triploblastic organisms only
Schizocoel

· In protostomes, the body cavity that develops as inner and outer layers of mesoderm separate
· At the junction of the lip of the blastopore, the cells undergo a differentiation to become mesoderm where they then proliferate and fill the space (solid mass)
· The mass then splits down the middle to for a space inside called the schizocoel
· Another method of formation is the enterocoel
· Schizocoel indicates that the organism is a protostome, and has spiral cleavage
Enterocoel

· In deuterostomes, the body cavity pinched off by outpocketings of the archenteron
· Begins in the gastrula stage
· Formation of coelem, cells from inside of the mesoderm proliferate and form a hollow ball that leaves the gut
· This ball of cells then sits in between the endoderm and ectoderm forming a cavity
· Another method is Schizocoel
· Also indicates the organism is a deuterostome and has radial cleavage
Protostomes:

· a division of the bilateria in which blastopore forms the mouth during development and the anus appear later (includes annelids, molluscs, platyhelminthesis, bryozoa)
· have spiral cleavage 
· coelem develops as schizocoel
Deuterostome

· A division of the Bilateria in which blastopore forms the anus during development and the mouth appears later (includes Echinodermata and Chordata)
· Have radial cleavage  (embryology)
· Coelem develops as enterocoel
animal architecture: body cavities 

1. Acoelomate

· A body plan of bilaterally symmetrical animals that lack a body cavity (c[image: image7.png]
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oelom) between the gut and the body wall
· Found primarily in Platyhelminthesis (planaria, flatworms)
· Allows for a larger surface area to volume ration (small and flat)
· Doesn’t need a coelem, because outer parts use gas exchange and the gut supplies the rest of the body with the nutrients it needs
2. Coelomate

· A body plan of bilaterally symmetrical animals that have a coelom
· Essential as use for a skeleton, transport medium, location for extra organs, reproduction, thermoregulation
· Can process food sequentially without having to move the whole body because it is lined with mesoderm
* site of proliferation of organ systems 

3. Pseudocoelomate

· A body plan of bilaterally symmetrical animals with a body cavity that lacks a complete lining derived from mesoderm
· has mesoderm but instead of body cavity with mesoderm covering the whole thing, only mesoderm associated with the outer body wall (ectoderm) 

· ex. nematoda

*Plathyelminthes (flat worms) 

Platyhelminthes

· Phylum of simple bilateria, unsegmented, soft-bodied invertebrate animals
· Acoelomate body structure (mesoderm without a body cavity)
· Has a large surface area to volume ratio allowing it to perform gas exchange and supply all tissues with nutrients (taking away the need of a coelom)
· Hermaphrodite, meaning it contains both female and male sex organs
· SA:V changes in a bad way when animal gets larger and larger. > cells fn occurs in 3D space (the volume) but the cell exchanges across the surface (2D). V^, SA doesn’t inc at the same space. limitation of bringing in things and taking things out. large animals inc their SA by foldings. but have to have the space to do this that;’s why we have body cavities..but acoelomates do something else

· they become small and flattened to overcome SA:V problem, cells are close to the exterior. 

· branching is digestive system > lots of SA, and they are flat. use this to slide across substrates in oceans. mouth in middle side of the body. doesn’t have an anus. 

· this group still exists today but few are free living. have adopted a parasitic existence. invade body cavities of other animals and live in that fluid instead > flukes. ex. tapeworms.  

· still capable of movt. have muscle. hydrostatic skeleton.

· 2nd type of locomotion: on ventral surface has cilia: beating (metacronal wave) to created a gliding movt across the substrate

· problem: soft body and can be food for another organism. defense mechanism, and can stick on substrates. 

· eats cnidaria. and eat cnidocytes intact > cover outer surface of the planaria for defense

· ventral surface: gland cells that produce adhesives: [image: image9.png]


accordion like wave. .....hydrostatic skeleton that has different regions of contraction. 

· responsive. have cephalization (does not require placing mouth in the front). visual (don’t have vision but can orient themselves) and smelling systems to find food. 

· issue: with slow moving and isolated organisms = reproduction (but they overcome this by being hermaphrodites).
Hermaphrodite

· The mechanism in which both mature egg-producing and mature sperm-producing tissue are present in the same individual
· Important for organisms that live in widespread areas and not close to one another, because if organisms meet they are each able to produce their own offspring (using the other’s sperm)
· Do not self-fertilize because haploid gametes need to fuse to form variation and this wouldn’t provide for any variation
· Have systems to ensure that self-fertilization does not happen – both mates transfer sperm at the same time which is then stored in a seminal receptacle. They do not fertilize their eggs until they are separated
Seminal receptacle

· In a hermaphrodite, this is the organ that collects and stores the sperm of the mate
·  This is used to ensure that the sperm doesn’t cause self-fertilization and is used to compartmentalize the different reproductive structures and functions
Seminal vesicle

· A vesicle that secretes seminal fluid
· eggs produced in ovaries go through york glands oviduct and go to seminal receptacle. 

· no way to put your sperm in your own seminal receptacle

· directed transfer of sperm > must more efficient (than other organisms that would just release eggs and sperm into the env and hope for the best..ex cnidaria)

Nematoda (round worm)

· pseudocoelomate

· digestive tract that has no muscles associated with it. muscle when present only involved with changing shape of ectoderm. body wall to mix nutrients 

· tend to be animals the strategy toward miniaturization. 

· get rid of things that are not essential to them 

· minimal requirements to be a functional organism

· intestine 1 cell layer thick, no muscles associated with it, simple digestive tract

· have a cavity but because it doesn’t have mesoderm associated with it its called pseudocoel

· suspended in cavity= gonad (reproductive structure)

· no connection btwn mesoderm on the outside and normally the mesoderm in the gut> organ systems suspended not anchored

· but this doesn’t matter because they are really small

· muscles arranged longitudinally around a single fluid filled cavity: contraction = one side contracts then the other = whip like motion. 

· always found in substrate (sand granules, fibres)> they never swim. weave way in btwn substra[image: image10.png]


[image: image11.png]


[image: image12.png]


tes = effective. wouldn’t be in water though. 

· don’t have circular muscles. 

· relationship btwn nervous system and their muscles: instead of axon to muscle cell = cytoplasmic arm of the muscle cell that goes to the nerve cord 

· only group whose sperm are amoeboid > they don’t have flagella. 

Two main protostome groups

1. Lophotrochozoa

· either lophophore or,  [Bryzoans]

· trochophore larval stage  [molluscas>snails,squids,octopods,clams, ammonites; annelidas> marine worms, priapulids]

2. Ecdysozoa (moulting)  [Onychophora; Arthropoda> trilobites, chelicerata, crustacea] 

*LOPHOPHORATES

Lophophore

· The circular or U-shaped fold with one or two rows of hollow, ciliated tentacles that surrounds the mouth of brachiopods, bryozoans and phoronids and is used to gather food
· Found in aquatic organisms such as Bryozoa
· Used for suspension feeding
· Tentacles are hollow with extensions of a coelomic space thought to be a mesocoel
* feeding structure 

Bryozoa aka ectoprocta

Bryozoa

· Lophophorate that lives inside a casing and forms reefs by forming colonies with others of its type
· Has a set of tentacles that is surrounding a central mouth of the organism. Is able to retract into its casing for protection
· Tentacles can be moved and manipulated, take them in and out of the casing, move to capture nutrients and orient themselves inside the water column (filter feeders)
· Tentacles are covered with cilia that beat to attract food particles that pass the food down the tentacles towards the organism’s mouth
· tentacles that are hollow  

· beats forms water current 

· like sponges > passive system 

· coelomate organism using filter feeding but have better control over water flow.  

· sessile: live inside little cases (shell made of calcium salts that have been deposited) and sits there and extends out its tentacles to feed. 

· coral (carnivore) makes reefs too, but bryozoan is filter feeder 

*TROCHOZOA (molluscas  and annelidas)

· trochophore: will settle to the ground and will become mollusca and annelida. ciliated band that collects food. ciliated top.  

· have long evolutionary history: Lyell saw in stratigraphy the changes in shells  

Mollusc

· Large phylum of invertebrate animals – largest marine phylum but also able to live on land (ex: clams, muscles, amenites )
· Two most universal features are a mantle with a significant cavity used for breathing and excretion and the structure of the nervous system
· Most likely appeared during the Cambrian period
· Creeping muscular foot used to move
· R[image: image13.png]
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adula that is a giant abrasive surface with teeth on it that is used to scrape against the substrate and collect organic debris as nutrients
· mantle secretes the shell

· mobile, covered by protective shell. 

· viscera sitting on the top. 

· muscles from dorsal to ventral surface which are used to hold tight on substrate

· shell decreases the amount of surface for gas exchange so we have a cavity with gill that is covered with cilia which creates water current

Radula
· The tooth-lined “tongue” of molluscs that scrapes food into small particles or drills through the shells of prey (chitinous ribbon)
· Used to collect organic debris from the organisms substrate
· Found in every class of mollusk except the bivalves
· Can be used by both herbivorous and carnivorous organisms
· unique feeding structure which sits on surface of the tongue and is a set of hardened teeth.

· can take that layer and extend it out and pull it back in. grate and rub against substrates (organic materials) on rocks etc and food adheres on it (other organisms can’t pick up these things> pick up loose particles). 

·  tapping into a food source that no one else is using> the reason for its success

Deposit (Substrate) feeders

· An animal that consumes particles of organic matter from the solid substrate on which it lives
· Ex the fiddler crab
· Sifts through edible materials from detritus
· Must have cephalization and be able to seek out their food
Snails

Gastropod
· In the phylum Mollusca (snails and slugs)
· Contains original mulluscan body plan, Mantle and shell, mantle cavity, gill, foot, radula and stomach and digestive gland, and modified it by expanding the organism upwards to make room for more elaborate systems. Their shell allows them to live on land and not dry out.
· Feed by scraping their radula against their substrate to release organic debris and feed off of that
· Is able to completely withdraw into its shell for protection
· they have a piece of shell on the back of foot which retract and ‘closes the door’ when it hides in shell

· one of the 1st to come up on land. successful at a terrestrial environment.

· fn in moist environment, if dry they clamp themselves inside shell and become dormant until conditions are right again

Squids and octopods

Cephalopod
· Belonging to the class Mollusca
· Bilateral symmetry, cephalized with a set [image: image15.png]
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of arms or tentacles modified from the primitive Molluscan foot
· Previously they would pump water in and out of their shell to aerate their gills and propel the organism using jet propulsion. Currently, they have lost their shell – mantle became a layer of muscle that is used to expand and contract to make jet-propulsion
· They have a complex nervous system, with a brain and visual systems making them the ultimate predators of the marine environment
· live in conocal shells 

· tentacles rather than foot; muscles rather than cilia 

· effective predator with high speeds of movt.

· lost their shells: after the permian the fish populations were killed and the only place there were fish was in fresh water environments. cephalopods adapted to become better predators by losing their shell which allowed them to be lighter thus more rapid swimmers. 

· ammonites: ancestry to cephalopods and are related to the clams

· shell made up of many layers and innermost called the ‘mother of pearl’ > creates pearls

· sand grains build up inside to form pearl secretions 

Clams

(44)Bivalve
· Taxonomic class of marine and freshwater mollucs – clams, oysters, mussels and scallops
· Closest ancestor to squids and Cephalopods
· Experts at processing and collecting particulate matter – no longer have a radula because they pump water through their body and gill to get the nutrients they need
· No cephalization because they have no need for movement, modified shell to surround its body for protection
· dome shaped shell: put a hinge on the top and closed it, lives inside shell halves

· gill has cilia 

· filtering system for water and food > like the lophopore 

· don’t have radula because what they are feeding on it already particulate

· Annelida: marine worms 

Polychaete

· Bristle worms
· Live under rocks, tube constructed from mucus
· Their setae project from well-developed parapodia, fleshly lateral extensions of the body wall used for locomotion and gas exchange
· Sense organs are on the head
· Many are predatory, use sharp jaws to grab prey
· They draw food by beating their parapodia, or by extending their feathery, ciliated tentacles
· to become bigger, repeated coeloms along their length = segmentation (or metamerization)

· that’s why an earth worm has rings

· inside are reproductive segments, excretory ...1 per segment

· independent[image: image18.png]
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 hydrostatic skeletons arranged along its length

· 2 setae hairs (bristles)  

· when diameter of worm at max, hairs stick out and are grip/adhesion pt on the substrate 

· contract all circular muscle > each segment doubles in length > bristles are retracted > head moves forward 

· contract longitudinal > bristles stick out> stick to substrate

· accordion like movt

· take this ability to hold tight in one place, become long and narrow with mouth in front of long end, use to feed and move. 

· can either move head side to side while burrowing in substrate or open your mouth and swallow it (what annelids do> no other animals feed on the substrates while burrowing in the bottom of the oceans)

· swimmers, filter feeding apparatuses, hunt etc = very diverse. 

· burrowing to protect from predators 

· annelida: priapulids 
· type of burrower. 

· lives in burrow and comes out and is a predator

· can be annelid and predator and still burrow 
* ECDYSOZOA

* segmentation combined with exoskeleton and outer skeleton 

Onycophora

Onycophora
· Velvet worm walks on its stubby legs 
· It’s a predator, has big jaws
· Has antennas to feel
· midway between worm segmented animal but has outer cuticle.

· elastic exoskeleton. 

· shows us a transition step

· fleshy legs that it can walk on 

· preys on land on other athropods (now)

· living fossil > fns the same way that it used to do in the ocean

· 2 jaws in mouth, jaws tear away on what they are feeding on

· land (velvet worm): unique strategy on the way they attack prey. 

· cuticle is very thin > has flexibility.

Arthropoda: trilobites

· athropodas take their segments and fuse them into tagma which become specialized: head tagma, locomotary tagma with legs on it..etc. 

· instead of having segmentation where everything does the same thing, can have tagma that take on different roles

· ex. trilobites> heavily shelled animals. will disappear. replaced by more efficient animals.

Arthropoda: chelicerata

· predator in the ancient oceans

· chelicera= feeding structure

· opisthosoma: posterior part of body (abdomen)

· they are now terrestrial (spiders, ticks, scorpions)...only few in the oceans. success on land

· horse shoe crab still living in the ocean. transition from living in the oceans and come up on land to mate. blood from these animals is harvested > contains very fine high resolution antigen to[image: image21.png]
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 bacterial contaminants. most precise mechanism for screening for bacteria.

Arthropoda: crustacea

· cephalothorax: fused head and thorax

· now: lobster, crabs, shrimps 

· are very large and are able to do this because:

· zooplankton swimming and picking up filtering particles are the crustaceans (primary consumers) 

· take their body plan as swimmers> hair on bodies made of cuticle> as they sweep through the water they filter feed.

· filter feeder that is mobile 

· skimming primary producers (phytoplankton) in the water rather than films like all the other organisms we talked about previously. taping into new food source 

Deuterostomes *mesoderm surrounded coelomic cavity filled with fluid
Starfish and relatives  radial symmetry, blastophore anus, enterocoel

· they are radially symmetric. if you look at their embryos/larvea > it is bilateral symmetric. 

· decided that it was adv to them to morph out of bilateral and become radial

· were sessile organisms that were attached to the substrate by a stalk. 

· adv was that it extended it arms (fanlike) > getting above the substrate and catching anything that falls down and tapping it as a food reserve before it hits the bottom. best way to do that is to be radial.

Water vascular system 

· Echinoderms (starfish and relatives) move using a system of fluid filled canals 
· In the sea star, the water enters the system through the madreporite, a sievelike plate on the aboral surface
· Short tube connects to the ring canal, which branches into radial canals 
· The radial canals connect to many tube feet 
· When the ampulla of the tube feet contracts, fluid is forced into the tube foot, causing it to lengthen and attach to the substrate 
· Tube feet contracts pulling the animal along
Tube feet
· Found in starfish and relatives
· Found at the end of an organism’s arms, they capture food particles and pass onto one tube feet to the next until it enters the mouth into the digestive system 
· When the starfish and relatives were mobile, their tube feet was used to crawl across the ocean (locomotion)
· Tube feet have mucus covered, suckerlike tip and a small muscular bulb = ampulla
· set of hydrostatic skeletons called tube feet > if particle food fell on arm, foot would pass it to next foot until reaches the mouth. primary role to manipulate food

· starfish today: become mobile. arms sticking out with tube feet, disconnected from stalk, and feet for locomotion. suction cup for picking up substrate. predators. prey upon: clams (mollusks that are sessile). turns stomach inside out and secretes digestive enzymes into the clam which liquifies it then consumes it. also preys on coral.

An explanation for the cambrian explosion

1. snowball earth (slushball eart[image: image23.png]
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Snowball earth

· Late Proterozoic 650Ma
· Earth reaches a point where there is so much energy being reflected and little energy being absorbed; we reach a point where the earth cannot compensate and the earth’s temperature constantly decreases and we get SNOWBALL EARTH
· The whole earth is one frozen mass. Underneath the ice we still have liquid water. But not much light penetration – not much photosynthesis
Slushball earth

· Hypothesis suggesting that earth wasn’t completely frozen during Precambrian times
· Around the equator there was slushy earth. Some oxygenation, some photosynthesis and some oxidative organisms that is able to survive
· in late proterozoic: there was an unsual combo of circumstances on the planet that resulted in the whole planet freezing solid. no free or open marine water (or land but nothing is on that anyways)

· continents merging from under the oceans. where they are positioned is right on the equator. nothing living, nothing green, just bare rock. water of oceans better absorber of heat than land. rock> reflect back. large amount of heat being reflected back = cooling process. 

· rain dissolve minerals into the oceans (calcium, silica, iron) this has never happened before and now this is happening on the equator (warmest and moist place)

· CO2 and water = reversible chm rxn that makes carbonate (H2CO3) > capable of being in eqm with its ionic form H+HCO3-. happening in all aquatic env containing CO2. 

· something that is new: added minerals to the water. (cations) react with carbonate = forms salts that will ppt out of the ocean. (calcium carbonate, limestone..). levels that have never been seen before =sink pulling this rxn in the direction of the equator > so that CO2 is being pulled into the water. scavaging of all the CO2 in the air. CO2 starts to drop in atmosphere (usually keeps heat in> losing insulative layer). and now the earth is absorbing less heat and erosion of minerals is sucking CO2 out of air into sediments being created- causing temp drop

· result: glaciation of poles: product = snow. even more reflection of light and losing potential to absorb heat. ice mass theorefore enlarges and reaches a pt that there is so much that we can no longer keep water etc it freezes over. 

· diversification can’t occur because planet is frozen

· how do we know this? look at rocks (fossils) from this period: glacial sediments 

· world freezes solid and puts a damper of any diversification of happening

· plate separating, geothermal acitivity still happens in the oceans and eventually to the pt of being able to melt the ice and create livable conditions again

· not 100% frozen = slushball earth 

· destroyed all multicellularity before it by freezing. 

· explosion: planet in lockdown thaw comes and multicellularity takes over.

Doushantuo fossils

· Sets of fossils, older than Cambrian. They appeared during or before slush ball earth
· Resemble embryos at various stages of cell divisions (found in China)
· Problem is there are no fossils of any stages that the embryos may have developed into
Ediacaran fossils

· The oldest fossils found on earth that are multicellular
· Leaf like structure, central rib around the center, big enough not to be a single cell 
· No morphology or appearance of today’s organisms 
· Most unusual creatures fossilized 
· The types of animals found in these fossil can only filter feed, or they can do minimal browsing on the algal mat
· ediacaran was added because fossils from this period have imprints

· fossils are not random. early plant? early animal? its earlier than cambrian. and looks to be in a multicellular form 

· shows tracts in the fossils of something that has moved across the surface. say to us: there was some lifeform at this part of time 

· mistaken pt assemblage: repeating units (fractal design) branching on branching. doesn’t have alot of genetic control on it - self perpetuating

· eradicaran time: when snowball earth, slushball earth happened it may have put breaks on 1st patterns of multicellular life. they were extremely simple and not recognized as multicellular life until fossils were discovered. 

· pushing back origins of multicellular life 

· before cambrian sponges and cnidarias may have been already created.

2. burrowing and 3. shells arms race  = 2 major groups make an appearance for the 1st time

Cambrian burrowers

· It has been suggested that soft bodied burrowers appeared during the Cambrian, they fed on substrate at the bottom of large bodies of water
· Provides evidence of the Cambrian explosion because these animals used innovative feeding strategies never seen before
· Burrow vertically
· Able to tap the nutrients that were locked away before the Cambrian 
· Mollusc use radulas to burrow into algal mat
Algal mats (biofilm)
· Layer of filamentous algae on marine or fresh water soft bottoms – microbial mats
· Stromatolites can form from algal mats (shallow water)
· In deeper water, algae and cyanobacteria form within the water column and settle to the bottom forming an algal mat
- advantages of cambrian burrowers:

· feeding * whole new way of feeding on a food resource that wasn’t attained before

· anchorage * not drifting in water currents

· protection * hiding within burrows 

· once you have ability to cut through this film can harvest organic material = explosion of burrowing animals (worms, mollusks, radula) 

· also the ones that have shells will hide (important because predators were more dominant now) 

· calcium important for inducing snowball earth but also the creation of shells = protection from predators  

· 1st organisms developed shells bigger predators could consume those- this means that organisms grew and diversified to overcome the creation of shells> short period of time architecture getting bigger and bigger 

· 2 strategies: burrowing strategy (taping into a new resource); shells (hiding..sessile) and some that coat themselves in shells and can move around

· arms race: growing and modifying body structure to survive (predators vs burrowers/shells) 

· mineralization that wasn’t happening before is being taken as an advantage  

4. developmental- hox genes 
Homeotic genes

· Any of the family of genes that determines the structure of body parts during embryonic development
 Hox genes

· Always include 180 nucleotide sequence, part of a protein functions as a transcription factor 
· Hox genes specify where appendages such as wings in flies and legs in mice will develop on the animal’s body 
· Hox genes produce transcription factors that activate genes that produce wings or legs in the body regions 
· Hox genes duplicated several times in the evolution of vertebrates which linked to the development of newer complex structures
Transcription factors

· Proteins that recognize and bind to the TATA box and then recruit the polymerase
Homeotic mutants

· Animals whose homeotic genes have been altered
· Have irregular body structure
· when you get a multicellular organism and its in the embryonic stage, how do we get the pattern that is associated with multicellular life? how do they organize so for ex. theres an anterior and posterior end, a top and the bottom. how is it told what to be? (contains messages for various roles) ==> uses homeotic genes and a famous set of them are called hox genes  

· hox genes: make transcription factors. in EK tf responsible for folding nucleotide info in genetic code (to bring regions close to each other to be able to undergo transcription and translation). can fold in various ways for different products

· tf are RNA strands that control the genetics of cell to det its fate

· in developing embryo. you can have a region at anterior end where you are creating tf diffusing through embryo that is concentrated at one end = gradient.. can have it at another end to (high at post and declining near the front)

· getting high amounts of tf at the ant will get that message and become more like that than the post end and vice versa. 

· there’s more than 2. 

· cell knows that if its receives this tf high in one and low in another it will become this. 

· arranged genetically in the genome of an organism

· head, thorax, and abdomen. > partitioned for where they are going to be in the embryo. ex. green: for head, orange for thorax and want legs here, and red for abdomen no legs but casing for visceral organs. 

· all tf = all RNA strands. 

· once these cells have received their signals and are committed to what they are going to be > if you take cells from middle region and transplant them into the front what will happen? they will reflect the middle because they have received that signal and will go in that pattern = mutant 

· with the fly = mutants = homeotic genes (hox genes) were det the pattern wrong location. 

· with the mouse: extract tf from mouse and mix into the fly. = they will do the same thing because they have the same ones. 

· when you move up to jellyfish: greens are missing > thought to be homeotic genes for bilateral symmetry > when its present no matter what they look like they will have bilateral symmetry. don’t know why it disappears

· repeated factors reflect repeated morphology ex. more purples = more segmentation at the end of the body = tail

· the whole of the animal world, patterns and bodies, any type of organism, the pattern is regulated by the same transcription factors across all the animals. when cambrian arose 1st genes that were successful of creating repeating arose and this pattern was inherited and became more complex. 

· may well give us the 1st time, instead of having to rely in fractal and randomness, to repeat and enlarge... the genetic mechanism allowed the pattern and complexity of the explosion. 

· snowball earth may have slowed everything down but represents 1st mass extinction= multicellular life had to arise again (it was stalled)

· tf have been found in plants too.

Mass extinctions

· ordivician: beginning of things moving up on land. 5 mass extinctions occur at the end of this period

· End cryogenian: snowball earth mass extinction. naming of a new mass extinction> we now believe there was multicellular life before this but they went extinct

· mass extinction= killing more than 50% of the organisms there. 

End Ordovician extinction

· Second mass extinction 
· Marine extinction
· Due to cooling of plant, ice age that destroyed diversity
· large super continent = gondwana = huge explosion of diversity in terrestrial forms 

extra keywords 

Cambrian swimmers

· Refers to the prominence of aquatic organisms during the Cambrian
· No terrestrial organisms
Carnivores

· An animal that primarily eats other animals
· Heterotrophic, meaning can not produce its own energy
· Sits on the top of the food chain – top predator
Detritivores

· An organism that extracts energy from the organic detritus (refuse) produced at other trophic levels (heterotroph)
· Contribute to the decomposition and nutrient cycle
· Can live on any soil with an organic component and in a marine ecosystem they are interchangeable with a bottom feeder
· Ex: earthworm, slug, woodlice, millipede
Ectoparasites

· A parasite that lives on the exterior of its host organism
Endoparasites

· A parasite that lives in the internal organs of its host organism
Herbivores

· An animal that obtains energy and nutrients primarily by eating plants
· Heterotrophic
Omnivores

· An animal that feeds at several trophic levels, consuming plants, animals, and other sources of organic matter
· Opportunist feeders, meaning they eat whatever is available to them in their environment
· Often have claws, fangs and a short digestive tract adapted to digesting all sorts of nutrients
· Heterotrophic
Predators

· Organism that feeds on prey - absorption of the prey’s tissue through consumption – kills and eats another organism
· High trophic level, and high level on the food chain
· Ex: cnidarian, that immobilize and feed on prey using cnidocytes
crosswords 

2. The new geological period that preceeds the Cambrian: ediacaran

4. Like the sponges and corals these animals also built reefs in the Ordovician oceans: bryozoa

7. there are thousands of these on the surface of the radula, and they can scrape, pierce, tear, or cut at a mollusc’s food: teeth 

8. Number of tissue layers in a triploblast: three

9. The number of Arthropod phyla that survive the extinction at the end of the Cambrian: four 

11. On hypothesis that may explain the Cambrian explosion was that there was no ___ for the resources in the oceans of the time: competition 

12. the Cambrian period marks the start of this the final geological eon: Phanerozoic 

14. have new animal phyla appeared since the Cambrian explosion? No 

16. these genes control pattern in multicellular organisms: homeotic

18. these shales are famous for the fossilization of soft-bodied Cambrian animals:burgess

23. the unique cells in a sponge that propel water through it: choanocytes

26: these cover the surface of a bryozoan’s tentacles: cilia

28: this is the mobile floating, or swimming stage in the cnidarian life cycle: medusa 

29: this geological period follows the Cambrian period: ordovician

31: the structure on a choanocyte that propels the water through a sponge: flagellum 

35. A bryozoan’s body symmetry: bilateral 

36: the microvilli of these cells form this part of the choanocyte: collar 

37: the ancestral cell type of animals and fungi: choanocyte 

39: these corals were probably present prior to Cambrian, but they didn’t fossilize well: soft 

40: Ancestrally, the mouth of an enchinoderm faced in this direction relative to the substrate to which it it was attached: up

41. during the eight cell stage in the developing embry the cells above the equatorial plane shift; its this type of cleavage: spiral 

42. the change in the number of homeotic genes as more advanced groups of animals appear: increase 

1. The unique molluscan feeding structure: radula 

3. The levels of this green house gas fluctuate dramatically near the end of the Proterozoic Eon alternating between low levels and a frozen planet and high levels (two words): carbon dioxide 

4. the Cambrian fauna were the first to do this tapped into a food resource on the oceans bottom that no one had been able to use: burrow 

5. this anthropod was abundant during the Cambrian and although it survived into the Ordovician it is now extinct: trilobite 

6. this is the sessile stage in the cnidarian life cycle: polyp 

7. the main locomotory structures used by echinoderms: tubefeet 

10. the radula resembles this type of tool found in a toolbox: file

13. an increase in this mineral in the Cambrian oceans may explain the sudden appearance of the shelly animals in the fossils of the Cambrian: calcium

15: prior to the Cambrian the earth is believed to be completely frozen which gives the theory explaining the phenomenon its name: snow ball

17. Although there is increasing evidence to the contrary it is still generally believed that this form of animal appears at the start of the Cambrian period: multicellular 

19. the type of symmetry characteristic of cnidarians: radial

20. individually each tube foot is this type of skeleton; it’s important for understanding how echinoderms move: hydrostatic

21. this embryonic tissue layer is missing in a diploblast: mesoderm

22. If the Doushantou fossils aren’t animals they may be this type of organism, only very large: bacteria 

24. The Precambrian ocean bottom was covered in these and they prevented the earliest animals from burrowing into the sediments: algalmats 

25. type of stone that the Cambrian fossils are found in: shale 

27. The ancestral echinoderms tube feet were originally used for this: feeding 

30. this type of geothermal discharge was probably the source of the green house gases the melted the frozen planet earth prior to the Cambrian: volcanic 

31. Number of mass extinctions like the one at the end of the Ordovician that have happened: five 

32. one of the consequences of not having any mesoderm is that you don’t have these either: muscles 

33. a more accurate and precise name for a fertilized egg: zygote 

34. the number of tissue layers in a diploblast: two 

38. in echinoderms, the blastopore ultimately forms this structure: anus


